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unidentifiable causative mechanism and poor understanding 
of the pathophysiology result in unclear treatment options 
[3].

To date, two clinical practice guidelines (CPG) for tin-
nitus management (Tunkel DE et al. [4] and RFF Cima et al. 
[5]) are found with favorable recommendations for cogni-
tive behavioral therapy (CBT) and sound therapy in tinnitus. 
There have been some studies on other experimental thera-
pies from pharmacological, medical technology therapies 
(MedTech), or herbal arena with inconclusive evidence. In 
2014, several systematic reviews (SLRs) [6–19] have been 
published with no actionable insights on existing therapeu-
tic options for tinnitus due to poor quality or unavailability 
of data from randomized controlled trials (RCTs). Addi-
tionally, several scoping reviews (ScRs) [20–22] were con-
ducted between 2014 and 2021. But their objective focused 
on standalone therapies and not a holistic analysis of the 
therapeutic landscape. This motivated us to undertake com-
prehensive research.

Introduction

Tinnitus is an intricate field in otorhinolaryngology and has 
remained debatable due to equivocal evidence on therapy. It 
can have several consequences including resulting in anxi-
ety, depression, irritability, sleep cycle disturbances, poor 
concentration, pain and ultimately reducing the quality of 
life (QoL) [1]. In extreme conditions, suicidal ideations 
have also been reported by individuals with tinnitus. Tin-
nitus may manifest as a symptom of underlying neurologi-
cal, infectious, or cardiovascular diseases apart from being a 
side-effect of drugs with reported ototoxicity [2]. However, 
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Abstract
The present scoping review assessed knowledge updates in tinnitus management. We included randomized trials, non-
randomized studies, systematic reviews, meta-analyses, and observational studies in last 5 years on patients with tinnitus 
using Population, Concept, and Context mnemonic. We excluded studies on tinnitus epidemiology, technique-specific 
comparative studies for tinnitus assessment, review articles, or case reports. We used an artificial intelligence-powered 
tool MaiA for overall workflow management. Data charting elements included study identifiers, study design, population, 
interventions used, their outcomes on tinnitus scales, and treatment recommendations if any. Charted data from selected 
sources of evidence was presented using tables and a concept map. We also identified five evidence-based clinical practice 
guidelines (CPGs) [from the United States, Europe, and Japan regions] in our review of total 506 results, 205 underwent 
screening based on eligibility criteria and 38 were included for the final charting. We found three major categories of inter-
ventions in our review: Medical technology therapies; Behavioural/habituation therapies; and Pharmacological, herbal/
complementary, and alternative medicine therapies. Although evidence-based guidelines on tinnitus therapy did not recom-
mend stimulation therapies, majority of the tinnitus research to date is focused on stimulation. It is highly recommended 
that clinicians consider CPGs when making treatment recommendations and make the distinction between established 
management approaches with good evidence and emerging treatment approaches for tinnitus management.
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The objective of our ScR was to study prevalent thera-
pies and evidence-based CPGs for tinnitus management. 
The specific objectives were:

1.	 What are prevalent options for tinnitus treatment and 
management to date?

2.	 What is the status of global evidence-based guidelines 
on tinnitus care?

3.	 What are the evidence-based therapies recommended in 
those guidelines?

Method

We followed Joanna Briggs Institute’s (JBI) methodological 
guidance for ScR [23] and Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA)-ScR 
checklist for this report.

Protocol

We registered this study protocol on Open Science Frame-
work (OSF) after consultation with global subject matter 
experts (SMEs) in the field of audiology and ear, nose, and 
throat (ENT) with experience with tinnitus care. This is 
available on OSF Platform; DOI:https://doi.org/10.17605/
OSF.IO/R8D39.

Eligibility Criteria and Information Sources

Eligible studies for our review were SLRs, meta-analyses 
(MAs), RCTs, and observational studies. We referred to 
per Population, Concept, and Context (PCC) framework 
(Fig. 1) for study selection. Additional filters for our litera-
ture search included publication language “English”, spe-
cies “human”, “free full text”, and timeframe “last 5 years”. 
We excluded review articles, conference abstracts, blogs, 
and technical articles. The detailed study selection process 
is described in the PRISMA-ScR flow diagram (Fig. 2).

