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Abstract

Objective: Repetitive transcranial magnetic stimulation (rTMS) is currently

being tested for suppressing the symptoms of subjective chronic primary tinni-

tus, although its effect is controversial. The aim of this randomized double-

blinded controlled trial was to determine the effect of rTMS with unique settings

for tinnitus treatment. Methods: Fifty-three adult patients suffering from

chronic subjective unilateral or bilateral nonpulsatile primary tinnitus for at least

6 months were randomly assigned to rTMS (group 1, n = 20), sham stimulation

(group 2, n = 12), or medicament therapy only (group 3, n = 21). The dorsolat-

eral prefrontal cortex (frequency 25 Hz, 300 pulses, and 80% resting motor

threshold [RMT]) on the left side and primary auditory cortex (1 Hz, 1000

pulses, 110% RMT) were stimulated on both sides in patients in group 1 for 5

consecutive days. The Tinnitus Reaction Questionnaire (TRQ), Tinnitus Handi-

cap Questionnaire (THQ), Tinnitus Handicap Inventory (THI), Beck Depression

Inventory (BDI), pure-tone audiometry with Fowler scoring of hearing loss, and

tinnitus analysis were used to evaluate tinnitus in all patients. Data were

recorded the day the patient was included in the study and at 1- and 6-month

follow-up. Results: The study groups were homogenous. No significant effect of

rTMS was found at 1 or 6 months based on the BDI, THQ, and TRQ scores or

tinnitus masking. There was a significant but clinically irrelevant effect on the

THI score after 1 and 6 months. Interpretation: No significant effect of bilateral

low-frequency rTMS of the primary auditory cortex and high-frequency stimula-

tion of the left dorsolateral prefrontal cortex was demonstrated.

Introduction

Tinnitus is defined as hearing a noise or sound without

any external acoustic stimulation and is a common symp-

tom experienced by approximately 10–15% of the general

population, and 4–5% are severely affected by it.1–3 The

perception of tinnitus causes problems with concentra-

tion, falling asleep, anxiety, and feelings of depression.

Thus, tinnitus can have severe negative implications on

the perceived quality of life.4

Concerning etiology, there is a differentiation between

objective and subjective tinnitus. Objective tinnitus can

be heard by an external observer and is a very rare form

of tinnitus that may be caused by a vascular or muscular

condition.5 In contrast, subjective tinnitus cannot be

heard by an external observer and no acoustic sound

source can be identified. The condition is thought to be

the result of plastic changes and reorganization processes

in the auditory pathway and brain structures, most likely

caused by the deprivation of input.6 Tinnitus is consid-

ered primary if no cause is revealed or secondary if a

cause can be determined, and acute if it lasts less than

6 months or chronic if it lasts longer than 6 months.

Therapy for chronic primary subjective tinnitus is chal-

lenging. Repetitive transcranial magnetic stimulation

(rTMS) is a noninvasive method that can modulate the
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excitability of the brain cortex and is currently being

tested for suppressing the symptoms of tinnitus.7,8 The

use of rTMS in the treatment of tinnitus stems from the

development of models of the central generation and

maintenance of disabling subjective tinnitus. However, in

contrast to the treatment of other brain pathologies,

many uncertainties remain regarding the current rele-

vance of the use of rTMS as a treatment for tinnitus,

especially in the long term.9 Tinnitus reduction was

mainly referred to in earlier studies, which only reached

class III (absence of blinded controlled evaluation), and

was generally described as partial and temporary with

large interindividual variations.9 On the other hand, class

I studies recently showed nonsignificant changes between

active and placebo conditions.10–12

In general, studies exhibit considerable variability.

Many methodological and practical problems remain to

be solved before rTMS therapy can be developed for tin-

nitus in clinical practice. In particular, these problems

concern the method and center(s) of targeting, as well as

the side of stimulation.

The side contralateral to the tinnitus was used as a tar-

get for stimulation or application in the left hemisphere

in most studies.9 However, the auditory pathway ends in

both hemispheres, and no functional changes in the audi-

tory cortex have been found in patients with tinnitus

compared to healthy controls when measuring brain

metabolism.4 In addition, no differences have been found

in studies comparing the effect of stimulation delivered

contralaterally or ipsilaterally to the symptomatic ear.9,13

Despite this, very few studies have used bilateral stimula-

tion.11,14 This is also why mostly only patients with uni-

lateral tinnitus were included.

