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Preface

The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-based
Practice Centers (EPCs), sponsors the development of systematic reviews to assist public- and
private-sector organizations in their efforts to improve the quality of health care in the United
States. These reviews provide comprehensive, science-based information on common, costly
medical conditions, and new health care technologies and strategies.

Systematic reviews are the building blocks underlying evidence-based practice; they focus
attention on the strength and limits of evidence from research studies about the effectiveness and
safety of a clinical intervention. In the context of developing recommendations for practice,
systematic reviews can help clarify whether assertions about the value of the intervention are
based on strong evidence from clinical studies. For more information about AHRQ EPC
systematic reviews, see www.effectivehealthcare.ahrqg.gov/reference/purpose.cfm.

AHRQ expects that these systematic reviews will be helpful to health plans, providers,
purchasers, government programs, and the health care system as a whole. Transparency and
stakeholder input are essential to the Effective Health Care Program. Please visit the Web site
(www.effectivehealthcare.ahrg.gov) to see draft research questions and reports or to join an
email list to learn about new program products and opportunities for input.

We welcome comments on this systematic review. They may be sent by mail to the Task
Order Officer named below at: Agency for Healthcare Research and Quality, 540 Gaither Road,
Rockville, MD 20850, or by email to epc@ahrg.hhs.gov.

Carolyn M. Clancy, M.D. Jean Slutsky, P.A., M.S.P.H.

Director, Agency for Healthcare Research Director, Center for Outcomes and Evidence
and Quality Agency for Healthcare Research and Quality
Stephanie Chang, M.D., M.P.H. Supriya Janakiraman, M.D., M.P.H.
Director, EPC Program Task Order Officer

Center for Outcomes and Evidence Center for Outcomes and Evidence

Agency for Healthcare Research and Quality Agency for Healthcare Research and Quality
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Evaluation and Treatment of Tinnitus: Comparative
Effectiveness

Structured Abstract

Objectives. A review was undertaken to evaluate the peer-reviewed literature on three areas of
tinnitus management for the following Key Questions (KQs): (1) measures used to assess
patients for management needs (KQ1); (2) effectiveness of treatments (KQ2); and (3)
identification of prognostic factors (KQ3).

Data sources. MEDLINE®, Embase®, CINAHL®, PsycINFO®, AMED®, and Cochrane
CENTRAL were searched from January 1970 to June 2012. An extensive grey literature search,
which included documents from regulatory and tinnitus-related organizations, was also
undertaken.

Review methods. Standardized systematic review methodology was employed. Eligibility
criteria included English-language studies of adults with subjective idiopathic (nonpulsatile)
tinnitus; excluded studies involved tinnitus as the result of middle-ear pathologies or focused on
methods to determine psychosomatic tinnitus. For KQ2, all pharmacological/food supplement,
medical/surgical, sound/technological, and psychological/behavioral interventions aimed at
ameliorating tinnitus symptoms were eligible (except stapedectomy or tympanoplasty).
Randomized controlled trials with placebo controls or head-to-head trials were eligible for all
KQs.

Results. From 9,725 citations, 52 eligible publications were extracted for data. None were
eligible for KQ1 or KQ3. From the 52 publications eligible for KQ2, 17 evaluated
pharmacological interventions; 11 evaluated medical interventions (low-level laser, acupuncture,
transcranial magnetic stimulation); 5 evaluated sound technologies; and 19 evaluated
psycholocal/behavioral interventions. Data on adverse effects were generally poorly collected
and reported.

Conclusions. There is low strength of evidence (SOE) indicating that cognitive behavioral
therapy interventions improve tinnitus-specific quality of life relative to inactive controls. For
pharmacological interventions, SOE is low for improvements to subjective loudness from
neurotransmitter drugs versus placebo; insufficient for antidepressants, other drugs, and food
supplements with respect to subjective loudness; and insufficient for all other outcomes. There is
insufficient SOE to suggest that medical interventions improve outcomes relative to inactive
controls; sleep and global quality of life were not evaluated for medical interventions. The SOE
for the adverse effect of sedation in pharmacological studies was judged insufficient. Future
research should address the substantial gaps identified for KQ1 and KQ3. For KQ2, future
research should concentrate on improving collection of adverse effects, calculating sample size,
and specifying doses for interventions.
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Executive Summary

Background

Tinnitus is the perception of sound in the absence of an external auditory stimulus; as such,
tinnitus is a symptom, not a disease. An estimated 16 percent of the American population (50
million people) experience tinnitus, with up to 16 million seeking medical help and 2 million
being unable to lead a normal life.! The prevalence of tinnitus increases with age and noise
exposure.>® Additionally, tinnitus is an increasing problem in more recent birth cohorts.*

A variety of conditions and experiences can lead to tinnitus, but the exact physiology is still
unknown. Patients are often described as presenting with symptoms of either objective or
subjective tinnitus. Objective tinnitus is perceptible by patients and examiners. Subjective
tinnitus is perceptible only by patients, yet is not due to a hallucination. Both forms of tinnitus
may or may not be idiopathic. Some investigators have argued that tinnitus should be classified
by origin, either as somatic or neurophysiologic.” In this review, we will use the term subjective
idiopathic tinnitus, rather than neurophysiologic tinnitus, because it is the term most commonly
used in the current literature. Subjective idiopathic tinnitus is also the most commonly diagnosed
type of tinnitus.®

Treatments for subjective idiopathic tinnitus are wide ranging in scope and may include
medical/surgical treatments, sound treatments/technologies, and psychological/behavioral
treatments. For the present review, treatment groups revolve around four main categories of
intervention: pharmacological or food supplement, medical/surgical, sound technology, and
psychological/behavioral.

Scope and Key Questions

Standardized guidelines for the diagnosis and treatment of tinnitus do not exist in the United
States. To help inform medical practice, this systematic review was undertaken to explore
prognostic factors and strategies for the optimal management of tinnitus. Three Key Questions
(KQs) governed the review:

KQL1. In patients with symptoms of tinnitus (ringing in the ears, whooshing
sounds, etc.), what is the comparative effectiveness of methods used to
identify patients for further evaluation or treatment?

KQ2. In adults with subjective idiopathic (nonpulsatile) tinnitus, what is the
comparative effectiveness (and/or potential harms) of medical/surgical,
sound treatment/technological, or psychological/behavioral interventions,
including combinations of interventions?

KQ3. For adults with subjective idiopathic tinnitus, what prognostic factors,
patient characteristics, and/or symptom characteristics affect final treatment
outcomes?

Analytic Framework

Following consultation with Key Informants, the Agency for Healthcare Research and
Quality (AHRQ) Task Order Officer, and the investigative team, key research questions were

ES-1



developed. Figure A shows a flow diagram indicating the relationship between research
questions in this comparative effectiveness review (CER). This framework depicts the KQ as
outlined in the PICOTS (population(s), interventions, comparators, outcomes, timing or
followup, and setting) format. The PICOTS components for each KQ are provided in full detail
in Table A.

Figure A. Analytic framework
(KQ3)
Comparative effectiveness of treatment by

prognostic factors, patient characteristics,
and symptoms

Treatment/Intervention

+ Medical/surgical

Tinnitus

{(KQ1)

Comparative
effectiveness of
instruments used to
identify patients for
further evaluation or
treatment

interventions

Sound
treatment/technologies
Psychological/behavioral
interventions

{kaz)

Comparative effectiveness of
treatment interventions

—_—m

NN

Adverse Effects
Worsening of tinnitus
Sedation

Outcomes

Need for specialized treatment
No treatment

Extent of intervention
Discomfort/distress/annoyance®
Anxiety

Depression

Sleep disturbances

Subjective loudness

Quality of life

Time until improvement
Severityb

Surgical complications

Abbreviation: KQ = Key Question

8Any studies that used the terms “annoyance” or “distress” to describe their outcomes were included under the category of
“discomfort.”

®The outcome “severity” was added during data extraction. As severity was an outcome reported in 18 of 34 papers, it was
decided that it should not be collapsed into any other outcome category.

Methods

Search Strategy

The search was conducted in six databases—MEDLINE®, Embase®, Cochrane CENTRAL,
PsycINFO®, AMED®, and CINAHL®—as well as the grey literature, from January 1970 to June
2012. The search strategy used medical subject headings (MeSH®), keywords, and text words,
including “tinnitus” and “humans not animals,” with a limit to English-language citations. The
search also included the following Web sites: American Tinnitus Association, Association for
Research in Otolaryngology, American Academy of Audiology, Emory University Tinnitus and
Hyperacusis Center, Tinnitus Research Initiative, and Deafness Research UK. Reference lists of
eligible studies were also reviewed at full-text screening.

Criteria for Inclusion/Exclusion of Studies in the Review

Included studies had to be randomized controlled trials (RCTs) or observational studies with
true control groups (e.g., cohort, case control). For KQ2 and KQ3, included studies had to
evaluate tinnitus treatments. Studies were excluded when tinnitus resulted from middle-ear
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pathologies (mechanics, otitis media, otosclerosis, etc.), when interventions were stapedectomy
or tympanoplasty, or when interventions were focused on determining whether patients had
psychosomatic tinnitus. See Table A for inclusion and exclusion criteria.

Data Extraction, Assessment of Risk of Bias, and Applicability

Standardized and validated scales were used (the Newcastle-Ottawa quality assessment
scales for case-control studies and cohort studies,” and the Jadad scale for RCTs?) to assess risk
of bias. Two raters evaluated the studies using standardized assessment forms, and disagreements
were resolved through consensus. Applicability”’ was assessed by considering comorbidities
(psychological or related to hearing loss), ages of subjects, locations where study subjects were
recruited, specific treatment providers, and lengths of time to treatment.

