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Preface

A number of books written in the past on the subject of tinnitus were aimed at
readers who had an advanced knowledge of physiology of the auditory system.
They were often difficult to understand, even for professionals from other medical
fields, and frequently for audiologists as well. They were much too complex for
the average patient, who searched the professional literature to find answers and
possible solutions to their problems. Most of these books had chapters written by
different authors, who each present their own approach to tinnitus. We believe that
there is a need for a book focused at presenting a specific tinnitus treatment in a
coherent and yet critical way.

Accordingly, this book does not cover all the different theories and managements
of tinnitus, but it does present a singular and novel approach, tinnitus retraining
therapy (TRT), against a background of other treatments without attempting to
describe them in detail. Chapter 1 provides the reader with definitions of tinnitus
and decreased sound tolerance. Chapter 2 describes the neurophysiological model
of tinnitus, which forms the theoretical basis for TRT, and Ch. 3 presents TRT
and specific aspects of the TRT protocol. Chapter 4 discusses the outcome of TRT
in clinical practice. Chapter 5 introduces possibilities for tinnitus prevention and
Ch. 6 presents a critical overview of the approaches presently used to treat tinnitus,
pointing out their strengths and limitations. Finally, Ch. 7 summarizes the book
and presents our conclusions.

At the end of the 1980s, P. J. Jastreboff introduced the neurophysiological model
of tinnitus (first published in 1990 (Jastreboff, 1990)), and a basic version of its
clinical implementation, presently known as TRT. The model and its clinical imple-
mentation were based on scientific studies on the development of an animal model
of tinnitus (Jastreboff et al., 1988), experiments on the mechanisms of tinnitus
(Jastreboff & Sasaki, 1986, 1994), as well as detailed study of the literature. The
ideas were first presented to Jonathan Hazell and Jacqui Sheldrake in 1988, who
made TRT the focal point of their joint clinical work with tinnitus patients, and
they were first to implement it in clinical practice. Immediately, it became evident
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that patients were improving much more rapidly than with a program of “partial
masking” and coping strategies, that had been employed previously. TRT has been
further refined by the authors during the following years, both in the USA and the
UK, and undergoes continuous modifications aimed at shortening the time needed
for treatment and enhancing its effectiveness.

The neurophysiological model of tinnitus, on the one hand, has been rigorously
tested by its constant exposure to professionals and patients, and to our knowledge
the model has never been challenged. TRT, on the other hand, like many other new
treatments, has been vigorously attacked and questioned. The important message
is that the model appears very robust, while TRT, like other treatments, is contin-
uously evolving and improving with time. Many professionals around the world
now use TRT, finding the best way of implementing it in different medical systems
and cultures to provide best help to tinnitus and hyperacusis sufferers.

We have attempted to present the neurophysiological model in a clear way, but
the principles on which it is based and its mechanisms are complex and their
understanding requires knowledge from various areas of neuroscience. As a good
understanding of the model is crucial for optimal implementation of TRT and
achieving control of tinnitus, a special effort has been made to provide explanation
for various concepts of neuroscience, mechanisms and processes involved in the
model. Furthermore, we have illustrated these concepts with diagrams and parables
from everyday life to facilitate their comprehension. Nevertheless, the readers may
need to supplement this text with additional readings, suggested in the references,
depending on their level of knowledge of neuroscience and audiology.

There are few, if any, health sciences or medical methods that can be learned
from a book alone. TRT is no exception, and we know from our own teaching
of the subject during TRT courses that the proper use of TRT only comes from a
combination of a full understanding of the theory followed by significant practical
experience of its use with patients. Reading this book will not enable you to practice
TRT. Rather we hope that it will enthuse professionals to learn more about TRT
and encourage patients to seek TRT as a primary treatment for their tinnitus and
hyperacusis.

Throughout the book, we attempt to write each chapter so that it can be read
independently from the others. At the beginning of each chapter, there is a short
summary of information contained in the chapter, together with a list of main
conclusions. Through the text, extra comments and descriptions of more complex
issues are presented in footnotes. To ease comprehension and facilitate browsing
through the book, highlights of the text are presented on the margins with a shaded
background. Finally, the Glossary provides the definition of terms used in the text
and a list of abbreviations.
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Introduction

Tinnitus is a symptom recognized for thousands of years. However, most definitions presently
in use are neither sufficiently specific nor physiological in basis. Many definitions include
objective sounds originating in the head and neck areas (somatosounds) and auditory hallu-
cinations. This has frequently misdirected research clinical approaches. A definition of tin-
nitus as an auditory phantom perception was proposed in the early 1990s (Jastreboff, 1990,
1995); it is discussed here and used throughout this book. Decreased sound tolerance and its
components hyperacusis and misophonia are defined and discussed. They frequently accom-
pany tinnitus, similarly to hearing loss, but they do not have significant recognition in the

literature.

1.1 Definitions of tinnitus

1.1.1 Commonly used definitions of tinnitus

Tinnitus is defined by the American National Standards Institute (ANSI, 1969) as
“the sensation of sound without external stimulation.” Another common descrip-
tion was proposed in the Committee on Hearing, Bioacoustics and Biomechanics
(CHABA) report Tinnitus Facts, Theories, and Treatments, which defines tinnitus
as “the conscious experience of sound that originates in the head” (McFadden,
1982). Both definitions include the auditory hallucinations of schizophrenia, a
variety of somatosounds such as palatal myoclonus, abnormal opening or patency
of the eustachian tube, temporomandibular joint disease, spontaneous otoacoustic
emissions and sounds (bruits) of vascular origin (see Ch. 6; Champlin, Muller &
Mitchell, 1990; Harris, Brismar & Cronqvist, 1979; Hazell, 1990b; Hentzer, 1968;
Jastreboff, Gray & Mattox, 1998; McFadden, 1982) as well as sensation resulting
from a malfunction of the cochlea or auditory nerve (Jastreboff, 1990; Moller,
1984). Obviously, this broad definition invites a discussion of many different phe-
nomena unrelated to tinnitus problems. Traditional definition of tinnitus as any
sound generated within the head, without regard for underlying mechanism(s) or
possible origin, invites discussion of phenomena unrelated to tinnitus problems
and promotes categorization of tinnitus by symptoms alone.
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Traditional definition of tinnitus as any sound generated within the head, without regard for the
underlying mechanism(s) or possible origin, invites discussion of phenomena unrelated to tinnitus
problems and promotes categorization of tinnitus by symptoms alone.

In the past tinnitus has been classified by various divisions, such as subjective/
objective and peripheral/central tinnitus (McFadden, 1982). However, these cat-
egories were not clearly defined, and they involved significant overlap. Let us look at
the most common division into subjective and objective tinnitus. Objective tinnitus
(or some component of it) could be heard by an observer, and subjective tinnitus
was heard by the sufferer alone. With better knowledge of the auditory system and
better measurement techniques, some cases of tinnitus previously considered to be
subjective can now be measured in an objective manner and heard after appropriate
processing and amplification, for example patients with spontaneous otoacoustic
emissions. These cases therefore become objective or at least have an objective
component.

Another problem is that, while so-called objective tinnitus may be strongly asso-
ciated with an audible generator, nevertheless, the perception resulting from such
a source may be quite different, and in some cases not even detected by the owner.
Certain spontaneous otoacoustic emissions can be detected by an external observer
but are not perceived by the person generating them. It is impossible to predict if a
given spontaneous otoacoustic emission is perceived or not, and a complex psycho-
acoustical approach is needed to associate spontaneous otoacoustic emission with
perception of a sound (Penner, 1992; Penner & Burns, 1987). Classification into
objective/subjective tinnitus is completely dependent on the sensitivity of the meth-
ods used to detect the somatosounds.

The definition proposed in the CHABA report results in a paradox. If it is under-
stood as referring to sound originating in the head, then the majority of tinnitus
cases would be excluded since there is no sound that can be detected. If the defini-
tion is understood as referring to the perception originating in the head, then all
external and internal sounds would be included since all perception occurs in the
head. While this definition attempts to restrict the origin of the sound to the head
of the owner, it includes both real sounds, which can be detected by an external
observer (somatosounds), and hallucinations related to schizophrenia, in addition
to tinnitus. The sound perception generated by cochlear implants would also need
to be included.

Other definitions were equally broad and not very precise. For example, the defi-
nition proposed during the CIBA symposium on tinnitus in 1981 stated, “The sen-
sation of sound not brought about by simultaneously applied mechano-acoustic or
electrical signals” (anon., 1981a) and, therefore, includes somatosounds generated
anywhere in the whole body.
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Another definition “Tinnitus is an aberrant perception of sound reported by a
patient that is unrelated to an external source of stimulation” (Shulman, 1988) is
similar to the previous one, with the additional assumption that tinnitus perception
is abnormal. This is contradicted by the fact that tinnitus can be induced in 94%
of the population by a few minutes of sound deprivation (Heller & Bergman,
1953).

Berrios et al., have chosen a different approach and defined tinnitus as a formless
hallucination (Berrios, 1991; Berrios & Rose, 1992). They pointed out that tinnitus
belongs to the physiological/medical otological field rather than the psychological/
psychiatric area. During the twentieth century, the subject has been passed from
psychiatry to otolaryngology (where it was known as tinnitus aurium — tinnitus of
the ear) and back several times. However, none of the models of tinnitus devel-
oped by surgeons, or psychiatrists, was successful in helping the patient. One
difficulty in achieving agreement regarding the mechanisms of tinnitus and its
definition might be the bias towards the hallucinatory type of phantom perception,
more frequently encountered by psychiatrists, as opposed to the simpler (tonal or
noise-like) perceptions seen by otolaryngologists. The labeling of tinnitus as either
tinnitus aurium or hallucination had a powerful impact on thinking about mech-
anisms of tinnitus and was responsible in large part for the past approaches to
treatment.

As a consequence of traditional definitions of tinnitus as any sound generated
within the head, classifications were based on lists of mutually exclusive types of
tinnitus with clear separation of their boundaries, for example eustachian tube
tinnitus, palatal tinnitus, stapedial tinnitus, 8 kHz hearing loss tinnitus, Méniére’s
tinnitus, VIII nerve tinnitus, vestibular schwannoma tinnitus, cochlear nuclei tinni-
tus, vascular compression tinnitus, caffeine tinnitus, presbycusis tinnitus, etc. This
approach creates complex, multilevel definitions that frequently require redefining
as we increase our knowledge of the functioning of the auditory system and the
brain.

1.1.2 Tinnitus as a phantom perception

The proposed new definition of tinnitus used here restricts the use of the word
tinnitus to one unique phenomenon: a phantom auditory perception (Jastreboff,
1990, 1995). The definition is “The perception of sound that results exclusively
from activity within the nervous system without any corresponding mechanical,
vibratory activity within the cochlea, and not related to external stimulation of any
kind” (Jastreboff, 1995). If there is a vibratory component in the cochlea, which can
be related to the perception of sound, it is categorized as a somatosound (Jastreboft &
Jastreboff, 2003a).
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Tinnitus is the perception of sound that results exclusively from activity within the nervous system
without any corresponding mechanical, vibratory activity within the cochlea, and not related to external
stimulation of any kind.

From a historical perspective it is quite interesting that the above definition of
tinnitus is the exact opposite of the first scientific attempt proposed in 1683 by
Duverney to define tinnitus as “True,” perceived by external observer, and “False,”
heard only by the subject (Stephens, 1984).

1.1.3 Justification of proposed definition

The proposed definition is based on several lines of evidence. One comes from the
dissimilarity of tinnitus perception from the perception of external sounds. The
results of psychoacoustical evaluation (audiometric testing) of tinnitus patients
show that they perceive tinnitus as a sound completely different from anything pre-
viously experienced in their external environment. Hazell used a music synthesizer
in an attempt to match tinnitus perception in 200 patients (Hazell, 1981). Although
near matches were achieved, it was never possible to imitate the tinnitus sound the
patient heard exactly. This finding was later confirmed by a careful research study
(Penner, 1993). Subjects in this study were attempting to resynthesize their tinni-
tus and complex external sounds using combinations of pure tones with varying
frequency, amplitude and phase. This study fully confirmed Hazell’s finding of
the inability to match tinnitus perfectly with any combination of external tones.
Notably, using the same technique, Penner achieved perfect matching of complex
external sound by a combination of pure tones. These results indicate that tinnitus
patients perceive tinnitus as a sound completely different from anything previously
experienced in their external environment.

Tinnitus patients perceive tinnitus as a sound completely different from anything previously experi-
enced in their external environment.

If tinnitus has a vibratory correlate in the cochlea then suppression of its percep-
tion should follow the rules of acoustical masking. The psychoacoustical masking of
sound is defined as “the amount by which the threshold of audibility for one sound
is raised by the presence of another (masking) sound” (Moore, 1995). Masking is
commonly understood as the total disappearance of perception of a sound owing
to the presence of a masking sound. Pure tones of varying frequency and intensity
are used to characterize the properties of masking. Two tones (one that is masked,
and the other acting as masker) have to be within a certain frequency range, which
is referred to as a critical band, for masking to occur. The critical band is defined
as a narrow band of frequencies surrounding the masked tone contributing to the
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masking of the tone (Moore, 1995). Predominant opinion is that the masking results
from mechanical interaction of the vibration of two adjacent parts of the basilar
membrane in the cochlea. Two tones that are separated by more than the critical
band width cannot mask each other, however loud the masker. When the masking
tone is within the range of the critical band, the frequency distance of one tone
from the other determines the extent of the increase in a threshold of detection of
the masked tone in the presence of the second (masker), with stronger masking
occurring when the tones are closer. As a result, there is a V-shaped masking curve
of intensity of the first tone required to “cover” the second when the intensity and
frequency of the masked tone are kept constant (Moore, 1995; Zwicker & Schorn,
1978). This rule applies to all external sounds and to sounds made by the body
(somatosounds).

Contrary to the masking of external sounds, it is possible to abolish the perception of tinnitus sounds
by pure tones of a similar intensity regardless of their frequency.

Contrary to the masking of external sounds, it is possible to abolish the percep-
tion of tinnitus sounds by pure tones of a similar intensity regardless of their fre-
quency (Feldmann, 1971). This proves that “masking” of tinnitus does not involve
a mechanical interaction of basilar membrane movements, does not depend on
the critical band principle and, therefore, has to occur at a higher level within the
auditory pathways. Consequently, the elimination of the perception of tinnitus by
another sound should be labeled suppression rather than “masking,” as is com-
monly used. Unfortunately, Feldmann’s fundamental discovery has been widely
disregarded, resulting in focusing attention on masking rather than suppression
and in producing tinnitus instruments tuned to the dominant perceived pitch of
tinnitus.

The elimination of the perception of tinnitus by another sound should be labeled suppression and
not “masking,” as is commonly used.

In the case of masking an external tone, a much higher intensity of masker is
always needed when the masker is applied to the opposite ear than when both
sounds are applied to the same ear. This is usually not the case with tinnitus sup-
pression by a contralateral sound, which can be equally, or even more, effective
in suppressing tinnitus as sound applied to the ear where the tinnitus is localized
(Feldmann, 1971). The independence of tinnitus suppression from the frequency
of the external tone was noticed in 1969 (Feldmann, 1969a), but the term minimal
masking level was used inappropriately to describe the minimal level of external
sound required to make the tinnitus inaudible. As this effect on tinnitus is one
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of acoustic suppression the terms “suppression” and “minimal suppression level”
should be used instead. '

Sound applied to the opposite ear contralaterally (can be equally, or even more), effective in sup-
pressing tinnitus as sound applied to the ear where the tinnitus is localized.

Cyclical fluctuation of loudness of perceived sound occurs when two pure tones
that are very close in frequency are presented together. This phenomenon is called
beating of tones, and the cyclical rate of the loudness change equals the difference
of the two frequencies. This phenomenon has not been achieved during attempts
to produce beating with tonal tinnitus (perceived as being similar to a pure tone)
and an externally applied pure tone.

Tinnitus beats with external tones do not occur.

The phenomenon of disappearance of tinnitus perception after exposure to loud
sound was first described by Feldmann (1971a). This effect can last for seconds,
minutes or, very rarely, hours or days and was called residual inhibition. It cannot
be explained by any changes in cochlear function and has not been reported for
external tones. It can, however, be easily explained by the rebound phenomenon. *

Residual inhibition is observed in some patients after tinnitus suppression.

All these properties of tinnitus strongly indicate that the interaction of tinnitus
and external sounds does not occur at the level of the cochlea. Let us consider a
situation where tinnitus is related to malfunction of a small area of the cochlear
basilar membrane. In this case, the subject would perceive “tonal” tinnitus, as only
a small group of auditory nerve fibers tuned to close-by frequencies would be
stimulated. By using an external tone with frequency corresponding to the pitch of
tinnitus, it should be possible to suppress the tinnitus much more easily than with
tones of different frequency. Therefore, the observation that tinnitus suppression
does not depend on the frequency of the external sound argues against the cochlea
playing a dominant role. The absence of a beating phenomenon also argues against
any kind of a mechanical tinnitus-related vibration occurring in the cochlea. In
the rare condition when perception of sound results from spontaneous otoacoustic

Psychoacoustically masking within the cochlea reflects the mechanical interaction of two traveling waves
on the basilar membrane induced by two sounds in the cochlea. The interaction of these two waves depends
upon the frequency relationship between the signal and the masking sound, and also on the frequency
difference between the two. The frequency range within which the signal is affected by the masker is known
as the critical band.

The rebound phenomenon is well recognized in neurophysiology. If the activity of a neuron, as the result
of sound stimulation, is increased, cessation of the signal frequently results in activity decreasing below the
previous level of spontaneous activity occurring before stimulation. If stimulation was causing inhibition
of neuronal activity, then switching off the sound results in an enhancement of spontaneous activity for
some time. After a while, the neuronal activity returns to the pre-stimulus level.

)
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emissions, frequency-specific suppression of perceived somatosound is observed
(Penner, 1992; Penner & Burns, 1987).

1.2 Categories of phantom auditory perception

The definition of tinnitus that we use states that tinnitus is equivalent to a phantom
auditory sensation (Jastreboff, 1990). There are a number of quite different auditory
experiences that are included in this definition of tinnitus.

Tinnitus is equivalent to a phantom auditory sensation.

Tinnitus can be perceived as a formless sound, either tonal or complex in nature,
that resembles (although itis never identical with) environmental sounds, for exam-
ple hissing, ringing, buzzing, cicadas, escaping steam, fluorescent light, running
engine, static, humming, etc. These descriptions of tinnitus are by far the most
common reported. It is believed that this kind of perception occurs as a result of
abnormal neuronal activity at a subcortical level of the auditory pathway. The cortex
plays a predominantly passive role.

Perception of a formless sound (e.g., hissing, ringing, buzzing, cicadas, escaping steam, fluorescent
light, running engine, static, humming, etc.) is by far the most common experience of tinnitus.

Auditory imagery is the phantom perception of well-known musical tunes or of
voices without any understandable speech (Berrios, 1991; Berrios & Rose, 1992;
Goodwin, 1980). This perception is much less frequent; nevertheless, it is well
documented and occurs primarily in older people with hearingloss. Itis presumably
a central type of tinnitus involving reverberatory activity within neural loops at a
high level in the auditory cortex.

Auditory imagery is the phantom perception of musical tunes or of voices without any understandable
speech. It is presumably a central type of tinnitus involving reverberatory activity within neural loops
at a high level in the auditory cortex.

The definition of tinnitus as a phantom auditory perception does not exclude
phantom perception of understandable speech, frequently commanding the subject
to perform specific tasks. This type of perception is a hallmark of schizophrenia
(Cloninger et al., 1985; Heilbrun et al., 1986), and presumably results from stimula-
tion of cortical speech centers caused by significant malfunctioning of the brain. In
clinical practice, there is a tendency to separate schizophrenic from tinnitus patients
because of the different approaches to treatment. Nevertheless, there are a number
of reasons to include understandable speech as a form of tinnitus.
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The definition of tinnitus as a phantom auditory perception does not exclude phantom perception of
understandable speech, which is a hallmark of schizophrenia.

Thereis no clear distinction between “central” and “cortical hallucinatory” tinni-
tus in the classical definition, except in the complexity of perceived sound. Accord-
ing to the proposed definition of tinnitus, “hearing voices” indicates that abnormal
cortical activity causes excitation of the cortical area involved in speech perception.
There is no real difference whether speech areas of the brain are excited by electrical
stimulation of the cortex or whether this is an abnormal pattern of spontaneous
cortical activity affecting cortical speech areas, as happens in schizophrenia. It has
been shown that complex auditory (Berrios, 1991; Hammeke, McQuillen & Cohen,
1983; Klostermann, Vieregge & Kompf, 1992) or visual (Schultz & Melzack, 1991)
hallucinations also occur without any psychiatric disorder.

Some schizophrenics experience tinnitus, perceived as a formless sound. In a
group of six patients, the auditory hallucinations were unchanged despite ameliora-
tion of tonal tinnitus asaresult of therapy (J. W. P. Hazell, personal communication).

1.3 Other phantom perceptions

Tinnitus is not unique in being a phantom perception. The concept of phantom
perception involves both the philosophy of perception as well as everyday clinical
problems. The best recognized other perceptions are phantom limb and phantom
pain: the feeling of a limb “being there” or being painful after amputation (Melzack,
1989, 1990, 1992; Wyant 1979).

There are a number of other phantom perceptions, e.g., phantom limb, pain, taste and smell.

Setting aside philosophical aspects of the problem, the main question is whether
phantom sensation, as perceived by a patient, differs from their perception of the
external world. Melzak, in a series of elegant papers (1989, 1990, 1992), presented
convincing data supporting the theory that: “The experience of a phantom limb has
the quality of reality because it is produced by the same brain processes that underline
the experience of the body when intact; neural networks in the brain generate all the
qualities of experience that are felt to originate in the body, so that inputs from the body
may trigger or modulate the output of the networks, but are not essential for any of the
qualities of experience.” He further argued that similar mechanisms are involved in
phantom seeing and phantom hearing, including tinnitus (Melzack, 1992; Schultz &
Melzack, 1991). Other phantom perceptions include taste and smell (Bartoshuk
et al., 1994; Jastreboff, 1990; Kveton & Bartoshuk, 1994; Snow et al., 1991).

Similar mechanisms to tinnitus are involved in phantom seeing.
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1.4 Tinnitus-related neuronal activity

The observation that tinnitus suppression does not depend on the frequency of the external sound
argues against the cochlea playing a dominant role.

Another possibility is that perception of tinnitus results from neuronal activity
within the auditory pathways that is similar to the activity produced by external
sounds. If this were so, we should still observe frequency-specific masking, which is
not the case. In addition, ipsilateral suppression (masking) should be more effective
than contralateral. This makes it unlikely that the perception of tinnitus arises from
neuronal activity similar to that evoked by external sounds.

Neuronal activity responsible for tinnitus perception cannot be induced by any combination of external
sounds.

The logical conclusion is that the neuronal activity responsible for tinnitus per-
ception cannot be induced by any combination of external sounds (Jastreboft, 1990,
1995). Animal research, where tinnitus-related neuronal activity from the auditory
pathway has been recorded, supports this concept and shows that this activity con-
sists of bursts of very high frequency discharges, which are typically associated with
epilepsy (Chen & Jastreboft, 1995). This finding has great relevance to some of the
puzzles of tinnitus that will be discussed in subsequent chapters.

Perception of tinnitus has been related to abnormal synchronization of auditory
nerve activity (Moller, 1984), imbalanced activity of type I and type II afferent
fibers in the auditory nerve (Tonndorf, 1987), discordant damage to outer hair
cells (OHC) and inner hair cells (IHC) systems (Jastreboff, 1990, 1995) or central
abnormalities (Hammeke et al., 1983; Jastreboff, 1990; Moller, 1992). The final
result is the same: perception of a sound without any corresponding mechanical
vibrations in the cochlea.

1.5 Processing of sounds within the brain

The perception of all external sounds involves a number of brain centers outside the
auditory pathways. To evaluate a sound, it is necessary to compare its pattern with
other patterns stored in auditory memory. Depending on its significance and past
association, perception of the sound will induce various reactions and emotions. In
this respect, perception of tinnitus obeys the same general rules and mechanisms as
perception of external sounds. The neurophysiological model of tinnitus, discussed
later in the book, stresses this aspect very strongly. Many centers within the brain
are involved in tinnitus emergence, persistence and its consequent severity.
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Depending on significance and past association, perception of a sound will induce various reactions

and emotions. Many centers within the brain are involved in tinnitus emergence, persistence and its
consequent severity.

The processing of any type of information (including tinnitus-related activity)
within the nervous system occurs at several levels and involves pattern recognition,
memory and interconnection with other systems, particularly the limbic and auto-
nomic nervous systems. As a result, this model directs our attention away from the
concept of tinnitus “belonging” to a place or anatomical site and suggests that it
is associated within many centers throughout the nervous system. This activity is
changeable, volatile and subject to plasticity (reprogramming), which is reflected in
patients’ behavior in creating new associations, reflex responses and memories. It
is this plasticity of the nervous system, properly directed and utilized, that makes
it possible to provide patients with relief from their tinnitus.

1.6 Tinnitus duration and epidemiology

The proposed definition disregards tinnitus duration. The episodes of tinnitus can
be very short (as in temporary tinnitus following noise exposure or very high dose
of aspirin) or it may be continuous. The frequently used criterion of five minutes
duration of perception of sound to be classified as tinnitus (MRC-IHR, 1981b) is
arbitrary and does not have any clear theoretical or clinical basis or relevance. The
time factor is irrelevant for mechanisms of tinnitus generation, regardless of what
theory of tinnitus is proposed. From the patient’s point of view, however, where the
annoyance of tinnitus is certainly related to its duration, this is only one of many
parameters determining distress.

The time duration of tinnitus is only one of many parameters determining distress.

Epidemiological studies have shown that temporary tinnitus is a very common
symptom experienced by people of all ages (Coles, 1996). There are many fac-
tors recognized as most frequently associated with tinnitus: noise exposure, head
trauma, some otologic problems, medical conditions and exposure to ototoxic
substances. Eventually, while only 0.5-2% of people are significantly affected by
tinnitus, various studies estimate that 6-30% of people experience continuous
tinnitus (Coles, 1987, 1996; Davis, 1996; Davis & El Refaie, 2000; George & Kemp,
1991). The degree of distress, annoyance, emotional discomfort, sleep problems
and interference with day-to-day activities are factors that differentiate people who
simply experience tinnitus from those who need help and clinical attention (i.e.,
have clinically significant tinnitus).
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1.7 Comments on somatosounds

The term somatosound refers to the perception of mechanically generated internal body sounds.

The term somatosound refers to the perception of internal body sounds
(Jastreboff, 1995; Jastreboff et al., 1998). Our proposed definition of tinnitus specif-
ically excludes somatosounds, although they have commonly been considered as
tinnitus and included in the same diagnostic category. Somatosounds originate
from many different sources, such as turbulent blood flow in the carotid artery,
the sound of contracting muscles within the mouth and head area, or the percep-
tion of spontaneous otoacoustic emission generated by OHC within the inner ear
(Jastreboff et al., 1998).

Including somatosounds within the definition of tinnitus is misleading as they are real sounds

mediated through the normal transmission process in the cochlea and can be traced to an acoustic

generator.

We believe that including somatosounds within the definition of tinnitus is mis-
leading for two reasons. First, somatosounds, since they are real sounds medi-
ated through the normal transmission process in the cochlea, can be masked in a
frequency-specific manner, just as external tones can be, and with masking char-
acteristics differing from those of tinnitus. Although habituation techniques, to
be described below, can be applied to somatosounds as well as tinnitus, it may
be worthwhile considering the use of frequency-specific masking of these sounds
in some cases. Second, somatosounds can be traced to an acoustic generator in
a specific location and may be amenable to medical or surgical treatment, for
example disobliteration of carotid artery stenosis. In the case of spontaneous oto-
acoustic emissions, these can be treated, paradoxically, by giving the patient aspirin
(which normallyinduces tinnitus) (Penner & Coles, 1992). Aspirin attenuates action
of OHC, which are responsible for spontaneous otoacoustic emissions and which
are involved in tinnitus (Jastreboff, 1990; Jastreboff & Jastreboff, 2001, 2003a). A
more detailed discussion of somatosounds is presented in Ch. 6.

1.8 Components of decreased sound tolerance

Tinnitus is frequently accompanied by decreased sound tolerance. Decreased sound tolerance is a
complex phenomenon.

Decreased sound tolerance includes more than one phenomenon (Jastreboff &
Jastreboft, 2001a,b, 2003a). In the past, we have used two terms: hyperacusis and
phonophobia. Hyperacusis was used to describe patients experiencing discomfort
to sound resulting from abnormally high activation occurring within the auditory
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system. Phonophobia was used to describe patients expressing a fear of certain
sounds, or all sounds, resulting from abnormal activation of the limbic and auto-
Nomic nervous systems.

Consideration of the auditory system alone cannot lead to an accurate definition
of decreased sound tolerance, as in clinical practice the limbic and autonomic ner-
vous systems are always involved to a greater or lesser extent and they are necessary
to assess the overall implications of decreased sound tolerance.

Hyperacusis is an abnormally strong reaction to sound occurring within the auditory pathways.

Hyperacusis can be defined as an abnormally strong reaction to sound occurring
within the auditory pathways (Jastreboff, 2000; Jastreboft & Jastreboff, 2003a). At
a behavioral level, it is manifested by a patient experiencing physical discomfort
as a result of exposure to sound (quiet, medium or loud). The same sound would
not evoke a similar reaction in the average listener. The strength of the reaction is
controlled by the physical characteristics of the sound, for example its spectrum
and intensity. Consequently, patients would react in the same way to sounds with
similar physical characteristics in different situations.

Many patients, previously labeled as phonophobic, are not really afraid of sound,
but rather they simply disliked sound; this aversive reaction is not related to the
functioning of the auditory system. The use of the term phobia frequently meets
with objections from patients because of the implied existence of a fear of sound, the
existence of a phobia, and, therefore, a purely psychological basis for their problem.
Itis obvious that the negative reaction to a sound can be driven by various emotions,
and not only by fear. The task was to find a term that would be sufficiently general
to encompass these various emotions, while being specific enough to describe the
situation in an adequate manner. To describe this situation, we use “dislike of” or
“aversion” to sound. The word misophoniatranslates into “strong dislike of sound.”
As such, it is close to the patients’ description of their symptoms and can encompass
a variety of negative emotions generated by the sounds in question (Jastreboff &
Jastreboff, 2003a).

Phonophobia is still a valid term, but it describes a specific type of misophonia,
when fear is the dominant emotion involved in the dislike of the sound. The major-
ity of patients with decreased sound tolerance have misophonia, but only some of
them are phonophobic. A common reason for phonophobia is the fear that sounds,
frequently normal environmental sound, may damage the ear or make symptoms
worse. This can result in patients spending much time and effort trying to avoid
sound exposure. Misophonic patients simply dislike these sounds without neces-
sarily fearing them; this dislike, in turn, induces negative emotional responses. We
have already found the term misophonia to be very helpful in our clinical practice.
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Misophonia and phonophobia are abnormally strong reactions of the limbic and autonomic nervous
systems resulting from enhanced connections between the auditory and limbic system without abnor-
mal activation of the auditory pathways. Phonophobia describes a specific type of misophonia, when
fear is the dominant emotion involved in the dislike of the sound.

Misophonia and phonophobia can be defined as abnormally strong reactions of
the autonomic and limbic systems resulting from enhanced connections between
the auditory and limbic systems. Importantly, misophonia and phonophobia do
not involve a significant activation of the auditory system. At a behavioral level,
patients have a negative attitude to sound (misophonia) or are afraid of sound
(phonophobia). In cases of misophonia and phonophobia, the strength of the
patient’s reaction is only partially determined by the physical characteristics of
the upsetting sound. It is also dependent on the patient’s previous evaluation and
recollection of the sound (e.g., sound as a potential threat and/or the belief that the
sound can be harmful), the patient’s psychological profile and the context in which
the sound is presented.

Hyperacusis, misophonia and phonophobia do not have any relation to hearing thresholds. Patients
with these problems may have normal hearing, or they may be hearing impaired.

Please note that hyperacusis, misophonia and phonophobia do not have any rela-
tion to hearing thresholds. Patients with these problems may have normal hearing,
or they may be hearing impaired.

There are few data available regarding the prevalence of decreased sound toler-
ance. Nonetheless, our research indicates that hyperacusis and tinnitus frequently
coexist in the same ear. Approximately 40% of tinnitus patients exhibit some degree
of decreased sound tolerance, with 27% requiring specific treatment for hyperacu-
sis. Conversely, a study of 100 patients with hypersensitivity to sound showed that
86% of them suffered from tinnitus.

Hyperacusis and tinnitus frequently coexist, but hyperacusis can be an exclusive problem.

It is possible to extrapolate that significant hyperacusis probably exists in at least
1-1.5% of the general population based on clinical observation that approximately
27% of tinnitus patients required treatment for hyperacusis (Jastreboff, 1999a;
Sheldrake, Hazell & Graham, 1999), 86% of patients with hyperacusis reported
tinnitus (Anari et al., 1999) and approximately 4-5% of the general population
have clinically significant tinnitus (Jastreboff & Jastreboff, 2000a) (Davis & El Refaie,
2000).

In the majority of patients, the etiology of hyperacusis is unknown. Hyperacusis
has been linked to sound exposure (particularly short, impulse noise), head injury,
stress and medications. The lack of strong epidemiological data, and the lack of an
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animal model for hyperacusis, prevents us from proving the validity of any theory
of the mechanisms responsible for hyperacusis.

It is impossible at present to prove the validity of any theory of the mechanisms responsible for
hyperacusis because animal models and strong epidemiological data are lacking.

Decreased sound tolerance can exist as an independent medical diagnosis, or
it may be associated with more complex problems. Medical conditions previously
linked to decreased sound tolerance include tinnitus, Bell’s palsy, Lyme disease,
Williams syndrome, Ramsay Hunt syndrome, stapedectomy, perilymphatic fistula,
head injury, migraine, depression, withdrawal from benzodiazepines, increased
cerebral spinal fluid pressure and Addison’s disease (Adour & Wingerd, 1974; Fallon
et al., 1992; Fukaya & Nomura, 1988; Gopal et al, 2000; Henkin & Daly, 1968;
Jastreboff, Jastreboff & Sheldrake, 1999a; Klein et al., 1990; Lader, 1994; McCandless
& Goering, 1974; Nields, Fallon & Jastreboff, 1999; Oen et al., 1997; Vingen et al.,
1998; Waddell & Gronwall, 1984; Wayman et al., 1990).

Most frequently, significantly decreased sound tolerance results from a combi-
nation of hyperacusis and misophonia/phonophobia. It is important to assess the
presence and the extent of all these phenomena in each patient, as misophonia/
phonophobia needs to be treated differently from hyperacusis.

While there is no consensus regarding a method for the evaluation of decreased sound tolerance,
loudness discomfort levels (LDLs) provide a reasonable estimation of the problem.

While there is no consensus regarding a method for the evaluation of decreased
sound tolerance, there appears to be general agreement that LDLs provide a rea-
sonable estimation of the problem. A detailed pre-test interview is needed with
each patient to determine the relative contribution of hyperacusis, misophonia
and phonophobia to decreased sound tolerance, reflected in the decreased behav-
ioral LDLs. Note that the acoustic reflex threshold is not predictive for loudness
perception (Olsen, 1999; Olsen et al., 1999).

1.9 Involvement of hearing loss in tinnitus

Tinnitus and hearing loss frequently coexist.

The concepts and definitions of hearing loss are widely discussed in the litera-
ture, and even though we will not discuss these in this text some basic definitions
are included in the Glossary. The only point we would like to make is the distinc-
tion between sensory (resulting from missing outer hair cells - OHC), and neural
(damage of inner hair cells — IHC or neurons of the auditory pathways) hearing
loss. In the majority of patients, there is no sensorineural hearing loss but only
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sensory hearing loss. This distinction plays an important role in counseling tinni-
tus patients. Consequently, we are against the use of the term sensorineural when
there is no clear indication that both types of hearing loss are indeed present.

1.10 Summary

The following definition will be used throughout this book: Tinnitus is the percep-
tion of a sound that results exclusively from activity within the nervous system without
any corresponding mechanical, vibratory activity within the cochlea, and unrelated to
external stimulation (Jastreboff, 1995). As such, tinnitus is equivalent to phantom
auditory perception. We are not excluding various types of hallucination, including
auditory imagery, from being defined as tinnitus. However, somatosounds of var-
ious origins and also any auditory sensations resulting from external stimulation
(e.g., cochlear implants, direct magnetic stimulation of the auditory cortex, etc.)
are excluded from the definition of tinnitus.

As the proposed definition in this book restricts tinnitus to phantom auditory
perception, consequently, both the theory and clinical practice of tinnitus focuses
on the nervous system, with the cochlea and the periphery of the auditory system
playing a secondary role.

Except when specifically stated, the word tinnitus will be used in this book to
describe tinnitus perceived as a formless sound (different from auditory hallucina-
tion), since this is by far the most common experience of tinnitus.

Decreased sound tolerance, with its components hyperacusis and misophonia,
plays a significant role in both theory and clinical practice. These components can
exist independently from tinnitus; however, they frequently accompany tinnitus. In
some cases, hyperacusis and tinnitus might be closely linked and reflect two mani-
festations of the same mechanism of enhanced gain within the auditory pathways.



The neurophysiological model of tinnitus
and decreased sound tolerance

The neurophysiological model of tinnitus is the essential basis and frame of reference for
understanding tinnitus, hyperacusis and misophonia, as well as for the specific clinical ap-
proach based on the model. The main postulate of this model is that a number of systems in the
brain, other than the auditory system, are involved in the phenomenon of tinnitus. Particularly
the interactions between the auditory system and the emotional (limbic) and autonomic
nervous systems are of crucial importance in clinically significant tinnitus. The difference
between people who merely experience tinnitus and those who suffer because of it depends
on the presence of these connections. By modifying these interactions, and altering the central
processing of tinnitus-related neuronal activity, habituation of tinnitus can be achieved.

There are two types of tinnitus habituation, habituation of reaction and habituation of
perception. Habituation of reaction occurs when tinnitus no longer evokes any emotional or
autonomic response, whereas habituation of perception occurs when the subject is no longer
aware of tinnitus, except when focusing attention upon it. To achieve habituation, it is crucial
to demystify tinnitus, to understand its correct mechanism according to the model and to
change its classification from something bad or unpleasant to that of a neutral signal.

Habituation is further facilitated by the use of sound, the main role of which is to weaken the
tinnitus signal at both perceptual and subconscious levels. This can be provided by enriching
environmental sounds and, in the majority of patients, by wearable sound generators. Hearing
aids can also be used to remove the “straining to hear” phenomenon and to amplify enriched
background sound. The adding of appropriate sounds (with or without amplification by
hearing aids) rather than using any particular device is fundamental.

The specific implementation of the neurophysiological model of tinnitus is known as
Tinnitus Retraining Therapy (TRT) and has been shown to provide significant improvement
in tinnitus in about 80% of patients. This therapy can also be used effectively to treat decreased

sound tolerance, both hyperacusis and misophonia, and somatosounds. The information

presented in this chapter is used during the TRT counseling sessions.

2.1 Development of the neurophysiological model of tinnitus

Over thousands of years, during which time tinnitus has been identified as a problem, many different
treatments have been tried without any consistent success.

16
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Tinnitus has been identified as a problem for thousands of years and many dif-
ferent treatments have been tried without any consistent success. With the rapid
advances in medical science during the twentieth century, new methods were intro-
duced. Chapter 6 reviews some of the most frequently discussed treatments, includ-
ing medications. The failure to achieve a consistently successful outcome with tin-
nitus treatment has discouraged many professionals and has left tinnitus patients
without help. In addition, tinnitus was also a rare topic of research or discussions
during scientific meetings. The neurophysiological model of tinnitus and decreased
sound tolerance has created a new dimension for both research and clinical endeav-
ors (Jastreboff, 1990; Jastreboff & Jastreboff, 2003a).

The neurophysiological model of tinnitus and its clinical implementation (TRT) were created by the
work of P. J. Jastreboff in the mid 1980s.

In order to understand the neurophysiological model of tinnitus, it is helpful to
follow the reasoning and path that led to its development.

Perception of tinnitus is very prevalent but only about 20% of people with tinnitus have a problem
with it.

The starting point for developing the model was the clinical findings that charac-
terized a population of tinnitus patients combined with selected, well-established
facts from neuroscience. P. J. Jastreboff had the advantage of no preconceived clin-
ical knowledge of tinnitus before starting experimental work on animal models
of tinnitus in 1983. During a literature survey, it became obvious that perception
of tinnitus is very prevalent, affecting approximately 17% of the general popula-
tion around the world, although figures ranging from 6% to 30% were reported
depending on country and methodology. At the same time, epidemiological studies
revealed that only approximately 4% of the general population really have a prob-
lem with tinnitus (anon., 1981a; Coles, 1984; McFadden, 1982). Further data have
fully confirmed these observations (e.g., Davis & El Refaie, 2000). So the question
was why, of all the people who experience tinnitus, do less than a quarter have a
problem with it to the extent that they seek medical attention.

There is no difference in the psychoacoustical characterization of tinnitus between “experiencing” and
“suffering” groups.

Many research studies have focused on the psychoacoustical properties of tinni-
tus and have showed that there is no difference in the characterization of tinnitus
between “experiencing” and “suffering” groups. That is, its loudness pitch and the
lowest amount of noise to suppress tinnitus (the minimal suppression, or “mask-
ing” level (MSL)) were, on average, the same in both groups (Hazell et al, 1985a;
Henry & Meikle, 2000).



2 The neurophysiological model

Clinical and research data strongly suggested that there is no vibratory mechanical activity within the
cochlea that could be related to tinnitus perception.

The unusual masking properties of tinnitus, and lack of phase-related phenom-
ena (such as beating with external sounds), strongly suggested that there is no
vibratory mechanical activity within the cochlea that can be related to tinnitus
perception (see Ch. 1 for details). This observation, combined with knowledge of
neurophysiological mechanisms of perception, provided the crucial concept of the
model tinnitus as a phantom perception.

Severity of tinnitus and its impact on life do not correlate with its psychoacoustical characterization.

In other words, tinnitus is not represented in the cochlea by any mechanical
vibration, but rather it reflects neuronal activity within the auditory pathways.
It, therefore, cannot obey the rules of psychoacoustical masking, the suppression
effects are frequency independent and can be as effective contralaterally as ipsilat-
erally. Furthermore, the severity of tinnitus and its impact on life do not correlate
with its characterization (Hazell ef al., 1985b; Henry & Meikle, 2000).

The obvious conclusion from these data was that the psychoacoustical character-
ization of tinnitus (e.g., its pitch, loudness, suppressibility) is not really important
from a clinical point of view, as they were neither correlated with tinnitus severity
nor with treatment outcome. A later research study reanalyzing the same data fully
confirmed this conclusion and, in addition, showed that the initial description or
measurement of tinnitus has no value in predicting whether or not a person is
going to be helped by a currently available treatment (“partial masking” combined
with counseling) (Jastreboff, Hazell & Graham, 1994). The conclusion was that
systems other than the auditory system are responsible for the severity of tinnitus
and determine whether a subject suffers because of tinnitus or merely experiences
it.

Other systems, separate from the auditory system, are responsible for the severity of tinnitus and
determine whether a subject is suffering because of tinnitus or merely experiencing it.

The auditory system is connected to many systems and centers in the brain.

For years, an oversimplified view of how the auditory system functions was
widely accepted. The connections between the inner ear, where sound is changed
into electrical impulses, and the cortex, where sound is perceived, were viewed
as simple cables, transmitting signals but without processing the signal. In real-
ity, the neuronal centers (neuronal networks) between the inner ear and cortex
are performing complex tasks, enhancing some signals and suppressing others
(Fig. 2.1). Furthermore, it was not commonly appreciated that the auditory
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Figure 2.1  Main structures and connections of the auditory system.

system is connected with many other non-auditory systems and centers in the
brain. Incoming sounds are constantly activating many areas of the brain and
evoke a variety of reactions. Noticing and stressing the role of non-auditory centers
in the brain was a crucial point, which created the base for the neurophysiological

model of tinnitus.

The majority of patients have a problem with attention, sleep, concentration and activities that are
performed in quiet environments; furthermore, many people experience anxiety and lose enjoyment
of life.

In the early stages of development of the neurophysiological model of tinnitus,
two important questions arose. First, which systems in the brain, other than the
auditory systems, are responsible for the problems created by tinnitus. Second, what
are the mechanisms involved in tinnitus perception and in tinnitus-induced distur-
bances? The literature provided insight into these issues. Clinical papers describ-
ing the most common complaints related to tinnitus showed that the majority of
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patients have a problem with attention, sleep, concentration and activities that are
performed in quiet environments. In addition, many people experience anxiety
and lose enjoyment of life. Depression was very frequently observed, and there
was discussion whether tinnitus was causing depression or depression was causing
tinnitus.

Frequently, patients became obsessive about their tinnitus and went to enormous
lengths to find a cure for it. It was not unusual to encounter a patient who went to
30 or 40 of the best specialists in the country and spent tens of thousands of dollars
in their search for a cure for tinnitus. Patients were trying bizarre treatments, even
if they were a hazard to their health and life quality.

In clinically significant tinnitus, in addition to the auditory systems, two systems are involved: the
limbic and the autonomic nervous systems.

Based on the literature it was also clear that a large number of medications and
procedures had been tried, but none was effective in suppressing or eliminating
tinnitus in a significant proportion of patients (see Ch. 6).

The problems consistently described by patients suggested that two systems have
to be involved in clinically significant tinnitus; the limbic system (Fig. 2.2), which
controls our emotions, and the autonomic nervous system, which is responsible for
controlling all the automatic functions in the brain and the body. These systems are
crucial for normal functioning of the brain and body, and changes in their activity
have profound health and behavioral impact.
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The limbic system controls our emotions.

The limbic system controls our emotions, both positive and negative. ' Fear, thirst

and hunger, as well as joy and happiness, are controlled and mediated by this system.
Experiments on animals and observations on humans provide us with extensive
information on how this system works. It has been shown that by stimulating a
specific region, the nucleus of amygdala (a crucial part of the limbic system), it is
possible to induce fear; when this nucleus is destroyed, fear can no longer be evoked
or experienced, in either animals or humans (Bast, Zhang & Feldon, 2001; Buchel
& Dolan, 2000; Davis & Whalen, 2001; Goosens & Maren, 2001; Sprengelmeyer
etal., 1999).

The limbic system is strongly connected with all sensory systems.

The limbic system is strongly connected with all sensory systems, such as smell,

vision and the auditory system. Consequently, certain stimuli, sounds, pictures or
smells, are able to evoke very strong positive or negative reactions. For example,
if someone points a gun at a person, or the sound of a rapidly approaching car is
heard, fear is induced and the limbic system is strongly activated. In extreme cases,
the situation is labeled as “fight or flight.” These reactions involve the activation of
the sympathetic part of the autonomic nervous system.

The autonomic nervous system controls all the automatic body functions.

The autonomic nervous system, which is closely connected to the emotional sys-

tem, controls all the automatic body functions such as heart rate, breathing, muscle
tone, bowel function, levels of hormones and sexual activity. > Most people do not

! The limbic system is a heterogeneous array of brain structures at or near the edge (limbus) of the medial wall

of the cerebral hemisphere and includes the olfactory cortex, hippocampal formation, cingulate gyrus and
subcallosal gyrus, which are all cortical structures, and the amygdala, septum, hypothalamus, epithalamus
(habenula), anterior thalamic nuclei and parts of basal ganglia, which are all subcortical structures. The
limbic system exerts an important influence upon the endocrine and autonomic motor systems. These, in
turn, control multifaceted behavior, including emotional expression, seizure activity, memory storage and
recall, and motivational and mood states (Swanson, 1987).

2 The autonomic nervous system, one of the two main divisions of the nervous system, provides the motor

innervation of smooth muscle, cardiac muscle and gland cells. It controls the action of the endocrine glands;
the functions of the respiratory, circulatory, digestive and urogenital systems; and the involuntary muscles
in these systems and the skin. It also has a reciprocal effect on internal secretions, being controlled to some
degree by the hormones and exercising some control, in turn, on hormone production.

The autonomic nervous system consists of two physiologically and anatomically distinct, mutually antag-
onistic components: sympathetic (thoracicolumbar), and parasympathetic (craniosacral). The sympathetic
division stimulates the heart, dilates the bronchi, contracts the arteries, inhibits the digestive system and
prepares the organism for physical action (in the extreme, fight and flight). The parasympathetic division
has the opposite effect, it prepares the organism for feeding, digestion and rest (Brooks, 1987).

The sympathetic and parasympathetic systems are functionally connected in a reciprocal manner, each
inhibiting the other. As a result, the autonomic nervous system tends to function in one of two states,
with either sympathetic or parasympathetic control being dominant. When the sympathetic system is suf-
ficiently activated, the parasympathetic system is suppressed; the internal feeling of reward or pleasure is
inhibited and the positive aspects of life are no longer enjoyed.

(continued overleaf)
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have direct control over this system and its functions; however, where a situation
requires a fast reaction (e.g., a threat), the system is automatically stimulated in
preparation for physical or mental activity. Activation of the sympathetic part of
the autonomic nervous system results in mobilization of the whole body, making
it ready for quick action.

The limbic (emotional) and autonomic nervous systems are normally activated by both pleasant and
unpleasant stimuli, and their action is essential for our well-being and effective function.

It is important to realize that the limbic (emotional) and autonomic nervous
systems are normally activated by both pleasant and unpleasant stimuli, and that
their action is essential for our well-being and effective function. Activation of the
limbic system is also needed for any learning process, including retraining of the
brain, as happens during TRT. In the tinnitus patient, the limbic and autonomic
nervous systems might previously have been functioning entirely within normal
limits. A problem only arises when they are highly and inappropriately activated
by a neutral stimulus, such as tinnitus.

In the next part of this chapter, we address the issues of mechanisms involved
in tinnitus perception and the problems induced by it. Specifically, we examine
the hypothesis that perception of tinnitus reflects compensation of the auditory
pathway to changes, modifications or damage occurring within the auditory system.
The tinnitus signal itself is innocent and is not causing any harm. The problem
develops when tinnitus becomes associated with something negative or unpleasant
and, as a result, produces strong reactions in the limbic and autonomic nervous
systems. This sets up a vicious circle involving these three interconnected systems
(auditory, limbic and autonomic nervous systems). Once arousal of the limbic and
autonomic nervous systems is sufficiently high, the stimulus linked to this activation
will dominate all other brain functions.

(continued)

For both divisions, the pathway of innervation consists of a synaptic sequence of two motor neurons,
one of which lies in the spinal cord or brainstem as the preganglionic neuron. The thin but myelinated axon
(preganglionic or B fiber) emerges with an outgoing spinal or cranial nerve and synapses with one or more
of the postganglionic neurons composing the autonomic ganglia; the unmyelinated postganglionic fibers,
in turn, innervate the smooth muscle, cardiac muscle or gland cells. The preganglionic neurons of the
sympathetic part lie in the intermediolateral cell column of the thoracic and upper two lumbar segments
of the spinal gray matter; those of the parasympathetic part compose the visceral motor (visceral efferent)
nuclei of the brainstem and, with the cranial nerves (particularly the vagus and accessory nerves), pass to
ganglia and plexuses within the various organs. The lower part of the body is innervated by fibers arising
from the lateral column of the second to fourth sacral segments of the spinal cord. Impulse transmission
from preganglionic to postganglionic neuron is mediated by acetylcholine in both the sympathetic and
parasympathetic sections; transmission from the postganglionic fiber to the visceral effector tissues is classi-
cally said to be by acetylcholine in the parasympathetic part and by norepinephrine in the sympathetic part.
Recent evidence suggests the existence of a further class of non-cholinergic, non-adrenergic postganglionic
fibers (Brooks, 1987).
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2.2 Mechanisms of tinnitus signal generation

2.2.1

Tinnitus perception as a by-product of a compensatory action

by the auditory system

High levels of random spontaneous activity of neurons within the auditory pathways are not perceived
as a sound.

Study of electrical activity of single neurons within the auditory pathways has
shown that their spontaneous activity is at a relatively high level, about 50 discharges
per second. This activity is random and is not perceived as a sound. It is possible to
think of it as a “code for silence,” although its characteristic feature is the absence
of any systematic pattern. This random activity fluctuates, since nothing in the
central nervous system is completely stable; however, as our brain is adjusting to
these fluctuations all the time, there is no perception of sound. When we are exposed
to some external sound, neuronal activity increases and becomes more regular. At
the same time, the auditory pathways are continuously filtering and suppressing
spontaneous neural activity so that activity does not reach cortical areas involved
in awareness, and there is no perception of sound.

We are reacting not to the absolute strength of the stimulus but rather to its relative strength compared
with the background.

Another observation comes from psychological experiments and everyday expe-
rience. A weak sound in a quiet room (e.g., a ticking clock) appears relatively loud
and clear. If exactly the same clock is put in a room with increased background
noise, although it is still audible it would appear to be much softer.

This observation reflects a general principle for all the senses: we react not to the
absolute but to the relative strength of the stimulus compared with the background
(Fig. 2.3). Our hearing and vision are adjusting all the time to the average level of
sound or light around us, illustrating the principle of automatic gain control. For
instance, a small candle will appear to be very bright in a darkened room but is
hardly visible in broad daylight. *

In a reduced sound environment, gain or amplification increases at all levels within the auditory

system, resulting in an overall increase in loudness perception of all sounds.

When the background sound level is low, hearing becomes more acute than
when moderate sound levels are present. Moreover, in a quiet situation, sounds
are perceived as much louder than they would be in normal everyday background
noise. What will happen if we purposefully and significantly decrease the level of

3 The adaptation of the eye is partially responsible for this phenomenon, but even taking adaptation into
account, the light will still be perceived as brighter in the darkness.
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Figure 2.3  Tinnitus signal versus background neuronal activity. The strength of the signal depends on
the difference between the signal and the background neuronal activity. By increasing the
background it is possible to decrease effectively the strength of the tinnitus signal.
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background noise? Such an experiment has been performed by Heller and Bergman
(1953). A group of 80 subjects were placed one by one in a sound-proofed room.
During the first few minutes of being in this room, subjects start hearing their
heartbeat, breathing and every small sound caused by normal body function. These
sounds quickly became loud, very clear and really dominant. The most interesting
observation was that within five minutes, 94% of these subjects heard sounds
identical to those described by tinnitus sufferers (e.g., hiss, buzz, ring, hum, roar,
whistle, crickets, steam, sea shell), which disappeared after they left the sound-
proofed room.

Emergence of tinnitus and increase of the loudness of sounds can be explained
by studies of electrical activity from the auditory pathways in animals. Experiments
with reduced input to the auditory pathways showed an increased sensitivity of
auditory neurons (Boettcher & Salvi, 1993; Gerken, 1992, 1993; Salvi, Wang &
Powers, 1996). When there are less than normal levels of sound in our environment,
and the ears are relatively understimulated, gain, or amplification, increases at
all levels within the auditory system, resulting in an overall increase in loudness
perception of all sounds. Consequently, even the small variations of spontaneous
activity in the auditory pathways, mentioned above are perceived as sound. In
this special situation — the sound-proof room experiment — almost everybody
perceives tinnitus.

Taking a high dose of aspirin or entering a sound-proofed room evokes tinnitus in practically

everybody.

Another conclusion from this experiment is that the perception of tinnitus itself is
not pathological but rather is a physiological response of central auditory pathways
to signals (or their absence) coming from the auditory periphery. It is generally
known that everybody can experience a temporary perception of tinnitus, and that
taking a high dose of aspirin (or entering a sound-proofed room) evokes tinnitus
in practically all subjects. Why, then, do some people have tinnitus in a normal
sound environment and some do not? Why do some people have distress from
tinnitus and others not? Clearly there is a difference between tinnitus sufferers and
those experiencing tinnitus during the sound-proof room experiment. What are
the mechanisms involved in the continuous perception of tinnitus?

Lateral inhibition describes the situation when a neuron exerts an inhibitory effect on adjacent neu-
rons. The tinnitus-related neuronal activity, created by any mechanisms, will be enhanced by lateral
inhibition while being processed within the auditory pathways.

Lateral inhibition is a common phenomenon throughout the nervous system
and describes the situation when a neuron exerts an inhibitory effect on adjacent
neurons. This mechanism, as presented in Fig. 2.4, was first proposed by von Bekesy.
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Output

Input

Lateral inhibition. Length of arrows represents the strength of the signal coming to a cell
or its output (every other cell and its connections are shown). Note enhancement of the
output at the edge of the signal. The layer of cells may represent cells in any nucleus of the
auditory pathways receiving tonotopically organized signals.

It results in enhancement of changes, or edges, within the spatial distribution of
the signal in the neuronal networks. This basic mechanism was proposed as a
mechanism for the emergence of tinnitus by Liberman and Kiang (1978) and further
expanded and elaborated by Gerken (1996). The principle of lateral inhibition can
beapplied to one or manylayers of neurons. Note that the lateral inhibition principle
enhances any heterogeneity of activity within the neuronal network, independent
of its initial source. Therefore, the tinnitus-related neuronal activity, created by any
mechanisms, will be enhanced by lateral inhibition while being processed within
the auditory pathways.

2.2.2 Discordant dysfunction theory of tinnitus production

There are many hypotheses attempting to explain the mechanisms of the source of tinnitus; however,

none has yet been proven.

There are many hypotheses attempting to explain the mechanisms of the source
of tinnitus (e.g., Brummett, 1995; Eggermont, 1990; Feldmann, 1992; Gerken, 1996;
Jastreboff, 1990, 1992; Kaltenbach, 2000; Lenarz et al., 1993; Moller, 1984, 1995;
Pujol, 1992; Tonndorf, 1980; Zenner & Ernst, 1993). The hypothesis that seems to
explain a number of the puzzles of tinnitus was proposed by P. J. Jastreboff in 1990
and is known as a discordant dysfunction/damage theory. The theory proposes
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that differential damage or dysfunction of OHC and IHC at a given portion of
basilar membrane in the cochlea will give rise to discordant activation of type [ and
type II auditory nerve fibers, which are innervating IHC and OHC, respectively.
Except in a very few situations, OHC are damaged more than IHGC; this, in turn,
results in disinhibition of neurons in the dorsal cochlear nuclei. All clinical and
experimental results strongly support the postulate that tinnitus emerges when
activity of the OHC system is disturbed (e.g., with large doses of aspirin, quinine,
cisplatin, noise exposure).

This hypothesis was initially known as the discordant damage theory, but as
discordant activation occurs when hair cells are damaged or, in a more general
sense, dysfunctional, “discordant dysfunction” is a better descriptor. This theory
has been described in detail elsewhere (Jastreboff, 1990, 1995), and only the main
points are presented below.

Discordant dysfunction (damage) theory postulates that the tinnitus signal originates from the inner
ear when OHC are more damaged than IHC.

The discordant dysfunction (damage) theory postulates that the tinnitus sig-
nal originates in the inner ear when one type of sensory cell, OHC, is more
dysfunctional than the other type of sensory cells, IHC, at the same area of the
basilar membrane in the cochlea. The damage can be caused by excessive noise,
viral infection, exposure to certain drugs or just the normal process of ageing
(Fig. 2.5).

IHC are the true receptor cells for sound transduction. They convert mechanical
vibrations of the structures within the inner ear (resulting from sound reaching
the cochlea) into electrical impulses in the auditory nerve, which finally result in
sound perception. Most of the fibers in the auditory nerve (95%) connect with
THC and convey these electrical impulses to the brain. OHC work as mechan-
ical amplifiers within the cochlea, enhancing the detection of weak sounds by
providing up to 50 dB of amplification. This amplification is achieved by physi-
cal vibrations of the OHC and can be evaluated by measurement of otoacoustic
emissions. As external sound levels increase, the level of amplification gradually
reduces.

When neurons in the dorsal cochlear nuclei receive excitation from IHC but not from the damaged
OHC, then an imbalance occurs at this level of the auditory system. This, in turn, causes abnormal
activity in the form of bursts of high-frequency neuronal discharges, which, after amplification within
the auditory system, are perceived as tinnitus.

When there is any kind of damage to the cochlea, OHC are damaged first and
adjacent IHC later (Chen & Fechter, 2003). Signals from both types of hair cell con-
verge on the same group of neurons in the dorsal cochlear nucleus. When neurons
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A B C D

IHC OHC IHC OHC IHC OHC IHC OHC

Discordant dysfunction (damage) theory. The following scenarios are shown. (A) Undam-
aged OHC and IHC; (B) partially damaged OHC and intact IHC; (C) totally destroyed OHC
and intact IHCs and (D) totally destroyed OHC and IHC systems. The size of the arrows
represents the signal from IHC and OHC and strength of neuronal activity of the cells
in dorsal cochlear nucleus (DCN) in the brainstem. Arrowheads indicate excitation and
flat bars inhibitory connections. Note the presence of an inhibitory interneuron in the
path of the signal coming from OHC, which is inhibiting the output cell of the DCN.
Note enhancement of the signal parallel with increased damage of OHC system, and
only a low level of spontaneous, intrinsic activity present when both systems are equally
damaged.

in the dorsal cochlear nucleus still receive excitation from THC but not from the
damaged OHC, then an imbalance is created at this level of the auditory system.
This, in turn, causes abnormal activity in the form of bursts of high-frequency neu-
ronal discharges; after amplification within the auditory system, these discharges
are perceived as tinnitus. Increased spontaneous activity has been recorded in asso-
ciation with tinnitus in the dorsal cochlear nucleus (Kaltenbach & Afman, 2000)
and the inferior colliculus of the brainstem (Chen & Jastreboff, 1995; Jastreboff
& Sasaki, 1986; Kwon et al., 1999) (Figs. 2.6 and 2.7). Furthermore, bursts of
spontaneous activity, correlating with the extent of tinnitus perception, have been
shown in the inferior colliculus (Jastreboff et al., 1999b; Kwon et al., 1999).

At least two mechanisms might act as a source of tinnitus-related neuronal activity, either indepen-

dently or together: first, increased gain at any level in the auditory pathways may result in enhancement
of natural fluctuations of spontaneous activity to the extent that these fluctuations are detected and
perceived as sound (tinnitus). Second, a potential source occurs when some (even very slight or local)
dysfunction or damage of the OHC system is created.
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Figure 2.6  Bursts of neuronal activity from the inferior colliculus in rats. A recording of a single neuron

spontaneous activity from a rat with sallcylate-induced tinnitus. This is a very high frequency,
prolonged activity normally observed only in epilepsy. Tinnitus most probably results from
the perception of this neuronal activity. (Modified from Chen & Jastreboff, 1995.)

At least two mechanisms might act as a source of tinnitus-related neuronal activ-
ity, either independently or together. First, increased gain at any level in the auditory
pathways may result in enhancement of natural fluctuations of spontaneous activity
to the extent that these fluctuations are detected and perceived as sound (tinnitus).
The sound-proof room experiment (Heller & Bergman, 1953) indicated that this
can indeed happen. Second, a potential source occurs when some, even very small
or local, dysfunction or damage of the OHC system is created, which might not be
detectable on a standard hearing test such as the pure tone audiogram and of which
the individuals themselves would be completely unaware.

An imbalance of neuronal activity caused by tinnitus-related changes affects type | and type Il fibers
of the auditory nerve differently, and this results in bursting activity at the dorsal cochlear nuclei level.
After further amplification within the auditory pathways, this may be perceived as tinnitus.