Search Strategy

We performed this ScR using an artificial intelligence (AI)-
powered evidence synthesis tool – MaiA using two elec-
tronic biomedical literature databases - PubMed and Google 
Scholar. Two authors (VC and DP) referred to key articles in 
ENT/audiology domain and consulted senior librarians and 
SMEs to develop the list of relevant search terms. This list 
included medical subject headings (MeSH), text words, and 
indexed terms in abstracts from the articles found during 
the preliminary search. The relevant records were retrieved 
using key terms “tinnitus”, “therap*”, “management”, 
“treatment*”, and “outcome*” and boolean operators AND 
and OR. The search strategy is provided in online supple-
mentary material 1. We also handpicked several articles 
from the bibliography of eligible articles and google search 
engine (first 20 pages).

Selection of Source(s) of Evidence

Two independent reviewers (DP and VC) performed the 
screening and selection of retrieved records using MaiA. 
Any discrepancy regarding screening and/or inclusion was 
resolved through consultation with the third reviewer (KK).

Data Charting

A Microsoft (MS)-Excel-based data charting instrument 
was prepared using JBI ScR data extraction template. This 
instrument was vetted and piloted on five random articles 
from the included articles (VC). Following necessary modi-
fications based on the pilot, DP and FS performed the chart-
ing. KK and VC crossverified the charted data with the help 
of source records. Data discrepancies were resolved by 
mutual discussion and/or further adjudication from the third 
reviewer (VM) if needed.

The data charting elements included study type, sample 
size, patient characteristics (age, gender, region, type of 
tinnitus), tinnitus management (pharmacological, non-
pharmacological), study objective (primary and secondary 
if available), study outcome(s) [effect on tinnitus percep-
tion, severity, loudness, hearing loss, QoL, adverse events 
(AEs)], and conclusion remarks/recommendations from the 
study author(s) as applicable. The verified, charted data was 
analyzed and presented using concept map(s) and charts.

Fig. 1  PCC Framework
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Results

Report Characteristics

We retrieved a total of 506 records. After de-duplication and 
screening based on title/abstract, 205 records underwent eli-
gibility-based screening. During the first- and second-level 
screening, 167 records were excluded based on various rea-
sons (84 studies due to no free-full text availability, and 83 

based on the mismatch with PCC), yielding 38 full-length 
studies for inclusion in our review. Further, we included 
five evidence-based guidelines on tinnitus treatment and/
or management from a dedicated literature search in the 
google search engine.

The 38 included studies comprised of 11 SLR/MAs, 21 
interventional clinical trials, 5 observational studies, and 01 
ScR (Fig. 3).

Of 38, 25 studies were based on MedTech or digital 
interventions [6, 7, 10, 12, 13, 18, 19, 24–41], 4 studies on 
behavioral/habituation therapies [15, 42–44], and 9 studies 
assessed pharmacological, herbal, and multimodal therapies 
[45–53]. Detailed distribution on the types of interventions 
is shown in Fig. 4.

Two authors (DP and FS) performed data charting from 
the selected source of evidence focusing on the following 
characteristics: participants, sample size, interventions, 
study origin, type of study, tinnitus measurement tool, and 
efficacy, safety, and/or QoL outcomes.

Fig. 3  Number of included studies based on type of evidence

 

Fig. 2  PRISMA-ScR Flow Diagram
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tinnitus was reported after acoustic therapies and the studies 
provide inconclusive evidence.
Behavioral/Habituation Therapies  Major behavioral/habit-
uation therapies reported in this study were CBT [15, 43, 
44] and tinnitus retraining therapy (TRT) [42]. Apart from 
conventional CBT, mobile-based CBT and internet-based 
CBT were innovative interventions.

CBT was effective with significant results on tinnitus 
intrusiveness and tinnitus severity. It was also effective in 
improving depression-related and mood symptoms of tinni-
tus, insomnia, hearing disability, and hyperacusis. Imputed 
visual analog scale (VAS) score values demonstrated signif-
icant improvement after CBT unlike those with actual VAS 
scores. No AEs were reported in an audiologist-based trial 
using CBT on tinnitus patients [43].