Data Synthesis and Strength of Evidence

All included studies were summarized in narrative form and stratified by the different
outcomes and interventions. Interventions were organized into four main categories:
pharmacological or food supplement, medical, sound technology, and psychological/behavioral.
Meta-analysis was not undertaken due to the clinical heterogeneity of the interventions and
outcomes; however, standardized mean differences were estimated for each study and presented
in forest plots to compare effect sizes across studies. Two reviewers based their assessments of
the overall strength of evidence (SOE) on AHRQ’s “Methods Guide for Effectiveness and
Comparative Effectiveness Reviews.” 0!

Table A. Inclusion and exclusion criteria

Category Inclusion Criteria Exclusion Criteria
Population KQ1: Adult (=18 years) patients who visit health e Subjects <18 years of age
care practitioners with symptoms of tinnitus (ringing |e Dx of pulsatile tinnitus
in the ears, whooshing sounds, etc.) « Unilateral cases with specific medical

KQ2 & KQ3: Adults (=18 years) with a diagnosis of dx (e.g., paraganglioma, acoustic
subjective idiopathic (nonpulsatile) tinnitus who are neuroma)

sufficiently bothered by tinnitus that they are seeking|e Tinnitus as side effect of drugs

a treatment intervention e Nonhuman

No restriction on the length of time of symptoms
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Table A. Inclusion and exclusion criteria (continued)

Category

Inclusion Criteria

Exclusion Criteria

Interventions

KQL1: Direct observation or observation of sound
with stethoscope; referral to a health professional
with expertise on managing tinnitus (i.e.,
otolaryngologist, audiologist, neurologist, mental
health professional); administration of
scales/questionnaires to assess severity (THI, TRQ,
TSI, VAS, etc.)

KQ2: Any treatment/therapy used to reduce/help
cope with tinnitus, including but not limited to the
following:

Medical/Surgical
e Pharmacological treatments:

e Tricyclic antidepressants (e.g.,
amitriptyline, nortriptyline, and
trimipramine)

e  Selective serotonin-reuptake inhibitors:
fluoxetine and paroxetine

e Other: trazodone; anxiolytics (e.g.,
alprazolam); vasodilators and vasoactive
substances (e.g., prostaglandin E1);
intravenous lidocaine; gabapentin; Botox
(botulinum toxin type A); and pramipexole)

¢ Laser treatments

e TMJ treatment: dental orthotics and self-care,
surgery

e Transcranial magnetic stimulation

¢ Hyperbaric oxygen therapy

e Complementary and alternative medicine
therapies: Gingko biloba extracts; acupuncture;
diet, lifestyle, and sleep madifications (caffeine
avoidance, exercise)

Sound Treatments/Technologies

e Hearing aids, cochlear implants, sound
generators, maskers

o Neuromonics

Psychological/Behavioral

e Cognitive behavioral therapy, biofeedback,
education, relaxation therapies, Progressive
Tinnitus Management, tinnitus retraining therapy

Combination Therapies

e Any combination of tinnitus interventions (e.g.,
pharmacological treatment with cognitive
behavioral therapy)

KQ3: Any treatment/therapy used to

reduce/help/cope with tinnitus, including but not

limited to those described in KQ2

KQ1: Nondirect observations
KQ2: No exclusions for interventions
KQ3: No exclusions for interventions
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Table A. Inclusion and exclusion criteria (continued)

Category

Inclusion Criteria

Exclusion Criteria

Comparators

KQL1: Different clinical evaluation methods used to
characterize a diagnosis and measure severity of
subjective idiopathic tinnitus

KQ2: Placebo, no treatment, wait list, treatment as

usual, other intervention/treatment with control

KQa3:

e Prognostic factors: length of time to treatment
after onset, audiological factors (degree and type
of hearing loss, hyperacusis, loudness tolerance,
masking criteria, etc.), head injury, anxiety
symptoms, mental health disorders, and duration
of tinnitus

e Patient characteristics: age, sex, race, medical or
mental health comorbidities, socioeconomic
factors, noise exposure (environmental,
recreational, and work related [including active
and past military duty, and occupational
hazards]), involvement in litigation, third-party
coverage

e Symptom characteristics: origin/presumed
etiology of tinnitus, tinnitus duration since onset,
subcategory of tinnitus, severity of tinnitus

KQ1: No exclusions
KQ2: No comparator/control
KQ3: No exclusions

Outcomes

KQ1: Final outcome: no treatment, need for
specialized treatment (e.g., audiology,
otolaryngology, neurology, mental health care),
extent of intervention

KQ2: Sleep disturbance, discomfort, anxiety
symptoms, depression symptoms, subjective
loudness, quality of life, tinnitus severity, adverse
effects (worsening of tinnitus, sedation, surgical
complications)

KQ3: Time until improvement, sleep disturbance,
discomfort, anxiety symptoms, depression
symptoms, subjective loudness, quality of life,
return to “normal” work, adverse effects (worsening
of tinnitus, sedation, surgical complications)

No exclusions

Publication
language

English

Non-English

Study design

All KQs: RCTs or observational studies with true
control groups (e.g., cohort studies, case-control
studies)

All KQs: Original research studies providing
sufficient detail about methods and results to enable
use and aggregation of the data and results

All KQs: Possibility of extracting relevant outcomes
from data in the papers

Controlled experimental studies (manipulation of
treatment)

e Systematic reviews and narrative
reviews (excluded but pulled for full
reference list review), case
reports/studies, and case series

o Editorials, comments, letters, opinion
pieces, abstracts, and Webcasts

Setting

All KQs: Primary care, specialty care (audiology,
otolaryngology, neurology, mental health),
university research, Internet

No exclusions
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Table A. Inclusion and exclusion criteria (continued)

Category Inclusion Criteria Exclusion Criteria
Other criteria Studies must address 1 or more of the following for |No other exclusions
tinnitus:

KQ1: Instruments used to identify patients for
further evaluation or treatment

KQ2: Treatment modality

KQ3: Predictors of treatment outcomes (prognostic
factors, patient characteristics, and symptom
characteristics)

Abbreviations: Dx = diagnosis; KQ = Key Question; RCT = randomized controlled trial; THI = Tinnitus Handicap Inventory;
TMJ = temporomandibular joint; TRQ = Tinnitus Reaction Questionnaire; TSI = Tinnitus Severity Index; VAS = visual analog
scale

Peer Review and Public Comment

Experts in audiology, epidemiology, and medical specialties, and researchers and individuals
representing stakeholder and user communities were invited to provide external peer review of
this CER. The AHRQ Task Order Officer and an associate editor also provided comments on the
report. The draft report was posted on the AHRQ Web site for 4 weeks to elicit public comment.
All reviewer comments were considered and the text revised. A disposition-of-comments report
will be made available on the AHRQ Web site 3 months after the posting of this final report.

Results

The initial literature search yielded 9,725 citations; 834 citations (8.6 percent) passed title
and abstract screening. From the studies screened at full text, 52 eligible publications were
extracted for data. None were eligible for KQ1 or KQ3.

KQL1. In patients with symptoms of tinnitus (ringing in the ears, whooshing
sounds, etc.), what is the comparative effectiveness of methods used to
identify patients for further evaluation or treatment?

No studies were found to address this KQ.

KQ2. In adults with subjective idiopathic (nonpulsatile) tinnitus, what is the
comparative effectiveness (and/or potential harms) of medical/surgical,
sound treatment/technological, or psychological/behavioral interventions,
including combinations of interventions?

Pharmacological or Food Supplement Interventions

A total of 17 articles'®?® reported on 16 unique studies that evaluated interventions in the
pharmacological or food supplement domain (Table B). Five articles***® investigated
antidepressant drugs versus placebo. These drugs included sertraline,**** paroxetine,**
trazodone,™ and nortriptyline.’® Dosage levels in the sertraline, paroxetine, and nortriptyline
articles were at the recommended levels for treating depression. However, the dosage level in the
trazodone study was below the recommended dose for depression; the dosage level was instead
suitable for use as a sleep aid. Five publications'”** examined neurotransmitter drugs, which
stimulate or enhance y-aminobutyric acid (GABA), versus placebo. The neurotransmitter drugs
were gabapentin,*’ baclofen,'® alprazolam,™ and acamprosate.?>?! Three studies investigated
other drugs, including methylprednisolone versus placebo,?? vardenafil versus placebo,* and
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Deanxit versus placebo (with each participant given 1 mg clonazepam in addition to Deanxit or
placebo).?* Four papers evaluated food supplements, with two?% focused on Gingko biloba,
one?’ on zinc, and one® on honeybee larvae. All food supplements were compared with placebo
(which was hydrogenated dextrin in the larvae study). All of the studies were RCTSs.

Adverse effects spanned a range of clinical severity, from dry or sour mouth***° to

confusion,® but generally subsided after discontinuation of treatment. Four studies

14,15,18,19

reported symptoms of sedation (sleepiness, drowsiness) during the use of antidepressants
(trazodone and paroxetine) and neurotransmitter drugs (baclofen, alprazolam). The findings for
sedation were inconsistent and imprecise, as estimates of affected patients were poorly
characterized; the SOE for sedation was insufficient in patients with tinnitus.

Table B. Summary of findings for Key Question 2: pharmacological or food supplement
interventions

Outcome

# of Articles

Overall Strength of Evidence

Comment

Tinnitus-
specific
quality of life

12-14,16-
13
18,21-26,28

Insufficient for antidepressants,
neurotransmitter drugs, food
supplements, and other drugs

Although nortriptyline, sertraline, acamprosate, and
Deanxit were shown to produce some improvement in
tinnitus-specific quality of life, the overall strength of
evidence is insufficient to conclude whether these
findings represent true effects because of moderate
risk of bias and inconsistent and imprecise effect
estimates.

