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ABSTRACT

The objective of this study was to describe the influence of tinnitus distress on quality of life
(Qol) outcomes in adult cochlear implant (Cl) recipients who experience tinnitus, and to

investigate the prognostic significance of tinnitus distress over time.

A retrospective, longitudinal study of 210 adult (>18 years) Cl recipients implanted between
2001 and 2017 was conducted. Data on hearing-related Qol, using the Abbreviated Profile of
Hearing Aid Benefit (APHAB) and tinnitus distress, using the Tinnitus Reaction Questionnaire
(TRQ) were captured preoperatively as well as at 6-months, 12-months and >24-month
postoperatively. The effect of tinnitus distress on hearing-related QoL outcomes over time
was determined. Furthermore, 13 potential predictive factors were identified from the
retrospective dataset, including demographic, hearing loss, Cl, speech perception and tinnitus
related factors. Multiple regression analyses were performed to identify variables that

influence hearing-related QoL outcomes over time.

Lower tinnitus distress and younger age at implantation were the only two out of 13 possible
predictor variables that were identified as significant predictors of better hearing-related QoL
in adult Cl recipients. A general trend of statistically significant (p<0.01) tinnitus relief was
evident from the preoperative interval to the 6-months, 12-months and >24-months
postoperative intervals, confirming significant relief in tinnitus distress up to more than two
years post-implantation. Within this dataset, higher levels of tinnitus distress were associated
with poorer hearing-related QoL outcomes, as confirmed by the negative correlation between

tinnitus distress and hearing-related QolL.

Vi



This study contributes to a better understanding of the complex influence that multifactorial
variables has upon the hearing-related QoL outcomes of adult Cl recipients. This enables
clinicians to provide evidence-based preoperative counselling combined with postoperative
rehabilitation to adult Cl recipients and their families. Not only was tinnitus distress confirmed
as a predictive factor for hearing-related QoL in this study, but also the association between
residual tinnitus distress and hearing-related QoL. These results emphasize the importance of
identification, counselling and timely monitoring of adult ClI recipients who experience

tinnitus.
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CHAPTER 1

INTRODUCTION

1.1 Background

Tinnitus can be defined as a sound sensation in the head or ears in the absence of an external
stimulus (Searchfield, 2014). Alternatively tinnitus is also described as an auditory phantom
perception of sound, which resembles ringing, roaring, buzzing, hissing, humming, whistling
or cricket-like sounds typically in the frequency range of 6-8kHz (Henry et al., 2008; Reavis et

al., 2012; Sedley et al., 2016).

Multiple theories on the tinnitus mechanism have been considered in research, but due to its
heterogeneous nature, the complex mechanism of tinnitus cannot be adequately explained
by any particular hypothesis (Chung & Lee, 2016). Tinnitus is seen as a symptom rather than
a disease entity and can therefore be prescribed to a variety of underlying conditions (Han,
Lee, Kim, Lim, & Shin, 2009). Noise induced hearing loss is the most common cause of tinnitus
(Van de Heyning, Gilles, Rabau, & Van Rompaey, 2015), but outer hair cell degeneration
within the auditory peripheral system, auditory plasticity, increased excitation of central
auditory structures within the auditory pathway, together with the limbic and somatosensory
automatic nervous system are all involved in the pathogenesis of tinnitus (Chung & Lee,
2016). At present there is no definite cure for tinnitus due to the poorly understood
pathophysiology of tinnitus (Aazh, Landgrebe, Danesh, & Moore, 2019). The negative effect
of tinnitus on many aspects of a patient’s everyday life, including hearing, concentration,
emotions and sleep, can successfully be treated with medication (Elgandy et al., 2018).

However, the treatment of tinnitus itself is a different scenario. For the greater majority of



cases, no surgery or medication have been approved and treatment consequently comes
down to patient centred counselling strategies (Elgandy et al., 2018). Tinnitus specific care
can be divided into information (understanding tinnitus), talking therapies (different
individual counselling options), sound (external sound, hearing aids and implantable devices)

and group support (Pryce et al., 2018).

Tinnitus is prevalent in approximately 70-90% of adults with hearing loss (Olze et al, 2011). In
adult cochlear implant (Cl) recipients, preoperative tinnitus prevalence range from 67%-
100%, with a median of 80% (Baguley & Atlas, 2007). Four in five patients with severe to
profound sensorineural hearing loss who were implanted, report tinnitus preoperatively
(Baguley & Atlas, 2007). This association between tinnitus and hearing loss seems to increase
the perceived severity of the tinnitus symptom (Savastano, 2008; Searchfield, 2014). When
the brain is being deprived of auditory input, brain pathway reorganization often leads to the
adaption of the function and structures of the auditory pathways resulting in an increased
awareness of tinnitus (Del Bo & Ambrosetti, 2007). Many individuals experience tinnitus but
are not bothered by their perceived tinnitus and subsequently do not seek medical help,
whereas for other patients it can cause debilitating problems such as insomnia, frustration,
depression and anxiety which has an impact on quality of life (QoL) (McCormack et al., 2016;
Nondhal et al., 2007). In a recent systematic review it was indicated that 3% to 30.9% of
individuals who experience tinnitus, report their tinnitus to be bothersome (McCormack et
al., 2016). Tinnitus tends to be perceived as bothersome when it interferes with
concentration, prevents or hinders sleep, makes it difficult to hear conversational speech and
decreases social enjoyment (Bauer, 2018). For those individuals who perceive tinnitus as

bothersome, the perception of the tinnitus sound is very disturbing because of maladaptive



psychological responses (Cima, 2018). Discrepancies within how bothersome tinnitus is
perceived as by an individual, can be ascribed to the individual’s attention to tinnitus (Bauer,
2018). Furthermore the level of tinnitus annoyance is significantly associated with tinnitus
loudness (Hashir & Richard, 2018) as well as existing depressive symptoms within the
individual (Aazh et al., 2019). The way in which tinnitus is perceived and interpreted is
confined to an individual’s subjective perceptual and emotional experience (Cima, 2018).
Tinnitus was listed as one of the 60 minor complaints described by adult Cl recipients after Cl
surgery (Farinetti et al., 2014) and the impact of tinnitus was rated as the top-ranking concern

for 28% of adult Cl recipients following Cl surgery (Gomersall et al., 2019).

Only a limited number of studies conducted in recent years investigated possible factors that
relate to changes in the perception of tinnitus post Cl (Ramakers et al., 2018). More extensive
knowledge on the probability of a change in perceived tinnitus post Cl will positively affect
both the diagnosis and prognosis (Collins et al., 2015). This broadened knowledge will lead to
more accurate referral and treatment commencement decisions within the diagnostic
setting, while the planning of long-term lifestyle and therapeutic decisions of the prognostic

setting will also be improved (Collins et al., 2015).

1.2 Suppressive effects of cochlear implantation on tinnitus

The use of amplification to suppress tinnitus has become a widespread tinnitus management
tool since the late 1970’s, which led to various studies exploring the link between cochlear
implantation and tinnitus (Baguley & Atlas., 2007; Briiggemann et al., 2017; Knopke et al.,
2017; Ramos-Marcias et al., 2018; Vesterager., 1997). Even though cochlear implantation is

primarily performed in order to manage severe-profound hearing loss, tinnitus suppression is



experienced as a beneficial secondary effect by 25%-72% of Cl recipients (Baguley & Atlas.,
2007; Quaranta et al., 2004; Ramakers et al., 2015; Knopke et al., 2017; Olze et al., 2016;
Knopke et al., 2016). Also, it has been confirmed that cochlear implantation has a positive

effect on the annoyance level, intensity and duration of tinnitus (Miyamoto & Bichey, 2003).

Uncertainty still exists about the exact mechanism underlying the suppressive effect of
cochlear implantation on tinnitus (Olze et al., 2011). Electrical stimulation of the auditory
nerve and acoustic masking are explored as possible explanations for this suppressive effect
by various authors (Olze et al., 2011; Baguley & Atlas., 2007; Summerfield & Marshall., 1995;
Mo et al., 2005). A recent study suggested three possible scenarios explaining the mechanism
which associates tinnitus suppression with cochlear implantation (Knopke et al., 2017). Firstly,
following implantation, the auditory improvement that is perceived, allows for the CI
recipient to focus on sounds other than tinnitus. Secondly, the improvement in the QoL of a
Cl recipient after implantation leads to an overall stress decrease, which also positively affects
the tinnitus stress loop. Thirdly, the electrical stimulation of the auditory nerve after cochlear
implantation brings about plastic changes in the auditory system that reduce the perception
of tinnitus. Irrespective, further evidence is needed to determine if and how the mentioned

scenarios contribute to the reduction of tinnitus (Knopke et al., 2017).

There are three possible outcomes when considering the effect of a Cl upon tinnitus. The first
is for tinnitus to reduce after cochlear implantation, secondly it is possible for no significant
change in tinnitus to be noticed and lastly there is a risk for newly induced tinnitus or for the

worsening of existing tinnitus after cochlear implantation (Quaranta et al., 2004). It is of



utmost importance that Cl candidates should have a thorough understanding of the effect of
cochlear implantation on tinnitus prior to implantation and all possible tinnitus outcomes
should therefore be transparently included in the informed consent (Quaranta et al., 2004;
Bovo et al., 2011). Insufficient attention is often paid to those cases in which tinnitus
worsened after cochlear implantation (Tyler et al., 2009). In a study by Tyler et al. (2009), 11
of 91 (12%) patients who did not report tinnitus preoperatively developed tinnitus as a result
of cochlear implantation. In a systematic review of 18 studies published between 1990 and
2006, only four studies reported on the prevalence of worsening or initiated tinnitus post-
implantation (Hazell, McKinney, & Aleksy, 1995; Kou, Shipp, & Nedzelski, 1994; Miyamoto,
Wynne, McKnight, & Bichey, 1997; R S Tyler & Kelsy, 1990). Using the Tinnitus Handicap
Inventory (THI), Bovo et al. (2011) reported that in a sample of 36 adult Cl recipients who
experienced tinnitus prior to cochlear implantation, 78% reported either tinnitus loudness
reduction or total loudness suppression after implantation. In addition, a reduction in tinnitus
annoyance scores was indicated for 75% of these Cl recipients (Bovo, Ciorba, & Martini, 2011).
Olze et al. (2011) used the Tinnitus Questionnaire (TQ) to confirm that the number of patients
considered having high level tinnitus prior to cochlear implantation decreased from 23% to
13% after implantation, while the overall TQ score of 64% of patients showed a significant
reduction after implantation, indicating a relief in tinnitus. In addition, out of the sample of
39 adult Cl patients who reported tinnitus before cochlear implantation, 22 reported a
decrease in tinnitus after implantation, while three Cl recipients experienced that their
tinnitus completely disappeared and 14 CI recipients reported that their tinnitus was
unaffected (Olze, et al., 2011). In a follow-up study, Olze et al. (2012) investigated the
influence of a second Cl on the severity of tinnitus and results indicated that tinnitus severity

decreased after the initial Cl and decreased even more after the second Cl. Furthermore, the



number of Cl recipients experiencing tinnitus prior to implantation decreased from 28 to 22
after the initial Cl with an even further decrease to 17 subsequent to the second Cl (Olze,
Szczepek., et al. 2012). Knopke et al. (2017) also used the TQ to explore the effect of a Cl on
tinnitus over time. In their study a significant decrease in the TQ score was evident, indicating
tinnitus relief already six months post-implantation with this level of tinnitus suppression
continuing for the complete duration of the 24-month follow-up period (Knopke et al., 2017).
Moreover, the total number of patients who experienced severe tinnitus prior to Cl
systematically lessened over time, resulting in a perceived decrease in tinnitus for seven
patients at the 24 months post-implantation follow-up period (Knopke et al., 2017). Another
longitudinal study on unilateral hearing loss confirmed a substantial improvement in tinnitus
already 3 months after cochlear implantation which then stabilized with a constant tinnitus
score at 6-, 12- and 36 months after the fitting (Mertens et al., 2016). In addition, a recent
study also supported the suppressive effect of cochlear implantation on tinnitus by
confirming a significant reduction in average tinnitus related distress scores after cochlear
implantation (Briiggemann et al., 2017). The reduction of this score implies that cochlear
implantation has a noteworthy effect on the hearing problems, sleep disorders, emotional
burden and psychosomatic complaints that are associated with tinnitus (Briiggemann et al.,
2017). More than half of the participants with single sided deafness testified to tinnitus
suppression being the primary benefit perceived after their Cl (Merten et al., 2016; Ramos-

Marcias et al., 2018).

1.3 The influence of tinnitus on quality of life
A number of studies confirmed that cochlear implantation does not only provide the benefit

of improved hearing abilities for Cl recipients, but that it also leads to the improvement of



QoL (Knopke et al., 2017; Olze et al., 2011; Olze et al., 2016, 2012; Knopke et al., 2016).
Patients who live with a hearing loss experience a level of psychological burden that is
higher than that of the general normal hearing population (Briiggemann et al., 2017).
Treating hearing loss with a Cl leads to a significant increase in the QoL of these Cl recipients

(Contrera et al., 2016).

A number of generic and disease specific QoL questionnaires has been used throughout
literature to assess changes in QoL brought on by a Cl (Loeffler et al., 2010). For Cl
recipients, health-related QoL can be defined as a multi-dimensional concept used to
symbolize the comprehensive effect that cochlear implantation has on the self-esteem,
social life and everyday activities of the Cl recipient (Loeffler et al., 2010). Disease specific
Qol outcomes however represents a patient’s perception on a specific health problem
(Loeffler et al., 2010). Since disease specific QoL outcome measures are strictly relevant to a
particular disease, hearing-related QoL outcome measures, for example, specifically report
the effect of a hearing impairment on the daily activities and lifestyle of the patient (Loeffler
et al., 2010). Whether health-related QoL or more disease specific hearing-related QolL, the
term QoL is linked to the emotional, social and physical well-being of individuals, including
their ability to function in the ordinary tasks of living (Loeffler et al, 2010). Therefore, QoL
has become a standard outcome measure to assess the impact that lasting hearing loss and
its resultant management have on the personal well-being of Cl recipients as well (Capretta
& Moberly, 2016; King et al., 2014; Zaidman-Zait & Smith, 2010). Cochlear implantation
does not only impact hearing and audiological outcomes like speech perception abilities, but

also the broader spectrum of physical, social and emotional well-being (Loeffler et al.,



2010). Hence, in addition to standard speech perception testing, QoL has become a

widespread outcome measure to quantify and monitor Cl outcomes.