The resulting imbalance of neuronal activity between type I and type II fibers
of the auditory nerve generates bursting activity at the dorsal cochlear nuclei level,
which, after further amplification within the auditory pathways, may be perceived
as tinnitus. Because of the tonotopic organization of the cochlea and the auditory
pathways, localized dysfunction will result in the perception of sounds, the pitch of
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Figure 2.7  Prevalence of bursting activity in control animals and in rats with salicylate-induced tinnitus.

Vertical axis shows the ratio of the number of trains of discharges of a given length to the
total number of intervals recorded from a group of cells responding to tones with frequencies
corresponding to the perceived pitch of tinnitus. Horizontal axis shows number of intervals
in a train. Note that in control animals (open circles and dashed line) only short bursts are
present (no longer than 4 time intervals) and their probability decreases rapidly. In animals
with salicylate-induced tinnitus (full circles and solid line), it is possible to observe bursts
up to 23 intervals, occurring quite frequently. The data are consistent with the postulate
that disinhibition is the mechanism responsible for the tinnitus-related neuronal activity.
Modified from Chen & Jastreboff, 1995.

which reflects the affected area of the basilar membrane. When several areas of the
basilar membrane are affected, then any resulting perception can be very complex
and will reflect contributions from all the individual sources.

It is likely that a combination of these two factors creates a perception of tinnitus.
Experiments on animals show that temporary or permanent hearing loss (involving
OHC dysfunction) gives rise to a measurable increase in the sensitivity of a high
percentage of neurons in the auditory pathway (Gerken, 1979; Gerken, Saunders &
Paul, 1984). Decreased or distorted auditory input to the auditory system results
in compensation within neuronal pathways. Recent reports support the suggestion
that the extent of OHC damage is related to tinnitus (Kaltenbach et al., 2001;
Mitchell & Creedon, 1995).

The discordant dysfunction hypothesis helps to explain a number of observa-
tions. For example, why the perceived pitch of tinnitus is typically localized near the
bottom of the slope of hearing loss on the audiogram. This is the area in the cochlea
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that has the largest difference between damaged OHC and normally functioning
IHC.

Approximately 20% of patients with tinnitus have normal hearing. This is because changes too small
to be detectable on a standard audiogram, if localized, can result in heterogeneity and trigger com-
pensatory reactions of the auditory system, resulting in tinnitus.

Why then does 20% of tinnitus occur in those with normal hearing (Davis & El
Refaie, 2000)? This group may not have any hearing defect detectable on a traditional
audiogram but could still have microchanges in their OHC system. These changes
can be detected by tests such as the distortion product otoacoustic emission, which
measures the functional property of the OHC system in an objective manner. Even
small changes, if localized, can result in heterogeneity, triggering compensatory
reaction of the auditory system and resulting in tinnitus.

Tinnitus does not occur in 27% of totally deafened people, because when both types of hair cell are
totally damaged the resulting imbalance is smaller than when the one type, IHC, still functions.

Why do 27% of totally deafened people not have tinnitus (Hazell, McKinney &
Aleksy, 1995)2 If both systems (IHC and OHC) are totally damaged, the resulting
imbalance is actually smaller than when one system still functions while the other
is not providing any signal (Fig. 2.5d).

In the majority of patients, tinnitus is a side effect of a normal compensatory action of the auditory
system.

In conclusion, in the majority of those affected, tinnitus is simply a side effect
of a normal compensatory action by the auditory system. This system is constantly
attempting to restore homeostasis * and trying to provide the best possible hearing.

The auditory pathways attempt to compensate for a decrease of input and to correct heterogeneity
of signals corresponding to adjacent frequencies; this generates and enhances the tinnitus-related
neuronal activity.

In a situation where there is an inadequate signal coming from the cochlea to
the brain, with or without disorder of cochlear function as described above, the
auditory pathways always attempt to compensate for a decrease of the input and to
correct heterogeneity of signals corresponding to adjacent frequencies. While this
may provide better hearing, it generates and enhances the tinnitus-related neuronal
activity.

* Homeostasis is defined as the state of equilibrium (balance between opposing forces) in the body with respect
to various functions and the chemical compositions of the fluids and tissues. The term is also used to describe
the processes through which such bodily equilibrium is maintained. The term physiological homeostasis
is used to describe the set of mechanisms responsible for the cybernetic adjustment of physiological and
biochemical states in postnatal life.
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2.3 Decreased sound tolerance

The model predicts that a relatively high percentage of tinnitus patients should exhibit decreased

sound tolerance.

The model predicts that a relatively high percentage of tinnitus patients should
exhibit increased sensitivity to an external sound, that is decreased sound tolerance.
This is what one would expect from the increased auditory gain, or the combination
of an increased gain and some even minor dysfunction of the inner ear. At the time
the model was first presented (Jastreboff, 1990), this concept was not supported by
most data in the published literature, which claimed that only a small percentage
(0.3%) of tinnitus patients exhibited decreased sound tolerance (Vernon, 1987).
When we started measuring sensitivity to external sounds in our population of
tinnitus patients, both in the USA and the UK, it transpired that about 40% of
patients showed a degree of increased sensitivity to environmental sound (Hazell &
Sheldrake, 1992; Jastreboft, Gray & Gold, 1996). As our practice of TRT progressed
and we systematically evaluated patients for any decreased sound tolerance, it
became increasingly evident that a high proportion of patients (25-30%) were
seeking help because of hyperacusis, which may be even more of a problem to
them than their tinnitus. Decreased sound tolerance was even less recognized than
tinnitus, and patients frequently were blaming tinnitus for the problems they expe-
rienced, being unaware of the true reason.

2.4 Relationship of tinnitus to hearing loss

Hearing loss and tinnitus are only indirectly related.

Another important implication of this model is that hearing loss and tinnitus are
only indirectly related. As hearing loss increases sensitivity of neurons within the
auditory pathways (Gerken et al., 1985), it could be expected that people who have
some hearingloss might be more prone to tinnitus. This observation is confirmed by
epidemiological data. As people with sensory hearing loss typically have damage to
OHG, there is a higher likelihood of an imbalance between IHC and OHC systems.
The incidence of tinnitus in a hearing-impaired population is approximately twice
that of the population with normal hearing (Coles, 1987). At the same time, 20%
of people with tinnitus have normal hearing (Davis & El Refaie, 2000) and 27%
who are totally deaf do not have any tinnitus (Hazell et al., 1995). Furthermore, if
we compare average audiograms from a population of people attending a tinnitus
clinic with those from a normative population study, the audiograms are basically
identical (Hazell & McKinney, 1996). The finding that hearing loss, specifically of
a high frequency in the worse ear, approximately doubles the risk that a person
will have tinnitus predicts that the ratio of tinnitus patients with normal hearing to
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those without hearing loss should be about 2 to 1. The finding in clinical practice
that about 30% of tinnitus patients do not have a hearing loss fits this prediction.
The hypothesis of discordant dysfunction provides an explanation for this apparent
paradox. If tinnitus emergence depends on a dysfunction of the OHC system, then
this dysfunction can be very localized, very discrete, not reflected in the audiogram
and not noticed by the patient.

In the vast majority of patients, tinnitus is not related to any on-going pathological process; in only a
very small percentage will tinnitus be related to some medical problem, such as Méniere's syndrome

(disease), otosclerosis or compression of the auditory nerve.

In the vast majority of those affected, tinnitus is not related to any on-going patho-
logical process. It is not an indication of progressive hearing loss, nor a predictor
that a person is more susceptible to hearing loss. In only a very small percentage
will tinnitus be related to some medical problem, such as Méniere’s Syndrome
(disease), otosclerosis or compression of the auditory nerve by a slowly growing
benign tumor. Such conditions should be screened for at the initial routine evalu-
ation of a patient by the otolaryngologist and treated appropriately.

2.5 Phantom perception

The perception of tinnitus results from the detection of an activity within the auditory pathways
without an external sound corresponding to the tinnitus. Consequently, tinnitus perception does not
obey the same rules as perception of external sounds.

The very real perception of tinnitus results from the detection of modification of
spontaneous activity within the auditory pathways, and there is no external sound
corresponding to the tinnitus. In other words, tinnitus is a phantom sound, similar
to phantom pain or the phantom limb phenomenon (Jastreboft, 1990; Moller, 1997;
Muhlnickel er al., 1998). Consequently, perception of tinnitus does not obey the
same rules as perception of external sounds; for example, its suppression is governed
by totally different principles. Even if the signal itself is very weak, it may be heard
in the presence of high levels of environmental sound. It can be persistent and
irritating, simply because it is an unusual signal, and unlike perception generated
by external sounds.

2.6 Natural habituation

More than three-quarters of people who experience tinnitus naturally habituate to it.

Notably, more than three-quarters of people who experience tinnitus can natu-
rally habituate to it (Davis & El Refaie, 2000; McFadden, 1982). The recognition of
habituation can be linked to Pavlov (Konorski, 1948):
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When a stimulus is repeatedly presented without being followed by any arousal-producing conse-
quences, these effects are gradually attenuated and some of them may be eventually totally abolished.
This phenomenon, originally denoted by Pavlov as “extinction of orientation reaction,” is now usually
called “habituation.”

More recent wording offers the same meaning (Stedman’s Concise Medical Diction-
ary, 1997):

The method by which the nervous system reduces or inhibits responsiveness during repeated
stimulation

or (American Heritage Dictionary, 1994):

The decline of a conditioned response following repeated exposure to the conditioned stimulus

Adaptation involves a peripheral sensory organ while habituation occurs within the central nervous
system.

Contrary to adaptation, which involves a peripheral sensory organ, habituation
occurs within the central nervous system.

Habituation of tinnitus means that the tinnitus-related neuronal activity is blocked from reaching
the limbic and autonomic nervous systems and consequently there are no negative reactions to
tinnitus (habituation of reaction). Moreover, the auditory system is capable of blocking this tinnitus-
related neuronal activity, preventing it from reaching higher cortical areas and thus being perceived
(habituation of perception).

Habituation of tinnitus means that the tinnitus-related neuronal activity is
blocked from reaching the limbic and autonomic nervous systems and consequently
there are no negative reactions to tinnitus (habituation of reaction). Moreover, the
auditory system is capable of blocking this tinnitus-related neuronal activity, pre-
venting it from reaching higher cortical areas and thus being perceived (habituation
of perception). Individuals who naturally habituate are unaware of the presence of
tinnitus, except at times when they consciously focus their attention on it. The
role of natural habituation was noticed by Stephens, Hallam & Jakes (1986). These
authors, however, did not propose a specific or effective protocol for inducing and
sustaining habituation, which is necessary for clinical success of a treatment. Such a
protocol, aimed at inducing and sustaining habituation, is an integral part of TRT.

2.7 The process by which tinnitus becomes a problem

A novel sound induces a new pattern of activity within the auditory pathways and subawareness
centers allowing this activity to reach the cortex. After reaching the highest cognitive centers, sound
will be perceived and further evaluated.
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Figure 2.8  Activation of various systems evoked by a new sound. In this and subsequent figures, the

thickness of the arrows and darkness of the boxes represent the strength of activation. Note
a low-level activation evoked by a new sound.

To understand why the perception of tinnitus might create a problem, we can start
by studying what is happening in the brain when it is exposed to any new sound.
The novel sound induces a new pattern of activity within the auditory pathways.
This activity in groups of nerve fibers will increase and become regular, rather
than being random as nerve activity is in the absence of signal. While the pattern
of activity is new and not previously experienced, subawareness centers allow this
activity to reach the cortex. These centers are also responsible for our selective
hearing by blocking unimportant auditory information. The new sound-induced
pattern will be compared with that stored in memory patterns representing other
sounds. If this pattern does not find a match in auditory memory, then it is passed
to the highest cognitive centers, where it will be perceived and evaluated further
(Fig. 2.8).

Sounds can be classified in three general categories: neutral (not significant),
having some positive (pleasant) meaning, and having a negative (unpleasant) asso-
ciation or meaning. During this process, with every new sound, the limbic and the
autonomic nervous systems are activated to some extent (Fig. 2.8). This results
in an orientation reaction (startle reflex °) in which the head may be turned
in the direction of a sound to learn more about it. Meanwhile, our autonomic
nervous system is preparing our body to an appropriate reaction should it be
needed.

> The startle reflex involves a quick, involuntary movement, frequently contraction of the limb and neck
muscles, in response to some sudden and unexpected stimulus.
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Figure 2.9

not activate the limbic and autonomic nervous systems nor the higher cortical areas respon-
sible for sound awareness. These signals are not inducing reactions (habituation of reaction)
and are not perceived (habituation of perception). (B) By comparison, a familiar, significant
sound will result in a high level of activation of the limbic and autonomic nervous systems
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If the new sound is judged to be of no particular importance it will induce little activation of the limbic
and autonomic nervous systems. With repetitive appearance of this particular sound, the subcortical
pathways will block it, and there will be no awareness of the sound. This is the process of habituation
of perception.

2.7.1

The initial response from the limbic and autonomic nervous systems is relatively
mild. If the new sound is judged to be of no particular importance, for example the
sound of a truck passing on a highway some distance from the house, then, each
time the sound reappears, it will induce less and less activation of the emotional
and autonomic nervous systems (Fig. 2.9a). With repetitive appearance of this
particular sound, the subcortical pathways will block it, and the individual will be
unaware that the sound is present. This is the process of habituation of perception.
If the sound is familiar but significant, its repetitive appearance will result in strong
activation of the limbic and autonomic nervous systems every time a subject is
exposed to it. Consequently, the strength of the reflex arc and resulting reaction
will gradually increase (Fig. 2.9b).

Selective perception

Only one task can fully occupy our focus of attention at a given time and it is impossible to perform
more than one task that requires full attention. Therefore, we may have to switch rapidly between
one attentional focus and another, while carrying out other tasks automatically.

The mechanism of selective perception reflects one important limitation of the
brain: the fact that only one task can occupy our focus of attention at a given time.
Consequently, itis impossible for us to perform more than one task that requires our
full attention at the same time. This problem is partially solved by rapid switching
of an attentional focus between tasks (Kimberg, Aguirre & D’Esposito, 2000). For
example, it is impossible to read a book and write a letter at the same time, or even
read a book and listen attentively to music. One way of dealing with this limitation
is by making some tasks automatic by the subconscious processing of informa-
tion related to these activities, which do not require our full conscious attention.
For example, when driving a car, the brain is continuously performing complex
tasks while blocking the majority of sensory signals from reaching awareness. It is
sometimes an alarming experience to arrive at a familiar destination without much
memory of the journey!

The selection process, deciding if an incoming sound is neutral and can be ignored or important and
requiring perception, has to take place at a subconscious level.

We are not aware of the vast majority of sounds arriving at our ears, which are
of no significance to us. The crucial factor is that the selection process, deciding
if the incoming sound is neutral and can be ignored, or important and requiring
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conscious perception, has to take place at a subconscious level. Otherwise a process
of conscious selection would occupy all the resources of the brain, and we would
not be able to perform any other task or activity. The process of habituation to non-
important stimuli allows us to concentrate on more important, and novel tasks.
The question is, how does the brain decide what is important to us and how is the
selection process organized?

If we are paying attention to all incoming stimuli, we are obliged to deal first
with those that suggest something bad might happen. In most instances, it is more
important to avoid an unpleasant situation than to experience something pleasant.
Since avoiding disturbing situations frequently requires fast reactions, it occurs on
a reflex basis, before we are able to analyze the situation consciously. We cannot
afford the time to debate the issue before acting, and consequently we do not have
much control over these reflex reactions. A car’s brake-light illuminating just in
front of us will evoke a reflex reaction of foot hitting brake.

Once we associate a stimulus with something negative, we are unable to remove this association
easily because it is a part of a conditioned reflex.

Once we associate a stimulus with something negative, or we are simply annoyed
by it, we are unable to remove this association easily because it has become part
of a conditioned reflex. An example would be trying to hold a conversation in
the presence of a untethered wild animal. Our attention would be drawn to the
animal, and it would be very difficult, or just impossible, to carry on a conversation.
Concious attempts to control this monitoring process will be unsuccessful, as we
have no means of directly controlling or altering these reflex-based reactions. In
this case, the reflex reactions involved in observing a wild animal are necessary for
self-protection. Our attention would be preoccupied with the negative event, and
this would prevent us from engaging in any other activities.

2.7.2 Suppression of positive emotions

Negative and positive emotions oppose each other. If we are afraid of something,
or under significant stress or unhappy, then we are unable to feel positive emotions
and cannot, at that time, appreciate anything that otherwise would be a pleasant
experience. For example, if we are waiting at a dentist’s office and we know that we
are shortly going to have a painful root canal procedure performed, and at the same
time someone is offering us the most delicious meal, most of us would probably
not be able to touch it, and if we tried to eat the meal, we would not enjoy it.
This principle of opposing action of negative and positive motivations is very well
established. It is actually used in psychological experiments to measure the extent
of fear (Estes & Skinner, 1941), as well as in the animal model of tinnitus (Jastreboff
etal., 1988).
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Many of those with persistent tinnitus have no enjoyment of life and become very frustrated and
depressed.

Consequently, when the patient is focusing attention on tinnitus, which has now
assumed a dominant role, it becomes impossible to perform other tasks requiring
attention, even things that normally would be enjoyed. It is not surprising that many
patients with persistent tinnitus have no enjoyment of life, cannot see a positive
future and become very frustrated and depressed. °

2.7.3 Sleep impairment
Approximately 50% of tinnitus patients have disturbed sleep.

According to population studies, approximately 50% of tinnitus patients have
disturbed sleep (Tyler & Baker, 1983). This observation can be explained by the
fact that problem tinnitus results in stimulation of the sympathetic part of the
autonomic nervous system and keeps high levels of activation during both day
and night. This is possible because the auditory system is very active at subcon-
scious levels during sleep, and there is a known anatomical connection between
the auditory and limbic systems at this level. Keeping the sympathetic autonomic
nervous system at a higher level of activation can be positive if we have to get
up early, but otherwise results in a poor night’s sleep with very little rest. If it

© From the point of view of tinnitus, it is important that the limbic system is involved in all aspects of life
involving motivation, mood, and emotions, and that it activates the endocrine and autonomic nervous
systems. A highly activated limbic system results in mood swings (a person being controlled by emotions),
potential changes in hormone levels (with all its consequences) and, through activating the autonomic
nervous system, influences on all body functions. Typically, patients exhibit syndromes indicating a dom-
inance of the sympathetic division of the autonomic nervous system, which stimulates the heart, inhibits
the digestive system and in general prepares the body for physical action. This, in turn, leads to problems
with sleep, which is very common among tinnitus sufferers (Coles, 1996). Abnormally high activation of
these systems results in stress, anxiety and loss of well-being. These patients are extremely annoyed by their
tinnitus, which, as it is argued in Ch. 2, continues to get worse because of the feedback loop connecting the
auditory, limbic autonomic nervous systems.

Please note that a high level of activation of the limbic and autonomic nervous systems by any factor,
even without tinnitus present, will result in the same syndromes as described by tinnitus patients. Sleep
deprivation itself can account for many behavioral and psychological changes reported by patients (such as
inability to concentrate, mood swing, problems with logical decision, rapid illogical reactions to encounter
problems; see Holgers et al. (1999) and Ch. 6). The difference is that when the external factors go away
(stress induced by overwork, personal relationship problems, etc.) activation of the limbic and autonomic
nervous systems decreases to the normal level. However, in those with tinnitus, the tinnitus signal (i.e.,
tinnitus-related neuronal activity) is still present. Once the conditioned reflex arcs are established, activa-
tion of both the limbic and autonomic nervous systems increases and is maintained. If this occurs for a
sufficiently long period, then physiological exhaustion is reached with all the negative behavioral conse-
quences associated with tinnitus.

Another crucial issue reflects the physiological fact that a high level of activation of the sympathetic part
of the autonomic nervous system, for any reason, activates the fight or flight reaction and suppresses or
even eliminates positive emotions, resulting in decreased ability to enjoy life. In those with severe tinnitus,
it is frequently observed that patients no longer enjoy activities previously pleasant to them, and life ceases
to offer joy. This, in turn, leads to depression.



40 2 The neurophysiological model

happens occasionally, it does not have negative impact, but if it happens regularly
it results in chronic sleep deprivation. ’

Sleep deprivation affects concentration and attention; it creates mood swings and irritability. There
are a lot of similarities between the complaints of those sleep deprived in other ways, and those
suffering from tinnitus.

Sleep deprivation has a profound impact on brain metabolism as well as on gen-
eral behavior. The influence of tinnitus on sleep may be responsible for many of the
behavioral changes observed in tinnitus patients. The rapid eye movement (REM)
phase of sleep is particularly affected (Culebras, 1992). REM sleep is necessary for
the restoration of normal brain activity, and serious changes in the biochemistry
of the brain occur in subjects who are deprived of REM sleep (Basheer et al., 1998;
Cirelli & Tononi, 1999; Sallanon-Moulin et al., 1994).

The study of people who are sleep deprived but who do not have tinnitus provides
interesting insight. These people have a problem with concentration; they are more
susceptible to emotional fluctuations and are less able to think logically. Their
rapid swings of emotions are unpredictable and they may be described as “having
a short fuse” and being “likely to explode.” People with sleep deprivation may have
problems with work of any kind as well as having problems with attention and
not being able to relax and enjoy life. It is obvious that there are many similarities
between the complaints of sleep-deprived people and those of people suffering from
tinnitus. Many problems experienced by tinnitus patients, especially in the early
stages, arise from the fact that they are not getting a sufficient amount of sleep.

Tinnitus may make falling asleep more difficult as the whole brain is in an alert
state from overactivation of the limbic and autonomic nervous systems. Tinnitus
effects on sleep are particularly profound in preventing continuation of sleep. We
all sleep in cycles of approximately 90 minutes going through different stages of
sleep (McKenna, 2000). In each cycle, there is a period of time when we are in
very shallow sleep, perhaps even waking for a few seconds. When waking in the
middle of the night, as the normal sleep pattern dictates, tinnitus will be noticed
immediately and perceived as being loud, because background sound during the
night is typically low. This perception of tinnitus will evoke a further higher level of
autonomic activity, causing anxiety and annoyance. Consequently, the individual

7 Trying to sleep with distressing tinnitus is similar to trying to sleep with a live snake moving around in the
same room. In both situations, the sound is disturbing. The problem with sleep is that tinnitus creates a
high level of anxiety, putting the body into “alert” or even “flight or fight” mode. In such a state, sleep is
entirely inappropriate. This is illustrated by the “early morning flight syndrome.” Imagine that you have
to catch a flight at 4 o’clock in the morning, which you simply cannot afford to miss. After setting three or
four alarm clocks and asking the family, including the dog, to wake you up, you eventually fall asleep but
proceed to wake up every hour, and at least 10 minutes before the alarms start ringing. You are absolutely
ready to jump out of bed and run for the plane, wide awake and ready for action. You will get to airport on
time, but this sleep will not provide rest.
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will experience much more difficulty in getting back to sleep, spending long periods
in the night awake and listening to troublesome tinnitus.

2.8 The components of the neurophysiological model

2.8.1

Main systems involved in the model

The auditory system provides the source of a signal, tinnitus, which through inappropriately created

functional connections causes activation of the limbic and autonomic nervous systems, resulting in
annoyance and distress.

The auditory system provides the source of a signal, tinnitus, that creates inap-
propriate functional connections with, and causes activation of, the limbic and
autonomic nervous systems, resulting in annoyance and distress.

It has been puzzling why and how tinnitus becomes such a strong and dominant
signal when the source can be relatively weak; also why even loud tinnitus does
not bother some people at all, and weak, nearly inaudible tinnitus causes major
problems for other people. Let us analyze what neurophysiological mechanisms are
involved when clinically significant tinnitus develops.

If tinnitus perception is associated with high levels of emotional distress, conditional reflexes are
created causing the tinnitus-related neuronal activity (conditioned stimulus) to evoke high levels of
activation of the limbic and autonomic nervous systems (conditioned reaction).

On many occasions, tinnitus emerges very rapidly, particularly when its per-
ception is triggered by loud sounds (discos, shotguns). New, or rapidly changing,
signals are always perceived and attract attention. If perception of a signal is associ-
ated with high levels of emotional distress, conditioned reflexes are created, causing
the tinnitus-related neuronal activity (conditioned stimulus) to evoke high levels
of activation of the limbic and autonomic nervous systems (conditioned reaction).
Because of the presence of feedback loops between the auditory, limbic and auto-
nomic nervous systems, and also because of brain plasticity, once tinnitus acquires
a negative connotation and starts to induce activation of the autonomic nervous
system, it initiates a cascade of events. As a result, there is stronger and stronger
activation of the limbic and autonomic nervous systems, through a conditioned
reflex arc, even when the tinnitus signal remains unchanged. This phenomenon,
commonly labeled as a vicious cycle, is illustrated in Fig. 2.10.

A conditioned reflex arc can also be created automatically if some abnormality
in the auditory system already exists (or has recently developed) concurrently with
high levels of emotional stress. The emotional stress provides the negative re-
inforcement needed to create the link in the conditioned reflex arc. Once tinnitus
acquires this negative association, an aversive conditioned response is established,
and is responsible for the persistence of tinnitus.
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Figure 2.10 Development of a vicious cycle. The thickness of the lines and darkness of the boxes reflect
the extent of activation. Note the gradually increasing activation of the limbic and autonomic
nervous systems (stages A, B, C), which becomes dominant in the final stage C.
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Figure 2.11 Development and extinction of conditioned reflexes. (A) Initial temporal coincidence
of sensory stimulus and reinforcement occurs. (B) A conditioned reflex link is created.
(C) Consequently, the sensory stimulus alone induces the reaction previously evoked by
reinforcement. (D) Continuous repetition of the sensory stimulus without reinforcement
results in disappearance of the conditioned reflex (passive extinction).

2.8.2 Conditioned reflexes

Many body reactions result from conditioned reflex arcs. Importantly, the temporal association of
stimulus and reaction is sufficient to create a reflex, without the necessity for a causal relation.

Many body reactions, and particularly those requiring a fast response, result from
the conditioned reflex arcs (Fig. 2.11). A reflex is created when a sensory stimulus is
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associated with reinforcement (punishment or reward). Although typically there is
a causal link between the stimulus and the reinforcement in creating a conditioned
reflex, a temporal association (i.e., the stimulus and reinforcement happening at
the same time) is sufficient for creating the reflex (Konorski, 1948; Fig. 2.11a,b).
Examples of conditioned reflexes are salivation when we see delicious food, stopping
at a red traffic light, hitting the brake when the car ahead of us brakes suddenly, or
turning to the sound of our first name. Once the conditioned reflex is established,
the presence of the stimulus, even without reinforcement, results in a full reaction,
which would normally be induced only with reinforcement (Fig. 2.11c).

If the stimulus is repeated without reinforcement, the conditioned reflex gradually disappears. This
process is called passive extinction of the conditioned reflex.

If a neutral stimulus is repeated without reinforcement, the conditioned reflex
gradually disappears. This process is called passive extinction of the conditioned
reflex (Fig. 2.11d). This typically happens when reflexes result from a temporal
association only, without a causal link between the stimulus and reinforcement. ®

2.8.3 Effect of negative reinforcement

It is unfortunate that anyone seeking professional advice about the new experi-
ence of tinnitus is frequently met with negative counseling. People are typically
told “nothing can be done about tinnitus, you have to learn to live with this,”
or even worse, “let us check if you have a brain tumor.” Even those who had no
particular negative associations with their tinnitus frequently and quickly develop
them, and those who are already anxious have their worst fears confirmed and
enhanced.

As with all negative signals, once tinnitus acquires negative associations, it becomes constantly mon-
itored.

Once tinnitus is linked with something negative, it acquires a warning label
indicating that “there might be something wrong.” Furthermore, even if there is
no specific negative association, tinnitus can simply be annoying by its continuous
presence, and through this alone acquires a negative connotation. The negative
link ensures that there is activation of limbic and autonomic responses whenever
the tinnitus signal is detected. As with all negative signals, once tinnitus acquires
negative associations, it becomes constantly monitored.

8 These types of reflex were labeled by Konorski “superstitious reflexes”. They are surprisingly common in
everyday life. For example, such a reflex is created if an extremely unpleasant emotional situation develops
and persists during a learning period. During this period, negative associations can develop to any events,
names, places, experiences occurring at that time, resulting in the triggering of an aversive reaction whenever
they are encountered in the future.
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At the same time, our autonomic nervous system is automatically activated to
prepare us for physical or mental activity and, in extreme conditions, a “fight or
flight” response. This evokes a strong desire to run away or to fight in order to
attempt to destroy the source of the problem. However, we cannot run away from
tinnitus, though some sufferers get out of bed in the night and run out of the house
in an attempt to do so. We cannot fight or destroy tinnitus, but patients frequently
describe attempts to “fight it” and “not let it beat them.” Such attempts attract
even more attention and importance to tinnitus and consequently increase stress,
anxiety and frustration.

2.8.4 Feedback loops

The reactions of the autonomic nervous system provide the main negative reinforcement for condi-
tioning the response to tinnitus.

The reactions of the autonomic nervous system provide the main negative re-
inforcement for conditioning the response to tinnitus, and this in turn enhances
the strength of the negative association. Consequently, the more unpleasant the
symptoms resulting from tinnitus-related autonomic activation, the stronger the
link between tinnitus and those responses, resulting in enhancement of monitor-
ing of tinnitus. In other words, because tinnitus seems important and acquires
negative associations, more time is spent on checking the status of tinnitus. The
tinnitus becomes more noticeable (greater loudness, awareness), inducing further
activation of the limbic and autonomic systems and increasing unhappiness, fear,
concern, stress, anxiety, tension and other negative emotions. This, in turn, fur-
ther enhances the need for monitoring of tinnitus. The reactions of the autonomic
nervous system lead to “tuning up” of the auditory networks to enhance the tin-
nitus signal, which results in a still stronger stimulation of the autonomic nervous
system. As a result, another loop of enhancement of tinnitus-induced reaction is
created.

The feedback interaction consists of two loops: conscious, involving the corti-
cal awareness level (Fig. 2.12a), and subconscious, involving subconscious centers
(Fig. 2.12b). For both loops, a small initial negative association that remains unchal-
lenged can grow with the aid of this feedback mechanism and result in a high level
of anxiety, stress and dysfunction. The situation is similar to a small ball of snow
rolling down a hill, gathering momentum and growing to an avalanche. However,
activation of the conscious loop requires perception of tinnitus, which is not needed
for activation of the subconscious loop. Thus, the tinnitus-related neuronal activ-
ity can activate the limbic and autonomic nervous systems either with or without
conscious perception of tinnitus.
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Figure 2.12 Conscious and subconscious systems. (A) Loops involving awareness and cognitive pro-
cesses of tinnitus. (B) Loops acting at subconscious levels.

A constant state of alertness causes tinnitus patients to become exhausted and complain of lack of
sleep. They are be unable to focus attention on anything else but tinnitus and experience overall loss
of life quality.

The signal is present all the time in clinically significant tinnitus, causing contin-
uous activation of the autonomic nervous system; this, in turn, serves as negative
self-reinforcement. Consequently, the conditioned reflexes get stronger, and their
spontaneous extinction is prevented (Fig. 2.13). At a behavioral level, this results
in a constant state of alertness (being ready for any danger), having much greater
effects than those evoked by other negative experiences, which tend to be relatively
transitory in nature. Tinnitus patients are exhausted and complain of lack of sleep,
an inability to focus attention on anything else but tinnitus and overall loss of life
quality.
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Figure 2.13 Mechanism hindering spontaneous extinction of conditioned reflexes in tinnitus: the con-

2.8.5

tinuous presence of the tinnitus signal and the reaction of the autonomic system acts as
self-reinforcement.

Irrelevance of the strength of the tinnitus signal

The initial strength of tinnitus signal is irrelevant.

The initial strength of a tinnitus signal is irrelevant (it can be weak or strong),
as the final strength of reaction and severity of distress caused by tinnitus results
from the strength of the feedback loops within the model (Figs. 2.10, 2.11 and
2.13). The final level of reaction will depend on the intrinsic properties of the
limbic and autonomic nervous systems. Even a very weak, low-level, very soft
tinnitus can result in a high level of anxiety and annoyance when modified by
powerful feedback loops. Imagine the sound of a creaking floorboard in the middle
of the night, when we are afraid that someone has broken into the house and we
are in danger. The signal is very weak, but it causes a very strong reaction. Much
louder, but neutral signals, like the sound of a thunderstorm, might not cause
any reaction at all. The sound of creaking floorboards during the day evokes no
response, as it does not have the same negative association — it is to a large degree
expected — and so it will not trigger activation of the limbic or autonomic nervous
systems.

The development of a vicious circle involves processes at both conscious and subconscious levels
and follows the principle of conditioned reflexes. Once the conditioned reflex is created, it cannot be
influenced or altered by conscious thoughts alone.

The process of creating and strengthening these feedback loops, popularly
referred to as a vicious circle, involves processes at both a conscious and a
subconscious level and follows the principle of conditioned reflexes. Conscious
thinking, involving words and beliefs, are secondary to the subconscious reflex-
based processes. Although beliefs about tinnitus may facilitate or create initial
associations (for example, fear that there may be a brain tumor), they are not
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needed to set up this vicious circle. Furthermore, once the conditioned reflex is
created, it cannot be influenced or altered by conscious thoughts alone.

2.8.6 Decreased sound tolerance

There are two components of decreased sound tolerance: hyperacusis and misophonia. In hypera-

cusis, there is an abnormally increased, sound-induced activity within the auditory pathways. In pure

misophonia, there is a negative reaction to sound resulting from an enhanced limbic and autonomic

response, without abnormal enhancement of the auditory system.

A significant proportion of those complaining about tinnitus are also affected
by decreased tolerance to external sounds, as discussed in Ch. 1. There are two
components of decreased sound tolerance: hyperacusis and misophonia. In hyper-
acusis, there is abnormal increased sound-induced activity within the auditory
pathways. As a result, sounds that are non-intrusive, or unnoticed by the general
population, are uncomfortable to people with hyperacusis. Abnormal enhance-
ment of sound-evoked neuronal activity occurs within the auditory pathways and
causes only secondary activation of the limbic and autonomic nervous systems
(Fig. 2.14a). This enhancement may involve both peripheral (cochlear) and central
auditory pathways.

In pure misophonia, a negative reaction to sound results from an enhanced
limbic and autonomic response, without abnormal enhancement of the auditory
system (Fig. 2.14b). As a result, sound may induce a strong dislike of sound, as
well as produce changes in body functions and feelings of discomfort. The term
“misophonia” (dislike of sound) is used to describe this phenomenon (Jastreboft &
Jastreboft, 2003a). Phonophobia, a specific form of misophonia, is seen when fear is
the principal component of a patient’s emotions. In misophonia or phonophobia,
the reaction to sound depends not only on its physical characteristics but also on
other aspects such as past associations, beliefs about specific sounds (or sounds in
general) and the psychological status of the patient.’

Recruitment, defined as an abnormally high slope of loudness growth, is a necessary outcome of
sensorineural hearing loss.

All these phenomena are independent of recruitment, defined in audiology as an
abnormally high slope of loudness growth. Recruitment is an inevitable outcome
of sensorineural hearing loss and results from a reduction in the OHC population

©

Examples of misophonia include people who are reacting to the sounds of childrens’ voices (as they do
not like children) or a dislike of other people eating or chewing. Examples of phonophobia include general
fears that sounds will be gradually destroying the cochlea or the fear that they will be exposed to sound
which will permanently make their symptoms worse.
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Figure 2.14 Mechanisms of decreased sound tolerance. (A) In hyperacusis, the external signal undergoes
abnormal enhancement/amplification within the subconscious auditory pathways (marked
by gray color) and only secondarily activates the limbic and autonomic nervous systems.
Note that the connections between the auditory and other systems are normal and that the
increase of stimulation of the limbic and autonomic nervous systems results from stronger
signals coming from the auditory system. (B) In misophonia, activity within the auditory
pathways is normal, but connections between the auditory and limbic and autonomic ner-
vous systems are enhanced, causing high levels of activation of the limbic and autonomic
nervous systems.
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in the cochlea (Moore, 1995). Therefore, recruitment and hyperacusis are two
independent and non-related phenomena. Recruitment is an inevitable result of a
shifted threshold (without a change in the maximal level of sound that the patient
will tolerate) and occurs only with cochlear damage. By comparison, hyperacu-
sis reflects a decrease in the maximal level of sound that a patient will tolerate
with or without a change in the hearing threshold. Recruitment and hyperacu-
sis can occur independently or together. Hyperacusis can occur with or without
hearing loss, whereas recruitment is always associated with a shift in the hearing
threshold.

In pure hyperacusis, the context in which the sounds occur, and their meaning, is not relevant. Con-
versely, misophonic reactions reflect a dislike of a specific sound, or sound category, that is dependent
on its meaning.

Hyperacusis results from an abnormal increase of gain in the peripheral or cen-
tral parts of the auditory system. Regardless of the specific mechanism, patients
feel discomfort from sounds that would be within comfortable listening levels for
normal individuals. In pure hyperacusis, exposure to these sounds will create a
very high level of activation within the auditory system, and only secondarily in the
limbic and autonomic nervous systems. The context in which the sounds occur,
and their meaning, is not relevant. The patient will react in a very similar man-
ner to the same sound regardless of the situation. For example, the reaction will
be the same whether the sound is presented at home, in a cinema while watch-
ing a favorite movie, or as sounds made during medical evaluation in the doctor’s
office.

Misophonic reactions reflect a dislike of a specific sound, or sound category,
that is dependent on its meaning rather than on its acoustic characterization (e.g.,
frequency spectrum and intensity). Misophonia can occur to certain classes of
sound, for example sounds that are louder than a certain level. For pure misophonia,
the auditory system is working normally and does not exhibit any abnormally high
activity when stimulated by these sounds. In misophonia, however, such sounds
will cause feelings of dislike, and consequently a strong reaction from the patient
through powerful activation of the limbic system.

Once misophonia is established, reactions to the specific sounds are governed by the principles of
conditioned reflexes.

Once misophonia is established, reactions to specific sounds are governed by
the principles of conditioned reflexes. Reaction to the sound will be very fast; once
the reflex is set, the person will react without thinking about the meaning of the
sound, or the validity of the belief that it is bad or dangerous. Another aspect of
misophonia is that reaction to the sound may depend on the context. That means
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the same sound will evoke a different reaction depending on the place and context
in which the sound is heard.

In a clinical situation, hyperacusis, misophonia and phonophobia can coexist or
can be present as individual problems. Their action results in decreased sound tol-
erance, the term used to describe the presence of one, any or all of these phenomena.
Decreased sound tolerance can have an extremely strong impact on a patient’s life.
It can prevent people from entering loud environments, from working, interacting
socially and from enjoying many everyday activities. In extreme cases, patients do
not leave their homes, and their lives and the lives of their families are completely
controlled by the issue of sound avoidance.

In any patient with significant hyperacusis, some misophonia is automatically
developed, as normal sounds will evoke discomfort and, therefore, the dislike or
fear that sound in general may be harmful or distressing. Misophonic patients may
also develop hyperacusis from prolonged overprotection of hearing with earplugs
and muffs. Both issues are important in the practical treatment of patients, and
this will be discussed below. Note that the mechanisms of tinnitus, hyperacusis and
misophonia involve the same centers in the brain, are governed by similar rules
and provoke similar symptoms, because of the consistent involvement of the limbic
and autonomic nervous systems.

In hyperacusis, the goal is to desensitize the auditory system by systematic exposure to a variety of

sounds.

However, because of the differences in the mechanisms of hyperacusis and miso-
phonia, different treatment approaches are needed. In hyperacusis, the goal is to
desensitize the auditory system by systematic exposure to a variety of sounds.
We are using very basic physiological processes to eliminate hyperacusis, with
mechanisms that do not involve conditioned reflexes and conscious thinking. As
a result, in pure hyperacusis, it is irrelevant whether or not patients are paying
attention to the sound being used, and their beliefs and understanding of the
process of desensitization and the neurophysiological model of tinnitus is not as
crucial.

The most effective way of reversing the conditioned reflexes in misophonia is to associate the sounds
with something positive.

Misophonia and phonophobia, by comparison, involve the process of condi-
tioned reflexes, as the sounds are linked with some negative meaning. The most
effective way of reversing these reflexes is to associate the sounds with something
positive (a procedure known as the active extinction of conditioned reflexes). The
details of how to apply the appropriate protocol will be presented in Ch. 3.
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In clinical practice, decreased sound tolerance nearly always consists of a variable
mixture of hyperacusis, misophonia or phonophobia, and each of these components
needs to be addressed appropriately.

2.9 The mechanism of tinnitus habituation and the neurophysiological
basis for TRT

In designing an effective treatment for tinnitus and sound sensitivity, there are four

critical questions.

1. Is it possible to reverse or nullify the conditioned reflex arc?

2. Isit possible to detach perception of tinnitus (or external sound) from the reflex
reaction set up by it?

3. Is it possible to block perception of tinnitus?

4. What treatment protocol is required to achieve this?

All conditioned reflexes can be reversed: body reactions to any stimulus can be reversed and the brain
is able to learn throughout life. Natural habituation of various stimuli is continuously taking place.

Neuroscience provides us with the necessary information to answer these ques-
tions. First, all conditioned reflexes can be reversed; consequently, everything which
we have been trained to do can be retrained. Second, reactions of our body to any
stimulus can be reversed. Third, our brain is able to continue learning throughout
life. Fourth, natural habituation of various stimuli is continuously taking place.

Habituation of tinnitus-induced reactions reflects the decrease of tinnitus-induced activation of the
autonomic nervous system.

From the diagram of the neurophysiological model of tinnitus (Fig. 2.10c) and
principles of reinforcement of conditioned reflexes involved in tinnitus (Fig. 2.13), it
is clear that the crucial factor is whether we can detach the reaction of the autonomic
nervous system (which is causing annoyance and other negative reactions evoked
by tinnitus) from the tinnitus signal (Fig. 2.15a). In other words, if we can produce
habituation of the tinnitus reaction, then the patient will not be bothered in any way
by tinnitus. This, in itself, would be a fundamental achievement that would create
major relief for the tinnitus sufferer, as all the important distressing symptoms we
have discussed would disappear.

Habituation of tinnitus perception takes place when tinnitus-related neuronal activity is identified,
blocked by the auditory neuronal networks and is not allowed to reach the area of the cortex where
conscious perception of the tinnitus sound occurs.

Following habituation of the reaction, another important process takes place
automatically but slowly. This is the habituation of perception (Fig. 2.15b). In this
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Figure 2.15 Mechanisms of habituation of reaction and perception. (A) Habituation of reaction reflects
the disappearance of activation of the limbic and autonomic nervous systems. (B) Habitua-
tion of perception prevents the signal from reaching higher cortical areas involved in signal

Habituation is not a “cure” for tinnitus. Tinnitus can still be perceived when attention is focused on it,
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but there is no reaction to tinnitus and awareness is greatly reduced.

Note that habituation is not a “cure” for tinnitus. Tinnitus can still be perceived
when attention is focused on it, almost always softer, but occasionally its perception
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may remain the same. '’ Tinnitus loudness match, pitch and the ability to suppress
it with sound may be unchanged by habituation. The crucial point is that there is
no reaction to tinnitus following full habituation, and awareness is greatly reduced.
Even when patients are aware of tinnitus, this is unimportant to them because it
is no longer associated with any annoyance or distress. In conclusion, the clinical
goal is to achieve habituation of the reaction induced by tinnitus, which will then
be followed automatically by habituation of tinnitus perception.

While this sounds attractive, the question remains of how it can be achieved. How
can we retrain the brain to reverse these powerful conditioned reflex responses,
which are created by the initial negative associations with tinnitus and further
enhanced by the vicious circle we have described above?

Plasticity of the brain is the basis of all learning and memory; it is needed for continuous adjustment
to constantly changing circumstances.

One of the fundamental properties of the brain is its ability to undergo plastic
changes. Plasticity of the brain is the basis of all learning and memory, and it is
needed for the continuous adjustment to constantly changing circumstances in
the outside world. These adjustments occur at a conscious level (e.g., learning a
foreign language) as well as at a subconscious level involving the acquisition of new
reflexes (e.g., driving a car, riding a bicycle, dancing, playing a musical instrument
or golf). To keep these reflexes working properly, for example to keep your golf
handicap down, it is necessary to practice techniques and continuously to enhance
and strengthen reflexes by repetitive action. If necessary, we can actively adapt
our learned reflexes, as when we drive on the opposite side of the road in a foreign
country; consequently, all reflexes involved in the process of driving will be changed
to fit the new situation.

As discussed previously, the problems experienced with tinnitus result from the
creation of inappropriate reflex arcs between the auditory system and the limbic
and autonomic nervous systems. Certain structures in the brain have been trained
to react both very strongly and in a defensive manner to what is, in fact, a harmless
signal (tinnitus-related neuronal activity). '

Even if the patient becomes totally convinced that tinnitus is harmless, these
conditioned reflexes will remain for some time. To dissociate tinnitus from the

10 With prolonged full TRT treatment, about 20% of patients will be unable to perceive tinnitus for some
period of time, even when focusing on it (Sheldrake, Jastreboff & Hazell, 1996). While this is not permanent
habituation, it can be considered as total.

For example, if a subject participates in an experiment in which short presentations of a sound occur in a
random and unpredictable manner a few times a day, each followed by a very unpleasant electrical shock,
this will rapidly result in the development of a strong reaction whenever subsequent sounds are presented,
even if they are not accompanied by a shock. Any kind of sound can result in a similar strong reaction if
used with this protocol. Similarly, any kind of tinnitus sound can result in a very strong reaction of the
autonomic and limbic nervous system, regardless of how it is perceived.
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reflex responses induced by its negative associations, it is necessary purposefully
to retrain these reflexes so that the strong link between tinnitus-related neuronal
activity and the limbic and autonomic nervous systems is abolished.

Dissociation can occur at two levels. First, we might block the activation of the
autonomic nervous system resulting from tinnitus-related activity (Fig. 2.15a). On
achieving this, the patient will still perceive the sound of tinnitus with unchanged
awareness, but this will no longer be followed by reaction of the autonomic nervous
system and the patient will not be annoyed or bothered by tinnitus. At this stage,
tinnitus will have the same lack of meaning as the sound of a refrigerator in the
kitchen, and it can be heard without any feelings of unpleasantness. This habituation
of reaction follows the classical definition of habituation, in which the reaction
to the stimulus gradually disappears with repeated exposure to a stimulus, and
without any positive or negative reinforcement (Thompson, 1987). We refer to this
phenomenon as habituation of reaction throughout this book.

The second type of habituation, habituation of perception, occurs when the
tinnitus-related neuronal activity is constrained from reaching the cortical level
of awareness (Fig. 2.15b). In this situation, tinnitus-related activity will not reach
the level of the cortex at which its conscious perception would occur; as a result,
the patient will not be aware of the presence of tinnitus. It is sufficient to achieve
a state in which the patient is not aware of the presence of tinnitus the majority
of the time, and when awareness does occur for short periods, it does not lead to

annoyance. Consequently, the tinnitus ceases to have any impact on the patient’s
life.

The habituation approach can be used to treat tinnitus regardless of its etiology.

An important consequence of this treatment approach is that, since the level of
the brain where habituation occurs is above the source of tinnitus, the etiology or
initial trigger of tinnitus is irrelevant. Therefore, the same treatment can be used
for tinnitus from any cause. It is irrelevant whether tinnitus emerges after damage
of the inner ear induced by loud sounds, aminoglycoside antibiotics, infection or
an ear operation, and whether it occurs in a patient with normal hearing or hearing
loss. The approach based on habituation of tinnitus can be applied and be an equally
effective treatment in every patient regardless of its etiology; consequently, there is
no need for preselecting patients for the treatment.

2.10 A clinical approach to induce habituation of tinnitus

Any stimulus, providing that it does not have negative associations, can be habitu-
ated. As long as a stimulus is related to danger, is inducing fear or is simply causing
a high level of activation of negative emotions for whatever reason, habituation
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cannot occur or can progress only at a very slow rate. Therefore, to achieve habit-
uation of tinnitus, the patient must be convinced that its perception is not related
to a disease, but it is rather a harmless side effect of compensation within the audi-
tory system. Presenting and discussing data supporting this concept are crucial in
initiating habituation of tinnitus. Many patients arrive with a strong, preconceived
idea that tinnitus is linked to some disease, injury, hearing disorder or unspecified
health problems.

Even when the patient totally believes that tinnitus is harmless, the reactions of
the limbic and autonomic nervous systems, resulting from a conditioned response,
will still cause the brain and body to respond as in the past. Therefore, there is a
need to change the reflexes responsible for the tinnitus-induced reactions. Working
on beliefs about tinnitus, while an important part of the treatment in some cases,
is not sufficient on its own to remove the reaction of the limbic and autonomic
nervous system that occurs as the result of a conditioned reflex reaction.

2.10.1 TRT counseling

Counseling/teaching sessions aim to reclassify tinnitus into the category of neutral stimuli, remove
the negative connotation from tinnitus and thus allow habituation to occur.

The first stage of our habituation-based treatment is teaching the patient about
tinnitus; to convey the message that tinnitus by itself is harmless and does not
reflect a serious health hazard. At this moment, we cannot reach the limbic system
and its connections directly, so the counseling/teaching sessions are the method of
choice to reclassify tinnitus into a category of neutral stimuli, remove the negative
connotation from tinnitus and thus allow habituation to occur. In doing this, we
are reclassifying tinnitus from an important “necessary to monitor” problem to
something neutral, which can be potentially controlled and blocked. One of the
consequences of counseling is reduced activation of the limbic and autonomic
nervous systems from the level of the cortex (Fig. 2.16). The goal is to create a
situation where tinnitus achieves a neutral status and the brain starts to reduce and
subsequently block spreading of tinnitus-related neuronal activity to the limbic
and autonomic nervous systems. This will result in decreased activation of these
systems, facilitating habituation.

“Demystification” of tinnitus is an important part of the process of inducing habituation.

“Demystification” of tinnitus is an important part of the process of inducing
habituation. It is based on the observation that the reaction of the autonomic
nervous system and its effect on our body is much smaller to a known than
to an unknown event. The same is true about a situation that is predictable, in
contrast to one that is not. With tinnitus, even when the patient is still thinking
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Figure 2.16 Effects of TRT counseling alone. Counseling (COUNS) affects cortical areas and may decrease

descending connections from cortex to subcortical centers (indicated by the open arrow).
Thickness of arrows and darkness of the boxes indicates the strength of the signal and
activation of the given system. Note that the activation of limbic and autonomic nervous
systems may remain the same, as the signal from the subcortical centers is not changing.
Some decrease of the activation of the autonomic nervous systems might occur through the
positive effect of tinnitus reclassification into a category of non-significant stimuli.

of it as unpleasant and negative, the effect of understanding the mechanisms by
which tinnitus is generated is quite profound. Once it is understood that it is not
the tinnitus sound itself that is responsible directly for the high level of annoy-
ance and anxiety, but instead functional connections between tinnitus and reac-
tions, this understanding typically leads to a rapid decrease of tinnitus-induced
distress.

Tinnitus distress arises from the correct reaction to the wrong stimulus.

Tinnitus reclassification is achieved by giving the patient new concepts about the
mechanisms of tinnitus and the distress caused by it. The perception of tinnitus
results from a side effect of compensation in the auditory system to otherwise
frequently irrelevant changes (e.g., small patches of missing OHCs; see Ch. 1).
Reaction of the brain and body reflecting activation of the limbic and autonomic
nervous systems would be appropriate if there really was a problem. So tinnitus
distress arises from the correct reaction to the wrong stimulus.

Counseling in TRT is a very specific teaching method in which patients are taught the principles of brain
function, the mechanisms of tinnitus and of tinnitus-induced annoyance, and the basis for achieving
tinnitus habituation.
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Counseling in TRT is a process of very specific teaching in which patients are
taken in considerable detail through the principles of brain function, the mecha-
nisms of tinnitus, tinnitus-induced annoyance and the basis for achieving tinnitus
habituation.

For some patients, one properly structured counseling session may be all that is needed.

For some patients, depending on the severity of the tinnitus and the strength of
the conditioned reflex responses, one properly structured counseling session (which
includes advice on sound therapy) may be all that they need (Ch. 3, category 0).
This is often also true for people with tinnitus of relatively recently onset, within
days or a few weeks of the first visit. During this time, the connections responsible
for establishing the conditioned reflexes have not fully consolidated and can more
easily be changed.

2.10.2 Sound therapy

Sound therapy is the second component of TRT. Its main goal is to decrease the strength of the
tinnitus signal within the brain.

Sound therapy is the second component of TRT. It should be noted that sound
therapy alone is not effective and must be accompanied by proper counseling. The
main goal of sound therapy is to decrease the strength of the tinnitus signal within
the brain. There are several features that characterize the processing of neuronal
signals in the brain and the mechanisms of perception.

If the level of environmental sound decreases, then amplification within the auditory system increases.

It has been shown that practically everybody experiences temporary tinnitus if
put into a quiet environment (Ch. 1; Heller & Bergman, 1953). As a rule, patients
with tinnitus find that their tinnitus seems much louder and more intrusive in a
quiet room. These observations reflect two mechanisms involved in controlling
the auditory system. First, if the level of environmental sound decreases, then
amplification (including enhancement of pattern recognition) increases within the
auditory system. As a result, even weak sounds can cause strong excitation of cortical
areas and be perceived as loud. In a silent environment, the auditory gain increases
to the point where natural fluctuations of background spontaneous activity could
be perceived as tinnitus.

Our senses react not to the absolute value of a stimulus but to the difference or contrast between
stimulus and background.

The second factor reflects the fact that our senses react not to the absolute value of
astimulus butrather to the difference or contrast between stimulus and background.
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Figure 2.17 Effects of sound therapy alone. Sound therapy (ST) decreases the signal reaching, and the

level of excitation in subcortical auditory centers, cortical areas and consequently in the lim-
bic and autonomic nervous systems. Since tinnitus remains classified as an important signal,
the initial decrease of reaction is reversed by feedback loops and any potential improvement
cannot be maintained.

The same signal — sound, light or temperature — can be perceived as strong or weak
dependingon the background level present. Thelight ofa small candle is perceived as
very bright in a darkened room but appears much weaker in full sunshine. The noise
of a moving chair in a busy restaurant is scarcely noticed while in a quiet classroom
it will create a significant disturbance. Consequently, tinnitus appears to be much
louder and more intrusive when the patient is in a quiet environment, even if the
source of tinnitus remains unchanged. Additionally, because of enhanced pattern
recognition, tinnitus can be detected even with higher levels of other competing
signals. Consequently, tinnitus can be heard not only in a quiet environment but
also detected in high levels of environmental sound.

By enhancing environmental sound, we can effectively decrease the strength of the tinnitus signal
and reduce activation of the limbic and autonomic nervous systems.

The difference between signal and background can be used in a positive manner
to facilitate habituation of tinnitus. By enhancing the environmental sound to
which the patient is exposed, we can effectively decrease the strength of the tinnitus
signal as it passes from the auditory periphery up to the cortex. This will, in turn,
reduce activation of the limbic and autonomic nervous systems (Fig. 2.17) and
decrease annoyance which acts as a negative reinforcement. Therefore, all patients
are advised to avoid silence.

Once the tinnitus signal becomes weaker, the process of habituation will be facil-
itated. Gradual reduction of the conditioned reflexes involved in creating reactions
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Figure 2.18 Combined effect of counseling (COUNS) and sound therapy (ST). Under this condition,
all connections will weaken, and activation of all centers involved will lessen. This will
promote a final blockage of connections between the auditory system and the limbic and
autonomic nervous systems (habituation of reaction), and of the connections between the
subconscious and conscious levels of the auditory system (habituation of perception).

to tinnitus and its perception will follow, as described above. The combined effects
of counseling and sound therapy are shown in Fig. 2.18.

2.10.3 Active continued promotion of habituation

Within the neurophysiological model of tinnitus, there is continuous counterac-
tion of two opposing forces, tinnitus-induced aversive reaction and habituation
(Fig. 2.19). Once established, the tinnitus-induced conditioned reflexes enhance
activation of the limbic and autonomic nervous systems, resulting in annoyance
and leading to increased awareness and severity of tinnitus. The process of habitua-
tion works in the opposite direction. If the conditioned response is dominant, then
tinnitus will persist and become stronger (moving the balance toward persistent
tinnitus and induced reactions). If habituation is dominant, then the balance moves
towards weakening of the tinnitus. Consequently, continuous promotion of habitu-
ation is needed during the treatment. This is achieved by active follow-up contacts,
during which counseling promoting habituation is performed. Compliance with
specific treatment protocol, including systematic follow-up contacts, assures the
successful outcome of TRT.

2.11 Summary of the model

The essential feature of the neurophysiological model of tinnitus is its postulate that
systems outside the auditory pathway are responsible for the severity of tinnitus.
The difference between someone simply experiencing tinnitus and someone being
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Figure 2.19 Tinnitus-induced reaction versus strength of habituation. Reactions induced by tinnitus (R)

are a manifestation of the strength of conditioned reflexes connecting the auditory with
the limbic and autonomic nervous systems. Habituation (H) is aimed at weakening and
finally removing these reflexes. The systems involved in enhancement and weakening are
connected reciprocally in an inhibitory manner; as a result the systems tend to remain in
one of two stages, with one of the subsystems being dominant (like a light switch). (A) The
reactions are dominant (darkened block), inhibiting potential spontaneous habituation of
tinnitus and resulting in a strong reaction to tinnitus. Active decrease of the tinnitus signal (by
sound therapy) and of the limbic and autonomic nervous system reactions (by counseling
to explain tinnitus and allow its reclassification as neutral stimuli) brings both forces towards
a balance. To sustain this balance a continuous effort is needed by procedures aimed at
inducing habituation. (B) When the action of both systems is equal, the tinnitus-induced
reactions will be further automatically decreased by inhibitory feedback loops in the system,
without the need for active intervention. (C) Eventually, the reactions are effectively atten-
uated. As all these processes require plastic changes to occur within the nervous system,
the timescale of treatment is measured in weeks and months in order to establish a new,
stable state with permanent habituation of tinnitus.

annoyed or distressed by it depends exclusively on the activation of the limbic and
autonomic nervous systems. The limbic system plays a crucial role by preventing
habituation of the tinnitus signal, enhancing its perception and altering the activity
of the autonomic nervous system, which is responsible for the majority of the
patient’s symptoms. The activity of the limbic and autonomic nervous systems is
influenced by both subconscious connections and a pathway involving (cortical)
awareness, which is involved in conscious verbalized thinking, and concerns about
tinnitus. The initial negative associations of tinnitus results in increased activation
of both the limbic and autonomic nervous systems.

All the systems involved in tinnitus are cross-connected, creating the possibil-
ity of feedback loops/vicious circles. One of these vicious circles involves atten-
tion to tinnitus. Any stimulus that has a negative meaning will, as a general rule,
attract attention proportional to its significance. The increased attention results in
enhanced significance of this particular stimulus: increased significance results in
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increased awareness, creating self-enhancing feedback loop. This effect is further
strengthened by our limited ability to pay attention to more than one thing at a
time. Consequently, many patients have the impression that they are aware of their
tinnitus 100% of the time.

Similar enhancements of tinnitus happen at a subconscious level through the
direct connections of the auditory and extra-auditory systems involved. Both con-
scious and subconscious centers are governed by the principles of conditioned
reflexes: as such, they occur automatically and are difficult to reverse without appro-
priate retraining. In the absence of retraining, this reflex tends to strengthen with
ever increasing levels of limbic and autonomic activity. This can reach a level of
saturation, when the patient is constantly aware of, and distressed by, the tinnitus
(the “worst case scenario”).

When the final level of activation of the limbic and autonomic nervous systems
is reached, and thence the annoyance and anxiety created by tinnitus peak, the
initial perception of tinnitus, which reflects the strength of the tinnitus-related
neuronal activity, is of secondary importance. The mechanisms responsible for
creating and sustaining reactions are based on self-enhancing conditioned reflex
loops. Subconscious levels of the brain are dominant in this process. Patients have
no direct control of these processes any more than it is possible to alter directly
blood pressure or other automatic body functions by thinking.

All mechanisms involved in emergence of tinnitus perception and tinnitus-
evoked distress represent the natural defense of the individual to potential dan-
ger and should not be interpreted as a psychological or psychiatric malfunction.
However, certain psychological states, such as obsessive behavior or somatic anxiety,
may favor the development of tinnitus distress.

The neurophysiological model outlined in this chapter leads directly to TRT,
which is described in more detail in subsequent chapters. The information in this
chapter is used when the principles of the model are explained to patients. The
summary of the neurophysiological model of tinnitus and of TRT are presented in
several recent publications (Jastreboff & Jastreboff, 2001c, 2003a,b).



Tinnitus retraining therapy (TRT): clinical
implementation of the model

In the previous chapter, the theoretical basis of the neurophysiological model and its clinical
implications were presented. This chapter is devoted to the practical implementation of the
model in the form of TRT, stressing the points that are crucial for successful treatment. Forms
for initial and follow-up interviews are attached in the appendices. This chapter contains the
information necessary to treat straightforward cases of tinnitus and hyperacusis. Both theory
and practical information are shown, as presented to the patient during counseling sessions.
For successful implementation of TRT, the professional must have a complete knowledge of
the mechanisms of tinnitus as described in the neurophysiological model of tinnitus and,
consequently, should not confine reading to this chapter. As with any other clinical method,
TRT cannot be learned from reading material alone; specific training and practice are needed

to achieve proficiency.

3.1 Outline of tinnitus retraining therapy

The clinical implementation of the neurophysiological model of tinnitus in TRT is
based on two fundamental properties of brain function: its plasticity (the ability to
learn new reflexes and relearn previously acquired ones) and its natural tendency
to eliminate (habituate) reactions to irrelevant stimuli and any perception induced
by them. Therefore, once we remove the negative associations of the tinnitus signal,
gradual habituation should occur.

Once we remove the negative associations of the tinnitus signal, gradual habituation should occur.

With tinnitus and misophonia, habituation involves separate brain systems. First,
there is habituation of the reactions to tinnitus (autonomic nervous system) and,
second, there is habituation of perception (blocking of the tinnitus-related neuronal
activity within the auditory pathways before it reaches the level of awareness). Since
we do not have a means of direct control over subconscious areas of the brain, the
only way to bring about change is to remove negative associations gradually, by
providing patients with knowledge about the mechanisms involved in the gener-
ation of their tinnitus and its distress. Typically, the main reason for developing

63
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negative associations about tinnitus is the patient’s lack of knowledge about tinnitus
mechanisms, converted into concerns and fears by negative counseling provided
by some professionals or visits to Internet tinnitus groups. This results in a build
up of fear about an unknown danger or a sense that tinnitus is indeed something
to be feared or concerned about. Naturally, these will induce stress and anxiety.

The etiology, cause or trigger of tinnitus is totally irrelevant, and tinnitus retraining can be used in
every tinnitus sufferer.

It should be stressed that TRT is aimed at modifying neuronal connections in
centers that are separate from the centers responsible for the generation of tinnitus-
related neuronal activity (the tinnitus source). Consequently, the etiology, cause or
trigger of tinnitus is totally irrelevant, and TRT can be used in every tinnitus patient
without need for any preselection of patients.

TRT consists of two principal components: retraining counseling and sound therapy.