Subjective
loudness

12,13,18-
20,22,24,26,27

Low for neurotransmitter drugs

Insufficient for antidepressants,
food supplements, and other
drugs

Evidence suggests that neurotransmitter drugs showed
improvement in subjective loudness vs. placebo;
however, because of moderate risk of bias and
imprecise effect estimates, confidence is low that these
findings lie close to the true effects for this outcome.

Only single studies of Deanxit, methylprednisolone,
zinc, Gingko biloba, and sertraline showed
improvements in subjective loudness compared with
placebo. Based on single studies of each comparison,
there is insufficient evidence to determine whether
these findings represent true effects.

Sleep
disturbance

14,23,24
3

Insufficient for antidepressants
and other drugs

The strength of evidence is insufficient to conclude
whether paroxetine, vardenafil, and Deanxit showed
improvements in subjective loudness compared with
placebo.

Only single studies of paroxetine and vardenafil
reported improvements in sleep disturbance vs.
placebo, and no improvement was observed with
Deanxit. Based on single studies of each comparison,
there is insufficient evidence to determine whether
these findings represent true effects.

Anxiety
symptoms

12-14,16
4

Insufficient for antidepressants

The strength of evidence is insufficient to conclude
whether sertraline, paroxetine, and nortriptyline showed
improvements in anxiety symptoms compared with
placebo.

Only single studies comparing sertraline, paroxetine, or
nortriptyline with placebo reported improvements in
anxiety symptoms, with differences statistically
significant only for sertraline. Based on single studies of
each comparison, insufficient evidence exists to
conclude whether these findings represent true effects
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Table B. Summary of findings for Key Question 2: pharmacological or food supplement
interventions (continued)

Outcome

# of Articles

Overall Strength of Evidence

Comment

Depression
symptoms

12-14,16,24,28
6

Insufficient for antidepressants,
food supplements, and other
drugs

The strength of evidence is insufficient to conclude
whether sertraline, paroxetine, nortriptyline, honeybee
larvae, and Deanxit showed improvements in
depression symptoms compared with placebo.

Although studies of sertraline, paroxetine, and
nortriptyline reported improvements in depression
symptoms vs. placebo, not all differences were
statistically significant, the risk of bias was moderate,
and effects were inconsistent.

Only single studies evaluated Deanxit and honeybee
larvae. Based on single studies for each of these
interventions, insufficient evidence exists to conclude
whether these findings represent true effects.

Global
quality of life

6 (2 papers
from the
same study
addressed

sertraline)'*
15,20,23,25

Insufficient for antidepressants,
food supplements, and other
drugs

The strength of evidence is insufficient to conclude
whether sertraline, paroxetine, trazodone,
acamprosate, vardenafil, and Ginkgo biloba showed
improvements in global quality of life compared with
placebo.

Although sertraline showed improved global quality of
life vs. placebo, the evidence is insufficient to conclude
whether the findings represent true effects because of
moderate risk of bias, and inconsistent and imprecise
effect estimates.

Only single studies evaluated acamprosate, vardenafil,
and Ginkgo biloba. Based on single studies for each of
these interventions, insufficient evidence exists to

conclude whether these findings represent true effects.

Note: Deanxit comparison is a crossover trial of Deanxit vs. placebo, with each participant given 1 mg clonazepam in addition to
Deanxit or placebo; honeybee larvae comparator is hydrogenated dextrin.

Medical Interventions

Eleven studies were included for medical interventions in KQ2 (Table C). Six

2934 of these

evaluated repetitive transcranial magnetic stimulation (rTMS) or electromagnetic stimulation;

three evaluated low-level laser therapy (LLLT);***’

and one each evaluated acupuncture®® and

acoustic coordinated reset neuromodulation (ACRN) therapy.* All the studies in the medical
intervention group have small sample sizes (n<60).

Adverse effects were not consistently reported or specified in the methods of the studies.
None of the studies in the medical interventions group reported dropouts related to adverse
effects. In general, adverse effects were transient and mild.
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Table C. Summary of findings for Key Question 2: medical interventions

Outcome # of Articles | Overall Strength of Evidence | Comment

Tinnitus- 9?9.80.323335 | Insufficient for all interventions | Although most interventions showed no differences
specific % relative to placebo, the overall strength of evidence was
quality of life insufficient because of high risk of bias and inconsistent
and imprecise effect estimates.

Only single studies evaluated high-frequency
electromagnetic energy, ACRN, and acupuncture.
Based on single studies for each of these interventions,
there is insufficient evidence to conclude whether these
findings represent true effects.

Subjective | 4323383 Insufficient for LLLT, ACRN, |Although interventions showed no differences between
loudness and acupuncture treatment and placebo groups, the overall strength of
evidence was insufficient because of high risk of bias
and imprecise effect estimates.

Only single studies evaluated high-frequency
electromagnetic energy, ACRN, and acupuncture.
Based on single studies for each of these interventions,
there is insufficient evidence to conclude whether these
findings represent true effects.

Sleep 0 Not applicable No studies evaluated this outcome.

disturbance

Anxiety 1% Insufficient for LLLT A single study with high risk of bias and small sample
symptoms size compared laser therapy vs. sham; it showed that

laser therapy had greater reduction in anxiety
symptoms (p >0.05). The strength of evidence is
insufficient to conclude whether these findings
represent true effects.

Depression |1 Insufficient for LLLT A single study with high risk of bias and small sample
symptoms size compared laser therapy vs. sham; it showed that
laser therapy had greater reduction in depression
symptoms (p >0.05). The strength of evidence is
insufficient to conclude whether these findings
represent true effects.

Global 0 Not applicable No studies evaluated this outcome.
quality of life

Abbreviations: ACRN = acoustic coordinated reset neuromodulation; LLLT = low-level laser therapy

Sound Technology Interventions

Five publications*®* (of four studies*®*®) evaluated sound technology interventions in head-
to-head comparisons (Table D). Interventions included (1) hearing aids versus sound
generators;** (2) Neuromonics with one stage or two stages of stimulus conditions;* (3)
information only, information plus relaxation training, information plus long-term low-level
white noise (LTWN), and information plus relaxation training plus LTWN;* and (4) cognitive
behavioral therapy (CBT) with noise generator (NG), CBT alone, tinnitus education (TE) plus
NG, and TE with no NG.* Each study assessed a different sound technology. For this reason,
formal SOE tables for sound technologies were not included in the review. All of the studies
evaluating sound technologies were at high risk of bias and consistency was unknown. Small
sample sizes led to these studies being considered imprecise. Overall, there is insufficient
information to judge the SOE for the studies evaluating sound technologies.

Adverse effects were not consistently reported or specified in the methods of the studies.
None of the studies in the sound technology interventions group reported dropouts related to
adverse effects. In general, adverse effects were not mentioned in these reports.
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Table D. Summary of findings for Key Question 2: sound technology interventions

Outcome

# of Articles

Overall Strength of Evidence

Comment

Tinnitus-
specific
quality of life

40-43
4

Insufficient

There were no statistically significant differences
between treatments in any of the studies, although
benefits were reported for hearing aids, sound
generators, and Neuromonics. However, the overall
strength of evidence is insufficient to conclude whether
these findings represent true effects because of high
risk of bias and imprecise estimates.

Subjective
loudness

41-43
3

Insufficient

There were no statistically significant differences
between treatments in any of the studies, although
benefits were reported for both hearing aids and sound
generators. However, the overall strength of evidence
is insufficient to conclude whether these findings
represent true effects because of high risk of bias and
imprecise estimates.

Sleep
disturbance

Not applicable

Not applicable.

Anxiety
symptoms

Insufficient

All groups in the study demonstrated improvement, but
adding a noise generator to tinnitus education or
cognitive behavioral therapy did not increase treatment
benefits. However, the overall strength of evidence is
insufficient to conclude whether these findings
represent true effects because of high risk of bias and
imprecise estimates of unknown consistency.

Depression
symptoms

Insufficient

A single study with high risk of bias showed no benefit
from cognitive behavioral therapy with or without noise
generation.

Global
quality of life

41-43
3

Insufficient

Benefit was reported for all interventions involving
hearing aids or sound generators, but there were no
differences depending on the technology used.** No
benefits were reported for any other interventions.
However, the overall strength of evidence is insufficient
to conclude whether these findings represent true
effects because of high risk of bias and imprecise
estimates.

Psychological and Behavioral Interventions

A total of 19 RCTs*®® evaluated interventions in the psychological and behavioral domain
(Table E). Ten**1°35%0 RCTs compared some form of CBT with an inactive control, and
six*0°0°437%9 compared CBT with another treatment. Two*®® trials compared tinnitus retraining
therapy (TRT) with an inactive control, and three***** compared TRT with another treatment.
Three>®*%® RCTs compared some form of relaxation therapy with an inactive control, and one®®
compared relaxation with another treatment. Six*>*"48°>°%>% sy, djes evaluated some other type of
psychological/behavioral therapy compared with an inactive control, and one®* involved head-to-
head comparisons between treatments.