A wide variety of factors have been identified to positively influence QoL outcomes in Cl
recipients, namely better speech understanding abilities (Sladen et al., 2017), shorter
duration of deafness (Maillet et al., 1995; Hirschfelder et al., 2008), younger age at
implantation (Chung et al., 2012; Farinetti et al., 2014), higher socio-economic status
(Hawthorne et al, 2004), longer duration of Cl use (Hirschfelder et al., 2008), bilateral
implantation (Harkonen et al., 2015; le Roux et al.,, 2017) and attendance of mainstream
schooling (le Roux et al., 2017). Only recently, an association between tinnitus and QoL
outcomes in adult Cl recipients has been confirmed (Knopke et al., 2016, 2017; Olze et al.,

2016; Olze et al., 2011; Ramos-Marcias et al., 2018; Ramos et al., 2013; le Roux et al., 2017).

Evidence suggests that tinnitus may cause stress levels similar in severity to those of other
chronic health problems, such as sleep apnoea with insomnia and chronic sinusitis (Chandra,
Epstein, & Fishman, 2009; Malouff, Schutte, & Zucker, 2011). The neural activity associated
with tinnitus related distress is similar to that of pain or depression and therefore tinnitus can
be conceptualized as a chronic stressor (von Leupoldt et al., 2009; Malouff, Schutte, and
Zucker, 2011; Mobascher et al., 2009). Brain imaging research revealed that, in the case of
tinnitus, aberrant neural activity is observed in both central auditory pathways as well as non-
auditory brain structures (Alonso-Valerdi et al., 2017). In the latter the involvement of the
frontal lobe and limbic system, which are responsible for emotional and attentional
regulation, are especially noticeable (Alonso-Valerdi et al., 2017). It seems that the brain is

wired to decode a persistent loud noise, perceived as tinnitus, as a factor to be upset about



(Sanders, 2004). Patients who experience tinnitus are especially subject to mood disorders,
anxiety and psychosomatic illnesses and clinicians acknowledge the fact that patients who
experience the additional burden of psychological illnesses present with poorer Qol
outcomes than those only handicapped by the physical (Briiggemann et al., 2017). In a study
by Andersson et al. (2009) the perceived extent of tinnitus handicap was determined in 151
adult Cl recipients by using three validated measures, including the Tinnitus Handicap
Inventory, the Hospital Anxiety and Depression Scale and the Gothenburg Profile. These were
utilized to measure the all-encompassing effects of tinnitus, anxiety and depression and
hearing problems on each other (Andersson et al., 2009). Results indicated that an increase
in anxiety, depression and hearing problems correlated with an increase in perceived tinnitus
(Andersson, Freijd, Baguley, & Idrizbegoviz, 2009). Tinnitus was also indicated as the primary
cause of 25% of the anxiety, depression and hearing problems that persisted post-
implantation (Andersson et al., 2009). Olze et al. (2011) indicated that adults who experience
tinnitus before cochlear implantation display poor coping strategies with regards to living
with their tinnitus after implantation, as well as signs of more significant depressive
symptoms. Furthermore, the experience of residual tinnitus after implantation can be linked
to higher levels of perceived stress, more prominent depressive symptoms and generalized
anxiety (Andersson et al., 2009; Olz et al., 2012). Furthermore, Olze et al. (2011) indicated
that a high level of tinnitus impairment was associated with lower health-related QoL scores
before and after cochlear implantation and confirmed negative correlations between QoL and

stress, depression and anxiety.

Even though pre- and post-implantation data on health-related QoL outcomes of patients

with tinnitus is limited (Olze et al., 2011), evidence suggests that the health-related QoL of Cl



recipients is affected by tinnitus. Olze et al. (2011) specifically confirmed the association
between tinnitus impairment and poorer health-related QolL. Le Roux et al. (2017) also
confirmed that a history of tinnitus prior to cochlear implantation was strongly predictive of
poorer health-related QoL outcomes in adult Cl recipients. Similarly, a recent multicultural,
longitudinal study reported that tinnitus prior to cochlear implantation was also indicated as
a strong predictor of poorer QoL outcomes in adult Cl recipients (Lenarz et al., 2017). A
significant negative correlation was also found between tinnitus related distress and health-
related QoL at both the 6- and 12-months post-implantation intervals in a recent study by
Knopke et al. (2017), where the experience of tinnitus preoperatively was the main inclusion
criteria for bilaterally deafened patients. This correlation suggests that the health-related QoL
of Cl recipients are negatively influenced by tinnitus related emotional and cognitive distress
together with tinnitus related auditory difficulties (Knopke et al., 2017). It can be expected
that tinnitus therapy post cochlear implantation would lead to a further decrease in tinnitus
related distress followed by an increase in health-related Qol, based on the confirmed

negative correlation between tinnitus and QoL (Knopke et al., 2017).

Taking into account the strong association between the symptoms of anxiety and depression
and those of tinnitus, it is not unreasonable to conclude that tinnitus related distress
symptoms can lead to a decrease in the perceived benefit of cochlear implantation
(Briggemann et al., 2017). The significance of tinnitus as a hindrance in the auditory

rehabilitation of Cl recipients should therefore not be underestimated (Knopke et al., 2017).
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1.4 Problem statement

A wide variety of individual and interacting factors influence the level of benefit that any
particular Cl recipient experience and result in a large variability of outcomes. Therefore, the
ability to predict outcomes for individual Cl candidates will arise from an increased knowledge
of the causes of this variation (Briiggemann et al., 2017). Available evidence suggests that the
effects of tinnitus negatively influence QoL and can even counterbalance the positive effects
of cochlear implantation (Briiggemann et al., 2017; Olze et al., 2016; Knopke et al., 2016; Olze
et a.l, 2011; le Roux et al., 2017; Summerfield et al., 2006; Ramos et al., 2013; Lenarz et al.,
2017; Knopke et al., 2017). Therefore, the significance of tinnitus as a predictive factor for
QoL outcomes in Cl recipients should be investigated. What also needs further exploration is
the lasting effect of tinnitus on QoL outcomes over time as well as the sustainability of the
supressing effect of a Cl on tinnitus and the effect thereof on QolL. This study therefore aimed
to answer the research question: What is the effect of tinnitus distress on the QoL outcomes

in adult Cl recipients over time?
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CHAPTER 2

METHODOLOGY

2.1 Research aim
The main aim of this study was to describe the influence of tinnitus distress on QoL outcomes
in adult Cl recipients who experience tinnitus, and to investigate the prognostic significance

of tinnitus distress over time.

2.2 Research design

This study employed a descriptive research design, as there was no manipulation of the
variables (Haynes & Johnson, 2009) and the researcher had no control over the variables
(Kothari, 2004). The characteristics of an observed phenomenon was identified and

described, without changing the situation under investigation (Leedy & Ormrod, 2010).

Since the variables of this study were measured in a numerical way, quantifying the subjective
answers, as represented by the relevant outcome measures, a quantitative study design was
followed (Leedy & Ormrod, 2010). The quantitative nature of the study design was also
evident in the research being specific and the variables clearly defined and recognized

(Kumar, 2014).

Furthermore, a longitudinal study design was followed, since the same variables were
observed over an extended period of time (Babbie, 2016) in order to establish a relation
pattern (Kumar, 2014). The fact that all the study participants were adult Cl recipients deem

this study a cohort study, as all of the participants formed a sub-group of the population with
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a common characteristic (Kumar, 2014). Within this specific sub-group, change over time was

studied (Babbie, 2016).

Considering the reference period, this was a retrospective study as research was conducted
on already available data (Kumar, 2014). Retrospective cohort studies typically recruit a
specific group of participants and measure predictor variables from past data (Haynes &

Johnson, 2009).

2.3 Ethical considerations

The current research was conducted within the framework of the South African Guidelines for
Good Practice in the Conduct of Clinical Trials with Human Participants in South Africa (2006)
and the Ethics in Health Research: Principles, Structures and Processes (2004) was adhered to
during the course of this study. These guiding principles ensured acceptable conduct,
protection of the rights and welfare of research participants and reflected basic ethical values
concerning justice and participant respect (South African Medical Research Council, 2004).
The individual principles presented in these documents are listed and discussed below as they

were applied to the current research.
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Table 2.1. Ethical principles applied to formulation of research design, participant selection

and data collection and analysis procedures (South African Medical Research Council, 2004;

South African National Health Act, 2007)

Guiding principle

Application to research

Respect and dignity:

One of the primary concerns in health research involving
human participants is the respect for dignity, safety and

wellbeing of the participants.

The retrospective nature of the research ensured that
there was no active participation and therefore exposure
to unusual stress, expectations and loss of self-esteem

related to the research process were avoided.

Informed consent:

Persons on whom research is to be conducted have the
right to be informed of the purpose of the research,
methods and procedures to be followed or used during
the research, potential or real harm and risks involved in
participation and the extent to which confidentiality and

privacy will be maintained.

Since this research followed a retrospective research
design, no active participation was required from adult Cl
recipients. Prior to cochlear implantation, all adult CI
recipients were requested to grant consent that their de-
identified data may be used for quality control and
research purposes without renewed consent being
obtained for each research project (Appendix A).
Consequently, each participant’s right to privacy was
protected at all times by treating data with strict
confidentiality. The manager of the participating Cl
program signed a letter of consent, stating that
permission was given that the specific data required for
the purpose of this research anonymously be made

available to the researcher (Appendix B).

Privacy and confidentiality:

Both the research participant’s right to privacy and
confidentiality must be protected at all times. Privacy is
concerned with personal record access while
confidentiality refers to already disclosed personal
information. The researcher must be sure that where
personal information on a research participant is
collected, stored, used or destroyed, this is done in ways
that respect the privacy and confidentiality of the
participants and any agreements made between the

participants and the community.

Identifying information was excluded from the study and
data was presented anonymously for the purpose of data-
analysis. Participants were assigned an alphanumeric code
which was used for data processing causing the
participant identity to be unknown, even to the

researcher, which ensured confidentiality and anonymity.
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Inclusion and exclusion criteria:

The inclusion, exclusion, selection and recruitment of
research participants must be based on scientific
principles. No person may be unjustly excluded on the

basis of any form of discrimination.

The original mass of retrospective data was filtered to
only include adult Cl recipients who had preoperative
hearing-related QoL outcome data available, as this was
imperative to monitor the change in outcomes over time.
For a smaller subset of data, the initial dataset was further
filtered to exclusively include those participants who had
both preoperative hearing-related QoL and tinnitus
distress data available. Hence, the change of tinnitus
distress as well as hearing-related QoL over time could
have been compared and the possible interaction
between these key variables could have been
investigated. Irrespective, adult Cl recipients from the
complete range of demographical, educational and
communication environments were included in these

sifted groups.

Ethical clearance:

Prior to the commencement of a study, approval should
be obtained from the local research ethics committee. A
researcher involved in research on human participants is
obligated to submit research proposals to an accredited

research ethics committee for approval.

Prior to the commencement of data collection, ethical
clearance was obtained from Research Ethics Committee
of the Faculty of Humanities, University of Pretoria
(Appendix C). A plagiarism declaration (Appendix D) was
signed by the researcher to confirm that the research was
the original work of the researcher and that all possible

attempts were made to avoid plagiarism.

Relevance:

Research must be relevant to the broader health needs of
the country as well as to the individual needs of those
who suffer from the concerns and diseases that are

studied.

The rational for this research was carefully considered in
order to contribute to evidence-based pre- and
postoperative service delivery to adult Cl recipients and

their families.

Release of findings

Researchers are obligated to publicize research results,
whether positive or negative in a competent and timely
manner. All results that have scientific merit should be

published in an ethical manner.

This research study was conducted with the aim to publish
research findings in an international peer-reviewed
journal. A research article was compiled and submitted
the International Journal of Audiology (Appendix E). A
research dissertation was compiled and will be made
available online and in hard copy in the library of the

University of Pretoria.

Storage of data

Upon the completion of the study, all relevant data will be
stored in both hard and soft copy and will be archived at
the Department of Speech-Language Pathology and
Audiology, University of Pretoria for a period of fifteen

years.
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2.4 Participants
A retrospective dataset of 345 adult (=18 years) Cl recipients, implanted between 2001 and
2017 at the Ear Science Institute Australia — Ear Science Clinic, was reviewed for the purpose
of this study. The final study sample consisted of 210 adult Cl recipients who, according to the
inclusion criteria, had preoperative Tinnitus Reaction Questionnaire (TRQ) and Abbreviated
Profile of Hearing Aid Benefit (APHAB) scores available. A non-probability, convenience
sampling technique was used to obtain participants for this study. Non-probability sampling
is a sampling technique where the sample is gathered through a process that does not give
the whole population equal chances of being included as participants (Etikan, 2016).
Convenience sampling was used as this sampling method places more emphasis on
generalizability by ensuring that the knowledge obtained from the participants is
representative of the population from which the sample was drawn (Etikan, 2016). The
guantitative nature of the research also served to support the convenience sampling
technique choice (Etikan, 2016). Participants were recruited from the Ear Science Institute

Australia — Ear Science Clinic.

The following inclusion criteria were specified for Cl participants:
e Participants should be 18 years of age or older at the time of data collection at the Ear
Science Institute Australia — Ear Science Clinic
e Participants should be cochlear implant recipients (unilaterally or bilaterally
implanted) and receive Cl programming and intervention services from the Ear Science

Institute Australia — Ear Science Clinic
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e Only adult Cl recipients with available preoperative hearing-related QoL and tinnitus

distress outcome data should be included

Demographic and clinical characteristics of the 210 adult Cl recipients are described (Table

2.2).

Table 2.2. Characteristics of study population

Demographical characteristics % (n) Clinical characteristics % (n)
Gender Onset of hearing loss
Male 49.5 Prelingual 18.1(38/210)
(104/210)
Female 50.5 Postlingual 90.5
(106/210) (172/210)
Chronological age at data interval Course of hearing loss onset
(years)
3 months postoperatively (n=160) Sudden 7.8(16/206)
Mean (SD) 65.4 (14.2) Progressive 92.23
(190/206)
Range 25.5-94.2
Balance concerns preoperatively
12 months postoperatively (n=126) Yes 30(63/210)
Mean (SD) 66.3 (13.3) No 70 (147/210)
Range 26.3-92.2

>24 months postoperatively

(n=104)
Mean (SD) 67.9 (13.28)
Range 27.7-92.3

Duration of hearing loss prior to implant (years)
(n=200)
Mean (SD)

Range

First ear implanted
Left

Right

Age at (first) implant (years) (n=210)
Mean (SD)
Range

Bilateral implantation
12 months postoperatively
>24 months postoperatively

30.4 (19.07)

0.0-79.0

49.5
(104/210)
50.5

(106/210)

62.9 (15.6)
20.6-93.8

2.9 (6/210)
15.2 (32/210)
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2.5 Data collection tools

The retrospective dataset utilized in this study contained demographic, Cl, hearing loss and
tinnitus related data, as well as data from two validated questionnaires including the TRQ and
the APHAB. During the reference period these questionnaires were routinely completed for
all adult CI recipients preoperatively, as well as at 6-, 12- and >24-months postoperative

intervals.