TRT did not show significant improvement in any of the 
tinnitus severity scales [tinnitus questionnaire (TQ), tinni-
tus functional index (TFI), or tinnitus handicap inventory 
(THI)]. However, significant results were observed on a 
long-term basis [42].
Pharmacological, Herbal, and Complementary and Alterna-
tive Medicine (CAM) Interventions  We found nine studies 
on pharmacological (n = 5), herbal (n = 3), and CAM thera-
pies (n = 1) [45–53].

The pharmacological interventions included OTO-313, 
dexamethasone, AUT00063, transdermal lidocaine, and 
nitrous oxide gas. Of these, OTO-313 and intratympanic 
dexamethasone showed significant improvement in mean 
TFI (P < 0.05) at week 4 and 8 and THI at six months 
(P = 0.037). Similarly, after one month post-treatment with 
transdermal lidocaine in a pilot study, significant reduction 
from pre-treatment TFI at 1 month and 3 months was seen 
(P < 0.05) [47]. However, no significant efficacy findings 
were found in the study assessing effect of nitrous oxide 
[52] or AUT00063 [53].

Herbal products reported in three studies to reduce oxida-
tive stress due to tinnitus were Ginkgo Biloba (GB) extract, 
antioxidant supplementation (multivitamin, multimineral, 
phytochemicals, alpha-lipoic acid), and açaí extract. GB 
demonstrated significant improvement in tinnitus loudness 
(P = 0.0021) and annoyance (P = 0.0002). It also reduced 
anxiety with significant reduction in the Hospital Anxiety 
and Depression Scale (HADS) anxiety score from the base-
line abnormal score (P = 0.005). Antioxidant supplementa-
tion significantly decreased tinnitus loudness and maximum 
masking limit (MML) from baseline to post-measure 
(P < 0.001) [46]. Similarly, it also significantly reduced THI 
(P = 0.015) and TFI scores from baseline values (P = 0.410) 
[45].

All of the above interventions were well-tolerated with 
several AEs. However, none of them resulted in any serious 
adverse event, demonstrating a good safety profile.

Key Findings

Population

Our review considered studies with adult patients suffering 
from tinnitus.

Concept

MedTech Therapies  We found ten studies on non-invasive 
stimulation therapies comprised of transcranial direct cur-
rent stimulation (tDCS), repetitive transcranial magnetic 
stimulation (rTMS), trans-electrical nerve stimulation 
(TENS), and/or vagus nerve stimulation (VNS). Of them, 
six studies [6, 7, 12, 13, 24, 28] assessed the effect of r-TMS. 
Active r-TMS was amongst the few effective treatment 
options compared to sham r-TMS with immediate short-
term effects. However, none of the studies demonstrated 
the superiority of any of the r-TMS techniques (including 
variants such as neuronavigation and theta-burst) on long-
term clinical benefits as per self-reported tinnitus severity 
and depression scores. Amongst r-TMS variants studied in 
a network MA, superior results were shown for the tinnitus 
patients who received r-TMS priming compared to those 
who did not receive it [10]. Four [27, 29, 30, 32] studies 
on electrical stimulation showed significant benefits in both 
acute (TENS) and chronic tinnitus management (trans-tym-
panic electrical stimulation and VNS). One study consid-
ered photobimodulation therapy as a comparator [37]. All 
stimulation therapies showed efficacy and safety in tinnitus 
patients on a short-term basis, however, none of the stimula-
tion therapies showed improvement on a long-term basis.

Other MedTech therapies of non-stimulatory nature in our 
review included sound and music therapies [18, 26, 34, 39, 
40], and smartphone applications [41] delivering the acous-
tic therapies, and facilitating capture and signal processing 
of electroencephalogram. No substantial improvement in 

Fig. 4  Number of included studies based on types of interventions
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the evidence gaps and to obtain a bird eye view on any spe-
cific topic. Although several ScRs are available on tinnitus, 
they either focused on individual therapy or had different 
objective(s)/population. To date, there has been only one 
ScR providing an overview about the broader treatment 
and management landscape for tinnitus [22]. However, it 
contained a focused search strategy towards behavioral and 
habit-oriented interventions, limiting the scope of evidence 
synthesis. This limitation was overcome by our broad, 
informed search strategy.