Adverse effects were not consistently reported or specified in the methods of the studies.
None of the studies in the psychological and behavioral interventions group reported dropouts
related to adverse effects. Eight studies clearly stated there were no adverse effects reported.*
49526081 One study®? reported an increase in negative effects (loudness of and discomfort from
their tinnitus) from intensive self-monitoring.
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Table E. Summary of findings for Key Question 2: psychological and behavioral interventions

Outcome

# of Articles

Overall Strength of Evidence

Comment

Tinnitus-
specific
quality of life

1945-63

Low evidence of effect for CBT

Insufficient for TRT, relaxation,
and other interventions

Benefit for TSQoL is suggested by 6 CBT interventions.
However, because of high risk of bias and imprecise
effect estimates (i.e., only studies with group sample
sizes greater than 20 showed results significantly in
favor of treatment compared with inactive controls),
confidence is low that these findings lie close to the
true effects for this outcome.

The strength of evidence is insufficient to conclude
whether TRT or relaxation showed improvement in
TSQoL because of high risk of bias and imprecise and
inconsistent estimates.

Subjective
loudness

949,51,52,55,56,5
8,59,62,63

Low evidence of no effect for
CBT

Insufficient for relaxation and
other interventions

Although 2 interventions had beneficial effects (i.e.,
CBT + biofeedback, self-help book + telephone
therapy), overall consistent evidence suggests that
there was no effect for CBT on subjective loudness.
However, because of high risk of bias and imprecise
effect estimates, confidence is low that these findings
lie close to the true effects for this outcome.

The strength of evidence is insufficient to conclude
whether relaxation showed improvement in
subjective loudness because of high risk of bias and
imprecise and inconsistent estimates.

Sleep
disturbance

49,51,56,59,60
5

Low evidence of no effect for
CBT

Insufficient for TRT and yoga

Although treatment benefits were shown for 2
interventions (i.e., CBT + biofeedback, self-help book +
telephone therapy), overall, consistent evidence
suggests that there was no effect for CBT on sleep
disturbance. However, because of high risk of bias and
imprecise effect estimates, confidence is low that these
findings lie close to the true effects for this outcome.

Only single studies with high risk of bias evaluated
TRT and yoga.

Anxiety
symptoms

51,53,56,60,63
5

Low evidence of no effect for
CBT

Insufficient for TRT and
relaxation

Although treatment benefits were shown for 1
intervention (self-help book + telephone therapy),
overall, consistent evidence suggests that there was no
effect for CBT on anxiety symptoms. However,
because of high risk of bias and imprecise effect
estimates, confidence is low that these findings lie
close to the true effects for this outcome.

Only single studies with high risk of bias evaluated
TRT and relaxation.
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Table E. Summary of findings for Key Question 2: psychological and behavioral interventions
(continued)

Outcome # of Articles | Overall Strength of Evidence | Comment

Depression 49515355 1| ow evidence of no effect for | Although there are some treatment benefits with
symptoms | %06263 CBT various forms of CBT, as well as an intervention
involving relaxation and distraction, overall, consistent
evidence suggests that there was no effect for CBT on
depression symptoms. However, because of high risk
of bias and imprecise effect estimates, confidence is
low that these findings lie close to the true effects for
this outcome.

Insufficient for TRT and The strength of evidence is insufficient to conclude
relaxation whether relaxation or TRT showed improvement in
depression symptoms because of high risk of bias,
imprecise and inconsistent estimates, or only single
studies for some interventions in this outcome

category.
Global g7 A95290998 1| o\ evidence of no effect for | Although there are some treatment benefits for
quality of life |° CBT biofeedback-based CBT and bibliotherapy, overall,

consistent evidence suggests that there was no effect
for CBT on global quality of life. However, because of
high risk of bias and imprecise effect estimates,
confidence is low that these findings lie close to the
true effects for this outcome.

Insufficient for TRT and other
interventions Only single studies with high risk of bias evaluated TRT
and other interventions.

Abbreviations: CBT = cognitive behavioral therapy; TRT = tinnitus retraining therapy; TSQoL = tinnitus-specific quality of life

KQ3. For adults with subjective idiopathic tinnitus, what prognostic factors,
patient characteristics, and/or symptom characteristics affect final treatment
outcomes?

No studies were found to address this KQ.

Discussion and Conclusions

In adults with subjective idiopathic (nonpulsatile) tinnitus, the comparative effectiveness
(and/or potential harms) of medical/surgical, sound treatment/technological, or
psychological/behavioral interventions (including combinations of interventions) are
summarized below (KQ2). This (CER) demonstrates important research gaps with respect to
KQ1 (methods to identify those for further evaluation or treatment) and KQ3 (prognostic
factors).

When considering the applicability of study findings in general, the study populations were
relatively homogeneous and were limited to predominately middle-aged (>50 years of age)
persons suffering from subjective idiopathic tinnitus of mild to moderate severity. Of course,
hearing loss also increases markedly with age starting in the fourth decade, and hearing loss and
tinnitus often co-occur.® Nevertheless, tinnitus is a problem not only for older adults or for
people with clinically significant hearing loss. A recent survey estimated that tinnitus was
prevalent in 12.2 percent of the U.S. population under 44 years of age.**®* However, there is
little evidence on which to draw conclusions about the efficacy of the therapies in persons
younger than 42 years of age. Importantly, there may also be generational differences in the
experience of tinnitus based on recent epidemiological research on adults over the age of 45
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years.” The finding of generational differences suggests that reports of tinnitus tend to increase

with more recent birth cohorts compared with earlier birth cohorts. Researchers should explore

age and cohort differences as programs to treat, and possibly even programs to prevent, tinnitus
continue to be developed and evaluated.

Tinnitus is a chronic condition. The longest followups in the included studies did not exceed
16 weeks in pharmacological and food supplement studies and 26 weeks in medical
interventions. However, followup was extended to 12 months in all of the studies evaluating
sound-based treatments*®*?*3 and even to 18 months for one study.** For the psychological and
behavioral interventions, many studies evaluated the effectiveness of treatment immediately after
treatment, as well as at one or more later followups (up to 18 months®). Thus, for the
pharmacological and medical intervention categories, the included studies did not provide data
on the medium- to long-term effects of the active treatments.

Many of the studies in this review were conducted in Europe, where the professional model
of hearing care/audiology is different from that typically seen in the United States. In the United
States, the coping/CBT-oriented interventions fall more within the scope of practice of
psychologists than audiologists. If future interventions were to require more of this type of
psychological intervention, there would need to be a shift in the training of audiologists or a shift
to more team-oriented practice involving both audiologists and psychologists.

In general, drawing overall conclusions about treatment benefits proved challenging due to
the diversity of interventions and outcomes in the included studies. Studies were heterogeneous
in terms of populations, treatments, treatment modalities, study duration and followup periods,
and outcome measures. Some interventions showed positive benefits, but it was difficult to judge
the degree of clinical significance of the changes observed. Standardized mean differences were
estimated for each study because different outcomes were used; the use of diverse outcomes
makes it more difficult to assess clinical significance across studies. Even if differences in
treatment-placebo scale scores were statistically significant, these differences may not be
clinically meaningful. Future research must consider pilot work to establish the validity of many
of the outcomes used in the included studies; moreover, specific adaptations of measures
validated in nontinnitus populations (e.g., study-specific visual analog scale) should be
established in the tinnitus population, particularly for the attributes of change over time. For
some of the tinnitus-specific outcomes, it is critical that clinically important differences be
established.

Key Findings and Strength of Evidence

Pharmacological or Food Supplement Interventions

A total of 16 unique studies (17 publications)**?® evaluated the efficacy of pharmacological
interventions or food supplements in tinnitus. The included articles evaluated 14 different
interventions, all of which were compared with some form of placebo. For the most part, the
interventions failed to demonstrate statistically significant effects compared with placebo on any
of the outcomes. Various interventions showed statistically significant effects on some outcomes:
nortriptyline'® and honeybee larvae®® for depression; alprazolam®® and zinc®’ for loudness; and
acamprosate®! for tinnitus-specific quality of life (TSQoL) measured as “disturbance.” One
study*® found conflicting results for TSQoL (e.g., improved TSQoL or no difference compared
with placebo), depending on the instrument used to measure the outcome.
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The only intervention that consistently showed statistically significant effects on multiple
outcomes was sertraline, which was evaluated against placebo in a 16-week study of 63 persons
who had a mean age of 42 years. These persons were recruited from a specialized audiology
clinic and given 50 mg/day of the active therapy or placebo. Sertraline was shown to be more
efficacious than placebo in reducing loudness, improving global quality of life, and alleviating
severity. Sertraline also had a greater impact on reducing depression symptoms, although the
reduction failed to reach statistical significance at the 5-percent level on one of the three scales
used to measure depression.

Overall, little evidence was found to suggest that the therapies led to improvements over
placebo on any of these outcomes. These results are in agreement with the conclusions of
previous systematic reviews, which found insufficient, inconsistent, or no evidence of treatment
effects.® "

In terms of SOE, there is insufficient ability to assess whether the published evidence reflects
true effects. Effect-size estimates were inconsistent or imprecise, and risk of bias was moderate.
Furthermore, most treatments were evaluated in single studies, which may or may not represent
the true effect of any particular therapy. Sample sizes tended to be small (<100 persons), and
power calculations were largely absent from the published reports, leading to the possibility that
many studies were underpowered to detect true effects. Lengths of followup were too short to
assess the durability of treatment over time, and the validity and discriminative ability of many
outcome measurement instruments was questionable.

Medical Interventions

Eleven studies evaluated four different types of medical interventions that included
rTMS,?3%3234 glectromagnetic stimulation,** LLLT,**” ACRN,* and acupuncture.®® Almost all
studies in this group evaluated TSQoL. In general, SOE for TSQoL is rated as insufficient based
on the high risk of bias, and the small sample sizes, lack of power calculations, and lack of
specification of the primary outcomes are factors related to the imprecise rating. Many of the
studies did not show statistical differences between groups, but limited statistical power is likely
an important factor. A clear trend for harms was difficult to specify across the differing
interventions. The relative potential for long-term harms could not be evaluated in the short-term
treatment trials included in this group.