Demographic, Cl and hearing loss related data are routinely captured on a database for all
adult Cl recipients from the Hearing Implants Clinic of the ESIA. Hence, data on the following
variables were retrieved from the existing database and used for the purposes of this study:
gender, chronological age, age at implant, etiology of hearing loss, onset of hearing loss, age
at diagnosis of hearing loss/deafness, duration of deafness prior to Cl, duration of Cl use, age

at Cl and number of Cl devices.

2.5.1 Tinnitus Reaction Questionnaire

The TRQ (Appendix F) is a 26-item questionnaire that was developed to measure the
psychological distress associated with tinnitus (Wilson et al., 1991) and was classified among
one of the most frequently used questionnaires for measuring tinnitus distress by a
systematic review of 18 studies exploring the impact of tinnitus (Tegg-Quinn et al., 2016). The
validity and reliability of the TRQ as a measurement tool for tinnitus severity has been
established (Wilson et al., 1991). As indicated by Chronbach’s alpha the TRQ has a high
internal consistency of 0. 96 as well as a very good test-retest reliability of 0.88 (Wilson et al.,

1991). Furthermore, the TRQ is also considered as a valid measuring tool for psychological
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distress related to tinnitus based on the evidence of its moderate to high correlations with
anxiety and depression measures (Wilson et al., 1991). In this study, the TRQ was used as a
subjective, self-report measure to assess the level of perceived distress experienced by adult
Cl recipients with tinnitus and to consequently quantify the amount of distress experienced
by the recipients. Previous studies have successfully utilised the TRQ to report on subjective
tinnitus related distress as experienced by the Cl recipient (Tavora-Vieira et al., 2013, 2015).
The TRQ has also been translated into numerous languages (Andersson, 2002), but was used

in its original English format for the purpose of this study.

2.5.2 Abbreviated Profile of Hearing Aid Benefit

In order to measure hearing-related QoL outcomes over time, adult Cl recipients completed
the Abbreviated Profile of Hearing Aid Benefit (APHAB) preoperatively and at fixed
postoperative intervals. The APHAB is a clinical instrument and generic self-report measure
that quantifies the disability associated with a hearing loss (HL), as well as the relief achieved
with amplification (Cox & Alexander, 1995). In a recent systematic review and meta-analysis
that examined the impact that hearing-assistive devices has on the health-related QoL of
adults with single-sided deafness (Kitterick, Lucas, & Smith, 2015), the APHAB was specifically
referred to as a disease-specific measure of health-related QoL. The most frequently adopted
measure of disease-specific health-related QoL in this review was the APHAB, as it was utilized
in 15 studies (Kitterick et al., 2015). Some studies also refer to the APHAB as a measure of
subjective benefit and/ or effectiveness of hearing-assistive devices (House, Kutz Jr., Chung,
& Fisher, 2010; Lin et al., 2006; Moore & Popelka, 2013).Furthermore, even though the
APHAB in its original format was designed as a questionnaire for hearing aid users, it has been

utilized in a number of studies to document subjective patient reports regarding hearing with
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Cls (Dillon et al., 2018; Kloostra, Arnold, Hofman, & Van Dijk, 2015; Litovsky, Parkinson,
Arcaroli, & Sammeth, 2006; Ramos-Macias et al., 2016; Santa Maria, Domville-Lewis, Sucher,
Chester-Browne, & Atlas, 2013; Skarzynski, Lorens, Piotrowska, & Anderson, 2006; Sladen,
Gifford, et al., 2017; Wackym, Runge-Samuelson, Firszt, Alkaf, & Burg, 2007). In studies
related to adult cochlear implantation specifically, the APHAB is referred to as a measure of
QoL (Dillon et al., 2018), a measure of health-related QoL (Ramos-Macias et al., 2016) and a
measure of self-perceived hearing-related QoL (Sladen et al., 2017). In addition, the APHAB is
also referred to as a audiology-specific example of a disease-specific health-related QoL

measure (Abrams et al., 2005).

Most of the information that is utilized to communicate with and function within the
environment, comes through the important sense of hearing (Redfors et al. 2014). It has been
confirmed that an impairment of hearing has implications for general QoL (Chia et al, 2007;
Dalton et al, 2003; Fisher et al, 2009). Within the APHAB design, the term ‘disability’ is defined
as the effect that the hearing impairment has on the individual’s auditory functioning in daily
life (Cox & Alexander, 1995). Considering that a disability within the hearing sense has
implications for general QoL ( (Chia et al, 2007; Dalton et al, 2003; Fisher et al, 2009; Redfors
et al., 2014) and that the APHAB measures this perceived disability (Cox & Alexander, 1995),
it is reasonable to link what the APHAB measures to hearing-related Qol. In spite of the fact
that the APHAB is frequently linked to health-related Qol, the APHAB will be referred to as a

measure of hearing-related QoL for the purpose of this study.

The APHAB consists of 24 items, divided into four subcategories (ease of communication,

background noise, reverberation and aversiveness). Each sub-category consists of six items
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to be scored on a 7-level scale that ranges from A - Always (99%) to G - Never (1%) for both
unaided as well as aided experiences. For the purpose of this study the unaided experiences
were presented as the preoperative score while the 6-, 12- and >24-months postoperative
scores all represented aided (with ClI) experiences. Speech communication scores in
favourable, reverberant and noisy environments are depicted by the APHAB inventory (Cox
& Alexander, 1995). The internal consistency reliability values of the APHAB, as indicated by
Cronbach’s alpha, ranges from 0.78 to 0.87, which is fairly high (Cox & Alexander., 1995).
Moreover, a 90% and 95% critical difference has been found for each subscale and response
mode of the APHAB (Cox & Alexander., 1995). Reliability has thus been confirmed for the
APHAB as a hearing-related QoL outcome measure that quantifies the disability associated
with hearing loss, as well as the relief achieved with amplification (either hearing aids or

cochlear implantation) (Cox & Alexander., 1995).

2.6 Data collection procedures

As part of the standard pre- and postoperative protocol, adult Cl recipients from the Ear
Science Institute Australia - Ear Science Clinic completed the APHAB as an outcome measure
for hearing-related QoL and the TRQ as a measure of tinnitus distress. Along with a number
of general tinnitus questions (Appendix H), TRQ and APHAB data were captured for adult Cl
recipients preoperatively and at fixed postoperative intervals (including 3-, 6-, 12-, 24-, 36-
and >36 months postoperative intervals). A number of databases were used by the Ear
Science Institute Australia - Ear Science Clinic to capture patient data. Captured data were
then exported into an Excel sheet to manipulate the data into a workable format. Upon
attaining this retrospective, routinely captured data, an electronic database was developed

to systematically sort and clean the retrospective data. Permission to access this already
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captured demographic, Cl, hearing loss, tinnitus, APHAB and TRQ data of Cl recipients who
meet the inclusion criteria of this study have been obtained from the manager of the Ear

Science Institute Australia — Ear Science Clinic (Appendix B).

2.7 Data analysis

Due to the retrospective nature of this study and the inevitable incidence of missing data
when collecting these in a clinical setting, data for all dependent and independent variables
were not available for each individual Cl recipient at each time interval. As a result, data points
were combined in order to minimize missing data. Postoperative intervals were combined
and reduced to only the 6-, 12- and >24-months postoperative intervals. To justify these
combinations, the Wilcoxon signed rank test was performed to test the difference between
each of the time intervals. Where intervals did not differ statistically at a 5% level, they were

combined and the average value between the interval points were used.

Commercially available statistical software packages (SAS version 9.4 and IBM SPSS version
25) were used for the analysis. The outcome variable in this study was the hearing-related
QoL of adult CI recipients as measured by APHAB scores. Explanatory variables included
demographical factors (gender, chronological age), HL related factors (course of HL, onset of
HL, balance concerns, duration of HL before Cl), Cl related factors (duration of Cl use, age at
first Cl, bilateral implantation, first ear implanted), speech perception factors (consonant-
nucleus-consonant word scores, consonant-nucleus-consonant phoneme scores) and tinnitus
related factors (Tinnitus Reaction Questionnaire score representing tinnitus distress). These

variables were subdivided into categorical and continuous variables.
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Descriptive statistics were utilized to define the test population in terms of demographical, Cl
and hearing loss characteristics (Table 2.1). Data on tinnitus distress and speech perception

scores were also explored by means of descriptive statistics.

The paired sample t-test was performed to determine if statistical significant differences
existed between the respective intervals for the overall APHAB scores, the APHAB sub-domain

scores and the TRQ scores.

Data analysis for the APHAB: Answers to the 24 statements of the APHAB were scored by
transforming answer categories (A-G) as follows: Always (A)=99%, almost always (B)=87%,
generally (C)=75%, half-the-time (D)=50%, occasionally (E)=25%, seldom (F)=12% and never
(G)=1% (Cox & Alexander 1995). This guidance percentage is provided on the APHAB to help
the user decide which level to choose based on the percentage of time that the statement is
true for the individual At each time interval, scores for each of the four subdomains of the
APHAB were computed by adding together the 6-item scores of each subdomain and dividing
it by the number of completed questions. Non-responses were processed as missing values.
An overall APHAB average score was then also calculated for the four subdomains together.
The questionnaire mostly consists out of negative descriptors and reversed scoring was
applied for questions that were positive descriptors. Therefore, a higher score was
representative of a high portion of perceived difficulties and consequently a lower hearing-

related QolL.

Data analysis for the TRQ: The overall scoring method of the TRQ comprised of adding

together the score numbers selected by the respondent for the 26 questions, obtaining a total
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score ranging between 0 to 104 (Wilson et al., 1991). All the questions were rated on a five-
point rating scale ranging from 0 (not at all) to 4 (almost all of the time). Due to all statements
being negative descriptors, a higher total score is associated with a higher level of tinnitus
induced psychological distress. A total TRQ score out of 104 was captured for each Cl recipient

who filled out the TRQ at each respective time interval.

The extent of a relationship between to characteristics can be determined by means of the
Spearman’s rank order correlation (Leedy & Ormrod., 2010). This correlation is a statistical
measure of the strength of the monotonic relationship between paired data (Artusi, Verderio,
and Marubini, 2002). The Spearman’s rank order correlation calculates a coefficient which
measures the strength and direction of the association between two continuous variables.
Spearman’s correlation coefficients were used to assess possible associations between
tinnitus distress (TRQ scores) and hearing-related QoL (APHAB overall and sub-domain scores)
over time. The calculated coefficients of the analysis represented the statistical significance
of the relationship between tinnitus distress and hearing-related QolL. This test was chosen
because it is a non-parametric test with free test distribution and is therefore not affected by

the normal distribution of parameters.

The statistical method of determining the specific relationship existing between variables is
known as a regression analysis (Babbie, 2016). The relationships among the involved variables
are represented in the form of a regression equation (Babbie, 2016). Due to the dependent
variable in this study being simultaneously affected by several independent variables a
multiple regression analysis was utilized (Babbie, 2016). Multiple linear regression analysis

was used for the prediction of hearing-related QoL outcomes in adult Cl recipients. Twenty
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multiple linear regression models were constructed to investigate the influence of the 13
categorical and continuous predictors on hearing-related QoL scores over time. The influence
of the 13 identified potential predictor variables on hearing-related QoL scores at a specific
point in time was determined. Similar multiple linear regression analyses were conducted at
all four time intervals. In order to investigate which variables were responsible for the change
in hearing-related QoL scores from the pre-implant interval to each of the three postoperative
intervals respectively, repeated measure analyses/ANOVA were also performed. These
models included only the predictors found to be significant according to the multiple linear

regression analysis.

Due to the relatively large sample size of this study and the specificity of the research
question, it was decided to make use of a more conservative p-value of 0.01 to indicate
statistical significance. This reduced the chance of false positives while simultaneously

increasing the trustworthiness of any significant results obtained.

2.8 Reliability and validity

The success of drawing meaningful conclusions from research data is influenced greatly by
the reliability and validity of the measurement tools used (Leedy & Ormrod, 2010). Validity
can be defined as the degree to which the measurement tool measures what it is intended to
measure while reliability represents the consistency with which a measuring tool yields
unchanged results in the case of an unchanged measurement entity (Leedy & Ormrod, 2010).
Otherwise described, validity is about the closeness of what is believed to be measured to
what was intended to be measured, while reliability portrays how far a specific test will

produce similar results in different circumstances, supposing nothing else have changed. The
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meticulousness of the research process and the trustworthiness of research findings are

exhibited by reliability and validity (Giltinane, 2013).

In the current study, reliability and validity were ensured in the following ways:
e Data were obtained using two validated measures (the TRQ and the APHAB).
e Validity was ensured by analyzing a large sample size of de-identified data in an
attempt to yield results that are representative of the adult Cl recipient population.
e All participants completed the same two validated questionnaires at the same set

intervals, thus ensuring reliability.
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Proof of submission: Appendix E

3.1 ABSTRACT

Objective: To describe the effect of tinnitus distress on the hearing-related quality of life (QoL)
outcomes of adult cochlear implant (Cl) recipients over time.

Design: A retrospective, longitudinal study of adult Cl recipients was conducted. Data on
hearing-related QolL, using the Abbreviated Profile of Hearing Aid Benefit (APHAB) and tinnitus
distress, using the Tinnitus Reaction Questionnaire (TRQ) were captured preoperatively as
well as at 6-months, 12-months and >24-month postoperatively. The effect of

tinnitus distress on hearing-related QoL outcomes over time was determined. Furthermore,
13 potential predictive factors, were identified from the retrospective dataset, including
demographic, hearing loss, Cl, speech perception and tinnitus related factors. Multiple
regression analyses were performed to identify variables that influence hearing-related QoL
outcomes over time.

Study sample: The study sample included 210 adult (=18 years) Cl recipients implanted

between 2001 and 2017.
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Results: Lower tinnitus distress and younger age at implantation were strong predictors of
better hearing-related QoL in adult Cl recipients. A significant relief in tinnitus distress up to
two years post-implantation was confirmed, as well as a negative correlation between
tinnitus distress and hearing-related QoL.

Conclusion: Tinnitus distress negatively affects the hearing-related QoL outcomes of adult CI

recipients.

3.2 Introduction

Subjective tinnitus can be defined as a sound sensation perceived in the head or ears in the
absence of an external stimulus (Searchfield, 2014). In spite of being aware of this sound
sensation, many people reporting tinnitus are not bothered by it and subsequently do not
seek medical assistance, whereas for others it can cause debilitating problems such as

insomnia, frustration, depression and anxiety (McCormack et al., 2016; Nondhal et al., 2007).

Multiple theories on the tinnitus mechanism have been considered in research, but due to its
heterogeneous nature the complex mechanism of tinnitus cannot be adequately explained
by any particular hypothesis (Chung & Lee, 2016). Tinnitus is seen as a symptom rather than
a disease entity and can therefore be prescribed to a variety of underlying conditions (Han et
al.,, 2009). At present there is no definite cure for tinnitus due to the poorly understood

pathophysiology of tinnitus (Aazh et al., 2019).