On the other hand, there is nearly agreement regarding

stimulation frequency. In general, TMS protocols with

<1 Hz frequency are considered inhibitory protocols and

used mostly for the treatment of tinnitus.9 An increasing

amount of data also suggest that the efficacy of rTMS

therapy in tinnitus can be enhanced by stimulating frontal

or prefrontal cortical areas in addition to the tem-

poroparietal cortex.10,15–19 These results are in line with

increased functional connectivity between frontal and

temporal cortical areas in tinnitus patients on imaging.20

The aim of this prospective study was to determine the

effect of rTMS with unique settings on the treatment of

primary subjective nonpulsatile tinnitus. Therefore, the

study was set up as a parallel double-blinded randomized

controlled trial considering that rTMS results from cross-

over studies must be considered with care because patient

blinding may not be adequate (the difference between real

and placebo rTMS could be obvious for a subject under-

going both forms) and carryover effects may exist. A

group treated by medicament therapy alone was also

added to the comparison. There is currently no effective

pharmacological treatment for chronic tinnitus. Therefore,

this group can be considered another placebo group.

We tried to adjust the study setting according to the

most recent data the way we believed rTMS could provide

the maximal effect for tinnitus treatment with an aware-

ness of eventual higher risks of side effects. The generally

acknowledged inhibitory stimulation (1 Hz frequency)

was targeted to the primary auditory cortex bilaterally. In

addition, the stimulatory frequency (25 Hz) was targeted

to the left dorsolateral prefrontal cortex.

Materials and Methods

This randomized double-blinded controlled trial was

approved by the Ethics Committee of the University Hospi-

tal Ostrava and performed in accordance with the Declara-

tion of Helsinki and applicable regulatory requirements

with good clinical practice. The study was registered at

ClinicalTrials.gov under the identifier NCT03425045. Writ-

ten informed consent was obtained from the patients

before initiating any procedure. The study was performed

between March 2015 and May 2017 in a tertiary referral

hospital. All authors reviewed and approved the final

manuscript.

Patients

Adult patients suffering from unilateral or bilateral

chronic subjective nonpulsatile primary tinnitus for at

least 6 months were included in the study. The definition

of tinnitus was based on subjective complaints of noise,

ringing, and/or buzzing with no external source. Exclu-

sion criteria were as follows: head injury or brain surgery,

epilepsy, organic brain lesion, Meniere’s disease or fluctu-

ating hearing loss, cochlear or bone-anchored hearing

device implantation, history of attempted suicide, preg-

nancy, consumption of anticonvulsants or antipsychotic

medication, pacemaker, or previous rTMS.

Randomization and blinding

Using random number generation, patients were assigned

into the rTMS group, sham stimulation group, or

medicament therapy only group. Both the patients and

outcome assessor were blinded to the intervention group

to which the patients belonged. Stimulation was per-

formed in different hospital building by investigator, who

was not in contact with outcome assessor or patients

except for the course of stimulation. Patients receiving

medicament therapy were not blinded.
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Positioning

To achieve optimal coil positioning at the patient’s pri-

mary auditory cortex, image-guided stereotaxy was

performed with the aid of a frameless stereotactic device

using structural imaging data to guide TMS coil place-

ment. The location of the patient’s primary auditory cor-

tex and dorsolateral prefrontal cortex was determined on

Table 1. Characteristics of the study participants.

rTMS group (n = 20) Sham group (n = 12)

Medicament group

(n = 21) P-value

Age (years) 47.9 � 14.31 51.8 � 10.34 60.6 � 15.6 0.1561

Male 13 10 10 0.1202

Female 7 2 11 0.1202

Tinnitus duration (months) 53.4 � 61.89 76.8 � 76.85 36.5 � 30.93 0.4363

Hearing loss 9 6 14 0.3532

Education level Prim. Sec. Ter. Prim. Sec. Ter. Prim. Sec. Ter. 0.2954

6 8 6 4 5 3 13 5 3

Data are given as mean � standard deviation or n. Prim, primary; Sec, secondary; Ter, tertiary.
1Kruskal–Wallis test.
2Pearson’s chi-squared test.
3Analysis of variance.
4Fisher’s exact test.

Table 2. Comparison of improvement in questionnaires’ score and tinnitus masking after 1 and 6 months.