When considering the individual types of interventions and efficacy with respect to TSQoL,
the studies consistently showed no significant difference between treatment and inactive
comparators. For rTMS and electromagnetic stimulation, the evidence was rated as insufficient.
There was some evidence that longer term effects (improvement in TSQoL scores) occurred with
low-frequency rTMS (1 Hz) at up to 6 months followup,®® but this single study had high risk of
bias. Our review also showed that adverse effects were generally poorly evaluated and reported.
A previous systematic review'* reached similar conclusions, suggesting that the evidence of
benefit for rTMS is limited, and also noted the lack of long-term monitoring within the studies
with respect to safety.

With respect to the interventions of ACRN, LLLT, and acupuncture, SOE was rated as
insufficient for TSQoL.

Only five trials evaluated the outcome of perceived loudness, and most trials
showed no statistical differences between treatment and inactive control groups; however, the
studies had small sample sizes and high risk of bias. SOE was rated as insufficient. One
intervention (ACRN) showed small differences for one stimulation parameter compared with

32,35,36,38,39
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sham stimulation.*® However, due to the added problem of the diversity of the medical
interventions that evaluated this outcome, we rate the SOE as insufficient for all of these
interventions.

A single study examining LLLT relative to sham LLLT evaluated an outcome capturing
anxiety symptoms and depression symptoms,* and was judged to have insufficient SOE. No
studies evaluated the effect of these interventions on sleep disturbance and global quality of life.

Future research should provide a more coherent rationale for the particular treatment
approaches based on current neurological science principles, including justification for the dose
of the intervention.

Sound Technolog}/ Interventions

Four unique RCTs*"* and a related study** were eligible for this intervention category. Two
of the studies*** evaluated the relative effectiveness of various sound-based interventions to
determine whether benefits were enhanced when sound generators were combined with CBT,
information, or relaxation therapies. Half of the studies reported some benefits from sound
generation, but none demonstrated any statistically significant differences relative to comparator
therapies. Two recent systematic reviews that evaluated different sets of eligible studies found
similar results. The authors of these reviews discussed the diversity of interventions® in this
domain and felt the evidence was insufficient to draw conclusions about the effectiveness of any
therapies.®>

Psychological and Behavioral Interventions

Similar to the medical interventions, the psychological and behavioral interventions were
diverse, thereby preventing a clear overall summary of effects. Even the studies with similar
interventions had marked differences in the focus and administration of therapy, which enhanced
the difficulty of making between-study comparisons. Despite this diversity, the overall SOE was
low that CBT and coping approaches showed an improvement in TSQoL, suggesting some
confidence that the studies evaluating these interventions reflect true effects.

Behavioral interventions (i.e., relaxation, education, TRT) employed an isolated approach
that did not confer the same degree of benefit and were rated as having insufficient SOE, being
plagued with the same problems as the studies evaluating pharmacological and medical
interventions.

CBT combined with other behavioral interventions were common treatment options. The
development of progressive’>’® or staged treatments is an active area of interest in the tinnitus
field,®* and this may be a promising avenue for further exploration in future studies. However,
trials evaluating complex interventions are problematic if a simple parallel design is employed.
Factorial designs will assist in disentangling the relative benefits of the different components of
multimodal interventions.

Adverse effects were largely not reported for psychological and behavioral interventions.
Some studies reported an absence of adverse effects, but in one study, some patients reported
that the self-monitoring of the loudness and discomfort caused by their tinnitus resulted in a
worsening of symptoms.
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Future Research Recommendations

Key Question 1
e Develop studies to evaluate the comparative effectiveness of instruments used to assess
the severity and status of subjective idiopathic tinnitus.

Key Question 2

Population

e Include a broader spectrum of adult patients with respect to age, sex (equal proportion of
men), and ethnicity (broader representation of ethnic groups).

¢ Include patients recruited from primary care settings.

e Capture detailed information about prior treatments and ensure that future studies do not
sample only from subjects for whom previous treatments were not effective.

e Specify patient medical histories more clearly.

e Collect information on the use of concomitant interventions.

Comparator and Study Design
e Enroll sufficient samples to show clinically important differences between treatment
groups, justify minimum clinically important differences, and justify sample sizes.
e Enroll sample sizes large enough to evaluate confounders.
e Utilize Phase Il trials to establish therapeutic doses and preliminary effect sizes to inform
the design of Phase 111 RCTs.
e Have a length of followup that is long enough to study medium- to long-term outcomes.

Intervention
e Explain the dosing rationale for off-label medications.
e Collect information on concomitant medications.
e Specify the training and experience of the person(s) delivering the interventions.

Outcomes

e |dentify outcomes as primary or secondary.

e Use scales with established psychometric properties in populations with subjective
idiopathic tinnitus to measure patient-reported outcomes.

e Assess the responsiveness to change of outcome measurement instruments (e.g., visual
analog scale) in persons with tinnitus.

e Back-translate scales prior to use in languages other than the language in which they were
developed.

e Measure global quality of life to capture how persons value the risk-benefit tradeoff
between efficacy and adverse effects.

e Use the Consolidated Standards of Reporting Trials (CONSORT) guidelines for
reporting adverse effects (harms).

Other
e Report RCT results in conformity with CONSORT."
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Register study protocols in clinical trial registries and update trial information in these

registries regularly.

Key Question 3
Develop studies to evaluate the natural history and prognostic factors in persons with

subjective idiopathic tinnitus.
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Introduction

Background

Tinnitus is a not a disease but rather a symptom or condition that can result from a number of
underlying causes. In general, tinnitus is the perception of sound in the absence of an external
auditory stimulus. The World Health Organization (WHO) describes tinnitus as a “symptom of
hearing disorder characterized by the sensation of buzzing, ringing, clicking, pulsations, roaring
or other noises in the ear.”* Note that in the WHO International Classification of Diseases (ICD),
tinnitus is coded as H93.1, which is not a specific ICD-10-CM diagnosis code and cannot be
used to indicate a medical diagnosis.’

Tinnitus can disturb one’s day-to-day life in a number of ways including: causing distress
and annoyance, disruption of sleep, anxiety symptoms, and depression symptoms. An estimated
16 percent of the American population (approximately 50 million people) experience tinnitus to
some extent, with up to 16 million seeking medical help and 2 million being unable to lead a
normal life.? The prevalence of tinnitus increases with age and noise exposure.>* Similarly,
hearing loss also increases with age and noise exposure. Although tinnitus is often associated
with hearing loss, tinnitus can affect those who do not have clinically significant hearing loss and
not all people who have hearing loss have tinnitus.

A variety of conditions and experiences can lead to tinnitus, but its exact physiology is still
unknown. As a symptom, it may be associated with a number of conditions, including various
auditory system pathologies, ranging from impacted wax to acoustic tumors, that warrant
medical attention. According to the American Tinnitus Association (ATA), noise exposure is the
largest attributed cause of tinnitus.” People may acquire tinnitus and hearing loss when they are
exposed to hazardous levels of industrial, recreational, or military noise. Tinnitus is the most
common service-connected disability among U.S. veterans.? Tinnitus is common in active-duty
service members and veterans who have had traumatic brain injury (concussion) whether or not
they have clinically significant hearing loss. There is growing concern that exposure to
recreational noise may result in tinnitus in teenagers and young adults.® Tinnitus can also be a
side effect of potentially ototoxic drugs, ranging from aspirin taken to alleviate arthritic pain to
aminoglycoside antibiotics and life-saving drugs used to treat cancer.” These effects may be
temporary but, especially with respect to aminoglycoside antibiotics and cancer
chemotherapeutics, in particular cisplatin, can be permanent.

The severity of tinnitus experienced by patients may vary with, or depend upon,
comorbidities. Tinnitus often co-occurs with hearing loss, and the bothersome effects of tinnitus
may be alleviated by the use of hearing aids. Individuals who are dual sensory impaired (deaf
and blind) may be confused by tinnitus because they do not have visual information to help them
understand that their tinnitus is not an external sound. It is common for frequent tinnitus to be
associated by mental health conditions, particularly generalized anxiety disorder.®° Although
relatively little is known about tinnitus in younger people compared to what is known about
middle-aged and older adults, the connection between tinnitus and mental health issues has been
observed in teenagers with hearing loss.™ It is often regarded as a “chronic stressor, creating a
vicious circle of stress and exacerbation of tinnitus.”*?



Classification

In both clinical and academic contexts, there is no consensus on the classification of tinnitus
subcategories. A patient is often described as presenting with symptoms of either objective or
subjective tinnitus. Objective tinnitus is perceptible by both patient and examiner. Other terms
sometimes used for objective tinnitus are “somatosounds” or “somatic tinnitus” or “somatically
modulated” tinnitus. Subjective tinnitus is perceptible only by the patient yet is not due to a
hallucination. Both forms of tinnitus may or may not be idiopathic. Some investigators have
argued that tinnitus should be classified by origin, either as somatic or neurophysiologic.