Tinnitus is prevalent in approximately 70-90% of adults with hearing loss (Olze et al., 2011).
In adult cochlear implant (Cl) recipients, preoperative tinnitus prevalence range from 67%-

100% with a mean of 80% (Baguley & Atlas., 2007). Evidently, four in five patients with severe
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to profound sensorineural hearing loss report tinnitus preoperatively (Baguley & Atlas, 2007).
The impact of tinnitus as a potential difficulty with the implant was rated as the top-ranking
concern for 28% of adult recipients following Cl surgery (Gomersall et al., 2019). Even though
cochlear implantation is primarily performed in order to manage severe-profound hearing
loss, tinnitus suppression is experienced as a beneficial secondary effect by 25%-72% of Cl
recipients (Quaranta et al., 2004; Baguley & Atlas., 2007; Ramakers et al., 2015; Knopke et al.,
2016; Olze et al., 2016; Knopke et al., 2017;). However, there is a risk for newly induced
tinnitus or for the worsening of existing tinnitus after cochlear implantation (Quaranta et al.,
2004). Therefore Cl candidates should have a thorough understanding of the effect of
cochlear implantation on tinnitus prior to implantation and all possible tinnitus outcomes
should be transparently included in the informed consent (Quaranta et al., 2004; Bovo et al.,

2011).

A number of studies confirmed that cochlear implantation does not only provide the benefit
of improved hearing abilities for Cl recipients, but that it also leads to the improvement of
quality of life (QoL) (Knopke et al., 2017; Olze et al., 2011; Olze et al., 2016, 2012; Knopke et
al.,, 2016). A number of generic and disease specific QoL questionnaires has been used
throughout literature to assess changes in QoL brought on by a CI (Loeffler et al., 2010). For
Cl recipients, health-related QoL can be defined as a multi-dimensional concept used to
symbolize the comprehensive effect that cochlear implantation has on the self-esteem, social
life and everyday activities of the Cl recipient (Loeffler et al., 2010). Disease specific QoL
outcomes however represents a patient’s perception on a specific health problem (Loeffler
et al., 2010). Since disease specific QoL outcome measures are strictly relevant to a particular

disease, hearing-related QoL outcome measures, for example, specifically report the effect of
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a hearing impairment on the daily activities and lifestyle of the patient (Loeffler et al., 2010).
Whether health-related QoL or more disease specific hearing-related Qol, the term QoL is
linked to the emotional, social and physical well-being of individuals, including their ability to
function in the ordinary tasks of living (Loeffler et al, 2010). Therefore, QoL has become a
standard outcome measure to assess the impact that lasting hearing loss and its resultant
management have on the personal well-being of Cl recipients as well (Capretta & Moberly,
2016; King et al., 2014; Zaidman-Zait & Smith, 2010). A wide variety of factors have been
identified to positively influence QoL in Cl recipients, namely better speech understanding
abilities (Sladen et al., 2017a), shorter duration of deafness (Maillet et al., 1995; Hirschfelder
et al, 2008), younger age at implantation (Chung et al., 2012; Farinetti et al., 2014), higher
socio-economic status (Hawthorne et al., 2004), longer duration of Cl use (Hirschfelder et al.,
2008), bilateral implantation (Harkoénen et al., 2015; le Roux et al., 2017) and attendance of

mainstream schooling (le Roux et al., 2017).

Even though pre- and post-implantation data on Qol outcomes of patients with tinnitus is
limited (Olze et al., 2011), evidence suggests that health-related QoL of Cl recipients is
affected by tinnitus. Olze et al (2011) specifically confirmed the association between tinnitus
impairment and lower health-related QoL. Both le Roux et al (2017) and Lenarz et al (2017)
recently confirmed that patient report of tinnitus before implantation was strongly predictive
of reduced QoL outcomes in adult Cl recipients. A significant negative correlation was also
found between tinnitus related distress and health-related QoL at both the 6- and 12-months
post-implantation intervals in a recent study by Knopke et al (2017), where the experience of
tinnitus preoperatively was the main inclusion criteria for bilaterally deafened patients.

Tinnitus was indicated as the primary cause for 25% of the anxiety, depression and hearing
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problems that persisted post-implantation in unilaterally implanted adults (Andersson et al.,
2009). Furthermore, the experience of residual tinnitus after implantation can also be linked
to higher levels of perceived stress, poorer coping strategies, more prominent depressive
symptoms and generalized anxiety (Andersson et al., 2009; Olze et al., 2012). The significance
of tinnitus as a hindrance in the auditory rehabilitation of Cl recipients should therefore not

be underestimated (Knopke et al., 2017).

A wide variety of individual and interacting factors influence the level of benefit that any
particular Cl recipient experience and results in a large variability of outcomes. Therefore, the
ability to predict outcomes for individual Cl candidates will arise from an increased knowledge
of the causes of this variation (Briiggemann et al., 2017). The role of tinnitus as a predictive
factor for QoL outcomes should therefore be investigated as available evidence has suggested
that the effects of tinnitus negatively influenced QoL and can even counterbalance the
positive effects of cochlear implantation (Briiggemann et al., 2017; Olze et al., 2016; Knopke
et al,, 2016; Olze et al., 2011; le Roux et al., 2017; Summerfield et al., 2006; Ramos et al.,
2013; Lenarz et al., 2017; Knopke et al., 2017). What also needs further exploration is the
lasting effect of tinnitus on hearing-related QoL over time as well as the sustainability of the
tinnitus supressing effect of a Cl and the effect thereof on hearing-related QoL. This study,
therefore, aimed to describe the influence of tinnitus distress on hearing-related QoL
outcomes in adult Cl recipients who experience tinnitus, and to investigate the prognostic

significance of tinnitus distress over time.

3.3 Method

Institutional ethical clearance was obtained prior to the analyses of retrospective data.
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3.3.1 Study population

A retrospective dataset of 345 adult (=18 years) Cl recipients, implanted between 2001 and
2017 at the Ear Science Institute Australia — Ear Science Clinic, was reviewed for the purpose
of this study. During the reference period hearing-related Qol, tinnitus distress and speech
perception outcome data were routinely captured for all adult Cl recipients preoperatively,
as well as at 6-, 12- and >24-months postoperative intervals. Preoperative hearing-related
QoL and tinnitus distress outcome data were prerequisites for inclusion. The final study
sample comprised of 210 adult Cl recipients for whom the demographic characteristics are
described (Table 3.1). Based on available hearing-related QoL and tinnitus distress outcome
data, the study population included at the postoperative intervals decreased from the
baseline of 210 participants to 176, 126 and 104 participants at the 6-, 12- and >24-months
postoperative intervals respectively. At the end of the >24-months postoperative interval,

most of the adult Cl recipients in this dataset (84.8%) were still unilateral Cl users.
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Table 3.1. Characteristics of study population

Demographical characteristics % (n) Clinical characteristics % (n)
Gender Onset of hearing loss
Male 49.5 Prelingual 18.1(38/210)
(104/210)
Female 50.5 Postlingual 90.5
(106/210) (172/210)
Chronological age at data interval Course of hearing loss onset
(years)
3 months postoperatively (n=160) Sudden 7.8 (16/206)
Mean (SD) 65.4 (14.2) Progressive 92.23
(190/206)
Range 25.5-94.2
Balance concerns preoperatively
12 months postoperatively (n=126) Yes 30 (63/210)
Mean (SD) 66.3 (13.3) No 70(147/210)
Range 26.3-92.2
Duration of hearing loss prior to implant (years)
(n=200)
>24 months postoperatively Mean (SD) 30.4 (19.07)
(n=104)
Mean (SD) 67.9 (13.28) Range 0.0-79.0
Range 27.7-92.3
First ear implanted
Left 49.5
(104/210)
Right 50.5
(106/210)
Age at (first) implant (years) (n=210)
Mean (SD) 62.9 (15.6)
Range 20.6-93.8
Bilateral implantation
12 months postoperatively 2.9 (6/210)
>24 months postoperatively 15.2 (32/210)
3.3.2 Data collection

As part of the standard pre- and postoperative protocol, adult Cl recipients completed the

APHAB as an outcome measure for hearing-related QoL and the TRQ as a measure of

tinnitus distress. TRQ and APHAB data were captured for adult Cl recipients preoperatively

and at fixed postoperative intervals (including 3, 6, 12, 24, 36 and >36 months postoperative

intervals).
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3.3.3 Description of variables

3.3.3.1 Outcome variables

In order to measure hearing-related QoL outcomes over time, adult Cl recipients completed
the Abbreviated Profile of Hearing Aid Benefit (APHAB) preoperatively and at fixed
postoperative intervals. The APHAB is a clinical instrument and generic self-report measure
that quantifies the disability associated with a hearing loss (HL), as well as the relief achieved
with amplification (Cox & Alexander, 1995). In a recent systematic review and meta-analysis
that examined the impact that hearing-assistive devices has on the health-related QoL of
adults with single-sided deafness (Kitterick et al., 2015), the APHAB was specifically referred
to as a disease-specific measure of health-related QoL. The most frequently adopted measure
of disease-specific health-related QoL in this review was the APHAB, as it was utilized in 15
studies (Kitterick et al.,, 2015). Some studies also refer to the APHAB as a measure of
subjective benefit and/ or effectiveness of hearing-assistive devices (House et al., 2010; Lin et
al., 2006; Moore & Popelka, 2013). Furthermore, even though the APHAB in its original format
was designed as a questionnaire for hearing aid users, it has been utilized in a number of
studies to document subjective patient reports regarding hearing with Cls (Dillon et al., 2018;
Kloostra et al., 2015; Ramos-Macias et al., 2016; Sladen et al., 2017; Skarzynski et al., 2006).
In studies related to adult cochlear implantation specifically, the APHAB is referred to as a
measure of QoL (Dillon et al., 2018), a measure of health-related QoL (Ramos-Macias et al.,
2016) and a measure of self-perceived hearing-related QoL (Sladen et al., 2017). In addition,
the APHAB is also referred to as a audiology-specific example of a disease-specific health-

related QoL measure (Abrams et al., 2005).

34



Most of the information that is utilized to communicate with and function within the
environment, comes through the important sense of hearing (Redfors et al., 2014). It has been
confirmed that an impairment of hearing has implications for general QoL (Chia et al., 2007;
Dalton et al., 2003; Fisher et al., 2009). Within the APHAB design, the term ‘disability’ is
defined as the effect that the hearing impairment has on the individual’s auditory functioning
in daily life (Cox & Alexander, 1995). Considering that a disability within the hearing sense has
implications for general QoL (Chia et al., 2007; Dalton et al., 2003; Fischer et al., 2009; Redfors
et al., 2014) and that the APHAB measures this perceived disability (Cox & Alexander, 1995),
it is reasonable to link what the APHAB measures to hearing-related Qol. In spite of the fact
that the APHAB is frequently linked to health-related QoL, the APHAB will be referred to as a

measure of hearing-related QoL for the purpose of this study.

The APHAB consists of 24 questions, divided into four sub-domains (ease of communication,
background noise, reverberation and aversiveness). Answers to the 24 statements of the
APHAB were converted to a total as well as four sub-domain scores as per survey design (Cox
& Alexander, 1995). The questionnaire mostly consists out of negative descriptors and
reversed scoring was applied for questions that were positive descriptors. Therefore, a higher
score was representative of a greater portion of perceived difficulties and consequently a
lower hearing-related Qol. For data analysis, scores for each of the four APHAB sub-domains,
as well as the total APHAB score (overall hearing-related QoL), were considered as continuous

outcome variables.
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3.3.3.2 Explanatory variables

Data regarding demographical and clinical characteristics (Table 3.1), together with tinnitus
characteristics (Table 3.2) of the study sample were collected retrospectively. From the
retrospective data set 13 potential predictor variables were identified and described as either
categorical or continuous variables. These possible predictive factors included demographic
(gender, chronological age at interval), hearing loss (onset of hearing loss, course of hearing
loss, balance concerns, duration of hearing loss before implant), Cl (age at implant, first ear
implanted, bilateral implantation, duration of Cl use at interval), speech perception (CNC

word scores, CNC phoneme scores) and tinnitus related factors (TRQ score).

The Tinnitus Reaction Questionnaire (TRQ) is a valid and reliable 26-item questionnaire that
was developed to measure the psychological distress associated with tinnitus (Wilson et al.,
1991). This study utilized the TRQ as a subjective, self-report measure to assess and quantify
the level of perceived stress experienced by adult Cl recipients with tinnitus. As per the TRQ
protocol the score numbers, rated on a 5 point scale ranging from 0 (not at all) — 4 (almost all
of the time) by the respondent for the 26 questions, were totalled to represent a score out of
104 (Wilson et al., 1991). Due to all statements being negative descriptors, a higher total score
is associated with a higher level of tinnitus induced psychological distress. Previous studies
have successfully utilised the TRQ to report on subjective tinnitus related distress as

experienced by the Cl recipient (Tavora-Vieira et al., 2013, 2015).

3.3.4 Statistical analysis
With this study being of retrospective nature and the inevitable incidence of missing data

when collecting these in a clinical setting, data for all dependent and independent variables
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were not available for each individual Cl recipient at each time interval. As a result, data points
were combined in order to minimize missing data. Consequently, postoperative intervals
were combined and reduced to only the 6-, 12- and >24-months postoperative intervals. To
justify these combinations, the Wilcoxon signed rank test was performed to test the
difference between each of the time intervals. Where the intervals did not differ statistically
at a 5% level, they were combined and the average value between the interval points were

used.

Commercially available statistical software packages (SAS version 9.4 and IBM SPSS version
25) were used for the analysis. Descriptive statistics were used to describe the study
population in terms of demographical, Cl and hearing loss characteristics (Table 3.1). Data on
tinnitus distress (Table 3.2) and speech perception scores were also explored by means of

descriptive statistics.

The Paired sample t-test was performed to determine if statistical significant differences
existed between the respective intervals for the overall APHAB scores, the APHAB sub-domain
scores and the TRQ scores.

Spearman’s correlation coefficients were used to assess possible associations between
tinnitus distress (TRQ scores) and hearing-related QoL (APHAB overall and sub-domain scores)
over time. This test was chosen because it is a non-parametric test with free test distribution

and is therefore suitable for analysis of data that is not normally distributed.

By using multiple linear regression analyses, hearing-related QoL outcomes in adult CI

recipients were predicted. Twenty multiple linear regression models were built to explore the
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effect of the 13 predictor variables on hearing-related QoL scores over time. Predictor
variables included demographic (gender, chronological age at interval), hearing loss (onset of
hearing loss, course of hearing loss, balance concerns, duration of hearing loss before
implant), ClI (age at implant, first ear implanted, bilateral implantation, duration of Cl use at
interval), speech perception (CNC word scores, CNC phoneme scores) and tinnitus related
factors (TRQ score). Similar multiple linear regression analyses were conducted at all four time
intervals. Using these models, the influence of the 13 possible predictor variables of hearing-
related QoL were determined at specific points in time. In order to investigate which
individual variables were responsible for the change in hearing-related QoL scores from the
pre-implant interval to each of the three postoperative intervals respectively, repeated
measure analyses/ANOVA, were also performed. These models included only the predictors

found to be significant according to the multiple linear regression analyses.

