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ABSTRACT

Introduction Tinnitus is the awareness of a sound in the
ear or head in the absence of an external source. It affects
around 10%—15% of people. About 20% of people with
tinnitus also experience symptoms such as depression or
anxiety that negatively affect their life. Transcranial direct
current stimulation (tDCS) is a technique involving constant
low-intensity direct current delivered via electrodes on the
head. It is postulated to modulate (suppress or enhance)
neural activity in the region between electrodes. As such, it
represents a potential treatment option for tinnitus, as well
as comorbid depression or anxiety. This systematic review
will estimate the effects of tDCS on outcomes relevant to
tinnitus. In addition, it will determine whether there is any
relationship between stimulation parameters (electrode
montage, current intensity, and length and frequency of
stimulation sessions) and the effect of tDCS on these
outcomes.

Methods and analysis Electronic searches for peer-
reviewed journal articles will be performed in the Cochrane
Register of Studies online (the Cochrane Ear, Nose and
Throat Disorders Group Register and CENTRAL, current
issue), PubMed, EMBASE, CINAHL, LILACS, KoreaMed,
IndMed, PakMediNet, CNKI, AMED, PsycINFO, Web of
Science, ClinicalTrials.gov, ICTRP and Google Scholar
using the following search terms: transcranial Direct
Current Stimulation OR tDCS AND tinnitus OR depression
OR anxiety OR quality of life OR adverse effects OR
neurophys™*.

Searches were not limited by date. Methods are reported
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses Protocols (PRISMA-P).
Randomised controlled trials will be included if they report
at least one of the following outcomes: tinnitus symptom
severity, anxiety or depression as measured by relevant
validated instruments. Where available, data on quality of
life, adverse effects and neurophysiological changes will
also be reviewed. In addition to an analysis of the effect of
each parameter, an analysis will be performed to uncover
any interactions between parameters. Where appropriate,
meta-analyses will be performed.

Ethics and dissemination This systematic review will
make use of secondary data only. As no data will be
obtained from participants directly, ethical approval has
not been sought. No other ethical issues are foreseen.
Findings will be submitted for peer-reviewed publication

,'? Lauren E Gascoyne @,

Strengths and limitations of this study

» This review will provide a meticulous overview of the
existing evidence on the effects of transcranial di-
rect current stimulation (tDCS) on tinnitus symptom
severity, depression and anxiety.

» The protocol allows for the inclusion of all trials in
which the effects of tDCS on any of these outcomes
were measured in people with any health condition,
even if these were not primary outcomes.

» Furthermore, it will be the first systematic review
investigating the relationship between stimulation
parameters (electrode montage, current intensity,
stimulation duration and number of stimulation ses-
sions) and the effects of tDCS.

» This review will only include trials using tDCS, ex-
cluding high-definition tDCS. Therefore, no compar-
isons between neuromodulation techniques will be
conducted.

and presented at academic conferences. The results of this
review will inform future research.
PROSPERO registration number CRD42020185567.

INTRODUCTION

Tinnitusis the perception of sound, commonly
described as a ringing, buzzing or hissing, in
the absence of an external sound source.'
The perceived location of the tinnitus varies,
but most often it is perceived in the ear(s) or
head. It is estimated that between 10% and
15% of adults experience chronic tinnitus
(lasting longer than 3 months), while 20% of
those have clinically significant symptoms.” A
particular association exists between tinnitus
and mood disorders. A recent systematic
review found a high prevalence of depression
in individuals with tinnitus.” In the absence
of a clear mechanism by which tinnitus and
depression interact, the authors proposed
three possible associations: (1) depression
affecting tinnitus, (2) tinnitus predisposing
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its sufferers to depression and (3) tinnitus appearing as
a comorbidity with depression. A subsequent population
study with a large sample (n=21.4million respondents
with tinnitus) which sought to quantify the relationship
between tinnitus, depression and anxiety found further
evidence for this relationship. In this study, 26.1% of
tinnitus sufferers but only 9.2% of controls reported symp-
toms of anxiety in the previous year. A strikingly similar
pattern was observed in depression; 25.6% of tinnitus
sufferers but only 9.1% of controls reported symptoms
of depression. Furthermore, those reporting tinnitus as
a ‘big’ or ‘very big’ problem were more likely to report
anxiety and depression.*