In this classification by origin, somatic tinnitus is categorized as tinnitus with an underlying
medical condition that creates internal acoustic mechanical sounds; e.g., the tinnitus has a
vascular, muscular, respiratory, or temporomandibular joint (TMJ) origin.** The sounds
associated with somatic tinnitus (somatosounds) are most commonly pulsatile and may be heard
by an observer either directly or through the use of a stethoscope or microphone. Somatic
tinnitus requires an examination by a physician ear-specialist (e.g., otolaryngologist) who may be
able to identify and treat the underlying condition.** Although serious pathology is rarely a cause
of tinnitus, pulsatile somatic tinnitus, tinnitus in only one ear (unilateral tinnitus), and tinnitus
associated with vertigo require referral to a specialist.'®

In this review, the term subjective idiopathic tinnitus will be used rather than
neurophysiologic tinnitus because it is the term most commonly used in the current literature. As
well, subjective idiopathic tinnitus is the most commonly diagnosed type of tinnitus.* It is
nonpulsatile, most often bilateral (perceived in both ears), and can only be heard by the patient
and not directly observed by a physician, making it difficult to evaluate. Audiological protocols
can be used to match the loudness and pitch of the tinnitus perceived by a patient to external
sounds with known acoustical parameters.*® The “phantom sounds” heard by the patient with this
type of tinnitus are attributed to a disruption in the neurological auditory pathway. With
advances in neuroscience over the last decade, theories have shifted from an emphasis on
peripheral to central auditory system involvement. There has also been a shift from
conceptualizing tinnitus as a primarily auditory problem to be silenced, to considering it to be a
psychological problem with which people can cope.'”™**

Measurement

It is essential to distinguish chronic tinnitus from temporary ear noises that would not be
considered pathological (sudden, unilateral, tonal sounds that typically last for up to a minute
before decaying). If the patient reports a constant or near-constant perception of tinnitus, the
condition is identified as chronic. Typically, chronic tinnitus has a duration of at least 6
months.**

Various measures can be used to evaluate the presence and severity of the tinnitus. There
are at least a dozen validated questionnaires for assessing the impact of tinnitus. Psychological
grading scales can aid in the discrimination between clinically significant and nonsignificant
degrees of tinnitus.*

Visual analog scales (VAS) are well known psychometric measures of subjective attitudes
and characteristics. With a VAS, patients specify their level of agreement to a statement by
indicating a position along a continuous line between two endpoints. The VAS can be used to
assess loudness, pitch, and disturbance of the tinnitus.?” Tinnitus questionnaires contain a series
of questions and patients select a response to each question from the given choices (usually a



graded scale). Questionnaires, such as the Tinnitus Handicap Inventory (THI) and the Tinnitus
Reaction Questionnaire (TRQ), are useful for grading tinnitus severity. However, these and most
other tinnitus questionnaires are limited in that they were not designed nor validated to measure
the effectiveness of tinnitus interventions.?® Such effectiveness is referred to as “responsiveness,
which emphasizes effect sizes, content validity, and response scaling that enables detection of
change.?**® The Tinnitus Functional Index (TFI) is a self-report questionnaire that has
documented validity both for scaling the severity and negative impact of tinnitus and for
measuring treatment-related changes in tinnitus. At this time it has not yet been used to evaluate
comparative effectiveness of treatments.?

Treatment

Following a medical examination, some patients with subjective idiopathic tinnitus may not
receive a recommendation for further treatment, although the practitioner may provide
information and assurance of the benign nature of the phenomenon. The complex relationships
between tinnitus and a range of physical and mental health conditions have complicated the
development and evaluation of intervention strategies. Comorbidities such as hearing loss,
mental health problems, or sleep disorders may modulate the experience of tinnitus and direct
treatment of those conditions may help to alleviate reactions to tinnitus. For cases of subjective
idiopathic tinnitus in which a tinnitus-specific intervention is indicated, there is a wide range of
interventions which can include (but are not limited to) pharmacological/food supplements,
medical interventions, sound technologies, and psychological/behavioral interventions, as
outlined below. These interventions may differ markedly in many dimensions, including the type
of expertise required to deliver the treatment, the size and nature of the caseload being treated,
and the costs associated with the method of delivery. Some interventions may be offered as
programs designed to be cost-effective for large caseloads (e.g., internet CBT), while some may
be extremely costly, individualized treatments suitable for only a small number of candidates and
requiring a sophisticated technology and a high level of expertise on the part of the practitioner
(e.g., cochlear implantation). It is also possible that multiple treatments be provided in
combination or in a progressive approach, depending on the needs of the patient.

Pharmacological/Food Supplement Treatments

Pharmacological Treatments

No drug has been approved by the U.S. Food and Drug Administration (FDA) for treating
tinnitus. However, various pharmacological treatments, including antidepressants, anxiolytics,
vasodilators, and vasoactive substances, and intravenous lidocaine, have been prescribed for
tinnitus.””** See Table 1 for examples. For the most part, these treatments have been indirect
solutions because they focus on tinnitus-associated symptoms, such as depression symptoms,
stress, or sleep disturbance.® However, newer medications that attempt to modulate the central
auditory pathways, such as pramipexole, are being investigated and may have promise for
reducing the perception of tinnitus.®



Table 1. Some pharmacological treatments for tinnitus

Drug Class Agents (Examples)

Antidepressants Tricyclics: amitriptyline, nortriptyline, trimipramine
Selective serotonin-reuptake inhibitors (SSRI): fluoxetine, paroxetine
Other: trazodone

Anxiolytics Alprazolam

Vasodilators/Vasoactive Prostaglandin E1

Substances

Other Lidocaine, gabapentin, Botox”, pramipexole

Abbreviations: Botox = botulinum toxin type A; SSRI = selective serotonin-reuptake inhibitors

Food Supplements

Food supplements, such as Gingko biloba extracts, are also being used by patients with
tinnitus. Extracts from Gingko biloba leaves are a traditional Chinese medicinal treatment used
to increase blood flow, inhibit the platelet-activating factor, alter neuron metabolism, and prevent
free radicals from damaging cell membranes. These improvements, as well as relief from
tinnitus, are claimed by some to be attributed to the chemical compounds flavonoid and
terpenoid, which are found within the Gingko biloba plant.®*

Medical Interventions

Low Level Laser Treatments

Low level laser therapy (LLLT) has been used to treat tinnitus. Various rationales for using
laser therapy have been proposed but not yet validated. It is suggested that laser irradiation can
improve cell proliferation, increase blood flow in the inner ear canal, and activate cellular
activities that repair hair cells.*® A variety of LLLT types have been used in patients and no
specific dose recommendations exist regarding total energy density and method of application.

Temporomandibular Joint Treatment

Tinnitus, vertigo, and otalgia are symptoms that have been linked to temporomandibular joint
(TMJ) disease.* This disease consists of a collection of medical and dental conditions that affect
the TMJ, masticulatory muscles, and/or the adjoining structures, causing pain and tenderness,
most frequently felt in the jaw and the temple but also in the ear and surrounding area.*’
Treatment can range from the use of dental orthotics and self-care instructions to surgery (in
instances where injury to the jaw is the underlying cause).*®

Transcranial Magnetic Stimulation

Transcranial magnetic stimulation (TMS) delivers an electro-magnetic field to the superficial
cerebral cortices modulating the excitability in the area of the cerebral cortex believed to be
associated with tinnitus.* It has been shown to provide tinnitus relief in some cases, however,
the underlying mechanisms of this effect are not yet understood, and no commercial treatment
using this technique is currently available.*

Hyperbaric Oxygen Therapy

Hyperbaric oxygen therapy was reported to aid in the relief of tinnitus associated with sudden
sensorineural hearing loss by improving the oxygen supply to the inner ear.** This therapy,
which is used to treat a variety of medical conditions, requires that the patient sit inside a



pressured chamber containing an atmosphere of 100 percent oxygen, which increases the oxygen
supply to body tissues.

Dietary Modifications

Limiting the intake of high-sodium foods, caffeine, chocolate, and other stimulants and
avoiding refined sugars, artificial sweeteners, saturated and unsaturated fats, and monosodium
glutamate are examples of diet modifications.**** This is not a comprehensive list.

Complementary and Alternative Medicine Therapies

Individuals seeking general information about tinnitus relief on the Internet will find a large
array of complementary and alternative medicine (CAM) approaches proposed to relieve and
even “cure” tinnitus. Numerous therapies that are considered CAM include, but are not limited
to, the use of supplements or herbal remedies (e.g., gingko biloba, feverfew), mind and body
approaches (e.g., meditation), manipulative and body-based practices (e.g., spinal manipulation,
massage), whole body approaches (e.g., Traditional Chinese medicine, Aryuveda) and other non-
allopathic therapies.

Sound Technologies

Hearing Aids, Cochlear Implants, Maskers and Sound Generators

Hearing aids are one option for reducing reactions to tinnitus if the person also has hearing
loss. Hearing aids can increase the overall level of ambient sound delivered to the patient, which
can accomplish the objectives normally targeted for sound therapy. Some hearing aids have
sound generators built in, which can be added to the amplified ambient sound. These devices are
referred to as ‘combination instruments’ and are often considered as an option for patients who
have hearing loss and bothersome tinnitus.*®

Cochlear implants may reduce tinnitus because the tinnitus is masked by improving the
perception of external sounds or through electrical stimulation of the auditory nerve, but until
recently they were considered to be appropriate for use by only a very specific subset of patients
(e.g., people who have bilateral profound sensorineural hearing loss).** Very recently, cochlear
implants have also been used successfully to reduce tinnitus in subjects with single-sided
deafness, although this may be considered to be “off label” use.*™**

Tinnitus masking was developed in the 1970s. The original purpose was to present a
sufficiently intense signal matched to the characteristics of the individual’s tinnitus perception
(e.g., frequency of tone, bandwidth of noise) that would cover up, or “mask,” the patient’s
tinnitus. Currently, the purpose is to use sound to achieve a sense of relief from the stress or
tension caused by tinnitus.” This is done by using ear-level sound generators, which may be
called “maskers,” that generate wideband noise. The word “masking” has created confusion—the
method is now thought of as “sound-based relief.” Sound generators are also available as
stationary tabletop devices. Sound generators (masking devices) have received Class Il approval
from the FDA. However, because they are considered to be “experimental, investigational, or
unproven” therapies,™ they are generally not covered under health insurance plans.>

Neuromonics Tinnitus Treatment
Neuromonics Tinnitus Treatment is a combination of acoustic stimulation with a structured
program of counseling and support by a clinician trained specifically in tinnitus rehabilitation.>



The acoustic component of the treatment is designed to provide “stimulation to auditory
pathways deprived by hearing loss, engage positively with the limbic system, and allow
intermittent, momentary tinnitus perception within a pleasant and relaxing stimulus, thereby
facilitating desensitization to the tinnitus signal.”®® The device with headphones (likened to an
MP3 player in appearance) delivers musical sound customized to the hearing loss of the
individual. The typical treatment program lasts 6 months.