Sound therapy facilitates tinnitus habituation by decreasing the strength of the tinnitus signal.

3.1.1

TRT consists of two principal components: TRT counseling and sound therapy.

Principles of retraining counseling

Retraining counseling is aimed at reclassification of tinnitus by the patient into a category of neutral,
or only mildly negative, signals to enable habituation of tinnitus.

Retraining counseling (teaching sessions) is an indispensable and crucial part of
TRT. By teaching patients the components of the neurophysiological model of
tinnitus, patients are encouraged to reclassify their tinnitus as a neutral or only
mildly negative signal. During this session, tinnitus is explained and converted into
a phenomenon that has predictable behavior and consequences. Furthermore, the
principles of the treatment are explained on the basis of the model, including habit-
uation, as a way of taking tinnitus under control. A significant part of counseling
is devoted to the role of sound in the therapy, the mechanisms of sound action in
facilitating habituation and the specifics of various sounds (e.g., sound of nature,
music, speech) on brain function and behavior. Last but not least, specific and
realistic expectations are discussed.

3.1.2 Sound therapy

Sound therapy is always included in TRT but does not necessarily involve the use
of instrumentation. Sound therapy facilitates tinnitus habituation by decreasing
the strength of the tinnitus signal. In practice, this is achieved by instructions to
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the patient to avoid silence and to enrich the background sound environment, for
example by the use of table-top sound machines or, frequently, by wearable sound
generators. For patients with significant hearing loss, the enriched background
sound is further amplified by hearing aids.

Supplemental therapies aimed at stress reduction or improvement of well-being
are helpful but not a required part of TRT.

3.1.3 The basic protocol

TRT is a structured approach, involving assessment, treatment categorization, specific counseling and

sound therapy, over an extended period.

3.2

TRT is a structured treatment comprising an initial visit and follow-up appoint-
ments. An introductory contact with the prospective patient is important to help
in making decisions about engaging in the complete TRT protocol. The initial visit
consists of taking the tinnitus history, audiological evaluation, medical evaluation,
TRT counseling and fitting of instruments, where appropriate. Follow-up contacts
are important for monitoring the progress of treatments and introducing modifi-
cations if needed. In most patients, treatment is closed during the first 18 months
from the initial visit.

TRT may be divided into the following stages:
1. Introductory contact
2. Initial visit
i. taking history of tinnitus, decreased sound tolerance and hearing loss
ii. audiological evaluation
iii. medical evaluation
iv. assessing the category for treatment
v. givingappropriate TRT counseling including introduction to sound therapy
3. Fitting of instruments (where appropriate) and counseling regarding their role
and use
4. Follow-up visits: evaluation of the patient’s status and further counseling
5. Closing the treatment.

Initial visit and evaluation

Distressed tinnitus patients have a tendency to seek information everywhere, search
the web, read literature, participate in various bulletin boards and contact available
centers where they believe help might be found. Therefore, it is necessary to be
prepared for lengthy telephone calls, letters, faxes, e-mails, etc. Personnel should be
trained to identify and handle separately seriously distressed patients, who might
require an urgent appointment or even intermediate referral for psychological or
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psychiatric treatment. Specially prepared written materials are sent to the prospec-
tive patient containing general information about TRT, the treatment center, the
personnel involved, a questionnaire and appointment forms. Patients are asked to
read the material and we encourage patients to visit our web pages (www.tinnitus-
pjj-com and www.tinnitus.org) to get further information before making any deci-
sion about enrolling in the treatment. If they decide to follow the treatment with
us, all that is needed is to fill in the forms and send them back to us. Only then
is the appointment scheduled. In every interaction with a prospective patient, it is
essential to avoid any negative statements (potential negative counseling) and to
convey the message that an effective treatment is available, without attempting to
provide specific counseling, as this, without proper evaluation, could bring
additional anxiety and confusion.

Initial interview and taking a history

A detailed interview is crucial for proper diagnosis and consequently treatment. Results of medical and
audiological evaluation, while needed, will be insufficient for this purpose on their own. A sufficient
amount of time and resources needs to be committed to this process.

Before meeting personally with a patient, the general medical and tinnitus ques-
tionnaires received back from the patients are reviewed. This allows for basic evalu-
ation of a patient’s status and helps in the first personal contact with the patient. The
questionnaires save time during an initial visit as well, since past medical history,
medications and their dosage need only to be checked, rather than thoroughly
investigated. It is easier for patients to answer questions in the privacy of their own
home, without any of the time restriction or stress that might be induced by an
office visit. Moreover, patients will feel less of a need to describe a detailed history
of their problems during the office visit, as they know they have already supplied
the information, and time can be devoted to investigating the points of importance
for diagnosis.

Taking a proper history, using TRT interview forms, is essential in selecting the correct treatment

category.

During an open discussion with the patient, general information related to tinni-
tus is gathered. This discussion follows a structured interview form (Appendix 1),
on which the interviewer records the patient’s responses. The initial interview helps
to evaluate the patient’s problem and the degree of distress caused by it. Together
with the outcome of the medical assessment and results of the audiological evalu-
ation, the interview provides crucial information needed for choosing the appro-
priate protocol for treatment, as well as indicates the proper direction for counsel-
ing. Additionally, interview forms contain data that serve as a reference for future
assessment of the treatment outcome. The questions are asked in a neutral manner,
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using carefully chosen words. Specific questions are provided in the legend of the
interview form (see Appendix 1) and Henry et al. [2003], which contains detailed
instructions.

There is no evidence that tinnitus and hyperacusis are inherited disorders,
although this is possible. A pattern of tinnitus experience and reaction to it in
another family member, with attendant anxiety and other emotional behavioral
responses, can be a learning environment for patients; consequently recording this
information is useful, especially for counseling. It is important to identify any
factors that may enhance or attenuate tinnitus or hyperacusis. Often these will be
emotional or stress factors, but the cyclical behavior of tinnitus may also be related
to exposure to certain sounds or it simply reflects the natural circadian rhythm of
the body.

Part of the problem with tinnitus is that some patients have unfounded negative
thoughts about tinnitus: tinnitus will get worse; tinnitus will go on forever; tinnitus
is a physical disease; there is no treatment available for tinnitus; sleep deprivation
is likely; increasing deafness will result; it will make me go mad; it may be caused
by a tumor; my ability to cope will be severely affected; my family life will be
severely affected; I will permanently lose the enjoyment of silence. These worries
induce anxiety. They almost always prove to be unfounded, but their presence has
a powerful effect in promoting the problem and enhancing symptoms.

The patient’s concerns may be assessed by various methods. One approach is
to ask the patient to say why tinnitus is a problem for them, or what their con-
cerns are, and to list all the negative associations that they can think of. It is
important not to be too directive in this questioning because it can lead to a
bias in the answers and misdirect subsequent counseling. This approach avoids
suggesting to patients negative thoughts and associations that they did not have
already.

Additionally, many patients have tinnitus-induced annoyance, without any fear
or association that they are able to put into words. It is important to remember that
the severity of tinnitus does not relate to the number of negative concepts about
tinnitus. A single negative belief, if very powerful and strongly held, can have a
profound effect on tinnitus and its severity.

It is a common practice of professionals working with tinnitus patients to focus
on the etiology of the tinnitus or its triggering factors, usually concentrating on
those related to the cochlea. It was shown, however, that the onset of clinically
relevant tinnitus in 75% is related to emotional or stress factors experienced by the
patient, rather than something related to their ears (Hazell & McKinney, 1996).
This further supports the postulate that clinically relevant tinnitus is related to
the activation of systems other than the auditory system, particularly emotional
centers. In TRT, triggering factors are secondary and do not significantly affect the
treatment.
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In 75% of those with tinnitus, the triggering factor is not related to the ear or hearing.

In those with hyperacusis, the trigger is commonly one of acute exposure to loud
sound. While it is not clear if this itself is a crucial factor, this episode frequently
initiates a practice of extreme overprotection of hearing, so that earplugs and ear
defenders or muffs are worn even in an environment of social noise. While tem-
porarily helpful, this approach greatly enhances the development of hyperacusis. It
is usual for these patients to believe that there has been serious damage to their ears,
whether or not this proves to be the case. They frequently exhibit a strong miso-
phonic or phonophobic state as well. To plan an effective treatment, it is essential
to assess the degree of misophonia that is present in each patient.

Acquiring a complete and detailed history of tinnitus, and other related problems
such as decreased sound tolerance and hearing loss, is very important. It gives us
information about the patient’s experience of tinnitus, its progress and the various
aspects of tinnitus problems particularly bothersome to the patient. It allows us to
develop an assessment of the personality of the patient, which will have an impact
on the TRT approach. Skilled clinicians will detect the presence of psychological
disturbance, which may need separate management by appropriate specialists. It is
crucial during this session to establish contact, rapport and a feeling of mutual trust
between the patient and those who will be involved in TRT during the treatment
period. TRT counseling, which is performed later on, is highly specific to each
individual patient and requires personal adjustment for its optimal outcome.

Psychological disturbance may require separate management.

With the exception of measuring pure tone thresholds and loudness discomfort
levels, taking an adequate history is the single most important step in making a
proper categorization of the tinnitus or hyperacusis, in deciding the appropriate
treatment strategy and in creating a firm basis for effective counseling. Therefore
sufficient time (at least 30 minutes) must be allowed for this stage.

Subjective description of tinnitus and decreased sound tolerance

It is a common observation that patients like to talk about the sounds they experi-
ence. They typically believe that detailed description of these sounds is important for
success of the treatment. Frequently they search their environment for the tinnitus
sound, or for sounds that are similar; in reality, psychoacoustical characterization
of tinnitus has no bearing on the treatment and its outcome. However, starting
with this information helps to initiate discussion and shows a real interest in the
patient’s complaints.

Discussion about the character of tinnitus and decreased sound tolerance opens and facilitates dialog
with a patient.
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The onset and emergence of tinnitus (e.g., whether sudden or gradual) and
progress to its present state are recorded, together with fluctuations of loudness
or perceived pitch, any periods of remission that may occur, the various sounds
perceived and their apparent localization. Enquire whether the sounds appear to
be grouped and acting as one entity, or whether they change independently of
each other. The main reason for collecting this information is that sounds which
are highly fluctuating may be more difficult to habituate to than those that are
stable. Any reduction in tinnitus perception that has already taken place may indi-
cate that spontaneous habituation is occurring already. Take notes of any reported
hypersensitivity to environmental sounds. Patients may report that some external
sounds are more troublesome than others. Some patients have decreased sound
tolerance before tinnitus starts (Hazell & Sheldrake, 1992); in addition, these two
symptoms commonly coexist. Decreased sound tolerance may be experienced to
loud sounds such as traffic but also to relatively quiet sounds such as kitchen noises
or conversation. Create an inventory of sounds that cause discomfort and those
which do not trouble the patient. Inquire about the use of ear protection; in which
situations and how frequently it is used. Ask in detail about the auditory environ-
ment in which the patient works and lives. It is important to establish how much
time during an average week the patient is in an environment with very low level
sound, in a quiet environment (e.g., where speech may be heard without raising the
voice) or in a noisy environment. This is helpful later when advising about sound
enrichment.

Misophonia and phonophobia often reflect the concern that external sound
may damage the ear or the hearing. This concept is common in patients whose
symptoms may have been initially triggered by exposure to a loud noise (even
when no damage has actually occurred). The sounds disliked or feared do not have
tobe very loud but simply belong to the same category of sound (such as loud music,
a slammed door, etc.) that was initially thought to be responsible for the onset of
symptoms.

Almost all patients with hyperacusis have some degree of misophonia.

Almost all patients with hyperacusis have some degree of misophonia, particu-
larly patients who experience hyperacusis for a long time (Jastreboff & Jastreboff,
2002). As the treatments for hyperacusis and for misophonia are different, the
proper diagnosis is crucial. Since loudness discomfort levels (LDLs) are not suffi-
cient to discriminate between hyperacusis and misophonia, a detailed interview is
vital for proper diagnosis.

Effects of tinnitus on daily life

It is important to establish the effects of tinnitus and decreased sound tolerance on
the individual’s life. Patients are asked what specific activities are interfered with
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by tinnitus and by decreased sound tolerance (when applicable). Tinnitus may be
affecting concentration at work or it may be less noticeable during these periods
when attention is focused away from the symptoms. In the worst situation, the
patient may be unable to work and is on disability leave. During the interviews,
we ask about specific activities prevented or interfered with by tinnitus and by
hyperacusis (Appendix 1). Note that this standard list of activities is an open list,
with options, to encourage the patient to identify any activity with which the tinnitus
problem interferes. These questions are of particular importance, as they are part
of the criteria for evaluating treatment outcome and reflect on the patient’s quality
of life.

Assessing the effects of tinnitus on daily life is essential in evaluating the severity of symptoms as well
as treatment outcome.

Sleep disturbance is a common and particularly pronounced early experience of
tinnitus. It may affect getting off to sleep or getting back to sleep on waking during
the night. Tinnitus does not on its own wake an individual, nor is it commonly
experienced during dreaming. Prolonged sleep disturbance is very stressful and
exhausting and may produce a number of secondary effects (problems with con-
centration, emotional stability, irritability, etc.) that enhance tinnitus persistence
and severity. In addition, tinnitus may be greatly enhanced following sleep, even
short cat naps, and this is an issue that needs to be addressed later during counsel-
ing. In the elderly, periods of wakefulness are more frequent because of a natural
decrease in the duration of the sleep cycle. This might contribute to increased
reports of night-time tinnitus in the elderly.

Information about the patient’s basic background and basic psychological profile
are helpful during counseling. Therefore, inquire about depression, anxiety, panic
attacks and phobic or aversive reactions, noting if they have occurred before or
after the tinnitus or hyperacusis started. These questions must be posed with great
sensitivity. Ask the patient whether they think these feelings are the cause or result
of the tinnitus or decreased sound tolerance. Establish areas of stress that may be
present in the patient’s work or social environment. Ask about their educational
background, occupation and hobbies. In some cases, interference by tinnitus and
hyperacusis with quiet recreational activities and hobbies may have more of an
impact on the quality of life than problems created at work.

Establishing the patient’s own assessment of the interrelation of tinnitus and hearing loss

The majority of patients have some hearingloss in addition to tinnitus and decreased
sound tolerance. Frequently, these patients come with the misconception that the
tinnitus is actually responsible for the problems with hearing, that tinnitus masks
their hearing and if the tinnitus was removed then their hearing would be normal.
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These patients should be clearly identified and the issue discussed in detail during
the counseling sessions. There is experimental evidence showing that tinnitus does
not act as a masker of external sounds (Levi & Chisin, 1987) and cannot interfere
in this way with hearing.

Scoring of tinnitus, decreased sound tolerance and hearing loss

In our interview form (Appendix 1), we invite patients to score important variables
in a specific manner. Patients are asked to estimate the percentage of waking hours
when they are aware of tinnitus and the percentage of waking hours when tinnitus
is annoying or creates anxiety. This helps to differentiate between the perception of
and the reaction to tinnitus. In describing tinnitus awareness, we ask not only how
much of the time the patient is aware of tinnitus but also what percentage of the
time the patient is annoyed by it. This gives an indication of whether some degree of
habituation is already occurring. It is useful to know whether the tinnitus is getting
better or worse, and whether there are certain times of day when it is worse.

Next, the severity of tinnitus, its annoyance and effect on life are ranked on a
scale from 0 to 10, where zero represents an absence of the measured parameter
and 10 indicates as great an effect as the patient can imagine. Nearly all patients
automatically assume that severity and perceived loudness are the same. Since the
interview is conducted before the counseling session, when the validity of this
assumption will be challenged, patients are asked “how loud or severe is your
tinnitus?” This phrasing is easier for patients to understand and avoids confusion.
We fully realize that their responses in reality are related to the perceived loudness
of their tinnitus.

Multilevel scales are used in the assessment of each parameter.

Almost identical sets of questions are asked about decreased sound tolerance,
modified to reflect the differences between these two phenomena. For example, in
the case of severity, zero indicates that the patient can tolerate all normal sounds and
10 that they cannot tolerate any sounds. The list of activities is similarly qualified.

The absolute values of these scores provide only a broad approximation of the
severity of the assessed problems. In our practice, we see patients whose quality of
life is severely affected (as evident from the interview) but who give answers with
very low scores. On the other extreme, there are patients with minimally affected
daily life who reportall parameters to be “10.” Of significance is the observation that,
while there is a substantial variability of assessed severity and reported scores, the
majority of patients are very consistent in their estimation of a given parameter from
one visit to another. Note, that we are not revealing to patients their responses given
in the past. It is typical that while patients are not improving they give practically
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the same numerical response as at the initial interview; once they start improving,
then scores gradually change in a systematic manner.

When tinnitus or hyperacusis are enhanced by external sounds, it is crucial
to obtain a reasonable estimate of the time taken for the tinnitus or hyperacusis
to return to the pre-exposure level. This helps to identify patients who require a
separate approach. It has been found that patients with prolonged symptoms after
noise exposure (persisting after a good night’s sleep) seem to have a less promising
prognosis and require a specific approach to their treatment (category 4 patients).

As hearing loss will be assessed by a standard auditory evaluation in the next
stage, the interview focuses on a subjective judgement of the extent of hearing loss
and its interference with life. Patients are also asked if they have used hearing aids
in the past, and to describe their experiences.

Finally, we ask patients to rank the importance, as a problem, of tinnitus, hearing
loss and decreased sound tolerance. This ranking is helpful in deciding on the proper
emphasis of treatment. If patients have a problem deciding the relative importance
of these factors, we invite them to choose which they need most help with, if only
one of these problems could be solved.

Since 1999, these questionnaires have been used for the evaluation of all patients
in our clinics for initial visits and follow-up contacts.

3.2.2 Audiological evaluation

Audiological evaluation plays an important role, allowing for assessment of basic hearing status. In
conjunction with the initial interview, it helps to determine the extent of hyperacusis and misophonia.
It is also crucial when amplification is recommended as a part of therapy.

The audiological evaluation provides an assessment of the basic functions of the
auditory system. In Ch. 2 it was argued that the auditory system is of secondary
importance in tinnitus; however, changes in its activity can contribute to tinnitus
enhancement and it is crucial in the development of hyperacusis. The audiological
tests performed can be divided into crucial (needed for diagnosis and for carrying
out treatment in an optimal way), useful but not necessary, and superfluous, which
are performed because of historical, legal or other reasons.

Out of four measurements used for the classification of the patients (presented
in detail further below), two involve audiological evaluation: the presence of hyper-
acusis and subjectively significant hearing loss. Consequently, the following audio-
logical tests are crucial: Loudness discomfort level (LDL), for hyperacusis, and
a pure-tone audiogram plus speech discrimination, for hearing loss. Note that
these audiological tests alone are not sufficient for making the diagnosis; a detailed
interview is essential, particularly to discriminate hyperacusis from misophonia.
However, these tests, together with the initial interview, are sufficient for diagnosis
and proceeding with TRT.
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Pure tone audiometry and LDLs must be performed on each patient.

Distortion product otoacoustic emission (DPOAE) assessment is useful but not
a necessary test. Its main usefulness is for counseling, where it is very helpful
discussing the potential mechanisms of initiating the tinnitus signal, particularly
when the function of outer hair cells (OHC) and their role in the emergence of
tinnitus perception is discussed. On some occasions, it may indicate the presence
of a peripheral component of hyperacusis. The threshold, most comfortable level
and discomfort level for speech, while not necessary, provide quick approximations
of potential hearing loss and decreased sound tolerance.

There are a number of tests that do not have a direct bearing on the management
of tinnitus but are recorded because of their importance in audiological diagnosis
or because of their traditional value as a tinnitus measurement. These include pitch
matching, loudness matching and minimal suppression level (MSL: previously
referred to as minimal masking level (MML)).

Tinnitus loudness and pitch bear no relationship to the severity of tinnitus, to its diagnosis or to the
outcome of treatment.

Tinnitus loudness and pitch bear no relationship to the severity of tinnitus,
to its diagnosis or to the outcome of treatment; consequently the details of their
evaluation are not presented here. While MSL do not have a predictive value for
the diagnosis and treatment outcome, they exhibit changes in group data related to
habituation of perception (Jastreboff et al., 1994). They indicate de-tuning of the
neuronal networks that are involved in the detection of tinnitus-related neuronal
activity (Jastreboff et al., 1994). It is crucial to stress that measurements of MSL are
irrelevant in treating individual patients by TRT: an equally successful outcome is
experienced by patients regardless of whether their tinnitus can be suppressed by
external sounds. Therefore, we will not discuss this measurement either. If desired,
any generally accepted method can be used for measurements of tinnitus pitch, its
loudness match and MSL (e.g., Tyler, 2000).

Many “tinnitus tests” have historical interest only and little validity.

Otbher tests for tinnitus may be used during counseling to provide a patient with
a more detailed analysis of their tinnitus characteristics, but they are not useful
otherwise. They might be required if the patient is involved in litigation. Acoustic
impedance, as a routine audiological test evaluating the middle ear function, may
be performed, but if DPOAE are present this test is redundant. We do not rec-
ommend doing acoustic reflexes as a routine, because approximately half of our
patients exhibit decreased sound tolerance, and approximately 25-30% require
specific treatment for hyperacusis. The reflexes, and particularly reflex decay, are
performed when thereis a suspicion of vestibular schwannoma. Acousticimpedance
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testing is most useful in counseling a patient with inappropriate beliefs about middle
ear pathology, but it should always be performed after LDLs have been established
and must never exceed these levels. We are not recommending auditory brainstem
responses as these have not been shown to provide useful information about tin-
nitus and do not provide sufficient information to detect or reject the presence of
vestibular schwannoma.

We have abandoned the test of residual inhibition (i.e., the change in tinnitus
loudness after exposure to sound, typically for one minute at 10 dB above MSL,
originally described by Feldmann (1971)) because this has not been found to have
any clinical or scientific value. Although at one time there was an expectation that
such an effect might have some therapeutic value, this was never achieved. From a
neurophysiological standpoint, this phenomenon simply reflects the rebound effect,
well-recognized in the neuroscience, in which the activity of neurons decreases
below the level of spontaneous activity after a period of strong stimulation.

In practice, the following protocol is followed in our centers. All procedures are
performed assuming the presence of decreased sound tolerance until proven other-
wise. This approach prevents unintentional overstimulation of patients during test-
ing, which could worsen their symptoms and make future interaction more difficult,
because of loss of trust. Information from the initial interview allows appreciation
of the potential for decreased sound tolerance. Careful otoscopic examination of the
ears is needed; if significant wax accumulation is present, this should be removed.
Precautions have to be taken, however, to ensure that the patient is not exposed to
unnecessary loud sound during this procedure as this can aggravate symptoms or
evoke hyperacusis or misophonia.

First the threshold, most comfortable listening level and the discomfort level
for conversational running speech are evaluated, using 5 dB steps (smaller steps if
hyperacusis is a concern, as evident from the initial interview). This step, while not
essential, saves time by indicating the ranges of sound levels for pure tone audiogram
and LDL. Next, a pure tone audiogram is obtained (air and bone conduction, when
indicated) for both ears. We are recommending comprehensive audiometry with a
wider frequency range and routine testing of the interoctaves: testing at 125, 250,
500Hz, 1, 2, 3, 4, 6, 8 and 12kHz. In addition to other factors, this expanded
frequency range and increased frequency resolution is helpful for assessing the
presence and extent of misophonia (Jastreboff & Jastreboff, 2000a).

Speech discrimination is performed at the most comfortable level and provides
useful information when hearing aids are recommended. The perception of speech
in noise by tinnitus patients is an interesting issue, though its potential is not yet
clarified. It provides an indication of potential problems within central auditory
processing. Interestingly, a proportion of patients with a central processing disorder,
where patients have difficulty hearing speech in noise but have normal pure tone



75

3.2 Initial visit and evaluation

audiometric thresholds, also report tinnitus (Higson, Haggard & Field, 1994). There
are no clear data, however, linking the presence of tinnitus to problems with central
auditory processing.

Measurement of LDLs are essential for accurate treatment categorization.

Testing of LDL is of fundamental importance in classifying patients into treat-
ment categories. LDLs reflect all components of decreased sound tolerance; that is,
it presents a sum of the effects of hyperacusis and misophonia. As we are interested
in differentiation between misophonia and hyperacusis, our protocol attempts to
reduce the effect of misophonia on LDL measurements, so they reflect predomi-
nantly the effects of hyperacusis. Furthermore, care is taken to prevent overstimula-
tion of the patient and to avoid inducing or enhancing misophonia. Since there are
different ways of evaluating LDL, and there is no consensus on how they should be
performed, it is advisable to follow the specific protocol that we are recommending.
The protocol is as follows.

Testing is done with an intermittent test tone, which should be presented no faster
than one per second to allow for enough time for consistent response (particularly
important for elderly or highly anxious patients). Begin at the most comfortable
level for running speech and increase in 5dB steps (smaller steps if hyperacusis
is a concern), testing for all frequencies for which the audiogram was evaluated.
Patients are instructed that this is a test of tolerance for sound, so they should
achieve as high a level as possible yet respond whenever the sound is uncomfort-
able. Patients should be assured that this is not an endurance test. All frequencies
are tested twice to determine an accurate LDL (i.e., testing is performed for all
frequencies and then repeated), and the second set of numbers is recorded on
the audiogram. The specific instructions are given to patients: “We want to get
past ‘too loud’ to where it would actually be uncomfortable;” “This is not an

» «

endurance test;” “I will stop immediately when you tell me that it is enough;”
“Try to hold on as long as possible;” “This test cannot do any permanent dam-
age to your hearing, or permanently make your tinnitus worse.” The procedure
should not alarm the patient or cause anxiety. The patient must at all times be
relaxed and confident while doing this test. Do not perform the test if the patient
specifically requests you not to do so. In almost all cases, even anxious patients
become compliant when they understand the importance and relevance of the test.
In some cases, this may not happen until after discussion of the neurophysiological
model.

The issue of frequency dependence of the dynamic range (pure tone threshold
subtracted from LDL) is particularly important for patients with hyperacusis and
hearing loss. Because they have both an elevation of the threshold and a decrease in
the maximal level of sound tolerated, typically the dynamic range is more reduced
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at high frequencies. Consequently, hyperacusis patients often complain about
discomfort for sounds containing high-frequency components such as rattling cut-
lery, children’s voices, distorted sound from loudspeakers. This is because with a
very narrow dynamic range at high frequencies these sound create discomfort as
soon as they are perceived.

LDLs can be assessed safely in all patients provided proper instructions and adequate counseling is
given first, and the tester is aware of potential decreased sound tolerance.

Impedance audiometry is performed provided that the test will not exceed LDL
values. Reflexes are performed routinely by Hazell and when needed by Jastreboff
butonlyafter measuring LDL. DPOAE assessment is performed last. The assessment
uses 65/55dB SPL primaries, 500 to 12 kHz frequency range, with 10 points per
octave. In Hazell’s clinic transient evoked otoacoustic emissions and audioscans (or
Bekesy audiometry) are routinely performed as well.

3.2.3 Medical evaluation

The main purpose of medical evaluation is to detect any medical problems which may cause, con-

tribute to or have an impact on the treatment of tinnitus. This is essential in creating the basis for

reassurance that there is nothing medically wrong, requiring separate treatment, that can be linked

to tinnitus or decreased sound tolerance.

The purpose of medical evaluation is to detect any medical problems which
may impact on the treatment of tinnitus. A description of these problems, and an
approach to their treatment, are presented in Ch. 6.

Medical evaluation is an important part of TRT protocol. As TRT can be pro-
vided by various professionals, it is necessary to have a definitive statement from
an otolaryngologist, if not part of the team, that there are no medical problems
which could be linked to tinnitus. If a medical problem is detected (such as vestibu-
lar schwannoma, Méniere’s syndrome, etc.), it should be treated appropriately.
Treating tinnitus with TRT but without an appropriate medical evaluation may
remove tinnitus as a syndrome and delay/prevent proper treatment of an underlying
condition.

A full medical evaluation is essential to exclude, or otherwise treat, any underlying tinnitus-related
pathology, and to enable reassurance during counseling.

Medical evaluation consists of taking a history (general, social, otological, char-
acterization of tinnitus and hyperacusis), a physical examination and assessing
other medical conditions; further referrals (e.g., psychological, psychiatric, neuro-
logical, etc.) are made if needed. A significant part of taking the tinnitus/decreased
sound tolerance history is performed during the initial audiological evaluation.
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Therefore, depending on the degree of the physician’s involvement in future
treatment, this part can be less detailed and left in the hands of the audiologist.
However, the medically relevant parts of the initial evaluation are necessary in order
to exclude otological and other medical problems requiring attention or referral.
They may also be relevant in legal cases. The questionnaire that the patient fills
before a visit, with questions regarding medical history, is also helpful during the
medical evaluation.

In the verbal description of tinnitus, attention is paid to whether the tinnitus
is constant or pulsatile. If pulsatile, whether it is synchronous with the heartbeat
and whether it varies with exertion. A synchrony of tinnitus with the heartbeat
might indicate the presence of a somatosound, rather than tinnitus. Note, that
synchronization alone is not sufficient to diagnose the somatosound.

Recently accumulated data show that tinnitus can be evoked or modulated by
stimulation of the somatosensory system (e.g., by pressing in the head and neck area,
performing a variety of movements or by looking in a certain direction) (Cacace
etal., 1999a,b; Levine 1999; Sanchez et al., 2002). While the clinical relevance of this
phenomenon at the moment is uncertain, its presence should be noted to provide
proper information during counseling. Otherwise, the ability to modulate tinnitus
in this way in some patients can give rise to the fear that they have a neurological
disease, or it may initiate a search for treatment involving manipulation of joints etc.
(e.g.,jaw joint therapies, chiropractics, etc.). In a number of cases, these treatments
can actually make tinnitus, and the patient, worse.

Past treatments can affect the patients’ reaction to TRT. For example, if the patient
was advised in the past that just using hearing aids will help tinnitus, then special
counseling is needed to explain the difference between just wearing hearing aids
and using them as a part of sound therapy. The examiner should determine what
prior treatments have been tried and their outcome. These may include psychiatric
treatments, antidepressants or antianxiety drugs, hearing aids, maskers, biofeed-
back, hypnosis, acupuncture or herbal agents such as ginkgo. Finally, the general
level of knowledge about tinnitus, sources of information (e.g., the web, magazines,
the American Tinnitus Association, self-help group, other patients) and the type
of information is checked.

A thorough otolaryngological examination is performed, including examination
of the ears with an otoscope or microscope. The presence of middle ear fluid, inflam-
mation, negative pressure or abnormal vascular masses is determined. In examining
the oropharynxand nasopharynx, one may see subtle evidence of palatal myoclonus.
Auscultation of the neck for carotid bruits is done and auscultation around the tem-
poral bones may reveal other somatosounds. Palpation of the temporomandibular
joint areas may show crepitus, muscle spasm or tenderness. In patients with pul-
satile tinnitus, one should assess the effect of compression over the internal jugular
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vein (jugular outflow syndrome). A neuro-otologic examination assesses cranial
nerves, cerebellar function and balance.

The majority of patients are very focused on medications for tinnitus and on
drugs that might cause its enhancement. If patients definitely see a worsening
of their tinnitus after taking a certain drug, they are advised to avoid it and to
discuss careful withdrawal from this drug with the specialist who prescribed it.
Note that warnings in the Physician Desk Reference/Pharmacopeia overstate the
risk of a causal relation between drugs and tinnitus. Many patients are already taking
medications prescribed specifically for treatment of tinnitus or depression. If they
are taking antidepressants or benzodiazepines for a separate pre-existing problem
with depression or an anxiety disorder, the medication should be continued under
the guidance of their primary-care physician or psychiatrist. If the medication
has been given for tinnitus, patients are advised that it may not be necessary to
continue. It is best not to make changes in medication until the patient begins to
see improvement in their tinnitus from TRT. Then patients should be gradually
weaned off medications (especially those used for treating anxiety, depression and
insomnia) to avoid withdrawal effects. This process should always be done under
the supervision of a physician. Treatment for unrelated medical conditions should
be continued. Use of innocuous agents such as ginkgo or vitamins or other herbal
agents can be continued if the patient feels they derive some benefit from them.

The withdrawal of unnecessary psychotropic medication needs to be performed very gradually and
under proper supervision.

The identification of associated or contributing psychiatric problems is impor-
tant in managing tinnitus patients. If a patient has a significant problem with
depression, anxiety disorder, somatization disorder or obsessive—compulsive dis-
order, they need to be under the care of someone who can expertly manage these
problems. The physician treating tinnitus needs to communicate with these profes-
sionals to coordinate care and share, which will make patient management easier
and more effective.

While somatosounds (sounds created by the body) are common, they only very occasionally indicate
conditions requiring surgical intervention.

Somatosounds are worth exploring, as on some rare occasions they provide
an opportunity for removing the source of the sound by surgical intervention.
They might result from various sources, which generate different sounds. The most
frequently encountered are given in Table 3.1.

In the majority of our patients with somatosounds, there is no pathology
detectable, as the body sounds being heard are part of normal physiological
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Table 3.1 Sources of somatosounds

Source Sound

Vascular blood flow arterial or venous pulsations Whooshing sound

Glomus tumor Pulsatilehumming

Benign intracranial hypertension Pulse synchronous noise
Patent eustachian tube Roaringairflow with breathing
Palatal or middle ear muscle myoclonus Clicking

Spontaneous otoacoustic emissions Ringing

Temporal mandibular joint abnormalities Clicking or Crunching

function. In many cases where pathology is found, surgery is frequently not indi-
cated, or is potentially dangerous, and in any case these patients can achieve effective
control of their somatosounds with TRT.

In some subjects a simple decrease of the auditory input is sufficient to evoke
tinnitus or enhance it to the extent of annoyance. This phenomenon is a repetition of
the classical experiment in which subjects start to perceive tinnitus when placed for
a few minutes in a very quiet environment (Heller & Bergman, 1953). Obviously
hearing loss of any type will result in a decrease of the auditory input and may
promote tinnitus. This is regularly observed in those with conductive hearing loss,
resulting from wax impaction, otitis media, ossicular stiffness/discontinuity and
otosclerosis. These conditions offer the possibility, and frequently the need, for
intervention. Caution is recommended when suction is used for cerumen removal,
as this procedure can be noisy and should not be performed on patients with
decreased sound tolerance.

Other medical conditions, such as Méniere’s syndrome and vestibular schwan-
noma, are not common within the large population of tinnitus patients. Note that
all patients being referred for magnetic resonance imaging must be advised about
the need for hearing protection, as this examination involves quite high levels of
sound. In those with severe decreased sound tolerance, it should be considered
that the scan is delayed until significant improvement is noted. It is possible to
use TRT concurrently with treatment for Méniere’s syndrome. Before embark-
ing on specific therapies, patients should be advised that tinnitus might persist
after successful treatment of the condition but can still be successfully treated by
TRT.

It is of uttermost importance during medical evaluation that negative counseling
is avoided, and a positive view of the future is created. A medical opinion has a
larger impact on the patient than that obtained from other sources, and negative
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counseling given by doctors is, therefore, particularly powerful and damaging in its
effects.

3.3 Diagnosis and patient categories
3.3.1 Basis for classifying tinnitus

The classification of patients into treatment categories has to be approached with flexibility and an
open mind, realizing that there is a continuous spectrum of clinical manifestations of tinnitus and
decreased sound tolerance, and that each patient should be treated individually. However, it is very
helpful to assign patients to one of several categories. For all categories, the treatment involves
repeated counseling sessions and instruction to enrich auditory background and avoid silence. There
are common elements in the treatment for all categories; however, each category has its own specific
features. As symptoms improve, patients may need to be assigned to a different category.

Patients seeking help for tinnitus and decreased sound tolerance present a wide
spectrum of problems and, therefore, require a varied implementation of TRT.
Based on the similarities and differences between patients and the potential neuro-
physiological mechanisms involved, five classes or categories of patients are pro-
posed (Jastreboff, 1998). These categories have distinct features and are designed
to serve as a method of assessing a patients’ problems and guiding a suitable treat-
ment protocol. It should be remembered that there is a continuous spectrum of
clinical features and each patient should be assessed for their particular needs. Note
that patients can move from one category to another as they progress through
TRT.

All patients are placed in one of five categories, which may be changed during the treatment.
These categories depend on the severity of symptoms, the presence or absence of hyperacusis,
the significance of subjectively assessed hearing loss and the exacerbation of symptoms by sound
exposure.

Patients are assigned to a given category on the basis of the following factors:
e severity and/or duration of tinnitus
e presence and extent of hyperacusis
e subjective significance of hearing loss
e prolonged exacerbation of symptoms following sound exposure.
Note that hyperacusis should not be confused with misophonia or phonophobia;
the latter can exist in any category and are treated concurrently with other problems
by a separate protocol. Table 3.2 illustrates this classification.

At this point we present a very brief outline of this classification, which will be
discussed later in more detail. For all categories, the common elements of the treat-
ment are counseling intended to reclassify tinnitus (and/or perception of external
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Table 3.2 Classification of tinnitus problems

High level of Prolonged
Category tinnitus severity =~ Hyperacusis ~ Hearingloss®  sound-induced worsening
Co No No No No
C0/2 No No Yes No
Cl1 Yes No No No
C2 Yes No Yes No
C3 Yes/no Yes No No
C3/2b Yes/no Yes Yes No
C4c Yes/no Yes/no No Yes
C4/2¢ Yes/no Yes/no Yes Yes

All terms defined in the text. If both hyperacusis and misophonia are present then misophonia is
treated when some improvement in hyperacusis is observed, or concurrently when hyperacusis
is relatively mild. If misophonia exists without hyperacusis, it can be treated from the beginning
of the treatment.

a Patients with hearing loss accompanying other problems belong to a modified category.

bIn C3/2, sound therapy was performed initially with sound generators followed by hearing aids.
Now it is possible to use combination instruments while still following the general principles of
a two-stage protocol.

In category C4, either tinnitus or hyperacusis must exhibit prolonged worsening after sound

exposure.

sounds, in case of misophonia) into a neutral signal, and enrichment of the auditory
background.

Tinnitus retraining counseling covers all aspects of tinnitus and decreased sound tolerance: its origin,
symptoms and rationale for the habituation-based approach.

The aims of counseling are to convey the following concepts.

1. Tinnitus/hyperacusis do not reflect medical problems but they are side effects
of compensatory action within the auditory pathways.

2. Misophonia results from enhanced functional connections between the auditory
and limbic systems.

3. Problems caused by tinnitus, or misophonia, reflect activation of the autonomic
nervous system, which, by attempt to prepare us for (unnecessary) action, evokes
neuronal and hormonal changes perceived at a behavioral level as anxiety, stress,
annoyance, etc.

4. Auditory and the limbic and autonomic nervous systems typically are working
normally. The problem results from incorrect functional connections between
these systems, resulting in a proper reaction to an improper stimulus.



82 3 Tinnitus retraining therapy (TRT): clinical implementation of the model

5. These connections are created, and work, following the principles of conditioned
reflexes.

6. Itis possible to retrain these reflexes, once tinnitus is reclassified to a category of
neutral/slightly negative stimuli, to achieve habituation of the reactions induced
by tinnitus and to achieve habituation of its perception.

7. The process of habituation is facilitated by enrichment of the auditory back-
ground, which by increasing background neuronal activity weakens the tinnitus
signal.

3.3.2 Categories of treatment
The characteristic features of TRT for each treatment category are outlined below.

Category O

Category 0 patients show a low level of tinnitus severity, and tinnitus has relatively little impact on life.
This category also includes patients with a very recent experience of tinnitus who have not received
negative counseling.

Patients classified as belonging to category 0 present with a low level of tinnitus
severity, and tinnitus has relatively little impact on their lives. This category also
includes patients with a very recent experience of tinnitus (measured in days or a
few weeks) who have not received negative counseling or created strong negative
associations with their symptoms.

For these patients the functional connections between the auditory, and limbic
and autonomic nervous systems are relatively weak, and one session of simplified
general counseling combined with basic instruction of sound use is often sufficient
for achieving tinnitus control. Follow-up visits are still needed to make certain no
more problems develop and that habituation of tinnitus occurs. Patients are also
instructed to return if their symptoms do not rapidly improve, at which point they
can be reassigned to one of the other categories.

Category 1

Category 1 patients have tinnitus of high severity as their predominant complaint and do not have
other hearing-related problems.

Category 1 patients have tinnitus of high severity as their predominant complaint
and do not have hyperacusis, subjectively significant hearing loss or prolonged
exacerbation of tinnitus from sound exposure.

These patients will be treated with detailed counseling focused on tinnitus and
are fitted with wearable sound generators set to a level close to the “mixing point.”
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Category 2 patients have tinnitus coexisting with a hearing loss.

Category 3

Category 2 patients have tinnitus coexisting with a hearing loss, which has a
significant effect on the patients’ life. These patients do not have significant hyper-
acusis, and sound exposure has no prolonged effect on tinnitus.

These patients receive appropriate counseling and sound therapy, involving the
fitting or refitting of appropriate hearing aids. As is discussed below, the primary
purpose of a hearing aid fitting in this category is to provide patients with an
enhanced sound input rather than improving their communication skills. How-
ever, hearing aids are important in removing the “straining to hear” effect and in
improving their life quality. These patients are instructed to provide an enriched
auditory background while using the hearing aid as an amplifier. Providing hearing
aids alone, without any background sound enrichment, will have no impact on
tinnitus except possible short-term suppression effects, which amplified environ-
mental sound provides in some patients.

Category 3 patients exhibit significant hyperacusis, with or without significant tinnitus.

Category 3 patients exhibit significant hyperacusis with or without significant
tinnitus. Neither tinnitus nor hyperacusis exhibit prolonged exacerbation following
sound exposure. Note that hyperacusis is the characteristic feature in this category.
Misophonia can also be present, as in any other category; however, it is to be
expected that misophonia will be more prevalent in this category. If in doubt,
it is recommended that it is always assumed that hyperacusis is present and the
treatment is conducted accordingly. It is of secondary importance whether tinnitus
or hyperacusis is the dominant problem. In the initial stage, the treatment approach
is identical regardless and is aimed at removing hyperacusis.

In this group, the aim is to desensitize the patient, first using wearable sound
generators set atalevel below any discomfort. More stress is placed on the continuous
use of sound generators.

Because patients with significant hyperacusis and hearing loss may not tolerate
amplification, in the past we have recommended treating hyperacusis with sound
generators alone, and we have deferred TRT until the hyperacusis was under control.
Only then was a full program of auditory rehabilitation introduced, paying careful
attention to compression of gain to avoid overstimulation of an auditory system,
which still might not be responding with normal activation to external sounds. The
recent appearance on the market of high-quality digital combination instruments,
which bring together an independently controlled digital hearing aid and a sound
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generator builtinto one shell, allow an alternative approach. In this case, hyperacusis
is still treated first, but some modest amplification is introduced at the early stage
of the treatment. These instruments are now used with success by P. J. Jastreboff
since they were introduced in the USA in 2001.

Category 4 patients are most difficult to treat; hyperacusis is the dominant complaint, with tinnitus

secondary or absent. They experience the exacerbation of symptoms for prolonged periods of time

as a result of noise exposure.

Category 4 patients are the most difficult to treat but they represent the smallest
group. Typically, hyperacusis is the dominant complaint, with tinnitus secondary or
absent. The crucial feature is the exacerbation of symptoms for prolonged periods of
time as a result of noise exposure. While most patients report an increase in tinnitus
or hyperacusis following any kind of noise for minutes or hours, the characteristic
feature of patients in this category is that the worsening of symptoms persists at
least until the following day and may last for weeks. As relatively low levels of
sound may trigger this enhancement, these patients are difficult to treat with sound
therapy in the normal way and require a protocol based on very slow desensitization.
Specifically, treatment commences using wearable sound generators but without
switching them on for a few days. They are next set at the threshold of hearing, and
their loudness is very gradually increased under the constant control of the TRT
professional.

3.3.3 Allocation of patients to categories

Treatment for each category of patients involves a different and specific approach, both for counsel-

ing and for implementation of sound therapy. Wrong classification and hence treatment can make
symptoms worse.

Assigning the patient to the correct category of treatment is essential for success-
ful therapy because inappropriate treatment could make symptoms worse; this is a
common source of claims that TRT “does not work with everyone.” During treat-
ment, a patient often moves from one category to another as the situation changes.
Successful patients will reach category 0 before final complete habituation.

Patients from all groups are instructed to practice enrichment of the auditory background and to avoid

silence.

Patients from all groups are instructed to practice enrichment of the auditory
background. All patients are told to maintain a constant background level of sound
using any source that does not produce annoyance or attract their attention. The
important message, which is repeated on several occasions, is to “avoid silence.”
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Patients should be taught during counseling that sounds are helpful in improving
their symptoms while silence can be harmful.

3.4 Counseling (retraining) sessions: common features

It is stressed that tinnitus and hyperacusis are a side effect of normal compensatory mechanisms
in the brain. It is stressed that the perception of tinnitus is of secondary importance, and that the
severity of tinnitus results from activation of the limbic and autonomic nervous systems. While we
cannot eliminate the source of tinnitus, it is possible to use the naturally occurring mechanisms of
plasticity in the brain to achieve habituation of physiological reactions to tinnitus and, subsequently,
habituation of its perception. Although tinnitus might have the same loudness and pitch at the end
of treatment as at the beginning, it will no longer produce negative reactions. Following habituation
of reaction to tinnitus, which is the primary goal, habituation of perception will occur, to a varying
degree. Counseling should be adjusted to the individual patient, bearing in mind the individual's needs
and their general psychological status. The similarity of mechanisms for tinnitus and misophonia are
pointed out, while for hyperacusis stress is placed on the mechanisms controlling gain within the
auditory pathways, the properties of automatic gain control and desensitization.

The following sections describe non-specific general counseling, selected com-
ponents of which are used for a given category of patients. Non-specific counseling
includes the basic elements of the model, common for all categories of patient. The
final version of counseling, for each specific patient, consists of selected elements
of this non-specific counseling expanded by additional information. The extent of
emphasis of these elements of non-specific counseling, and selection of additional
parts, are related to the specifics of the individual patients and their diagnostic
category. Consequently, each counseling session is individualized and optimized
for the needs of each patient, while it still preserves the core of basic information.
The coherence of explanation must be maintained so that the logic and relevance
can easily be followed. At the same time, the problems that are not part of the clas-
sification process (e.g., misophonia or sleep problems) are treated in a very similar
manner in each treatment category, modified only by the specific personal needs
of the patient.

Counseling in TRT has a special meaning. It involves the teaching of the neurophysiological model,
tailoring the explanation to the precise needs of an individual patient.

Counseling in TRT has a specific meaning. It describes teaching patients about
the mechanisms of hearing, the basics of brain function and the specifics of the
neurophysiological model of tinnitus. Interaction with the patient is always on a
one-to-one basis, with theaim of demystification of tinnitus and/or decreased sound
tolerance. As this process involves transferring information from counselor
to patient, it falls into the broad term “directive counseling,” as defined in
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psychological literature. Part of the process also involves listening to the patient’s
experiences and answering questions on the basis of the neurophysiological model.
We have used the term “directive counseling” in the past to describe our interaction
with patients in TRT. However as TRT counseling has a number of additional fea-
tures, the term TRT counseling, or “teaching session,” is more appropriate, and we
use these terms now. It is also useful to describe the patient’s on-going activity in
TRT as a “study” of the neurophysiological model and other information. Many of
the concepts enshrined in the neurophysiological model are difficult understand,
and to teach, reflecting the complexity of the brain itself. That is why we recommend
the use of illustrative stories, or parables, to make the model an understandable
everyday experience, which every patient can easily relate to and comprehend (see
Appendix 2 for examples). Their increasing knowledge and understanding is par-
alleled by improvement, and habituation of reaction and perception of tinnitus.
Nevertheless, traditional counseling skills and strategies are still useful in dealing
with tinnitus patients.

We cannot directly alter the activity of the autonomic and limbic systems, which
results in the annoyance produced by tinnitus. We can only use an indirect approach,
based on the neuropsychological principle that a situation associated with a known
danger induces a smaller reaction of the autonomic nervous system than one asso-
ciated with an unknown danger. Therefore, much of TRT counseling is devoted
to demystifying tinnitus: teaching patients about the mechanisms involved in its
emergence and those responsible for its impact on life and its annoyance. TRT
counseling should not be a series of didactic statements about tinnitus but should
present logically linked information. The therapist must bear in mind different edu-
cational backgrounds and pay special attention to providing patients with everyday
examples with which they may easily identify, while illustrating the main principles
of the neurophysiological model. It is important that the patient receives consistent
information from all team members and those involved in administrative support.

Removal of tinnitus annoyance is by an indirect approach, starting with the demystification of its
mechanisms.

Each counseling session is tailored to fit a particular patient, taking into account
all the information gathered so far. The counseling sessions can be divided into
several subtypes depending on a patient’s category. Each counseling session con-
tains, however, certain common elements, which are described in more detail in
the following sections.

1. Explanation of the results of audiological testing

2. Presentation of the basic functions of the auditory system

3. Presentation of the basic rules of perception including the impact of contrast on
signal strength
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4. Presentation of the basics of brain function and the interactions of various
different systems of the brain

5. Relating these basic concepts to the specific patient: explaining why tinnitus and
decreased sound tolerance create such profound problems

6. Explanation of the theoretical basis of habituation and how it can be achieved

7. Discussion with the patient about proposed treatment(s), including discussion
regarding the role and utilization of sound

8. Answering any additional questions that the patient may have on the basis of the
neurophysiological model.

Explanation of the results of audiological testing

When discussing the results of audiometric testing, the patient is taught how to
interpret an audiogram, pointing out the frequency range corresponding to speech
perception, the importance of LDLs and the normal dynamic range of the ear. A
graphic representation of tinnitus is marked on the audiogram (pitch and loudness,
if measured) and briefly discussed. The vast majority of patients have a tinnitus
loudness match within 15dB of the threshold of hearing at the perceived pitch
of tinnitus. It is pointed out that if tinnitus was an external sound of such a low
intensity it would be masked almost all the time by other external sounds. This
reflects the fact that tinnitus perception differs from that of external sounds.

MSL are briefly mentioned, pointing out that they have no predictive value for
the treatment outcome. If LDLs are decreased, then the relevance and meaning of
these measurements are discussed with the patient, together with the meaning of the
altered dynamic range. Where LDLs are reduced, decreased sound tolerance and its
appropriate components are discussed. Hyperacusis is presented as a physiological
lowering of tolerance to external sound, reflecting overamplification within the
auditory system. Misophonia is also discussed, where there is dislike or negative
reaction of the individual to a specific sound or sounds.

If hearing aids are indicated as a part of the treatment, then hearing loss and
difficulty in speech discrimination are discussed in detail. With hearing in noise
difficulty, the “cocktail party effect” is explained, together with its relevance to high-
frequency hearing loss and sound localization. Normal impedance measurements
and auditory reflexes are almost always present and are useful in counseling the
patient that any middle ear and nasal symptoms do not contribute towards the
tinnitus (a commonly held misconception). The discussion of the DPOAE results
is deferred until the function and role of OHC are presented.

Explanation of the basic functions of the auditory system

A description of the basic function of the auditory system starts with a presentation
of the anatomy and properties of the external and middle ear, liberally illustrated
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by appropriate charts and drawings. These are available in any audiological or
otolaryngological office. In most cases, these parts of the ear will be normal. Some
patients are convinced that their symptoms, particularly ear pain, are related to
physical injury or inflammation of the external and middle ear, and they will require
strong reassurance based on an understanding of the outcome of audiological
measurements, together with a thorough otological examination.

The function of the peripheral auditory system is explained to the patient with diagrams and copies
of the patient's test results.

An explanation of the function of the auditory system proceeds in the following
manner. The normal ear collects sound in the external meatus; the sound vibrates
the eardrum and this vibration is then transmitted through the ossicular chain to
the cochlea. Sound waves pass through the cochlear fluids to vibrate the basilar
membrane in a tonotopic fashion (high-frequency sounds exciting the basal tone
of the cochlea and low-frequency sounds, the apex). The tonotopic organization
of the cochlea is explained with respect to its mechanical properties, using an
analogy of the strings of a piano, and stressing that each point on the cochlea,
and each associated group of hair cells, has its own characteristic frequency to
which it responds best. Accordingly, dysfunction of a small area of the cochlea
results in hearing loss for this particular frequency. Stimulation of a narrow part
of the cochlea by sound results in the perception of a pure tone or narrow band of
noise.

Next, illustrations of the organ of Corti by scanning electron micrographs are
presented showing normal and noise damaged ears. This helps to show that with
most events which are traumatic to the ear, such as noise exposure, ototoxic
drugs, infections, as well as in ageing and genetic deafness, OHC are predomi-
nantly affected and reduced in number in a frequency-specific manner. However,
95% of the fibers of the auditory nerve connect to the IHC and conduct mes-
sages from them to the brain. When OHC are totally damaged, by whatever cause,
there is only approximately a 50 dB flat hearing loss. When all the THC are dam-
aged, regardless of whether the OHC remain, there is a total hearing loss, and
this loss corresponds to the frequency region in the cochlea where the damage
occurs.

The different function of OHC and IHC was a puzzle until the early 1990s. Recent
research shows that the IHC are the transducers converting vibration on the basal
membrane into nerve impulses, which are finally perceived as sound. The OHC act
as mechanical amplifiers enhancing vibrations of the organ of Corti for low levels
of sound.

OHC are most susceptible to any kind of damage and, once destroyed, they are
not capable of regeneration in humans. However, temporary changes in the cochlea
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are common after exposure to loud sounds (e.g., pop concerts, discos). Typically
OHC are affected, and their recovery then takes place over a few days but can be
delayed up to a few months in some cases (Cardinaal et al., 2000; Emmerich et al.,
2000; Stopp, 1983).

The OHC system exhibits a high degree of redundancy. This allows for up to 30%
diffuse loss of OHC without affecting the audiogram (Bohne & Clark, 1982; Chen &
Fechter, 2003). Consequently, since OHC are dying at approximately 0.5% per year
from the first years of life, the appearance of a hearing loss is not usually expected
before the end of the fifth decade, providing that there are no other factors such as
noise exposure, ototoxic drugs, genetic predisposition, etc. Small patchy areas of
degeneration may not result in detectable changes in the hearing threshold because
of compensation provided by adjacent healthy hair cells. However small areas of
OHC degeneration, which can be detected by DPOAE, may play a significant role
in tinnitus emergence.

Discordant dysfunction theory provides a frame of reference for interpretation of distortion product

otoacoustic emission measurements and for explanation of the role of hair cells in tinnitus.

Results of the DPOAE examination of the patient are discussed and related to
their audiogram. The discussion about DPOAE is particularly useful in tinnitus
patients with normal hearing. This allows for the demonstration of how small
areas of dysfunctional OHC, as documented by DPOAE, may lead to emergence of
tinnitus, following the theory of discordant dysfunction of OHC and THC systems
(presented in Ch. 2).

The neural pathways leading from the cochlea to the cortex are quite exten-
sive. These pathways act as a number of highly complex, interconnected computer
systems processing sound-evoked neural activity through the auditory pathways.
These neural networks are processing information, extracting important patterns
and filtering out and suppressing irrelevant activity. The process of recognition of
patterns and filtering out other information is performed by extensive networks of
interconnected nerve cells. Each nerve cell is capable of acting as a complex pro-
cessing unit, which converts, processes and alters information coming from many
other units.

The connections between neurons are changing all the time, can be either exci-
tatory or inhibitory and can enhance or suppress the activity of a target neu-
ron. When the contribution of a connection between neurons increases, then the
same signal from the first neuron will have a larger impact on the activity of the
target neuron. Because of their complexity, these neuronal networks are capable of
processing many different signals at the same time, strongly enhancing some and
suppressing others.
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The experience of tinnitus by all in very quiet situations (the soundproofed room experiment) can be
explained in terms of adaptive mechanisms in the auditory system.

The auditory system is also able to control its overall gain: the degree to which
it enhances external sounds. At the level of the cochlea, gain can be achieved by
the amount of mechanical amplification within the cochlea from the activity of
the OHC. Central to the auditory nerve, the properties of neuronal networks can
change to provide increased enhancement of incoming signals. The gain increases
automatically when the level of external sound decreases, and it returns to lower
values when sound level increases.

An important example of this adaptive property of the auditory system with rele-
vance to tinnitus was shown by the experiment performed by Heller and Bergman in
1953. They placed 80 normally hearing people without tinnitus in a soundproofed
room for five minutes with instructions to record any sound that they might hear.
Tinnitus was experienced by 94% as a result of being in a low level of sound. This
demonstrates that the perception of tinnitus is inherent in the auditory system and
not necessarily the result of a pathological process.

On the physiological level, this experiment may be explained in the following
manner. Spontaneous neuronal activity in the auditory nerve fibers, which occurs
in the absence of sound, has a high rate of 50-100 impulses per second. This activity
is random, and each neural spike occurs independently of others. In the presence of
sound, the average activity increases and becomes more regular. In auditory nerve
fibers, the patterns of neural activity reflect the sound waves that have previously
arrived in the ear canal. At this stage, there islittle processing and classification of the
auditory information. This activity then undergoes extensive processing at several
levels in the subcortical auditory pathways before it reaches the auditory cortex,
where sound is finally perceived. As a part of this processing, the spontaneous
random activity is filtered out, and we do not perceive this as sound under normal
circumstances. When, however, gain within the auditory system increases because
of decreased auditory input, then fluctuations of spontaneous activity are perceived
as tinnitus.

Presentation of the rules of perception

Neuronal networks in the brain are trained to detect important sounds automatically.

In audiology, much emphasis and attention are placed on threshold measure-
ments of auditory function: for example, the quietest sound that can be detected,
the smallest change in frequency, etc. Typically, these measurements are performed
in quiet. However, real-life situations involve the detection of a complex sig-
nal in the presence of other competing sounds. The auditory system is able to



91

3.4 Counseling (retraining) sessions

discriminate one complex pattern from others occurring at the same time. This
ability is acquired by training the neuronal networks to detect a specific pattern
of activity with great accuracy. The training is achieved by repeated exposure to a
sound, recognized as being important. A classical example of this is the ability to
hear the sound of our own first name, even in a high level of competing background
noise and when we are not expecting it. Because of the repeated presentation of
our first name throughout our life, and its significance to us, our auditory system
becomes tuned to this complex pattern, and we are able to detect this even in a noisy
environment.

The identical scenario happens in tinnitus. The initial signal, once recognized
and evaluated as important because of its continuous presence, causes tuning of
the neuronal networks to its pattern, and the auditory system can easily recognize
it, even in the presence of other signals.

Loudness perception depends on the contrast of signal against background.

The perception of signal strength, whether it is auditory, visual, tactile, or tem-
perature etc., is not dependent upon the absolute physical strength of the signal
but is based on a comparison with the level of the background surrounding it. By
changing the background, it is possible to make the same signal weaker or stronger.
A good example of this is provided by the perceived intensity of a birthday candle
seen under different conditions. In the first instance, walking into a totally darkened
room, a single candle lit in the far corner will be seen as a brilliant light and cannot
be ignored. Once lights in the room are turned on, the light from the candle will
be perceived as much weaker and might easily be overlooked. If the blinds on the
window are now opened, allowing brilliant sunshine to illuminate the corner with
the candle in it, the candlelight will be barely noticeable. Similarly, the sound of a
car radio being played at a comfortable listening level while driving along a busy
street may seem to become uncomfortably loud once the car has been parked in
the owner’s garage.

Even if tinnitus-related neuronal activity does not change, tinnitus will appear
much louder while going to sleep in a quiet bedroom than when sitting in a noisy
office. As a result, tinnitus patients should expect that their tinnitus will appear
much louder in quiet situations, and this is one of the reasons for patients to avoid
silence.

Limitation of attention

The brain is not capable of performing more than one task requiring full attention at the same time.

Our brain is capable of performing very complex tasks, which the most
advanced computers available are unable to emulate. However, the brain has serious
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limitations as well. It is not capable of performing more than one task requiring
full attention at the same time. A classical example would be to try to read a book
and write a letter at the same time.

In everyday life, all our sensory systems, including the auditory system, are con-
tinuously flooded with information. We are exposed to a wide variety of different
sounds and are aware of only a very small percentage of them. All sounds reach the
cochlea and subconscious subcortical centers. These centers are able to process and
discriminate between a number of different sounds at the same time. The brain
adopts several strategies when faced with the need to deal with a large amount of
information arriving simultaneously, while only one task can be placed in the focus
of conscious attention at any one time.

Most repetitive activity is automated by a large number of subconscious conditioned reflexes.

The first strategy is to automate certain responses that require a standard and
predictable reaction to the same stimulus, by creating a series of conditioned reflexes
working at a subconscious level. A typical example of this is driving a car when we
are receiving stimulation through many sensory modalities. Without conscious
attention, we are able to arrive at our destination while at the same time carrying
out a conversation with our passenger. The speed of reaction required to execute
many different fast responses actually forces the need for automating this task.
Another good example of this is playing a musical instrument while reading the
notes.

Another strategy to deal with sensory overload involves classification of stim-
uli into important, requiring some action, and secondary or not important at all.
Once this classification is performed, no significant stimuli will undergo a process
of habituation, or blocking. However, when the same neutral stimulus is repeated
many times over and over without reinforcement (reward or punishment), it ceases
to evoke any reaction, and additionally we stop perceiving its presence. The stim-
ulus still evokes activity at the periphery of the sensory system, and within the
subconscious centers; however there are no reactions and furthermore no con-
scious perception. The signal is blocked or filtered out at a subconscious level
in the auditory pathway and prevented from reaching the highest level, where it
would be perceived. This process occurs naturally and continuously for all neutral
stimuli.

Stimuli are classified by their importance; those indicating danger are dealt with first.

The next mechanism involved in solving the problem “one task at a time” is
to organize all the tasks to be done according to their relative importance, and
to perform these tasks in order, one at a time, starting from the most important
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onwards. All stimuli that indicate danger, induce fear or require immediate action
in order to preserve life or insure safety are given the highest priority. It is clearly
more important to detect the sound of the approaching tiger who may eat you for
lunch than to detect the noise made by the turkey you are hoping to eat for your
own lunch. In particular, we do not have control over the mechanism by which
our attention is drawn to stimuli indicating danger, inducing fear or having general
negative associations.

Consequently, it is unthinkable that a patient would be able to sit through a
session of TRT counseling, paying good attention, while a tiger sits in a corner of
the room, even with the assurance that the tiger has not attacked anybody, for at
least a week. Once tinnitus begins to suggest potential danger, it forces our brain,
at a conscious and subconscious level, to monitor its status.

Plasticity of the brain

Plasticity of the brain allows learning and creation of conditioned reflexes.

The most fundamental characteristic of the brain is its ability to undergo modi-
fication and plastic changes. These changes occur by modification of the strength
of connection between neurons. This feature is the physiological basis for memory,
learning at the conscious level and developing new reflexes. Because of it, we are
able both to learn a new language and to perfect a golf swing. The golf swing may
be relearned after initial acquisition of inappropriate body position or swing, but
this generally takes longer than learning the right way from the start. It is a frequent
observation that relearning takes a longer time than initial training from a naive
state.

Retraining of conditioned reflexes is possible but takes time.

Furthermore, relearning of conditioned reflexes can occur only by perform-
ing proper exercises, and it requires time. It is impossible to change or remove a
conditioned reflex purely by cognitive processes. Therefore, tinnitus patients need
to perform, over a period of time, exercises aimed at extinction of inappropriate
reflexes linking the tinnitus-related neuronal activity within the auditory system
with activation of the systems responsible for anxiety, annoyance, etc. Moreover,
when there is strong emotional association, relearning a reflex that was acquired
with negative reinforcement takes longer.

