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ABSTRACT

Background: This study assessed the therapeutic effect of adjunctive bifrontal transcranial
direct current stimulation (tDCS) in patients with tinnitus.

Methods: Forty-four patients who visited our university hospital with a complaint of non-
pulsatile subjective tinnitus in January through December 2016 were enrolled. All patients
received directive counseling and sound therapy, such as a sound generator or hearing aids,
and/or oral clonazepam. Patients who agreed to undergo additional bifrontal tDCS were
classified as the study group (n = 26). For tDCS, 1.5 mA of direct current was applied to the
prefrontal cortex with a 10-20 EEG system for 20 minutes per session.

Results: The Tinnitus Handicap Inventory (THI), Beck Depression Inventory, and Visual
Analog Scale (VAS) scores decreased significantly after treatment (P < 0.001). Patients who
had a moderate or catastrophic handicap were significantly more likely to respond favorably
to bifrontal tDCS (P=0.026). There was no correlation of number of tDCS sessions with
change in the THI or VAS score (P> 0.05). Logistic regression analysis revealed that the initial
THI score was independently associated with improvement in the THI. However, tDCS was
not a significant determinant of recovery.

Conclusion: tDCS can be used as an adjunctive treatment in patients with severe tinnitus.
Although tDCS did not decrease the loudness of tinnitus, it could alleviate the distress
associated with the condition in some patients with a moderate or catastrophic handicap.

Keywords: Adjunctive Bifrontal Transcranial Direct Current Stimulation; Distress; Tinnitus

INTRODUCTION

Tinnitus is a troublesome symptom involving perception of sounds without a source.
Individuals with tinnitus have frequent symptoms that negatively affect quality of life. The
epidemiologic characteristics of tinnitus differ widely from population to population and from
country to country. In Korea, the prevalence of tinnitus was reported to be 19.7% in individuals
aged 12 years or older, with a women predominance.! In the UK, the prevalence was reported
to be 16.9% in the 40-69-year age group.2 A study based on the 1999-2004 National Health
and Nutrition Examination Survey in the US reported that the risk of tinnitus increased with
advancing age and that the majority of individuals with the disorder were in their sixties.3
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Auditory deafferentation is caused by various conditions, including ageing, exposure to
noise, and diseases affecting the middle ear, that may lead to reorganization of the auditory
cortex. Altered tinnitus-related functional connectivity between different regions of the
brain, involvement of non-auditory brain networks, such as perception, salience, and
distress networks, as well as the memory area also play a role in the maintenance of tinnitus.>
Consequently, tinnitus is related to pathologic changes in the brain and is not confined to
peripheral hearing loss.

Various neuromodulation techniques, such as transcranial direct current stimulation
(tDCS) and repetitive transcranial magnetic stimulation (rTMS), have been introduced

for treatment of diverse neurologic disorders, including chronic pain, Parkinson's
disease, stroke, aphasia, multiple sclerosis, epilepsy, Alzheimer's disease, depression,
and tinnitus.67 The stimulation targets most frequently used for tinnitus include not only
the auditory cortex but also the prefrontal cortex and the anterior cingulate cortex. It is
thought that reversal of pathologic neural activity is modulated directly or indirectly in the
functionally connected brain networks.

Bifrontal tDCS uses a weak current of 0.2-2.0 mA and alters the excitability of the cortex;
anodal tDCS increases cortical excitability and cathodal tDCS decreases excitability by
hyperpolarization.6 In a previous study, we demonstrated that about 80% of patients showed
a50% or greater decrease in the Tinnitus Handicap Inventory (THI) score when treated

with tDCS combined with tailor-made notched music training (TMNMT).6 However, not all
patients like TMNMT, which relies on ready availability of preferred music and involves a very
long treatment period. In addition, the small sample size in our previous study limited our
ability to interpret its results.

The aims of the present study were to evaluate the therapeutic effect of bifrontal tDCS for
tinnitus in a large sample size and to determine whether this treatment modality has a role
adjunctive to that of conventional treatment.