1 month 6 months

Not improved Improved Not improved Improved

N % N % N % N %

BDI rTMS 9 47% 10 53% 10 50% 10 50%

Sham 8 67% 4 33% 7 58% 5 42%

Medicament 13 68% 6 32% 11 52% 10 48%

P = 0.3591 P = 0.9001

THI rTMS 7 37% 12 63% 6 30% 14 70%

Sham 5 42% 7 58% 4 33% 8 67%

Medicament 15 75% 5 25% 15 71% 6 29%

P = 0.0391 P = 0.0161

THQ rTMS 7 37% 12 63% 7 35% 13 65%

Sham 6 50% 6 50% 5 42% 7 58%

Medicament 9 45% 11 55% 12 57% 9 43%

P = 0.7541 P = 0.3481

TRQ rTMS 6 32% 13 68% 6 30% 14 70%

Sham 5 42% 7 58% 4 33% 8 67%

Medicament 12 60% 8 40% 10 48% 11 52%

P = 0.1971 P = 0.4771

Tinnitus masking (right) rTMS 8 67% 4 33% 10 77% 3 23%

Sham 6 86% 1 14% 3 43% 4 57%

Medicament 12 92% 1 8% 12 86% 2 14%

P = 0.2692 P = 0.1492

Tinnitus masking (left) rTMS 14 82% 3 18% 14 82% 3 18%

Sham 7 70% 3 30% 4 40% 6 60%

Medicament 13 72% 5 28% 13 68% 6 32%

P = 0.7402 P = 0.0832

BDI, Beck Depression Inventory; rTMS, repetitive transcranial magnetic stimulation; THI, Tinnitus Handicap Inventory; THQ, Tinnitus Handicap Ques-

tionnaire; TRQ, Tinnitus Reaction Questionnaire.
1Pearson’s chi-squared test.
2Fisher’s exact test.
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a structural T1-weighted magnetic resonance image with

gadolinium contrast that was performed during the diag-

nostic stage (Magnetom Avanto Siemens 1.5-Tesla, Sie-

mens Healthcare GmbH, Erlangen, Germany).

The patients were seated in a desk chair with their chin

in a jaw support and their forehead secured with a band

against a support bar. Using a template, the coil was posi-

tioned above the marked location with the handle point-

ing upwards, perpendicular to the skull. The coil was held

in place against the patient’s head by a mechanical arm.

The location of the targeted cortex was marked with ink

on the scalp, and a neurosurgical marker was placed in

order to identify the spot in the following days. The

patients were provided with ear plugs to minimize the

noise dose and possible residual inhibition.

Stimulation

The DuoMAG XT-100 transcranial magnetic stimulator

(Deymed, Payette, ID, USA) was used for magnetic stim-

ulation. The rTMS was performed with a 70-mm air-

cooled 70BF Butterfly Coil (Deymed). The resting motor

threshold (RMT) was determined in every rTMS patient

on the first day of treatment using a descending staircase

method until the lowest intensity at which 5 of 10 con-

secutive pulses induced a visible twitch in the contralat-

eral hand was reached. For each hemisphere, the

intensity was set according to the motor threshold

obtained for that hemisphere. The dorsolateral prefrontal

cortex (frequency 25 Hz, 300 pulses, and 80% RMT) on

the left side and primary auditory cortex on both sides

(1 Hz, 1000 pulses, and 110% RMT) were stimulated in

every patient for 5 consecutive days. There was no differ-

ence between rTMS group and sham stimulation group.

Every patient received 2300 pulses per session (three

stimulation sites). A 5–10 min break was used to switch

the coil from one position to the other and to allow the

patient to relax. All patients were treated by the same

investigator.

Placebo treatment was performed with a 70-mm 70BFP

Placebo Butterfly Coil (Deymed) replicating the appear-

ance, sound emission, stimulation of superficial tissue

(muscles), and operation of the TMS coil without stimu-

lating the cortical tissue. Motor thresholds were not

determined in placebo patients to prevent them from per-

ceiving the difference between real and placebo TMS, pro-

tecting the blinding. The neuronavigation procedure and

treatment schedule were similar.

Medicament therapy

Medicament therapy consisted of ginkgo biloba extract

EGb 761 once a day for 6 months. No medicament

therapy was given for tinnitus in the rTMS and sham

groups.