Psychological/Behavioral Treatments

In addition to its association with many physical health problems, tinnitus is also associated
with many clinical and subclinical psychological health problems, both as a cause and
consequence of tinnitus. For example, individuals with tinnitus may experience difficulties with
attention and anxiety symptoms and those who are most distressed by tinnitus may be
psychologically vulnerable.>® Treatments in this category enlist the use of psychological and/or
behavioral interventions to reduce the negative consequences of tinnitus.

Cognitive Behavioral Therapy

Cognitive behavioral therapy (CBT) may effectively increase quality of life and the patient’s
ability to deal with chronic tinnitus by restructuring thought patterns and habituating those
patterns when the patient is reacting to tinnitus.> It is suggested as one of the first
recommendations a general practitioner should make according to the good-practice guidelines
developed by the Department of Health in the United Kingdom.*® CBT encompasses a number of
possible therapeutic procedures, including cognitive and/or behavioral techniques.>” Importantly,
these interventions apply principles of learning and/or cognitive theories of affect, regulation,
and behavior change.®® The overall goal is to change the psychological processes that are
assumed to maintain or exacerbate the distress associated with tinnitus.

Tinnitus Retraining Therapy

Since its proposal in 1990, tinnitus retraining therapy (TRT) has been used to reprogram how
a patient interprets the “tinnitus” sounds by combining sound therapy with directive
counseling.”® A key feature of TRT is that sound is used, but for a different purpose than for
masking. With TRT, sound is not intended to induce a sense of relief, but rather to create a
background of sound to make the tinnitus less noticeable. TRT also involves fairly extensive
counseling, which is based on the “neurophysiological model.”® This model is used to help
patients understand that tinnitus is a meaningless signal. The combination of sound therapy and
counseling with TRT is designed to lead to habituation, such that the patient does not normally
pay attention to the tinnitus and does not react to it when it does come into consciousness.>*
Since TRT depends on both the use of sound and counseling, it spans two main categories of
Psychological/Behavioral or Sound Technologies interventions. For the purposes of the present
review, TRT is a unique sub-category and it has been situated in the Psychological/Behavioral
category because the therapy specifically requires more than just the use of technology. TRT is
most often compared to other treatments situated in the Psychological/Behavioral category rather
than being compared to other technologies. However, one study®® involving TRT was placed in
the Sound Technology category because it did involve a comparison between two technologies,
sound generators and hearing aids, both used with TRT (i.e., the comparison did not pit TRT
against an inactive control or another intervention that differed in terms of TRT itself). Also note
that other interventions categorized as Psychological/Behavioral do not preclude the use of sound



technology; for example individuals with hearing loss would be expected to try hearing aids to
address communication needs whether or not there is an intention for hearing aids to provide
relief from tinnitus.

Biofeedback, Education, and Relaxation Therapies

Biofeedback, education, and relaxation therapies aim to teach the patient to control or
habituate to the perceived ringing and the subsequent distress. Biofeedback treatments are based
on the presumption that the stress caused by tinnitus exaggerates a patient’s discomfort and that
the patient can learn to control stress using biofeedback to monitor it. Biofeedback therapy for
tinnitus involves listening to an audio signal produced by electromyography (EMG) of the
frontalis muscle. EMG uses surface electrodes in the detection of muscle action potentials from
underlying skeletal muscles that initiate muscle contractions.™

Educating patients about their tinnitus has been proposed to improve the management of
tinnitus-related symptoms and the associated discomfort.™ It is especially important that patients
are taught strategies to self-manage their tinnitus. No method currently exists to reduce or
eliminate the sensation of tinnitus, thus patients need to learn how to help themselves for a
potential lifetime of tinnitus management.**

Relaxation therapies also offer strategies to focus the patient’s attention away from the
sound, aiming to psychologically alleviate stress responses to tinnitus.®* Although these therapies
may not eliminate the tinnitus, they aim to improve quality of life through habituation to
decrease consciousness of the noise. Relaxation therapies to address emotional responses to
tinnitus are often combined with CBT.

Progressive Tinnitus Management

Progressive tinnitus management (PTM) is a methodology developed by the Veterans Health
Administration (VHA). The VHA has endorsed PTM as the standard method of treatment at their
medical centers.* PTM uses elements of hearing aids, masking, TRT, and CBT. PTM is a
stepped-care approach, based on education leading to self-efficacy, and it creates a framework
for management that is flexible to accommodate differing requirements of clinicians and
patientssl.l‘“‘"63 A similar progressive stage treatment approach has recently been developed by
others.

Scope and Key Questions

In a rehabilitative context, those with tinnitus are more likely than those without tinnitus to
seek professional help and accept hearing aids, presumably because the combination of tinnitus
and hearing loss increases disability,*® yet typical audiological interventions focus on the
remediation of hearing loss rather than on treatments for tinnitus.* Recent research findings from
cognitive and auditory neuroscience studies have advanced knowledge of the biological
underpinnings of some forms of tinnitus, while findings from clinical psychological studies have
underscored the interactions among the auditory, cognitive, affective, and mental health issues
that must be considered when designing and evaluating interventions to meet the needs of
clinical subpopulations of patients. How some people “live with it” so much better than others is
still not clear. Despite many available and promising treatments, there are no universally
accepted therapies for managing tinnitus.

In 2008, the Tinnitus Research Initiative (TRI) created, and still continues to modify, a
flowchart outlining steps for the diagnosis and management of tinnitus; however, this clinical



protocol has yet to be adopted by any government or agency because the evidentiary base has not
yet been evaluated.®® The usability of the TRI flowchart is limited as it reflects a biomedical
approach: an approach that would be used by medical physicians, but not by providers such as
audiologists or psychologists who implement behavioral methods. Organizations such as the
ATA provide information on a variety of treatment options, but do not endorse or recommend
any specific treatment. In 2009, the Department of Health in the United Kingdom issued the
“Provision of Services for Adults with Tinnitus: A Good Practice Guide™® for the
commissioning of tinnitus services and for managing tinnitus from primary care onwards.®” The
TRI flowchart and the United Kingdom Good Practice Guide reflect current best practices
recommendations. Guidelines are currently not standardized in the United States, although the
efforts and strategies of individual researchers appear in the research literature.**®

As there is no “cure” for tinnitus, the absence of firm guidelines and management strategies
demonstrates the need for further evaluation of current treatment options. This review aims to
explore prognostic factors and strategies for the optimal management of tinnitus and to clarify
the effectiveness of the various tinnitus treatments currently in use and their measurable
outcomes. It also identifies gaps in the existing literature that will inform directions for future
research.

Key Questions and Eligibility Criteria

We identify the eligibility criteria for each Key Question (KQ) by describing inclusion and
exclusion criteria for the population, intervention, comparators, outcomes, timing and setting
(PICOTS).

KQL1. In patients with symptoms of tinnitus (e.g., ringing in the ears,
whooshing sounds, etc.) what is the comparative effectiveness of methods
used to identify patients for further evaluation or treatment?

Population(s)
Adult patients (18 and over) presenting with symptoms of tinnitus.

Interventions

Direct observation or observation of sound with stethoscope; referral to a health professional
with expertise on managing tinnitus (e.g., otolaryngologist, audiologist, neurologist, mental
health professional); administration of scales/or questionnaires to assess severity (e.g., THI,
TRQ, TFI, VAS).

Comparators
Different clinical evaluation methods used to characterize a diagnosis and measure severity
of subjective idiopathic tinnitus.

Outcomes
Final outcome: (1) No treatment; (2) need for specialized treatment (e.g., audiology,
otolaryngology, neurology, mental health care); (3) extent of intervention.

Timing or Followup
No restrictions.



Setting
Primary care; specialty care (audiology, otolaryngology, neurology, mental health care).

Note: For KQ2 and KQ3, adults diagnosed with unilateral and/or pulsatile tinnitus need to be
evaluated for other medical conditions, such as acoustic neuromas. This review will include only
those cases in which a medically serious underlying pathology as the source of the tinnitus has
already been ruled out.

KQ2. In adults with subjective idiopathic (nonpulsatile) tinnitus, what is the
comparative effectiveness (and/or potential harms) of medical/surgical,
sound treatment/technological, or psychological/behavioral interventions,
including combinations of interventions?

Population(s)
Adult patients (18 and over) with a diagnosis of subjective idiopathic (nonpulsatile) tinnitus
who are sufficiently bothered by tinnitus that they seek a treatment intervention.