Other systems in the brain activated by tinnitus, in addition to the auditory system.

The brain consists of many different subsystems interacting with each other in
a parallel fashion, each having a different purpose and function. Analysis of the
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behavioral problems caused by tinnitus indicate that certain areas of the brain have
a special relevance in its development, the limbic and autonomic nervous systems
being of particular importance.

The limbic system in the brain controls emotions and is strongly connected to the auditory system.

The limbic system is responsible for our emotions. By experimental stimulation
or destruction of a small part of this system, we can induce or abolish fear, thirst,
hunger, sexual drive and anger. The limbic system is strongly and directly connected
to the auditory system and so, through appropriate training, sounds can induce
strong positive or negative emotional responses. For example music, the sound
made by an infant offspring or the voice of an army corporal who was respon-
sible for our military training, all evoke strong emotional reactions. Activation
of the limbic system is absolutely essential for the learning process, and the lack of
concurrent limbic activation during auditory stimulation results in habituation of
the sound.

The autonomic nervous system controls automatic body functions and its sympathetic part controls
the “fight or flight” responses.

Anotherimportant part of the brain is the autonomic nervous system. This system
controls the basic functions of the body such as the heartbeat, sweating, hormonal
levels, bowel functions, respiration and temperature. | We do not have direct control
of the autonomic nervous system but we can modify its activity by fairly simple
interventions such as exercising or relaxing. Only with special training is it possible
to achieve some control over the basic level of activation of the autonomic nervous
system. Certain disciplines such as yoga, biofeedback, special relaxation techniques
and classical hypnosis make this possible to some extent.

The sympathetic part of the autonomic nervous system will be activated when there is a need for any

action, physical or mental. Its prolonged activation, however, would result in feelings of exhaustion,

stress and discomfort.

This system becomes highly active in situations of danger or where fear is pro-
duced, preparing us for fight or flight. During the fight or flight response, there are
a number of profound changes in the body induced by the sympathetic part of the
autonomic nervous system, such as increased epinephrine levels, muscle tension,

! The autonomic nervous system has two parts: a sympathetic and a parasympathetic part. The sympathetic
nervous system prepares us for mental and physical activity. In extreme activation, it gets us ready for
fight or flight. The parasympathetic nervous system acts in a reverse manner, preparing us for relaxation,
digestion, rest and sleep. The two systems are connected in a reciprocal manner; the activation of one
suppresses the other. In this book the term “autonomic activity” refers principally to stimulation of the
sympathetic nervous system.
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increased heart and respiration rates and reduced blood flow to the stomach and
bowel. There is also an increase in the general level of alertness, which, among other
things, prevents sleep. These reactions are not usually intended to be sustained for
prolonged periods; if for any reason this happens, then they induce extreme exhaus-
tion, causing profound effects on the function of the brain and body.

Note that the sympathetic part of the autonomic nervous system will be activated
when there is a need for any action, physical or mental. The point to consider is
how high this activation is and for how long a time it is sustained. If even relatively
low levels of activation are evoked, but for prolonged periods of time, this results
in the feeling of exhaustion, with high level of stress and discomfort. The increased
activation can be induced by any stimulus once it is linked with the need for action,
and particularly if the action is aimed at protecting us from danger or discomfort.
For example, it may be induced by the sound of a police siren, the red lights from
a car braking, or the voice of the boss with whom we have had problems in the
past.

Tinnitus signals act as a continuous sensory input constantly activating the sympathetic part of the
autonomic nervous system and maintain excitation of this system at a higher than normal level.

Tinnitus signals, once they have become associated with negative feelings or
potential negative consequences, act as a continuous sensory input activating the
sympathetic part of the autonomic nervous system and keeping the excitation of
this system at a higher than normal level. Note that the level of activity of the
autonomic nervous system relates closely to the severity of tinnitus as perceived by
the individual.

The neurophysiological model of tinnitus

Tinnitus becomes a problem only when reflex activation of the limbic and autonomic nervous system

take place.

Once the general features and principles of the working of the auditory, limbic
and autonomic nervous systems have been presented, it is important to discuss the
interaction between all these various components, and the part that they play in
tinnitus and decreased sound tolerance, as described in Ch. 2. It is of particular
importance to convey the message that perception of tinnitus is in itself benign, and
that tinnitus only becomes a problem when inappropriate conditioned reflexes are
created that link the tinnitus-related neuronal activity in the auditory system with
activity in the limbic and autonomic nervous systems. Finally, the level of activity of
the autonomic nervous system relates closely to the severity of tinnitus as perceived
by the individual.
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For over 80% of people who are experiencing tinnitus for the first time, the sound is not associated
with any negative meaning and, therefore, it undergoes the process of spontaneous habituation.

For over 80% of people who are experiencing tinnitus for the first time, the
sound is not associated with any negative meaning, and it undergoes the process of
spontaneous habituation, identical to that of other meaningless external sounds,
such as the sound of a new refrigerator. If, however, the first experience of tinnitus
induces a high level of annoyance or anxiety, by being associated with something
unpleasant or by occurring during a period of stress and anxiety, then a different
scenario emerges. People experience a higher level of annoyance or anxiety linked
to the meaning of the new tinnitus sound, and this results in an enhancement of
activity in the autonomic and/or limbic systems; tinnitus then becomes a clinically
significant problem. These patients start to monitor the tinnitus signal extensively,
which further enhances its importance.

Tinnitus becomes a clinically significant problem when the tinnitus-related neuronal activity starts
activating the limbic and autonomic nervous systems, resulting in annoyance and anxiety.

An early common concern is that tinnitus is inescapable and cannot be modified
or altered. This results in a build-up of increasing alarm and anxiety, with further
stimulation of the limbic system (Fig. 2. 11¢). Since all auditory signals that indicate
threat or danger are assigned a high level of priority and are closely monitored,
the neuronal networks involved in their detection become highly tuned to these
sounds, further enhancing their detection. The tinnitus signal is treated in precisely
the same manner. Enhanced detection of the tinnitus results in a further increase of
activation of the limbic and autonomic systems, which, in turn, enhances detection
of tinnitus. This feedback loop creates a vicious circle of increasing annoyance
and tinnitus perception. The final level of annoyance will depend on the highest
level of activity in the autonomic nervous system that the subject can sustain for a
prolonged period of time.

Changes in body function result from strong activation of sympathetic autonomic nervous system by

tinnitus signal.

Activation of the sympathetic part of the autonomic nervous system results in
a number of specific changes in body functions that are reflected in behaviors.
Particularly relevant are increased levels of alertness, making sleeping difficult or
impossible, alteration of heart rate and palpitations, problems with digestion and
bowel activity, nausea and diarrhoea. In some patients, generally enhanced per-
ception affecting all sensory modalities (global hypersensitivity) occurs. The quiet
environment associated with sleeping also results in enhanced tinnitus perception,
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further interfering with the ability to go to sleep. However, patients more frequently
have a problem in sustaining sleep, rather than with falling asleep.

Tinnitus-enhanced autonomic nervous system activity interferes with sleep. Sedatives and tranquilizers
are not a long-term solution.

While tinnitus can indeed contribute to sleep disruption, some of the behavioral
problems blamed on tinnitus result from sleep deprivation itself, as it causes prob-
lems similar to those evoked by tinnitus. There is exhaustion, lost of clear logical
thinking and increased irritability; sufferers are more susceptible to making irra-
tional associations, which can enhance their concerns and dislike of tinnitus. The
very frequent consequence of sleep disturbance is that many tinnitus patients are
taking sleeping pills. This has the negative effect of interfering with normal sleep
patterns: decreasing the proportion of the rapid eye movement (REM) stage of sleep
that is essential for the rest. Patients might be unconscious for a longer time than
without medications but will not necessarily experience more REM sleep. These
drugs, commonly in the tranquilizer group, produce significant changes within
the central nervous system and especially the limbic system. Although they may
be helpful in the short term, when there is intense distress, they do not break the
vicious cycle of tinnitus reaction. It is important to recognize the negative side
effects of such drugs, the possibility of development of dependence and the fact
that they will not help tinnitus in the long term (Ch. 6).

Neither the level of autonomic activity nor the severity of the tinnitus is related to the psychoacoustical
characterization of tinnitus perception (e.g., its pitch, loudness). The level of autonomic nervous system
activity induced by tinnitus determines its severity.

Neither the level of autonomic activity nor the severity of the tinnitus is
related to the psychoacoustical characterization of tinnitus perception (e.g., its
pitch, loudness, etc.). It is a common experience that people with relatively quiet,
simple tinnitus sounds can experience high levels of annoyance and anxiety, while
others with extremely loud, complex and persistent tinnitus can experience very
little annoyance or distress. The difference between those suffering because of
tinnitus and others who are simply experiencing it, without significant distress,
depends on the level of activation of the autonomic nervous system and not on
what is happening within the auditory pathways. Ensuring that patients under-
stand these particular relationships is an important part of the TRT counseling
process.

Tinnitus is often established during a negative emotional experience with high autonomic system

activity.
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The base level of activity in the autonomic nervous system, and also the highest
level at which this activity can be sustained for periods of time, is of importance
in determining the extent of tinnitus impact in an individual. Pre-existing levels
of autonomic nervous system activity at the time of tinnitus emergence are of
particular significance. If an individual has an increased level of autonomic nervous
system activity as a result of a previous profoundly negative and stressful experience,
tinnitus emerging at that time will further increase this level of autonomic nervous
system activity to a point where it will establish a vicious circle. By comparison,
the emergence of tinnitus perception at a time of low autonomic nervous system
activity and a relaxed state might not result in the establishment of the vicious circle,
and natural habituation could take place. This explains why clinically significantly
tinnitus commonly emerges during a period associated with profound emotional
stress (Hazell & McKinney, 1996).

As can be seen in Fig. 2.12, the activation of the autonomic nervous system
and subsequent changes in tinnitus severity can occur through two different com-
plementary pathways. In the first one, the limbic system and autonomic nervous
system is stimulated by tinnitus-related neuronal activity via subconscious path-
ways in a conditioned reflex manner (Fig. 2.12b). When this subconscious loop is
dominant, there is generalized annoyance induced by tinnitus, with sleep distur-
bance, problems with attention and attacks of anxiety and panic, not necessarily
associated with any particular thoughts. The conscious loop includes cortical areas,
conscious thinking, verbalizations, beliefs, etc. (Fig. 2.12a). This pathway is signif-
icant when the patient exhibits more specific fears associated with tinnitus, such as
the possibility of brain tumor, deafness or psychiatric illness. In practice, patients
exhibit symptoms reflecting activity of both the conscious and subconscious loops,
both contributing to the final reactions in varying degrees.

A subconscious loop, or vicious circle, can progressively enhance tinnitus without the patient con-
sciously thinking about it.

The subconscious loop can work independently, resulting in autonomic nervous
system activation from tinnitus even when the patient is unaware of it, while the
conscious loop requires conscious awareness of the presence of the tinnitus, and
thinking about it. In each case of clinically significant tinnitus, we have at least some
involvement of the subconscious loop.

Tinnitus can produce phobic reactions, which are not helped by attempts at avoidance.

A small proportion of patients experience phobic reactions to tinnitus percep-
tion: a tinnitus signal evokes fear such as fears about its outcome in terms of sinister
pathology, irreversible changes, its inevitable worsening and the impossibility of
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successful treatment. In this respect, the response and force of autonomic reaction
is similar to that evoked by spiders (in arachnophobia). In this condition, each sub-
sequent encounter with a spider produces powerful autonomic responses that can
be disabling, for example sweating, palpitations or bowel disturbance. In addition,
there is significant enhancement of the ability to detect spiders so that they are
invariably spotted in a room before anyone else sees them, and they also appear
to be substantially larger than their real size. Repetitive exposure to the spider, but
without proper counseling or removal of negative reinforcement, results in a wors-
ening of the phobia and enhancement of reflexive reactions and defensive behavior.
Removal or reversal of this phobia for spiders must involve a process of learning
about their true nature, growing to like them and finally being able to touch them
without distress.

As with spiders, it is important that the phobic tinnitus patient does not try to
avoid tinnitus by “masking,” or even by blocking or distracting techniques, but
should learn to experience tinnitus with increasing equanimity. Nevertheless, an
important part of the management of these tinnitophobic states is the specific
counseling against the notion that tinnitus can have feared and dreaded effects,
which initially are a very powerful belief for the patient.

The phobic response is not mediated simply by the conscious loop but also
involves the subconscious loop, just as the presence of the spider produces an auto-
matic, conditioned reflex aversive response, without the need for any verbalization
or evaluation. This phobic reaction to tinnitus is particularly difficult to overcome
since, unlike the spider, it is not possible to escape easily from the presence of
tinnitus.

New sounds attract our attention but habituate easily if deemed to be unimportant or without emo-
tional association.

The first experience of a new and previously unknown sound results in excitation
of the auditory pathway up to the cortex (Fig. 2.8). As the signal is new, it attracts
the attention and triggers a process of cortical evaluation. As a part of a process
that may eventually lead to some action being taken, the limbic and autonomic
system are mildly activated at this time. If it turns out that this auditory signal is
not of any particular importance and does not require any selective reaction, the
specific excitation of the autonomic and limbic systems induced by this auditory
pattern will weaken and gradually disappear. Further presentations of this signal
will result in it being detected, but no stimulation of the limbic or autonomic
nervous system will occur (Fig. 2.9a). By this stage, some habituation of perception
has begun to occur, so that even when the stimulus is detected it is not consciously
perceived.
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A familiar example of this phenomenon can be noted after the purchase of a new
refrigerator. When the machine is turned on, a quite loud, often annoying, sound
is experienced. Initially, the sound of this refrigerator induces some annoyance,
reflecting a stimulation of the autonomic nervous system, and even some anxiety,
asitis frequently believed that the sound might indicate malfunction. As the refrig-
erator continues to work without malfunction, and reassurance is obtained from
the store that all is well, anxiety and annoyance about this new sound gradually
recedes. With continued repeated experience of the refrigerator turning on and off,
awareness decreases gradually until the refrigerator is not heard, except when we
are directly focusing our attention on it. This process typically takes several days or
weeks.

This is a classic example of habituation, with the sound of the refrigerator under-
going a reduction of priority in the list of sounds to which we have to pay attention
until it reaches the level of neutral sounds. Ultimately, there is no reaction to this
sound, and we are no longer aware of its presence. Habituation of reaction and per-
ception of this sound happens via a filtering process occurring at a subconscious
level in the auditory system, with its connections to the limbic and autonomic
nervous systems.

When tinnitus sounds are detected for the first time, they are treated in exactly
the same way as any other new sound. Indeed, many patients are convinced that the
sound of tinnitus is coming from outside and frequently open a window or look for
a source of sound elsewhere in their environment. This might be an explanation

” 2 continue to be convinced that their sound is

why some so-called “hummers
emanating from the environment (Rice, 1994). Hummers are distressed by sounds
that others (often younger and with better hearing) cannot hear. Some hummers
may be exhibiting a form of hyperacusis. Most tinnitus patients realize that the
perception of tinnitus does not change as they move around their environment,
as opposed to the perception of all external sounds, and they identify tinnitus as a

sound originating within the head.

The principle of extinction of conditioned reflexes can be applied directly to the habituation of tinnitus-
evoked reactions and its perception.

It is impossible to remove the tinnitus source or to attenuate the tinnitus per-
ception by a conscious act. However, as already stressed, it is not the perception of
tinnitus that is important but the reaction to the tinnitus. Fortunately, it is possible

2 “Hummers” describes a group who complain about the presence of a low-frequency humming sound that

they perceive as coming from their environment. Gas pipes and electrical transformers are often blamed for
this by sufferers, who carry on lengthy correspondence with the relevant authorities. In some cases, a source
of low-frequency sound has been detected, but in the majority of cases, it would seem that the underlying
problem is either one of low-pitched tinnitus/somatosounds or decreased sound tolerance specifically for
normal low-frequency sounds in the environment.
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to habituate both the reactions to tinnitus and the perception of tinnitus itself using
appropriate techniques, based on the extinction of conditioned reflexes. As habitua-
tion of tinnitus occurs within the brain, above the tinnitus source, it is independent
of tinnitus etiology, otological diagnosis and psychoacoustical characterization of
tinnitus (e.g., pitch, loudness and suppression by sound).

The principal goal of treatment is the habituation of reaction to tinnitus
(Fig. 2.15a). Once it is achieved, tinnitus will still be perceived with the same psy-
choacoustical characterization (loudness and pitch), and it may be perceived the
same percentage of the time. However, the presence of tinnitus will no longer pro-
duce any annoyance, or any emotional or autonomic response, and at the behavioral
level patients will not be bothered by tinnitus, and it will have no impact on life. To
achieve this outcome, it is necessary to change functional connections between the
auditory system and the limbic and autonomic nervous systems responsible for the
conditioned reflex arc linking the tinnitus-related neuronal activity with activation
of the sympathetic part of the autonomic nervous system.

Habituation of tinnitus-induced reactions is equivalent to passive extinction of the conditioned

reflexes.

The secondary goal is to facilitate habituation of tinnitus perception. Once
that is achieved, patients will be aware of tinnitus for a small proportion of the
time, mainly when focusing their attention on tinnitus. It is necessary to induce
the process of blocking (filtering-out) the tinnitus-related neuronal activity from
reaching the higher levels of the auditory system, where it would be perceived.
Habituation of reaction to a stimulus can be described as a passive extinction of
conditioned reflexes, as originally proposed by Pavlov (Konorski, 1948). Under-
standing that habituation and passive extinction of conditioned reflexes are the
same phenomenon, by different names, has shown the way for the inducing and
facilitating tinnitus habituation.

Typically, passive extinction is achieved by repeating the sensory stimulus but without reinforcement.
This approach cannot be applied for tinnitus, as it is impossible to eliminate all reactions of the
autonomic nervous system, which acts as a negative reinforcement. Therefore, a technique is used in
which both the stimulus and the reinforcement are still present but decreased.

There are no methods for direct modification of the specific links between the
auditory system and the autonomic nervous system (both conscious and subcon-
scious loops). Instead, we employ a modification of a technique of passive extinc-
tion of conditioned reflexes. The classical process of passive extinction is achieved
by repeating the sensory stimulus, but without reinforcement. In other words,
the stimulus is moved to a neutral category by showing by example that it is no
longer associated with a reinforcement. This approach, however, cannot be applied
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directly for tinnitus, as it is impossible to eliminate all reactions of the autonomic
nervous system, which acts as a negative reinforcement. Therefore, a technique
is used in which both the stimulus and the reinforcement are still present but
decreased.

The first step is to reclassify tinnitus at a cognitive level as a neutral stimulus. The reclassification
of tinnitus to a category of neutral or semi-neutral stimuli is essential, as habituation cannot occur
without this — or would be extremely difficult to achieve.

Decrease of tinnitus-related activation of the autonomic nervous system is
achieved by two mechanisms. First of all, tinnitus is reclassified at a cognitive
level as a neutral stimulus. Patients are presented with information arguing that
tinnitus perception and tinnitus per se are side effects of benign compensation
occurring within the auditory system, typically to irrelevant dysfunction of the
OHC system (following the discordant dysfunction theory) and/or enhancement
of gain within the auditory system as a consequence of decreased auditory input
(conductive or sensory hearing loss imitating the experiment with soundproof
chamber). As a result of this reclassification, the activation of the limbic and
autonomic nervous systems by the higher cognitive loop is removed or strongly
decreased, and only the subconscious loop remains (Fig. 2.12b). Note that the
reclassification of tinnitus to a category of neutral or semi-neutral stimuli is essen-
tial, as habituation cannot occur, or would be extremely difficult to achieve, without
this.

The second mechanism involves a psychological principle that known dangers
evoke a much less-powerful autonomic response than unknown ones. An example
of this phenomenon is provided by a patient sitting in a dentist’s waiting room. In
the first scenario, he has already been counseled by telephone to expect the need
for root canal therapy and all that this entails. In the second scenario, he does not
know what lies ahead of him. Even though the outcome will be the same, the patient
faced with uncertainty about dangerous or unpleasant experiences is much more
distressed and agitated than one who knows what is coming.

In the case of tinnitus, we provide a clear explanation of the mechanisms result-
ing in tinnitus perception, and those involved in creating annoyance and negative
emotional responses. Basically, the patient is taught crucial elements of the neuro-
physiological model of tinnitus. This produces a decrease in the autonomic nervous
system activity resulting from tinnitus, since patients now understand what is hap-
pening and why.

Patients are taught why tinnitus is not linked to any danger.

Another way of influencing the limbic and autonomic nervous systems is to
create new, positive associations with tinnitus. Generating hopefulness about the
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possibility of successful treatment and involving the patient actively in this process
creates a strong change in emotional attitude and response. As TRT has better
results than any other tinnitus treatment, the published results can be shared with
the patient, a powerful tool in producing this change of outlook. It is important
to avoid negative images of tinnitus. Descriptions like screeching, tearing, steam
jets should be replaced by benign, more peaceful descriptions, such as “music of
the brain.” This reduces the negative emotions produced by the limbic system and
consequently reduces autonomic nervous system activity.

The next aspect of treatment is aimed in a non-specific way at the patient’s general
level of arousal and stress. A high proportion of tinnitus patients have busy and
demanding life-styles; they are constantly under pressure to increase performance
and cope with all sorts of difficult and different problems, both at work and in
domestic situations. At home, they are frequently engaged in many activities, have
problems related to their busy family or have significant life challenges. All these
stresses add to the overall level of activity in the limbic and autonomic systems,
already enhanced by tinnitus.

Therefore, patients are advised to try to decrease the general level of stress. Dif-
ferent stress management strategies, biofeedback, relaxation training — sometimes
hypnosis or simply proper time management — and getting involved in other pleas-
ant activities may result in decreasing stress and annoyance levels. This reduces
the general level of arousal and activation of the limbic and autonomic nervous
systems and consequently weakens the feedback loop that plays a dominant role in
creating a high level of tinnitus-induced annoyance. It should be realized that stress
management, although extremely important for some patients, cannot on its own
bring about permanent relief from tinnitus symptoms.

Distraction techniques will not affect the function of the subconscious loop, or
the underlying specific neuronal activity, which will persist as before. They can
only be used when the patient is thinking consciously about the tinnitus. Although
distraction strategies might be useful in the initial stages of tinnitus distress, for
instance to help in getting to sleep, in the long term they are counterproductive.
Retraining of the reaction cannot take place in the absence of tinnitus. Furthermore,
the distraction technique provides only temporary relief and may even attract the
individual’s attention to the presence of annoying tinnitus.

Habituation is facilitated by decreasing the strength of the signal through sound therapy.

The second part of the method used to achieve extinction of conditioned reflexes
involving tinnitus is to decrease the strength of the tinnitus signal. This is achieved by
sound therapy, which is the other indispensable component of TRT. It is important
to explain to patients the reasons for this and to make it clear that it is sound which
is important and not the method or device for producing it.
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If we increase the background neuronal activity in the auditory system by adding
sound, the difference between the tinnitus signal and the background neuronal
activity decreases. This results in reduction of the strength of the tinnitus-related
signal passing to the limbic system and the cortical areas, because all our perceptions,
as well as the assessment of the strength of any neuronal activity within the brain, are
based on the difference between signal and background activity (e.g., background
noise). As a consequence of reducing this contrast, subcortical detection of the
tinnitus-related neuronal activity becomes more difficult. Thisitself will increase the
probability of habituation of the tinnitus signal for both tinnitus-induced reactions
and perception.

When using sound therapy, itisimportant to realize that if suppression of tinnitus
occurs, even though temporary symptom relief is experienced by some patients,
this is an avoidance strategy, which by definition prevents habituation of tinnitus as
the brain cannot be retrained to a signal that it cannot detect. Therefore “masking”
of tinnitus is counterproductive and contraindicated in TRT, which is aimed at
tinnitus habituation rather than temporary symptom relief.

Experiencing tinnitus in a state of low arousal aids habituation, whereas suppression and avoidance
of tinnitus slows habituation.

In our London clinic, an exercise is used (the “ten second exercise”) that encour-
ages patients to focus on the reaction to their tinnitus (from time to time) and for
brief periods only in order to note the strength of their dislike and body reactions
to it and to try to reduce, by an act of will, these negative responses. Practicing
relaxation exercises at the same time facilitates this process. The rationale for this
approach is that habituation will occur to any stimulus if repeatedly experienced
in a state of low arousal.

There is no drug that can be recommended for tinnitus treatment.

Use of various medications is a separate issue. While there is no drug that can
be recommended for tinnitus treatment (see Ch. 6), many patients are taking some
medication prescribed because of tinnitus. Typically, these drugs are aimed at affect-
ing central nervous system function. Although there are a number of drugs that are
active in reducing limbic and autonomic nervous system activity, and are commonly
used in the management of anxiety, we do not recommend the use of these drugs,
except in an acute emergency. However, if patients come to us who have already
been taking these drugs for some time, we do not advise them to withdraw from
them suddenly. Our attitude towards drugs results from the observation that none
has been shown to have a positive effect on tinnitus itself without causing profound
side effects. Despite the fact that these drugs may produce temporary improvement
in coping with the tinnitus, they also impair plasticity of the central nervous system
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and, therefore, slow down the process of habituation. This is particularly relevant
with the benzodiazepines (see Ch. 6).

Benzodiazepines interfere with the learning process in TRT and slow the process of habituation.

Imagine the difficulty in trying to learn a new language at night school after
spending the early evening consuming several pints of beer. Many of our patients
who have been taking a benzodiazepine report that even slight alteration in their
perception of reality greatly interferes with their ability to think clearly and function
normally, and also to undertake the mental activities involved in TRT.

Habituation to tinnitus is slow; patients must understand this and be followed carefully over time.

The processes of habituation of both reaction and perception are very gradual and
take time, generally measured in months, as it is necessary to retrain conditioned
reflexes while we cannot remove reinforcement totally. Some patients experience
subjectively significant improvement within a month or two, but others notice a
beneficial effect later in their treatment. To prevent relapse, we insist on continuing
therapy for at least 12 months, and we make it clear to all patients at the beginning
that they must remain under supervision for this period. In practice, we are trying
to keep contact with all our patients until they do not need any additional help. For
research purposes, we are following patients for several years after they ceased TRT
treatment. It is usual for patients to experience partial habituation during the first
six months of therapy. It is important for patients to realize that habituation may
take a long time, that changes are very gradual and that they are not necessarily
smooth and monotonic. It is essential to follow all TRT instructions regardless of
whether or not tinnitus is less or more severe on a given day.

Patients are encouraged to choose the best treatment option based on the model.

At the end of the first consultation session, we discuss our recommendations
with the patient, making clear that this is the preferred option but at the same time
outlining other options and presenting the positive and negative aspects of their
selection. It is very important not to put patients under any pressure to accept a
particular approach, as all of those who are experiencing extreme tinnitus distress
will already feel under heavy pressure. The purpose of presenting different treatment
options is to have the patient agree on which is the most appropriate, rather than
making a didactic enforcement of one form of therapy or another. The approach will
be much more successful if it is based on the belief of the patient that it will succeed
(and on understanding why), rather than accepting a forced choice imposed by the
healthcare professional. The optimal option is discussed and justified on the basis
of the neurophysiological model, and it is presented as the option that is most likely
to succeed in the shortest time.
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Patients receive all the material used in counseling for revision at home.

Finally, patients are provided with all the notes and drawings used during their
counseling, as well as selected reprints of articles written in a simple and straightfor-
ward manner about tinnitus or hyperacusis. Successful study requires homework,
and patients are encouraged to read this information as an important part of the
reinforcement process and to contact us if they have any questions or misunder-
standings that require clarification. In addition, the interview may be recorded and
the patient given the tape to be reviewed later on (the practice in the London clinic
but not in the USA because of legal issues). It is very helpful to allow patients to have
copies of their medical reports, as such reports contain an account of the individual
case and justification for the particular treatment approach that has been selected.
A copy of the report of the visit is also sent to the referring physician.

In summary, tinnitus-related non-specific counseling is aimed at conveying the
following ideas.

1. The perception of tinnitus does not reflect any pathological state but results from
a healthy compensation of the auditory system to some disturbances of neuronal
activity, typically generated in the periphery.

2. The problems and behavioral symptoms created by tinnitus do not result from
the perception of the sound but from the reaction to it by the brain and body.

3. Conditioned reflexes are involved in producing tinnitus-induced reactions.

4. Conditioned reflexes can be retrained, resulting in habituation of reactions
evoked by tinnitus and its perception.

5. For habituation, it is necessary to reclassify tinnitus into a neutral/semi-neutral
category of stimuli.

6. Habituation can be facilitated by a decrease in the strength of the tinnitus signal,
achieved by the proper use of sound therapy.

7. Habituation of tinnitus-induced reactions is the primary goal; once it is at least
partially achieved, habituation of tinnitus perception will follow automatically.

3.4.2 Specific aspects of general counseling related to decreased sound tolerance
Decreased sound tolerance can accompany tinnitus or occur on its own. When
present, it typically involves both hyperacusis and misophonia. The majority of
tinnitus patients exhibit decreased sound tolerance to some extent, and for about
25-30%, hyperacusis is significant enough to warrant specific treatment.

General counseling for decreased sound tolerance is focused on potential mech-
anisms underlying its presence. For hyperacusis it is explained that the auditory
system provides an automatic gain control, modifying its sensitivity at both periph-
eral and central levels. Consequently, when a person is exposed to a low level of the
sound, this signal is amplified by OHC system by up to 60 dB (Narayan et al., 1998;
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Overstreet, Temchin & Ruggero, 2002; Robles & Ruggero, 2001; Ruggero et al., 2000)
and still further in the central auditory pathways (Boettcher & Salvi, 1993; Gerken
et al., 1984; Gerken, Simhadri-Sumithra & Bhat, 1986; Salvi et al., 1992).

Hyperacusis results from abnormally high gain within the auditory system.

When the average sound level increases then this gain decreases, loudest sounds
potentially having the greatest effect. If mechanisms controlling this gain modi-
fication are producing higher levels of amplification when it is not needed, then
overstimulation occurs within the auditory system, resulting in the perception of
sounds as abnormally loud, even painful. This phenomenon is called hyperacusis.
In pure hyperacusis, the limbic and autonomic nervous systems and their connec-
tions with the auditory system are normal, and their high activation is of secondary
consequence to the excessively high levels of activity in the auditory pathways.

Treatment of hyperacusis is based on the desensitization principle: systematic exposure to non-
annoying sound results in increased threshold of discomfort.

Treatment of hyperacusis is based on the desensitization principle: systematic
exposure to non-annoying sound results in an increased threshold of discomfort.
For particularly severe hyperacusis, patients start with low sound levels and grad-
ually increase the intensity during treatment. This treatment works at a subcon-
scious level, does not involve retraining of conditioned reflexes and does not involve
cognitive processes. Consequently, the improvement of pure hyperacusis typically
occurs fast, within weeks. Patients need to follow the protocol of sound therapy
for hyperacusis and their understanding of the neurophysiological model can be
limited.

Misophonia, the dislike of sounds, reflects enhanced connection between the auditory and limbic
and autonomic nervous systems; it has the same mechanism as clinically significant tinnitus, based

on conditioned reflexes.

In real-life, the situation is more complex, as the majority of patients have both
hyperacusis and misophonia. Some have misophonia without hyperacusis. Miso-
phonia, which reflects enhanced connection between the auditory and limbic and
autonomic nervous systems, involves the same connections and mechanisms as
tinnitus and is controlled by conditioned reflexes. Basically all principles and expla-
nations used for tinnitus are applicable for misophonia, with the difference that the
neuronal activity evoked by external sound acts in place of tinnitus-related neuronal
activity. However, it is linked to the reactions of the limbic and autonomic nervous
system in entirely the same fashion as clinically significant tinnitus. Therefore, the
same basic approach of extinction of conditioned reflexes can be utilized for the
treatment of misophonia.
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To treat misophonia, a positive association with external sounds is created by systematical exposure
to pleasant sounds, to which the patient is asked to pay attention. This approach is totally different
from desensitization used for hyperacusis.

However, as external sounds, over which we do have control, are inducing reac-
tions, it is possible to use more powerful methods of active extinction of the reflexes.
Specifically, a positive feeling about external sounds is created by systematical expo-
sure to pleasant sounds, to which the patient is asked to pay attention. Note that
this approach is totally different from desensitization used for hyperacusis.

During counseling about decreased sound tolerance, its various components are
explained, stressing the similarities and differences. When significant hyperacusis
is present together with tinnitus, then counseling regarding tinnitus is abbreviated,
as frequently tinnitus improves significantly after hyperacusis treatment is success-
ful. Misophonia is discussed, stressing its similarity with tinnitus and the role of
conditioned reflexes in its development.

3.4.3 General factors modifying tinnitus retraining counseling

The specifics of counseling are decided by allocation to a treatment category. How-
ever, some general factors affect the implementation. One of the factors is the
strength of inappropriate beliefs. In these patients, the conscious loop plays a dom-
inant part. It is important to address these specific beliefs and concerns in addition
to the process of general “demystification.” Patients need to be shown that their
fears are unfounded, using the neurophysiological model and clinical and research
data, as documented in peer-reviewed literature. Some patients are strongly con-
vinced that their tinnitus indicates the presence of a brain tumor, a stroke or some
other neurological disease, despite full investigations. These patients may require
repeated assurance.

Culture and background affects the way people respond to tinnitus and must be taken into account
during counseling.

An individual’s cultural, social and educational background, profession and age
can have a profound impact on thinking and the development of tinnitus. These
factors have to be taken into account in the counseling process, selecting illustrations
and analogies that fit the individual’s profile most closely. Social acceptance of the
expression of emotion shows great cultural variation and has a direct bearing on
the development of tinnitus and on the methods for dealing with it. Free expression
of emotion (for example in certain Mediterranean cultures) acts as a method to
avoid a build-up of tension. This tends to decrease the severity of any reaction to
tinnitus and hyperacusis. Conversely, the “British stiff upper lip” might be seen
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as an impediment to the release of these emotions, causing a build-up of greater
distress and annoyance.

Independent thinking is often culturally based. It does little good to apply TRT
counseling as a didactic imposition of the provider’s own professional status and
knowledge about tinnitus when interacting with someone who has a free and
independent personality. In this situation, a much more effective approach is to
work together as a team where the patient is a member. The educational back-
ground of the patient will also play a significant role in shaping the therapist’s
approach. While the general message is the same, the arguments and examples
will vary according to the individual’s educational background, and their trust or
mistrust of science and research in general.

Patients need to be sure that professionals are doing their best to help them and that they have
sufficient knowledge of the subject.

Different cultural backgrounds will result in a difference of the ease with which an
individual will accept orders given by authority. Is there a blind belief that everything
the family physician says must be absolutely true, or is there a constant questioning
of all forms of advice received from any professional? This will determine the level
of interaction that the patient will have with the tinnitus therapist and will decide
whether the patient will treat the doctor as an authoritarian figure or as a partner
with whom the problem is being solved. In each case, it is important to develop a
good rapport between patient and therapist. Patients need to be sure that therapists
are doing their best to help them and that they have sufficient knowledge of the
subject. This is an extremely important part of TRT. A high level of trust facilitates
the process of demystification of tinnitus and increases the compliance of the patient
with the treatment protocol.

Partners, friends or other family members are asked to participate in counseling sessions.

When other people are influencing the patient’s life and thinking, as with parents
or partners, appropriate counseling must be given to them as well. Indeed it is very
helpful when making an appointment to encourage patients to bring with them
somebody with whom they have close everyday interaction. Partners and close
friends who gain a first-hand knowledge of the neurophysiological model can be
instrumental in the patient’s own study, and thus help in the TRT process. This
ability to provide help removes the feeling of helplessness and despair often felt by
those close to a suffering patient.

The general level of the patient’s scientific knowledge, particularly their abil-
ity to understand the anatomy and physiology of hearing, plays a significant
role. Patients often acquire a significant knowledge of tinnitus before they come,
frequently involving many misconceptions. Wide use of the Internet, combined
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with the total freedom to put on it any type of uncontrolled information, has a
negative impact on tinnitus patients. They follow countless unsubstantiated claims
about methods to achieve “miracle cures” for tinnitus; even worse, they are learning
how terrible tinnitus can be, and about its presumed links with numbers of medical
problems. This provides strong negative counseling, which makes their tinnitus
worse and necessitates spending time during counseling counteracting this infor-
mation. However, some level of general scientific knowledge facilitates the process
of counseling. The absence of a scientific background in no way precludes the ability
to understand the model and follow TRT, provided that appropriate language is
used to communicate the concepts and ideas.

The absence of scientific knowledge does not prevent understanding of the model.

Correctness of the model and TRT does not depend on any religious beliefs. Illustration of the model

using concepts related to Darwinian evolution theory may offend some people with contrary religious

beliefs; therefore such concepts are avoided during counseling.

Many people, because of religious or other beliefs, do not accept the Darwinian
concept of evolution. Neither does correctness of the model depend on it. The
integrity of the model is always preserved, but the delivery may vary depending
on the situation. A good example is the way of describing how the brain reacts to
signals indicating danger. It is irrelevant whether this ability was acquired as a result
of evolution, and natural selection, or created in some other way.

Musicians are specially affected by tinnitus and hyperacusis because of their auditory training.

Patients with professional training in music, or for whom music plays an impor-
tant role in life, will be sensitive to even very small modification of tinnitus per-
ception, as detecting and evaluating sounds play a vital part in their life. They have
a specially modified signal-processing and pattern-matching ability that is more
acute than in the untrained individual. This is particularly applicable to profes-
sional musicians, sound engineers and other professions where the work requires
identification, separation and detailed evaluation of complex sounds. As artists in
general, including musicians, can have a tendency to higher emotional reactions
relating to their work, they may display a more significant reaction to tinnitus or
hyperacusis and, therefore, have a tendency to be more distressed by it. This is cer-
tainly confirmed by our clinical experience. Therefore, special counseling is needed,
explaining to patients why certain professional training can enhance tinnitus
detection.
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3.4.4 Common issues for sound therapy

Sound therapy consists of enrichment of the auditory background.

Sound therapy consists of enrichment of the auditory background by several
different approaches: the introduction of additional sounds, increasing the volume
of existing sounds, amplification of environmental sounds by hearing aids, and
finally, by wearable sound generators. Typically, more than one approach is used.
Even when sound generators are used, which provide a well-controlled sound source
for enrichment of the auditory background, environmental sounds are still required.
Specifics of the implementation of sound therapy are determined by the treatment
category for a given patient.

All patients are advised to avoid silence.

All patients are advised to avoid silence and to provide an enrichment of envi-
ronmental sounds. This is not an easy or trivial matter. It is helpful to perform a
detailed assessment of the sound environment in which the patient lives through-
out a 24-hour period, as many people spend surprisingly long periods of time in
silence. The goal of counseling about sound therapy is to convey to the patient
the importance of filling every part of the day and night with background sound,
which, at the same time, must not be intrusive or irritating. Listening to TV or
radio, although appropriate for recreational periods, is not the proper approach.
These sound sources attract attention as they contain speech, promoting the need
or desire to understand what is being said.

All patients are taught sound enrichment. Sounds of nature are best.

The need for sound enrichment is heightened by the tendency to lose many
natural environmental sounds in our modern society. Modern buildings tend to
exclude environmental sounds. In general, the population is living longer and,
with ageing, there is a tendency to become hearing impaired. Furthermore, elderly
people frequently live alone, which further decreases stimulation of the auditory
system. In Western culture in the past it has been the practice to impress on children
the importance of keeping quiet: working and going to bed in silence. This training
leaves the concept that silence is golden, when in reality it is not. In nature, there
is a continuous background of natural sound — wind, rain, animals, etc. — and
silence tends to occur only before an emergency (e.g., arrival of a predator). Silence,
therefore, has a tendency to increase alertness, preparing for danger. The realization
that the right sounds can increase relaxation has led to numerous devices that
create nature sounds, both naturally and electronically. These devices are used too
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for increasing background sounds in office environments to avoid distraction by
unexpected noise, and the detrimental effects of silence.

There are many ways to enrich the sound background, for example using table-top sound machines,

CDs and ear-level instruments (called sound generators).

Introducing extra sounds is an effective and convenient method of changing the strength of the tinnitus
signal and, therefore, facilitating habituation.

There are many ways to enrich the sound background. It is relatively easy to
introduce nature sounds by using table-top sound machines, CDs, and ear-level
instruments: called sound generators. Introducing extra sounds is an effective and
convenient method of changing the strength of the tinnitus signal and, therefore,
facilitating habituation.

Sounds of nature are preferred for effective sound enrichment. For most patients
we recommend the sounds of nature generated by specialized electronic devices,
so-called table-top sound machines. Our patients also prefer this method. It works
better than recordings on tape or CD, as it provides a very constant sound, the level
of which can be adjusted as needed. Sound enrichment does not need to be loud; it
should be easily perceived when attention is directed toward it, without straining
to hear it.

The sound used for enrichment during day and night should be neutral, non-intrusive and not

annoying.

The sound used for enrichment during day and night should be, on the one
hand, neutral, non-intrusive and not annoying. On the other hand, it should not
be pleasant or arousing to the extent that it attracts attention. The sound should
be easy to ignore. The type of sound depends strongly on the personal preference
of the patient, but most patients choose first the sounds of flowing water. Nature
sounds, or wide-band noise, are always better than the radio or television as they
do not contain meaning. Music is not recommended for continuous background
sound as it tends to induce emotion and attract attention. Meaningful sounds can
attract attention and evoke emotions, consequently increasing autonomic activ-
ity. An interesting illustration of this is one of our patients who was comforted
by the sound of speech of foreign language broadcasts, which he was unable to
understand.

Whatever sound is used, habituation to it should occur rapidly and patients
should soon become unaware of its presence. Sound enrichment should be used
continuously (24-hours a day, seven days a week) because the auditory system
and its connections, apart from the cortical awareness centers, are active normally
duringsleep. They can be stimulated at this time to promote habituation of tinnitus,
as well as to decrease gain within the auditory pathways. It is common that some
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patients like the sound produced by a large domestic or ceiling fan; however, the
level of sound produced by a fan cannot be changed, which limits its effectiveness.
When the climate permits, windows may be left open or air conditioning turned
on, although, again, these sources cannot be adjusted for intensity.

It is notable that many tinnitus patients, and most patients with hyperacusis
and misophonia, spend much of their time seeking silence. Feeling threatened
by a barrage of internal or external sounds, for which they may have developed
a profound dislike, they try hard to avoid them. Patients develop a pattern of
behavior that excludes all external environmental sounds on the basis that any
sound is intrusive, unpleasant, can be dangerous or may make tinnitus worse. It is
not a simple task to persuade such patients of the therapeutic benefits of sound!
Instruction about the concept and use of sound enrichment has to be specific to
the patient and must be monitored and altered according to the individual needs
of each patient. It is often not a trivial task to find sounds that patients will tolerate
or to which they have not already developed an aversion.

Approximately 50% of tinnitus patients have a problem with sleeping.

Sound therapy is very effective in improving sleeping by providing a neutral auditory background,
which decreases the apparent strength of tinnitus and helps with falling asleep during short periods
of wakefulness.

As mentioned above, approximately 50% of tinnitus patients have a problem with
sleeping (McKenna, 2000). The possible mechanisms of this problem were discussed
in Ch. 2. At a behavioral level, patients judge that they may be unable to fall asleep
because their tinnitus is very loud, or they may wake up in the middle of the night
and be unable to fall asleep again. Most people sleep in a quiet, often silent, room; in
this situation, the tinnitus signal is enhanced, increasing its perceived loudness and
intrusiveness significantly. Sound therapy is very effective in improving sleeping by
providing a neutral auditory background, which decreases the apparent strength of
tinnitus and helps with falling asleep during the short periods of wakefulness that
are an integral part of a normal sleeping pattern.

Subcortical auditory pathways are very active and so are capable of being influ-
enced by sound therapy during waking hours as well as during sleep. This is
even the case under full surgical anesthesia (Wang, Ryan & Woolf, 1987). Neu-
ronal activity measured during sleep and anesthesia was found to be the same
or even higher than when fully awake. We can easily be awakened by an impor-
tant signal (e.g., the sound of a baby crying), while we can sleep through loud
but unimportant signals (e.g., a thunderstorm). In other words, the auditory sys-
tem is continuously monitoring the sound environment, and subcortical centers
are performing the vital task of selecting, categorizing and filtering signals, as
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described above, even during sleep. In the case of the patient with sleeping prob-
lems, night-time sound enrichment is particularly important not only to help to
induce tinnitus habituation but also to help with sleeping. Sound enrichment has
a beneficial effect on sleeping in everyone, regardless of the presence or absence of
tinnitus.

Introducing the sounds of nature are a very effective way of enriching background sound.

For many patients, introducing sound during the night produces the first ben-
eficial effect seen with TRT, and in many cases it provides very significant relief
in a short period of time. The elderly have a shorter sleep cycle, and therefore the
beneficial effects of night-time sound enrichment are more pronounced.

3.4.5 Sound enrichment in hearing loss

The same approach of background sound enrichment is used in those with impaired hearing except
the sound is further amplified by hearing aids.

The approach to enriching the background sound for people whose hearing loss
causes significant problems is exactly the same as for those with normal hearing.
Such sound enrichment is further enhanced by appropriate amplification through
hearing aids. There is one point that needs to be taken into account. Many hearing-
impaired patients have normal or near-normal hearing at low frequencies. Typical
environment sound contains a significant amount of energy in the frequency range
below 200 Hz, which provides constant sound stimulation and thus helps to prevent
an increased gain in the auditory system. These frequencies, however, cannot be
amplified by hearing aids. Therefore, it is crucial to fit hearing aids with open molds
to avoid blocking these low frequencies; hearing aids fitted with closed molds act
as ear plugs for frequencies below 200 Hz.

Deep canal hearing aids (well-vented) in tinnitus patients are on trial in our
London clinic and are suitable in selected patients. Many patients experience sig-
nificant enhancement of tinnitus if the ear canals are totally or partially blocked by
any means, including hearing aids.

Habituation of tinnitus is facilitated by sound stimulation and hindered by silence.

Decrease of the natural sound level increases the chance of emergence or re-
emergence of tinnitus, as demonstrated by the soundproof room experiment
(Heller & Bergman, 1953). As loudness of any sound depends on the contrast
between this sound and background, anything that reduces environmental sound
will increase perceived tinnitus loudness. In silence, tinnitus is the only sound
present and will have no chance of escaping the attentional focus of the auditory sys-
tem. Pattern recognition and auditory gain are enhanced during silence, increasing
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Figure 3.1

3.5 Sound therapy: common features
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Dependence of habituation on sound intensity. Note that for sound levels close to the
threshold of detection, inhibition of habituation may occur through stochastic resonance.
The probability of habituation decreases to zero when the sound is suppressing tinnitus.
The optimal level for tinnitus treatment corresponds to the beginning of partial suppression
of tinnitus, typically described by the patient as the “mixing” or “blending” point.

the chances that tinnitus-related neuronal activity will be detected. Habituation of
both tinnitus reaction and perception depend on plasticity in the auditory system
and its connections with the limbic and autonomic nervous systems. Habituation
of tinnitus is facilitated by sound stimulation and hindered by silence.

3.5 Sound therapy: common features

3.5.1 Selecting optimal sound

The intensity of the sound in sound therapy affects the process of habituation.

The process of habituation is affected by the levels of sound selected for use in
sound therapy. The crucial elements of this dependence are shown in Fig. 3.1.
When the sound level is close to the threshold of hearing, this signal can actu-
ally enhance tinnitus through stochastic resonance: the enhancement of the tinni-
tus signal by addition of low-level random noise (Jastreboff, 1999¢; Jastreboft &
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Jastreboff, 2000b). If the external sound is strong enough to make the tinnitus
inaudible, then the effectiveness of habituation drops to zero.

Sound therapy has the positive action of weakening the tinnitus signal by decreasing the difference
between the tinnitus signal and background neuronal activity. However,
o the level or type of external sound should not induce any negative reactions

o the characteristics of tinnitus perception need to be preserved

e sounds should not attract attention, interfere with communication or affect everyday activities.

There are four main factors regarding the use of sound, which influence the
process of tinnitus habituation. The positive action of sound is achieved by weak-
ening the tinnitus signal through decreasing the difference between this signal and
background neuronal activity. By providing the patient with additional sounds, the
level of already existing background neuronal activity within the auditory pathways
will increase and thus the difference between the tinnitus-related neuronal activ-
ity and background neuronal activity will be reduced. However, there are three
other factors related to sound, which could have negative consequences in tinnitus
habituation and need to be taken under consideration.

For all patients the sound used should never induce annoyance or any kind of negative reaction. It

should not attract attention or interfere with communications or everyday activities.

First, external sounds should not induce any negative reactions (e.g., annoyance)
because of their loudness or quality, as this would enhance activation of the lim-
bic and autonomic nervous systems and consequently hinder habituation. When
hyperacusis is present, keeping sound below the annoyance level is the dominant
limiting factor.

Habituation is a process of retraining existing conditioned reflexes, and this
retraining cannot occur if the auditory system is unable to detect the tinnitus signal.
Therefore, by definition, if we suppress tinnitus, we will never achieve habituation.
Itis a basic behavioral and psychological rule that it is impossible to train, or retrain,
a subject with a stimulus which is not detectable. Consequently, it is impossible
to achieve habituation of tinnitus if the tinnitus-related neuronal activity is not
detected by the brain because the tinnitus signal is suppressed by an external sound.

If tinnitus is suppressed (“masked’) habituation will never occur.

Second, it is important to preserve the original tinnitus signal. When the tinnitus
signalis modified, evenifitis habituated, once the external sound source is removed,
the tinnitus will return to its original unhabituated state. Consequently, there will be

3 Clinical data from 20 patients who were using masking for symptomatic relief, for 15 years or more without
experiencing any change in tinnitus perception or its annoyance, achieved full habituation of tinnitus after
being treated with TRT for a short period.
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only a partial decrease of reaction to tinnitus, based on the generalization principle.
In the extreme case when the tinnitus signal is totally suppressed, by definition
habituation cannot occur. When the sound level does not totally suppress the
tinnitus but partly alters it, so-called “partial masking” (Moore, 1995), habituation
may occur, but its effectiveness is decreased and less predictable, as the signal to be
habituated will be different from the original one (Fig. 3.1). * To be effective, the
intensity of sound enrichment should lie between the threshold for hearing it and
the level at which partial suppression (“partial masking”) begins to occur. This level
is typically described by patients as the “mixing” or “blending” point (Fig. 3.1)
and tinnitus patients perceive that the external sound and tinnitus start to interfere
with each other. The use of sound above the blending or mixing point results in
decreased effectiveness of sound therapy.

Therefore, the sound level used in sound therapy should be close to but below
the level of partial suppression, the so-called “mixing” or “blending point.” At this
sound level, patients can still perceive separately tinnitus and the external sound,
but the perception is that these sounds nevertheless start to interfere, blend or mix
together. Further increase of sound level results in perception of tinnitus of even
more different sound quality.

Note that the level at which partial suppression occurs is not simplistically related
to the perceived tinnitus loudness. The loudness of tinnitus, as assessed by aloudness
match, is typically stable. The perception of tinnitus, however, is influenced by
its behavioral evaluation and the status of the limbic system, and this last factor
influences the patient’s perception of loudness. The level when partial suppression
starts is related to the type and strength of the tinnitus-related neural activity and
not to its perceived loudness. It should be made clear to patients that they should
adjust sound levels according to the perception of “blending” or “mixing” without
paying attention to how loud their tinnitus is.

Since the sound levels causing partial suppression may, nevertheless, change
from day to day, patients are instructed to readjust wearable sound generators each
time they are placed on the ears. However, it is not advisable to change the setting
during the day, even when the levels of environmental sounds mask perception of
the sound generated by the devices.

Finally, sounds used in sound therapy should not attract undue attention, inter-
fere with communication or affect everyday activities. Treatment is aimed to be as

4 Thisisareflection of the so-called generalization principle (Brennan & Jastreboff, 1991). If we train a subject
to respond to a certain stimulus, for example a 5 kHz tone, and after this if we test the subject on different
frequencies between 1 and 10 kHz, the strongest response would be obtained using the original 5kHz
signal. As we move away from 5 kHz (for example 4, 3, 2, 1 kHz) the response will gradually diminish. If we
achieve habituation of a tinnitus signal changed by “partial masking”, then once the external suppressing
sound is turned off, and the original tinnitus reappears, there will be less habituation since the brain was
trained to habituate to a different signal: the partially changed tinnitus.
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unintrusive as possible to avoid further enhancing any negative aspects of tinnitus.
For instance, interference with speech discrimination would result in a straining-
to-hear phenomenon, which increases tinnitus.

It is impossible to assure constant sound levels when only table-top sound
machines are used to provide sound enrichment, as every movement will result
in a change of the perception of the sound. This is one of the reasons for the
use of ear-level, wearable sound generators. Note, however, that it is the sound
that is of overwhelming importance and not the specific source or the means of
its delivery. Wearable sound generators are a convenient way of delivering stable,
well-controlled sound and serve as a “safety net” by not allowing outside sound
levels to drop below a preset level, which could enhance tinnitus by stochastic
resonance.

3.5.2 Wearable sound generators

For the majority of patients, sound therapy also involves the use of instruments (wearable sound
generators or hearing aids).

For the majority of patients, sound therapy also involves the use of instruments
(wearable sound generators or hearing aids). The method that provides the high-
est level of control of sound delivery, and seems to be the most effective mode of
sound therapy, is to fit patients bilaterally with behind-the-ear or in-the-ear sound
generators. These devices emit low levels of sound that, from the point of view of
habituation, have several important advantages. First, the amplitude of sound gen-
erators is very stable. It is easier to habituate to external sounds that are continuous
and stable, rather than changing or intermittent. In practice, after a short period of
time, patients become unaware of the presence of their wearable sound generators
and can very easily ignore them. Second, the level of sound can be controlled and
adjusted easily by the patient to the optimal level for promoting habituation. This
element of control also helps to make the sound neutral and non-threatening. In
patients with hyperacusis, the ability to alter the volume of the instruments during
treatment is essential.

Wearable sound generators have several advantages over environmental sound.

While a variety of sound sources could be used to stimulate background neuronal
activity, wearable behind-the-ear broadband sound generators offer certain advan-
tages. These generators share with tinnitus a physical frame of reference related
to the head; therefore, their sound does not change with head and body move-
ments. The perception of all sounds from the environment changes with even the
slightest movement of the head. The brain will gradually habituate to wearable
sound generators, and this ability to habituate to perception of a sound that is
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not changing while the individual is moving around is transferred to tinnitus. The
situation is similar to learning how to ride a bicycle before learning how to ride a
motorcycle.

The instruments produce a broadband noise that stimulates a reasonably wide
range of neurons within the auditory pathways. These small devices do not block
the ear canal and so there is no interference with environmental sound entering
the ear. In addition, as a low level of sound (around 10 dB SL) is used, it does not
interfere with normal hearing.

Instrument fitting must be bilateral to avoid asymmetrical stimulation of the auditory system.

Another important issue is that devices are fitted to both ears, even when the
tinnitus is perceive as being localized to one ear. For all categories of patient needing
sound generators or hearing aids, binaural instruments are used whenever physi-
cally possible. The reason for this is that we are attempting to achieve symmetrical
stimulation of both sides of the auditory system. Asymmetrical stimulation results
in reorganization of the receptive field within the auditory system, consequently
impairing its ability to process sound. Unilateral fitting of hearing aids to bilat-
eral hearing loss results in decreasing speech discrimination ability in the un-aided
ear. Attempts to stimulate only one side in unilateral tinnitus frequently results
in a shift of the perceived location of the tinnitus to the opposite side because of
the strong interaction within the auditory pathways, and the asymmetry of sound
stimulation.

For both sound generators and hearing aids, as open as possible ear-mold fittings are needed to
minimize the occlusion effect and the reduction of normal access for environmental sounds.

For both sound generators and hearing aids, as open as possible ear-mold fittings
are needed to minimize the occlusion effect and the reduction of normal access of
environmental sounds to the ear. Making really good open ear-molds is not a trivial
task. Cosmetic concerns should be recognized, as with hearing aid fitting. Until
recently, only relatively large, behind-the-ear sound generators were dominant on
the market and all our results in the past were obtained using these instruments.
Now a variety of behind-the-ear and in-the-ear instruments are available. It is
important to be aware of what the patient considers acceptable and not try to force
an instrument choice, as it will not be used by an unwilling individual.

The type or make of the instrument is irrelevant as long as it provides relatively
broadband stable sound with a volume that can be regulated smoothly from the
threshold of hearing. The spectral characteristics of sound reaching the tympanic
membrane are not crucial. In particular, we do not attempt to relate them in any
way to the perceived pitch of tinnitus. It is important to realize that habituation can
be achieved solely by enrichment of the auditory background; however the use of
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sound generators, when indicated, appears to have a higher probability of success
and is likely to achieve habituation in a shorter time.

Wearable sound generators, or combination instruments, are essential in hyperacusis.

For hyperacusic patients, wearable sound generators, or combination instru-
ments where there is also a hearing loss, are always indicated.

Optimally, instruments should be worn throughout waking hours.

Sound generators should be put on as soon as possible after patients wake up, and
worn throughout the waking hours without changing the initial settings, except in
hyperacusis. The general instructions are that they be put on and forgotten about.
If for any reason it proves impossible to wear devices throughout the whole day, a
minimum of 8 hours should be attempted, which may be divided into several shorter
blocks of time. Patients should be aware that this is less effective than wearing them
on a continuous basis.

The instruments should be worn particularly whenever there is a low level of background noise.

It is important that the instruments are worn whenever there is a low level of
background noise, for instance in the evening. If patients have a problem wearing
the devices because of discomfort (tactile hypersensitivity), they should be advised
to gradually introduce the devices. This may include wearing the devices without
switching them on, and building up gradually to the optimal daily usage time and
appropriate volume of sound. If this approach is used, it needs to be stressed that
the real treatment starts at the point where they have built up to the appropriate
daily use, to avoid generating an unrealistic expectation of the time course of the
treatment. We do not recommend wearing the devices during sleep as they are
not comfortable and could interfere with sleep; however, some patients do this. It
is preferred that free-field sound enrichment devices should be used during the
night.

Without proper counseling, sound therapy alone will be ineffective.

We realize that, in the past, many professionals have advised the use of envi-
ronmental sounds such as radios and ticking clocks to help patients to cope better
with their tinnitus. However, it is crucial to remember that sound therapy without
appropriate discussion and counseling based on the neurophysiological processes
does not work. Therefore, simply giving a patient wearable sound generators will
not be effective without a program involving TRT counseling, even with appro-
priate advice about their setting and use. The same applies to advice about sound
enrichment and “avoiding silence.”
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3.6 Specific modifications for individual treatment categories

The previous sections have outlined a non-specific TRT approach designed to cover
all categories of TRT treatment. Misophonia might be presented in all categories
and requires proper counseling and a specific protocol for its effective treatment.
This is also true for sleep problems.

The type of counseling and use of instruments varies with treatment category.

Counseling and sound therapies vary with the individual patient and the treatment
category to which they are assigned. The modifications of both non-specific coun-
seling and sound therapy required for each of the treatment categories are presented
below.

3.6.1 Category 0: mild or recent symptoms

Treatment of patients in category 0 consists of one session of simplified counseling, including advice
about sound enrichment. Follow-up appointments are still needed, but they are mainly focused on
checking the patient’s status.

Category 0 treatment is used for patients whose tinnitus is mild or of recent
onset. Tinnitus in these patients is often already partially habituated. These patients
are frequently coming to the clinic because they have very little understanding of
the mechanisms of tinnitus and have a natural curiosity about what might be
responsible for it.

All that is required for category 0 is simplified counseling, with information about the neurophysio-
logical model, together with instructions about avoidance of silence and non-specific advice on the
use of background sound enrichment.

All that is required in this category is simplified counseling, with information
about the neurophysiological model, together with instructions about avoidance
of silence and non-specific advice on the use of background sound enrichment.
Typically, these patients require one session of counseling only, with a few subse-
quent follow-up visits to confirm that their progress is as expected. All patients are
followed up in case their condition ceases to improve and then the implementation
of more extensive treatment is needed to ensure a positive outcome. Counseling in
this case is still thoughtful, but not as extensive as in other categories. It is particu-
larly important to avoid presenting these patients with information describing any
effect of tinnitus that is worse than they already experience. This strategy is adopted
to prevent a negative counseling effect by indirectly suggesting that their tinnitus
could be worse than it is at the moment.

There is no recommendation to use sound generators in category 0. Nevertheless,
there will be some patients who strongly believe that it is necessary to use sound
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generators to achieve control of tinnitus! If a patient cannot be convinced that
a sound generator is not needed, and that this is a costly unnecessary approach,
then sound generators could be used. There is no fundamental problem in using
sound generators for category 0 problems; the only potential negative aspect, which
needs to be explained properly to patients, is that by using and manipulating sound
generators some additional attention will be brought to the tinnitus.

If subjectively significant hearing loss is present (category C0/2) then proper
amplification is recommended to prevent potential enhancement of tinnitus
through the strain-to-hear phenomenon and a general decrease of auditory
stimulation.

3.6.2 Category 1: tinnitus alone (high impact)

Patients in category 1 have tinnitus with a high impact on their life but do not exhibit hyperacusis,
subjectively important hearing loss or prolonged worsening of their symptoms following noise expo-
sure. They receive detailed counseling about the neurophysiological model and sound enrichment,
and additional information related to the need for wearable sound generators, which are recom-
mended to all of them. These patients, as those from subsequent categories, receive a full sequence
of follow-up visits.

Counseling in category 1 follows non-specific counseling, which is always tail-
ored to the individual patient, with several modifications. All issues relating to tin-
nitus are discussed in detail, including thoughtful presentation of the neurophys-
iological model of tinnitus and discussion of conditioned reflexes and the basis
for habituation. The role of OHC in hearing and in the generation of tinnitus
is typically included; DPOAEs, when performed, help with this explanation.
If the patient exhibits misophonia, its mechanisms are discussed, pointing out that
the same structures and principles are involved in both tinnitus and misophonia.
The protocol for misophonia is then presented in detail. There is no need to address
the issues related to hearing loss and hyperacusis; these are omitted or presented in
an abbreviated form.

Category 1 patients receive detailed counseling about the neurophysiological model and sound enrich-
ment, and additional information about wearable sound generators which are recommended to all
of them.

The last part of counseling is devoted to sound therapy and to the positive aspects
of using sound generators. The dependence of the effectiveness of habituation
on the intensity of used sound is presented with the help of Figure 3.1. While
exposinga tinnitus patient to external sound, itis possible to distinguish four specific
levels of the sound: (i) the threshold of detection of this particular external sound;
(ii) the level at which perception of external sound and that of tinnitus starts to
interfere with each other, referred to as the “mixing point;” (iii) the level at which
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suppression of tinnitus occurs; and (iv) the level that would induce annoyance if
the sound was presented for a prolonged period of time. The effect on the tinnitus
signal, perceived tinnitus and habituation to tinnitus when sound is presented at
each of these four levels is discussed with the patient. The understanding of these
levels is important, since they will be used by the patient on an everyday basis to
adjust the level of therapeutical sound.

Wearable sound generators should be set to just below the “mixing” point, providing that it is still
below the level inducing annoyance.