Due to the relatively large sample size of this study and the specificity of the research
guestion, it was decided to make use of a more conservative p-value of 0.01 to indicate
statistical significance. This reduced the chance of false positives/ type | error of incorrectly
rejecting the null hypothesis, while simultaneously increasing the accuracy of any significant

results obtained.

3.4 Results

3.4.1 Hearing-related quality of life outcome profile
All postoperative APHAB total and sub-domain scores were lower than the preoperative
scores, indicating positive hearing-related QoL outcomes (Table 3.2). Background noise and

reverberation APHAB sub-domains indicated the highest mean scores across time intervals
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while the aversiveness APHAB sub-domain had the lowest mean scores across time

intervals.

The Paired sample t-test was conducted to determine whether the differences between the
APHAB scores at the various time intervals were significant. Overall APHAB scores, as well as
scores for all four APHAB sub-domains showed an improved hearing-related QoL from the
preoperative time interval to each of the three postoperative time intervals. It is evident that
there was a statistically significant decrease (p < 0.01) in the mean overall APHAB scores from
the preoperative time interval to the 6 months (mean = 38; SD = 15.1; n = 176), 12 months
(mean = 36.4; SD = 15.2 n = 126) and >24 months (mean = 40.2; SD = 17.3; n = 104)
postoperative intervals. The background noise and reverberation APHAB sub-domains had
statistically significant (p<0.01) higher mean scores compared to the other sub-domains at
the preoperative interval as well as all postoperative intervals. Aversiveness APHAB sub-
domain portrayed mean scores that were statistically significantly (p<0.01) lower than all
other sub-domains preoperatively and statistically significantly (p<0.01) lower than the
reverberation and background noise sub-domains at the 6-month, 12-month and >24- month

postoperative intervals.
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Table 3.2. Hearing-related quality of life scores depicted from APHAB results

Symbol Time interval Overall Ease of Background  Reverberation  Aversiveness
APHAB communication  noise sub- sub-domain sub-domain
sub-domain domain
A Preoperatively Mean 61 59.3 76.9 75.7 32.1
(SD) (16.5) (25.5) (16.7) (20.7) (26.7) (AB)ACKAD)
(A,B)(A,C)(A,D) (A,B)(A,C)(A,D) (A,B)(A,C)(A,D) (A,B)(A,C)(A,D) n=210
n=210 n=210 n=210 n=210
Range 9.0-98.4 1.0-99.0 20.6-99.0 8.3-99.0 1.0-99.0
B 6-months Mean 38 28.1 53.11 53.2 25.9
postoperatively  (SD) (15.1)®0) (17.9) (20.8)®0) (22.34) (21.1)
n=176 n=161 n=161 n=161 n=161
Range 10.9-78.6 2.8-87.0 6.8-99 8.7-99.0 1.0-97.0
C 12-months Mean 36.4 24.9 48.5 47.7 24.9
postoperatively  (SD) (15.2) (18.1) (19.8)(cP) (20.5) (19.61)
n=126 n=127 n=127 n=127 n=127
Range 8.5-72.3 1.0-78.7 2.8-99.0 6.5-99.0 1.0-97,0
D >24-months Mean 40.2 29.5 53.7 54.9 24.7
postoperatively  (SD) (17.3) (21.9) (20.86) (25.2) (19.5)
n=104 n=104 n=104 n=104 n=104
Range 8.6-80.9 1.0-99.0 10.2-99.0 10.5-99.0 1.0-75.0

Symbol superscripts represent time intervals which present with a statistically significant difference between them (p <0.01)

3.4.2 Tinnitus profile

Almost half (49.52%) of the adult Cl recipients in this study sample reported tinnitus distress
preoperatively, while 39.36% still experienced tinnitus distress >24 months postoperatively.
When compared to previous studies (Baguley & Atlas, 2007; Olze, Szczepek, Haupt, Zirke, et
al., 2011), the preoperative tinnitus prevalence in this study is lower and may largely be due
to the relatively large sample size included in this study. The low mean score is a result of
the inclusion of the TRQ scores for all adult Cl recipients who reported experiencing tinnitus,
but reported no associated distress by means of the TRQ, subsequently scoring a 0 on the
TRQ and thus lowering the mean scores. According to the Paired sample t-test, a general
trend of statistically significant (p<0.01) tinnitus relief is evident from the preoperative
interval to the 6-month (mean =5.9; SD = 12.8; n = 150), 12-month (mean =5.4; SD=12.2; n

=113) and >24-month (mean = 6.3; SD = 14.8; n = 89) postoperative intervals.
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Table 3.3. Tinnitus Reaction Questionnaire scores

p-value
Time interval n Mean (SD)  Range Median 2 3 4
1.Pre-operatively 210 13.2(21.5) 0-101 1
2. 6-months postoperatively 150 5.9(12.8) 0-67 0 0.000*
3. 12-montsh postoperatively 113 5.4 (12.2) 0-65 0 0.000* 0.074
4. >24-montsh postoperatively 89 6.3 (14.8) 0-99 0 0.002* 0.496

* Significant: p <0.01

3.4.3 Associations between hearing-related quality of life ratings and tinnitus distress

Spearman’s correlation coefficients were used to assess possible associations between TRQ

and APHAB scores at each time interval. Visual assessment of scatterplots (Figure 3.1) shows

that the relationship between hearing-related QoL outcomes and tinnitus distress is

monotonic. Twelve months postoperatively, there was a significant positive correlation

between TRQ and overall APHAB scores (r = 0.28, p < 0.01), implying that higher levels of

tinnitus distress are associated with poorer hearing-related QoL outcomes. TRQ scores were

also positively correlated with APHAB scores for the aversiveness sub-domain preoperatively

(r = 0.30, p < 0.01), 12 months (r = 0.34, p < 0.01) and >24 months (r = 0.30, p < 0.01)

postoperatively.
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Overall APHAB
12m post-operatively
e = |

Aversiveness APHAB sub-
domain

TRQ score 12m post-operatively* TRQ score pre-operatively**

Aversiveness APHAB sub-
domain
12m post-operatively
Aversiveness APHAB sub-
domain

TRQ score 12m post-operatively** TRQ score >24m post-operatively**

Figure 3.1. Scatter plot representing the significant associations between hearing-related

quality of life (APHAB scores) and tinnitus distress (TRQ scores) across time intervals.

Presented is 12 months postoperative overall APHAB versus 12 months postoperative TRQ score, 12 months postoperative aversiveness
sub-domain versus preoperative TRQ score, 12 months postoperative aversiveness sub-domain versus 12 months postoperative TRQ score
and lastly >24 months postoperative aversiveness sub-domain versus >24 months postoperative TRQ score

*Significant: p <0.01

+r=0.10-0.29; small correlation

++ r=0.30-0.49; medium correlation
+++ r=0.50-1.00; large correlation

3.4.4 Muultiple regression analysis

Twenty multiple linear regression models were run of which only four were significant.
Furthermore, only two out of the possible 13 predictor variables were found to be significant
predictors for hearing-related QoL (Table 3.4), namely tinnitus distress and age at implant.
Multiple linear regression was performed to examine the simultaneous effect of multiple
predictors on the outcome variables. Preoperatively, better APHAB ease of communication
and reverberation sub-domain scores were predicted by lower tinnitus distress and a younger

age at cochlear implantation (for reverberation only). At 12-months postoperative, a better
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APHAB total score was predicted by a young age at implantation and lower TRQ scores, and

a better APHAB aversiveness sub-domain score was predicted by lower TRQ distress.

However, the determination coefficients (R2) showed that 26% or less of the variations in

outcome measures can be explained by the models.

Table 3.4. Multiple linear regression analysis results

Outcome variable Predictors Parameter  p-value Pr>F R? df Sum of
(individual variables  estimates (model p- squares
of significance) value)

Overall APHAB

12-months 0.0017* 0.21 7 4876.352

postoperative Age at implant 0.27 0.0087*

(n=103) TRQ score 12 0.39 0.0005*
months
postoperative

Ease of

communication 0.0019* 0.21 11 18313.968

APHAB sub-domain  Age at implant 0.54 <0.0001*

Preoperative TRQ score 0.26 0.0008*

(n=135) preoperative

Reverberation

APHAB sub-domain 0.0017* 0.21 11 1141.630

Preoperative Age at implant 0.42 <0.0001*

(n=135)

Aversiveness

APHAB sub-domain 0.0001* 0.26 7 5081.749

12-months TRQ score 12- 0.78 0.0019*
postoperative months

(n=103) postoperative

* Significant: p <0.01
df: degrees of freedom

Pr>F: p-value of the F-test (with F-test testing the significance of the model)
R?: determination coefficient

3.5 Discussion

In this study the positive effect that cochlear implantation has on tinnitus distress was

confirmed by improved hearing-related QoL outcomes post-implantation. The most

significant improvement in hearing-related QoL was seen at 6-months post-implantation,
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the same time interval that showed the most significant tinnitus relief. Tinnitus distress has
also been identified as a strong predictor for poorer hearing-related QoL outcomes. Study
results also confirmed a negative correlation between perceived tinnitus distress hearing-
related QoL outcomes. In addition, this study also identified younger age at implantation as

a strong predictor for better hearing-related QoL.

For overall APHAB scores a statistically significant decrease was seen up to one year post-
implantation, with no significant change thereafter. The most significant improvement in
hearing-related QoL outcomes in the present study was seen at the 6-month postoperative
interval for both the overall APHAB and all four sub-domains. This study has confirmed
previous findings of a significant improvement in health-related QoL scores between pre- and
post-implantation, indicating a relief in perceived difficulties associated with hearing loss over
time (Knopke et al., 2017). For overall APHAB scores, a statistically significant decrease was
seen up to one year post-implantation, with no significant change thereafter. Lenarz et al
(2017), using the Health Utilities Index 3 (HUI3), also showed a stabilization of QoL outcomes
after one year of implantation in 291 unilaterally implanted adolescent/adult ClI recipients.
The most significant improvement in hearing-related QoL outcomes in the present study was
seen at the 6-month postoperative interval for both the overall APHAB and all four sub-
domains. Contrera et al (2016), using the Short-Form Health Survey (SF-36) as a generic QoL
outcome measure also confirmed that the most significant improvement in QoL for
postlingual unilaterally implanted adult (250 years) Cl recipients, was seen at the 6-month
postoperative interval, with improvement continuing up to one year post-implantation.
Knopke et al (2017), using the Nijmegen Cochlear Implant Questionnaire as Cl-specific health-

related QoL measure, similarly confirmed 6 months postoperatively as the time interval with
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the most significant health-related QoL increase with this significant increase continuing up
to two years post-implantation. However, a recent multicentre study involving unilaterally
implanted adult Cl recipients, found a significant improvement in QoL outcomes only at the

one year post-implantation interval when using the HUI3 (Ramos-Marcias et al., 2018).

Study results identified background noise and reverberation as the APHAB sub-domains with
which adult Cl recipients experience the greatest problems as reflected by the highest mean
scores across time intervals. Furthermore, these two sub-domains were proved statistically
different from both the ease of communication and aversiveness sub-domains at all intervals.
These observations of greater difficulty with speech perception in noise, as marked by the
relatively high final scores, may be explained by Cl limitations as the majority (84.8%) of the
study population was still implanted unilaterally at the >24 months postoperative time
interval (Arnold & Baumgartel, 2018; Badajoz-Davila et al., 2018). Contrary to this, as per the
lowest mean scores, aversiveness was identified as the sub-domain in which the least
problems were experienced. The aversiveness sub-domain was found significantly different
from all other sub-domains preoperatively, and significantly different from the background

noise and reverberation sub-domains at all postoperative intervals.

Overall, the tinnitus profile of the adult ClI recipients in this study showed a significant
decrease in tinnitus distress at all three postoperative intervals compared to the preoperative
state. However, there was no significant improvement after 6 months implantation. Ramos-
Marcias et al (2018) similarly found a significant decline in Tinnitus Handicap Inventory (THI)
scores of adult Cl recipients at one year after Cl activation compared to preoperative scores.

Also using the THI, Kim et al (2016) showed a tinnitus reduction in 40% of adult Cl recipients
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6 months post-implantation. Knopke et al (2017), using the Tinnitus Questionnaire (TQ), found
significant decreases in tinnitus distress between consecutive time intervals up to two years

post-implantation.

This present study also serves to confirm the positive effect that a Cl can have on the tinnitus
distress of these adult Cl recipients. It shows the positive effect that a Cl has on reducing
tinnitus distress together with the increase in hearing-related QoL as previously shown by
others. Tinnitus reduction has often been identified by Cl recipients with single-sided
deafness as the primary benefit of their Cl (Mertens et al., 2016; Ramos-Marcias et al., 2018;
Galvin et al.,, 2018). This evidence has contributed to the consideration of a Cl as an
appropriate, cost effective and worthwhile treatment option for patients who experience
tinnitus (Ramos-Marcias et al., 2018; Elgandy et al., 2018). Gomersall et al (2019) reported
that more awareness of tinnitus during switch off periods was one of the main reasons behind

improved Cl use.

A small negative correlation between perceived tinnitus distress and hearing-related QoL
outcomes was shown for adult Cl recipients in this study sample. This finding is in line with
those of others who explored QoL (Briiggemann et al., 2017, 2016) and health-related QoL

outcomes (Knopke et al., 2017; Olze, Grabel, et al., 2012).

In addition, tinnitus distress was identified as a strong predictor of poorer hearing-related
QoL not only preoperatively, but also 12 months postoperatively when controlling for many
confounding factors including speech perception outcomes. Preoperatively, better (lower)

scores for ease of communication and reverberation APHAB sub-domains were predicted by
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lower tinnitus distress. At 12 months postoperatively, a better (lower) APHAB total score and
a better (lower) APHAB aversiveness sub-domain score were predicted by a lower TRQ score.
Out of all 13 potential predictors, tinnitus distress was identified as a significant predictor of
hearing-related QoL outcomes in three of the four significant models. Previously, using the
NCIQ and HUI3 as QoL outcome measures respectively, both le Roux et al (2017) and Lenarz
et al (2017) identified preoperative tinnitus as a significant prognostic indicator for reduced
QoL outcomes in adult Cl recipients. However, this present study adds to existing literature
by confirming that both preoperative tinnitus and residual tinnitus post Cl was predictive of
poorer QoL outcomes. Contrary to expectations, speech perception testing outcomes were

not identified as a predictor for QoL outcomes in this dataset.