Interventions
Any treatment/therapy used to reduce/help cope with tinnitus including but not limited to the
following:

Pharmacological and Food Supplement Interventions

e Tricyclic antidepressants (e.g., amitriptyline, nortriptyline, trimipramine)

e Selective serotonin-reuptake inhibitors: fluoxetine and paroxetine

e Other: trazodone; anxiolytics (e.g., alprazolam); vasodilators and vasoactive substances
(e.g., prostaglandin E1); intravenous lidocaine; gabapentin; Botox (botulinum toxin type
A); and pramipexole

e Complementary and alternative medicine (CAM) therapies: Gingko biloba extracts; food
supplements)

Medical Interventions
e Low level laser treatments (LLLT)
TMJ treatment: dental orthotics and self-care; surgery
Transcranial magnetic stimulation (TMS)
Hyperbaric oxygen therapy
Dietary modifications
Complementary and alternative medicine (CAM) therapies that are not food supplements;
acupuncture; diet, lifestyle, and sleep modifications (e.g., caffeine avoidance, exercise)
e Other related interventions that require administration by a clinician

Sound Treatments/Technologies Interventions
e Hearing aids
e Cochlear implants
e Sound generators/maskers (both wearable and stationary)
e Neuromonics



Psychological/Behavioral Interventions

Cognitive behavioral therapy (CBT), coping training, psychotherapy
Tinnitus retraining therapy (TRT)

Biofeedback

Education

Relaxation therapies

e Progressive tinnitus management (PTM)

Combination Therapies
e Any combination of tinnitus interventions (e.g., pharmacological treatment with CBT)

Comparators
Inactive controls (including placebo; no treatment; wait list; sham interventions).
Active controls (including treatment as usual; other intervention/treatments).

Outcomes

Included Outcomes of Benefit
Tinnitus-specific Quality of Life
Sleep disturbance

Anxiety symptoms

Depression symptoms
Subjective loudness

Global Quality of Life

SourwnE

Included Adverse Effects
1. Worsening of tinnitus
2. Sedation
3. Surgical complications
4. All other treatment-emergent adverse effects reported for the various interventions

Excluded
Studies that reported outcomes on a non-numeric scale, such as loudness in decibels (dBs).
No other outcomes were used to exclude studies.

Timing or Followup
No restrictions.

Setting

Primary care; specialty care (audiology, otolaryngology, neurology, and mental health care.
Setting was not used as an exclusion criterion.
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KQ3. For adults with subjective idiopathic tinnitus, what prognostic factors,
patient characteristics, and/or symptom characteristics affect final treatment
outcomes?

Population(s)
Adults (18 and over) with a diagnosis of subjective idiopathic tinnitus sufficiently bothered
by tinnitus that they are seeking a treatment intervention.

Interventions
Any treatment/therapy used to reduce/help/cope with tinnitus including, but not limited to,
those described in KQ2.

Comparators

e Prognostic factors: length of time to treatment after onset, audiological factors (degree
and type of hearing loss, hyperacusis, loudness tolerance, masking criteria, etc.), head
injury, anxiety symptoms, mental health disorders, and duration of tinnitus

e Patient characteristics: age, sex, race, medical or mental health comorbidities,
socioeconomic factors, noise exposure (environmental, recreational and work-related
(including active and past military duty, and occupational hazards)), involvement in
litigation, third-party coverage

e Symptom characteristics: origin/presumed etiology of tinnitus, tinnitus duration since
onset, subcategory of tinnitus, severity of tinnitus

Outcomes

Final Outcomes

Time until improvement

Sleep disturbance
Tinnitus-specific Quality of Life
Anxiety symptoms

Depression symptoms
Subjective loudness

Global Quality of Life

Return to “normal” work

N~ wWNE

Adverse Effects
1. Worsening of tinnitus
2. Sedation
3. Surgical complications
4. Any other treatment-emergent adverse effects.

Timing or Followup
No restrictions.

Setting
Primary care; specialty care (audiology, otolaryngology, neurology, mental health).
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Analytic Framework

Following consultation with key informants, the Agency for Healthcare Research and Quality
(AHRQ) Task Order Officer (TOO), and the investigative team, key research questions were
developed. Figure 1 shows a flow diagram indicating the relationship between research questions
in this Comparative Effectiveness Review (CER). This framework depicts the KQ as outlined in
the PICOTS format (Population(s), Interventions, Comparators, Outcomes, Timing or followup,
and Setting). The PICOTS components for each KQ are provided in full detail in Table 2.

Figure 1. Analytic framework
(KQ3)

Comparative effectiveness of treatment by

Treatment/Intervention
¢ Medical/surgical

prognostic factors, patient characteristics,
and symptoms

interventions

+ Sound
treatment/technologies

+ Psychological/behavioral

interventions (KQ2)

Comparative effectiveness of

Tinnitus treatment interventions

(KQ1)

4|

Comparative
effectiveness of
instruments used to
identify patients for
further evaluation or
treatment

)

Adverse Effects
Worsening of tinnitus
Sedation

Surgical complications

Outcomes

Need for specialized treatment
No treatment

Extent of intervention
Discomfort/distress/annoyance®
Anxiety

Depression

Sleep disturbances

Subjective loudness

Quality of life

Time until improvement
Severityb

*Any studies that used the terms “annoyance” or “distress” to describe their outcomes were included under the category of

“discomfort.”

**The outcome “severity” was added during data extraction. As severity was an outcome reported in 18 of 34 papers, it was

decided that it should not be collapsed into any other outcome category.
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Methods

Topic Refinement

The topic of this report and preliminary Key Questions (KQs) were developed through a
process involving the public, the Scientific Resource Center for the Effective Health Care
program of the Agency for Healthcare Research and Quality (AHRQ), and various stakeholder
groups. The KQs developed as a result of this process were posted on AHRQ’s website for
public comment in October 2012 for 4 weeks and revised as needed. Study, patient, intervention,
eligibility criteria, and outcomes, were refined and agreed upon through discussions between the
McMaster University Evidence-based Practice Center (EPC), the Technical Expert Panel (TEP)
members, the AHRQ Task Order Officer (TOO), and comments received from the public posting
of the Key Questions. (www.effectivehealthcare.ahrg.gov/ehc/products/371/811/
Tinnitus_Protocol_20120222.pdf).

The EPC convened a group of experts in the fields of Tinnitus and systematic review
methods to form the TEP. Members of the TEP provided input to help interpret the KQs guiding
this review, identify important issues, and define parameters for the review of evidence.

Search Strategy

The search was conducted in six databases: MEDLINE®, EMBASE®, Cochrane Central,
PsycINFO®, AMED®, and CINAHL®. These databases were chosen because they represent the
best sources for a broad range of high-quality literature relevant to this topic. In particular,
Embase® seems to index a wider range of audiology journals than MEDLINE®, including
Audiological Medicine. AMED® and CINAHL® have been included because of the inclusion of
complementary and alternative medicine therapies in the interventions considered in this review.

Tinnitus is well indexed in the medical bibliographic databases, and there were few
alternative terms that needed to be included in the search strategy. The search strategy used
combinations of controlled vocabulary (medical subject headings (MeSH®), keywords) and text
words. The search was restricted to human-focused studies (specifically removing those results
that only include animal data), and certain citation types not included in this review were
removed as part of the search (see Appendix A for detailed search strategy by database). The
databases were searched from January 1970 to June 2012. The basic search strategy is listed
below.

Tinnitus/or tinnitus.ti.

animals/not humans/

1not?2

limit 3 to English language

limit 4 to (case reports or comment or editorial or in vitro or interview or letter or
newspaper article or webcasts)

6. 4not5

SAEIE N

Citations meeting this search criteria were downloaded into Reference Manager® 12
(Thomson Reuters, New York, NY) and then imported into a systematic review software
program, DistillerSR (Evidence Partners Inc., Ottawa, Canada), for screening. Once in
DistillerSR, citations were screened in duplicate by trained members of the synthesis team using
the specified eligibility criteria for the review. Articles marked for inclusion by either team
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member proceeded to full text rating, which was also completed independently by two reviewers.
All disagreements were resolved through discussions with the synthesis team, and inclusion
results were reviewed by a third person.

In addition to the electronic database search, review of reference lists of eligible studies at
full text screening was undertaken. Systematic reviews and meta-analyses were separately coded
for retrieval during screening, and the reference lists were reviewed. Any potentially relevant
citations were cross-checked within the citation database. Any references not found within the
database were retrieved, added, and screened at full text.

Grey Literature

Three types of grey literature sources were searched: regulatory agency Web sites, clinical
trial databases, and conference sources. The regulatory information included the U.S Food and
Drug Administration (FDA), Health Canada, and the European Medicines Agency. The clinical
trial databases searched include: clinicaltrials.gov, clinicaltrialsregister.eu, metaRegister of
Current Controlled Trials, Clinical Trial Registries, Clinical Study Results, and World Health
Organization Clinical Trials. Conference papers were searched in the Conference Papers Index
for the last 2 years only. This was to allow for the inclusion of studies that have been presented at
conferences but have not yet had the chance to be published.

In addition, the Web sites of the following tinnitus-related organizations were searched for
additional citations:

e The American Tinnitus Association
The Association for Research in Otolaryngology
American Academy of Audiology
Emory University Tinnitus and Hyperacusis Center
Tinnitus Research Initiative
Deafness Research (United Kingdom)

The Scientific Resource Center also requested the Scientific Information Packages for drugs
and devices and any missing relevant studies were added to the screening process.

Criteria for Inclusion/Exclusion of Studies in the Review

Inclusion and exclusion criteria are based on the eligibility criteria from the PICOTS
identified in Chapter 1, and are summarized below in Table 2. Based on input from the TEP
indicating that the majority of available studies would be published in English-language journals,
non-English-language publications were excluded.®® Included studies were randomized
controlled trials (RCTSs) or observational studies (e.g., cohort, case-control) with true control
groups and provided sufficient detail about methods and results to enable use and aggregation of
the data and results. Meta-analyses and systematic and narrative reviews were excluded, bu