The proper setting of the sound level of wearable sound generators for this
category of treatment is at, or just below, the “mixing point,” providing that it is
still below the level inducing annoyance. Patients need to understand that it is not
crucial to be exactly at or very close to the “mixing point”, and that there is a range
of sound levels not exceeding the “mixing point,” which will be effective.

During instrument fitting, the main elements of counseling are repeated, together
with instructions on how the instruments should be used. In addition to these gen-
eral instructions, practical exercises are described. Patients are advised to set their
instruments starting with the ear where tinnitus seems to be dominant. They should
gradually increase the sound level from a switched off position to the point where
they just perceive the sound from the instrument. Next, the volume is increased to
the point where the sound of the device begins to mix and blend with the sound
of tinnitus. Both the unaltered sound of tinnitus and that of the devices must be
perceived separately. This is the maximal level of the instrument’s sound that is
allowed. Patients are instructed to keep the device just below this level.

The level of sound must at all times be below the threshold for causing annoyance, or producing
suppression of the tinnitus.

In no circumstances should the level of sound be above that of comfortable
listening, and it must at all times be below the threshold for causing annoyance
or producing suppression of the tinnitus. Once the instrument has been fitted to
the first ear, the second instrument is attached and its sound adjusted to create a
perception of equal loudness on both sides (i.e., the same sensation level). Warnings
are given about using sound generators at very low just audible levels because of
the possibility of stochastic resonance increasing tinnitus (see Ch. 2).

Patients in this category may have normal hearing, according to audiologic
standards, or may have some hearing loss, typically in the high frequencies. If
this hearing loss is not interfering with the quality of their everyday life (i.e., sub-
jectively itis not affecting the patient’s life), we do not offer these patients the option
of hearing aids.
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3.6.3 Category 2: tinnitus and subjectively significant hearing loss without hyperacusis

Counseling for patients in category 2 is similar to that for category 1 but modified to address the issue
of their hearing loss. More emphasis is placed on the function of the peripheral auditory system, the
relevance of OHC loss to hearing loss, stressing the analogy between OHC and hearing aids. The
fact that a patient with hearing loss is effectively deprived of sound for a certain frequency range is
related to the phenomenon of tinnitus occurring naturally in silence. We discuss the phenomenon
of increased neuronal gain in central auditory pathways following hearing loss caused by cochlear
damage and its contribution to creation and/or enhancement of the tinnitus signal.

Patients in category 2 receive similar counseling to those with category 1 but modi-
fied to address the issue of their hearing loss.

The criterion for introducing hearing aids is whether or not the hearing loss interferes with the patient’s
quality of life, not the results of their audiogram.

The criterion for introducing hearing aids is whether or not the hearingloss inter-
feres with the patient’s quality of life, not the results of their audiogram. Therefore,
patients with quite mild losses of hearing may be fitted with hearing aids and receive
auditory rehabilitation, while patients with more advanced hearing loss, but who
are not affected by it, might not be recommended to use aids. For instance, musi-
cians with small degrees of high-frequency hearing loss may benefit from hearing
aids even though there is no interference with communication.

Bilateral hearing aids, or combination instruments, are fitted to all category 2 patients.

Counseling needs to be detailed, including all elements covered in category 1
but enhanced by elements related to a hearing loss. Of particular importance is
discussion devoted to the role and function of the OHC system. It is pointed out that
OHC, while very helpful, are not absolutely essential for hearing, and even without
them it is still possible to hear and understand; simply louder sounds are needed.
Pointing out that OHC work as a mechanical amplifier and can be considered as
“bionic hearing aids” leads to a more acceptable proposition of using external,
human-made hearing aids as their substitute. The experiment is discussed which
shows that practically everybody experiences tinnitus when spending a few minutes
in a soundproof chamber, demonstrating that similar compensatory mechanisms
are responsible for tinnitus in hearing loss.

Counseling in category 2 focuses on hearing loss and its role in triggering and enhancing tinnitus.

The fact that the perceived strength of a signal depends on how much it is
above background is discussed in detail. As patients with hearing loss will have
decreased average auditory input, this will enhance the difference of the tinnitus
signal from background neural activity, resulting in enhanced tinnitus percep-
tion and consequent annoyance. Last, but not least, is the problem of tinnitus
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enhancement while trying to listen and understand despite a hearing loss: the
“straining-to-hear” phenomenon. Understanding of all the above issues leads
patients gradually to recognize that increasing the auditory input by amplifica-
tion of incoming sounds using hearing aids, and decreasing straining to hear, will
weaken the tinnitus signal and facilitate the process of tinnitus habituation.

Patients must realize that sound therapy involving hearing aids depends on the
proper enrichment of background sounds, with the hearing aid acting as an ampli-
fier. It is the patient’s responsibility to provide sufficient and appropriate environ-
mental sound enrichment to make the therapy work. When hearing aids are used,
the approach is hindered by the lack of a constant level of broadband sound from
wearable sound generators; consequently, it may take slightly longer to achieve
tinnitus habituation. Benefits are that the straining-to-hear effect is removed and
two problems (tinnitus and the hearing loss) are targeted at the same time. Recent
advances in combination instruments opened up an alternative approach to sound
therapy in hearing impairment.

The majority of patients with hearing loss have reasonably well preserved or even
normal hearing in the low-frequency range. As it is important to enhance, or at
least preserve, the level of sound enrichment at all frequencies wherever possible,
the external ear is not occluded. This means that when postaural instruments are
used, the mold must be an open one. In-the-ear instruments should be open or
well ventilated.

Hearing aids should be used during all waking hours and not simply for communication.

In order to optimize treatment of the tinnitus, it is essential that hearing aids
should be used throughout the waking hours and not simply when they are required
for communication or specific activities. As one of the goals is to remove the
straining-to-hear phenomenon, instrumentation needs to facilitate speech under-
standing while preserving hearing of low-level background sounds. Thisleads to the
obvious conclusion that the noise cancellation programs provided in some digital
hearing aids are not recommended for patients during tinnitus treatment. Careful
attention is paid to assure the selection of an appropriate hearing aid and in its fit-
ting. Counseling is directed towards auditory rehabilitation. Binaural amplification
is always recommended whenever physically possible.

Hearing aids should be “open ear” or very well vented.

There is a specific problem arising in treatment in category 2. Some tinnitus
patients when fitted with hearing aids find that their tinnitus is easily suppressed by
sound. While this may be welcomed as a symptomatic relief, it interferes with the
process of habituation (habituation cannot occur to a signal that is not detected).
These patients are advised that every day they should spend a few hours without
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using hearing aids but exposed to environmental sound at a level adjusted so that
it is clearly perceived while not masking tinnitus.

In unilateral deafness CROS or BICROS hearing aids are recommended.

A subcategory of category 2 includes patients with unilateral, total or profound
deafness in one ear, and with normal or aidable hearing loss in the other ear.
Where there is some residual hearing but no speech discrimination in the worse-
affected ear, we might consider fitting binaural sound generatorsin the first instance.
Otherwise we use CROS (contralateral routing of signal) hearing aids, in which a
microphone on the deaf ear conveys sound to the hearing ear. Where the better
ear also has a hearing loss, a BICROS system amplifies sound to this ear in addi-
tion to taking sound from the microphone on the profoundly deaf side. Simple
fitting of a CROS or BICROS system, even without TRT, can produce improve-
ment in tinnitus in the profoundly deaf ear in 35% of those affected (Hazell et al.,
1992).

This approach is based on the observation that within the auditory system a
spatial map of the environment is created, with specific neurons responding to
sound coming from a particular direction. Loss of hearing in one ear generates
an environment on one side that, from the point of view of the auditory sys-
tem, is devoid of sound. Transmitting sound to the hearing side from a micro-
phone on the deaf side provides sound from this “silent” area and restores par-
tial activity in the affected area in the auditory pathways where previously there
was a strong asymmetry of function. As a result, most patients wearing a CROS
aid are able to localize sound in space. This effect occurs at a higher level in
the auditory pathways and so requires substantial time for reorganization and
reprogramming of neural connections. Presumably, the restoration of auditory
activity and awareness of a complete auditory environment, which was previ-
ously missing, decreases the contrast between the tinnitus-related signal and the
background activity and promotes habituation, as described above. Good results
can be obtained by TRT counseling supported either by CROS or BICROS hear-
ing aids, with background sound enrichment. Many of these patients experi-
ence an improved quality of life through a significant improvement in their
ability to localize sound in space. Consequently, a previous approach of using
low-frequency sinusoidal electrical stimulation through a single-channel cochlear
implant in the profoundly deaf ear (Hazell et al., 1993) has been suspended at
present.

Combination instruments consist of a sound generator with a hearing aid. Results with their use are
very positive.
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The early version of the combination instrument (known in the USA as the Tin-
nitus Instrument) was promoted and used quite extensively. The device combines a
hearing aid and a sound generator and was useful in the past for “masking” tinnitus.
Because of its technical limitations, it was not appropriate for TRT and we were not
using it. There were several disadvantages with these instruments for our purposes.
The main disadvantage was that they did not comply with the need for a high-
quality modern hearing aid, as the hearing aid part of the combination instrument
was generally of poor quality. Second, patients found the multiple controls hard
to manipulate, particularly in the small in-the-ear instruments. Third, there is no
longer any need for instruments producing a high level of noise as we are no longer
attempting to suppress tinnitus. Fourth, the sound level from the sound generator
part was above the threshold of hearing when the device was switched on. New
combination instruments that do not have these limitations were introduced in the
USA in 2001. Results with their use are very positive.

Electrical stimulation via a cochlear implant could be used as a substitute for auditory stimulation and
as a part of tinnitus retraining in profoundly deaf patients.

Patients with profound bilateral deafness present a special challenge, as it is
impossible to conduct normal sound therapy, which requires at least some level of
hearing. At the same time, these patients frequently experience distressing tinnitus,
which may be more of a problem than their inability to communicate. Understand-
ing the physiological mechanism of sound therapy (i.e., to decrease the strength of
the tinnitus signal by increasing background neuronal activity) provides guidance
to the best approach. It is secondary if the increase of background neuronal activ-
ity is evoked by sound or by direct electrical stimulation of the auditory periphery.
Therefore, electrical stimulation via a cochlear implant could be used as a substitute
for auditory stimulation in deaf patients.

Cochlear implants are indicated in totally deaf patients with tinnitus.

We recommend cochlear implantation for profound deafness in the presence of
distressing tinnitus and to begin TRT with counseling before surgery is contem-
plated. In those patients where persistent tinnitus distress might even result in the
abandonment of their implant following surgery, it has been possible to produce
very significant changes in tinnitus reaction and perception by TRT counseling
alone.

In the past, some cochlear implant centers have used the presence of distressing
tinnitus as a contraindication to cochlear implantation. However, the evidence from
several studies shows a high proportion of patients with tinnitus improved after
cochlear implantation, and only a few (less than 5%) experienced a worsening of
their tinnitus as a result of such surgery (see Ch. 6 for details).
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3.6.4 Category 3: hyperacusis without prolonged enhancement from sound exposure

Because of the need for a different approach to hyperacusis from that for tinnitus, it is essential to
establish the presence and extent of hyperacusis in each patient. This is achieved by measuring LDLs
and making a detailed assessment of the patient’s experience with environmental sounds to identify
the potential contribution of misophonia to decreased sound tolerance. Approximately 40% of our
patients have decreased sound tolerance. It is important to realize that the application of a protocol
for management of tinnitus that disregards the presence of hyperacusis will not only fail to help the
patient but may make the symptoms worse. Treatment for hyperacusis is required in about 25-30%
of all patients.

Patients in category 3 receive counseling focused on hyperacusis-related issues at
the expense of information about tinnitus and they have sound therapy aimed at
desensitization. It is essential to establish the extent of the hyperacusis compo-
nent in decreased sound tolerance, since sound therapy will be determined by the
extent of hyperacusis, disregarding misophonia, which is treated separately. The
extent of hyperacusis is assessed by measuring LDLs and examining the patient’s
experience with environmental sounds. There is a continuum of distribution of
average LDL values from equipment and legal limits (i.e., 120 dB hearing level)
down to 20-30 dB hearing level in patients with severe hyperacusis and misopho-
nia. Using an average LDL of 100 dB hearing level as the borderline for normality,
about 40% of our patients exhibit decreased sound tolerance. As in the majority of
patients, hyperacusis is accompanied by misophonia, all patients will receive coun-
seling about both phenomena. This counseling is in addition to the non-specific
counseling given to tinnitus patients. In those with dominant hyperacusis, and tin-
nitus being a secondary symptom, counseling focuses on hyperacusis-related issues
at the expense of information about tinnitus, particularly the mechanisms involved
in controlling the gain within the auditory pathways (control of the OHC system
and modification of the sensitivity of neurons in the central auditory pathways; see
Ch. 2 for details).

Hyperacusis is treated primarily by wearable sound generators, while misophonia requires special
counseling and a separate treatment protocol.

These patients are taught that the auditory system, like all sensory systems, reg-
ulates its sensitivity on the basis of the average intensity of stimuli it receives. This
means that in a very quiet environment we may become strongly aware of sounds
that previously were inaudible, such as our heartbeat or sound produced by the
movement of clothes over our body.

In the auditory system, this increased gain is achieved at two different levels.
First, in the periphery, the sensitivity of the cochlea may be modified through the
efferent system and the OHC, altering amplification within the cochlea. Second,
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in the central auditory system, the sensitivity of auditory neurons can be modified
to produce a high level of enhancement (amplification) of signals. There is a grad-
ual transition from maximal activity of the cochlear amplifier (OHC) to passive
transduction of the sound. In certain circumstances, the activities of this amplifier
may be altered so that amplification is provided unnecessarily for higher levels of
sound coming into the cochlea. In the central auditory system, a similar scenario
might exist with inappropriate amplification of neural patterns of activity induced
by moderate to high levels of sound.

Many patients with hyperacusis also experience the perception of sound distor-
tion. This might result from neurons experiencing premature saturation of activity,
resulting in “peak clipping” of the signal and perceived distortion of external sounds.
Once a sufficient number of neurons reach this state of saturation, defense mech-
anisms are triggered and sounds are perceived as being uncomfortably loud, often
with pain in the ear. As a part of this defense mechanism, the limbic and auto-
nomic nervous systems will be activated in an effort to remove the person from the
presence of the perceived excessive sound, or in an attempt to suppress its source.
Reports of subjects who spent even a few minutes in a soundproof chamber clearly
show that the perception of external sounds loudness is enhanced, presumably as
a manifestation of increased gain within the auditory pathways.

Accordingly, mechanisms evoking abnormally high auditory gain might result
in the emergence of tinnitus, as well as hyperacusis. Indeed, it is a common clinical
experience that tinnitus and hyperacusis emerge around the same time. The two
phenomena can, therefore, be viewed in some patients as two manifestations of the
same internal mechanism.

In category 3, temporary worsening of symptoms can occur after sound exposure, but never beyond
a good night's sleep.

In categories 02, the symptoms of tinnitus are frequently worsened by exposure
to sound for periods not exceeding a few hours. The same situation may happen for
patients in category 3, and both tinnitus and hyperacusis might, therefore, exhibit
worsening after sound exposure. While this has no effect on the proposed treatment
or its outcome, this enhancement of symptoms may result in a worsening of miso-
phonia, requiring specific counseling concerning the mechanisms of misophonia
and the transient nature of the tinnitus increase. It is stressed that, even when the
symptoms become worse as a result of sound exposure, this does not indicate new
damage to the cochlea, as some patients believe. However, when enhanced hyper-
acusis or tinnitus in response to sound exposure persists after a good night’s sleep,
other mechanisms are implicated, and a different treatment approach is needed, as
described in the next section.
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In the treatment of Category 3 patients, sound therapy is aimed primarily at
desensitization of the auditory system to achieve attenuation or even removal of
hyperacusis. The desensitization principle is explained to the patient as making
the system more resistant to louder sounds by gradually introducing sound of
increasing loudness. An analogy of desensitization may be explained in terms of
sunburn. Immediate exposure to tropical sunshine when the skin is very pale will
result in burnt skin, and possibly serious illness. However, sunburn can be avoided
by gradually increased periods of exposure to the sun. Similarly, in hyperacusis, by
gradually introducing carefully controlled sound, it is possible to desensitize the
auditory system and achieve the same level of sound tolerance as present in the
general population.

For this category of treatment, sound generators (or combination instruments
where subjectively significant hearing loss is also present) are recommended. They
are fitted binaurally using open ear-molds as described above. However, the initial
sound levels are determined by the patient’s annoyance level, which would depend
on the extent of hyperacusis. Patients are advised to increase the sound level grad-
ually, while keeping it always below that which could evoke annoyance. For pure
hyperacusis, the sound is increased to the highest level that does not induce any
annoyance or discomfort, or interfere with hearing. Many patients will experience
an immediate symptomatic improvement in their sound tolerance when wear-
ing the instruments. This should not be confused with the ultimate aim, which
is to use desensitization to achieve normal tolerance to sound without the need
for instruments. In this category, it is particularly important to use continuous not
intermittent exposure to the sound, even at the expense of using lower sound levels.
It is also important to keep close and frequent contact with the patient.

Some patients experience only hyperacusis and misophonia without tinnitus.
Others may experience some tinnitus, which for them is not a significant prob-
lem, while suffering severely from hyperacusis. In this group, we can omit all the
counseling relating to explanations of tinnitus and focus on the hyperacusis and
misophonia. Furthermore, in these patients, it does not matter if the tinnitus is
suppressed by the sound therapy. The comfortable listening level for sound from
the instrument is the maximal sound level to be used.

If both tinnitus and hyperacusis are present, the hyperacusis is treated first.

When significant tinnitus is present, hyperacusis is still treated first and the sound
level is determined by potential annoyance; additionally, patients are instructed
to avoid suppression of tinnitus if possible. Being close to the “mixing point”
is a secondary goal, attempted only after substantial improvement is noted in
hyperacusis.
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3.6.5 Category 4: prolonged worsening of symptoms by sound exposure

The characteristic feature of patients in category 4 is that the tinnitus and/or hyperacusis are exacer-
bated for periods of days or even weeks by exposure to external environmental sounds. The exacer-
bating sound might be considered to be quite low. Although this prolonged exacerbation is relatively
uncommon, it is extremely important to recognize its presence, because inappropriate treatment can
have devastating results. The most important criterium is whether the tinnitus and hyperacusis are
still enhanced the following morning after a good night’s sleep, following exacerbation by sound.
This group has the lowest probability of success, and recovery takes a long and unpredictable time.
Hyperacusis is almost always the dominant problem in category 4. Consequently patients need very
detailed counseling focused on hyperacusis.

The mechanism of enhancement of tinnitus and/or hyperacusis by sound expo-
sure may be either peripheral or central. One hypothesis is that there is a mechanical
dysfunction of the cochlea, principally the OHC and the basilar membrane, result-
ing in enhanced function of the cochlear amplifier. The overamplification may be
caused by a shift in the working position of the cochlear amplifier into a higher
amplification setting, where it “gets stuck.”

In category 4, the mechanism of prolonged symptom exacerbation can be explained by a “kindling”
or "winding-up” effect.

Undoubtably some of these cases have an explanation in central auditory dysfunc-
tion. One explanation is that a phenomenon similar to “kindling” or “winding-up”
occurs. The term kindling is used in epilepsy to describe the process whereby a weak
electrical stimulus initially has no effect but repetitive presentation induces a full
epileptic attack. In the case of tinnitus, the term is used to describe the prolonged
worsening of tinnitus and/or hyperacusis as a result of exposure to a relatively short
period of moderate or loud sound. In “winding-up,” the worsening of a symptom
occurs from exposure to a continuous stimulus over a prolonged period of time.
This phenomenon is well recognized in pain; in tinnitus and hyperacusis it describes
the significant worsening to even very low levels of sound when the sound is pre-
sented for a longer period of time. The same sound presented for a shorter time
has no effect. A potential mechanism might involve continued overstimulation of
the auditory system when in a sensitized state, leading to a permanent resetting of
central auditory filters. These then overreact to very low levels of external sound
(Jastreboff, 1990; Moller, 1997).

Some patients who are severely misophonic or phonophobic may also experience
the sensation of decreased sound tolerance that persists beyond a night’s sleep after
sound exposure. It is clearly of great importance to take a detailed history (without
prompting the patient too strongly) to establish whether there are strong concerns
about the possible ill effects of normal levels of environmental sound on the ears
or on hearing.
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The strategy in this treatment category is to avoid overstimulation and to apply
levels of sound as much above the threshold of hearing as the patient can toler-
ate, without evoking the “winding-up” effect. Being above the point of stochastic
resonance is of secondary importance in this category; however, patients need to
be counseled about stochastic resonance to avoid the enhancement of symptoms.
The treatment is aimed at desensitization of auditory pathways, similarly to cat-
egory 3. In patients with strong misophonia or phonophobia, this approach will
also avoid the possibility of causing extreme distress through overstimulation with
sound therapy aimed exclusively at hyperacusis.

For category 4, binaural wearable sound generators are used, typically starting from very low sound
levels and increasing with very gradual increments.

Therapy begins with the fitting of binaural wearable sound generators as for
category 3, but with instructions to keep the sound level close to threshold for a
period of a few weeks. The patient’s status is then reviewed. Patients are frequently
advised to wear their instruments initially for a week without switching them on, as
a part of the problem with intolerance of the instruments may result from general
sensory oversensitivity, including touch. Sequential treatment blocks of six to eight
weeks follow, with small increments in sound level from the instruments on each
occasion. At any time that the tinnitus or hyperacusis is exacerbated, the level of
sound is reduced by one step. The need for continuous exposure to sound from
the instruments is crucial. It is much better to continue for prolonged periods of
time with instrument levels set just above the threshold rather than to use the
alternative strategy (adopted by some centers) of brief episodes of exposure to a
much higher level, which are gradually increased in duration. It must be stressed
that this alternative approach has made a number of patients very much worse. This
is evident from evaluation of patients coming to us for TRT who had undergone
“pink-noise therapy”. It is recognized that there is a risk of stochastic resonance
with such low initial levels of sound, which might enhance tinnitus, but this risk
is outweighed by the problems created by too rapid increases in instrument sound
level, as this might itself cause prolonged worsening of symptoms. Patients should
be advised that there could be some temporary increase in tinnitus through this
effect.

Use of the wrong sound therapy can make category 4 patients much worse.

Some hyperacusis patients have been recommended to use so-called pink-noise
therapy. This does not actually involve the use of pink noise, which is defined
as noise where the acoustic energy decreases inversely with frequency, but uses a
spectrum of sound with the hyperacusis frequencies filtered out. Typically, the lev-
els reccommended are quite high. While this approach is not optimal for patients
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with hyperacusis who fit our category 3, it can be absolutely devastating when
used in the treatment of category 4 patients. When these patients are exposed
to continuous high levels during pink-noise therapy, cumulative effects occur
and tinnitus and hyperacusis are set permanently to a much higher level than
before treatment began. Using low levels of broadband noise just above thresh-
old avoids this exacerbation effect; over prolonged periods of time, this approach
produces compensatory changes that result in a reduction of hyperacusis and
tinnitus.

3.7 Follow-up and closure of treatment

Follow-up contacts are essential for maximal therapeutic effect.

Follow-up contacts are necessary to assure that TRT has its maximum impact
and effect. During these contacts, continuous counseling is performed, including
reinforcement of the goals we aim to achieve. The compliance of patients is checked
with regard to the protocol for reccommended sound therapy, the use of enrichment
of background sounds, instrument settings, and the gradual withdrawal from the
use of ear overprotection. Treatment progress is monitored, and patients’ questions
and concerns are addressed. Finally, recommendations are made regarding the next
phase of the treatment.

3.7.1 Methodology of follow-up contacts

In tinnitus retraining, the follow-up sessions constitute an important part of the overall treatment,
including re-presentation of the model.

It is essential to establish a structured and well-organized system of follow-up.
Wherever possible, the patient should return to the treatment center. If, because
of constraints of distance or finance, normal visits are prevented, then at least a
telephone/fax/e-mail interaction with the patient must be maintained as long as
necessary. The intervals between visits will vary according to the logistics of the cen-
ter and the individual needs of the patient, but contacts will be more frequent in the
initial stages of therapy. Follow-up appointments, counting from the instrument-
fitting session, are scheduled monthly for the first three months, then at 6, 9, 12,
18 and 24 months. These intervals will depend on what is practical at each center,
and when the final stage of treatment is reached for each patient.

Each renewed contact with the patient involves elements of tinnitus retraining counseling, the specifics
of which depend on the individual patient and stage of treatment.

Each renewed contact with the patient involves elements of TRT counseling, the
specifics of which depend on the individual patient and stage of treatment. This is
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in contrast to some traditional views about follow-up, where there is fairly simple
checking with a few measurements to see “how the patient is getting on.” In TRT,
the follow-up sessions constitute an important part of the overall treatment. During
follow-up, specific aspects of each patient’s problems and the status of their tinnitus
and hyperacusis at the time form the central theme of the counseling approach.
Patients are encouraged throughout the program to ask any questions which come
to mind, particularly based on their own experience of tinnitus and hyperacusis.
Follow-up visits enable these questions, fears and anxieties about what might be
happening to be vocalized, discussed and disposed of.

Follow-up also checks the patient’'s compliance with the prescribed protocol; if necessary the sound
therapy approach is modified.

Another part of the follow-up process is checking the patient’s compliance with
the prescribed protocol and, if necessary, modifying the sound therapy approach.
Problems that are a natural part of auditory rehabilitation (in the hearing aid
group) and those associated with instrument fitting or function are dealt with at
the same time. It must be stressed that the major role of these follow-up visits is to
provide repeated episodes of TRT counseling and checking that the patient really
understands the concept of the mechanisms involved to a point where they become
second nature.

The second major role of the follow-up process is to assess changes in patient
status, as part of the outcome measures. The first part of this process involves
a follow-up structured interview guided by a specific form (Appendix 1). This
form mirrors the form for the initial interview. The goal of therapy is to decrease
and finally eliminate the effect of tinnitus and hyperacusis from the patient’s life.
Questions are tailored to examine these parameters. In particular, questions are
asked about activities that are interfered with, or prevented, with reference to
concentration, quiet recreational activity and sleep. Since we are expecting to
see a partly independent development of habituation of tinnitus reaction and
tinnitus perception, questions are developed to differentiate between these two
entities.

Separate questionnaires used during follow-up assess the degree to which habituation of tinnitus
reaction and habituation of tinnitus perception has occurred.

Questions relating to habituation of perception include the average percentage
of time when the patient is aware of tinnitus over the last four weeks. These data
are surprisingly coherent. Questions about habituation of tinnitus reaction deal
with the annoyance experienced when tinnitus is present. Patients are asked the
percentage time when tinnitus is annoying them. Another useful measurement is
the change in frequency of “bad days” and perceived change of annoyance during
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the bad days. Since the perceived severity of tinnitus tends to fluctuate, this provides
us with a measure of the maximal level of annoyance produced by tinnitus. Obser-
vation that the frequency of bad days is unchanged but the level of annoyance on
those days is reduced indicates a habituation of reaction, while a reduction in the
actual frequency of bad days indicates habituation of perception. For all parameters
studied, we ask if change has occurred, and in which direction (i.e, same, better,
worse).

It is crucial not to ask leading or biased questions during these interviews. The
questions must be formed in a way that is neutral and leaves the patient with the
option to answer one way or the other. In each case, when applicable, we ask patients
the same question separately about tinnitus and about decreased sound tolerance.
These evaluations are done initially and repeated on all follow-up visits. This enables
statistical analysis of the changes of all these parameters over the treatment period.

The final questions are aimed at assessing commitment. First, patients are asked
what their reaction would be if, because of any reason, they had to return the
devices they are wearing. The majority of patients have a very strong response,
indicating their unwillingness to part with them. A much smaller group has a
neutral attitude towards the idea of returning them (mostly people at the end of the
treatment).

LDLs are assessed at each visit for patients with hyperacusis, to guide treatment and assess
improvement.

Audiometric measurements are repeated for the first time at the six month follow-
up, except for patients with decreased sound tolerance (category 3 and 4) when
LDL are evaluated at every appointment. Repeated LDL measurements are helpful
in deciding the proper sound levels that can be used at a given stage of treating
hyperacusic patients. It also provides us with a means of assessment of improvement
in these patients. During the final follow-up appointment, all patients repeat the
audiometric evaluations that were performed at their first session. This is primarily
to ensure that there are no new developments in the auditory system unrelated to
tinnitus.

The use of extensive questionnaires aimed at the evaluation of multiple param-
eters of tinnitus, hyperacusis and the psychological status of the patient could be
extremely useful as part of a research protocol, but they have no place in TRT as
they do not provide information relevant to treatment and require extra time. As
the goal of our program is to improve the life quality of the individual impaired
by tinnitus and hyperacusis, specific questions are aimed at measuring changes
in these parameters. Improvements in psychoacoustical measurements of tinnitus
will not indicate that the patient has been helped unless there has also been an
improvement in the patient’s life quality. This approach is in contrast to most of the
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published research on tinnitus, where success of a treatment is measured in terms
of changes in audiometric tests. In reality, these bear no relationship to the distress
experienced by the patient.

3.7.2 Potential factors related to a failure
A frequent question concerns the patients who fail in a TRT program. It is possible
to identify certain classes of patient who show a lower probability of improvement.
However, even these patients typically make some progress, and some of these will
eventually do really well.

In general, if TRT fails to produce the expected outcome, it is important to
have a plan for modified treatment and not to abandon the patient. Modification
may involve changes in protocol and require additional time. Over time, a number
of these patients eventually reach the level of significant improvement and do
not require further help. They should not be considered as a TRT success, as the
mechanism involved in their improvement may contain elements of spontaneous
habituation or other non-specific effects not related to TRT. They are classified as
“no-better” for the purpose of reporting results. Many professionals who practice
TRT may feel unwilling ever to give up on a patient, however slow their progress.
There is always the issue of allocation of resources, which means that the benefit
available to the large majority of tinnitus sufferers may be compromised if too much
time is spent on a single very difficult individual.

Temporary worsening of symptoms
Some patients exhibit temporary worsening of their symptoms around four to
eight weeks into the treatment. It is important to be aware of paradoxical worsening,
which in reality is not failure at all. Often it is related to a fast positive response to the
first session and rapid habituation, resulting in initial enthusiasm about the program
and a belief that symptoms are likely to continue to get rapidly better. However, on
returning home and experiencing exacerbation of symptoms related to the natural
variations of tinnitus, patients become despondent and begin to become anxious
that the treatment might not work. Furthermore, despite counseling, many patients
have an expectation of a monotonic smooth, continual improvement, whereas
changes can occur in an unpredictable fashion with any complex neurophysiological
process. While habituation occurs rapidly but is not strong enough to assure stable
control of tinnitus, all patients will experience fluctuations of tinnitus effects and its
perception. It actually reflects a positive development and results from the following
processes. If the brain is able to control tinnitus only for a period of time by a process
of temporary habituation, then when release of this control occurs, the original
symptoms re-emerge. Compared with the time when tinnitus was under control,
thisis perceived asa worsening of tinnitus and a potential failure of treatment; in fact,
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it is just another manifestation of the contrast phenomenon. These experiences are
actually an indication of fast habituation and a good prognostic sign, provided that
the patient is properly and speedily counseled about the real nature of these effects.
Otherwise habituation can be blocked and reversed by the patient’s perception that
treatment has not only failed but may have made tinnitus worse. This is a good
reason for early follow-up (at four to eight weeks) and also to include a discussion
of these effects in the initial counseling, stressing that it is always temporary. These
patients require reinforcement of the message presented in the first session and
a detailed explanation of the processes outlined above. This approach is always
effective in getting patients back into the standard treatment and to proceed as
expected to permanent habituation of their tinnitus. It is useful to point out to
patients the positive aspect of this experience, as it demonstrates that the brain
is indeed capable of achieving at least short-term habituation. Warning patients
of this common experience at the initial consultation can avoid this particular
problem.

Inadequate initial counseling or lack of sufficient follow-up visits

Some patients find it very difficult to follow the protocol: they fail to make the
effort of following sound therapy; they think they know better or simply mis-
understand instructions. Sometimes, it appears that a patient is doing the right
things, but careful questioning reveals problems that need to be addressed. Rep-
etition of the elements of the initial counseling, presented in a different perhaps
simplified manner, with checking for comprehension, and increasing the frequency
of follow-up visits is usually helpful. Remember that for initiating habituation of
tinnitus it is essential to reclassify tinnitus to a category of neutral stimuli. It might
not be achieved during initial counseling, so that repeating the description of the
neurophysiological model is necessary to assure reclassification of tinnitus.

Lack of follow-up and not teaching the model properly are the commonest causes of failure.

Lack of follow-up is a common reason for failure. Sometimes, it reflects lack
of full appreciation by patients or therapists that follow-up is as an essential part
of the treatment, rather than visits which simply check progress. In an extreme
situation, patients are being fitted with sound generators, given limited counseling
and asked to report results in half a year or so, without any subsequent visit. In
fact this is not TRT at all, as for TRT the counseling is the indispensable part of the
treatment. Habituation of stimuli that have strong negative connotations is very
difficult; consequently habituation is hindered as long as tinnitus is perceived as
indicating potential problems or even danger. One intense session of counseling is
frequently insufficient to convey all the information needed for reclassification of
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tinnitus. Therefore, all follow-up sessions must contain elements of counseling and
reinforcement of the concepts of TRT.

The effects of litigation
The presence of litigation makes habituation difficult.

Patients involved in litigation, or whose income depends on the continued expe-
rience of tinnitus/hyperacusis (i.e., disability payments), typically show very slow
progress or no progress at all. Putting aside the possibility of inventing or exag-
gerating their symptoms because of potential financial gain, these patients are
constantly being interviewed by different doctors and lawyers, which brings tin-
nitus/hyperacusis constantly to their attention, reinforcing its negative aspects,
especially feelings of anger and grievance. This works directly against the approach
and principles of TRT.

Subconsciously, the awareness that tinnitus distress may enhance any payments
or income (disability) received through the legal process can also militate against
habituation of tinnitus. It is essential to ask patients about impending litigation
and to warn them about the possibility of a negative impact on treatment. Where
appropriate, it is advisable to counsel patients about the benefits of avoidance or
speedy conclusion of legal activity, after which TRT can proceed as in other patients.

Severe psychological problems

Some of our patients experience depression or high levels of anxiety before the emer-
gence of tinnitus. Others have long-standing psychiatric illness that has resisted
effective treatment. These patients are frequently on medications for anxiety or
depression or others that might enhance tinnitus or hyperacusis and impair
the plasticity of the brain necessary for habituation to occur. Such medications
can also impair their ability to understand new concepts (Beckers et al., 2001a;
Busto, 1999; Gerak et al., 2001; Kilic et al., 1999; Lader, 1999; Longo & John-
son, 2000; Munte et al., 1996; Verwey et al., 2000; Ziemann, Hallett & Cohen,
1998).

Patients who experience depression purely as a result of tinnitus/decreased sound tolerance do well,
particularly if they are not on psychotropic medications.

Patients who experience a depressive illness purely as a result of tinni-
tus/decreased sound tolerance do well, and their depression tends to improve with
the improvement of their tinnitus, particularly if they are not on psychotropic
medications. In this group, it is important that patients realize that, even if tinni-
tus/decreased sound tolerance is effectively treated, they may still experience anx-
iety and depression caused by other factors. Patients whose depression or anxiety
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hinders effective TRT may need separate treatment by a psychiatrist or psychologist
simultaneously with TRT before progress can be made. Patients who have previ-
ously been resistant to such treatment, or who frequently relapse, may occasionally
prove impossible to be helped by TRT.

Effects of medications

Psychotropic drugs slow habituation but should only be withdrawn slowly, under the direction of a
physician, and after tinnitus retraining has begun.

It is common for many patients, especially the elderly, to be taking various drugs.
Furthermore, since significant tinnitus frequently produces or enhances depression
and anxiety, patients are often being treated with psychotropic drugs. Some centers
are using these drugs for the treatment of tinnitus in spite of a lack of clinical results
showing their effectiveness. Unfortunately, many of these medications reduce the
ability and speed of learning and plasticity of the brain, thus hindering the process
of habituation. Finally, some drugs have the properties of enhancing tinnitus or
hyperacusisby direct effect or asa result of withdrawal (e.g., Alprazolam, Fluoxetine;
for details see Ch. 6). When patients are on medications, it is essential to have a close
interaction with all physicians who are prescribing for the patient, in an attempt to
minimize the number of drugs and their dosage. In particular, drugs prescribed in
the false belief that they are helping tinnitus should be gradually withdrawn.

As patients get older, they get more sensitive to many drugs. As they tend to
develop more medical problems, they are prescribed still more drugs or have their
dosage increased because of lack of therapeutic effect, with profound and unpre-
dictable effects on the central nervous system, tinnitus and/or decreased sound
tolerance.

Category 4 patients

Category 4 patients typically show a slower response to tinnitus retraining and should be tested for
Lyme disease.

Patients in category 4 typically show a slower response, with a lower probability of
success. The most complex situations in this category are patients with Lyme disease
(borreliosis), who have a number of profound neurological problems in addition
to having very significant hyperacusis, all correlated with the extent and the stage
of the disease. A confounding problem in all category 4 patients is the inability to
use higher sound levels for sound therapy. There is also a tendency for a greater
degree of fluctuation of symptoms, which makes setbacks more common. In this
category, itis important to check the possibility of predisposing, underlying medical
conditions requiring specific treatment, or medication that might be implicated.
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This category challenges the proficiency of the TRT practitioner more than any
other. The application of sound therapy in a very slow and careful way, without
aggravating the symptoms, has to be combined with skilled counseling of a patient
who may be profoundly misophonia. It is necessary to be prepared, and to make
the patient prepared, for slow and irregular progress.

Suppression of tinnitus evoked by hearing aids
Tinnitus suppression induced by the use of hearing aids can slow the habituation process.

Paradoxically, patients are more complex to treat if it is very easy to suppress
tinnitus with hearing aids. Here tinnitus can be totally suppressed by environmental
sounds amplified by hearing aids. While it is always possible to adjust the sound level
of sound generators to prevent suppression of tinnitus, it may not be achievable
with hearing aids without losing the benefits of improved communication. Some
patients will be in a program of “tinnitus masking” and strongly attached to the
relief of symptoms this method brings to a few people. With hearing aids, it is
important to spend some time each day, perhaps when there is nothing much to
listen to, with hearing aids turned down or even switched off so that tinnitus is
audible, and to apply standard methods of sound therapy. With patients, who, in
some cases, have been fully “masking” their tinnitus for up to 20 years, we have
been successful in gradually converting them to a TRT program and achieving
habituation of their tinnitus. This has been achieved by gradual reduction in sound
generator level, together with the implementation of appropriate counseling.

Focusing on a cure

Any patient who is deeply convinced that a certain approach is effective (e.g., mask-
ing, allergy, homeopathy) may have difficulty in accepting the principles of TRT
and, therefore, may not benefit from this approach. An additional group includes
those who are so focused on the need for total eradication of tinnitus that they
will not settle for anything less, even though they may improve substantially. These
patients generally conduct a fruitless search from place to place to achieve a goal of
not hearing their tinnitus at all. The secret is in teaching a correct understanding of
the neurophysiological model, which can refute and contradict the wrong beliefs
about the mechanism of their tinnitus and its effective treatment. Some patients
seem to make a career out of being unhelpable and may have rather specific per-
sonality defects that will prevent TRT from succeeding.

3.7.3 Closing the treatment
With any treatment that continues over a long period of time, it may be difficult
to decide when to stop treating the patient. With TRT, there is no precise way to



141 3.7 Follow-up and closure of treatment

identify the end-point of treatment, or to decide when a significant therapeutic
effect has been achieved. During treatment, the improvement occurs very slowly,
with the rate of change gradually decreasing, making it even more difficult to deter-
mine when the treatment can be considered to be finished. Moreover, group data
show that there is a smooth continuum of the extent of improvement and, there-
fore, it is impossible to identify any specific value as a “significant” or “sufficient”
change.

Closing the treatment depends on patient expectation. Avoid sudden changes.

Each patient has a different expectation and goal of what they hope to achieve
during the TRT program. The same level or habituation or extent of improvement
can be considered highly satisfactory by one patient and inadequate by the other.
Some patients will be delighted with a small reduction in their tinnitus annoyance,
while others will continue in treatment until they reached a point where they can
hardly perceive their tinnitus at all (Jastreboff, 1999a; Sheldrake et al., 1996).

When to stop

Most patients at the beginning of treatment will have significant scores on our
analogue scales relating to most symptoms; apart from those in category 0, patients
will typically have values between 5 and 10. We expect scores on these scales to reach
1 or 2 before deciding to stop the treatment. Values for tinnitus awareness should
be around 10% or less, and annoyance as close to zero as possible, indicating that
habituation of reaction, the goal of TRT, has occurred. In every case, the time to
stop treatment must be agreed upon with the patient, when the conclusion is that
no formal further appointment is needed, although the door is always left open.

How to stop

Throughout TRT, it is important to avoid rapid changes, and this principle applies
to the termination of the treatment as well. Rapid changes may result in alterations
in neuronal activity, with increases of reaction and perception of tinnitus. This
may make patients feel that they still have problems. Do not do anything that will
unnecessarily attract attention to the patient’s symptoms. For instance, in stopping
the use of wearable devices, it is important not to do this by reducing the wearing
period to part of a day, resulting in the patient putting on and taking off the devices
and drawing attention to their symptoms. Rather, they should stop wearing devices
for certain days during the week. Gradually they stop the use of sound enrichment.
The use of sound during the night should be the last thing to be withdrawn, but it
may be that the patient prefers to continue with this strategy as sound enrichment
during the night often improves sleep quality regardless of the presence of tinnitus
or decreased sound tolerance.
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3.7.4 What to do in case of relapse

If tinnitus re-emergence is experienced after successful therapy, subsequent retraining is usually fast
and effective.

Although re-emergence of troublesome tinnitus is uncommon following a full
TRT program, it does happen occasionally. New and different sounds may be
noticed following some unconnected events, either emotional or ear related, and
tinnitus emerges again as a problem, usually after a long period when no tinnitus
was experienced at all. Though this is often what patients fear most, they should
be strongly reassured that the subsequent emergence of tinnitus is easy to treat,
because they have already acquired the skills inherent in the retraining program.
They should be advised to start at once with the information review and sound
enrichment, and to make renewed contact with their professional support. In our
limited experience of this quite uncommon problem of recurrent tinnitus, we have
had universally good results and a fast return to a state of habituation. It is worth
telling patients about this possibility before closing the treatment, so that if it should
occur, any concern will be minimized. Paradoxically, the complete disappearance of
tinnitus for long periods of time followed by subsequent emergence of quite trivial
tinnitus can evoke great alarm. The lessons of the neurophysiological model may
have been forgotten rather than rehearsed from time to time, and the patient can
feel that all is lost. The situation is preferred where tinnitus is experienced from
time to time, without any feelings of threat, danger, or any negative reaction, as this
will ensure a process of continued habituation.

Itis often desirable to be able to make contact with patients after they have ceased
formal contact with your center. One reason for this is the important collection
of long-term data for research. Another is that patients who have gone through a
successful program and habituated to the tinnitus can be very useful in helping with
present or prospective patients, and also with providing positive publicity for the
media. In our experience, many grateful patients are only too happy to oblige, but
usually after a period of time ask to be left alone. It is essential not to endanger your
patient’s well-being by risking a recurrence of the problem through re-awakening
memories of tinnitus distress.

3.8 Minimal requirements necessary to perform TRT

The procedures outlined in this chapter present the optimal implementation of
TRT. This version is effective for all types of patient but requires commitment of
sufficient time; therefore, it may be difficult to implement in centers that do not
specialize in tinnitus and decreased sound tolerance and do not have a physician as a
part of the team. Nevertheless such centers may wish to provide TRT. Consequently,
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the frequent question is what are the minimal requirements necessary to conduct
TRT.

3.8.1 Evaluation

The essential information is contained in the forms for initial and follow-up inter-
views (Appendix 1) and all these questions must be asked and responses recorded.
Although it does not take long to acquire answers to these questions by interview-
ing the patient, in the traditional management of tinnitus patients the majority of
these questions are not asked. The most important audiometric measurement is
of LDLs, which should be measured across the full audiometric range (125 Hz to
8 kHz; P. J. Jastreboff measures them up to 12 kHz), together with the pure-tone
audiometric threshold to establish the dynamic range of the ear. Secondary, but
frequently useful, is speech discrimination. Specific “tinnitus measurements” are
unnecessary for treatment but can be useful for counseling.

The other important component of the initial evaluation involves the exclu-
sion of other pathologies involving the auditory system. This can be achieved by
investigations already performed by another specialist, the patient bringing proper
documentation to show that this has been done and that they have a clean bill of
health with respect to vestibular schwannoma etc. Alternatively, these investigations
may be organized as part of the initial evaluation according to accepted otologi-
cal and audiological practice. This information is needed for two reasons: first to
be used in the process of counseling the patient against the presence of sinister
pathology, which may be a part of their anxiety, and second, of course, to avoid
overlooking serious pathology.

3.8.2 Treatment

The essential part of treatment is a process of TRT counseling of the patient, which
requires a deep understanding of the neurophysiological model and its clinical
implications. Some degree of ability to counsel patients in the prescribed manner
must be acquired, and the therapist must fully understand and believe the model
himself/herself. It is essential that each patient is treated as an individual, and that
there is a completely flexible approach to each individual, involving sensitivity and
awareness of the patient’s problems. Giving the same lecture to everybody will not
provide TRT counseling and will not be effective. Therefore, providing patients with
lectures/counseling on videotapes, or counseling in groups, cannot be regarded as
TRT.

The next essential need is a good understanding of the principles of sound
therapy, and that it is not a particular device, but sound, which is important in
TRT. The ability to fit wearable sound generators or hearing aids properly is very
helpful, as these instruments are needed for the majority of patients. While fitting
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hearing aids by a third party under appropriate instruction is possible, in our
experience this has typically caused problems and failure when these professionals
arenot trained in TRT. Therefore, we recommend that fitting of all instrumentation
should be performed in the center that provides TRT. This is even more important
for combination instruments, as their fitting and protocol of use is more complex
than for sound generators or hearing aids alone. It is important to stress that the
fitting appointment includes rigorous counseling related to sound therapy.

While the majority of patients do receive some kind of device as they are a very convenient way of
applying sound therapy, they are not always necessary for TRT.

While the majority of patients do receive some kind of device, and while they are
a very convenient way of applying sound therapy, these devices are not absolutely
necessary for TRT. A majority of the patients can be helped without any instru-
mentation whatsoever. Additionally, category 0 does not involve instrumentation
by definition. The sound, which is provided by environmental sound enrichment,
has no requirements for a specific method of delivery.

Proper use of instrumentation facilitates progress in TRT.

However, proper use of instrumentation facilitates progress in TRT, and centers
providing TRT should master the art and science of instrumentation as described
here.

3.8.3 Follow-up
Follow-up contacts are necessary to achieve a high rate of success.

Follow-up contacts are necessary to achieve a high rate of success; without such
contacts, some patients may develop problems, in particular poor compliance with
TRT principles. Furthermore, without follow-up, the therapist has no means of
knowing whether his/her technique is effective or not and loses the opportunity
to improve skills as a TRT practitioner. For this reason, we strongly discourage
embarking on TRT programs without the ability for following patients.

During follow-up visits, the essential component is continued TRT counseling,
and modification of the protocol when needed. Repeated audiological measure-
ments are not essential to the follow-up procedure, except in hyperacusic patients.
Some follow-up contacts can be performed by telephone conversations. However,
face-to-face contact remains a much more powerful and effective way of applying
TRT, and it has more predictable results.
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Our goal is

Evaluation of treatment outcome
and results

The initial results of Tinnitus Retraining Therapy (TRT) from treatment centers in Baltimore,
Atlanta and London are presented, together with more recent results from other centers. The
methods of patient assessment and data collection are described, together with a justification
for these approaches. Approximately 80% of patients exhibited a significant improvement
following the protocol within a period of about 1 year. While these results were obtained with

rigorous protocols for patient treatment, they were generated in everyday clinical practice

and not in specifically designed research studies.

duction

the habituation of tinnitus with the ultimate outcome of abolishing the impact of tinnitus

on the patient's life.

When severely distressed tinnitus sufferers first arrive seeking help in one of our
clinics, they generally have one requirement; the permanent eradication of their
ability to hear tinnitus so that they will never hear it again. They also want to achieve
this very rapidly. The need relates to the severe effects tinnitus has had on their lives,
and the patients’ perception that this can only be improved by entirely removing
tinnitus. Achieving this would represent a cure for tinnitus in the traditional sense.
To our knowledge, itis at present impossible, although it remains a goal for on-going
research. From the previous chapters, it is clear that our goal is the habituation
of tinnitus, and that this process requires some time. The ultimate outcome is
abolishing the impact of tinnitus on the patients’ lives. As such, our goal is identical
to that of the patients, but the specifics of achieving it are often different. Initially,
patients believe that relief from tinnitus can be achieved only by totally removing
tinnitus perception.

Before progress can be made, we may need to change patients’ expectations: first about the speed
at which improvement may occur, second, about final goals and, finally, about the means by which
we are trying to achieve these goals.
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Therefore, before progress can be made, we may need to change patients’ expec-
tations: about the speed at which improvement may occur, about final goals, and
about the means by which we are trying to achieve these common goals. The
demand for never hearing tinnitus again decreases as the patient achieves deeper
understandings of the neurophysiological model of tinnitus and the mechanisms of
tinnitus distress. Moreover, as the feelings of distress and alarm are the first symp-
toms to improve during the initial stages of habituation induced by TRT, there is
a gradual realization that it is the distress caused by the tinnitus rather than the
perception of the tinnitus sound itself that is the problem to be solved.

Where there is a discrepancy between patient expectations and the realistic goals, even if there is
improvement in tinnitus-induced symptoms, the patient will be dissatisfied, and the treatment will
fail.

Where there is a discrepancy between patient expectations and the realistic goals
that we are proposing, even if there is improvement in tinnitus-induced symptoms,
the patient will be dissatisfied, and the treatment will fail. This underlines the
importance of getting patients’ expectations correct from the beginning. In the
overwhelming majority of our patients, this is achieved by appropriate counseling
during the initial consultation. In some patients, it takes some time to accept the
model and expected outcome, and a few, who cannot accept our approach, remain
dissatisfied even when it has been shown that the quality of their life has improved
substantially.

4.2 Methods of data collection

Data are initially presented from our own centers in Baltimore USA and London
UK, where TRT was first implemented. More recent results from these centers, and
from the other centers around the world, are presented later.

The lack of objective methods for detecting tinnitus and evaluating its severity makes the selection of
proper methods and criteria for assessing the effectiveness of a treatment extremely important.

The lack of objective methods for detecting of tinnitus and evaluating its severity
makes the selection of proper methods and criteria for assessing the effectiveness of
a treatment extremely important. A variety of questionnaires to evaluate tinnitus
as a problem have been developed and used over time. Questionnaires can be
completed by individual patients, saving the time of healthcare professionals and
removing the personal bias of an interviewer. However, patients can misunderstand
some questions or focus attention on unimportant issues and so our preference is
towards performing structured interviews in patient assessment.
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To evaluate the extent of habituation and changes in the patient’s status during treatment, we used
forms that guide a structured interview during initial and follow-up visits.

The extent of habituation and changes in the patient’s status during treatment was
evaluated by structured interview forms, which were used during initial and follow-
up visits. To reduce the possibility of contaminating our results with a placebo effect,
the criterion for inclusion was that a patient had undergone at least six months of
treatment; in the London study, the period was at least one year. Since we wanted to
reach all patients fulfilling this criterion, the telephone interview was used as well.
The forms are given in Appendix 1 and the instructions for their use have been
published (Henry et al., 2003).

On the basis of the combined responses and the criteria presented below, a patient
was classified as (i) showing significant improvement (referred to as “better”),
(ii) with tinnitus that was the same or slightly improved (“same”) and (iii) “worse”.

The data were entered into a Microsoft Access database. All descriptive statis-
tics were obtained using Access queries. Statistical calculations were performed
following standard methods (Keppel, 1991; Ridgman, 1975).

4.3 Criteria for improvement with respect to the neurophysiological model

Because there are no objective measures for tinnitus, the assessment and evaluation
was based on standard forms for structured interviews (see Appendix 1). The final
goal of removing the impact of tinnitus on the patient’s life is achieved in TRT by tin-
nitus habituation. Tinnitus habituation consists of two components, habituation of
reaction induced by tinnitus, and habituation of its perception. Consequently, eval-
uation of patients included scales for assessing the changes in annoyance induced by
tinnitus (reflecting habituation of reaction) and percentage of time when patients
were aware of tinnitus (habituation of perception). For assessing the final outcome,
global measures were used, such as impact of tinnitus on the patient’s life, number
of activities affected by tinnitus and ranking tinnitus as a problem in life. A number
of other measures reflecting specific aspects of tinnitus were helpful in monitoring
and modifying treatment were used as well and are listed below.

4.4 Technical aspects of measurement

The same questions were asked on initial and all follow-up visits.

The same questions were asked on initial and all follow-up visits. The impact of
tinnitus on life quality was estimated in two ways. First, a statement is made about
the way in which tinnitus and (separately) decreased sound tolerance interfere with
a standard list of activities. The patient was also requested to include other affected
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activities that are not on the list and that are important for their everyday life.
Patients were asked as well to indicate any change in their activity list during each
follow-up visit. This provided a double checking of the validity of the subjective
report of the patient. Second, the patient was asked to rate on a scale of 0 to 10
the effect of tinnitus on their life on average, during the last month. The extent of
annoyance induced by tinnitus was estimated by asking patients to rate ona 0 to 10
scale their subjective perception of annoyance, on average, during the last month.
Assessment of habituation of perception of tinnitus was estimated by asking patients
the percentage of time they were aware of tinnitus during their waking hours over
the last month. On each visit, they were also asked if this percentage changed, and
in which direction.

Because of the importance of category 4 patients (prolonged enhancement of
symptoms following sound exposure), there was a separate question asking patients
if sound exposure caused symptoms to become better/stay the same/get worse,
for minutes/hours/days. In those indicating prolonged worsening, there was an
additional specific question to discover if the worsening effect persisted after a
night’s sleep.

To help in differentiating between the categories further, patients were asked to
rank on a scale from 0 to 10 the importance of tinnitus, hyperacusis and hearing
loss. This is useful as well in assessing progress and judging the relative importance
of these three problems. For instance, in many patients who reported all three
problems initially present, hearing loss may subsequently emerge as the dominant
factor when other symptoms diminished.

Other questions were helpful in the general assessment of the progress of treat-
ment, but they were not essential for judging the significance of a patient’s improve-
ment. All questions were asked during an interview, with the forms serving as a
means to record results and maintain consistency. All questions were asked in a neu-
tral and similar manner to avoid bias. The concept of misophonia was introduced in
2001 (Jastreboftf & Jastreboff, 2001a, b). Moreover a Tinnitus Handicap Inventory
(THI) evaluation was incorporated into tools for patient evaluation starting in 1999
(data from Atlanta). Consequently, initial evaluations did not involve misophonia
and THL

4.5 Specific criteria for scoring the significance of individual improvement

The standard approach to assessing effectiveness of any treatment is to run a statistical comparison
between control and treated groups, or with a treated group using before and after treatment data.

The standard approach to assessing effectiveness of any treatment is to run a
statistical comparison between control and treated groups, or with a treated group
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using before and after treatment data. While this approach tells about the validity of
the average response, it provides no information about how many patients improve
and by how much. In addition, in a sufficiently large group of patients, even a slight
improvement that is not noticeable for an individual subject can become significant
if the majority of patients are experiencing it. For example, a statistically significant
change in minimal suppression level (MSL), while supporting the validity of the
model, has no practical value in assessing individual patient progress nor is it
noticed by the individual patient (Jastreboff eral., 1994). By comparison, a very large
improvement, clearly perceived by individuals, might be judged as non-significant
if it exists in only a small proportion of patients (i.e., 50% of improvement but
experienced only by 10% of patients will change the mean only by 0.5% and most
probably will not be detected). Furthermore, the group data are of little help in
guiding the treatment of individual patients. Unfortunately, an approach utilizing
any criteria of improvement in an individual patient has a weakness in the total
subjectivity of the criterium selected.

The crucial issue is what should be accepted as a criterium of significant improvement for any indi-
vidual patient.

The crucial issue is what should be accepted as a criterium of significant improve-
ment for any individual patient, which can be applied to all patients. The commonly
used condition of simply recording whether individual patients consider they have
improved is inadequate as it varies greatly from patient to patient, with patient
mood, attitude to therapist, etc. and is extremely subjective. By analyzing various
components of habituation, without the patient realizing the full significance of
the questions asked, and by obtaining objective evidence of activities no longer
inhibited by tinnitus or hyperacusis, a more impartial assessment can be made.
As the goal is to reduce the effect of tinnitus/hyperacusis on life, a prerequisite for
classifying a patient as significantly improving is that at least one activity previously
prevented or strongly affected by the symptoms is enabled.

The second issue is to separate some slight improvement from changes that are having a real impact
on the patient's life.

The second issue is to separate some slight improvement from changes that are
having a real impact on the patient’s life. Comparing results from our scales with
verbal interviews with the patients over years, it was initially decided to require at
least 20% change of the initial value. Finally, we required that more than one of the
measured variables was improved by this much. The criterium that fulfills the above
conditions identifies those patients who readily report a subjective improvement
and are, with time, seen to make steady and continuous progress through the
habituation process.
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In the group of patients who are classified as “same,” there are a number of
patients who are perceiving and reporting some improvement. In this group, there
is often a large fluctuation of severity of problems, or progress is very slow and if
TRT is discontinued it is likely they will relapse. In our experience, those patients
satisfying the criterium for significant improvement do not relapse after finishing
the treatment, even when assessed several years later.

It is important to impose a clear time limit for assessing tinnitus outcome and to repeat evaluation
several times.

It is important to impose a clear time limit for assessing tinnitus outcome, and
to repeat the evaluation several times. Too short a time for assessment of outcome
will result in influencing results by the placebo effect, which in the case of tinnitus
can be approximately 40% (Duckert & Rees, 1984). However, accepting unlimited
time for showing improvement, without following all the patients, will result in
an artificial increase of success rate, as patients who are not showing improvement
will have left the study and only those doing well will return. Therefore, although
we have data from as short a period as a few weeks after starting treatment and
for several years, for the purpose of evaluation we used data obtained between
6 months and two years.

4.6 Placebo effect and spontaneous recovery

The placebo effect is the temporary improvement of symptoms, not related to the effect of the
treatment only its presence.

The placebo effect is the temporary (two to three months) improvement of
symptoms not related to the effect of the treatment, only its presence; with tinnitus,
the placebo effect ranges around 40%. Therefore, the potential impact of a placebo
effect on results should be examined very carefully. With our protocol, the placebo
effect should be limited because patients are assessed not only soon after the start
of treatment, when the placebo effect can be quite strong, but again, typically more
than once and after a long time delay. Sustained results over 6-24 months cannot
be a placebo effect.

Our long-term results do not show any evidence of a relapse.

Importantly, long-term results do not show any evidence of a relapse. Although
we should expect relapse to occur in some patients, its incidence is so low that
we observed only single cases, usually associated with other medical and surgical
problems. It is also possible that patients can have a subsequent emergence of
completely different tinnitus and triggered by some event unrelated to the first
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episode. In such cases, it is common for habituation to start automatically and
progress rapidly. Patients alarmed that this might be a relapse or regression of
their condition and seeking help for a second time can be reassured that, as they
have already learned to habituate to one specific tinnitus signal, the habituation
of the new signal is achieved by the same mechanism more rapidly than before by
following the basic principles of TRT.

Neither placebo effect, nor spontaneous recovery can explain the results obtained in TRT.

The effect of spontaneous recovery should be taken into account when assessing
TRT results. In London, a study was performed on a group of 113 tinnitus sufferers
who were not receiving any specific treatment for tinnitus and who belonged to the
British Tinnitus Association. They completed the same questionnaires at the start
and finish of a 12-month period in which they were asked to estimate the percentage
of awareness of tinnitus, its annoyance and the effect of tinnitus on life. Only 6%
showed significant changes in their tinnitus according to these measurements. A
separate study, comparing tinnitus when it first emerged with just before treatment
started, showed that spontaneous recovery is unlikely in patients requiring treat-
ment (Sheldrake et al., 1996). Accordingly, neither placebo effect nor spontaneous
recovery can explain the results obtained in TRT.

4.7 Effectiveness of tinnitus retraining therapy

To assess the effectiveness and validity of the treatment, the results of our centers
are presented here.

4.7.1 Baltimore
In Baltimore (late 1990s), 223 more recent sequential cases from over 1000 patients,
without any initial preselection, were evaluated on the basis of initial interview,
follow-up visits or telephone interviews if patients were not contacting the center.
These patients were treated according to our TRT protocol and were not a part of
a specific trial.

The criteria for significant improvement included at least one activity initially prevented by tinni-
tus/decreased sound tolerance restored to normal, and at least 20% improvement of the initial value
in at least two of the following factors: annoyance, awareness or effect of tinnitus on life.

The criteria for significant improvement were as described above, with at least
one activity initially prevented by tinnitus/decreased sound tolerance restored to
normal, and at least 20% improvement of the initial value in at least two of the
following factors: annoyance, awareness or effect of tinnitus on life. The data were
gathered with the help of forms for structured initial and follow-up interviews
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Figure 4.1
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Treatment outcome for Baltimore patients. The percentages of patients fulfilling criteria of
significant improvement (black bars), not improving significantly (gray bars) and reporting
worsening (open bars) are presented for various treatment approaches: multiple counsel-
ing and sound generators, counseling and hearing aids, one session of tinnitus retraining
counseling only, and combined first two groups.

(see Appendix 1). Patients reporting improvement but not fulfilling these criteria
were classified as showing no change. Those who reported worsening of their symp-
toms were counted as such.

All patients received intensive initial counseling, which included explanation of
the model, advice about avoiding silence and using sound enrichment (sounds
of nature, radio, television). Two main approaches were implemented for instru-
mentation: 79% of patients received behind-the-ear sound generators (Viennatone
Am/Ti) and 9% were fitted with various kinds of hearing aid according to their
needs, with specific, proper counseling following TRT protocol for patients with
hearing loss (category 2). The remaining 11% received an initial session of coun-
seling but decided not to continue with the protocol. They were followed mainly
by telephone interviews.

The group with sound generators and hearing aids had a similar proportion of patients showing
significant average improvement of 82.0%. Notably, in the group which received only one session of

counseling, only 22.7% of patients showed significant improvement.

The group with sound generators and hearing aids had a similar proportion of
patients showing significant improvement, 81.8% and 83.3%, respectively, with
an average of 82.0% (Fig. 4.1). No change was reported by 14.5% and 3.5%
reported worsening of their problem. Notably, in the group that received only
one session of counseling, only 22.7% of patients showed significant improve-
ment, with 59.1% without significant change and 18.2% reporting worsening
of their problems. Comparison of the effectiveness of the full treatment versus
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Figure 4.2
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Initial characterization of tinnitus in Baltimore patients. Average initial scores recorded during
the first visit for patients who subsequently showed significant improvement (black bars)
and for remaining patients who did not fulfill the criteria of significant improvement (gray
bars). Effect on life and annoyance were measured on 0 to 10 scale; Awareness % shows
the average percentage of time patients were aware of their tinnitus.

the single counseling session was statistically significant (p < 0.001; x =2 = 37.04,
degrees of freedom (df) = 2 using “better”, the “same”, “worse” classification and p
<0.001; x =2 = 36.77,df = 1 usingsignificant improvement versus lack of signifi-
cant improvement classification).