METHODS

Patients

Patients who visited the tinnitus clinic at our university hospital between January and
December 2016 complaining of non-pulsatile subjective tinnitus that had persisted for at least
3 months and followed up for longer than one month were screened. The exclusion criteria
were as follows: THI, Beck Depression Inventory (BDI), and Visual Analog Scale (VAS) scores
not obtained or obtained only once; previous tDCS; a history of treatment with other types of
neuromodulation, such as vagus nerve stimulation, transcranial random noise stimulation
(tRNS), or rTMS; and presence of patient factors precluding evaluation of tinnitus, such as
mental retardation, schizophrenia, or low compliance.

Treatment protocols

The patients were divided into a tDCS group and a conventional treatment group. The
conventional treatment group received 2-8 weeks of directive counselling based on the
Jastreboff neurophysiologic model, sound therapy that included a sound generator or hearing
aids, and clonazepam for patients who wished to take medication.

https://doi.org/10.3346/jkms.2019.34.e19 9/8


https://jkms.org

Bifrontal tDCS in Tinnitus

JKMS

https://jkms.org

The tDCS group underwent tDCS in addition to conventional treatment. tDCS was delivered
using a DC-Stimulator Plus (neuroConn GmbH, Ilmenau, Germany). Saline-soaked cathodal
and anodal electrodes (each with an area of 35 cm?) were placed over the F3 and F4 areas,
respectively, in accordance with the 1020 system, in order to stimulate the dorsolateral
prefrontal cortex (DLPFC) bilaterally. The intensity and duration of stimulation were set to
1.5 mA and 20 minutes (a 10-seconds fade-in/fade-out time), respectively.

Follow-up and evaluation of response to treatment

All patients were instructed to visit the hospital at monthly intervals. Responses on the THI,
BDI, and VAS were checked at each visit until the end of treatment. The initial severity of
tinnitus-related distress was classified as slight (THI score 0-16), mild (18-36), moderate
(38-56), severe (58-76), or catastrophic (78-100). Patients with a final improvement in THI
score of > 20 were defined as treatment responders and those with a final improvement of < 20
were considered non-responders.

Statistical analysis

The y? and Fisher's exact tests were used to compare the data between groups and to analyze
trends. The nominal data are presented as the mean, standard deviation, and range unless
otherwise stated. The Shapiro-Wilk test was performed to test the data for normality. The
paired t-test was used to compare the pretreatment and post-treatment THI, BDI, and VAS
scores. Pearson correlation analysis was used to assess the relationship between number of
tDCS sessions and the change in THI Score. All statistical analyses were performed using
SPSS version 25.0 software (IBM Corp., Armonk, NY, USA). A Pvalue < 0.05 was considered
statistically significant.

Ethics statement

This study was performed in accordance with the Declaration of Helsinki and was approved
by the Institutional Review Board (IRB) of Eulji University (EMC IRB 2018-06-010). IRB
granted a waiver of written informed consent for this study.

RESULTS

Patient characteristics

Seventy patients (37 men, 33 women; mean age, 47.81 + 14.1 [range, 18-82] years) were
recruited (Table 1). Forty-four patients had unilateral tinnitus and 26 had bilateral tinnitus.
The mean interval between symptom onset and treatment was 23.94 + 53.93 (range, 3-360)
months; the mean hearing level on the right was 21.97 + 22.00 dB and that on the left was
20.57 +20.03 dB. The initial THI and BDI scores were 47.29 + 24.474 (range, 12-100) and 12.03
+9.92 (range, 0—44), respectively. When the mean interval was classified according to THI
score, it was longest in patients with severe handicap (Table 2). The mean initial VAS tinnitus
loudness score was 4.87 + 2.47. The mean follow-up duration was 8.29 + 9.26 months.