Our preliminary literature search identified five evidence-
based treatment and/or management guidelines for tinnitus 
from Europe (EU), the United States of America (USA), 
and Japan regions [4, 5, 54–56]. However, the only ScR 
exploring tinnitus therapy as a whole did not include any 
of these guidelines. Also, the ScR did not refer to any stan-
dard reporting checklists to ascertain the quality of report-
ing [22]. Our ScR is the first of its kind with AI-powered 
workflow and alignment with evidence-based guidelines to 
date. It was in concordance with the PRISMA-ScR checklist 
2020. For recency of data purposes, we kept the timeframe 
for our literature search from 2017 to 2021 (search date: 
1 Apr 2022). Being a ScR with broad concepts regarding 
study designs, we included SLR and SLR-MA, RCTs, non-
RCTs, and observational studies. However, we did not con-
sider case reports and review articles due to their low level 
of evidence. We limited our search to free- full-text arti-
cles only to promote public accessibility of research. ScR 
by Makar et al. described the interventions with intended 

Figure 5 summarizes the therapeutic potential from indi-
vidual therapies included based on the strength of evidence.
Digital Therapies  Two studies were on internet-based inter-
ventions and both demonstrated the therapeutic potential 
of CBT delivered with added benefits when done under the 
expert guidance of an audiologist [25, 33]. Also, a recent 
trial reported Virtual Reality as an aiding factor to CBT’s 
effectiveness with a reported reduction in tinnitus distress 
[31].
Evidence-Based Clinical Practice Guidelines on Tinnitus 
Treatment and Management  Five evidence-based guide-
lines were included based on our targeted search [4, 5, 
54–56]. Key evidence-based therapies included CBT, sound 
therapy, family physician counselling, personalized ampli-
fication device, and digital approaches to implement CBT. 
Our review did not find any studies exclusively focusing 
on the therapies (such as antidepressants, anticonvulsants, 
and anxiolytics) or therapies which are not recommended in 
the guidelines. However, the majority of studies focused on 
rTMS -indicating a dire need to educate MedTech research-
ers working in the tinnitus space (see Table 1).

Discussion

We performed a ScR to broadly explore the treatment land-
scape for tinnitus patients especially in the last five years 
using an automation tool for synthesizing the tinnitus evi-
dence to date. ScR is an emerging research method to assess 

Fig. 5  Heat map showing effectiveness of therapies included in current ScR
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cognitive effects on tinnitus, including counselling, tinnitus 
masking, TRT, CBT, relaxation, and attention diversion in 
tinnitus patients [22]. Our study provided further updates on 
interventions with broader scope and search strategy, align-
ing our intended purpose and methodology with standard 
ScR guidelines from the JBI.

We included 38 studies and five evidence-based guide-
lines for the treatment and/or management of tinnitus. Our 
ScR found several new therapies than those mentioned in 
included guidelines, indicating recent strides in tinnitus 
research. Collectively, none of the therapies except for CBT 
was found with significant findings with strong recommen-
dations, demonstrating a scope of evaluating methodologi-
cal inconsistencies for the interventions other than CBT.

Compared with guidelines by Tunkel 2014 [4], there 
were six new therapy modalities found in EU guidelines, 
reflecting the evolution in tinnitus research over the period 
of time. Contradictorily, we found majority of studies focus-
ing on interventions related to stimulation therapies and 
acoustic therapies despite no strong recommendations for 
such therapies in both evidence-based guidelines, pointing 
towards the plateaued phase of tinnitus research.

Out of 12 therapy modalities considered in the EU 
guideline, seven presented no recommendation owing to 
the lack of safety, efficacy, or both data. This shows an 
unmet research need and warrants well-designed studies for 
reforming current practice models.

All the included studies were found similar with an 
assessment of tinnitus severity as a primary objective. Also, 
the tools used for the assessment of tinnitus severity and 
associated QoL were found to be consistently used across 
all the studies.

Unfortunately, we could not extract any actionable 
insights from available studies assessing pharmacological, 
CAM, or similar interventions for tinnitus. The possible rea-
son as experienced by many tinnitus researchers could be 
the inherent disease complexity. Given the increasing use of 
AI in proteomics and metabolomics for lead identification, 
we encourage tinnitus researchers to decipher complex tin-
nitus mechanisms and explore new drugs with AI-induced 
target identification or AI-induced frequency modulation. 
We noticed a huge evidence gap in terms of reporting sec-
ondary outcomes i.e., depression, anxiety, and QoL. Only 
ten studies reported improvement/no improvement in QoL, 
rendering the dearth on similar aspects for the rest of the 
interventions.