An additional finding from this study was that aversiveness was associated with tinnitus
distress, as TRQ scores correlated positively with APHAB scores for this specific sub-domain
preoperatively as well as 12 and >24 months postoperatively. This association was confirmed
by the identification of tinnitus distress as a significant predictive factor for poorer hearing-
related QoL within the aversiveness APHAB sub-domain. The aversiveness of sound in Cl
users, however, are suggested by the current study results to be linked to the experience of
tinnitus additional to a hearing problem. The aforementioned low aversiveness scores
(indicating better hearing-related Qol) observed in this study can be explained by the fact
that only half (49.52%) of the study sample reported tinnitus distress preoperatively.
Moreover, that the aversiveness score reduces over time can be attributed to the similarly
noted tinnitus reduction proceeding over time in this study. To corroborate this statement,
Olze et al (2011) utilized the brief COPE to measure the coping behaviour of 43 adult Cl

patients in unpleasant situations and found a linear correlation between evasive coping
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(denial, self-blame, venting) and tinnitus. A Cl recipient’s negative reaction towards
environmental sounds are quantified by the APHAB aversiveness sub-domain (Cox &
Alexander, 1995). The link between tinnitus and this specific sub-domain therefore indicated
that adult CI recipients who experience tinnitus distress are more likely to perceive the
described environmental sounds as uncomfortably loud in their everyday lives. A further
explanation for this phenomenon may be ascribed to the co-occurrence of tinnitus and
hyperacusis (Pienkowski, 2019). Four out of 10 individuals who experience tinnitus also
experience some form of hyperacusis (Baguley, 2018). Additionally, hyperacusis can also be a
possible explanation for both the uncomfortable loudness (Tyler et al., 2015) as well as the

avoidance of sounds (Aazh et al., 2014) accredited to the experience of tinnitus in this study.

The emotional and cognitive burden brought on by tinnitus, adds to the already higher
psychological burden that adults with a hearing loss face resulting in poorer QoL outcomes
(Briggemann et al., 2017). Reports have stressed the fact that perceived tinnitus distress
should be taken into account when considering prospective Cl candidates. The negative effect
that residual tinnitus distress has on hearing-related QoL should therefore not be
underestimated and potential and existing Cl recipients who experience tinnitus distress
should thus be earmarked for counselling and timely monitoring. An evidence-based
prediction model of Cl outcomes will allow clinicians to counsel Cl recipients preoperatively
on realistic expectations regarding tinnitus recovery and adjust treatment and lifestyle
strategies to foster an increased chance of tinnitus recovery postoperatively (Ramakers et al.,
2018). The feasibility of including tinnitus screening as part of the standard assessment
protocol for Cl candidacy should be considered, in order to identify those at risk for tinnitus

distress, facilitate more accurate prediction of outcomes and to earmark cases in which
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tinnitus relief is the primary motivation for cochlear implantation. Postoperative counselling
and rehabilitation services should be tailored according to the unique needs of each individual
and their families and therefore additional support services in terms of tinnitus specialities
should be available to Cl recipients as required, either through the core team or through
additional access (Miiller & Raine., 2013). Close collaboration between Cl and tinnitus
specialities will offer a more integrated treatment and rehabilitation approach to Cl recipients
and address the need for comprehensive psychosomatic care throughout the entire CI

process (Briiggemann et al., 2017; Harris et al., 2011).

In addition to tinnitus distress, younger age at implantation was also indicated in this study
as a strong predictor for better hearing-related QoL outcomes. While Farinetti et al (2014)
supports this finding, a number of studies found no association between age at implantation
and QoL (Sladenet al., 2017; Lenarz et al., 2017; Copeland & Pillsbury, 2004; le Roux et al.,

2017; Garcia et al., 2018; Capretta & Moberly, 2016).

This current study explored one of the largest datasets on tinnitus and hearing-related QoL
to date. Even though the TRQ and APHAB are not considered the ultimate and most recent
measurement tools for tinnitus and QoL respectively, study results add to an increased
understanding of the factors that influence hearing-related QoL outcomes in adult Cl
recipients. Prognostication should be prioritized by CI programs in order to predict Cl
outcomes with certainty (Black et al., 2011). The importance of standardized, routine
documentation of outcome data should be highlighted, as such continuous, uniform
collection of QoL outcome data may also contribute to determining the impact of

postoperative rehabilitative strategies on a Cl recipient’s perceived benefit from the device.
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In addition to TRQ scores, or another suitable measure of tinnitus distress, the inclusion of
descriptive information on tinnitus in future Cl studies, may contribute to the understanding
of a complicated issue experienced by Cl recipients and the effect that it has on the QoL of

these Cl recipients.

3.6 Conclusion

In adult Cl recipients, less tinnitus distress and a younger age at cochlear implantation were
strongly predictive of better hearing-related QoL outcomes. Moreover, study results provided
evidence of a lowering in tinnitus distress over time as a result of cochlear implantation and
also confirmed a small negative correlation between tinnitus distress and hearing-related
Qol. Suitable preoperative counselling and postoperative rehabilitation should be prioritized

for all Cl recipients who experience tinnitus.
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CHAPTER 4

GENERAL DISCUSSION, CLINICAL IMPLICATION AND CONCLUSION

The emotional and cognitive burden brought on by tinnitus, adds to the already higher
psychological burden that adults with a hearing loss carry resulting in poorer QoL outcomes
(Briggemann et al., 2017). Research have stressed the fact that perceived tinnitus distress
should be taken into account by clinicians when considering prospective Cl candidates
(Gomersall et al., 2019). The negative effect that residual tinnitus distress has on hearing-
related QoL should therefore not be underestimated and potential and existing Cl recipients
who experience tinnitus distress should thus be earmarked for counselling and timely
monitoring. An evidence-based prediction model of Cl outcomes will allow clinicians to
counsel Cl recipients preoperatively on realistic expectations regarding tinnitus recovery and
adjust treatment and lifestyle strategies to foster an increased chance of tinnitus recovery
postoperatively (Ramakers et al., 2018). The feasibility of including tinnitus screening as part
of the standard assessment protocol for Cl candidacy should be considered, in order to
identify those at risk for tinnitus distress, facilitate more accurate prediction of outcomes and
to earmark cases in which tinnitus relief is the primary motivation for cochlear implantation.
Postoperative counselling and rehabilitation services should be tailored according to the
unique needs of each individual and their families and therefore additional support services
in terms of tinnitus specialities should be available to Cl recipients as required, either through
the core team or through additional access (Miller & Raine., 2013). Close collaboration
between Cl and tinnitus specialities will offer a more integrated treatment and rehabilitation
approach to Cl recipients and address the need for comprehensive psychosomatic care

throughout the entire Cl process (Briiggemann et al., 2017; Harris et al., 2011). The
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significance of tinnitus as a predictive factor for hearing-related QoL outcomes in Cl recipients
was investigated in this study, together with the lasting effect of tinnitus on hearing-related
QoL over time. In addition, the sustainability of the supressing effect of a Cl on tinnitus and

the effect thereof on hearing-related QoL were explored.

4.1 Overview of research findings

This study has confirmed previous findings of a significant improvement in hearing-related
QoL outcomes between pre- and post-implantation, indicating a relief in perceived difficulties
associated with hearing loss over time (Knopke et al., 2017). For overall APHAB scores, a
statistically significant decrease was seen up to one year post-implantation, with no
significant change thereafter. Lenarz et al. (2017), using the HUI3, also showed a stabilization
of health-related QoL outcomes after one year of implantation in 291 unilaterally implanted

adolescent/adult Cl recipients.

Study results identified background noise and reverberation as the APHAB sub-domains that
adult Cl recipients experience the greatest problems with as reflected by the highest mean
scores across time intervals. Contrary to this, aversiveness was identified as the sub-domain
in which the least problems were experienced. Furthermore, background noise and
reverberation scores were proven to be statistically higher and aversiveness scores proven to
be statistically lower compared to all other APHAB sub-domain scores. As indicated by Arnold
and Baumgartel. (2018) and Badajoz-Davila et al. (2018), background noise and reverberation
is a general problem that most people with hearing loss (and in essence Cl recipients) struggle
with. These observations of greater difficulty with speech perception in noise, as marked by

the relatively high final scores, may be explained by Cl limitations as the majority (84.8%) of
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the study population was still implanted unilaterally at the >24 months postoperative time

interval (Arnold & Baumgartel, 2018; Badajoz-Davila et al., 2018).

Overall, the tinnitus profile of the adult Cl recipients in this study showed a significant
decrease in tinnitus distress at all three postoperative intervals compared to the preoperative
state. However, there is no significant improvement after 6 months post-implantation.
Similarly, Ramos-Marcias et al. (2018) confirmed a significant decline in Tinnitus Handicap
Inventory (THI) scores of adult Cl recipients at 1 year after Cl activation compared to
preoperative scores. Also using the THI, Kim et al. (2016) indicated a reduction in tinnitus in
40% of adult Cl recipients 6 months postoperatively. Knopke et al. (2017), using the Tinnitus
Questionnaire (TQ), found significant decreases in tinnitus distress between consecutive time

intervals up to two years post-implantation.

Furthermore, this present study also serves to confirm the positive effect that a Cl can have
on the tinnitus distress of these adults. It shows the positive effect that a Cl has on reducing
tinnitus distress and improving hearing-related QoL. Tinnitus reduction has often been
identified by Cl recipients with single-sided deafness as the primary benefit of their Cl
(Mertens et al., 2016; Ramos-Marcias et al., 2018; Galvin et al., 2018). This evidence has
contributed to the consideration of cochlear implantation as an appropriate, cost effective
and worthwhile treatment option for patients who experience tinnitus (Ramos-Marcias et al.,
2018; Elgandy et al., 2018). Gomersall et al. (2019) reported that a greater awareness of

tinnitus during switch off periods was one of the main reasons behind improved Cl use.
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Study results indicated a small negative correlation between perceived tinnitus distress and
improved hearing-related QoL outcomes for adult Cl recipients in this study sample. The
nature of the relationship between these two variables confirms that greater tinnitus distress
will lead to a poorer hearing-related QolL. This negative correlation was confirmed by
Briiggemann et al. (2016) who indicated that tinnitus distress had a negative effect on the
emotional stress, somatic symptoms and hearing problem subscales used to compute the
mental health of patients (Briiggemann et al., 2016). The tinnitus related emotional and
cognitive distress as well as tinnitus related auditory difficulties that persisted post Cl
negatively influenced the QoL of Cl recipients as confirmed by the significant negative
correlation found between the TQ score and all NCIQ subscales (Knopke et al., 2017). Thus
the reduction of tinnitus related distress coincide with an increase in a Cl recipient’s QoL

(Knopke et al., 2016, 2017; Olze et al., 2016).

Tinnitus distress was identified as a strong predictor of poorer hearing-related QoL, not only
preoperatively, but also 12 months postoperatively when controlling for many cofounders,
including speech perception. Out of all 13 potential predictors, tinnitus distress was identified
as a significant predictor of hearing-related QoL outcomes in three of the four significant
models. Previously, using the NCIQ and HUI3 as QoL outcome measures respectively, both le
Roux et al. (2017) and Lenarz et al. (2017) identified preoperative tinnitus as a significant
prognosticindicator for reduced health-related QoL outcomes in adult Cl recipients. However,
this present study adds to existing literature by confirming that both a history of tinnitus prior
to ClI and residual tinnitus existing post Cl was predictive of poorer hearing-related Qol.
Contrary to expectation, speech perception testing outcomes were not confirmed as a

prognostic factor for hearing-related QoL outcomes in this dataset.
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An additional finding from this study was that aversiveness was identified as being associated
with tinnitus distress. This association was confirmed with the identification of tinnitus
distress as a significant predictive factor for poorer hearing-related QoL within the
aversiveness APHAB sub-domain. The aversiveness of sound in Cl users, however, are
suggested by the current study results to be linked to the experience of tinnitus additional to
a hearing problem. Lower average scores for the aversiveness APHAB sub-domain (indicating
better hearing-related Qol) observed in this study, can be explained by the fact that only half
(49.52%) of the study sample reported tinnitus distress preoperatively. Moreover, the
aversiveness score reducing over time can be attributed to the similarly noted tinnitus
suppression proceeding over time in this study. To corroborate this statement, Olze et al.
(2011) utilized the brief COPE to measure the coping behaviour of 43 adult Cl patients in
unpleasant situations and found a linear correlation between evasive coping (denial, self-
blame, venting) and tinnitus. A Cl recipient’s negative reaction towards environmental sounds
are quantified by the APHAB aversiveness sub-domain (Cox & Alexander, 1995). The link
between tinnitus and this specific sub-domain therefore indicated that adult Cl recipients who
experience tinnitus distress are more likely to perceive the described environmental sounds
as uncomfortably loud in their everyday lives. A further explanation for this phenomenon may
be ascribed to the co-occurrence of tinnitus and hyperacusis (Pienkowski, 2019). Four out of
10 individuals who experience tinnitus also experience some form of hyperacusis (Baguley,
2018). Additionally, hyperacusis can also be a possible explanation for both the
uncomfortable loudness (Tyler et al., 2015) as well as the avoidance of sounds (Aazh et al.,

2014) accredited to the experience of tinnitus in this study.
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In addition to tinnitus distress, younger age at implantation was also indicated in this study
as a strong predictor for better hearing-related QoL outcomes. While Farinetti et al. (2014)
supports this finding, a number of studies found no association between age at implantation
and hearing-related QoL outcomes (Sladenet al., 2017; Lenarz et al.,, 2017; Copeland &

Pillsbury., 2004; le Roux et al., 2017; Garcia et al., 2018; Capretta & Moberly, 2016).

Prognostication should be prioritized by both individual ClI teams as well as Cl programs in
order to predict Cl outcomes with certainty (Black et al., 2011). The importance of
standardized, routine documentation of outcome data should be highlighted as such
continuous, uniform collection of hearing-related QoL outcome data may also contribute to
determining the impact of postoperative rehabilitative strategies on a Cl recipient’s perceived
benefit from the device. In addition to TRQ scores, the inclusion of descriptive information on
tinnitus in future Cl studies, may contribute to the understanding of a complicated issue
experienced by Cl recipients and the effect that it has on the hearing-related QoL of these Cl

recipients.

4.2 Strengths and limitations
Strengths and limitations of this study was identified by conducting a critical evaluation of

study methods and findings.

4.2.1 Study strengths
Even though the data used in this study was of a retrospective nature, the actual data were
initially captured in real time for adult Cl recipients of the Ear Science Institute Australia — Ear

Science Clinic, eliminating recall bias.
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With a study sample consisting of 210 adult Cl recipients, this current study explored one of
the largest datasets on tinnitus and hearing-related QoL in Cl recipients to date. This larger
sample more closely approximated the Cl population and yielding more reliable results with

greater precision.