Current clinical management strategies include psycho-
logical interventions—including cognitive-behavioural
therapy—education, sound therapy and combinations
thereof such as tinnitus retraining therapy. However, the
effectiveness of these interventions is variable. Several
experimental treatments for tinnitus have been proposed,
such as pharmacological interventions,” dietary supple-
mentation’ and neuromodulation treatments.'"” One
experimental treatment in the last category is transcra-
nial direct current stimulation (tDCS), a neuromodu-
lation technique that involves the application of a weak
electrical current (0.5-2 mA) to the cortex via electrodes
applied to the scalp. The key mechanism involved is the
subthreshold modulation of neuronal membrane poten-
tials. This mechanism leads to changes in cortical excit-
ability and neuronal activity.'' Rather than induce neural
activity directly, tDCS is thought to increase or decrease
the likelihood of action potentials in a neural popula-
tion, through this change in excitability. Investigators of
many disorders which are at least partially underpinned
by abnormal neurophysiological states have used tDCS
both as a tool to better understand these disorders and as
a potential treatment. The treatment rationale is that, if
maladaptive neural activity can be inhibited and normal
activity restored, this may result in an improvement of
symptoms, particularly if this leads to long-lasting neuro-
plastic changes.'* "

tDCS has most extensively been used for depression
(for reviews, see previous works'>™"%). Major depressive
disorder is usually accompanied by changes in cortical
excitability which are thought to reflect dysfunction at
the cortical and subcortical level.'® As tDCS is understood
to cause changes in cortical excitability, many studies
on tDCS and depression investigate whether this can be
used to alter depression-related non-typical excitability
in a way that ameliorates the symptoms of depression.
Studies primarily interested in other conditions some-
times include a measure of generalised depression as
the disorder being investigated may lead to symptoms
of depression (eg, see previous works'’ '®). Anxiety is
another condition for which tDCS has been investigated
as a possible treatment.'? Similar to depression, anxiety
disorders are accompanied by an abnormal neurophysio-
logical state. The use of tDCS for anxiety similarly targets
cortical excitability, with the aim of reducing symptoms.

Ultimately, the goal of any intervention to improve
symptoms is to bring about an improvement in patients’
quality of life. Therefore, some tDCS studies include a
measure of general or health-related quality of life (for
an example, see previous work™). If tDCS is effective in
improving quality of life, this would likely be a result of
the change in symptom severity resulting from the tDCS,
rather than being a direct result of the stimulation.

Given the putative mechanisms of tDCS, a measure
of neurophysiological change associated with the appli-
cation of tDCS is of interest. Such a measure can shed
further light on the neurophysiological underpinnings of
any significant effect on outcomes. Neurophysiological
measures such as magnetoencephalography (MEG) and
electroencephalography (EEG) have been used to inves-
tigate neurophysiological change brought about by tDCS.
Neurophysiological measures may provide insights into
the effects of tDCS on particular outcomes, or the mech-
anisms of these effects.?! For this reason, it has become
increasingly common for a measure of neurophysiolog-
ical change to be included in tDCS studies.

Adverse effects of tDCS are relevant to any use of the
technique as safety and tolerability may affect the feasi-
bility of its clinical application. Known adverse effects of
tDCS include a tingling, burning or itching sensation,
and redness of the skin at the stimulation sites. Studies
typically report no adverse effects at all, or report mild,
transient adverse effects, although there may be selective
reporting. A systematic review of the reporting and assess-
ment of adverse effects in tDCS studies found that of the
209 studies included, only 56% reported the presence or
absence of adverse effects.” It is vital for clinical studies to
report adverse effects as the feasibility of tDCS as an inter-
vention for any condition depends on it being safe and
well-tolerated by patients. For this reason, investigating
the effects of stimulation parameters such as electrode
montage, current intensity, stimulation duration and the
number of stimulation sessions on safety and tolerability
is just as important as investigating the effect of these
parameters on effectiveness.