The values of measures used in assessing the treatment outcome were basically
the same at the beginning of the treatment for the “better” and “same” categories
of patients (Fig. 4.2). To focus on the change occurring in individual patients, the
effect of the treatment for each variable, the difference was expressed as a percentage
of the initial value, and those values were averaged separately for improvement and
no-improvement categories. As expected, individual measures relating to treatment
outcome (annoyance, awareness, effect on life) showed changes consistent with both
elements of the habituation of tinnitus (habituation of reaction and perception)
occurring concurrently. In the combined groups with sound generators and hearing
aids, patients classified as showing significant improvement had an average decrease
of awareness by 42.6%, annoyance by 57.7% and effect on life by 54.9% (Fig. 4.3).
The changes were clearly smaller in groups classified as “same” (10.7% effect on
life, 12.2% awareness and 11.5% annoyance). Nevertheless even in that category,
there was a shift in the direction of this improvement for all the measures.

The question of whether the presence of hyperacusis has an impact on treatment
outcome was addressed in a study of 163 patients. The patients were grouped into
category 1 and 2 (no hyperacusis) and category 3 and 4 (with hyperacusis). The
results show that 27% of patients needed to be treated for hyperacusis, and that the
success rate is actually higher for patients with hyperacusis (95%) than for those
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Figure 4.4
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Changes in tinnitus following treatment in Baltimore patients. The averages of percent-
age changes calculated for individual patients. All other descriptions as in the previous
figure. Note decrease of presented parameters to about half of initial values, and that
some improvement was observed even in patients who did not meet criteria of significant
improvement.
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Comparison of treatment effectiveness for tinnitus only (categories 1 & 2), tinnitus and hyper-
acusis (categories 3 & 4), and for all (categories 1 to 4) patients. Note higher effectiveness
of the treatment for patients with hyperacusis. Bars as in Fig. 4.1.

with only tinnitus (78%) (Fig. 4.4). The overall effectiveness for all these patients
was 82%.

In a subpopulation of 223 patients where full data were available, cumula-
tive distributions for each of the parameters recorded before treatment revealed
some interesting findings (Jastreboft, 1999a). There were no significant differences
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between the distributions of these parameters for different categories, suggest-
ing that the effects of tinnitus on patients do not depend on our categorization.
The median values for severity, annoyance and impact on life were in the range
5-7 (on 0 to 10 scale). These distributions were uniform, after exceeding values
of about 3—4, with approximately 10% below these values. This finding indicates
homogeneity and continuity of these data, suggesting a value of approximately
3 for the threshold for clinically relevant tinnitus. In the case of awareness, the
threshold value is approximately 20-30% (of the total time), with a rapid increase
in the number of patients for values greater than 90%. Perhaps patients severely
affected by tinnitus believe that they are perceiving tinnitus all, or nearly all, of the
time.

To assess the effect of the treatment, the initial value for each parameter was
subtracted from the value recorded during the following-up visit and presented as
a percentage of the initial value. Analysis of cumulative distributions of these values
showed that the median change was approximately 50%, with the exception of
severity, which showed a smaller change. Thisis nota surprise, as patients were using
the term severity to describe perceived tinnitus loudness. Audiological loudness
match does not change with treatment, and reported changes reflect modification
in perceived significance of tinnitus.

Patients with hyperacusis show greater improvement than those with only tinnitus.

Patients with hyperacusis show greater improvement, despite the groups being
statistically similar in other respects. This finding supports the theoretical predic-
tion of the neurophysiological model of tinnitus; hyperacusis should be easier to
decrease/remove as the desensitization method used for its treatment in TRT does
not involve retraining of conditioned reflexes and consequently is easier to achieve.
Improvement in hyperacusis results in a decrease of general anxiety level and thus
facilitates the habituation of tinnitus. Clinical data fully confirm this prediction and,
as shown in Fig. 4.4, patients with hyperacusis tend to have a higher probability of
improvement. Moreover, they recover faster.

To gain a deeper insight into the effects of TRT, a cumulative distribution is used
to show the percentage of patients improving in a given variable by a relative extent
(from 0 to 100%) (Fig. 4.5). The horizontal axis shows the percentage change for
the parameter that is showing maximal change. Each patient was assigned a number
that represents the maximal change observed among those parameters (the largest
relative improvement). The reasoning for this way of data representation is that it
would be most closely related to the subjective perception of improvement by the
patient. Consequently, zero indicates no improvement in any of the parameters and
minus 100% indicates that at least one of the parameters totally disappeared. The
y axis gives the percentage of patients for whom this value of maximum change is
equal or larger than the value shown on the x axis.
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Figure 4.5 Cumulative distribution of patients experiencing a given level of improvement for at least one
parameter. Solid line presents the average for all the subjects. Horizontal dashed lines show
the median and the proportion of self-reported improvement. Note the smooth functional
dependence, and that patients with hyperacusis (dashed line) exhibit a tendency to larger
improvement than patients with tinnitus only (dotted line).
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Only about 1% of all patients reported no improvement or worsening for all
parameters. At the same time, 14% of all patients reported a decrease of at least one
parameter to zero (—100% change; Fig. 4.5, continuous line). Half of the patients
reported the change of at least one parameter by 65%. There is a tendency close
to the level of significance (Smirnov test) for larger improvement in patients with
hyperacusis (Fig. 4.5, dashed line) compared with tinnitus only (Fig. 4.5, dotted
line). Additionally, twice as many hyperacusic patients (22%) experienced decrease
of one of the parameters to zero compared with category 1 patients (no hyperacusis;
11%). Finally, the change of approximately 40% can be seen for 82% of patients.

These results further support the data presented in Figs. 4.1—4.4, which show that
TRT, when implemented in an optimal manner according to the neurophysiological
model, provided significant relief for approximately 80% of the patients receiving
full treatment.

4.7.2 Atlanta
In 1999 P. J. Jastreboff moved to Emory University School of Medicine, Atlanta,
Georgia and created a new Tinnitus and Hyperacusis Center. Treatment of patients
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started in 1999 utilizing a modified TRT protocol (e.g., improved counseling with
stress on conditioned reflexes, modified setting of sound generators with more
emphasis on avoiding annoyance and avoiding close-to-threshold sound levels),
which is presented in this book. At the moment, results from the work at Emory
are being analysed, but some preliminary data have been reported (Jastreboff et al.,
2001; 2003b; Jastreboff & Jastreboff, 2002).

The method of data analysis presented in the previous section was based on a
specific criterion of treatment outcome, and success was defined as the propor-
tion of patients who fulfilled this predetermined criterion. While this approach
allowed identification of improvement in a given patient, its main weakness is
that the validity of the chosen criterium may be questioned, and that the results
of the evaluation may be biased by the choice of the specific criterion. Analysis of
the results in these earlier sections, using a multifactorial criterion of success, yielded
success rate of over 80%. This criterium was, however, purely subjective.

The other approach is to analyze statistically the changes of multiple parameters
recorded before and during treatment in a group of patients. This approach does
not allow analysis of individual patients but does provide information about the
effectiveness of a treatment in a group of patients. The results from Atlanta are
reported using a statistical assessment of the significance of changes in a popula-
tion of patients treated with TRT, without making any assumptions about what
constitutes the criterium for success.

The results of 120 consecutive patients with tinnitus, hyperacusis, misopho-
nia and hearing loss treated at the Emory Tinnitus and Hyperacusis Center are
presented. All patients underwent identical initial and follow-up interviews (see
Appendix 1) and were asked to complete the THI questionnaire (Newman, Jacobson
& Spitzer, 1996). Patients were evaluated and assigned to the proper category and
treated with the variant of TRT appropriate for this category. Attempts were made
to perform the follow-up visits at 1, 2, 3, 6 and 12 months from the initial visit.
Since many patients came from distant locations, some of the early follow-up visits
were omitted or substituted with telephone consultations. In follow-up interviews,
patients were asked to evaluate an average for a given variable for the last month.
Only the most relevant variables from structured interviews (i.e., percentage of time
when the patient was aware of tinnitus; the percentage of time when the patient
was annoyed by tinnitus; tinnitus severity, how strong/loud it was, how annoying it
was; how much was tinnitus affecting life; and how big a problem was the tinnitus)
are presented together with the THI results.

The collected data are not normally distributed (as they are percentages or ranks
from 0 to 10); consequently, non-parametric statistics had to be used. The Wilcoxon
test was used to calculate statistical significance of the differences between beginning
of the treatment and a given point of time (two-tailed test). Means and standard
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Table 4.1 Distribution of patients into categories and acceptance of recommended
instrumentation

Number following recommended

Number of patients instrumentation (% of those
Patient category (% of population) recommended)
0 13(11.8) 13(100)
1 47(42.7) 44(93.6)
2 19(17.2) 16(84.2)
3 31(28.2) 27(87.1)
4 10(9.1) 9(90.0)
All 120(100) 109(91.8)

Note that for category 0, there is no instrument recommendation.

errors of means (SEM) presented on some figures are for an illustrative purpose
only and should not be used to judge statistical significance of differences among
means.

There were 77 men (64.2%) and 43 women (35.8%) in this group. The mean age
was 48.9years (SD = 14.57). The youngest patient was 10.5 years and the oldest was
75.5 years. Table 4.1 presents the distribution of the patients into categories and how
many followed a reccommendation regarding instrumentation. Sound generators or
hearing aids were recommended for 89% of the patients and 92% of these patients
followed this recommendation.

Evaluation of subjective self-assessment of the treatment by the patients showed high levels of
satisfaction: 81.8% patients stated that they were clearly better.

Evaluation of subjective self-assessment of the treatment by the patients showed
high levels of satisfaction: 81.8% patients stated that they were clearly better
(p < 0.0001; Sign test); 98.5% stated that they were satisfied with the treatment, with
1.5% not sure (p < 0.0001; Sign test); and 100% continued the use of instruments
after 8 months (p < 0.0001; Sign test).

The changes in the percentage of time when patients were aware of their tinnitus,
and when they were annoyed by it, during the treatment are presented in Fig. 4.6. It
is possible to observe rapid improvement, followed by further more gradual change
for the better. Notably, after only three months of treatment, both variables showed
highly statistically significant improvement (Wilcoxon test). As tinnitus awareness
reflects habituation of tinnitus perception, while percentage of time when patients
are annoyed by tinnitus reflects the combined effect of habituation of perception
and reaction induced by tinnitus, these data indicate that significant habituation
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Figure 4.6
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Changes of percentage of time when patients were aware of their tinnitus (circles), and
when they were annoyed (squares) by it during the treatment. Results on this graph and
subsequent similar figures are divided into initial visit and four time blocks: 0-59, 60—
119, 120-269 and longer than 270 days (e.g., 0-2, 2-4, 4-7 and longer than 9 months).
Multiple values for time O represent means for subgroups corresponding to given time of
follow-up. Values on the time axis represent average time between initial and follow-up
visits for a given group. Line (on this and subsequent graphs) shows spline approximation
of the data. The statistical significance of changes were as follows: for percentage of time
awareness p < 0.01 for firstinterval, and p < 0.001 for all remaining intervals (Wilcoxon test);
percentage of time annoyed for p < 0.05 for first interval, p < 0.01 for second and p < 0.001
for remaining intervals. Note that both variables improved significantly during the treatment,
with high levels of significance reached after 3 months.

of tinnitus occurred within the first three months of the treatment and that this
reached an even higher level of significance later on.

This postulate is further supported by data showing the changes of tinnitus
severity, annoyance and effect on life during treatment (Fig. 4.7). All variables
showed statistically significant improvement for times longer than two months.
These data strongly support the postulate that TRT results in statistically significant
habituation of tinnitus and in a significant decrease of the impact of tinnitus on
patients’ life.

The THI has now gained some recognition and is used in various centers involved
in tinnitus treatment. It consists of 25 questions divided into functional, emotional
and catastrophic subscales. Initially we assessed the specificity and usefulness of
individual subscales. If these subscales represent independent assessment of vari-
ous aspects of tinnitus-induced problems then their normalized values should be
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Figure 4.7 Changes of tinnitus severity (circles and solid line), annoyance (squares and dotted line),
and effect on life (diamonds and dashed line) during treatment. Changes in severity were
non-significant for first interval and p < 0.01 for remaining intervals; changes in annoyance
were p < 0.05 for first interval and p < 0.001 for remaining intervals; effect on life was non-
significant for first interval, p <0.01 for second and p <0.001 for remaining. Note that all
variables showed statistically significant improvement for times longer than 2 months.
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Figure 4.8 Normalized initial values of Tinnitus Handicap Inventory (THI) for the total score and for the
functional, emotional and catastrophic subscales. Maximal value for total THI is 100; the
subscales have been normalized to 100 to allow direct comparison of results for subscales.
Note that average values for the total and all subscales are practically identical.
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Change of the Tinnitus Handicap Inventory total scores during TRT treatment. The results
for one month are not significant, while for all subsequent intervals a highly significant
improvement is present (p < 0.01).

different. If, however, they reflect a random selection of questions, then their values
should be close to each other. Our results (Jastreboff, Jastreboff & Mattox, 2001b)
strongly suggest that the latter is true as the averages of normalized values, and
the variability for the total and for all subscales, are practically identical (Fig. 4.8).
Therefore, division into subscales is not providing any benefit and only the total
score should be used. This postulate was confirmed in an independent study by
other investigators (Baguley & Andersson, 2003). Therefore, there does not seem
to be any advantage in using subscales, and the total score should be sufficient for
the evaluation of patients.

The changes of the Tinnitus Handicap Inventory total scores during tinnitus retraining treatment are
completely consistent with other results and fully support the postulate of significant improvement
occurring during TRT treatment.

The changes of THI total scores during TRT treatment are completely consis-
tent with other results (Fig. 4.9), and fully support the postulate of significant
improvement occurring during TRT treatment. While the change observed after
one month of treatment is not significant, for all subsequent time intervals there
is a highly significant improvement (p < 0.01). The failure to detect any significant
change at one month but significant changes at longer intervals suggests that the
observed improvement is not a placebo effect, which would most likely manifest at
the shortest time interval, decreasing gradually over time.
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These results show that TRT improves patients’ tinnitus in a highly statistically
significant manner, demonstrated by both structured interviews and the THI using
group data. The time course of the improvement argues against contamination of
the results by placebo effect. Last, but not least, the satisfaction of patients with
TRT is very high.

4.7.3 London

Since 1995, a clinical trial has been performed within the UK National Health Ser-
vice to evaluate the different variants of treatment based on the neurophysiological
model of tinnitus, including TRT (McKinney, Hazell & Graham, 1999). One aim
of the study was to assess the effectiveness of sound therapy in TRT. Subjects with
hyperacusis (about 25% of initial group) were excluded from the study but there
were no other exclusion criteria. Remaining subjects were assigned to different treat-
ment groups. All groups received the same counseling, including the instruction to
avoid silence. Two groups, 36 patients each, received broadband sound generators
set at two different levels of sound: just at the threshold of hearing, and at the
“mixing” point. The final group (54 patients) received only counseling, with lim-
ited information about sound therapy and no instruments. Additional groups were
fitted with hearing aids and are not reported here. Consequently, using TRT cat-
egorization, reported results involved only category 1 patients, and only one group
(with sound generators set at the mixing point) directly followed TRT. Selection
for the groups was sequential and random except those with a significant hearing
loss, who were aided appropriately. Furthermore, 113 subjects from the British
Tinnitus Association underwent an identical initial and follow-up evaluation (at
12 months). They were not receiving any treatment, or even seen by the London
team, and they constitute a comparison group.

All patients received intensive counseling at the initial session and at each of
the follow-up sessions over a period of one year, with further follow-up after two
years. Data collection was very close, though not identical with the Baltimore study.
Specifically, activities affected by symptoms were not recorded, but this difference
still allows for comparison of the results.

At the initial session, patients went through the initial interview (Appendix 1),
received intensive TRT counseling, teaching of the neurophysiological model, (by
J. W. P. Hazell), and audiometric investigations. The treatment program was out-
lined, and ear-mold impressions were made for subsequent instrument fitting.

Patients were then seen at 1, 3, 6, 12 and 24 months. Each session consisted
of the follow-up interview, repetition of the audiometrical evaluation and appro-
priate counseling. Patients who did not return for follow-up visits were contacted
by telephone but not interviewed, and they contribute towards missing data. All
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Figure 4.10 Initial characterization of tinnitus in the London study. See Fig. 4.2 for details.

patients, except those who defaulted and represent missing data, received full TRT
treatment.

Individual activities affected by tinnitus were not analyzed; however, the patient
was required to show at least 40% improvement in at least two categories; the
effect on life, awareness or annoyance, to qualify as showing significant improve-
ment. The main results were presented during the Sixth International Tinnitus
Seminar, Cambridge, UK in 1999 (McKinney et al., 1999).

The data were presented in a similar manner to the Baltimore results. The values
for all patients before treatment were divided into “better” and “no-better” cate-
gories. The values of measures for annoyance, the effect on life and awareness were
very similar between the two categories before treatment (Fig. 4.10) and are simi-
lar to those observed in Baltimore (Fig. 4.2). They differ in having generally lower
values for all parameters, showing that these patients were not affected as much
by tinnitus as those in the Baltimore study. Values recorded at the beginning and
during the treatment were used to calculate the change occurring in each individual
as a result of treatment; these are displayed by dividing them into populations of
patients showing and not showing improvement.

Awareness, annoyance caused by tinnitus and its effect on life decreased by about 50%.

As with the Baltimore patients, there is a decrease of awareness, of annoy-
ance caused by tinnitus and in its effect on life by about 50% (Fig. 4.11).
Comparison of initial values with those two years later showed a highly signif-
icant improvement for all patients combined. Using the Friedman test (annoy-
ance F: x 72 =180.336, df =5, p = <0.001; life quality: F: x ~2 =194.868, df =5,
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Figure 4.11 Changes of main parameters of tinnitus in London study. See Fig. 4.3 for details.

p=<0.001; loudness: F: x 2 =109.363, df =5, p = <0.001; awareness (percent-
age of time): F: x 72 =197.998, df =5, p = <0.001).

When patients were treated with sound generators set at the mixing point, as needed for TRT, 83.3%
showed significant improvement. The group that received sound generators set just above the thresh-
old of hearing, potentially affected by stochastic resonance, showed significant improvement only in
66.7%.

The most interesting result, however, came from a comparison of groups using
sound therapy in different ways. When patients were treated with sound generators
set at the mixing point, as needed for TRT, 83.3% showed significant improvement.
The group without instrumentation and without full counseling about sound ther-
apy showed success in only 72.2%. Finally the worst results (only 66.7% success)
were seen in the group that received sound generators set just above the thresh-
old of hearing and, therefore, had sound within the range of stochastic resonance
(Fig. 4.12).

Previously we have shown that change of the average MSL can be linked to a
treatment outcome (Jastreboff et al., 1994). This observation supports one of TRT’s
postulates: TRT induces plastic changes within the auditory pathways, detuning
neuronal networks from tinnitus detection. Consequently, a lower level of external
sound is required to suppress the tinnitus-related neuronal activity and tinnitus
perception.

The finding of statistically significant correlation of minimal suppression level and the treatment out-
come strongly supported the neurophysiological model of tinnitus.

This finding was strongly supported by results of the study by McKinney et al.
(1999). Analysis of the raw data, kindly provided by McKinney, revealed that MSL
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Figure 4.12 Dependence of treatment outcome on variant of sound therapy used. Note the highest
effectiveness when sound generators were set at the mixing point (DC + HLSG), as needed
for TRT, and lowest effectiveness when sound generators were set at the threshold of hearing
(DC + LLSG), which can be explained by an effect of stochastic resonance. DC, directive
counseling alone.

for the treatment groups showed changes (calculated for each individual patient
and averaged for a given group) that were significantly correlated (r = 0.8864,
F1,4 = 14.66, p < 0.02) with the effectiveness of treatment for each of the groups
(Fig. 4.13). This finding strongly supports the neurophysiological model of tinnitus.

Treatment was continued for one year, and patients followed for a further year,
when tinnitus was reassessed. Despite the absence of formal treatment, all scores
were maintained or improved, showing that the results of TRT are maintained or
improved well after treatment is finished.

In the comparison group of 113 tinnitus subjects from the British Tinnitus Asso-
ciation, who were not treated, only 6% improved. Consequently, the effectiveness
of TRT could be expressed as 83.3% compared with 6%. (Note that the use of the
term “comparison group” in this context is acceptable according to the literature
(Rosenfeld, 2001; Jastreboff, 1999b).)

A subsequent retrospective study was performed in London on a separate clinic
population (Sheldrake et al., 1999). The data came from a separate group of private
patients of J. W. P. Hazell, whose 311 patients were followed for one year and 124
for up to three years. The distribution of the initial 483 patients was 49 (10.1%),
145 (29.8%), 152 (31.7%), 118 (24.4%) and 19(3.9%) in categories 0—4, respectively
(Fig. 4.14). The effectiveness of treatment using a 40% criterion was 70.1% after
1 year and 83.9% at the last visit.
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Figure 4.13 The relationship between changes in minimum suppression level (MSL) and treatment
outcome measured as the percentage of the group fulfilling the criteria of improvement.
The change of MSL was calculated for each individual patient and averaged for a given
group. Note significant correlation between variables (t = 0.8864, F; 4 = 14.66, p < 0.02).
This result strongly supports the postulate that TRT induced plastic changes in neural centers
processing the tinnitus signal.
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Figure 4.14 Distribution of patients by treatment category in the London clinical practice.
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Figure 4.15 Changes in awareness (A), annoyance/distress (B) and number of activities affected (C) in
patients treated in the London clinical practice. Better (m); no better (D).
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The individual parameters characterizing tinnitus — percentage awareness,
annoyance/distress and the number of life activities affected by tinnitus — showed a
significant improvement (Fig. 4.15). Data obtained in London in both a systematic
study and an everyday clinical practice showed 83-84% of patients reaching a level
of significant improvement when treated with TRT.

4.7.4 Results from other centers

In a number of centers around the world, initial data from studies of TRT indicate
the effectiveness of the treatment, in the range 70-88%. Several such studies were
reported during the Sixth International Tinnitus Seminar. Reported success rates
were 80% in 556 patients in Poland (Bartnik, Fabijanska & Rogowski, 1999), 84% in
56 patients (Heitzmann et al., 1999) and 88% in 172 patients (Herraiz et al., 1999) in
Spainand 82% in 223 patients in the USA (Jastreboff, 1999a). A study of 122 patients
in Germany reported significant improvement in tinnitus but used different criteria
of evaluation(Lux-Wellenhof et al., 1999); it is estimated that approximately 80%
of her patients showed significant improvement. Note that even in the worst case
scenario, the effectiveness of treatment is still very high and certainly not worse than
that reported for any other treatment. Based on the facts that the improvement is
permanent, there are no side effects and continuing treatment is not required, TRT
seems to be the method of choice for treating tinnitus, at least for the present.

Five years after initiating tinnitus retraining, patients sustained a high level of tinnitus control.

Two recent studies are of particular interest. The first, in Germany, assessed the
long-term effects of TRT and found that five years after initiating TRT (i.e., about
four years after finalizing the treatment) patients sustained high levels of tinnitus
control (Lux-Wellenhof & Hellweg, 2002). The second study used THI for assessing
effectiveness of TRT and confirmed the data reported in this chapter of significant
improvement in THI scores for patients treated with TRT (Berry et al., 2002).

4.8 Why we believe our data are valid

A number of investigations in the past have shown high success rates of 60-70%
or more. Why did these reports not lead to a successful solution to the problem of
tinnitus? One possible explanation relates to the way the success rate was estimated.
Typically, patients were assessed only once at the end of a relatively short period of
treatment, using as a criterium any improvement reported by the patient. If the time
window during which tinnitus was evaluated was infinite, only successful candidates
remained in the study. Considering a 40% placebo effect, further enhancement of
the success rate could easily result in 60% or more apparent effectiveness of the
treatment.
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Another approach has been adopted for assessing the effectiveness of tinni-
tus “masking” (tinnitus suppression by sound). In this case, if patients were still
using maskers 6 months after starting treatment it was considered to be a suc-
cess (Johnson, 1998), without measuring if patients had indeed experienced any
improvement.

A large number of clinical trials of drug therapies have been performed, with
initial results of 60-80%. Again a high level of placebo effect, combined with the
short-coming of assessment methodology, may explain why, in spite of all these
efforts, there is no drug that is in regular use with tinnitus patients (see Ch. 6).

In the past, the focus was on the psychoacoustical measurement of tinnitus,
but studies using these methods were unable to show relationship with treatment
outcome. Psychoacoustical characterization of tinnitus has very little relationship
to the symptoms, which are important to the patient, shows a wide intra- and
intersubject variability and (with the exception of MSL) does not measure changes
in neurophysiological mechanisms involved in tinnitus. Currently, investigators are
still using different methods for assessing patients, and only recently have there been
some efforts to create criteria that can be generally accepted.

4.9 Conclusions

The results presented in this chapter show that a large proportion of patients expe-
rience a significant improvement in their tinnitus and in their sound tolerance
as a result of TRT. The results are sustained, without the need for further treat-
ment and do not seem to be contaminated by a placebo or spontaneous recovery
effects.

The crucial difference between our approach and those that have been tried
previously is that TRT has been based on a neurophysiological model of tinnitus.
This mechanism has a good scientific basis and involves a number of systems in the
brain, with the auditory system being one such system but not the dominant one
(Jastreboff, 1990). Treatment is aimed at changing processing of tinnitus-related
neuronal activity and not on improving coping strategies or on eradicating the
source of tinnitus, which at the moment is not realistic. Treatment that is symptom
based and does not relate to the mechanisms of the underlying complaint is unlikely
to succeed, except by chance. This is the reason for poor results in treatments based
on the concept that tinnitus is a purely cochlear phenomenon.

The underlying mechanisms for tinnitus and decreased sound tolerance (partic-
ularly misophonia) do overlap. There is often a need for the concurrent or sequential
treatment for both problems. Similar strategies can be used for treating tinnitus
and decreased sound tolerance. Patients can be classified by their specific combina-
tion of tinnitus, hyperacusis and hearing loss and this forms the basis for specific
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variations in the treatment protocol. However, in each case the goal is to achieve
habituation of tinnitus and to remove or attenuate decreased sound tolerance.

The negative aspects of TRT are the time taken to achieve effect, the need for
intensive one-to-one interaction with patient and that TRT has to be performed by
personnel who need additional specialist training.

The positive aspects of TRT are its harmlessness and absence of side effects, its
effectiveness regardless of the etiology, the ability also to treat somatosounds and
decreased sound tolerance, the fact that results are independent of psychoacous-
tical characterization of tinnitus, the restricted duration of treatment period, the
rarity of relapse and, finally, the potential ability of TRT to incorporate additional
supplementary treatments that have a synergistic effect, such as medication, hyp-
nosis, etc. At the moment, we are not aware of any other treatment for tinnitus and
hyperacusis offering these advantages.



Prevention

Tinnitus prevention is an area that has largely been ignored. A knowledge of the neurophysio-
logical model makes it clear that avoidance of silence and the routine use of sound enrichment
will reduce the incidence of tinnitus and hyperacusis. General education of both public and
professionals about the dangers of negative counseling will reduce the development of aversive
reactions, resulting in tinnitus persistence. Damaging loud noise increases the risk of hearing

loss, in which tinnitus prevalence increases, but it is important not to overplay this issue, as

the majority of hearing-impaired people do not suffer from tinnitus.

The maxim that prevention is better than a cure should be applied to the problem of
tinnitus too. The prevalence of clinically significant tinnitus is very high, estimated
tobe up to 4% of the population, and any efforts that can be made to reduce this onset
of distressing and disabling problem should be made. Based on an understanding of
the neurophysiological model, there are anumber of areas that can now be effectively
applied to reduce tinnitus prevalence and potentially prevent its emergence in many
individuals.

5.1 Avoidance of silence

The vast majority of our patients describe the initial emergence of their tinnitus
during a period of silence. This is often while lying awake at night or while sitting
in a quiet room in their home during the day. Many such environments are exces-
sively quiet because of the widespread use of double glazing and the dislike for any
external noise intruding into periods of sleep or quiet recreational activities. We
have identified an at-risk population who before the emergence of tinnitus had a
significant dislike for external sounds (misophonia). These patients, in addition to
avoiding sound and, thus surround themselves with silence, may have abnormalities
of central auditory processing involving increased gain, manifesting as hyperacusis.

Both sound avoidance and increased gain within the auditory pathways makes some people more
liable to detect the tinnitus signal.

171
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Both avoiding sound, and increased gain within the auditory pathways makes
it more liable to detect the tinnitus signal. In some patients, decreased sound tol-
erance is so severe that it leads to the installation of special sound-proof rooms
in their homes. Such individuals are unwittingly performing the experiment in
which 94% of all normal hearing individuals developed tinnitus after being placed
in a sound-proof room for more than five minutes (Heller & Bergman, 1953).
In the original experiment, tinnitus did not persist because the subjects returned
to normally noise-filled environments, did not become unduly attentive to the
tinnitus and did not try to repeat the experiment. In particular, they did not
develop any anxieties over the meaning of the sounds that they heard in the sound-
proof room, because of their understanding that this was a completely normal
and natural phenomenon. The importance of avoiding silence and enriching the
auditory background is poorly appreciated, while the negative aspects of expo-
sure to sound are often overemphasized. Excessive campaigning about the dangers
of noise exposure can lead individuals to overprotect themselves with plugs and
muffs; this, in turn, can result in the development of tinnitus and decreased sound
tolerance.

5.2 Provision of sound enrichment

The presence of background sound decreases the strength of potentially emerging tinnitus and
reduces auditory gain, from which hyperacusis might also develop.

As avoidance of silence is an essential feature in tinnitus and hyperacusis preven-
tion, we are also recommending the general and continuous use of sound enrich-
ment by natural means or electronic devices. For thousands of years, the Japanese
have promoted the concept of sound enrichment, through sounds of wind and
water, as a relaxing and beneficial adjunct to any environment in which a person
lives. The presence of background sound decreases the strength of any emerging
tinnitus and will reduce auditory gain, from which hyperacusis might also develop.
Any increase in auditory gain would also enhance pre-existing tinnitus. Conse-
quently, sound enrichment decreases the chance of tinnitus perception emerging.

Another well-known effect of the sounds of nature is that they have a calm-
ing effect on the individual by lowering activity of the autonomic nervous system.
Therefore, the presence of continuous background sounds from water features,
wind chimes and the like will also create an environment in which clinically sig-
nificant tinnitus is much less likely to emerge. We recommend the use of sound-
generating devices (e.g., table-top sound machines, CD players, water fountains)
that make sounds chosen by individuals for their pleasant characteristics, which
will be easily habituated and will not cause aversion.
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5.3 Avoidance of excessive noise

While hearing conservation is a very important issue when considering exposure to excessive sound
levels, people should not seek out noise-free environments at other times.

Another group of individuals who are particularly at risk of developing persistent
tinnitus includes those who have been exposed to high levels of noise, particularly
following a visit to a disco or working in a very noisy environment (e.g., while using
power tools, heavy machinery, etc.). Everyone should use ear plugs when exposed
to excessive sound levels, to protect against potential hearing loss. Short breaks
(10 minutes per hour) from loud sound are beneficial. While hearing conservation
isaveryimportantissue, we believe it is particularly important that such individuals
should not seek out noise-free environments at other times. They should make sure
that there is always a reasonable background level of noise, particularly in the place
where they sleep. This is because there is an increased prevalence of abnormal
signals coming from the cochlea following noise exposure and these may result in
a perception of tinnitus that may then become persistent if an aversive reaction
develops.

Excessive noise eventually causes damage of the outer hair cells (OHC), with an
increased prevalence of tinnitus. Even small temporary changes in the OHC system
following noise exposure can act as a trigger for tinnitus emergence. Impulsive or
explosive types of noise seem to be particularly dangerous in this respect. Many
people are exposed to sound levels that cause hearing damage only gradually over
a prolonged period of time. While there may be a slow but steady reduction in the
OHC population, tinnitus is frequently not experienced as there is enough time for
natural compensation to occur. Habituation of the tinnitus signal is the mechanism
of this natural compensation.

5.4 Avoidance of negative counseling

Negative counseling, frequently from healthcare professionals, patient support groups and the Inter-
net, is a potent trigger mechanism for making tinnitus worse.

Negative counseling, frequently from healthcare professionals, patient support
groups and the Internet, is a potent trigger mechanism for worsening tinnitus. In
many cases tinnitus that initially excited only a mild interest or curiosity becomes
loud, intrusive and anxiety provoking in the face of information that it is perma-
nent, untreatable and must simply be accepted. In many cases, such counseling
comes from family physicians and otolaryngologists, who honestly believe that
there is nothing that can be done about tinnitus and do not wish to waste time
with something that they cannot cure. The effects of such counseling, however, can
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be devastating, and we have documented this time and time again in our patients
(Jastreboff, 1999d).

A nationwide program is needed in each country to alert healthcare professionals to the dangers of
negative counseling of tinnitus patients.

A nationwide program is needed in each country to alert healthcare profession-
als to the dangers of negative counseling of tinnitus patients. This has already been
undertaken in several countries, including the UK. The approach that is needed is
one that is more upbeat and optimistic, and truly reflects the statistics: approxi-
mately 80% of those who develop tinnitus will habituate to it without any treatment
at all; the most likely outcome is that initial distress, insomnia and interference at
work and with quiet recreational activity will gradually disappear, even though
the tinnitus will still occasionally be perceived. TRT allows counseling of an even
more optimistic nature; that with TRT the unpleasant emotional associations will
disappear or strongly decrease (habituation of reaction), and that the proportion
of time that tinnitus will be perceived will reduce substantially (habituation of
perception).

5.5 Emergency help line

Much can be done to improve the situation of tinnitus patients simply by talking to them over the

telephone.

The efforts of organizations providing a national telephone help line have shown
that much can be done to improve the situation of tinnitus patients simply by
talking to them over the telephone. This is the case when the information includes
the reassurance that tinnitus can be improved. National programs need to increase
general awareness about the benign nature of tinnitus perception. In addition,
such advice should be available as soon as possible after the emergence of tinnitus
and before significant fears and anxieties have developed. This would result in a
drastic reduction in the number of chronic cases of severely disturbing tinnitus.
Such information needs to be available in the national press, in doctors’ offices and
as part of health training during school or university education.

5.6 Identification of subjects with predisposition to tinnitus

Individuals

who have a combination of factors predisposing them to the onset of tinnitus should be

identified by healthcare professionals and given appropriate counseling before a problem develops.

Individuals who have a combination of factors predisposing them to the onset of
tinnitus (e.g., pre-existing hyperacusis combined with a very stressful environment,
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hearing overprotection, some hearing disability and regular noise exposure) should
be identified by healthcare professionals and given appropriate counseling before
a problem develops. The message needs to be widely disseminated that for most
people tinnitus perception is far from indicating any medical problem and is, in
fact, a perfectly natural and benign experience which can be easily habituated. In
rare cases when tinnitus perception is related to a medical problem (e.g., vestibular
schwannoma), it is actually a friendly warning that something needs to be checked.
If nothing medically significant is detected then there is no need to worry. This
information will at least partially protect people from the development of negative
associations in respect to tinnitus perception and thus prevent development of
clinically significant tinnitus.

The problems caused by negative counseling cannot be overstated. Very often
people are exposed to negative information about tinnitus well before its onset by
some inappropriate reading, a television program, a conversation with a friend,
etc. People who have a predisposition to tinnitus will be particularly prone to
the effects of even relatively mild negative counseling for several reasons: system-
atic noise exposure increases the probability of OHC damage; high stress levels
make it more likely that an individual will over-react to a new stimulus (tinnitus);
pre-existing hyperacusis increases the chance of hearing overprotection and the
tendency to decrease the average background sound level. Hearing overprotection
plays a specific role, as it promotes both tinnitus and hyperacusis, so it is particularly
dangerous.

5.7 Basic principles of prevention

The provision of proper education to both the general population and professionals involved in
medical and audiological care is fundamental.

Providing proper education to both the general population and the professionals
involved in medical and audiological care is fundamental. It needs to be clearly
understood that tinnitus perception is only weakly related to tinnitus-induced
distress. That is, while it is necessary to perceive the tinnitus signal initially to
induce the negative reactions of the brain and body involved in tinnitus-induced
distress, the characteristics of this signal (e.g., how it sounds) are irrelevant. Just
perceiving tinnitus does not mean that these negative reactions have to develop;
indeed in the majority they do not. Proper information, from reputable sources,
should be easily available, particularly to those who have just noticed tinnitus for
the first time and are naturally curious about its meaning.

It is also advisable to provide basic TRT counseling before procedures that
have a chance of inducing tinnitus (e.g., stapedectomy operation or gamma knife
treatment for vestibular schwannoma) to prevent the development of clinically
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significant tinnitus should tinnitus perception emerge after the treatment. Such
counseling would be very helpful in the standard training of professions who, by
definition, are exposed to high levels of the noise while under significant stress, for
example the military, police, fire-fighters, etc.

The message that both sound overexposure and overprotection are harmful needs to be strongly
emphasized in both public and professional health education.

The message that both sound overexposure and overprotection are harmful needs
to be strongly emphasized in both public and professional health education. An
image of sound should be promoted as an integral part of our life, essential for our
well-being.



Critical overview of selected tinnitus
treatments

This chapter describes and critically evaluates recently used or historically important methods
for treating tinnitus, including medications, surgical approaches for neurotological problems,
treatment of medical conditions associated with tinnitus and hyperacusis, masking, hearing
aids, psychological treatments, electrical stimulation and alternative therapies. Although each
of the listed therapies has been helpful for some individuals, none has been proven to be
effective for a significant proportion of sufferers. Because drugs are particularly attractive for

both patients and physicians, medications are reviewed in a more comprehensive manner.

The high prevalence of tinnitus, and the typical fluctuation of its intensity and
annoyance, has resulted in patients reporting improvement following a wide range
of therapies aimed at treating tinnitus or other unrelated problems. Often this was
a chance relationship or spontaneous improvement of tinnitus.

Anecdotal reports of improvement triggered attempts to validate reports of a therapy being helpful.

Anecdotal reports of improvement have triggered attempts to validate these reports,
usually by uncontrolled open trials. For example, in a drug therapy, a group of
patients was given a medication and told it might be helpful. Unfortunately, the
initial positive results failed to be confirmed by other centers and consequently
were not accepted. Positive results in open trials were enhanced by a placebo effect,
which in the case of tinnitus has been shown to be as high as 40% (Duckert & Rees,
1984).

Placebo effect in tinnitus has been shown to be around 40%.

177

In drug therapy, the placebo effect is the report of a change while the patient
is taking a substance containing no active ingredient (placebo). The appropriate
method for controlling the placebo effect isa randomized, double-blind study where
neither the patient nor the experimenters know whether the patient is receiving the
active substance or not. The placebo is without any active ingredient but cannot
be detected by the patient as being different by looks, taste or side effects from the
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tested drug. Moreover, patients are assigned to active or placebo group in a random
manner.

The placebo effect can vary greatly for the treatment of different medical condi-
tions. In this respect, the classic paper of Duckert and Rees (1984) is of particular
importance and provides reliable information that can be used as a frame of refer-
ence for assessing the validity of tinnitus treatments. In their well-conducted study,
Duckert and Rees examined 20 patients who previously were given placebo injec-
tions and were aware of this. The patients were invited to continue the study and
informed that this time they would receive an active substance, lidocaine. They
were told of favorable responses to lidocaine that others had experienced. They
were also told that their particular response could not be predicted, they would not
experience side effects and their tinnitus could be temporarily increased, decreased
or unchanged. In the experiment a 5ml injection of saline (i.e., a placebo) was
given intravenously over three minutes. To complete the deception, electrocardio-
gram and blood pressure monitoring was performed. Before and after the injection,
patients had pure tone audiometry, tinnitus matching and a subjective assessment
of tinnitus on a scale from a positive change of 100% to a change for the worse of
100%. Changes greater than 25% were classified as significant.

Results showed that 40% (8 out of 20) of subjects reported greater than 25%
changes in their tinnitus after saline administration. Saline injections can have no
direct effect on tinnitus. Consequently, these reported changes resulted exclusively
from the placebo effect, which, because of the expectations of the tinnitus patients,
was very high.

The best approach for any trial is to conduct a double-blind study where neither subject, nor experi-
menter is aware whether active or placebo treatment is being given. Unfortunately this is not always

possible.

Since the design of Duckert and Rees’s study (1984) was very similar to the typical
design of an open study for tinnitus treatment, we might expect a placebo effect of
the same order in any open study. Consequently, the best approach for any trial of
tinnitus treatment is to conduct a randomized, double-blind study. While desirable,
it is unfortunately not always possible.

However, if the improvement is sustained for a prolonged time after treatment
finishes, it is unlikely to be a placebo effect as this typically lasts no longer than
two to three months. Commonly, the benefits reported in the literature for tinnitus
treatments are short term rather than long term, and they are frequently similar
to the effects of a placebo, making the validity of these reports questionable. The
placebo effect might explain many reports in the literature of initial good results
for many tinnitus treatments that, during subsequent studies, turned out not to
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be effective (e.g., Carrick et al., 1986; Dobie, Hoberg & Rees, 1986; Penner & Bilger,
1989; Rendell et al., 1987; Shulman, 1985).

Even in some studies that were described by the authors as a double-blind trial,
the anonymity of patients (who is taking the drug, and who the placebo) was often
compromised by the experience of side effects in those taking the active substances
(Huynh & Fields, 1995). Such studies cannot be considered double blind, as patients
are aware if they are being given active substance or placebo by the presence of side
effects from the active substance. Unfortunately, this possibility is rarely mentioned
in the literature. For example, some of the drugs under investigation for tinnitus,
such as tocainide (no longer available) and alprazolam (Xanax), have a very high
incidence of side effects (major and minor), which make patients aware when they
are taking the drug as opposed to placebo. This effectively converts a double-blind
trial into an open study (Huynh & Fields, 1995).

Randomized, double-blind studies are relatively easy to implement for drugs,
more difficult for surgery and very difficult, or impossible, for treatments having
counseling as a significant component. An assessment of published clinical trials
for tinnitus treatment was presented in a recent paper (Dobie, 1999). The author
concluded that the validity of the vast majority of reports had been compromised
by poor methodology, and that there is a real need for well-planned and properly
conducted studies.

Clinical results showed that auditory nerve section does not help tinnitus in the majority of patients and

in about 8% actually makes tinnitus worse. Additionally, it was shown that 50% of patients without
tinnitus who had acoustic nerve section for other reasons experienced tinnitus postoperatively.

Since tinnitus is a perception of sound, it is often judged to be coming from
the ear. The inner ear is responsible for the transduction of sound into neural
impulses and, consequently, it was natural to assume that indeed the inner ear is
the dominant, or even exclusive, factor responsible for tinnitus (see Ch. 1). As a
result, many treatments were aimed at the inner ear, even to the extent of cutting the
auditory nerve in an attempt to separate tinnitus generators from central auditory
pathways in the brain. Clinical results showed that auditory nerve section does not
help tinnitus in the majority of cases and in about 8% actually makes tinnitus worse
(Harcourt, Thomsen & Tos, 1997). Additionally, in about 50% of those without
preoperative tinnitus, it emerges postoperatively (Berliner et al., 1992; Catalano &
Post, 1996; Levo, Blomstedt & Pyykko, 2000).

Focusing on the ear as the exclusive cause of the problem resulted in tinni-
tus being classified as “peripheral,” or “central” if no ear-related event could be
found. As argued in previous chapters, in each case of clinically significant tinni-
tus, there is strong central component responsible for tinnitus-induced distress. At
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the same time, it is possible that some peripheral dysfunction acts as a trigger of
the tinnitus-related neuronal activity in the majority of patients. According to the
neurophysiological model of tinnitus, separating these components and focusing
only on the peripheral or central element is counterproductive. Even in the case of
hearing loss, when there is some relationship with the probability of emergence of
tinnitus, the relationship is indirect.

Hearing loss cannot be used as a predictor of tinnitus.

Hearingloss cannot be used as a predictor of tinnitus, as tinnitus commonly exists
in people with normal hearing (Heller & Bergman, 1953; Hazell & McKinney, 1996)
and tinnitus is also frequently absent in total deafness (Hazell et al., 1995).

In the absence of effective treatment, desperate patients tend to cling to unproven remedies.

In the absence of effective treatment, desperate patients tend to cling to unproven
therapies. An example of this is the self-imposition of severe dietary restriction,
frequently combined with unnecessary dietary supplements. Patients will restrict
caffeine, alcohol, salt and various types of food, while, at the same time, taking large
doses of vitamins and minerals.

While dietary restrictions do not help patients with their tinnitus, they often
decrease an already depleted quality of life. In a desperate search for help, patients
are willing to try any treatment, whether proven or not. This is graphically demon-
strated by a patient of one of the authors, who happened to be a pharmacist and
had systematically treated herself with every substance contained in her pharmacy
(trial and error method).

The lack of any effective treatment for tinnitus leads to the promotion of coping strategies.

The lack of any effective treatment for tinnitus leads to the promotion of coping
strategies and general therapies for reducing stress and anxiety: the problems that
tinnitus patients frequently experience. Coping approaches are temporarily helpful
for some patients even though they neither change the tinnitus signal itself nor its
perception; they may help in tinnitus-induced problems such as anxiety, inability
to sustain concentration or depression. Because of the lack of proper criteria for
assessing tinnitus severity, confusion has been caused by some researchers reporting
an improvement in coping with tinnitus as an improvement in the tinnitus itself
(Budd & Pugh, 1996; Sullivan et al., 1994). Similarly to coping strategies, some
medications used to help tinnitus patients, such as antidepressant or anti-anxiety
drugs, are not specific to tinnitus but offer help with the associated problems. The
negative implications of such drugs are that they frequently reduce overall reactive-
ness and affect interaction with other people in the family and work environment.
These psychotropic drugs may change the personality of the patient to the point
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where the drug is not tolerated by the patient, or by their family and friends. These
drugs slow down the process of tinnitus habituation, by impairing the ability of the
individual to learn (Beckers et al., 2001b; Coull, Frith & Dolan, 1999; Fleishaker
et al., 1995; Munte et al., 1996; Rickels et al., 1999; Ziemann et al., 1998).

6.1 Medications

In this chapter drugs are referred to first by the active ingredient or approved
pharmacological name, followed in the first instance by the best know proprietary
preparation or brand name, where this is in use. Among the brand names, those in
use in the USA are given before those used elsewhere.

No drug has been proved effective against tinnitus without also having very significant side effects.

Western society tends to search for a quick and easy solution to medical prob-
lems and pharmacology seems to offer a convenient, fast and relatively inexpensive
answer to many problems. It is important to recognize that practically all drugs
tested on tinnitus were selected because of anecdotal reports, and without relating
to the presumed underlying mechanisms. Quite frequently, they were reported as
being helpful in an initial open study, but when repeated by other groups failed
to confirm their effectiveness. Randomized double-blind studies, which should be
performed for any drug, are unfortunately very rare in the tinnitus field (Dobie,
1999). Still, many desperate sufferers search for drugs that would offer them fast
relief. It is worth stressing that practically all of the drugs that have been reported to
have an effect on tinnitus have significant side effects; at the moment, the authors
are unaware of any medication that will abolish tinnitus permanently.

Drug therapy may play a part in the management of conditions of which tinnitus is a symptom, or in
the management of coexisting anxiety and depression.

However, this is not to say that drug therapy has no part to play in the manage-
ment of certain conditions of which tinnitus is a symptom: so-called “syndromic
tinnitus.” There are specific diseases such as Méniere’s syndrome that are amenable
to medical treatment, and successful management may lead to an improvement
in the tinnitus, which is one of the symptoms making up the syndrome. However
these cases account for a small proportion of the patients seen in a tinnitus clinic.

Another role for drug therapy is in the management of coexisting anxiety and
depression. Strong emotional responses are very common in severe tinnitus, and
with careful monitoring, drugs have been helpful, for example antidepressants and,
in the short term, anxiety-blocking medicaments or tranquilizers. With very few
specific exceptions, we seldom recommend these drugs to our patients or find them
necessary when TRT is used properly.
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It is a mistake to consider that psychotropic drugs on their own are a treatment
for tinnitus. They help people to cope temporarily with tinnitus, but they are not
changing tinnitus itself (Sullivan et al., 1994). They should be used only in very
carefully preselected patients with severe anxiety or depression, and they should be
prescribed by a psychiatrist, preferably a member of the tinnitus treatment team.
Patients coming to a tinnitus center who are currently on psychotropic medications
should continue on the current dose until initial improvement of their tinnitus is
observed. Even then, these drugs should be withdrawn very gradually, under close
supervision, to avoid making tinnitus worse.

As drugs have been used to treat tinnitus without any relation to presumed
tinnitus mechanisms, we have grouped them according to their general physiolog-
ical action: vasodilators, local anesthetics, sedatives/tranquilizers, antidepressants,
anticonvulsants, anti-allergic/anti-inflammatory, calcium channel blockers, other
drugs, and dietary supplements. Many drugs have multiple actions and could be
included in several categories. We made a subjective choice listing them in a specific
category.

In most tinnitus patients, the initial reason for recommending the drug was
empirical and without scientific basis. For instance, the sudden onset of tinnitus
was compared to a sudden onset of cochlear deafness. The unspoken assumption
that tinnitus must result from cochlear damage in each case led to recommen-
dation of the same treatments for sudden-onset tinnitus as for sudden deafness.
While this may be appropriate for patients who have a sudden onset of both hear-
ing loss and tinnitus, in the majority emergence of clinically relevant tinnitus is
not associated with a change in cochlear function and there is no sudden hear-
ing loss. The often radical intervention (steroids, intravenous infusions of vari-
ous medications) is unjustified, expensive and might be actually harmful (Fattori
et al., 1996; Kau et al., 1997; Pilgramm, Lamm & Schumann, 1985). Unfortu-
nately, these treatments are also being recommended for well-established tinnitus,
when an initial cochlear-based mechanism for tinnitus emergence is no longer
relevant.

In the future, a better understanding of the neurotransmitters in the brain
involved with emergence and persistence of tinnitus may lead us to develop com-
pounds that will block or alter tinnitus through a modification of tinnitus-related
neuronal activity (Chen & Jastreboff, 1995; Eggermont, 1990; Jastreboft, 1990, 1995;
Kaltenbach, 2000; Kaltenbach & Afman, 2000; Kaltenbach, Zhang & Afman, 2000;
Milbrandt et al., 2000; Ochi & Eggermont, 1997). Some of these drugs could poten-
tially be used in parallel with retraining therapy to speed up the process of tinnitus
habituation. Until now, most drug therapies have been born of desperation, on

the part of either the medical specialist or the patient, demanding that something
should be done.
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Drugs used for tinnitus treatment

Vasodilators

Vasodilators are presumed to enhance cochlear blood flow.

Vasodilators are agents that cause dilation (enlargement) of blood vessels and are
presumed to enhance cochlear blood flow. They are widely used in the management
ofacute cochlear deafness, even when this is thought to be the result of viral infection
of the cochlea. Some authorities believe that improving the microcirculation of the
cochlea, which may be shut down following certain types of insult or trauma, can
help in the recovery process (Hultcrantz, 1988). While such a postulate is disputable,
as a double-blind study showed that the vasodilator effect does not alter tinnitus
(Hulshof & Vermeij, 1987), nevertheless many approaches aimed at improving
brain and cochlear circulation have been and still are being used. Vasodilators are
also combined with steroids to combat supposed inflammation, as well as carbon
dioxide with oxygen inhalations to increase cerebral blood flow. The opinion has
been expressed often that it is unethical to withhold such treatment. The validity
of this approach to treating sudden deafness has itself not been proven, and as
some spontaneous recovery even after cochlear shutdown occurs in many cases,
it is impossible to say whether these treatments are really effective. This approach
aimed at enhancement of cochlear blood flow certainly has no rationale or useful
effect in treating well-established tinnitus.

Betahistine (Serc, Betaserc) is widely used as a treatment for Méniére’s syndrome.

Betahistine (Serc, Betaserc) is widely used outside the USA (it is not licensed
in the USA) and was extensively advertised at one time as treating the “vertigo,
deafness and tinnitus” of Méniere’s syndrome. While the authors are convinced
that betahistine is effective in treating Méniere’s syndrome (Ryan & Hazell, 1995),
this condition is very rare compared with tinnitus on its own. Unfortunately, the
effectiveness of the drug for Méniere’s syndrome resulted in a misunderstanding that
it could treat any kind of tinnitus, and it was widely prescribed for tinnitus patients
who did not have Méniere’s syndrome, without any effect other than considerable
cost (Kay, 1981; Oosterveld, 1984).

Histamine and dextran infusions have been given intravenously for sudden deafness.

At one time, histamine and dextran infusions were given intravenously for sud-
den deafness. Currently, they are no longer recommended because of significant
and sometimes dangerous side effects (Clemis & McBrien, 1996). The treatment
with intravenous drugs for the acute onset phase of tinnitus is very common in
parts of Europe, particularly Germany, where there are specific directives about the
management of acute conditions affecting the ear.
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Local anesthetics

Intravenous lidocaine is one of the few drugs that can reliably attenuate tinnitus for a short time.

Intravenous lidocaine (a local anesthetic, ! also called lignocaine) is perhaps the
only drug that can reliably attenuate tinnitus for a short time, as has been demon-
strated in a number of controlled trials (Duckert & Rees, 1983; Israel et al., 1982).
The relief was observed at plasma concentrations 1.5-2.5 p.g/ml; however, notable
side effects were observed at plasma concentrations greater than 2.0 wg/ml (den
Hartigh et al., 1993). To be effective, the drug needs to be given by intravenous
administration and it can be administered only for a short time because of its side
effects; lidocaine produces profound changes in nerve transmission throughout
the central nervous system and also affects other organs such as the heart and liver.
Local applications of lidocaine to the middle ear have been tried to see the effects on
tinnitus by “anesthetizing the cochlea.” This was largely ineffective, further suggest-
ing that tinnitus is not solely a cochlear event (Coles, Thompson & O’Donoghue,
1992; Hazell, 1981; Podoshin, Fradis & David, 1992).

Recently, a treatment using a combination of intravenous and transtympanic
injection of lidocaine was reported (Shea & Xianxi, 2000). While it was proposed
that this combination has long-lasting positive effects on tinnitus, this claim has
not been confirmed by others. Interpretation of the results was further complicated
by the fact that all patients received alprazolam and other psychotropic drugs as a
part of the treatment.

Lidocaine is inactive when taken orally, but oral analogues such as tocainide and
mexilitene (Mexitil) have been tried in the past (Coles et al., 1992; Duckert & Rees,
1983; Emmett & Shea, 1980; Hulshof & Vermeij, 1984; Lenarz, 1986; Vermeij &
Hulshof, 1986). Results of an early double-blind study showed no significant effect
on tinnitus with physiologically acceptable doses of tocainide (Hulshof & Vermeij,
1985). As this drug can cause serious bone marrow depression its use has now been
withdrawn. Other related drugs such as mexilitene and flecainide have been tried
without any significant effect on tinnitus (Kay, 1981).

Iontophoresis (transporting ions by a small electric current) of local anesthetics
has been used extensively to desensitize the tympanic membrane for minor surgery,
for example insertion of ventilation tubes. A strong solution of lidocaine is placed in
the external ear canal and a direct current is used to drive the active local anesthetic
through the intact membrane of the eardrum. In some patients, it is possible that
absorption of lidocaine into the bloodstream may occur, and it might act in a
similar way to intravenous lidocaine. As some patients with tinnitus reported an
improvement while undergoing this procedure, it has been marketed extensively

! Local anesthetics are used for the interruption of the nerve transmission of pain sensations. They act at the
site of application to prevent perception of pain.
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in Germany as “tinnicure.” The device for iontophoresis has been evaluated by
sequential double-blind trial on 40 patients (Willatt et al, 1987). This trial showed
no effect better than a placebo. Other studies were equally negative (Hazell, 1981;
Laffrée, Vermeij & Hulshof, 1989; Welkoborsky & Bumb, 1988).

Sedatives and tranquilizers
Sedatives and tranquilizers can reduce the severe anxiety and panic that often accompany tinnitus.

Some sedatives and tranquilizers ? can reduce severe anxiety and panic, which
often accompany tinnitus. In our opinion, behavioral techniques that have been
shown to be effective in helping patients with anxiety (such as relaxation ther-
apy, thought blocking, etc.) are much preferable because tranquilizers can cause
dependence and worsen tinnitus during withdrawal.

Tinnitus is one of the withdrawal side effects after use of benzodiazepines.

Tinnitus is one of the withdrawal side effects after benzodiazepine use (Busto
et al., 1986). In our clinics, the introduction of TRT resulted in decrease of anxiety
and tendency to panic, and this enabled the gradual withdrawal of these drugs from
our patients. With the exception of alprazolam (Johnson, Brummett & Schleuning,
1993), there have been no reports that these drugs have any direct action on
tinnitus.

Most patients with significant tinnitus experience sleep disturbance. Patients may
have difficulty falling asleep because of the intrusiveness of tinnitus. Frequently,
they cannot relax because of accompanying anxiety. In addition, they might have
a problem getting back to sleep during periods of wakefulness in the night. Early
morning waking is another sleep issue that can result in many hours of listening
to distressing tinnitus before the day begins. In some cases, sleep disturbance is
something that improves spontaneously after some weeks or months following
tinnitus emergence, but in over 50% of patients insomnia persists (Alster et al.,
1993; McKenna, 2000). Sleep disturbance is more common in those who had poor
sleep patterns before the onset of tinnitus, and management here may be different
and difficult. Sedatives have a calming effect; they can relax muscles and decrease
anxiety. Many of them produce drowsiness. All these effects may help with sleep
problems. Therefore, in the acute phase of insomnia, hypnotics (promoting sleep)
may be appropriate when prescribed by the attending physician and used for a
limited time, but relaxation techniques are always to be preferred. The use of sound

2 A sedative quiets nervous excitement. Often has an action on a particular area, e.g., cardiac, cerebral,
respiratory, spinal. A tranquilizer promotes tranquility by calming, quieting or soothing without having
sedative or depressant effects.
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enrichment throughout the night, as a part of TRT, is a very effective remedy for
tinnitus-related sleeplessness, without the need for other treatment.

Many tinnitus patients experience anxiety and consequently are treated by benzo-
diazepine tranquilizers > which are also frequently prescribed for sleep disturbance.
There are no convincing data for their effectiveness in tinnitus treatment (Dobie,
1999; Murai et al., 1992) and, moreover, benzodiazepines have several features that
are of particular concern and necessitate strict medical supervision during their use.
Because tinnitus is one of the side effects of benzodiazepine withdrawal (Busto et al.,
1986) the increase in tinnitus during the withdrawal process tends to cause patients
to panic and return to the original dose. Second, benzodiazepines create a physio-
logical dependence (Busto, 1999; de Las et al., 2000; Juergens, 1991; Lader, 1994
1999; Longo & Johnson, 2000; Thormodsen et al., 1999), making it difficult and
painful to withdraw from their use. The third problem is benzodiazepine-induced
changes in personality, which are sometimes quite profound. Finally, as they
decrease brain plasticity and the ability to learn (Beckers et al., 2001a; Butefisch
et al., 2000; Kilic et al., 1999; Rush et al., 1994; Thiel et al., 2001; Verwey et al., 2000;
Vidailhet et al., 1999; Ziemann et al., 1998, 2001, 1998), they hinder the process
of TRT, which involves learning and the plastic reorganization of the connections
between the auditory and the limbic and autonomic nervous systems, as well as
within the auditory system. While benzodiazepines are not indicated for prolonged
use for any reason, in practice many patients take them for years, and some become
highly addicted to them.

Diazepam (Valium) has stood the test of time for short term treatment of anxiety and sleep problems.

The earliest member of the benzodiazepines, diazepam (Dizac, Valium) has stood
the test of time for treating anxiety and sleep problems. Dependency is less of a
problem than for other benzodiazepines, so it may be used on a short-term basis
for drug-based anxiety management. Although it has been frequently prescribed
for patients exhibiting tinnitus distress, there is no evidence that it gives significant
relief from tinnitus (Kay, 1981; Longridge, 1979).

Powerful addiction to lorazepam (Ativan, Alzapam) is frequently encountered.

Lorazepam (Ativan, Alzapam) was a popular benzodiazepine in the 1970s, used
for a wide variety of psychological problems. While still frequently prescribed, there
are no data showing its effectiveness for tinnitus suppression. Powerful addiction
is frequently encountered, with profound withdrawal symptoms that have been
described by patients as equal to that of withdrawing from heroin.

3 A group of chemical compounds with a common molecular structure and similar pharmacological effects,
used as antianxiety agents, muscle relaxants, sedatives and hypnotics. They can give rise to dependency and
addiction. Tinnitus and hyperacusis frequently emerge during withdrawal from these drugs.
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Clonazepam (Klonopin, Rivotril), used in the treatment of epilepsy, is frequently
prescribed for tinnitus even though it has been shown to be ineffective (Murai
etal., 1992).

Any use of alprazolam for tinnitus must take account of the problem of strong dependency, which
has been well documented following even short-term treatment. In addition its withdrawal frequently
causes the emergence or re-emergence of tinnitus, or exacerbation of pre-existing tinnitus.

Alprazolam is a very powerful benzodiazepine and has been advocated for the
treatment of tinnitus. A double-blind trial indicated that it was effective in reducing
tinnitus loudness (Johnson et al., 1993), but in this study improvement in tinnitus
severity and impact on life was not evaluated. The inevitable presence of side effects
accompanying alprazolam in the doses used makes it likely that this study was in
reality an open trial (Huynh & Fields, 1995). The problem of dependency, even
following medium term treatment with alprazolam has been well documented
(Busto, 1999; de Las et al., 2000; Juergens 1991; Lader, 1994, 1999; Longo & Johnson,
2000; Thormodsen et al., 1999). In no case should treatment last longer than three
to four weeks; withdrawal will frequently result in the re-emergence of tinnitus
(Busto et al., 1986).

We have seen many patients in our tinnitus clinics who have experienced extreme
difficulties during alprazolam withdrawal, including exacerbation of their tinni-
tus. In many cases, the enhancement of tinnitus during withdrawal pushes the
patient into ever-increasing doses of the drug, without a positive effect on tin-
nitus. Even for anxiety alprazolam is not recommended for longer than four
months because of its addictive nature and possibility of inducing personality
change. Even if it was effective for tinnitus, the drug would need to be taken con-
tinuously to provide continuous relief, a trial period would be to no purpose.
All of these negative characteristics are sufficient to oppose strongly its use for
tinnitus.

Alprazolam, and other benzodiazepines impair plasticity in the brain and reduce learning ability, thus
counteracting TRT. We strongly oppose the use of alprazolam (xanax) for tinnitus.