Study findings contributed to the research field concerned with hearing-related QoL and
tinnitus in Cl recipients that is currently made up of a limited number of available studies. Not
only was the suppressive effect of a Cl for tinnitus confirmed and tinnitus distress identified
as a predictor for hearing-related QoL outcomes in adult Cl recipients, but this was done over
time. Long term interval data were available which allowed for multiple regression analyses
at various points in time as to study hearing-related QoL predictor factors for adult Cl
recipients at consecutive data points. Both Le Roux et al. (2017) and Lenarz et al. (2017)
recently confirmed that patient report of tinnitus prior to cochlear implantation was strongly
predictive of reduced QoL outcomes in adult Cl recipients. However, to the researcher’s
knowledge, this study was the first of its kind to identify residual tinnitus distress post-

implantation as a predictive factor for poorer hearing-related QoL.

An extensive range of possible predictive factors were identified from the retrospective
dataset and included as independent variables in the regression models. This study thus
tested for the possible influence of 13 predictor variables on hearing-related QoL outcomes

in adult Cl recipients.
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4.2.2 Study limitations

Due to the retrospective nature of this study and the inevitable incidence of missing data
when collecting these in a clinical setting, data for all variables were not available for each
individual Cl recipient at each time interval. To minimize missing data, interval data points
were combined as described in the data analysis section. To further account for missing data,
average scores at the respective time intervals were used rather than specific individual
scores tracked over time. As a result of this, it was not possible to track specific, individual Cl
recipients over time and determine the exact number of participants for whom tinnitus

decreased, worsened, or initiated following implantation.

Data was initially collected as part of a standard clinical protocol at ESIA. Thus, when
questionnaire data was collected (TRQ and APHAB) it was not anonymous, being part of the
clinical protocols for assessment of implant recipients. Some bias may have been introduced
into the questionnaire responses as a result of this, as recipients may have provided more
positive than true answers to meet what they may have thought were the expectations of the

clinicians.

Possible scenarios of tinnitus relief post Cl include that of auditory improvement, allowing for
the patient to focus on sounds other than tinnitus, as well as the speculation that plastic
changes in the auditory system, brought on by electrical stimulation of the auditory nerve
after implantation, reduces the perception of tinnitus (Knopke et al., 2017). Considering this,
it would have been interesting to study the difference in effect of bilateral and unilateral Cl

on tinnitus distress specifically. Bilateral implantation could however not be statistically
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validated as a predictor of hearing-related QoL due to the small number of bilaterally

implanted recipients within the study sample.

As per the inclusion criteria, only adult Cl recipients who had preoperative TRQ and APHAB
scores available, were included as study participants in this current study. This led to the
inclusion of multiple zero TRQ scores for all those who self-reported a tinnitus sensation but
reported no associated distress. Even though this caused relatively low TRQ mean scores, it
ensured that no tinnitus experiencing participants from the dataset were excluded from this

study.

Of all the clinical measuring tools available for tinnitus, the use of the TRQ has not been very
common over the last decade (Harris et al., 2011). However, in a systematic review of studies
between 1996 to 2014, the TRQ was reported to be the most frequently used tool to measure
tinnitus distress specifically (Tegg-Quinn et al., 2016). Hearing-related QoL outcomes in this
study were measured by the APHAB. Even though the APHAB in its original format was
designed as a questionnaire for hearing aid users, it has been utilized in a number of studies
to document subjective patient reports regarding hearing with Cls (Dillon et al., 2018; Kloostra
et al., 2015; Ramos-Macias et al., 2016; Sladen et al., 2017; Skarzynski et al., 2006). In spite of
the fact that the APHAB is frequently linked to health-related QoL outcomes in studies related
to hearing-assistive devices (including Cls), more recently developed disease-specific health-
related QoL measures (such as the Nijmegen Cochlear Implant Questionnaire) are preferred

for adult Cl recipients.
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Linear regression models in this study presented with determination coefficients (R?) ranging
between 21% and 26%. These determination coefficients indicate that less than a third (33%)
of the variation in the hearing-related QoL outcomes observed in the data was accounted for
by the specified models. This implies that hearing-related QoL outcomes in adult Cl recipients
are determined by many more single or interacting factors that were not included in these

models.

4.3 Clinical implications

It is of great importance that all possible tinnitus changes following a Cl is explained to the CI
recipients as well as transparently included in patient informed consent (Bovo et al., 2011).
Insufficient attention has often been paid to those cases in which tinnitus worsened after
cochlear implantation (Tyler et al., 2009). Evidence has shown that Cl recipients who harbour
realistic outcome expectations has a better QoL with their ClI (Harris et al.,, 2016).
Preoperative, individualized counselling around both tinnitus and Cl outcomes are needed to
ascertain a full understanding of the CI process as well as to foster realistic outcome
expectations (Parikh et al., 2017). The prognostic factors identified in this study lends
supporting evidence to tinnitus distress outcomes to be included in patient consent to
warrant it being transparent and openly informative. Results from this study report on the
effect of tinnitus distress and identified prognostic factors over time which can aid Cl teams

in providing Cl recipients with realistic long-term expectations.

The adverse effect that residual tinnitus has on the hearing-related QoL of Cl recipients is not
to be overlooked and Cl recipients, both potential and existing, who experience tinnitus

distress should be earmarked for counselling and timely monitoring. Evidence ascribed a
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great deal of postoperative anxiety and depression to the experience of residual tinnitus
(Andersson et al., 2009) and moreover suggested tinnitus as a hindrance to the conventional
auditory rehabilitation process for Cl recipients (Knopke et al.,, 2017). Study findings
contribute to a better understanding of the factors influencing hearing-related QoL outcomes
in adult Cl recipients, allowing clinicians to adjust treatment to foster an increased chance of
tinnitus recovery postoperatively (Ramakers et al., 2018). Adult Cl recipients will only be able
to set evidence-based expectations for themselves when they are guided by professionals
who are able to distinguish between factors that will affect Cl outcomes both favourably and
unfavourably. Auditory rehabilitation as well as postoperative counselling services rendered
to this unique group of ClI recipients should include access to additional tinnitus support
services as required individually (Miller & Raine, 2013). Close collaboration between Cl and
tinnitus specialities will offer a more integrated treatment and rehabilitation approach to Cl
recipients and address the need for comprehensive psychosomatic care throughout the

entire Cl process (Briiggemann et al., 2017; Harris et al., 2011).

Proven by this study was the negative effect that residual tinnitus distress has on hearing-
related QoL outcomes. This emphasizes the importance of the identification, counselling and
timely monitoring of Cl recipients who experience tinnitus pre- and postoperatively in order
for clinicians to provide a comprehensive service delivery to this unique group of Cl recipients.
It is clear that tinnitus distress is an ailment that should be taken into account for every
individual considered for a Cl. The inclusion of tinnitus screening in Cl candidacy
considerations may facilitate a more accurate prediction of outcomes post Cl. A candidacy
criteria of this comprehensive nature could also assist in ensuring that a costly Cl device is

only allocated to a recipient who are sure to experience the maximum benefit thereof.
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The treatment of tinnitus itself and the treatment of a patient’s reaction to tinnitus should be
differentiated. Tinnitus can have a negative effect on many aspects of a patient’s everyday
life including hearing, concentration, emotions and sleep of which the reactions to these can
successfully be treated with medication (Elgandy et al., 2018). However, the treatment of
tinnitus itself is a different scenario. For the greater majority of cases, no surgery or
medication have been approved and treatment consequently comes down to patient centred
counselling strategies (Elgandy et al., 2018). This study not only confirmed the suppressive
effect that a Cl has on tinnitus, but also identified tinnitus distress as a predictive factor of
poorer hearing-related QoL outcomes up to one year post-implantation. These results suggest
that even though the physical treatment of tinnitus can be successful to an extent, it is
essentially limited and the need for additional treatment beyond the physical is emphasised.
It is suggested that additional, tinnitus specific care can be divided into information
(understanding tinnitus), talking therapies (different individual counselling options), sound
(external sound, hearing aids and implantable devices) and group support (Pryce et al., 2018).
With a complex condition like tinnitus, where no independent treatment has been proven
effective, the emphasis on patient preference is imperative throughout the therapy plan and
decision making process (Pryce et al., 2018). The clinician should therefore guide the patient
with tinnitus through all the possible therapy choices to arrive at a therapy choice that is in
line with the patient’s desired and informed preference (Pryce et al., 2018; Stacey et al.,

2017).

The clinical relevance of reduced tinnitus distress post-implantation is highlighted by

improved hearing-related QoL outcomes portrayed by Cl recipients who experience a relief
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in tinnitus distress post-implantation. Tinnitus can negatively influence hearing,
concentration, emotions and sleep (Elgandy et al., 2018) and lead to anxiety, depression
(Andersson et al., 2009) and even a decreased perceived Cl benefit (Briggemann et al.,
2017). Considering this, it can be assumed that reduced tinnitus distress post-implantation
will have the opposite effect, leading to less hearing-, concentration-, sleep- and emotional
disturbances, greater perceived benefit from the Cl and also improved QoL outcomes, as
corroborated by this and multiple other studies (Contrera et al., 2016; Knopke et al., 2017;

Lenarz et al., 2017; Ramos-Marcias et al., 2018).

Literature search during this study once again brought to light the large variety of outcome
measures used for both tinnitus and hearing-related QoL. The use of standardized, valid and
reliable questionnaires at set follow up intervals by various Cl facilities as a mean of collecting
both tinnitus and hearing-related QoL data could ensure compatible data that can be
effectively collected across Cl programs. Such continuous, uniform collection of hearing-
related QoL outcome data may also contribute to determine the impact of postoperative

rehabilitative strategies upon a Cl recipient’s perceived benefit from the device.

4.4 Future research perspectives

Predicting factors of tinnitus outcomes include tinnitus severity (continuity, awareness and
loudness of the tinnitus), the preoperative auditory steady state response and the level of
depression experienced (Hoekstra et al., 2014; Kim et al., 2016). A deeper understanding of
the factors that are associated with tinnitus severity could increase the effectiveness of care

provided to those patients who experience tinnitus (Hoekstra et al., 2014). Future studies
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should therefore focus on the influence of variables such as tinnitus type, loudness, pitch,

awareness, and pulsatality on perceived tinnitus outcomes.

Prospective, longitudinal future research with regards to the interaction between tinnitus and
Cl should be conducted. This type of research will yield valuable information as it will allow
for specific individuals to be to be tracked over time, eliminating retrospective recall bias as
well as the inevitable occurrence of relatively large portions of missing data in retrospective
studies. Prospective longitudinal studies are needed to gather and present information on the
changes in tinnitus for each specific Cl recipient over time. This will allow for a better
understanding into the complex interaction between a recipient’s tinnitus and Cl, which

varies from person to person.

Even though a variety of tinnitus treatment types with varying evidence to support efficacy is
found throughout literature (Zenner et al., 2017), to the researcher’s knowledge there is no
set referral pathway for the treatment of tinnitus in Cl recipients. Investigation into the
current practice for tinnitus rehabilitation, support and treatment used for Cl recipients is
required in order to establish tinnitus referral pathways with access to a variety of treatment
options within this pathway. Furthermore, research measuring the outcomes of tinnitus
rehabilitation is lacking (Henry, 2016). In order to determine the effectiveness of tinnitus
treatments as well as to narrow treatment options down to viable methods, prospective,
longitudinal research should investigate the effect of rehabilitation and treatment services on

tinnitus outcomes.
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4.5 Conclusion

Less tinnitus distress and a younger age at cochlear implantation have been identified as
strong predictors of better hearing-related QoL outcomes in adult Cl recipients. Lower
tinnitus distress and younger age at implantation were the only two out of 13 possible
predictor variables that were identified as significant predictors of better hearing-related
QoL in adult Cl recipients. Moreover, study results provided evidence of a lowering in
tinnitus distress together with an improvement of hearing-related QoL over time as a result
of cochlear implantation, with 6 months postoperatively identified as the interval which
presented the most significant change. The background noise and reverberation APHAB sub-
domains were those in which the most handicap were experienced, with the aversiveness
sub-domain presenting the least experienced handicap. A negative correlation between
tinnitus distress and hearing-related QoL were confirmed, implying that higher levels of

tinnitus distress are associated with poorer hearing-related QoL outcomes.

The negative effect that both pre- and postoperative tinnitus has on the hearing-related QoL
outcomes of Cl recipients was highlighted by this study. Furthermore, supporting evidence
of the suppressive effect that a Cl has on tinnitus was provided. This study contributed to a
better understanding of the factors influencing hearing-related QoL outcomes in adult Cl
recipients, enabling clinicians to provide suitable preoperative counselling and
postoperative rehabilitation which should be prioritized for all Cl recipients who experience

tinnitus.
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Implant - Client Details Form

Title: Dr Mr Mrs Ms Miss Date of Birth:

Surname: First Names:

Address:

Suburb: Post code:

Phone No: Mobile No:

Email: Preferred Contact Method:

Emergency Contact Name: Phone:

Emergency Contact Relationship:

Medicare No: Ref No: Expiry:

Health Insurance Fund: Membership No: Ref No:
Pension: Expiry:

DVA No: Expiry: WHITE / GOLD
Australian Hearing Member: Yes / No If Yes, AH No.: Expiry:

General Practitioner Name:

General Practitioner Address:

Audiologist Name:

Practice Address:

How did you hear about the ESIA Hearing Implant Centre? (Please Circle)

ENT Specialist Speech Pathologist

General Practitioner Yellow Pages
Neurologist Internet

Friend / Relative Other (please spec

Lions Club / Member
Office of Hearing Services
Newspaper

ify)
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Ear Science Institute Australia

PRIVACY ACT 1988
PATIENT CONSENT TO COLLECT AND DISCLOSE INFORMATION

The Privacy Act 1988 requires medical practitioners to obtain consent from their patients to collect, use and disclose that patient’s personal
information.

Collection
This means we will collect information that is necessary to properly advise and treat you. Such necessary information may include:

Full medical history

Family medical history

Ethnicity

Contact Details

Medicare/private health fund details
Genetic information; and
Billing/account details.

oDoooood

The information will normally be collected directly from you. There may be occasions where we will need to obtain information from other
sources, for example:

[ Other medical practitioners, such as former GPS and specialists
[ Other health care providers such as physiotherapists, occupational therapists, psychologists, pharmacists, dentists, nurses; and
[ Hospital and day surgery units.

Both our practice staff and the medical practitioners may participate in the collection of this information. In emergency situations we may need
to collect personal information from relatives or other sources where we are unable to obtain your prior express consent.