Across studies of tDCS for tinnitus, stimulation param-
eters used (such as electrode montage, current intensity,
duration and frequency of stimulation sessions) vary
widely. Currently, there is no consensus on the optimal
setup for improvements in tinnitus symptom severity.
Nevertheless, there is emerging evidence for the effec-
tiveness of tDCS for tinnitus. For instance, one review
and meta-analysis concluded that while limited evidence
was available, active tDCS was associated with a better
treatment outcome than sham.” The existing evidence
suggests that differences in stimulation parameters can
lead to different outcomes. Anodal tDCS over the left
temporoparietal area with the cathode over the contra-
lateral frontal scalp has been observed to result in a tran-
sient suppression of tinnitus in some participants.** *
There is also some evidence of a polarity-specific effect
on tinnitus loudness suppression when the auditory
cortex is targeted.”® A trial investigating the effect of
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multiple sessions of tDCS over the left temporoparietal
area, however, found no effect on tinnitus symptoms.?’
Another configuration, bifrontal tDCS, targets the dorso-
lateral prefrontal cortex (with the anodal electrode over
EEG 10-20 location F3 and the cathodal over F4, or vice
versa) and has been shown to result in temporary suppres-
sion of tinnitus perception and tinnitus distress.™* A
trial comparing electrode montages targeting the left
temporoparietal area and the dorsolateral prefrontal
cortex (as well as an HD-tDCS set-up) found similar clin-
ical outcomes for each configuration.” There is also
emerging evidence of an improvement in tinnitus symp-
toms following multiple sessions of bifrontal tDCS for
tinnitus: one study found that an increase in the number
of sessions—up to six, after which a plateau occurred—
led to a reduction in tinnitus loudness.”® Two randomised
controlled trials (RCTs) have found a significant bene-
ficial effect on tinnitus symptom severity.”” *® This effect
was not observed in isolation; however, improvements in
depression and anxiety were also found in one of these
trials.”’

In terms of neurophysiological change (ie, change
in function as measured by EEG or MEG), a recent
randomised clinical trial combined tDCS and EEG and
reported an improvement in tinnitus symptoms as well
as a modulation of cortical electrical activity. Tinnitus
annoyance and severity were significantly improved and
a correlated decrease in beta, theta and alpha frequency
oscillations were observed. Standardised low-resolution
brain electromagnetic tomography (sLORETA) impli-
cated the frontal, temporoparietal and limbic regions
in these changes in frequency bands. Improvements in
tinnitus severity and annoyance were associated with
decreased beta and theta EEG frequency bands while
participants’ eyes were open, and decreased alpha
frequency when they were closed. Changes in frequency
bands in the frontal, temporoparietal and limbic regions
were found using sSLORETA and negative correlations
were observed between baseline EEG frequency bands
and tDCS-induced change in tinnitus annoyance and
severity.”” MEG has also been used to investigate oscilla-
tory neural activity in tinnitus. One prominent finding
from MEG studies of tinnitus is a possible association
between slow-wave oscillatory activity and tinnitus.*” *!
One mechanism by which tDCS might therefore affect
tinnitus symptoms is by interacting with the oscillatory
activity associated with tinnitus.

This systematic review will assess the effects of tDCS on
tinnitus symptom severity, depression and anxiety. Where
reported, we will also assess the effects of tDCS on quality
of life and neurophysiological change, and associated
adverse effects. The relationship between stimulation
parameters and these effects will also be reviewed.

METHODS AND ANALYSES
This protocol is reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses

Protocols (PRISMA-P)*? and has been registered on
PROSPERO (registration number: CRD42020185567).