Although none of the guidelines provides in-depth infor-
mation on the use of digital means to deliver interventions 
for treating or managing tinnitus, our ScR analyzed four 
studies using internet-based or mobile applications-based 
solutions for delivering CBT with promising outcomes, 

Table 1  Overview of guidelines and its comparative analysis with 
report findings
Guideline Name of therapies included Comparative analysis 

with current report 
findings

Tunkel DE, 
et al. [4]

Recommended against
(a) antidepressants, anti-
convulsants, anxiolytics, or 
intratympanic medications
(b) Ginkgo biloba, melato-
nin, zinc, or other dietary 
supplements
(c) TMS
Recommended sound 
therapy
No recommendation for 
acupuncture

(a) No studies specify-
ing antidepressants, 
anticonvulsants, anx-
iolytics, or intratym-
panic medications
(b) Contradictory 
results observed for 
herbal therapies
(c) TMS was effective 
in improving short-
term results
No substantial results 
were observed for 
sound therapies
Acupuncture improved 
tinnitus symptoms

Cima RFF, 
et al. [5]

Weak recommendations 
for drug/pharmacological 
therapies
No or against recommenda-
tions for different types of 
neurostimulations
Recommendations were 
given against herbal and 
no recommendations for 
alternative therapies
No recommendations for 
sound therapy and TRT
Strong recommendations 
for CBT

Contradictory 
results observed for 
neurostimulations
The results for sound 
therapy were in line 
with the guidelines
No studies were 
included for tinnitus 
masking therapy 
(TMT), neuromonics 
approach, and custom-
ized music therapy, 
also the guideline 
showed little benefits 
for these interventions 
in tinnitus treatment
Similar findings for 
CBT

Ogawa K, et 
al. [54]

No recommendations for 
pharmacological therapies
Strong recommendations 
for CBT

Contradicting findings 
observed for pharma-
cological therapies
Similar recommenda-
tions for CBT

NICE 
Guidelines 
[55]

The guideline did not stand 
any recommendation for 
sound, betahistine, and com-
bination therapies, however, 
it does support the stepwise 
management of tinnitus 
management with CBT

Similar findings 
observed for CBT

Wu V, et al. 
[56]

Recommendations for sound 
amplification
Supports treatment with 
pharmacological therapies
Recommendations for TRT, 
and CBT, but showed that 
magnetic stimulation thera-
pies are still in research trials

Pharmacological 
therapies showed 
effective results in the 
improvement of tin-
nitus symptoms

Detailed characteristics charted from the individual sources of evi-
dence can be found in Online Supplementary Material  2.
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informing the future cost-effective tinnitus research espe-
cially post-coronavirus pandemic.

Study Limitations

We did not consider studies evaluating technical parameters 
for MedTech interventions due to the lack of relevant exper-
tise. Secondly, we found no study from the Asia-Pacific 
region, which hampered our findings’ generalizability to the 
Indian context. Thus, the future scope may include a modi-
fied search strategy with the inclusion of surgical therapies 
and technical parameters of MedTech and primary studies 
on tinnitus research from the Asia-Pacific region for deeper 
insights.

Conclusion

Our ScR is the first of its kind in the domain of tinnitus 
research. It provided holistic insights about available thera-
pies for tinnitus treatment and management since the release 
of evidence-based guidelines in the US and thereafter. Con-
sidering the evidence gap between low and middle-income 
countries, otorhinolaryngology professionals and acoustics 
professionals from countries like India are encouraged to 
undertake the large-scale burden of disease studies and 
interventional research on various therapies recommended 
in global CPGs. Given the lack of high-quality efficacy and 
safety data, it would be worthwhile to promote primary 
research with meticulous methods of acoustic technologies 
and stimulation therapies especially those of lesser harm. 
Implementation research focusing on the effectiveness of 
a multidisciplinary approach is highly recommended over 
the assessment of the therapeutic potential of individual 
therapies. Digital interventions for CBT delivery may 
provide newer insights in tinnitus treatment and manage-
ment, however, requiring robust evidence for health system 
integration.
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