However, there is another reason specific to TRT why we oppose its use for tinni-
tus. It has been already well documented that alprazolam, as other benzodiazepines,
impairs brain plasticity and reduces or even prevents the ability to learn (Beckers
et al., 2001a; Butefisch et al., 2000; Kilic et al., 1999; Rush et al., 1994; Thiel et al.,
2001; Verwey et al., 2000; Vidailhet et al., 1999; Ziemann et al., 1998, 2001). As
brain plasticity and learning skills are absolutely crucial for TRT, or indeed any
habituation-based therapy, all benzodiazepines are counterproductive. For these
additional reasons we strongly oppose its use.
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The responsible social use of alcohol should not be prohibited; there is no evidence in the literature
of increased alcoholism among tinnitus patients.

Ethanol (alcohol) may variously make tinnitus worse, has no effect or improves it
(Pugh, Budd & Stephens, 1995). Patients who find dramatic improvement of their
tinnitus from alcohol have occasionally become alcohol dependent against their
wishes (but this is quite rare; five patients over 20 years (J. W. P. Hazell, personal
observation)). Moreover, a systematic study did not show increased alcoholism
among tinnitus patients (Stephens, Pugh & Jones, 1996). Therefore, the responsible
social use of alcohol should not be prohibited.

Often patients will find that particular types of alcohol (e.g., certain wines or
spirits) may produce an acute exacerbation of tinnitus, and here it is clear that
substances other than alcohol in the beverages being drunk are responsible for
enhancing the tinnitus.

Antidepressants

Many patients with tinnitus have coexisting or pre-existing depression. In individual cases short- to
medium-term antidepressant therapy can be valuable.

Many patients with tinnitus have coexisting or pre-existing depression. They
are frequently prescribed antidepressants. Tricyclic antidepressants (trimipramine
(Surmontil), nortriptyline (Aventyl, Allegron), imipramine) and, fluoxitine
(Prozac) are most commonly used in depressed tinnitus patients. If depression
is linked to tinnitus emergence, then a proper explanation of the mechanism of
tinnitus and a good understanding of the neurophysiological model of tinnitus fre-
quently provides fast relief to the patients with mood elevation, counteracting any
depressive state. We have found that the advent of TRT has dramatically reduced the
need for antidepressants in our patients. In individual cases, short to medium-term
antidepressant drug therapy can be valuable, but still it should only be seen as an
adjunct to proper tinnitus management by TRT. In patients with clinical depression
and pre-existing tinnitus emergence, careful consideration must be taken for their
total needs. Good liaison with the patient’s psychiatrist is essential.

There are a few studies assessing the effect of antidepressants on tinnitus. Mihail
et al. (1988), after a double-blind trial of 26 patients, concluded that tricyclic anti-
depressants did not have a positive effect on tinnitus and that there was a large
placebo effect. Nortriptyline was found to be just better than placebo in improving
patients’ depression and well-being, but there was no effect on tinnitus itself (Dobie
et al., 1993). Interestingly, imipramine was associated with a 1% emergence of
tinnitus, mostly in the second or third week of treatment, which subsequently
disappeared (Tandon, Grunhaus & Greden, 1987).
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Fluoxetine is a relatively new antidepressant (Stanford, 1996). Reports of excep-
tional improvement in long-standing depressive illness and related psychological
disturbance have resulted in its widespread use for depression and a variety of psy-
chological ailments. It has also been promoted in tinnitus treatment despite a lack
of supporting data. In our experience, dependency and unacceptable side effects
have made it inappropriate as a tinnitus therapy. Patients report vivid dreaming,
personality changes, decrease in libido and difficulty in withdrawing from the drug.
Its use is not recommended, except when prescribed by a psychiatrist for reasons
other than tinnitus.

Anticonvulsants

Patients taking various anticonvulsant (antiepileptic) drugs were noticed to have
an improvement in tinnitus, leading to trials of some of these drugs for tinni-
tus treatment (Brummett, 1995). Results from animal research have supported
the possibility of epileptic-like brain activity in tinnitus, with very high frequency
bursts that appear to be related to tinnitus perception (Chen & Jastreboff, 1995).
Furthermore, these data also suggested that disinhibition was mediated by gamma-
aminobutyric acid (GABA, an important inhibitory neurotransmitter). Recent ani-
mal data with tinnitus and hearing loss induced by sound overexposure fully sup-
ported the hypothesis that tinnitus-related neuronal activity might be in the form
of bursting activity, while the general increase of spontaneous activity appeared to
be related to the extent of the hearing loss (Jastreboff et al., 1999b; Kwon et al,
1999). Unfortunately, none of the antiepileptic drugs tested proved to be effective
against tinnitus.

Many other anticonvulsants have been also tried to help tinnitus patients (e.g.,
barbiturates, carbamazepine (Tegretol), baclofen (Lioresal) ). Phenobarbital (barbi-
turate) was the first such drug to become available, in the latter half of the nineteenth
century, and for over 60 years was used as an antiepileptic and as a general sedative.
Amylobarbital (Amytal, Sodium Amytal) (Donaldson, 1978) has been used for the
treatment of tinnitus without success (anon, 1981b).

Carbamazapine has been advocated since the 1980s as a tinnitus suppressant
(Emmett & Shea, 1980). It is still one of the most frequently prescribed drugs
for tinnitus, in spite of the fact that in a double-blind trial its effect was the
same as placebo, and it frequently has significant side effects (Donaldson, 1981;
Hulshof & Vermeij, 1985). Some improvement is reported in palatal myoclonus
(a somatosound) (Rahko & Hakkinen, 1979).

There is growing evidence of involvement of the GABA system in tinnitus, which
drew attention to the potential use of baclofen (an agonist for type B receptors for
GABA) for the treatment of tinnitus. While the effect of baclofen on the evoked
potentials recorded from auditory pathways in animals has been documented
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(Szczepaniak & Moller, 1996) and there are anecdotal reports of benefit in some
patients, a recent double-blind study failed to reveal any difference from placebo
(Westerberg, Roberson & Stach, 1996). The significant side effects, presumably
associated with one of the racemic * forms present in the commercially available
baclofen, prevented use of higher doses of the drug. Presently, this drug is being
tested in an animal model to assess whether other agonists at the type B GABA
receptor might be useful for tinnitus treatment.

Other antiepileptics, such as primidone (Mysoline; Shea et al., 1981), valproate
(Depacon, Epilim; Mansbach & Freyens, 1983) and lamotrigine (Lamictal; Simpson
et al., 1999), have been tried in open trials for therapeutic effect; none has become
established in tinnitus treatment, mostly because of the unacceptable side effects
and the lack of clear benefit for tinnitus.

Antiallergic, anti-inflammatory drugs

Drugs that reduce or inhibit allergic reactions or that reduce inflammation by
acting on the components of the inflammation (without acting against the causative
factor) have long been considered of potential use. Steroids (anti-inflammatory) are
indicated as part of the treatment for sudden hearing loss, and there is a consensus
that they should be administered as soon as the cochlear deafness is identified. They
may sometimes be indicated in the long-term therapy of hearing loss and tinnitus
caused by autoimmune disorders, where the body produces antibodies against the
cochlea (Haynes et al., 1981). However, they should not be used in the absence of
a proven autoimmune disorder or sudden hearing loss. If they are used for a short
period of time, the side effects should be minimal. There are also studies on the
injection of steroids into the middle ear (Shea & Ge, 1996; Silverstein et al., 1996),
but their results are confounded by the selection of participants (mostly those with
Méniere’s syndrome).

Cinnarizine (Stugeron; an antihistamine (antiallergy) drug), which is used prin-
cipally as a vestibular sedative in balance disorders, was indicated as having an effect
on tinnitus. The manufacturer claims that the drug has an effect on central cerebral
function. Open trials on tinnitus have not shown it to be effective (Gananca et al.,
1988; Podoshin et al., 1991).

In rare instances where somatosounds resulting from spontaneous otoacoustic
emissions in the cochlea are heard by the patient, they can sometimes be suppressed
by treatment with aspirin (acetylsalicylic acid) (Penner & Coles, 1992). While the
presence of spontaneous otoacoustic emissions in tinnitus patients is a common
finding, in the vast majority of cases these emissions have nothing to do with

4 Many chemicals exist in two sterically different forms that are mirror images of each other and can be
distinguished by their ability to rotate light. The two forms often have differing drug activity as the body
can distinguish between them. Commercially produced preparations often contain both: they are racemic.
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their tinnitus, and patients are unable to hear them (Penner & Burns, 1987). The
identification of spontaneous otoacoustic emissions as being responsible for the
sound heard by the patient is complex and requires careful analysis with equipment
only available in a research setting (Hazell & Sheldrake, 1992; Norton, Schmidt &
Stover, 1990).

Calcium channel blockers

There are a number of calcium channel blockers ° and several have been consid-
ered for tinnitus. Nimodipine (Nimotap), one of the dihydropyrimidine class of
drugs, is an antagonist of L-type calcium channels (having slow conductive prop-
erties) and has been shown to abolish tinnitus in animals (Jastreboff & Brennan,
1988), and also in about 16% of patients when tested in an open study (Davies,
Knox & Donaldson, 1994). Nimodipine differs from other dihydropyrimidines
in its ability to cross the blood—brain barrier. It has been shown to affect brain
blood flow, act directly on neurons in the central nervous system and affect func-
tion of OHC in the cochlea (Bobbin et al., 1990; Guth et al., 1992; van Benthem
etal., 1994). A study with the animal model of tinnitus shows that this drug affects
salicylate-induced tinnitus in a dose-dependent manner (Jastreboff & Brennan,
1988, 19965 Jastreboff, Brennan & Sasaki, 1991). A study comparing nimodip-
ine effectiveness with another drug from the same family, nifedipine (Adalat,
Procardia), showed that nimodipine attenuated tinnitus by directly affecting the
hair cells in the cochlea, and also brain neurons, but not by changing cerebral or
cochlear blood flow (Jastreboff & Brennan, 1996). We feel that this drug has some
potential for tinnitus treatment.

Flunarizine (Sibelium) was recommended originally for tinnitus on the basis of
its presumed ability to enhance cerebral arterial blood flow and ability to prevent
narrowing of blood vessels (vasoconstriction), which was linked to tinnitus. In a
double-blind study of 50 tinnitus patients (Hulshof & Vermeij, 1986) this drug
failed to show any significant results.

Other drugs
The belief that tinnitus was related principally to cochlear dysfunction lead to
the use of furosemide (frusemide; Lasix), which can modify cochlear properties
through its diuretic action. Additionally, it was suggested that in high, but still
therapeutic, doses furosemide can modify the endolymphatic potential (Guth et al.,
1992; Risey, Guth & Amedee, 1996). Recent research has shown that furosemide,
in doses used clinically, affects the central nervous system and has anticonvulsant

> A class of drugs that have the ability to inhibit movement of calcium ions across the cell membrane. These
agentsare used to treat hypertension, angina pectoris and cardiac arrhythmias; examples include nifedipine,
diltiazem and verapamil. They are also known as calcium antagonists or slow channel-blocking agents.
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properties (Gutschmidt et al., 1999; Hochman et al., 1995), but does not alter the
endolymphatic potential as had been proposed initially (Guth et al., 1992; Risey,
et al., 1996). Misconceptions regarding the level of its action in the nervous system
led to a proposal that furosemide could be used as a tool for distinguishing tinnitus of
“cochlear origin” from “central” tinnitus: if furosemide was effective, then tinnitus
was considered to be peripheral. As furosemide in a high dose can actually cause
cochlear damage and has not been shown to be effective for tinnitus (Bian &
Chertoff, 2001; Freeman et al., 1999), we do not recommend it.

The observation that many patients could enhance tinnitus by muscle contrac-
tions of one kind or another led to trials of the muscle relaxant Eperisone (Myonal
in Japan), to help tinnitus patients (Kitano et al., 1987). A study performed on
164 tinnitus patients showed that 23% of treated patients and 4% on a placebo
were considered to have an 80% improvement. However, the effects described were
measured immediately after drug administration and no long-term benefits were
recorded (Murai et al., 1992).

Glutamate, an excitatory neurotransmitter in the brain, is the most likely link in
the cochlea between IHC and afferent fibers of the auditory nerve. It was suggested
that dysfunctions in this system might cause tinnitus (Pujol, 1992; Pujol et al.,
1993). Therefore glutamic acid diethylester (Acidutex, Tinnex, Lefederivin), an
antagonist of glutamate, was used for treating tinnitus (Ehrenberger & Brix, 1983;
Mcllwain, 1987). Except in the initial open study there was no evidence of its
effectiveness. Caroverine (competing with glutamate for one of its receptors (the
AMPA ° receptor) and, at higher doses, blocking a different glutamate receptor (the
NMDA 7) receptor), was also reported to be effective (Denk et al., 1997; Oestreicher
et al., 1999). Any medication acting on glutamate should be considered with great
care, since glutamate is the major excitatory neurotransmitter in the brain, and its
manipulation might cause profound side effects.

Ginkgo biloba directly influences brain function, decreases stress level, and increases memory and
test solving abilities.

Ginkgo biloba (EGb 761, Ginkgold, Tanakan), an extract from the Japanese maid-
enhair tree, has been widely promoted for the treatment of tinnitus. It contains a
number of active components that are claimed to promote blood flow in the brain,
thereby directly influencing brain function and, through this action, improving
tinnitus. The specific extract of this tree is produced under license from the French
and German governments (labeled EGb 761) and is sold as Tanakan (Europe) or
Ginkgold (USA). It was variously shown to decrease spontaneous activity in sev-
eral areas of the brain (Duverger, DeFeudis & Drieu, 1995; Lamour et al., 1992),

® Alpha-amino-3-hydroxy-5-methyl-4-isoxazole propionate. 7" N-Methyl-p-aspartate.
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decrease stress levels and increase memory and test-solving abilities in both ani-
mals and humans (Bolanos-Jimenez et al., 1995; Rapin et al., 1994; Rodriguez de
Turco, Droy-Lefaix & Bazan, 1993). Furthermore, it was shown to be more effective
in old animals and elderly people (Barkats et al., 1994; Deberdt, 1994; Huguet,
Drieu & Piriou, 1994). Specific experiments on tinnitus have shown attenuation
of salicylate-induced tinnitus in animals in a dose-dependent manner (Jastreboff
et al., 1997; Shengtai et al., 1996). However, control trials in humans have been
controversial (Coles, 1988; Hoffmann et al., 1994; Holgers, Axelsson & Pringle,
1994; Meyer, 1986), and a recent double-blind study failed to reveal any action of
the drug on tinnitus (Drew & Davies, 2001).

Some trials have attempted to show benefit by combining ginkgo extract with
“soft laser” treatment (Plath & Olivier, 1995; von Wedel et al., 1995). The proven
positive effects of Ginkgo (on stress, memory and problem-solving abilities) might
indirectly be helpful to tinnitus patients. Indeed, patients who claim to benefit from
ginkgo described an increased ability in coping with tinnitus and a general feeling
of improved well-being, but no real change in their tinnitus.

It is important to recognize that there are a number of different extracts of
ginkgo, which vary dramatically in their composition, and the above comments
relate to a specific extract EGb761, which offers a uniquely stable composition
because of government regulations. EGb 761 or other extracts derived from the
Japanese maidenhair tree may play a role in a combined therapy in the future.

Dietary supplements

It has been suggested that zinc levels below normal range could be a cause of
hearing loss and tinnitus (Gersdorff ef al., 1987a; Shambaugh, 1986, 1989). We
have measured zinc levels in serum of patients in our London tinnitus clinic for
nearly 10 years and have discovered only five patients who have abnormally low
levels of zinc. In two patients, there was an associated hearing loss, which improved
slightly on zinc administration. We have not identified a patient whose tinnitus was
improved by zinc therapy. These negative results are supported by other published
data (Gersdorff et al., 1987b; Paaske et al., 1991).

There is a general tendency to take large doses of vitamins to cure any kind
of a medical problem, which ignores the fact that an adequate diet contains all
the vitamins necessary for health. Additional supplements are passed through the
body, at best are irrelevant and at worst can cause damage. With the absence of
effective tinnitus treatment, ingestion of large doses of vitamins is commonplace,
sometimes under the label of “molecular orthogonal medicine.” We would like
to bring particular attention to nicotinic acid (Niacin, Niacinamide), part of the
vitamin B complex, which has been used for tinnitus ignoring the fact that it can
be dangerous in large doses and may cause cardiovascular collapse (heart attack).
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A double-blind study failed to show any beneficial effect of Niacin on tinnitus
(Hulshof & Vermeij, 1987).

6.1.2 Drugs and substances that might cause tinnitus
Some patients believe that their tinnitus is made worse by various drugs and food substances.

The issue of drugs that are reported to cause or aggravate tinnitus is complicated
by the formal procedure used during the approval of medicines. All side effects that
have been experienced while taking a drug during clinical studies have to be reported
to the appropriate national bodies, even if they might just appear accidentally and
are also equally present in the control group taking a placebo. Causal reading might
create the impression that these drugs are frequently inducing tinnitus while, in
fact, the effect is just as strong in the placebo group. In many countries, there is
a system by which physicians can report any side effect perceived to result from
drug ingestion. As tinnitus is such a common symptom, almost all the drugs in the
British Pharmacopeia have been blamed unfairly for causing tinnitus.

Many unfounded fears about drugs causing tinnitus relate to the fact that tinnitus
emerges, or is aggravated, as a result of the condition that is being treated rather than
the treatment itself. Increased stress levels associated with the process of illness, as
well as the disturbance of normal body functions, tend to enhance tinnitus. Patients,
however, tend to associate the worsening of tinnitus with the medication they are
taking for their illness. If there is a concern that a drug is aggravating tinnitus, it is
important to have a trial period without this substance and then to reintroduce it,
while checking whether tinnitus is changing. Psychotropic drugs ® frequently act
on the limbic and autonomic nervous systems (crucially involved in the emergence
of clinically significant tinnitus) and have the potential for enhancing tinnitus. This
is another reason why we do not recommend these drugs to be used unless they are
currently being prescribed for other conditions. The majority of complaints about
drugs are about those administered for the treatment of depression and anxiety.

Considerable anxiety is experienced by patients who believe that their tinnitus
may be made worse by various food substances. Many tinnitus sufferers live an
almost monastic existence, abstaining from a wide range of foods and drinks that
previously had contributed significantly to their life quality. They also refuse simple
drug therapies that had controlled other intermittent problems, such as headache,
night cramp and acute infections. Two patients of J. W. P. Hazell contracted cere-
bral malaria after refusing antimalarial medication, which they feared would make
tinnitus worse.

8 Drugs capable of affecting the mind, emotions and behavior, they are used in the treatment of some mental
illnesses.
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At the same time, some therapeutic agents have indeed been shown to induce or
enhance tinnitus. A summary of drugs that may be inducing tinnitus, and other
hearing disorders, has been prepared by Seligmann ef al. (1996). It is interesting
that the majority of drugs that have been vigorously applied in attempts to cure
tinnitus are also reported as causing it. This underlines the lack of understanding
of tinnitus mechanisms and the typical irrelevance of drugs that are being taken
coincidently during the process of tinnitus emergence. Another confounding factor
is that elderly patients are often more susceptible to drugs and require smaller doses
to achieve the same therapeutic response as younger subjects. This is sometimes
not recognized, and tinnitus emergence occurs with doses that would not affect
younger people.

Patients should not be deterred from taking small doses of aspirin prescribed to guard against heart
attack and stroke or for pain relief.

Aspirin in a high dose (several grams a day) can induce tinnitus very predictably.
Some doctors in rheumatology have used the emergence of tinnitus as a way of
estimating the maximal dose of aspirin to be used by a patient (Mongan ef al.,
1973). Importantly, salicylate-induced tinnitus disappears once the dose of the
drug is decreased. Patients should not avoid taking small doses of aspirin and other
related analgesics nor fear to use aspirin in managing pain. Thereis no evidence atall
that small doses are responsible for tinnitus emergence nor that chronic therapeutic
dosing damages the cochlea. Many older patients with tinnitus experience arthritis
and other skeletal problems, and appropriate analgesia is an important part of
managing pain during the day and promoting undisturbed sleep at night. Similarly
small doses of aspirin are effective in the prevention of heart attack and stroke in
some patients and they should not be deterred from taking it.

Quinine sulfate (Legatrim, Nicobrevin) is not presently in use except for night
cramps, which are common in older people. It is known that quinine does increase
tinnitus in the short term (Jastreboff et al, 1991; Roche et al., 1990; McFadden,
1982), but this temporary effect on tinnitus should not stop patients from using
it if it is the only solution for night cramps (Man-Son-Hing, Wells & Lau, 1998).
Night cramps may well keep the patient awake at night, a time when tinnitus itself
can be more troublesome; therefore, avoiding quinine might actually enhance the
severity of tinnitus impact on the patient’s life.

Patients often worry about taking antibiotics. This is frequently because they
are aware that some antibiotics are considered ototoxic. Aminoglycosides * (e.g.,
streptomycin (Agri-Strep, Agrimycin) and gentamycin (Garamycin)) actually

® A group of bacteriocidal antibiotics that are effective against aerobic Gram-negative bacilli and Mycobac-
terium tuberculosis (causing tuberculosis).
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can damage the cochlea when administered in high dose by injection. Ototoxic
antibiotics are either destroyed by stomach acid or are not absorbed from the gut
and, therefore, must be given by injection to be effective. Antibiotics given by mouth,
such as penicillin, generally will not harm the ear or cause tinnitus.

Many of the powerful drugs used in cancer therapy, particularly cisplatin
(Platinol) (Moroso & Blair, 1983), can cause cochlear damage and contribute to
tinnitus emergence (Alberts & Noel, 1995; Anderson et al., 1988; Kopelman et al.,
1988). Tinnitus of this kind is fully amenable to TRT and often improves after
cancer therapy, when health improves. All patients undergoing chemotherapy are
exposed to high stress levels and anxiety about the disease being treated; they also
often have concerns regarding potential side effects of the drugs used. This usually
plays a part in the mechanism of tinnitus distress.

Some patients blame the onset of their tinnitus on taking marijuana, cocaine and
other prohibited substances. There is no evidence that these drugs are responsible
for tinnitus, and such experiences are probably coincidental. They may, however, be
associated with metabolic changes induced by these drugs or resulting from their
sudden withdrawal, where dependency has developed. In many individuals, there
are complex guilt feelings associated with drug taking, which can enhance tinnitus
once it has emerged.

Much distress is caused by withdrawing coffee and tea in the mistaken belief that this will help the
tinnitus. There are no data linking tinnitus and caffeine in a systematic manner.

In our experience, much distress is also caused by withdrawing coffee and tea
in the mistaken belief that this will help the tinnitus. These pleasant beverages
are so much a part of cultural tradition that their exclusion from the diet almost
always results in a reduction in life quality, with no benefits to the tinnitus. In those
patients particularly sensitive to caffeine, a simple personal trial of exclusion will
tell whether or not caffeine is causing a problem. There are no data linking tinnitus
and caffeine with tinnitus in a systematic manner.

6.1.3 Summary for applicability of medications

Drugs should be considered only if indicated by conditions other than tinnitus.

Presently, there is no evidence that any drug is effective in treating tinnitus,
without profound side effects. We believe that medications should be considered
only if indicated by conditions other than the tinnitus, and on a temporary basis
for a small group of patients who experience very high level of distress. Even then,
psychological approaches are preferred. Benzodiazepines particularly should be
avoided because of their profound negative side effects, including decrease of the
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brain plasticity, which is necessary for TRT. Dietary modifications are discouraged,
as there are no clear data showing that diet can reduce or improve tinnitus.

6.2 Surgical approaches for neurotological problems

There is no surgical solution for patients with tinnitus.

In the search for a cure for tinnitus, it is not surprising to find that many hopes
have been attached to a surgical solution. This frequently indicates the despera-
tion of tinnitus sufferers and their surgically orientated medical advisers, some of
whom are still suggesting destructive surgery as a way of “getting rid of tinnitus.”
Such an approach is based on an assumption that tinnitus is contained within the
cochlea. The knowledge that potential mechanisms of tinnitus are not confined
to the cochlea has changed the philosophy of surgical practice when tinnitus is a
presenting symptom. In consequence, a strong attempt should be made to preserve
cochlear and auditory nerve function, even when speech discrimination is poor.
An increase of auditory input by appropriate enrichment of environmental sounds,
amplified by hearing aids when needed or provided by sound generators, can be a
powerful tool in helping with tinnitus. We argue very strongly against destructive
surgery in terms of labyrinthectomy or acoustic nerve section, unless necessitated
by medical conditions.

Unfortunately, the presence of distressing tinnitus is used by some authorities as
a contraindication to rehabilitative surgery (e.g., myringoplasty (repair of damaged
tympanic membrane), stapedectomy or cochlear implantation for total deafness).
Our strategy is that anything that will improve peripheral input to the auditory
system has a good chance of reducing tinnitus perception and its annoyance.

Only a small percentage of patients presenting at our tinnitus clinics have iden-
tifiable surgical pathology that is amenable to specific forms of treatment, either
medical or surgical. This partly reflects the fact that many of these patients are
referred from specialists who would have already identified such pathology and
treated it.

Tinnitus can change following surgery to correct specific pathologies, for example perilymphatic fistula,
otosclerosis or Méniere’s syndrome.

Tinnitus can change or can be induced by procedures performed to correct a
specific pathology (e.g., perilymphatic fistula, otosclerosis, Méniere’s syndrome).
Itis veryimportant to counsel patients beforeoperation that tinnitus may temporally
increase or emerge just after surgery as a consequence of blocking of the ear canal
and middle ear with blood clot and/or a surgical dressing. Failure to do this may
cause serious alarm that temporary postoperative tinnitus, which is common, is
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an indicator that something has gone wrong with the procedure. As a result of this
anxiety, tinnitus may increase and become persistent.

6.2.1 Ablative surgery to eradicate tinnitus

The persistent requests from a patient deeply distressed by tinnitus to have the
“offending ear” removed by ablative surgery are occasionally heeded by the equally
desperate surgeon who does not have a solution for the patient’s tinnitus. Destroy-
ing the ear in an attempt to eradicate tinnitus, or cutting the auditory nerve, is
a naive approach that frequently fails and is based on lack of knowledge of the
mechanisms of the neurophysiological processes involved in tinnitus. In fact, clin-
ical data show that cutting the auditory nerve induces tinnitus in 50% of patients
who previously did not experience it (Berliner et al., 1992). As can be predicted
from the neurophysiological model, patients with the highest level of distress, most
likely to seek this extreme treatment, are those least likely to benefit from altering
a peripheral component of tinnitus. It is possible to expect that in these patients
there are the strongest connections between the auditory system and the limbic
and autonomic nervous systems, and thus the relative importance of the peripheral
signal is much smaller than in other tinnitus patients.

Research indicates that the tinnitus-related neuronal activity may emerge as a
modification of the spontaneous activity in auditory neurons in the brainstem
and may be related to decreased activity coming from the cochlea, more specifically
from dysfunctional OHC and imbalance of activity arising from stimulation of IHC
and OHC (Chen & Jastreboff, 1995; Jastreboff & Sasaki, 1986; Kaltenbach, 2000;
Kaltenbach & Afman, 2000). Moreover, this activity undergoes further enhance-
ment in the auditory pathways and their connections with the limbic and auto-
nomic nervous systems (Jastreboff, 1995). Therefore, section of the auditory nerve
or destruction of the cochlea, which are peripheral to the brainstem, would not
be expected to have any positive effect on tinnitus and could even make it worse
(Jastreboff, 1990, 1995). From this perspective, it seems highly inappropriate to
use ablative surgery for treating tinnitus, even if the precise anatomical localization
of the centers involved in the processing of tinnitus could be identified. Neverthe-
less, some authorities still strongly promote this kind of surgical treatment (Pulec,
1995).

Even in profound hearing loss and the absence of cochlear hair cells, there is a
random pattern of resting discharge potentials that represents the “code for silence”
(Moller, 1984). This activity is blocked by subcortical filters and, therefore, no sound
is perceived. Sectioning of the auditory nerve results in scarring and sometimes in
the growth of an electrically active “stump neuroma,” a benign swelling on the end
of the cut nerve. This can lead to increased auditory nerve discharge, together with
a synchrony of firing in various auditory nerve fibers: a phenomenon which in the
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normal auditory system results in the perception of a sound. It is interesting that in
a somewhat analogous situation where a patient is suffering from severe pain, the
concept of cutting the peripheral nerve has been almost totally abandoned because
of the typical lack of improvement and the frequent establishment of phantom pain
after the surgical procedure (Melzack, 1992).

In the literature, there are a limited number of reports of auditory nerve section
for tinnitus alone. Fisch (1970) reported that one of four patients had a positive
response with respect to tinnitus. Most data on ablative surgery come from studies
of the treatment of Méniere’s syndrome or vestibular schwannoma (Baguley, Moffat
& Hardy, 1992; Harcourt et al., 1997; Silverstein, Haberkamp & Smouha, 1986; van
Leeuwen et al., 1996). In Méniere’s syndrome, labyrinthectomy or vestibular nerve
section often result in a rapid recovery from incapacitating vertigo, but tinnitus
is typically unchanged. The elevation of a mood state may result in a dramatic
improvement in general stress level, and through this mechanism alleviate tinnitus
in some patients.

6.2.2 Vestibular schwannoma
Vestibular schwannoma (frequently called acoustic neuroma) is a benign swelling
on the vestibular nerve, which may compress the auditory nerve and interfere with
the blood supply to the cochlea. Tinnitus is the first symptom in 11% and is present
in 85% of patients with vestibular schwannoma (House & Brackmann, 1981).
Nevertheless, in vestibular schwannoma it is relatively uncommon for tinnitus to
be particularly severe or annoying. Enormous resources are poured into vestibular
schwannoma diagnosis and although current techniques using magnetic resonance
imaging (MRI) with gadolinium contrast or “fast spin” are highly specific and
sensitive, only an extremely small percentage of patients with clinically significant
tinnitus actually have schwannomas (Baguley et al, 1997; Moffat et al., 1998).
Patients with schwannoma who also have tinnitus may be diagnosed relatively
early. Nevertheless, diagnostic procedures have to be undertaken very carefully for
a number of reasons. Drawing a patient’s attention to the fact that their tinnitus
could be related to a brain tumor can greatly enhance the severity of the tinnitus. In
addition, patients with hyperacusis who may also have anxiety or phobic states can
find the experience of undergoing MRI quite devastating, both in terms of the high
sound levels produced by the scanner and by having movement severely restricted
for a period inside a small metal tube. Many tinnitus sufferers are claustrophobic.
It is crucial to give patients waiting for MRI appropriate counseling so that the
experience does not exacerbate their tinnitus. It is helpful to suggest that the MRI
is looking at the anatomy of the auditory nerve and organ of hearing rather than
mentioning the need to exclude a brain tumor, unless the patient specifically asks.
Make sure that the patient understands exactly what the experience will entail, and
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that he or she is provided with well-fitting ear-plugs for attenuating the sound levels
experienced inside the scanner.

Prevalence of tinnitus preoperatively is approximately 70% in those undergoing surgery for vestibu-
lar schwannoma. Postoperatively, approximately 30% improve, 7% worsen and 40% develop new
tinnitus.

Reports from patients undergoing surgery for vestibular schwannoma, which
frequently involves auditory nerve section or destruction of the inner ear, show
basically similar results: prevalence of tinnitus preoperatively was around 70%,
improvement was noted in approximately 30%, tinnitus worsened in approximately
7% and new tinnitus developed postoperatively in 40% (Andersson et al., 1997;
Catalano & Post, 1996; Harcourt et al., 1997; House & Brackmann, 1981; Levo
et al., 2000; Matthies & Samii, 1997; Rigby et al, 1997; Wiegand, Ojemann &
Fickel, 1996).

Two large studies of 1579 cases (Acoustic Neuroma Registry (Wiegand et al.,
1996)) and from 1000 sequential patients (Matthies & Samii, 1997) showed similar
findings: 55% of patients reported tinnitus before operation; 31% were unchanged
postoperatively; 24%, improved; and 7% became worse (Wiegand et al., 1996).
Interestingly, tinnitus was more prevalent in hearing (51%) than in deaf patients
(21%), and it persisted in 46% after operation (Matthies & Samii, 1997). Andersson
etal. (1997) reported that out of 141 patients, 70% had tinnitus before and 60% after
surgery. The severity of tinnitus did not change as the result of operation. In this
group, there was a 35% risk for developing tinnitus when no preoperative tinnitus
was present, and a 15% chance that tinnitus would disappear when presenting
preoperatively. Similar data were reported by Levo et al. (2000) with 39.8% risk for
developing tinnitus.

Preservation of hearing may be an important factor for tinnitus. In one study of surgery for vestibular
schwannoma, where hearing was not preserved, tinnitus remained in 62% and new tinnitus started in
339%,; if hearing was preserved, tinnitus remained in only 40% and no tinnitus-free patients developed
it postoperatively.

Preservation of hearing may be an important factor for tinnitus. Catalano and
Post (1996) studied a sample of 51 patients. In 25 patients in whom hearing was
not preserved, tinnitus remained in 62% (8 out of 13), and new tinnitus appeared
in 33% (4 out of 12) of those who did not have it before surgery. Results were quite
different in patients in whom hearing was preserved (26). Tinnitus remained in
40% (4 out of 10), and none of the remaining 16 patients who did not have tinnitus
before operation developed tinnitus postoperatively. Harcourt et al. (1997) reported
that 75% of 161 patients had tinnitus preoperatively. After operation, tinnitus was
absent in 45%, lessened in 17%, was unchanged in 30% and worsened in 8%.
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Predictions from the neurophysiological model of the negative effects of consis-
tently decreased auditory input were supported by data from vestibular schwan-
noma surgery. Therefore, the emphasis should be on preserving and improving
hearing, wherever possible, in any type of otological surgery. In our clinics, this
has led to the promotion of operations that are conservative with respect to pre-
serving hearing, such as endolymphatic sac surgery and vestibular nerve section in
Méniere’s syndrome rather than labyrinthectomy, although the last procedure may
be simpler to perform. The preservation of residual hearing, even in the absence of
speech discrimination, may be desirable so that the sound therapy part of TRT, in
the form of a sound generator or amplification of background sound by hearing
aids, can increase peripheral input, reduce central auditory gain and consequently
help to reduce tinnitus distress.

6.2.3 Tympanic membrane perforation

Tympanic membrane perforations are frequently encountered in everyday otolog-
ical practice. It is usually necessary or desirable to close the perforation (myringo-
plasty) in order to improve conductive hearing loss and avoid infection. In the
majority of patients where the perforation is successfully closed, a simultaneous
improvement in preoperative tinnitus is observed. It is unusual for tinnitus to
worsen, unless there are complications of surgery.

A useful preoperative technique that is a routine in our London tinnitus clinic is
to perform a “patch” test prior to decisions about myringoplasty. Place a small piece
of thin paper soaked in an appropriate topical ear preparation over the hole in the
eardrum and repeat the pure tone audiogram and tinnitus evaluation. The most
important part of this procedure is to obtain the patient’s subjective impression
of what has happened to the tinnitus and the hearing. The patch may be left in
place for the patient to go home (it generally falls off after two or three days) so
that the patient can make an assessment of what the tinnitus is like in a natural
environment. The outcome of the patch test influences strongly the decisions about
surgery. Even if there is no improvement in tinnitus, an ear in which there has been
recurrent discharge should be grafted so that it becomes practical to fit appropriate
hearing aids or sound generators and thus facilitate TRT when needed.

6.2.4 Perilymphatic fistula

Leakage of perilymph from the oval or round window can result in sensory hearing
loss, tinnitus and vertigo or unsteadiness. In some cases, it may be difficult to
distinguish the symptoms from those of Méniére’s syndrome. Diagnosis of fistula
is difficult even on careful examination of the middle ear during surgery. In the
absence of a definitive test, the diagnosis has frequently been doubted, to the extent
that some authorities do not acknowledge its existence. Some data indicate that
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effective closure of a leakage of fluid from the round window results in a long-
term improvement of tinnitus in about 50% of patients, while helping the hearing
and removing of vestibular problems as well (Hazell, Fraser & Robinson, 1992b).
It is an important diagnosis to remember, particularly following stapes surgery
and after accidents involving head injury or barotrauma (e.g., diving accidents).
Positional audiometry and fistula tests using a balance platform while modifying
the air pressure in the ear canal, while not providing a final answer, can be helpful
in making the diagnosis (Black & Homer, 1996). Any potential improvement or
maintenance of hearing is helpful in improving the implementation of the sound
therapy part of TRT. Additionally, stress levels are typically improved by removing
vestibular symptoms, which is helpful in achieving better results with TRT.

6.2.5 Cochlear implants

Another category of surgical procedures involves the surgical placement of a
cochlear implant for the treatment of total deafness. Since a number of profoundly
deaf tinnitus sufferers express relief of tinnitus during electrical stimulation pro-
vided by the implant, this approach has been considered for hearing patients as
well. Unfortunately, attempts to put implants into patients with tinnitus but other-
wise normal hearing did not relieve their tinnitus (Berliner & Cunningham, 1987;
Leone et al., 1984). Therefore, it cannot be considered a “final method” when other
approaches failed. There is a theoretical potential for using electrical stimulation
via a cochlear implant to stimulate auditory pathways and use it as a substitute for
the sound therapy part of TRT.

6.2.6 Otosclerosis

There are far too few studies of the results of otosclerosis surgery that consider the
outcome with respect to tinnitus. Typically, the surgeon is focused solely on closing
the air-bone gap and restoring hearing. Preoperative complaints about tinnitus
being the most severe symptom are often disregarded. Although otosclerosis surgery
is successful in good hands in over 95% of patients (Gukovich, Avramenko & Moroz,
1974; Shea, 1981), it is such a common procedure that it is not difficult to encounter
patients who have had failed surgery, resulting in damage to the cochlea. Many of
these patients, in addition to profound deafness, have very severe tinnitus.
However, some patients with severe tinnitus and otosclerosis, perhaps with a
degree of sensorineural hearing loss, have been refused surgery because of the
surgeon’s fears of worsening the tinnitus. Tinnitus should not be an automatic
indication for refusing patients stapedectomy or stapedotomy (Causse et al., 1985).
Such patients can benefit from an improvement in their hearing, which could
facilitate the effective use of hearing aids and restore some degree of auditory input.
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Improved hearing, with or without appropriate aiding, is an important part of
tinnitus management as a whole, facilitating the implementation of sound therapy.

6.2.7 Meéniere’s syndrome

Méniere’s syndrome is a condition affecting the whole labyrinth. The symptoms
comprise fluctuating low-frequency hearing loss, tinnitus (typically low frequency,
roaring) and prolonged attacks of vertigo, often with nausea (Beasley & Jones,
1996; Knox & McPherson, 1997; Marchbanks, 1997; Merchant, Rauch & Nadol,
1995; Schuknecht, 1981; Watanabe et al., 1997). It is commonly believed that this
syndrome results from raised pressure in the endolymphatic space, sometimes to
the point where rupture of the cochlear membranes occurs; consequently, it is often
referred to as endolymphatic hydrops. However, human data strongly suggest that
M¢éniere’s syndrome may occur without hydrops, and vice versa. This observation
argues against the indiscriminate use of methods aimed at decreasing endolymph
pressure (diuretics, surgery) to alleviate tinnitus. Furthermore, it is likely that a
mild increase of endolymphatic pressure might result in fluctuating hearing loss,
or vertigo, alone and some other conditions might cause identical symptoms (e.g.,
perilymphatic fistula). Consequently, Méniere’s syndrome is one of the most fre-
quently misdiagnosed conditions, leading to inappropriate treatment. In fact it is
rare, with estimated prevalence from 10 to 150 per 100 000 (Johnson & Lalwani,
2003).

Tinnitus associated with Méniere’s syndrome can sometimes be helped by the
medical or surgical cochlear-orientated approaches used in Méniére’s treatment.
A combination of medical and surgical treatments produces an improvement in
Méniere’s syndrome-related tinnitus in roughly half of the patients (Bertran &
Alvarez, 1999; Fucci, Sataloff & Myers, 1994; Moffat, 1997; Hazell & Ryan, 1995;
Soderman et al., 2001; Tewary, Riley & Kerr, 1998; Thomsen et al., 1998). It is
important not to presume that these approaches will have any effect in non-Méniére
related tinnitus, which accounts for the vast majority of tinnitus.

In the early stages of Méniere’s syndrome, the triad of symptoms — tinnitus, low-
frequency hearing loss and vertigo — often occur together, followed by complete
remissions lasting for long periods. Tinnitus is typically low frequency and roaring,
which corresponds to changes occurring in the low frequency, apical region of the
cochlea. Quite profound changes in cochlear micromechanics occur as a result of
the increase in endolymphatic pressure producing a deformity of both Reisner’s
membrane and the basilar membrane. This might result in significant changes in
spontaneous activity in the auditory nerve and could produce temporary strong
perceptions of tinnitus. Méniere’s syndrome, together with acute acoustic trauma,
are unique in that peripheral pathology may be the principal entity with respect to
tinnitus perception. Although the tinnitus may well herald the onset of a Méniére’s
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attack in the early stages, it usually disappears between attacks, even though there
may have been some permanent damage to the cochlea. Tinnitus tends to become
more continuous in those patients who have frequent vertigo attacks and there is
continuous “monitoring” of the ear to identify the early symptoms of the onset of
distressing vertigo.

In patients where hearing loss has become permanent, the additional “straining
to hear” phenomenon will be responsible for the continued experience of tinni-
tus, although this symptom is generally not as troublesome as the vertigo. In the
early stages of Méniere’s syndrome, after treatment with drugs such as diuretics or
betahistine, cochlear function may return to near normal. It must be remembered
that these treatments, which may be successful in reducing tinnitus in the early
stages of Méniére’s syndrome, are not effective in the advanced stages. In addition,
treatment that might be helpful for vertigo may be ineffective in reducing tinnitus.

The situation is complicated by the fact that any treatment that induces a remis-
sion of severe rotational vertigo will greatly reduce stress and may even reverse
chronic anxiety states brought about by the complete unpredictability of the
episodic vertigo and vomiting. This improvement in chronic anxiety may yield
an improvement in tinnitus. It is important not to promote treatments used
for Méniere’s syndrome, including endolymphatic sac surgery, as a treatment for
tinnitus alone.

6.2.8 Auditory nerve compression

Arterial loops in the internal auditory canal have been suggested as being respon-
sible for vertigo, hearing loss and tinnitus in certain patients (Jannetta, 1980). The
diagnosis was only made possible with the development of computer tomographic
(CT) angiography and may now be more simply made with MRI angiography.
The treatment, called microvascular decompression, involves exposing the nerve,
moving the arterial loop slightly aside and placing a small piece of teflon sponge
to prevent future contact of artery and the nerve. Although this approach was first
used to help vertigo, it was later proposed as a treatment for tinnitus (Jannetta
1980, 1987). Initial reports of good results have not been repeatable. There is a
risk of interfering with blood flow to the cochlea, and patients have occasionally
suffered total loss of hearing and facial paralysis following this procedure. Intra-
operative nerve monitoring is strongly recommended by the pioneers of this tech-
nique to decrease the possibility of auditory, vestibular or facial nerve damage
(Moller et al., 1992a). Vascular loops might be responsible for an extremely small
number of patients experiencing clinically significant tinnitus. Just the coexistence
of vascular loops and tinnitus does not prove their causal linking, as the preva-
lence of asymptomatic vascular loops in the internal auditory canals of the general
population is probably quite significant.
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6.2.9 Somatosounds

Historically, somatosounds were classified as “objective tinnitus.” We define them
as the perception of sound generated within the body by vibratory rather than
neural activity. Even though we consider somatosounds to be a separate entity
from tinnitus, many still consider them part of tinnitus. While TRT is effective
for somatosounds, it is important to discuss briefly their etiologies and specific
treatments.

Several categories of somatosounds have been identified, based on their etiology.
The general group of pulsatile somatosounds relate to vascular lesions, congen-
ital arterial alteration, congenital venous anomalies, acquired venous anomalies,
some neoplasms, benign intracranial hypertension, great vessel bruits and high
cardiac output. The non-pulsatile somatosounds include palatal myoclonus, tem-
poromandibular joint dysfunction (TMD, a common cause of ear pain in adults),
tensor tympani muscle spasm and spontaneous otoacoustic emission. Detailed
description of their diagnosis and treatment is presented in many papers, e.g. Hazell,
1989; Jastreboft et al., 1998; Perry & Gantz, 2000.

The prevalence of clinically significant somatosounds is low; surgical treatments
are only rarely appropriate and frequently carry a high morbidity. This is par-
ticularly true with vascular somatosounds involving major arteries or veins. It is
important, however, to diagnose properly and treat conditions requiring surgical or
medical attention (such as neoplasm), where somatosound is a side effect. As TRT
works on the reaction induced by perception of any sound, regardless of whether
it is external, internal or phantom, it is highly effective for somatosounds as well.
In our experience, very few cases of true somatosound, not indicative of other seri-
ous pathology, ended in a surgical procedure, simply because of the sound being
perceived.

6.2.10 Summary of surgical approaches

Surgical procedures should be considered only if indicated by conditions other than tinnitus.

At present, there is no evidence that any surgical procedure is effective in treating
tinnitus when tinnitus is the only problem. We believe that surgical procedures
should be considered only if indicated by conditions other than tinnitus.

6.3 Treatment of medical conditions associated with tinnitus
and hyperacusis

Tinnitus, hyperacusis and somatosounds frequently occur in association with other
disorders outside the auditory system. These conditions need to be diagnosed and
treated independently of tinnitus. In most instances, they are associated with specific
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symptoms which helps in differential diagnosis. While tinnitus might emerge in
association with these conditions, treatment of the condition does not necessarily
result in significant improvement of tinnitus.

Impaired articulation of the joint of the jaw (TMD) is a frequent condition,
nearly as common as tinnitus itself. As facial pain, earache, tinnitus and other
aural symptoms frequently coexist, a causal connection between TMD and tinnitus
has been postulated (Costen, 1937; Kempf, Roller & Muhlbradt, 1993; Rubinstein,
Axelsson & Carlsson, 1990; Rubinstein & Erlandsson, 1991a, 1991b).

The relationship between TMD and tinnitus is confounded by the fact that TMD
occurs commonly in patients with underlying anxiety and stress, which are also
common in tinnitus patients. Even though there is no proven direct physiological
relation between tinnitus and TMD and the studies published so far have been
inadequately controlled (Erlandsson, Rubinstein & Carlsson, 1991), these two phe-
nomena frequently coexist and so treatment of TMD has been recommended for
tinnitus itself. The techniques used in TMD clinics relieve pain caused by tension
in the powerful muscles attached to the jaw joint, reducing discomfort and also the
stress caused by it; this indirectly decreases the impact caused by tinnitus. Con-
versely, the neurophysiological model would suggest that the extended periods of
increased autonomic tone associated with tinnitus distress might result in increased
tension in jaw joint and neck musculature, with resultant spasm and pain in these
muscle groups.

The auditory pathways receive input from the somatosensory system (Itoh et al.,
1987). Many patients after vestibular schwannoma surgery exhibit gaze-related tin-
nitus, or tinnitus evoked by stimulating a narrow band of skin on the hand (Cacace
et al., 1994; Hazell, 1990b). In some patients there is temporary enhancement or
suppression of tinnitus during facial manipulation (Levine, 1999) or electrical stim-
ulation of the median nerve (Moller, Moller & Yokota, 1992b). This evidence may
help to explain the confusion regarding TMD and tinnitus. Modification of tinnitus
by somatosensory stimulation was associated with TMD without assessing if such
a link existed. At present, the somatosensory input relating to changes in tinnitus
remains of research interest only, and in counseling patients during TRT.

Many tinnitus patients complain about fullness in the ear, and a variety of sensa-
tions, including pain, related to the ears. This frequently can be linked to tensor tym-
pani syndrome, which is probably facilitated by increased general and ear-oriented
anxiety (Klochoff, 1979). These problems disappear when sufficient improvement,
including decrease of anxiety, is observed as a result of the treatment.

It is extremely common to experience increased tinnitus on waking (waking
tinnitus) either in the morning or after a “catnap”. All the sensory systems, including
hearing, are put on alert at the moment of waking, and neuronal activity is greatly
increased in the brain. The environment may be quite silent at these times, so it is
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not surprising that tinnitus is instantly noticed and may be especially intrusive. A
very small group of patients has been shown to have increased tinnitus because of
low blood sugar on waking (R. Coles personal communication). A simple trial of
dextrose (e.g., a proprietary energy drink) can identify if tinnitus is in this category.
If blood sugar is low on waking, it is likely that there are other health problems
too, and medical advice should be sought. Some diabetics experience fluctuating
tinnitus if their diabetes is not well controlled. Low blood sugar seems to increase
tinnitus; however, there is no good evidence that diabetes is itself responsible for
persistent hearing loss or persistent tinnitus.

Some patients experience tinnitus during migraine attacks. Others, who have in
the past suffered from migraine or who experience classical migraine symptoms
at other times, may find that proper treatment and prophylaxis will improve their
tinnitus.

There is no agreement as to whether hypertension itself is a causative factor
in tinnitus emergence or persistence. Increased blood pressure is very common,
particularly in older people, who are also more likely to experience tinnitus. Our
belief is that these two conditions commonly coexist. Occasionally, tinnitus will
improve following control of blood pressure, but in most cases it is unrelated either
to the condition or to its treatment. The neurophysiological model of tinnitus
indicates that there is frequently a chronic elevation of autonomic activity, which
is itself one of the underlying predisposing causes of hypertension.

Thyroid dysfunctions may be associated with hearing loss. Both high and low
thyroid functions may result in tinnitus (clinical observation; Elliott, 2000).

Syphilis is a relatively rare condition nowadays, but nevertheless it can produce
cochlear damage as well as, in later stages, damage to the central nervous system.
Severe cases of tinnitus, usually associated with profound hearing loss, are seen
sometimes in congenital syphilis. Appropriate treatment by a specialist in these
diseases might improve the situation in the early stages with respect to tinnitus,
and this should always be sought.

Occasionally, anemia is responsible for pulsatile somatosounds from increased
blood flow. Severe anemia may also result in poor oxygenation of parts of the
brain, including the auditory system. Therapies used in anemia, such as iron and
vitamin B}, should be administered under appropriate medical care after proper
investigation of the problem. Self-administration of supplements is not advised, as
it makes subsequent accurate diagnosis of the anemia more difficult.

Much less attention has been paid in the literature to hyperacusis and decreased
sound tolerance than to tinnitus. As with tinnitus, hyperacusis occurs alone or as
part of an auditory and non-auditory syndromes (Adour & Wingerd, 1974; Fallon
et al., 1992; Fukaya & Nomura, 1988; Gopal et al, 2000; Henkin & Daly, 1968;
Jastreboft et al., 1999a; Klein et al, 1990; Lader 1994; McCandless & Goering,
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1974; Nields et al., 1999; Oen et al., 1997; Vingen et al., 1998; Waddell & Gronwall,
1984; Wayman et al., 1990). In Bell’s palsy, which is paralysis of the facial muscles
caused by dysfunction of the VII cranial nerve, 29% of patients report hyperacusis.
Hyperacusis was described in subjects with Ramsey Hunt syndrome, characterized
by facial palsy, herpes zoster and otalgia. Some patients complain of reduced sound
tolerance after stapedectomy, perilymphatic fistula and after acute acoustic trauma.
Lyme disease, caused by a tick transmitting a bacterial infection ( Borrelia burgdor-
feri), is responsible for a number of neurological problems and has been reported
in the USA and in Europe. In one study of Lyme disease, 48% of patients exhibited
hyperacusis, and frequently tinnitus (Fallon ef al., 1992). These problems often
improve with effective antibiotic treatment, but in some cases hyperacusis remains
a problem (Nields et al., 1999). These patients typically exhibit worsening of their
auditory symptoms for prolonged periods of time as a result of exposure to sounds
(Ch. 3, category 4). This is the reason why all category 4 patients should be tested
for Lyme disease antibodies. Additionally, some patients with Lyme disease exhibit
global hypersensitivity: to light, touch, smell and temperature as well as sound.
Williams syndrome is a rare medical problem. Children affected by this syn-
drome have characteristic facial appearance, cardiovascular abnormalities, are com-
monly hyperactive and have a wide variety of medical and developmental problems,
which can include mental retardation. Hyperacusis occurs in 95% of children with
Williams syndrome (Einfeld et al., 1997; Nigam & Samuel, 1994; Van Borsel Curfs &
Fryns, 1997). It is worth noting that hyperacusis was also reported in patients with
head injuries, after spinal anesthesia and in children with learning disabilities and
autism (Katznell & Segal, 2001; Oen et al., 1997; Waddell & Gronwall, 1984).

6.4 Masking

Tinnitus masking refers to the suppression of tinnitus by external sound, thereby eliminating its
perception.

Tinnitus suppression by sound, called tinnitus masking, was proposed by Jones
and Knudsen in 1928 and later by Saltzman & Ersner in 1947, using early hearing
aids. It was promoted in the late 1970s by Vernon as a highly successful approach
to symptomatic tinnitus (Vernon & Schleuning, 1978). The idea was to cover up
tinnitus by providing the patient with an external sound, thereby eliminating its
perception. Much emphasis was placed on the psychoacoustical properties (the
frequency and intensity) of the masking sound to find the most effective spectrum
for the masker, with the concept that the masking sound should be “tuned” to
the tinnitus pitch. However, when “maskers” generating narrow band noise, tuned
specifically to the pitch of tinnitus, were introduced by the 3M Corporation, they
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were not particularly successful. This is an example of the misleading effect of using
the word masking rather than suppression when applied to tinnitus. In reality, as
Feldmann demonstrated, tinnitus suppression by external noise is not frequency
dependent (Feldmann 1969a,b, 1971). Suppression of tinnitus can be achieved with
equal ease by tones far outside the critical band of the perceived tinnitus pitch. It
is also easier to achieve suppression with broadband rather than a narrow band of
noise (Henry & Meikle, 2000; Kitajima, Kitahara & Kodama, 1987; Shailer, Tyler &
Coles, 1981). So tuning the masker to any perceived tinnitus pitch or any particular
frequency is irrelevant.

In the past, there were concerns that continuous exposure to high-level mask-
ing sounds might result in permanent cochlear damage. This possibility, although
unlikely, still cannot be totally excluded. We might expect an accumulation of
minor traumas caused by the sometimes quite high levels of masking sound
that patients might be exposed to over the years. This problem may be partic-
ularly relevant in patients with more marked hearing loss, who would naturally
require higher absolute levels of masking sound. Patients treated with the “tinnitus
instrument/combination device” consisting of a noise generator and hearing aid
combined, could be particularly at risk.

The masking approach reflects the belief that the tinnitus is completely localized
in the cochlea. Additionally, it also attempts to relate tinnitus annoyance with the
psychoacoustical parameters, such as pitch, loudness, maskability of the tinnitus,
disregarding the fact that since 1985 it has been known that there was no such
relationship (Hazell et al., 1985b; Henry & Meikle, 2000). One obvious shortcoming
of this approach is that maskers cannot be used for the patient on whom it is
impossible to mask tinnitus. Unfortunately, a significant proportion of tinnitus
patients, at least an estimated 50%, have tinnitus that cannot be masked at all
(Mitchell, Vernon & Creedon, 1993; Vernon, Griest & Press, 1990). Furthermore,
masking cannot be used by patients with hypersensitivity to sound (associated
with tinnitus in about 40%) because the device exceeds loudness discomfort levels
(LDLs) and may make symptoms worse.

Frequently, the high level of sound needed to suppress tinnitus interferes with
the perception of speech, particularly in noise (Terry & Jones, 1986). Additionally,
many patients found that the high levels of sound required to achieve suppression
were just as unpleasant as their tinnitus, and they either rejected the treatment
or turned the sound down below the level required for suppression (Hazell et al.,
1985b).

There are many factors that lead to failure of masking as a treatment for tinnitus.
In addition to those already mentioned, there is a problem that once the masker is
turned off, most of the patients return to their previous perception of unchanged
and annoying tinnitus. Additionally, many subjects who were initially successful in
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suppressing their tinnitus with the use of maskers found that the external sound
had to be continually increased to achieve suppression (Penner & Bilger, 1989). This
phenomenon does not seem to reflect an increase of tinnitus loudness but rather
habituation to the external suppressing sound. In practical terms, this means that
it is difficult to keep tinnitus suppressed, since it will tend to re-emerge, creating
an impression that tinnitus is getting louder. This discourages many patients from
using masking since they perceive that their tinnitus is getting louder as a result of
treatment.

Many patients trying masking simply did not comply with instructions to set the
instrument high enough to make their tinnitus inaudible, and used lower sound
levels insufficient to suppress the perception of tinnitus. In reality, they set their
instruments at comfortable, frequently variable levels. Investigation revealed that
in most cases the level of sound was close to the suppression level, and well above
the “mixing point” (for explanation see Ch. 3 and Jastreboff et al. (1994)). Those
patients who reported improvement using this approach have been labeled as using
partial masking, a technique that later proved to be partially effective (Hazell et al.,
1985b). Note that in TRT the sound levels used are always aimed to be at or below
this “mixing point” and always below the level creating annoyance or discomfort.

Partial masking can be partially effective.

It is worthwhile discussing some matters of terminology here. In our opinion the
use of the term masking with respect to tinnitus is inappropriate and misleading.
The word masking implies total covering of a sound by the other sound, and it has
been used for tinnitus with this meaning for many years (Johnson, 1998; Vernon,
1977). The use of the term partial masking has a direct implication that masking,
by definition, is total or not at all.

Both concepts were aimed at providing temporary relief. The feeling of control
over tinnitus was helpful to some patients. Unfortunately, masking did not provide
long-lasting relief and patients who were helped still had to use maskers for the rest
of their life to obtain continuous relief. In patients utilizing the partial-masking
approach, if the level of sound was low enough, it could facilitate the natural process
of habituation and was positively received by some patients (Hazell, Sheldrake &
Meerton, 1987).

From the point of view of TRT, masking of tinnitus must be seen as counter-
productive, since total suppression of tinnitus by definition prevents habituation
of tinnitus. Habituation requires regular exposure to the object to be habituated.

“Residual inhibition” describes a temporary disappearance of tinnitus following brief exposure to

sound.

“Residual inhibition,” a temporary disappearance of tinnitus following brief
exposure to sound (typically 10dB above minimum suppression level), is a
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derivative of the masking approach. It refers to the phenomenon of poststimulus
inhibition of tinnitus, a better name. Most probably it reflects the neurophysio-
logical rebound phenomenon; temporal change of the level of spontaneous neu-
ronal activity after switching off an external stimulus. Controversial results have
been presented regarding the percentage of tinnitus sufferers experiencing resid-
ual inhibition (Schleuning, Johnson & Vernon, 1980; Terry et al, 1983). In the
past, much hope was generated that it would be possible to prolong the effect of
residual inhibition, and in some cases even permanently relieve tinnitus, by proper
selection of the physical characteristics of the external sound. Even though the
work on residual inhibition started in the late 1970s, these expectations have never
been met. It has remained an interesting phenomenon benefiting the occasional
patient.

The masking procedure, although still used in some centers, turned out not
to be as effective as initially hoped, and the same success rate for maskers and
placebo devices has been reported (Erlandsson et al., 1987). Except for the results
of the Oregon Center, which reported 64% effectiveness of the treatment, mea-
sured as a percentage of patients who purchased hearing aids, tinnitus maskers
or tinnitus instruments (combination of hearing aid and masker in one device)
(Johnson, 1998), there are no other papers supporting claims of such a high level of
success.

6.5 Hearing aids

Many patients with hearing loss report relief from their tinnitus when using hearing aids.

The beneficial effects of early hearing aids in tinnitus patients were first reported
by Saltzman and Ersner in 1947. This has been supported by other reports over
the years (Brooks & Bulmer, 1981; Kiessling, 1980; Melin et al., 1987; Miller, 1981;
Stacey, 1980) and is a very common observation in hearing aid-dispensing practices.
While the mechanisms of this effect were unknown, popularization of the masking
techniques in the late 1970s led to the suggestion that tinnitus was masked through
hearing aids by amplified external sounds. When maskers proved to be much less
effective than was originally reported, attention was focused on hearing aids. Again,
itwasstill not clear by what mechanism hearing aids might be conveying this benefit,
but they were reported to produce a varying degree of relief from tinnitus in some
patients.

The neurophysiological model provides an explanation and rationale for using
hearing aids. The model also provides a specific recommendation for the way
in which hearing aids should be used in tinnitus patients (see Ch. 3). It is
interesting that in some patients tinnitus is suppressed as soon as hearing aids
are put on. Although these patients obtain symptomatic relief from their hearing
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aids, they still complain about tinnitus when the aid is removed, for instance at
night. In this group, habituation of tinnitus may be hindered since they are in
the same situation as patients who are using masking; the brain cannot retrain and
habituate to a stimulus that it cannot detect. It is recommended that hearing aids are
deliberately removed for some time every day, enabling tinnitus to be heard while
introducing TRT counselling and low, audible, levels of the background sound
(sound enrichment).

Certain hearing aids with high internal noise levels have been purposefully rec-
ommended to tinnitus patients. Even without proper counseling, or the ability to
control the noise level, these patients nevertheless obtained some benefit through
these hearing aids, which were acting as both amplifiers and sound generators. Now,
it is possible to offer these patients new combination instruments, which contain an
independently controlled high-quality hearing aid together with a sound generator.

Recently, programable hearing aids that fully occluded the ear canals and were set
with a high level of compression have been promoted as treatment for hyperacusis,
even when there was little or no hearing loss. These hearing aids act essentially as
ear-plugs, the attenuation being counterbalanced by amplification of lower sound
levels. Once sound levels reach a predetermined level, the amplification is automat-
ically decreased, and the aid starts to act as an ear-plug. This approach, by simply
offering protection from the sound, does not alleviate the problem. Actually, it
would further enhance the hyperacusis and promote development of misopho-
nia. This method reflects a frequent approach to hyperacusis, in which the patient
is encouraged to avoid sound by the constant use of ear-plugs and/or ear-muffs.
We are against this approach; however, sudden reintroduction of sounds that are
creating a strong reaction must be avoided, and a gradual transition from the use
of plugs or compression hearing aids must be planned within a program of TRT
desensitization.

Modern hearing aids with advanced programs to suppress background environ-
mental noise can also enhance tinnitus, as they will decrease the contribution of
low-level background sounds. These sounds are part of sound therapy, and hearing
aids with such programs will decrease their impact.

6.6 Psychological treatments

Tinnitus patients reporting severe emotional difficulties, with anxiety, anger, known
profound psychological problems or psychosis, as well as those who are significantly
distressed, can potentially benefit from specific psychological approaches.

Many psychological treatments can be summarized as coping strategies: teaching patients how to
“live with their tinnitus.”
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There are several centers worldwide promoting cognitive—behavioral therapies
for tinnitus patients (Andersson & Lyttkens, 1999; Goebel ef al., 1999; Hallam &
McKenna, 1999; Hallam, Rachman & Hinchcliffe, 1984; Henry & Wilson, 1999;
Sweetow, 2000). These therapies include relaxation training, distraction attention
techniques, cognitive reconstruction, imaginary exercises and modification of mal-
adaptive thoughts and behavior. Many of these approaches can be summarized as
coping strategies: teaching patients how to “live with their tinnitus.”

According to the neurophysiological model, non-specific behavioral training is unlikely to have
any permanent effect in inducing tinnitus habituation in the majority of subjects with significant

tinnitus.

According to the neurophysiological model, non-specific behavioral training is
unlikely to have a permanent effect in inducing tinnitus habituation in the majority
of subjects. However, some patients can benefit from these treatments because of
improvement in their emotional problems.