Databases and search strategy

Electronic searches for peerreviewed journal articles
will be performed in the Cochrane Register of Studies
online (the Cochrane Ear, Nose and Throat Disorders
Group Register and CENTRAL, current issue), PubMed,
EMBASE, CINAHL, LILACS, KoreaMed, IndMed,
PakMediNet, CNKI, AMED, PsycINFO, Web of Science,
ClinicalTrials.gov, ICTRP and Google Scholar using the
following search terms: transcranial Direct Current Stim-
ulation OR tDCS AND tinnitus OR depression OR anxiety
OR quality of life OR adverse effects OR neurophys®.

An example of the full search strategy as used when
searching PubMed can be found in online supplemental
information file 1.

The reference lists of identified publications will
be hand-searched for additional records. In addition,
PubMed, TRIPdatabase, The Cochrane Library and
Google will be searched to retrieve published system-
atic reviews relevant to this systematic review, so that
their reference lists can be hand-searched for additional
records. Searches were not limited by date.

ELIGIBILITY CRITERIA

Published or in press peerreviewed journal articles
reporting RCTs or cross-over trials (eligible if data from
before the crossover can be extracted, to avoid the poten-
tial for a carry-over phenomenon) will be included. Only
records available in English will be included, as there
are no resources available for translation. There will
be no restriction on year of publication or publication
status. Study authors may be contacted for clarification
or to request data where trial reports are incomplete
or not available. Inclusion criteria have been specified
according to PICO (Participants, Intervention, Compar-
ator, Outcome(s)).

Participants
Participants are 18 years of age or older, with any health
condition.

Intervention

At least one session of tDCS using any electrode montage
and any stimulation parameters. Studies where the inter-
vention was high definition tDCS will be excluded.

Comparator
Sham (placebo) tDCS, no intervention, waiting list
control.

Primary outcomes

» Tinnitus symptom severity, as measured by the global
score on a multi-item tinnitus questionnaire or visual
analogue scales.

» Generalised anxiety, as measured by the validated
instrument.
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» Generalised depression, as measured by the validated
instrument.

Secondary outcomes

Where available, data on the following outcomes will also

be extracted and analysed.

» Quality of life.

» Adverse effects.

» Neurophysiological changes (as measured, eg, with
EEG or MEG).

Screening

BL, MS, DH and LG will screen all studies retrieved to
determine their eligibility for inclusion based on infor-
mation from the title and abstract, with each record being
screened by two authors independently. Included records
will then be screened based on full text. Again, each
record will be screened by two authors independently.
Any disagreements between authors will be discussed
until a consensus is reached, with a third author arbi-
trating if necessary.

Data extraction

BL, MS, DH and LG will extract data using a purpose-
fully designed data extraction form, with all data being
extracted by two authors independently. The data
extraction form will be piloted on a subset of articles and
revised if required before formal data extraction begins.
After data extraction is complete, the data extracted by
each author will be compared for accuracy and consis-
tency. Any discrepancies between authors will be discussed
until a consensus is reached, with a third author arbi-
trating if necessary.

Information to be extracted will include trial design,
setting, methods of randomisation and blinding, power,
inclusion and exclusion criteria, stimulation parameters
(electrode montage, current intensity, stimulation dura-
tion and number of stimulation sessions) and control,
treatment fidelity, type and duration of follow-up, and
outcome measures and statistical tests; baseline charac-
teristics of participants (demographic information, data
on the primary and secondary outcome measures), attri-
tion or exclusion, dropout rates, adverse effects, outcome
group mean and SD at pre-intervention and post-inter-
vention and follow-up, statistical tests and results of
between-group comparisons.

The authors will be contacted where further infor-
mation is required that is not contained within the trial
publication or in an accessible database. If not reported
or provided by the authors, SD will be estimated using
the available data such as SEs, CIs, p and t values. Where
data are only available in graph form, authors will
approximate numerical data using semiautomatic soft-
ware developed for this purpose (https://automeris.io/
WebPlotDigitizer/).

Quality assessment
Two authors will independently assess risk of bias
of the included RCTs, with the following taken into

consideration, as guided by the Cochrane Handbook for
Systematic Reviews of Interventions*:

Sequence generation.