Twenty-six (37.1%) of the 70 patients received 1-6 sessions of tDCS (mean, 1.04 + 1.89) and
the remaining 44 received conventional treatment. There was no significant difference in
age, gender, side affected by tinnitus, history of trauma, onset, or hearing level on either side
between the two study groups. The mean follow-up duration was 10.36 + 11.77 months in the
tDCS group and 6.77 + 7.23 months in the conventional treatment group. The mean initial
THI score was higher in the tDCS group than in the conventional treatment group (57.92 +
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Table 1. Patient characteristics

Variables Total patients Bifrontal tDCS treatment group ~ Conventional treatment group P value
(n=70) (n=26) (n=44)
Age, yr 45+16.4 44 £9.6 50 £15.9 0.072
Gender 0.899
Men 37 (52.9) 14 (53.8) 23 (52.3)
Women 33 (47.1) 12 (46.2) 21 (47.7)
Onset of tinnitus, mon 23.94 + 53.93 26.23 = 45.56 22.59 + 58.77 0.787
Laterality 0.076
Uniltaeral 44 (62.9) 20 (76.9) 24 (54.5)
Bilateral 26 (37.1) 6 (23.1) 20 (45.5)
History of trauma 6 (8.6) 3(1.5) 3(6.8) 0.664
Hearing thresholds, dB
Right 21.97 £ 22.00 26.19 + 25.44 19.48 £19.57 0.220
Left 20.57 = 20.03 18.04 £ 19.57 22.07 +22.33 0.420
Follow-up periods, mon 8.29 +9.26 10.36 = 11.77 6.77 +7.23 0.118
Initial assessment
THI 47.29 + 24.47 57.92 + 22.16 41.00 + 23.81 0.004
BDI 12.03 £9.92 14.48 +11.43 10.64 = 8.79 0.123
Final assessment
THI 28.06 +19.24 29.23 +17.99 27.36 = 20.11 0.698
BDI 9.59 +8.85 9.73 £10.03 9.46 +£7.84 0.919
VAS for loudness 3.7+2.46 415+215 3.43 £2.61 0.238

Data are presented as mean + standard deviation for numerical variables and number (%) for nominal variables.
tDCS = transcranial direct current stimulation, THI = Tinnitus Handicap Inventory, BDI = Beck Depression Inventory, VAS = Visual Analog Scale (0-10).

Table 2. Mean intervals between symptom and treatment according to score for initial THI

Score for THI Total group, mon Bifrontal tDCS treatment group, mon  Conventional treatment group, mon
Slight (THI 0-16) 21.71 £16.44 - 95.17 £ 19.02

Mild (THI 18-36) 12.52 + 5.37 34.25 + 28.68 7.95 +2.67

Moderate (THI 38-56) 17.79 £ 8.39 14.86 + 5.08 20.71 £16.62

Severe (THI 58-76) 44.36 +25.18 39.67 +12.86 59.13 +£ 43.59
Catastrophic (THI 78-100) 30.50 £ 16.64 36.50 + 24.40 18.50 £ 14.07

Data are presented as mean = standard deviation for numerical variables.
THI = Tinnitus Handicap Inventory, tDCS = transcranial direct current stimulation.

22.16 vs. 41 + 23.81; P=0.004). There was no significant between-group difference in the
BDI score (P> 0.05). The VAS score for tinnitus loudness was significantly higher in the tDCS
group than in the conventional treatment group (5.73 + 2.52 vs. 4.36 + 2.314; P=0.024).

Outcomes according to treatment method

Initially, we analyzed all of the enrolled patients' data together, irrespective of study group.
The post-treatment THI and VAS scores indicated a significant reduction in patient distress
and tinnitus loudness (P < 0.001). In total, the final THI score was 28.06 + 19.24 and the
final VAS score was 3.70 + 2.46 (Table 1). The BDI score decreased to 9.59 + 8.85 after
treatment (P = 0.0006). The ¥ test for trend demonstrated that patients with an initial THI score
indicating more severe tinnitus-related distress tended to be treatment responders (P < 0.001).
The percentages of patients with mild to catastrophic handicap who responded to treatment
were 0% (0/7) for slight handicap, 26.1% (6/23) for mild handicap, 50% (7/14) for moderate
handicap, 78.6% (11/14) for severe handicap, and 75% (9/12) for catastrophic handicap.