Many patients observe a close correlation between their general stress level and
tinnitus. Some patients describe an increase in the actual loudness or other physical
parameters of tinnitus perception with an increase in stress, while others report
just an increase of tinnitus annoyance. Any procedure temporarily or permanently
decreasing the degree of stress is helpful for tinnitus patients. At the same time,
procedures based entirely on stress alleviation, for example biofeedback and general
stress-decreasing counseling, are effective only in a small percentage of patients,
the effects are temporary and they are not significantly different from the general
placebo effect.

Treatment of tinnitus, aimed at reducing anxiety and tension by using a variety
of behavioral techniques, could provide some benefit to patients. Various studies
have documented a significant increase of anxiety about disease (somatic anxiety)
and depression in tinnitus clinic populations (Halford & Anderson, 1991; Jakes
et al., 1985; McKenna, Hallam & Hinchcliffe, 1991; Stephens & Hallam, 1985;
Sullivan et al, 1993). Many different techniques have been used, including relax-
ation training (Jakes et al., 1986), biofeedback (Landis & Landis, 1992; Ogata et al.,
1993) and more formal psychotherapy in behavioral training (Kroner-Herwig et al.,
1995). In a group of patients who are inherently anxious, a reduction of anxiety will
produce a non-specific benefit, with an increased feeling of well-being and a reduc-
tion in the number of anxiety and panic attacks. When the threshold for anxiety and
panic is reduced by the presence of irritating and intrusive tinnitus, any lowering
of activity in the emotional and autonomic centers is likely to result in a transient
reduction in symptoms. Patients preoccupied by strong negative beliefs associated
with tinnitus and with tendencies to pessimism and somatic anxiety might benefit
from engaging in cognitive reconstruction approaches. These techniques
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identify, explain, interpret, discuss and challenge negative thoughts and beliefs,
finally replacing them with more positive thoughts and emotions. Refocusing atten-
tion from tinnitus to other stimuli is another technique used in psychology. Some
people are helped by learning to switch the focus of attention quickly from one
stimulus to another, or by engaging in activities that preoccupy so tinnitus is not
the main focus of attention. Distraction techniques may provide symptom relief
and be helpful at times of extreme anxiety, but they are not compatible with the
habituation approach used in TRT.

Relaxation techniques, aimed at improving general well-being and stress reduc-
tion, can be of some help and can be implemented without involving tinnitus at
all. Progressive muscle relaxation, breathing exercises, biofeedback, yoga and med-
itation all reduce tension and improve quality of sleep and life. In addition, they
produce physiological changes, such as decreased muscle tension, reduced heart
rate, improved respiration, and modify the response to stressful situations. Over-
all, psychological techniques help in better self-management of distress caused by
tinnitus, which, in turn, helps in coping with tinnitus in spite of its presence. Psy-
chological approaches do not have the negative side effects associated with drug
therapies and are basically harmless for patients.

6.7 Electrical stimulation

Transmission of information within the nervous system requires electrical impulses
to travel through neurons and to other neurons. It is possible to activate a neuron as
well as interfere, modulate or even block on-going spontaneous and evoked activity
using an electrical current. This property of electrical stimulation is the basis of
the cochlear implant: electrical stimulation of the auditory nerve for profound
deafness.

Electrical stimulation offers the most powerful means of influencing neuronal activity and, in theory,
of attenuating tinnitus. Practical results have yet to be achieved.

Electrical stimulation offers the most powerful means of influencing neuronal
activity and, in theory, offers a possibility of attenuating tinnitus-related neuronal
activity. Practical results, however, lag behind the theoretical potential.

Electrophysiological studies suggest the possibility of blocking nearly any neu-
ronal activity by applying a constant current with proper polarization: “anodal
block” (e.g., Vyklicky, Keller & Jastreboff, 1976). Such stimulation cannot be used
for long periods, as it would inevitably damage the neurons and tissues through
which it passed.
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Most attempts at tinnitus attenuation using electrical stimulation have been empirical and not based
on any specific theory.

Alternating currents tend to enhance not suppress neuronal activity. Therefore,
the majority of work aimed at tinnitus attenuation with electrical stimulation has
been with alternating currents, without any specific theory or phenomenology
(based on symptoms), and on a trial and error basis. As it is easier to influence
neuronal activity when the stimulating electrode is close to it, much work in this
field has used cochlear implants. Electrical stimulation through the middle ear,
stimulation of the whole head or stimulation of deep brain structure (Martin
et al., 1999) yielded mixed results, which were typically worse than with stimu-
lation through cochlear implants.

Electrical stimulation as a treatment for tinnitus is not new (for review of history
see Hazell et al. (1993) and Dauman (2000)). Since the discovery of direct current by
Volta in 1800, frequent attempts have been made to stimulate the ear with electricity
as a proposed cure for either deafness or tinnitus. MacNaughton Jones (1891), who
wrote an important treatise on ear disease, also used electrical stimulation for
treating tinnitus but commented that the effects of the electricity could not be
distinguished from “other therapeutic effects.” He was probably the first to note
the effect of counseling on the patient with tinnitus, and to identify the difficulty in
separating this powerful effect from more specific treatments applied at the same
time.

With direct current, anodal suppression of tinnitus was found to be most effec-
tive. This finding was reported first by Graham and Hazell (1977) and then by
Aran and coworkers (Aran & Cazals, 1981; Portmann et al., 1979). Transtympanic
needle electrodes passed through the eardrum, and also round window electrodes,
were used to stimulate the ear. Round window stimulation was shown to be more
effective than stimulating the bony wall of the promontory over the cochlea in
suppressing tinnitus. Aran and coworkers used only direct current and counseled
strongly against this treatment because of the likelihood of damage to the cochlea
by passing a direct current through it.

The advent of cochlear implants raised the hope that it might be possible to
suppress or eliminate tinnitus by electrical stimulation of the cochlea, either in a
hearing or a deaf ear. The results of pioneering work from the House Ear Institute
in Los Angeles, reported as early as 1976, showed that tinnitus in a profoundly deaf
individual could be improved following cochlear implantation (House, 1976). This
has been followed by various reports confirming the benefits of cochlear implan-
tation for profoundly deaf tinnitus sufferers. An alternative mode of stimulation,
a digitally pulsed current, was applied via an intracochlear, usually multichannel,
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electrode, thereby delivering a complex speech signal. On a few occasions, cochlear
implants have been inserted into the ears of patients with minimal or no hear-
ing loss in an attempt to eliminate tinnitus (Thedinger, House & Edgerton, 1985).
Unfortunately, not only was it impossible to suppress the tinnitus, but some patients
were actually made worse. However, the majority of deaf people receiving cochlear
implants for auditory rehabilitation in a totally deaf ear obtained at least partial
relief from tinnitus when the implant was used (Berliner & Cunningham, 1987;
Dauman & Tyler, 1993; Dauman, Tyler & Aran, 1993; House & Brackmann, 1981;
McKerrow et al., 1991; Tyler & Kelsay, 1990). The question remains as to whether
or not this relief was achieved by the provision of an auditory signal that sup-
pressed tinnitus perception by an electrically induced perception of sound (similar
to masking) or whether it came from direct interference with tinnitus-related neu-
ronal activity below the level of perception.

In 1995, Hazell, McKinney & Aleksy found that 27% of 800 patients awaiting
cochlea implantation had never experienced tinnitus. At the same time, 48% of
patients who had troublesome tinnitus reported significant improvement following
implantation (Hazell et al., 1995). The benefits in tinnitus suppression correlated
weakly with improved communication ability; therefore, part of the mechanism of
tinnitus suppression in cochlear implantation may be the removal of the “straining
to communicate” phenomenon.

Promising results were reported with the use of an implant delivering sinu-
soid alternating current to patients with unilateral deafness and severe tinnitus
(Fraysse & Lazorthes, 1983; Hazell, Meerton & Conway, 1989; Hazell et al., 1993).
It was interesting that a low-frequency alternating current (below 50 Hz) was most
effective in suppressing tinnitus, and the mechanism was probably not one of
masking (Hazell et al., 1993). Notably, some patients have been monitored for up
to five years after surgery and were still obtaining tinnitus suppression from their
implant.

Another approach to electrical stimulation for tinnitus is to stimulate the cochlea
externally from electrodes placed on the ear canal skin or on the round window.
The results to date are not optimistic for people with normal or only partially
impaired hearing. However, in patients with a totally deaf ear, and using correct
stimulus parameters, it was possible to achieve partial relief from tinnitus on a num-
ber of occasions (Hazell et al., 1993). In 1993 the Cochlear Corporation reported
the results of a multicenter trial using ear canal sinusoidal stimulation in addition
to transtympanic and round window electrodes (S. Staller, 1996, personal com-
munication). Their report agreed with Hazell et al. (1993a) that low-frequency
sinusoid stimulation was more effective. However, the results were not sufficiently
promising to justify development of electrical tinnitus suppressors on a commercial
basis.
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Various studies have shown that 2-5% of totally deaf subjects with tinnitus
experience exacerbation of tinnitus after cochlear implantation. It is possible to
improve their tinnitus using TRT so that the implant can eventually be used on an
everyday basis. This has been achieved in London on selected patients.

Transcutaneous (across the skin) electrical stimulation has been used effectively
in the treatment of pain and in the healing of bone fractures for many years
(Candy & Pareson, 1990). There have been a number of reports on the use of
electrical stimuli applied to the skin over the mastoid for tinnitus suppression,
and it would appear that this approach works in some patients. However, in
double-blind control trials using these techniques, there were fewer subjects with
positive results in the active than in the placebo group (Dobie et al., 1986; Penner &
Bilger, 1989). It is interesting that in the Scott et al. (1994) study, there was one
subject who consistently obtained tinnitus relief over a three month period when-
ever the active device was switched on. Thedinger, Karlsen & Schack (1987) found
a true benefit in only 7% of patients. Low-intensity square waves or biphasic pulses
through an ear or mastoid application have also been tried (Engelberg & Bauer,
1985).

Transcutaneous electrical nerve stimulation for somatosensory stimulation has
also been tried for tinnitus relief. This is an established technique for treating mus-
culoskeletal pain, using weak electrical currents passed through electrodes attached
to the skin. The electrical current stimulates pain nerve endings and might work in
a similar way to acupuncture. Several authorities have tried to use this technique
in tinnitus by applying electrodes to the mastoid region. Results were negative or
temporary (Giordano et al, 1987; Kaada, Hognestad & Havstad, 1989; Rahko &
Kotti, 1997; Scott et al., 1994).

Very recent results utilizing high-frequency (4.8 kHz) stimulation via a modified
cochlear implant or an electrode placed on the promontory have indicated atten-
uation or total blockage of tinnitus for a duration of minutes to hours in about
50% of subjects (Rubinstein ef al., 2003). While the success rate was similar to that
reported with electrical stimulation performed with other protocols, the interesting
observation was that in some patients it was possible to achieve tinnitus suppression
without evoking perception of sound induced by this high-frequency stimulation.
The question of efficacy and safety of this method remains open.

Electrical tinnitus suppression with implanted electrodes presently has more potential than transder-
mal stimulation.

Stimulation of deep brain structures has been utilized for treatment of movement
disorders, Parkinson disease and chronic pain. It was discovered accidentally that
it sometimes also improves tinnitus (Jeanmonod, Magnin & Morel, 1996). The
results from seven subjects indicated that three of the patients, receiving deep brain
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stimulation for reasons other than tinnitus but happening to have tinnitus, achieved
temporal attenuation of tinnitus (Martin et al., 1999). While interesting, deep brain
stimulation is at the moment at an early experimental stage.

6.8 Alternative therapies

A large number of alternative therapies, outside the field of conventional Western medicine, have
been used to treat tinnitus. Most treatments give some patients temporary relief, which may result
from the placebo effect or from temporary changes in autonomic activity.

Thelistofalternative therapies outside the field of conventional Western medicine
is very long and reflects the strong desire of tinnitus patients to find relief follow-
ing the failure of standard treatments (Podoshin et al, 1991). The list includes
acupuncture, homeopathy, magnetic stimulation, reflexology, craniosacral therapy
and ear-candling. The few available double-blind studies show that none of these
approaches is really effective for tinnitus. At the same time, nearly all of them give
some patients temporary relief, which may result from the placebo effect or from
changes in autonomic activity.

In the USA and Europe, the term alternative medicine refers to treatments that
are not part of the “Western medical tradition.” This does not infer that they are
invalid or ineffective. In Eastern countries, such therapies would be considered
conventional. There are, however, particular problems that arise when patients
seek help from alternative medicine, which need to be pointed out.

Alternative practitioners are typically general practitioners who are seeing the
same wide spectrum of medical disorders that a family physician would see. This
does not allow them the opportunity to develop expertise in the management of
very specific conditions, even relatively common ones like tinnitus. They may also
have minimal training in the underlying basic sciences and are, therefore, unable
to apply a mechanism-based approach to therapy. In many areas of alternative
medicine, understanding the mechanism may be thought unnecessary, and the
approach is purely phenomenological. All these factors contribute to the present
situation where very few claims of success can be verified. While the majority of
them could be studied by double-blind randomized evaluation, such studies have
not been published; where they are available (as in the case of acupuncture) results
are negative (Andersson & Lyttkens, 1996; Axelsson, Andersson & Gu, 1996; Dobie,
1999; Park, White & Ernst, 2000).

At the same time, dissatisfaction with Western medical practitioners is one of
the reasons why patients turn to alternative therapies. Medical providers seem
to have too little time to listen to the many complex problems and complaints
tinnitus patients tend to have. The alternative practitioner usually has more time
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and is often a skilled counselor. The effects of counseling and the use of therapies
that may produce relaxation or reduction in anxiety have already been shown to
be effective in helping patients to cope with their tinnitus. It is often difficult or
impossible to extract the counseling effects of alternative medicine from the effects
of more specific therapies that are applied.

6.8.1 Acupuncture

Acupuncture is a part of traditional Chinese medicine that is used exten-
sively around the world. There is no doubt of its effectiveness in treating pain
(Longworth & McCarthy, 1997). Acupuncture is capable of producing local
anesthesia adequate to perform major surgery in certain patients. A number of
studies show varying degrees of success and failure in treating tinnitus (Andersson &
Lyttkens, 1996; Gu & Axelsson, 1996; Hansen, 1975; Marks, Emery & Onisiphorou,
1984; Nilsson, Axelsson & Li De, 1992). Occasional successes are overshadowed
by the much larger number of patients who have spent much time and money on
acupuncture for tinnitus without receiving any long-term benefit (Gu & Axelsson,
1996). Recent double-blind studies have failed to show any benefit of acupuncture
for tinnitus (Axelsson et al., 1996; Dobie, 1999; Park et al., 2000; Vilholm, Moller &
Jorgensen, 1998).

6.8.2 Transcutaneous “black boxes”

The Therapak, a small black box with flashing lights, has been promoted for the
treatment of musculoskeletal aches and pains and suggested in the treatment of
tinnitus in the UK. Roland et al. (1993) have suggested that this device did give
significant help in 45% of patients treated. Unfortunately, we have not detected a
single patient obtaining long-term benefit from this treatment. The manufacturer
claims that the device produces a variable low-frequency, pulsed, electromagnetic
signal, rich in harmonics. Examination of the inside of the box by an electronics
engineer suggested that there were no components capable of producing any type
of electromagnetic radiation able to penetrate the body.

6.8.3 Homeopathy

Homeopathy is based on the concept of using agents that cause symptoms similar
to the disease but in extremely low concentrations. The selection of an appropri-
ate remedy depends on a detailed assessment of a patient’s overall physical and
emotional state, and it requires extensive contact with the patient. It would be rel-
atively easy to evaluate this therapy by a double-blind trial, but so far this has not
been done with tinnitus. Sporadic reports of improvement do not seem to exceed
the expectations of temporary improvement as a result of non-specific counseling
(Simpson, Donaldson & Davies, 1998).
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6.8.4 Ultrasonic stimulation

Following chance observations that tinnitus improved following the use of ultra-
sound for the diagnosis of sinus disease, a trial of ultrasound applied to the ear was
performed. In an initial study (Carrick et al., 1986) of 40 patients, 40% improved
with ultrasound and only 7% with a dummy stimulator. A further study (Rendell
et al., 1987) failed to confirm these benefits. With 40 subjects in a double-blind
controlled trial, there was no difference between ultrasound and placebo and very
little change in tinnitus was observed in any subject in either group. Recently, this
idea was rekindled by the introduction of two new devices: one producing high-
frequency sound (specifically processed music) that still is within hearing range
(UltraQuiet™) and the other offering real ultrasound stimulation (HiSonic®) in
low 20 kHz range together with high-frequency sounds from the hearing range.
Presently, there are no clear results regarding their effectiveness.

6.8.5 Magnetic stimulation

In 1987, Takeda reported prolonged reduction of tinnitus a few days after placing
powerful magnets near to the tympanic membrane (see Coles, 1998). A subsequent
double-blind trial on 50 patients did not reveal any effects (Coles et al., 1991).

6.8.6 Lasers

Several studies of laser treatment in patients and studies on temporal bones to
examine the possibility of laser-activated repair mechanisms within the cochlea
have shown consistently negative results (Partheniadis-Stumpf, Maurer & Mann,
1993; Shiomi et al., 1997; von Wedel et al., 1995). The controlled human study
showed no improvement in tinnitus, and evaluation of the light intensity in the
temporal bone study showed that the laser light did not penetrate in the intact ear
(Mirz et al., 1999a; Walger et al., 1996).

6.8.7 Hyperbaric oxygen

Hyperbaric oxygen has been used for along time as an empirical treatment for sud-
den sensorineural deafness, with the reasoning that increasing cochlear blood flow
and concentration of oxygen in the perilymph might induce and facilitate recovery
of damaged hair cells (Fattori et al., 1996; Vavrina & Muller, 1995). In Germany,
it is also being used extensively for “acute sensorineural tinnitus,” with similar
justification. While uncontrolled trials have suggested improvement in about 60%
of patients, other studies have shown it is much less effective, if at all, and there
are no long-term studies. There is no evidence that the emergence of troublesome
tinnitus relates to changes in cochlear blood flow, which hyperbaric oxygen therapy
is supposed to improve. An attempt to evaluate effectiveness of this method to treat
Méniere’s syndrome showed no difference between patients receiving hyperbaric
oxygen and a control group (Fattori et al., 1996).
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6.8.8 Various herbal therapies

For years, a variety of herbal mixtures with attractive names implying their effec-
tiveness for tinnitus have been introduced on the market. The recent explosion of
web-based trade has made it easier to reach desperate tinnitus patients. Lack of
studies supporting the claims of high effectiveness did not discourage people from
buying. The problem is that these products are actually making tinnitus worse, as
patients receive another confirmation that “nothing works for tinnitus” once the
temporary placebo effect disappears. Furthermore, as these products are not the
subject of normal governmental control, their composition is frequently unknown
and it often does not match description of contents. Consequently, it is impossible
to predict what potential negative interaction there might be with medications that
patients may be taking for other conditions, or the effect it might have on tinnitus
or decreased sound tolerance.

6.8.9 Music therapies

Music-based therapies have along tradition in psychology and medicine (Cabrera &
Lee, 2000; Good, 1996; Lipe, 2002; Watkins, 1997) and recently elements were
proposed for tinnitus treatment. As with any treatment decreasing general stress
levels and inducing relaxation, this therapy could be used as an adjunct to TRT
but, on their own, would be predicted to have only a temporary effect by altering
autonomic activity. Systematic studies are needed, however, to determine if the
introduction of music may have any additional beneficial effect.

6.8.10 Reflexology, hypnosis, aromatherapy, craniosacral therapy

6.8.11

Reflexology, hypnosis, aromatherapy and craniosacral therapy are non-specific
treatments (in terms of conventional medicine) that are widely used for the reduc-
tion of stress and stress-related conditions such as a headache, anxiety, digestive
problems, etc. Having the scalp muscles or the soles of the feet massaged, or pleasant-
smelling oil applied over the body, may produce significant feelings of relaxation and
well-being. The treatments are typically applied by therapists without any specialist
knowledge of audiology, or the neurophysiology of tinnitus, making diagnosis of
these conditions a haphazard process. Tinnitus patients have sometime reported
improvement, particularly in feelings of anxiety, following these therapies.

Alternative treatments for hyperacusis: ear protection, pink noise,

auditory integration

Compared with tinnitus, the number of treatments that have been proposed for
hyperacusis is limited. The most common approach is to encourage ear protection,
typically by ear-plugs. In some cases, tightly fitted hearing aids set for minimal
gain and with high compression are recommended. These hearing aids are act-
ing as earplugs with sound intensity-dependent attenuation. So called “pink-noise
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therapy,” in which patients are exposed to relatively high levels of sound but with
certain frequencies removed, is also recommended. Note that the term “pink noise”
is not related to acoustical pink noise, which is a noise with energy decreasing
inversely with frequency. Auditory integration, which with varying degrees of suc-
cess is used for autistic children (Mudford et al., 2000), is used as well. So far there
are no clear data supportive of any of these approaches. As presented elsewhere in
the book, TRT provides a high level of success for hyperacusis, including a cure for
some patients.

6.9 Conclusions

Tinnitus is a common and troublesome condition. Therefore, it is not surprising
that many attempts have been made to find a cure, or at least a treatment that could
reduce the symptoms. The studies presented in the literature, and outlined here,
show that the proportion of patients reported to improve is close to the placebo
effect, which makes claims of their effectiveness doubtful.

There are rare causes of tinnitus where medical or surgical treatment of under-
lying pathology can benefit the patient. However, it is always necessary to consider
that many of these treatments may have significant side effects and to select an
optimal approach adjusted for the individual patient.
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General conclusions and future directions

In this book, the main points of the neurophysiological model and TRT are reviewed, stress-
ing the importance of extra-auditory connections in the brain responsible for the clinically
significant tinnitus and decreased sound tolerance. TRT has to date proved the most effec-
tive treatment for tinnitus and decreased sound tolerance; moreover it can be applied to all
patients regardless of the etiology of tinnitus.

The authors are optimistic about future developments, which should increase the speed
of treatment and make it more effective, particularly for some classes of patient, such as
those with profound deafness. Recent advances in neuroscience, brain imaging techniques,
pharmacology, genetics and cell biology hold promise for a better life for tinnitus sufferers in
the future.

In this book, we have presented a neurophysiological approach to tinnitus, aimed
at habituation of the tinnitus-induced reaction and its perception. The model
described stresses that tinnitus perception results from compensatory activity
within the auditory pathways to otherwise small and irrelevant disturbances. These
originate in most cases in the periphery but undergo enhancement and create
feedback mechanisms involving the limbic and autonomic nervous systems that
form a vicious circle resulting in strong annoyance and distress for the patient. The
level of annoyance is not related to physical characteristics of perceived tinnitus
sounds — their loudness, pitch or ability to be suppressed by external sounds — but
reflects negative associations related to perception of tinnitus. The approach does
not aim to eliminate or attenuate the tinnitus source, but to prevent the signal
from reaching the limbic and autonomic nervous systems and from activating high
cortical areas involved in tinnitus awareness. Therefore, properties of the tinnitus
signal, and its perception, are irrelevant in achieving habituation.

The clear implication of the neurophysiological model of tinnitus is that the
initial reason for emergence of the tinnitus signal is irrelevant. Tinnitus perception
might result from noise-induced cochlear damage, viral infection, drugs, ageing,
etc. We are not trying to attenuate the source, which at this moment we do not
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believe is possible, but attempting to block this signal above the source to prevent it
from activating the limbic and autonomic nervous systems, giving rise to anxiety,
annoyance and so on (habituation of reactions) and also higher levels of the auditory
system (habituation of perception). As the method for blocking this signal is not
dependent on its specifics or characteristics, TRT is effective regardless of the source,
trigger or underlying cause of emergence of the tinnitus signal.

As habituation is achievable to any kind of tinnitus or external sound, it is
irrelevant if it can be “masked” (suppressed by sound) or not, or if it is loud, soft
or of any particular pitch. This feature alone separates TRT from other treatments,
which tend to target specific subtypes or clinical diagnoses of tinnitus and thus
cannot be used on a general population of tinnitus patients. TRT does not require
selection of patients. Data coming from our centers, and others around the world,
show over 80% of patients have significant improvement following TRT, without
any preselection of those to treat.

Another positive aspect of TRT is that treatment does not have to be continued
indefinitely. Usually 12 to 18 months are sufficient for inducing, and sustaining,
habituation and to achieve permanent plastic changes within the nervous system
for tinnitus habituation. As a result, the patient does not require any additional
treatments or procedures except for following general instructions about avoiding
very loud sounds and total silence. This is in contrast to other treatments, which
require continuous use to provide relief (e.g., masking). Furthermore, TRT utilizes
the normal processes and features of the brain to achieve habituation and does not
have side effects.

It is worth noting that TRT works at two levels: habituation of reaction to tin-
nitus and habituation of tinnitus perception. The time course and the extent of
habituation of reaction and perception vary from patient to patient. In most cases,
as a first step, we will achieve reduction of reaction to tinnitus before achieving
habituation of tinnitus perception. Our data indicate the possibility of removal of
tinnitus perception for periods of time, in some cases, to the extent that patients
are unable to perceive their tinnitus even if they are trying to focus their atten-
tion on it. We would like to stress that this is not the aim of TRT, and that this
requires a longer time. Nevertheless, this finding indicates that further improve-
ment in TRT can be achieved beyond the stated goal of habituation of tinnitus
reaction.

One of the postulates of the neurophysiological model is that enhanced gain
within the auditory pathways contributes to tinnitus, predicting that a large per-
centage of people with tinnitus will be affected by decreased sound tolerance as
well. Therefore, part of TRT is directed toward decreasing this hypersensitivity.

What is the weakness of TRT? The main problem is that time is needed to achieve
sustained habituation and it, therefore, requires substantial effort by both therapist
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and patient. As TRT is not taught in graduate schools and it requires specific

knowledge and expertise, a dedicated commitment by physician and audiologist

is needed in learning new skills. There also needs to be wider availability of TRT
courses.

We are the first to realize that this approach, even if it seems to be highly effective,
can be further improved. We still have a small percentage of patients whom we
cannot help; furthermore TRT at present may take up to 12—18 months. We believe
this time can be shorten significantly, perhaps to just a few months, if, simultan-
eously with TRT, it was possible to attenuate even partially the tinnitus source or
tinnitus-related neuronal activity in the brain.

This opens a new avenue for drug therapy and other therapies, to decrease the
tinnitus signal or stress, or generally improve patients’ well-being. Previously, for
a drug to be of clinical interest, it would be necessary to attenuate tinnitus by at
least 50% or more. If, however, we combine a drug that offers partial attenuation
of tinnitus, even by 10-20%, with TRT, then treatment should be shortened sig-
nificantly. Such a drug must not, of course, interfere with the habituation process
itself and, particularly, should not hinder plasticity of the brain. Other methods
(e.g., electrical stimulation) partially able to suppress the tinnitus signal would be
equally helpful.

Itis crucial to understand what are the specific characteristics differentiating TRT
from all other methods. There is substantial confusion in this respect and many
believe that it is essential to have special instruments or use a particular sound level
(mixing point) for TRT.

We hope that in this book we have conveyed the following key points.

e The fundamental feature of TRT is specific (retraining) counseling, based on, and
following the principles of the neurophysiological model of tinnitus. The model
includes information and direction about the need for avoiding silence and for
enrichment of the auditory background (sound therapy)

o While new skills need to be learned in the fitting of sound generators and hearing
aids in patients with tinnitus and decreased sound tolerance, instruments are not
always necessary, and indeed TRT may be performed without them, albeit with
suboptimal results in certain cases. The specific method of sound delivery is of
secondary importance.

e There is no need to set the sound at any specific level (e.g., the mixing point); a
range of sound levels can be used providing that all the listed criteria are fulfilled.

Similarly there are a number of rules regarding sound use that patients are taught.

e Sound used for enriching the auditory background must never evoke annoyance
or discomfort of any type.

o Sound levels close to the threshold of hearing should be extended as they might
induce stochastic resonance and consequently enhance the tinnitus signal.
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e The sound level is set by increasing it from the threshold of hearing until one of
the following conditions is met:

{ the sound induces annoyance if used for a prolonged period of time

{ the sound has reached the mixing point.

The sound is then set slightly below the level determined by these conditions.

Note that the restriction of setting the sound to below the mixing point automat-
ically excludes the possibility of tinnitus suppression (masking) as the mixing point
denotes the beginning of partial masking and is always below the level required for
masking.

Another important point is the issue of a cure for tinnitus. If we are aiming to
totally remove tinnitus perception, then presently there is no cure. However, as
we have argued in this book, the problem for clinically significant tinnitus is not
its perception, which is very common and natural, but the reactions induced by
the tinnitus signal. TRT can decrease or even remove these reactions; when this
happens, then there is a cure for clinically significant tinnitus. From the patients’
point of view, the final effect of fully successful TRT treatment is that tinnitus
disappears completely as an issue, rather than an entity or experience. In practice,
it is the same as if tinnitus was gone: a cure of tinnitus.

The future for hearing restoration looks much more very exciting now. There are
expectations about the possibility of regeneration of hair cells in the cochlea, and
through this improvement of hearing and potentially of tinnitus. Both regeneration
and the transplantation of hair cells are still very much in the early stages of research.
However, findings published in June 2003 showing regeneration of hair cells and
axon of neurons traveling toward these new cells in living animals (Kawamoto
etal., 2003) are extremely encouraging. There is the possibility that within the next
decade or so a restoration of damaged hair cells might be achieved.

It appears, however, that while this might help hearing, it might actually induce
tinnitus, or enhance already existing tinnitus. As argued in previous chapters, tinni-
tus perception might result from the compensation occurring from heterogeneous
activation of outer and inner hair cells (IHC) systems; therefore, it is reasonable to
expect that even when regeneration is achieved, innervation will not be restored to a
perfect state and more heterogeneity will be induced. This would result in inducing
new tinnitus sources or enhancing pre-existing tinnitus.

Patients with very profound deafness create a significant challenge. Although TRT
counseling is very effective in this group, sound therapy is difficult or impossible
to apply. Direct stimulation of the auditory pathways by electrical stimulation is
needed to enhance the level of background neuronal activity normally achieved by
sound therapy. As a ramification of work on electrical stimulation, it is possible to
expect that some form of electrical stimulation might be applicable in patients with
milder hearing loss, or even with normal hearing.
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People with severe hyperacusis offer another challenge. A number of them expe-
rience prolonged increase of their tinnitus and hyperacusis as a result of expo-
sure to any sound (category 4), and they are particularly difficult to treat. More
work is needed to understand the mechanisms of hyperacusis, particularly in this
subgroup, and through this to achieve better results. The same reasoning applies
to tinnitus. By better understanding the mechanisms of tinnitus generation and
through this devising mechanism-specific ways of attenuating the tinnitus source
and the tinnitus-related neuronal activity, we should be able to achieve significant
improvement in treatment. The enhancement of brain plasticity should result in
facilitating habituation as well. Work using an animal model of tinnitus offers great
hope in achieving this goal.

The issue of how tinnitus-related neuronal activity is processed within the ner-
vous system is basically still open. There are only a few papers on this issue, and
work has just started to find out which neurotransmitters and neuronal systems are
involved (Andersson et al., 2000; Chen & Jastreboff, 1995; Jastreboff & Sasaki, 1986;
Marriage & Barnes, 1995; Melcher et al., 2000; Milbrandt et al., 2000; Mirz et al.,
1999a, 2000a, b; Muhlnickel et al., 1998; Sahley & Nodar, 2001; Simpson & Davies,
2000). Preliminary results indicate that there are as many surprises as in the field of
psychoacoustics. For example, centers in the auditory pathways that are receiving
multisensory information, particularly from the somatosensory system (touch),
are involved in processing the tinnitus signal (Levine, 1999). By finding out which
neuronal centers, receptors and transmitters are involved, it should be possible to
design and utilize new methods and drugs that would attenuate the tinnitus signal
and decrease abnormal gain in the auditory pathways. Again, improvement should
be achieved faster if this approach is combined with TRT.

This book is not the last word on tinnitus theory and treatment. However, it
outlines TRT, which is seen as a significant step in removing tinnitus as a problem
and eliminating the suffering caused by it.



Appendix 1: interview forms

The following forms are used in the interviews of a tinnitus patient, before com-
mencing treatment and at follow-up.
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l TINNITUS /HYPERACUSIS
INITIAL INTERVIEW FORM Clinic #

Name )
DOB
SSN

T&HC#: Insurance :
Date

tel:

e-mail:

RE/LE/Both /Head = > Intermittent / Constant Onset: Gradual / Sudden When

MO~ =ZTZ =~

oOZcCcow

mozrramro-H

r=x

Fluctuations in volume Y / N
Description of T sound(s)

Activities prevented or affected:

Concentration 8S!eep JQRA Work
(_)Restaurants Sports bSoclai Other
% of time when: Aware Annoyed
Severity: 012345678910
Annoyance: 012345678910
EffectonlLife: 0 1 23456789 10

Comments:

“Bad days" Y /N Frequency

Effect of sound:  None / Louder / Softer
How long: min / hours / days

Ear overprotection Y / N % of time
inquietY/N

Any other T specific treatments

Why is T a problem

Oversensitivity: Y /N Physical discomfort? ¥ / N
Description of troublesome sounds

Activities prevented or affected:

;M ovies Work
Spcrts Church

“Bad days" Y /N Frequency

Effect of sound:  None / Stronger / Weaker
How long: min { hours / days
Ear overprotection Y / N % of time
in quietY /N
Any other ST specific treatments

Why is ST a problem

Concerts JShopping

Restaurants Driving

Housekeeping Childcare Social Other
Severity: 012345678910
Annoyance: 0123456788910
Effectonlife: 01234567 8 9 10
Comments:
Hearing problem Y /N
Hearing Aid(s) ¥ /N type:

Ever recommended Y / N

Ranking problems: Tinnitus: 012345678910
Soundtolerance: 0123456789 10
Hearing: 0123456728810

Category:
Recommendation:

Ptn decision:
Next visit:

T - tinnitus. 5T - sound tolerance (hyperacusis + phonophobia)
Isyou T p ing or affe g any activities in your life.

QRA - quiet recreational activities: Is your T inlerfering with QRA such as reading or meditating.
% of time when: Aware - What % of lime were you aware of your T over last month?
Annoyed - What % of the tme over last months T bothered you?
Severity - How strong or loud was your T on average over last month? 0 - no T, 10 - as strong as you can imagine.
Annoyance - How much was T annoying you on average over last month 0 - not at all; 10 - as much as you can imagine,

e

Effect on life - How much was T your life on

ge over last month. 0 - no effect; 10 - as much as you can imagine.

Any other T specific treatments - Are you using any other treatments for your T.
Sound tolerance - |s your tolerance to louder sounds the same as people around you?

Hearing - Do you think you have a hearing problem?

Ranking - rank importance of your problems with 0- no problem, 10- as large as you canimagine

Appendix 1. Fig. A

MM & PJ Jastreboff, 1999
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FU TINNITUS /HYPERACUSIS
FOLLOW-UP INTERVIEW FORM Clinic #
Name
CATEGORY: DOB
Date of init. couns. SSN .
T&HC#: Date of instr. fitt st
SG: Date
tel: HA:
FuQ #:
Month #:
Type of visit:

“Bad days" Y /N Frequency
Are they: asfrequentY /N asbad Y/N
Activities prevented or aﬁected: Changes: Y /N

T 8 Concentration () )Sleep 8 QRA 86Work Effect of sound:  None / Louder / Softer
N Restaurants (_)(_JSports Social Other How long: min / hours [ days
N
| % of time when: Aware (1% } Annoyed 1 ) Ear overprotection ¥ { N % of time
T Has it changed inquietY /N
U Severity: 012345678910 Any other T specific treatments
5 Annoyance: 012345678810
Effectonlife: 01234567889 10
Comments:
S “Baddays” Y /N Frequency
3 Description of troublesome sounds Are they: asfrequentY /N asbad ¥Y/N
g Activities prevented or affected: Changes: Y /N Effect of sound:  MNone / Stronger/ Weaker
) )Concerts & QShoppmg 6 Movies Q Work How long: min / hours / days
- Restaurants Driving hE_(Sports Church
o (_JHousekeeping(_)(_)Childcare )Soclal Other Ear overprotection ¥ / N % of time
L inquietY /N
E Severity: 012345678910 Any other ST specific treatments
R Annoyance: 0123456788910
A EffectonLife: 012345678910
N
C Comments:
E
Hearing problem
H .
L Recommendation:
The problem in general: Same / Better / Worse
Ranking problems: Tinnitus: 0123456788910
Sound tolerance: 012 34567 889 10
Hearing: 0123456788910
Next visit:
How would you feel if you had to give back your instruments
Are you glad you started this program? Y / N /NS
Main problems discussed:
T - tinnitus ST - sound tolerance (hyperacusis + phonophobia) Type of visit: - phone, fax, e-mall, office visit
Is you T preventing or affecting any activities in your life. @0 - an activity affected at first visit
QRA - quiet recreational activities: |s your T interfering with QRA such as reading or meditating. D@ - an activity afflected as for today

% of time when: Aware - What % of time were you aware of your T over bBst month?
Annoyed - What % of the tme over last months T bohered you?
Severity - How strong or loud was your T on average over last month? 0 - no T, 10 - as strong as you can imagine.
Annoyance - How much was T annoying you on average over last month 0 - not at all; 10 - as much &s you can imagine,
Effect on life - How much was T affecting your life on average over last month. 0 - no effect; 10 - as much as you can imagine.
Any other T specific treatments - Are you using any other treatments for your T.
Sound tol - |s your tol to louder sounds the same as people around you?
Hearing - Do you think you have a hearing problem?
Ranking - rank importance of vour problems with 0 - no problam. 10 - as large as vou canimaaine MM & PJ Jastreboff, 1998

Appendix 1. Fig. B



Appendix 2: representative examples
used in counseling

New neighbor

Imagine a new neighbor has moved next door. You exhibit mild interest to start
with, but your anxiety increases very soon when you observe small packages being
delivered to the front door on a regular basis by different individuals who quickly
depart. You guess that your neighbor is perhaps a drugs dealer, and the prospect
of spending many years next door to such criminal activity fills you with great
alarm. You are constantly looking through the window monitoring the activities
next door and experience much anxiety and depression by constantly thinking of
the inevitable and desperate outcome for yourself and your young family of living
next door to such a person. Some time later you learn, quite by chance, that your
neighbor is involved in collecting food parcels for the homeless. The realization
that you have wrongly assessed the situation results in a sudden change of attitude.
You lose your dislike for your neighbor and stop monitoring his activities. You even
feel foolish at your inappropriate initial assessment, realizing that you are all too
likely to think the worst of people.

Because of the common traditional beliefs about tinnitus being an untreatable
disease, which can destroylife quality, it is very understandable that those perceiving
it often become anxious and depressed and find it impossible not to monitor every
tiny variation of its behavior. Once the truth about tinnitus, its natural, benign
and fundamentally normal origin, is known and understood, all the unpleasant
reactions gradually disappear.

Inability to shift attention from a stimulus indicating danger

231

Let us imagine that in the interview room, in place of a chair we have, in the
corner of the room, a live tiger. Even if I tell you that this tiger is very gentle
and has not eaten any patients since last week, and I am instructing you to focus
your attention exclusively on this important explanation of the neurophysiological
model of tinnitus, so important for your treatment, you would not be able to avoid
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monitoring the behavior of this tiger even if you have a reasonable trust in my
opinion. In this case, a stimulus is placed high on the priority list demanding our
attention, and we are subconsciously forced to monitor its status, even against our
will. Similarly, tinnitus, once it has acquired negative associations indicating danger,
is periodically forcing our attention on it, against our will, distracting us from other
worthwhile tasks.

Hanging by your hands

Hanging by your hands in the air from the edge of the roof may be acceptable
for a short period of time, but it will produce feelings of extreme exhaustion,
over a longer period. Stimulation of the autonomic nervous system results in the
preparation of the body for fight or flight. It involves the increased secretion of
certain hormones, increased heart rate and respiration, increasing muscle tension,
etc. At the same time, activities associated with pleasure (positive reinforcement)
are suppressed; we lose our appetite when we are frightened or in a potentially
dangerous situation. Similarly, tinnitus producing even mildly elevated levels of
activity in the autonomic nervous system can produce high levels of exhaustion if
present for prolonged periods of time.

Catching a plane in the early morning

Let us imagine that you have to fly to a meeting in the morning, which necessitates
leaving the house at about 5:00 am. Several alarm clocks are set to ensure that you
wake; your spouse is primed to wake you, and your colleague will telephone you at
the same time. Despite all these precautions, typically your sleep will be very shallow
and fitful during the night, and you will eventually become wide awake sometime
before the alarm clock goes off. This reflects an elevated level of activity in the
autonomic nervous system, preparing you to wake up on time and be ready for
immediate action in order to avoid missing the plane. Imagine having to repeat this
scenario on a daily basis, moving from one city to another, catching early morning
planes. Going to bed early will not improve the quality of your sleep, which will
still be fitful and disturbed. Similarly, tinnitus inducing even mild activation of the
autonomic nervous system is promoting a prolonged “catch the morning plane”
situation and might profoundly affect your sleep patterns.
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Addison’s disease Adrenocortical insufficiency usually caused by idiopathic atrophy or
destruction of both adrenal glands by tuberculosis, an autoimmune process or
other diseases characterized by fatigue, decreased blood pressure, weight loss,
increased melanin pigmentation of the skin and mucous membranes, anorexia
and nausea or vomiting; without appropriate replacement therapy, it can progress
to acute adrenocortical insufficiency. Syn: addisonian syndrome, hyposupradrenal-
ism, morbus Addisonii (Stedman’s Concise Medical Dictionary 1997).

agonist A drug capable of combining with receptors to initiate drug actions; it possesses
affinity and intrinsic activity (Stedman’s Concise Medical Dictionary 1997).

angiography Radiography of vessels after the injection of a radioopaque contrast material. It
usually requires percutaneous insertion of a radioopaque catheter and positioning
under fluoroscopic control (Stedman’s Concise Medical Dictionary 1997).

antagonist Something opposing or resisting the action of another; certain structures, agents,
diseases or physiologic processes that tend to neutralize or impede the action or
effect of others (Stedman’s Concise Medical Dictionary 1997).

asymptomatic Without symptoms, or producing no symptoms (Stedman’s Concise Medical
Dictionary 1997).

audiogram The graphic record drawn from the results of hearing tests with the audiometer.
It charts the threshold of hearing at various frequencies against sound intensity in
decibels (Stedman’s Concise Medical Dictionary 1997).

auditory imagery The phantom perception of musical tunes, or of voices without any under-
standable speech.

auditory (cochlear) nerve The nerve connecting the cochlea with the cochlear nuclei in the
brainstem. It consists of two types of neural fibers: type I innervating inner hair
cells and type II innervating outer hair cells.

auditory periphery This includes the external and middle ear, the cochlea and the auditory
nerve.

auditory pathways Neural paths and connections within the central nervous system, begin-
ning at the organ of Corti’s hair cells, continuing along the eighth (auditory) nerve
and terminating at the auditory cortex (Stedman’s Concise Medical Dictionary 1997).
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autonomic nervous system The part of the nervous system that represents the motor inner-
vation of smooth muscle, cardiac muscle and gland cells. It consists of two physio-
logically and anatomically distinct components, which are mutually antagonistic:
the sympathetic and parasympathetic systems. In both, the pathway of innervation
consists of a synaptic sequence of two motor neurons, one of which lies in the
spinal cord or brainstem as the preganglionic neuron. This has a thin but myelin-
ated axon (preganglionic or B fiber), which emerges with an outgoing spinal or
cranial nerve and synapses with one or more of the postganglionic (or, more
strictly, ganglionic) neurons composing the autonomic ganglia. The unmyelinated
postganglionic fibers, in turn, innervate the smooth muscle, cardiac muscle or
gland cells. The preganglionic neurons of the sympathetic system lie in the inter-
mediolateral cell column of the thoracic and upper two lumbar segments of the
spinal gray matter; those of the parasympathetic system compose the visceral motor
(visceral efferent) nuclei of the brainstem as well as the lateral column of the sec-
ond to fourth sacral segments of the spinal cord. The ganglia of the sympathetic
section are the paravertebral ganglia of the sympathetic trunk and the prevertebral
or collateral ganglia; those of the parasympathetic section lie either near the organ
to be innervated or as intramural ganglia within the organ itself except in the head,
where there are four discrete parasympathetic ganglia (ciliary, otic, pterygopalatine
and submandibular). Impulse transmission from preganglionic to postganglionic
neuron is mediated by acetylcholine in both the sympathetic and parasympathetic
sections; transmission from the postganglionic fiber to the visceral effector tis-
sues is classically said to be by acetylcholine in the parasympathetic part and by
norepinephrine in the sympathetic part. Recent evidence suggests the existence of
further non-cholinergic, non-adrenergic classes of postganglionic fiber. Syn: pars
autonomica, systema nervosum autonomicum, autonomic part, involuntary ner-
vous system, vegetative nervous system, visceral nervous system (Stedman’s Concise
Medical Dictionary 1997).

axon The single process of a nerve cell that under normal conditions conducts nervous
impulses away from the cell body and its remaining processes (dendrites). It is a
relatively even filamentous process varying in thickness from 0.25 approximately to
more than 10 pm. In contrast to dendrites, which rarely exceed 1.5 mm in length,
axons can extend great distances from the parent cell body (some axons of the
pyramidal tract are 40 to 50 cm long). Axons 0.5 wm thick or over are generally
enveloped by a segmented myelin sheath provided by oligodendroglia cells (in brain
and spinal cord) or Schwann cells (in peripheral nerves). Like dendrites and nerve
cell bodies, axons contain a large number of neurofibrils. With some exceptions,
nerve cells synaptically transmit impulses to other nerve cells or to effector cells
(muscle cells, gland cells) exclusively by way of the synaptic terminals of their axon
(Stedman’s Concise Medical Dictionary 1997).



235 Glossary

basilar membrane The membrane extending from the bony spiral membrane to the basilar
crest of the cochlea. It forms the greater part of the floor of the cochlear duct,
separating the latter from the scala tympani, and it supports the organ of Corti
(Stedman’s Concise Medical Dictionary 1997).

Bell's palsy Paresis or paralysis, usually unilateral, of the facial muscles caused by dysfunc-
tion of the VII cranial nerve. It is probably caused by a viral infection, usually
demyelinating in type. Syn: peripheral facial paralysis (Stedman’s Concise Medical
Dictionary 1997).

BICROS A hearing aid system providing bilateral contralateral routing and amplification of
sound.

bruits = An abnormal sound made by internal organs, such as the heart and blood vessles.
They can be detected by stethoscope or other amplifying device.

categories in tinnitus retraining therapy Classification of treatments based on the neuro-
physiological model of tinnitus for implementation of TRT. There are five main
categories; the specifics are different for each category but there is a common ele-
ment of counseling and use of sound.

cerebral cortex The gray cellular mantle (1 to 4 mm thick) covering the entire surface of
the cerebral hemisphere of mammals. It is characterized by a laminar organization
of cellular and fibrous components such that its nerve cells are stacked in defined
layers (Stedman’s Concise Medical Dictionary 1997).

cochlea A cone-shaped cavity in the petrous portion of the temporal bone, forming one of
the divisions of the labyrinth or internal ear. It consists of a spiral canal making
two and a half turns around a central core of spongy bone, the modiolus; this spiral
canal of the cochlea contains the membranous cochlea, or cochlear duct, in which
is the spiral organ (Corti) (Stedman’s Concise Medical Dictionary 1997).

cochlear implant An electronic device implanted under the skin that has electrodes in the
middle ear on the promontory or cochlear window or in the inner ear in the
cochlea. It is intended to create sound sensation in total sensory deafness. Syn:
cochlear prosthesis (Stedman’s Concise Medical Dictionary 1997).

computed tomography (CT) An imaging method providing anatomical information for a
cross-sectional plane of the body. Each image is generated by a computed synthesis
of X-ray transmission data obtained in many different directions in a given plane.
Syn: computed axial tomography. CT was developed in 1967 by the British elec-
tronics engineer Godfrey Hounsfield and it has revolutionized diagnostic medicine.
Hounsfield linked X-ray sensors to a computer and worked out a mathematical
technique called algebraic reconstruction for assembling images from transmis-
sion data. In 1973, the Mayo Clinic began operating the first machine in the USA.
Early machines yielded digital images with at least 100 times the clarity of normal
radiographs. Subsequently, the speed and accuracy of machines has improved many
times over. CT scans reveal both bone and soft tissues, including organs, muscles
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and tumors. Image tones can be adjusted to highlight tissues of similar density, and,
through graphics software, the data from multiple cross-sections can be assembled
into three-dimensional images. CT aids diagnosis, surgery and other treatments
such as radiation therapy, in which effective dosage is highly dependent on the
precise density, size and location of a tumor (Stedman’s Concise Medical Dictionary
1997).

conditioned reflex A learnt reflex in which a stimulus initially incapable of evoking a reac-
tion acquires the ability to do so by repeated pairing with another stimulus that
does elicit the response. The second stimulus produces reinforcement (reward or
punishment). Subsequent presentation of the first sensory stimulus will then elicit
the reaction alone. Creating a conditioned reflex is associated with new functional
connections being formed within the brain; once established it is stable and cannot
be modified by conscious effort. Note that emotional reactions such as fear can be
conditioned as well, e.g. by the presentation of a sound. If the sound was previously
associated with a threatening situation, fear will be induced by this specific sound
presentation.

contralateral Opposite side.

critical band A narrow band of frequencies surrounding the tone contributing to the masking
of the tone.

CROS An aid providing contralateral routing of sound.

dB (decibel) A unit used to express relative difference in power or intensity, usually between
two acoustic or electric signals, equal to ten times the common logarithm of the
ratio of the two levels (American Heritage Dictionary 1994).

decreased sound tolerance A reduced ability to tolerate external sound. Can result from
hyperacusis, misophonia or phonophobia, or any combinations of these phenom-
ena. Decreased sound tolerance is not related to hearing threshold and can exist
with normal hearing or with profound hearing loss.

demystification Teachingthe mechanismsofhearing, tinnitusand decreased sound tolerance
using the neurophysiological model. Allaying fears by providing knowledge and
understanding; an important facet of TRT.

disinhibition A decrease of inhibition.

distortion product otoacoustic emission (DPOAE) A method for measuring the function
of outer hair cells.

double-blind study A study in which neither the experimenter/assessor nor the participants
know which group is subject to which procedure, thus helping to assure that the
biases or expectations of either will not influence the results (Stedman’s Concise
Medical Dictionary 1997).

endolymph Fluid in the central channel in the inner ear.

eustachian tube A tube leading from the tympanic cavity to the nasopharynx; it enables
equalization of pressure within the tympanic cavity with ambient air pressure,



237 Glossary

referred to commonly as “popping of the ears” (Stedman’s Concise Medical Diction-
ary 1997).

frequency Thenumber ofvibrations, cycles or other recurrences in unit time. For a sinusoidal
signal such as sound, it is the number of periods occurring in one second and is
expressed in hertz (Hz) or cycles per second.

habituation The decline of a conditioned response following repeated exposure to the con-
ditioned stimulus (American Heritage Dictionary 1994).

habituation of perception The disappearance of perception of a stimulus resulting from
repeated presentation of a non-significant stimulus without reinforcement.

habituation of reaction The disappearance of reaction resulting from repeated presentation
of a non-significant stimulus without reinforcement.

hallucination The apparent, often strong, subjective perception of an object or event when no
such stimulus or situation is present. It may be visual, auditory, olfactory, gustatory
or tactile (American Heritage Dictionary 1994).

hearing level A standardized scale for measuring human hearing represented as a deviation
from the average hearing of a normal-hearing population.

hearing threshold Weakest sound perceived for a given frequency, typically described in deci-
bels as a deviation from a standard value for a normal-hearing human population
(see hearing level).

Hertz (Hz) A unit of frequency equivalent to 1 cycle per second.

hydrops Increased pressure in the inner ear endolymph.

hyperacusis Abnormally strong reaction to sound occurring within the auditory pathways.
At the behavioral level, it is manifested by a patient experiencing physical dis-
comfort as a result of exposure to sound (quiet, medium or loud). The same
sound would not evoke a similar reaction in an average listener. The strength
of the reaction is controlled by the physical characteristics of the sound (e.g., its
spectrum and intensity). It can result from both peripheral and central auditory
dysfunction.

hyperbaric oxygen therapy Treatment in which oxygen is provided in a sealed chamber at an
ambient pressure greater than 1 atmosphere (Stedman’s Concise Medical Dictionary
1997).

inner hair cells (IHC) Receptor cells in the cochlea that tranduce mechanical vibrations of
sound into electrical impulses within the auditory nerve. These are subsequently
perceived as a sound.

intensity “Intensity is the sound power transmitted through a given area in a sound field”
(Moore 1995). The term is used in general meaning to indicate the amount of
sound.

ipsilateral The same side.

kindling A word used in epilepsy to describe the process whereby a weak electrical stimulus,
as a result of repetitive presentation, induces a full epileptic attack. In the case of
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tinnitus, the term is used to describe the prolonged worsening of tinnitus and/or
hyperacusis as a result of exposure to a relatively short period of moderate or loud
sound.

labyrinthectomy An operation for destroying all the hearing and balance function in the

inner ear.

limbic system Collective term denoting a heterogeneous array of brain structures at or near

the edge (limbus) of the medial wall of the cerebral hemisphere, in particular the
hippocampus, amygdala and fornicate gyrus. The term is often used to include also
the interconnections of these structures and their connections with the septal area,
the hypothalamus and the medial zone of the mesencephalic tegmentum. By way
of these connections, the limbic system exerts an important influence upon the
endocrine and autonomic motor system; its functions also appear to affect motiva-
tional and mood states. Syn: visceral brain (Stedman’s Concise Medical Dictionary
1997).

loudness discomfort levels (LDL) Audiological measurements determining sound levels

that are uncomfortable to a subject because of their loudness.

Lyme disease A chronic infection transmitted by the animal tick Borrelia burgdorferi, which

affects the nervous system among other effects. Hyperacusis is frequently one of
the symptoms. Lyme disease is treatable with large doses of antibiotics.

magnetic resonance imaging (MRI) A diagnostic radiological modality using the magnetic

nuclei (especially protons) of a patient. These are aligned in a strong, uniform
magnetic field, absorb energy from the tuned radiofrequency pulses and emit
radiofrequency signals as their excitation decays. These signals, which vary in
intensity according to nuclear abundance and molecular chemical environment,
are converted into sets of tomographic images by using field gradients in the mag-
netic field, which permits three-dimensional localization of the point sources of
the signals. (Syn: nuclear magnetic resonance imaging, NMR imaging, nuclear
magnetic resonance tomography.) The basic idea of MRI was conceived in 1948
but could not be implemented until the advent of computers and the math-
ematical technique known as algebraic reconstruction. Unlike conventional
radiography or CT, MRI does not expose patients to ionizing radiation. In
addition, it provides superior images of the body’s interior, delineating muscle,
bone, blood vessel, nerve, organ and tumor tissue (Stedman’s Concise Medical
Dictionary 1997).

masking The amount by which the threshold of audibility for one sound is raised by the

presence of another (masking) sound. Commonly masking is understood as total
disappearance of perception of a sound as a result of the presence of a masking
sound.

Méniere syndrome This is characterized clinically by vertigo, nausea, vomiting, tinnitus and

progressive deafness owing to swelling of the endolymphatic system. Syn: auditory
vertigo, endolymphatic hydrops, labyrinthine vertigo, Méniere’s disease.
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minimal masking level Now known as minimal suppression level (q.v).

minimal suppression level (MSL) Minimal level of white noise necessary to suppress the
perception of tinnitus.

misophonia Abnormally strong reactions of the autonomic and limbic systems resulting
from enhanced connections between the auditory and limbic systems. Importantly,
misophonia and phonophobia do notinvolve a significant activation of the auditory
system.

monotonic Sequences where the successive members consistently either increase or decrease
but do not oscillate in relative value. Each member of a monotone increasing
sequence is greater than or equal to the preceding member; each member of a
monotone decreasing sequence is less than or equal to the preceding member
(American Heritage Dictionary 1994).

myringoplasty Operative repair of a damaged tympanic membrane.

neuron The morphological and functional unit of the nervous system. A neuron comprises
a nerve cell body, short radiating processes called dendrites and one long process
called the axon. The axon plus its covering or sheath is the nerve fiber. Syn: nerve
cell.

neurophysiology Branch of science involving the physiological mechanism of nervous system
function.

neurotransmitter A group of substances released by a presynaptic cell, upon excitation. The
neurotransmitter crosses the synapse to stimulate or inhibit the postsynaptic cell.
More than one may be released at any given synapse. Examples are acetylcholine,
norepinephrine and glutamate.

otosclerosis A new formation of spongy bone about the stapes and fenestra vestibuli (oval
window), resulting in progressively increasing deafness without signs of disease in
the eustachian tube or tympanic membrane (Stedman’s Concise Medical Dictionary
1997).

otosclerosis surgery Surgery aimed at removing the effects of stapes fixation to improve
hearing.

ototoxic Damaging to the inner ear.

outer hair cells (OHC) Receptor cells in the cochlea that act as a biomechanical amplifier for
weak sounds up to about 50dB. They are not necessary for sound transduction and
their gain is variable. Their dysfunction may trigger compensatory action in the
auditory system, resulting in tinnitus.

palatal myoclonus Rhythmic contractions of the soft palate, sometimes including pharyn-
geal muscles, causing clicking sound in the ears.

pattern recognition Detection of a specific sequence of neuronal activity at a behavioral
level; detection and classification of a design.

perilymph The fluid contained within the osseus labyrinth, surrounding and protecting the
membranous labyrinth. Perilymph resembles extracellular fluid in composition
(sodium salts are the predominate positive electrolyte) and, via the perilymphatic



240 Glossary

duct, is in continuity with cerebrospinal fluid (Stedman’s Concise Medical Dictionary
1997).

perilymphatic fistula Leak of perilymph caused by damage to the cochlea.

phantom perception Perception without a corresponding physical stimulus, for example
the sensation that an amputated limb is still present, often associated with painful
paresthesia (phantom 1 imb).

phenomenological The systematic description and classification of phenomena without
attempt at explanation or interpretation; based only on observation and not on any
theory.

phobia Any objectively unfounded morbid dread or fear that arouses a state of panic. The
word is used as a combining form in many terms expressing the object that inspires
the fear (e.g., a morbid fear of spiders, arachnophobia).

phonophobia A specific form of misophonia when fear of sound is the dominant emotion.

pitch of a sound “Attribute of auditory sensation in terms of which sound may be ordered
on a musical scale” (Moore, 1995).

placebo effect The placebo effectis the report of a change while the patient is only receiving a
regimen containing no active ingredient: a placebo. A placebo needs to be asidentical
in appearance as possible to the active ingredients. The appropriate method for
controlling the placebo effect is a double-blind study (q.v.) where the specific effects
of the treatment can be distinguished from the non-specific effects of believing that
treatment is occurring.

presbyacusis Loss of ability to perceive or discriminate sounds as a part of the ageing process;
the pattern and age of onset may vary. Syn: presbyacousia, presbycusis (Stedman’s
Concise Medical Dictionary 1997).

promontory of tympanic cavity A rounded eminence on the labyrinthine wall of the middle
ear, caused by the first coil of the cochlea. Syn: promontorium cavi tympani, tuber
cochleae, tympanic promontory (Stedman’s Concise Medical Dictionary 1997).

psychoacoustical evaluation of tinnitus Determination of tinnitus pitch, loudness and
minimal suppression levels using psychoacoustical methodology.

psychoacoustics A discipline combining experimental psychology and physics; it deals with
the physical features of sound as related to audition, as well as with the physiology
and psychology of sound reception processes ( Stedman’s Concise Medical Dictionary
1997).

pure-tone audiometry Audiometry utilizing tones of various frequencies and intensities
as auditory stimuli to measure hearing, including comparisons of results from
testing air conduction and bone conduction (Stedman’s Concise Medical Dictionary
1997).

Ramsay Hunt syndrome A set of symptoms caused by herpes zoster infection of the vii cra-
nial nerve and geniculate ganglion, including facial paralysis, deafness and otalgia.
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recruitment A term used in the testing of hearing: the unequal reaction of the ear to equal
steps of increasing intensity, measured in decibels, when such inequality of response
results in a greater than normal increment of loudness (Stedman’s Concise Medical
Dictionary 1997). Recruitment is typically referred to in audiology as an abnormally
high slope of loudness growth; it may coexist with decreased sound tolerance, but
these phenomena are not causally linked. It is a necessary outcome of sensorineural
hearing loss and is usually the result of a reduction in the outer hair cell population.

residual inhibition Disappearance or decreased loudness of tinnitus perception for some
time after exposure to loud sound; typically sound with an intensity 10 dB higher
than minimal suppression level is used.

sensation level A hearing level for a given frequency in reference to the hearing threshold
of a given subject.

somatosensory Sensation received in the skin and deep tissues.

somatosound A perceived natural body sound, for example palatal myoclonus, vascular
sounds, audible otoacoustic emissions.

sound pressure level (SPL) A measure of sound energy relative to 0.0002 dynes/cm?,
expressed in decibels (Stedman’s Concise Medical Dictionary 1997).

spontaneous otoacoustic emissions (SOAE) Emission of sound from the cochlea resulting
from mechanical vibration of the outer hair cells.

stapedectomy Operation to remove the stapes footplate in whole or part and to replace its
superstructure (crura) with a metal or plastic prosthesis. It is used for otosclerosis
with stapes fixation to overcome a conductive hearing loss.

stapedotomy The surgical creation of a small opening in the footplate of the stapes. This is
a recent improvement in surgery for otosclerosis where the integrity of the cochlea
is maintained by extreme precision in opening the footplate, with the opening
carefully sealed by vein graft under a specially designed piston.

subcortical Below the level of the brain cortex.

syndromic tinnitus Tinnitus associated with a specific medical condition, e.g. Ménieére’s
syndrome, otosclerosis.

tinnitus matching Determining the psychoacoustical parameters of tinnitus by matching
with external sounds.

tinnitus-related neuronal activity The neuronal activity, perception of which results in
tinnitus.

tonal tinnitus Tinnitus perceived as close to a pure tone.

tonotopic A spatial arrangement of structures such that certain tone frequencies are trans-
mitted along a particular portion of the structure, as in the cochlea in the auditory
pathway.

Williams syndrome A congenital disorder characterized by mental retardation, mild growth
deficiency, elfin facies, supravalvular aortic stenosis and, occasionally, elevated
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blood calcium; it may be associated with hypersensitivity to vitamin D or excess
ingestion of the vitamin during pregnancy (Stedman’s Concise Medical Dictionary
1997). Hyperacusis is a common symptom.

winding-up effect Worsening of a symptom as the result of exposure to an initial non-
obtrusive stimulus. This is well recognized in pain; in tinnitus and hyperacusis
it describes the significant worsening to even very low levels of sound. The same
sound presented for shorter periods of time has no effect.

Abbreviations

CT computed/computerised tomography

dB decibel

DPOAE distortion product otoacoustic emission

Hz hertz

IHC inner hair cells

LDL loudness discomfort levels

MML minimal masking level (now known as minimal suppression level
(MSL))

MRI magnetic resonance imaging

OHC outer hair cells

SOAE spontaneous otoacoustic emissions

SPL sound pressure level

THI Tinnitus Handicap Inventory

TMD temporomandibular joint dysfunction
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