Allocation concealment.

Blinding.

Incomplete outcome data.

Selective outcome reporting.

Other sources of bias.
Disagreements between authors will be discussed until
a consensus is reached, with a third author arbitrating if
necessary.

VVyVYVYVYY

Descriptive analysis and meta-analysis

Data synthesis

Data synthesis will be performed using RevMan V.5.4.
Outcomes will be analysed separately. If more than one
study is identified for a given outcome, and if combining
studies is appropriate, meta-analyses will be performed.
If not, a narrative synthesis will be conducted. Data from
RCTs will be pooled using a fixed-effect model, except
when heterogeneity of aggregated effect sizes is found.
This will be calculated using Cochran’s Q) statistic (x” test
with K-1 degrees of freedom, with K being the number of
studies) and the I statistic (with percentages of approxi-
mately 25%, 50% and 75% of I’ being interpreted as low,
medium and high heterogeneity, respectively).” Dichot-
omous data will be pooled using the RR measure, while
continuous data will be pooled using the standardised
mean difference measure, if more than one tool is used to
measure the same outcome. The psychometric properties
of questionnaires will be considered with regard to their
suitability for pooling. Data will only be included from
multi-item questionnaires that show similar responsive-

144

ness and can be assumed to measure the same underlying
construct (high convergent validity) as other multi-item
questionnaires for the same outcome. The authors will
independently examine the information available for
each instrument, and categorise the instruments for
potential inclusion in meta-analyses. Risk of bias will be
assessed using the Cochrane Collaboration’s tool for
assessing risk of bias.”* Studies assessed as having a high
risk of bias will be excluded.

Sensitivity analyses

Studies included in the review will be further anal-
ysed according to the parameters they used (electrode
montage, current intensity, stimulation duration and
number of stimulation sessions). This will allow us to
examine whether the effects of the stimulation is affected
by these parameters.

Patient and public involvement

This review is part of a PhD project which has been
reviewed by the National Institute for Health Research
Nottingham Biomedical Research Centre Patient and
Public Involvement group.

Amendments
None to date.
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Dissemination

Registered information will be updated as the review
progresses. On completion, this review will be submitted
for publication in a peer-reviewed journal and presented
at national and international scientific conferences.

DISCUSSION

While tDCS may represent a promising treatment
approach for tinnitus, there are many uncertainties and
confounds that need to be untangled. Beneficial effects
on tDCS on tinnitus symptom severity are often observed
alongside improvements in depression and anxiety.” The
exact relationship between these outcomes is unclear.
This review will assess the effects of tDCS on outcomes
relevant for tinnitus, including tinnitus symptom severity,
depression and anxiety. Where available, data on quality of
life, neurophysiology and adverse effects will be collated.
It will also determine from the existing evidence whether
electrode montage, current intensity, stimulation dura-
tion and the number of stimulation sessions affect the
effects of tDCS on these outcomes. Together, these anal-
yses will inform hypotheses on what tDCS protocol is likely
effective for tinnitus and/or common tinnitus-related
symptoms. The main strength of this review lies in its
scope. In addition to including tinnitus symptom severity,
depression and anxiety, the inclusion of neurophysiolog-
ical change will allow for insight into whether there is
evidence for an underlying mechanism. The inclusion of
measures of adverse effects will allow for the assessment
of safety and tolerability of tDCS as a potential treatment
for tinnitus, and of whether safety and tolerability differs
depending on different parameters used. Furthermore,
the inclusion of RCTs investigating any health condi-
tion means that data on the effects of tDCS on tinnitus
symptom severity, depression and anxiety that have previ-
ously been excluded from different reviews because of
their focus on a specific condition will now be included
in a single review, resulting in a more complete overview
of the existing evidence. This review will also assess the
effects of particular parameters on the efficacy of tDCS
for tinnitus and tinnitus-related outcomes. Depending
on the findings of the review, this evidence could form a
solid basis for the design of future clinical trials, in partic-
ular development of the stimulation protocol optimised
for tinnitus.
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