The final THI scores were then analyzed separately according to treatment group. The change
in the mean THI score was greater in the tDCS group than in the conventional treatment
group (28.69 £ 24.81 vs. 13.63 + 21.59; P=0.010) (Fig. 1). However, there was no significant
between-group difference in the mean BDI score or VAS score after treatment (P> 0.05).
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Fig. 1. Changes in questionnaire scores after treatment. The blue color indicates patients treated with bifrontal
tDCS. The red color indicates patients treated conventionally. The error bars indicate the standard deviation in
each group.

tDCS = transcranial direct current stimulation, BDI = Beck Depression Inventory, THI = Tinnitus Handicap Inventory.
2P < 0.05.

In patients whose final improvement in THI score was > 20, differences were observed according
to the initial degree of tinnitus severity and type of treatment received (P= 0.011; y?). Treatment
responders with initially moderate or catastrophic handicap were more likely to have received
tDCS (Fig. 2); however, treatment responders with initially severe handicap were more likely to
have received conventional treatment. None of the patients in the tDCS group with initially mild
symptoms showed an improvement in THI of > 20. However, there was no significant difference
in the initial severity of tinnitus or type of treatment received in patients whose final THI score
improvement was < 20 (P> 0.05).

Pearson correlation analysis revealed no correlation between change in THI score and

number of tDCS sessions (r = 0.068; P=0.692). Similarly, there was no correlation between
the number of tDCS sessions and the BDI or VAS score for tinnitus loudness (P> 0.05).

THI improvement > 20

B tDCS treatment group W Conventional treatment group

Catastrophic handicap (THI 78-100)

Severe handicap (THI 58-76)

Moderate handicap (THI 38-56)

Mild handicap (THI 18-36) [(eXe)

0 20 40 60 80 100

%

Fig. 2. Proportion of treatment responders in each group according to initial degree of tinnitus handicap.
tDCS = transcranial direct current stimulation, THI = Tinnitus Handicap Inventory.
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Prognostic factors

Conditional logistic regression analysis revealed a positive association of the initial THI score
with an improvement in THI of > 20 (odds ratio [OR], 1.060; 95% confidence interval [CI],
1.031-1.091; P < 0.001) and a negative association with a final THI score < 18 (OR, 0.969; CI,
0.945-0.993; P=0.013). Thus, patients with more severe tinnitus-related distress initially
were classified as responders after treatment but those with lower initial levels of distress
showed better final recovery. Unexpectedly, the regression model did not identify application
of tDCS as an independent prognostic factor for improvement in the THI score.

DISCUSSION

In this study, we found that tinnitus-related distress was alleviated in some patients who were treated
with additional bifrontal tDCS targeting the DLPFC but that application of tDCS was not in itself an
independent prognostic factor. These findings suggest that the therapeutic effect of bifrontal tDCS
may be weak and that the severity of tinnitus-related distress may vary according to involvement

of the DLPFC. It has been reported that the DLPFC plays a role in tinnitus by facilitating auditory
memory and modulating input to the primary auditory cortex, leading to top-down inhibitory
modulation of auditory processing.8,9 The number of tDCS sessions was not correlated with the THI,
BDI, or VAS scores, suggesting the dose-dependent relationship may be limited in bifrontal tDCS.

Previous studies have shown that the results of application of rTMS to both the prefrontal
cortex and the auditory cortex are better than stimulation of the prefrontal cortex or auditory
cortex alone.10:11 Similarly, applying tRNS to the auditory cortex after bifrontal tDCS resulted
in a significant decrease in both tinnitus loudness and tinnitus-related distress.12 A single
session of tRNS applied to the auditory cortex was reported to achieve a significant decrease
in tinnitus loudness and tinnitus-related distress, and multiple tRNS sessions seemed to be
more effective than a single session or use of an alternative method of current stimulation.13
In view of the evidence thus far, a further study is needed to investigate the effects of multi-
site stimulation in conjunction with combined tDCS-tRNS beyond bifrontal tDCS.