Use and Disclosure
With your consent, the practice staff will use and disclose your information for purposes such as:

Account keeping and billing purposes

Referral to another medical practitioner or health care provider

Sending of specimens, such as blood samples for analysis

Referral to a hospital for treatment and/or advice

Advice on treatment options

The management of our practice

Quality assurance, practice accreditation and complaint handling

To meet our obligations of notification to our medical defence organisations or insurers

To prevent or lessen a serious threat to an individual’s life, health or safety; and

Where legally required to do so, such as producing records to court, mandatory reporting of child abuse or the notification of diagnosis

of certain communicable diseases.

l To enable the Ear Science Institute Australia to send to you a periodic newsletter which contains educational information relating to
ear and hearing disorders and other information (or requests) which may be of interest to you, unless you tell us not to do so. NO [

[l Toenable the ESIA to use your non-identifiable information for research purposes. NO

e e s A

Access
You are entitled to access your own health records at any time convenient to both yourself and the practice. Access can be denied where:

[ To provide access would create a serious threat to life or health

[ There is a legal impediment to access

l The access would unreasonably impact on the privacy of another

[ Your request is frivolous

[1 The information relates to anticipated or actual legal proceedings and you would not be entitled to access the information in those
proceedings; and

[ In the interests of national security.

We ask that, where poss ible, your request be in writing. We may impose a charge for photocopying or for staff time involved in the processing
of your request. Where you dispute the accuracy of the information we have recorded you are entitled to correct the information. It is our
practice policy that we will take all steps to record all of your corrections and place them with your file but will not erase the original record.

Consent

| provide my consent for the Ear Science Institute Australia to collect, use and disclose my personal information as outlined above.

I understand that 1 am entitled to access my own health records except where access would be denied as outlined above.

I understand that | may withdraw my consent as to the use and disclosure of my personal information (except when legal obligations must be
met).

Patient Name: Patient Signed: Date:

Witness Name: Witness Signed: Date:
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17 August 2017

Dr Talita le Roux

Department of Speech Language Pathology and Audiology
University of Pretoria

Talita.LeRoux@up.ac.za

Dear Talita

As Manager of the Ear Science Institute ~ Ear Science Clinic, | grant permission for de-identified data
from a selection of our cochlear implant patients be provided to you for our collaborative study on
tinnitus and quality of life of cochlear implants recipients. The data will not include patient names,
contact information or any other identifiable information.

We will provide these data with your agreement that these are used in accordance with ethical
guidelines of your institution. Furthermore, these data are to be used for this specific project, to be
accessible only by researchers named on your institution’s ethics approval, that the source of these
data are appropriately acknowledged in any reports or publications, and that at least one researcher
from ESIA be a co-author on any forthcoming academic publications. We also request a copy of the
project’s ethics application and institutional approval.

Please indicate your agreement to these conditions, by signing and dating the bottom of this letter,
and returning a copy to us by email or fax,

| look forward to a fruitful collaboration on this project.

[Signed)
Ms Lize Coetzee

Hudeor
v

| hereby agree to accept the conditions as described above:

I I ’ Zoi Ioe ‘ zi
Date

Dr Talita le Roux

Land Mesring Cnle | 1800 054 667 | wwwilicnshearing.orgau | fo@lionthosring org.au | ABN 48 804 903 003

Cotc: CHle Cohe e (B Cobe
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Faculty of Humanities
Research Ethics Committee

22 February 2018

Dear Ms Opperman

Project: The effect of tinnitus on heaith —related quality of life
outcomes in adult cochlear implant recipient.

Researcher: E Opperman

Supervisor: Prof R Eikelboom and Dr T le Roux

Department: Speech-Language Pathology and Audiology

Reference number: 14062519 (GW20180117HS)

Thank you for the application that was submitted for ethical consideration.

| am pleased to inform you that the above application was approved by the Research
Ethics Committee at the meeting held on 1 February 2018. Data collection may therefore
commence.

Please note that this approval is based on the assumption that the research will be carried
out along the lines laid out in the proposal. Should the actual research depart significantly
from the proposed research, it will be necessary to apply for a new research approval and
ethical clearance.

We wish you success with the project.

Sincerely

///// M&ﬁdﬁzxm/\

Prof Maxi Schoeman

Deputy Dean: Postgraduate Studies and Ethics
Faculty of Humanities

UNIVERSITY OF PRETORIA
e-mail:tracey.andrew@up.ac.za

CC: Prof R Eikelboom and Dr T le Roux (Supervisor)

Prof J van der Linde ( Acting -HoD)

Research Ethics Committee Members: Prof MME Schoeman (Deputy Dean); Prof KL Harris; Or L Blokland; Ms A dos Santos; Dr R Fasselt; Ms KT Govinder; Dr E
Johnson; Dr C Panebianco; Dr C Puttergill; Dr D Reyburn; Dr M Taub; Prof GM Spies; Prof E Taljard; Ms B Tsebe; Dr E van der Klashorst; Dr G Wolmarans; Mr V Sithole
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DECLARATION OF ORIGIMALITY
UNIVERSITY OF PRETORIA

The Department of ... SPeech-Language Pathology and Audichogy  plarec grest emphasic upon integrity and
ethical conduct in the preparation of all written work submitted for academic evaluation.

‘While academic staff teach you about referencing techniques and how to aveid plagiarism, you too have a
responsibility in this regard. If you are at any stage uncertain as to what is required, you should speak to your
lecturer before any written waork is submitted.

You are guilty of plagiarism if you copy something from another author's work (eg a book, an article or a websita)
without acknowledging the sowrce and pass it off as your own. In effect you are stealing something that belongs to
someone else, This is not only the case when you copy work word-for-word (verbatim), but also when you submit
someone else’s work in a slightly altered form (paraphrase) or use a line of argument without acknowledging it.
You are not allowed to use wark previously produced by another student. You are also not allowed to let anybody
capy your work with the intention of passing if off as his/her work.

Students who commit plagiarism will not be given any credit for plagiarised work. The matter may also be referrad
to the Disciplinary Committee (Students) for a ruling. Plagiarism is regarded as a serious contravention of the
University's rules and can lead to expulsion from the University.

The declaration which follows must accompany all written work submitted while you are a student of the
Department of .....SPescirLanguags Pathology and Audiclogy Mo written work will be accepted unless the
declaration has been completed and attached.

el of _ Elmien Opperman

Student number: 14062519

The effect of tinnitus on health-related quality of life outcomes in adult
Topic of work: cochlear implant recipients

Declaration
1. 1 understand what plagiarism is and am aware of the University's policy in this regard.

2. I declare that this . ... (eg essay, report, project, assignment, dissertation, thesis,
etc) is my own original work. Where other people’s work has been used (either from a printed source,
Internet or any other source), this has been properly acknowledged and referenced in accordance with
departmental requirements.

3 1 have not used work previously produced by another student or any other person to hand in as my own.

4, I have not allowed, and will not allow, anyone to copy my work with the intention of passing it off as his or
her own work. P
SIGNATURE K \
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MS: The effect of tinnitus on health-related quality of life outcomes in adult cochlear implant recipients
MS#: TIJA-2019-05-0204

31-May-2019
Dear Dr. le Roux:

This letter will acknowledge the successful online submission of the above listed manuscript to the International Journal of Audiology. The
manuscript will soon be forwarded to an associate editor to oversee the review and obtain editorial comments from expert reviewers. Should
you have questions, feel free to contact the editorial office (editor.ija@up.ac.za). Please reference the manuscript number in any
correspondence. You can also view the status of your manuscript at any time by checking your Author Center after logging in to
https://mc.manuscriptcentral.com/tija.

It is the goal of the International Journal of Audiology to provide each manuscript with a comprehensive and expeditious peer review. You will
be contacted upon completion of the initial review.

Thank you for considering 1JA for your submission.
Sincerely,

De Wet Swanepoel, Ph.D.

Editor-in-Chief

International Journal of Audiology

This message and attachments are subject to a disclaimer.
Please refer to http://upnet.up.ac.za/services/it/documentation/docs/004167.pdf for full details.
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Tinnitus Reaction Questionnaire (TRQ)
Name

For Client

Date Completed:

This questionnaire is designed to find out what sort of effects tinnitus has had on
your lifestyle, general well-being, etc. Some of the effects below may apply to you,

some may not. Please answer all questions by circling the number that best
reflects how your tinnitus has affected you over the past week.

Not at
all

A little
of the
time

Some
of the
time

A good
deal of
the
time

Almost
all of
the
time

My tinnitus has made me unhappy.

My tinnitus has made me feel tense.

My tinnitus has made me feel irritable.

My tinnitus has made me feel angry.

My tinnitus has led me to cry.

My tinnitus has led me to avoid quiet situations.

Nojo g 0N

My tinnitus has made me feel less interested in
going out.

o |©O |O |©o o |©o |o

I T N N TN SN TR TS

NN NN NN N

W W W W W W

E R N )

©

My tinnitus has made me feel depressed.

My tinnitus has made me feel annoyed.

10.

My tinnitus has made me feel confused.

11.

My tinnitus has "driven me crazy".

12.

My tinnitus has interfered with my enjoyment of life.

13.

My tinnitus has made it hard for me to concentrate.

14.

My tinnitus has made it hard for me to relax.

15.

My tinnitus has made me feel distressed.

16.

My tinnitus has made me feel helpless.

17.

My tinnitus has made me feel frustrated with things.

18.

My tinnitus has interfered with my ability to work.

19.

My tinnitus has led me to despair.

20.

My tinnitus has led me to avoid noisy situations.

21.

My tinnitus has led me to avoid social situations.

22.

My tinnitus has made me feel hopeless about the
future.

o 0o |o o |o o |o|o|o|o|o|o|o o |o

e N N i T i L T [ [ S PSS P SN ™

NN NN NN NN NN NN N NN

W (W W (W W (W wWw | w(Ww wlw | |w(w | |w

E N e N N R N L N N N N e

23.

My tinnitus has interfered with my sleep.

24.

My tinnitus has led me to think about suicide.

25.

My tinnitus has made me feel panicky.

26.

My tinnitus has made me feel tormented.

o O |©o |©o

R

NN NN

w (W (W (W

N e

Total

Page 1 of 1

Wilson et al. 1991

DocNo 00179 Rev 4
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ABBREVIATED PROFILE OF HEARING AID BENEFIT

NAME: [OMmale [ Female TODAY'S DATE: [ [
Last First

A Always (99%)
INSTRUCTIONS: Please circle the answers that come closest to your B Almost Always (87%)
everyday experience. Notice that each choice includes a percentage. You
can use this to help you decide on your answer. For example, if a statement C Generally (75%)
is true about 75% of the time, circle “C” for that item. If you have not D Half-the-time (50%)
experienced the situation we describe, try to think of a similar situation that E Occasionally (25%)
you have been in and respond for that situation. If you have no idea, leave
that item blank. F Seldom (12%)

G Never (1%)

Without Hearing Aid With Hearing Aid

1. When | am in a crowded grocery store, talking with the

. . A B CDEFGABTCDTETFG
cashier, | can follow the conversation.

2. | miss a lot of information when I'm listening to a lecture. |[A B C D E F GIA B C D E F G

3. Unexpected sounds, like a smoke detector or alarm bell

A BCDEFGABTC CDTEFG
are uncomfortable.

4. | have difficulty hearing a conversation when I'm with one
of my family at home.

5. | have trouble understanding the dialogue in a movie or
at the theater.

6. When | am listening to the news on the car radio, and
family members are talking, | have trouble hearing the A BCDEFGABCDTETFG
news.

7. When I'm at the dinner table with several people, and
am trying to have a conversation with one person, ABCDETFGABCDTETFG
understanding speech is difficult.

8. Traffic noises are too loud. ABCDETFGABCDTETFG

9. When | am talking with someone across a large empty
room, | understand the words.

10. When | am in a small office, interviewing or answering
questions, | have difficulty following the conversation.

11.When | am in a theater watching a movie or play, and the
people around me are whispering and rustling paper A BCDETFGABCDTETFG
wrappers, | can still make out the dialogue.

12. When | am having a quiet conversation with a friend, |

have difficulty understanding. ABCDEFGABCDEFG

(Continued on back)



Without Hearing Aids

Always (99%)
Almost Always (87%)
Generally (75%)
Half-the-time (50%)
Occasionally (25%)
Seldom (12%)

Never (1%)

OTMMOOm>

With Hearing Aids

13.

The sounds of running water, such as a toilet or shower,
are uncomfortably loud.

A BCDETFG

A BCDETFG

14. When a speaker is addressing a small group, and
everyone is listening quietly, | have to strain to A DEFG ABCDETFG
understand.

15. When_lm_|naqU|et_c_onversat|on with my doctor in an A DEFG ABCDETEG
examination room, it is hard to follow the conversation.

16. | can understar)d conversations even when several A DEFG ABCDETEG
people are talking.

17. The sounds of construction work are uncomfortably loud.| A DEFG ABCDETFG

18. It's hard for me to undgrstand what is being said at A DEFG ABCDETFG
lectures or church services.

19. | can communicate with others when we are in a crowd. |A DEFG ABCDETFG

20. The sound of a fire engine siren close by is so loud that A DEFG ABCDETEG
| need to cover my ears.

21.Ic§1r} follow the words of a sermon when listening to a A DEFG ABCDETEG
religious service.

22. The sound of screeching tires is uncomfortably loud. A DEFG ABCDETFG

23. | have to gsk people_to repeat themselves in one-on-one A DEFG ABCDETEG
conversation in a quiet room.

24. | have trouble understanding others when an air A DEFG ABCDETEG

conditioner or fan is on.

Please fill out these additional items.

DEGREE OF HEARING

HEARING AID EXPERIENCE: DAILY HEARING AID USE DIFFICULTY

(without wearing a hearing aid):
1 None [] None [J None
[J Less than 6 weeks [ Less than 1 hour per day ] wild
[J 6 weeks to 11 months [] 1 to 4 hours per day ] Moderate
[] 1to 10 years [] 4 to 8 hours per day [] Moderately-Severe
[] over 10 years [] 8to 16 hours per day [] severe

© University of Memphis, 1994

HARL

Hearing Aid Resaarch Lad

91



Appendix H: General tinnitus questions

92



Name:

Date:

General questions regarding tinnitus (please fill in the required information or mark the applicable option)

Are you currently experiencing tinnitus or have Yes No
experienced tinnitus in the past month?
When did you first experience your tinnitus?
How did you perceive the beginning? Gradual Abrupt
Where do you experience the tinnitus? ONLY in my right ONLY in my left ear Inmy | Inboth | Inboth | Inboth | Unsure
[choose the most suitable answer] ear head | ears ears but | ears but
equally | worsein | worse in
my right | my left
ear ear
My tinnitus is Intermittent Constant
(comes and goes) (is there all the time)
My tinnitus Stays at the same Changes in volume
volume (goes softer and
louder)
Describe the loudness of your tinnitus using a scale [scale 1 to 10]
from 1-10
Does your tinnitus pulse in time with your heartbeat? Yes No
How often are you aware of your tinnitus during awake | All of the time Most of the time Some | Hardly
times? of the | ever
time
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