In contrast, there was no statistically significant treatment-related difference in the changes
in and final scores for the BDI and VAS. This suggests that bifrontal tDCS may be less able to
control depressive symptoms or reduce the loudness of tinnitus than expected. One research
group has compared the efficacy of tDCS with that of escitalopram, which is one of the most
commonly used serotonin reuptake inhibitors, in patients with major depressive disorder.14
Although results of 22 sessions of tDCS were superior to those of placebo, some patients
developed new-onset mania as well as itching and skin redness; further, escitalopram was
more effective than tDCS in that study. Therefore, medical treatment should be considered
before tDCS in patients with tinnitus and severe depression even though a recent guideline
cautions against routine prescription of antidepressants, anticonvulsants, or anxiolytics.15

Interestingly, all treatment responders who had initially mild tinnitus received conventional
treatment alone. This suggests that bifrontal tDCS has no additional effect in patients with
mild tinnitus-related distress. Moreover, patients who responded to bifrontal tDCS were
more likely to have moderate or catastrophic handicap than severe handicap. We assume that
this finding, although not statistically significant, might reflect the longer duration of severe
handicap than that in the other subgroups. A factor analysis study of rTMS reported that
tinnitus was suppressed in patients with a shorter duration of tinnitus, normal hearing, and

https://doi.org/10.3346/jkms.2019.34.e19 6/8


https://jkms.org

Bifrontal tDCS in Tinnitus

JKMS

https://jkms.org

no sleep disturbance, and suggested that the central auditory network becomes less plastic
over time,16 which supports our assumption. Patients with severe tinnitus-related distress of
short duration may be ideal candidates for neuromodulation.

The location of the surface electrodes is another issue. In order to stimulate the bifrontal
cortex, the electrodes have been traditionally placed in one of two ways, i.e., “left-anode-
right-cathode montage” or “right-anode-left-cathode montage.”” The former montage has
been reported to achieve greater improvement of the depressive symptoms of tinnitus while
the latter montage alleviates anxiety.%17 However, we could not find evidence to support
this concept. High-definition tDCS using a 4 x 1 ring electrode targeting the right DLPFC
has been developed for more precise current delivery.18 A recent study also suggested the
possibility of stimulating the anterior cingulate cortex with high-definition tDCS; this
structure is located deeply and its function is related to emotional experience and tinnitus-
related distress.19,20 A previous study of rTMS demonstrated that preceding mediofrontal
stimulation of the anterior cingulate cortex with a double cone-coil before rTMS to the
auditory cortex achieved better results than conventional rTMS targeting the left DLPFC
and auditory cortex.20 Therefore, future tDCS studies should concentrate on using high-
definition tDCS to stimulate various brain regions more precisely.

This study has several limitations. First, our analysis was based on data derived from a
retrospective medical chart review. Second, not all patients complied with conventional
treatment; for example, some patients refused to accept the sound generator or hearing aids
because of the additional cost involved or because they felt self-conscious when wearing these
devices. Third, more objective tools for assessment of tinnitus, such as radiologic evaluation or
electroencephalography, were not used in this study. Nevertheless, we were able to assess the
clinical importance of bifrontal tDCS by observing the natural course of tinnitus in patients in
this retrospective cohort study. Finally, the number of sessions performed was relatively small.
Nevertheless, some patients who had a higher tinnitus handicap showed a favorable treatment
outcome. Given that tinnitus tends to wax and wane, adjunctive application of bifrontal tDCS at
times when tinnitus is severe would help to alleviate the tinnitus-related distress.

In summary, patients with tinnitus who received conventional treatment plus bifrontal tDCS showed
a significant reduction in THI score but not in VAS tinnitus loudness or BDI scores. In particular,
patients treated with tDCS who initially had moderate or catastrophic handicap were more likely to
show improvement in their THI score. However, application of additional bifrontal tDCS was not
identified as a significant prognostic factor for improvement of the THI score. Bifrontal tDCS can

be used as an adjunctive treatment for severe tinnitus. Although this treatment modality does not
reduce tinnitus loudness, addition of bifrontal tDCS to conventional treatment alleviates the distress
associated with tinnitus in some patients with moderate or catastrophic handicap.
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