Data acquisition

The Tinnitus Reaction Questionnaire (TRQ), Tinnitus

Handicap Questionnaire (THQ), Tinnitus Handicap

Inventory (THI), Beck Depression Inventory (BDI), pure-

tone audiometry with Fowler scoring of hearing loss, and

tinnitus analysis (loudness matching) were used to evalu-

ate tinnitus in all patients. Audiometry and tinnitus anal-

ysis were performed by one audiology assistant trained in

tinnitus analysis and blinded to treatment type. Testing

was performed in a soundproof cabin using a Madsen

Orbiter 922 audiometer (Madsen Ltd., Budapest, Hun-

gary) compliant with ISO 389 standards. Pure-tone

audiometry was performed according to international

standards (ISO 8253-1).

Follow-up

Data were recorded the day patient was included in the

study and during follow-up at 1 and 6 months.

Statistical analysis

Descriptive statistics, such as the arithmetic mean, stan-

dard deviation, and absolute and relative frequency tables,

were used for data processing. Pearson’s chi-squared test,

Fisher’s exact test, Kruskal–Wallis test, and analysis of

variance were used for comparisons among groups. The

statistical tests were assessed using a significance level of

5%. The statistical analysis was performed using Stata 13

software (Stata Corp., College Station, TX, USA). Risk

groups were identified using SPSS Answer Tree 3.1 (IBM

Corp., Armonk, NY, USA).

Results

A total of 56 patients suffering from unilateral or bilateral

chronic subjective nonpulsatile primary tinnitus for at

least 6 months were included in the study (Table 1).

Compliance with follow-up was 94.6%. One patient in

the rTMS group and two patients in sham group were

lost during follow-up and excluded from the study.

Twenty-six patients suffered from unilateral tinnitus and

27 from bilateral tinnitus. Tinnitus was right sided in 34

cases and left sided in 46 cases. No differences were found

among the three intervention groups with regards to aver-

age age, gender distribution, tinnitus duration, hearing

loss, or education level (Table 1).

No significant effect of rTMS was found in the BDI,

THQ, and TRQ scores or tinnitus masking at 1 or
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6 months compared to the sham coil group and medica-

ment therapy only when number of improved patients

was evaluated (Table 2). No significant effect of rTMS

was found in the BDI, THQ, TRQ, and THI scores when

analysis of variance was performed (Figures 1–4, Table 3).

There was significant effect on THI score at 1 and

6 months. Improvement was found after 1 month in 63%

of patients in the rTMS group, 58% of patients in the

sham coil group, and 25% of patients in the medicament

therapy group (P = 0.039). Improvement was also found

after 6 months in 70% of patients in the rTMS group,

67% of patients in the sham coil group, and 29% of

patients in the medicament therapy group (P = 0.016;

Table 2). The effect of therapy was not dependent on

education level at 6 months (Table 4).

In general, treatment was tolerated well. Three patients

experienced temporal side effects from rTMS (all head-

ache) and three patients experienced temporal side effects

from placebo (1 headache, 1 dizziness, and 1 blurred

vision).

Discussion

The parallel double-blinded randomized controlled study

was uniquely set according to the most recent data the

way we believed rTMS could provide the maximal effect

for tinnitus treatment. Although multiple sites stimulation

was performed, a higher risk of side effects was not

reported. However, no significant effect of rTMS was

found at 1 or 6 months based on the BDI, THQ, and

TRQ scores or tinnitus masking in our study. Although a

Figure 1. Change in BDI scores after 1 and 6 months (=positive value

means improvement).

Figure 2. Change in THI scores after 1 and 6 months (=positive value

means improvement).

Figure 3. Change in THQ scores after 1 and 6 months (=positive

value means improvement).

Figure 4. Change in TRQ scores after 1 and 6 months (=positive

value means improvement).
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significant effect of rTMS on THI score was found after 1

and 6 months when number of improved patients was

evaluated, but the effect was nearly the same as with the

sham coil. There was improvement at 1 month in 63%

and 58% of patients in the rTMS and sham groups,

respectively, and the difference was even smaller after

6 months. Improvement was noted in 70% patients in

the rTMS group and 67% in the sham coil group.

Although a positive trend in the THI score may have

been in favor of rTMS, the effect was so small that it

should be considered clinically irrelevant. The biggest dif-

ference in THI score was when both groups were com-

pared to the medicament therapy group, in which only

25% and 29% of patients noted tinnitus improvement,

respectively. The THI is a 25-item self-response

questionnaire with three possible answers (yes, sometimes,

and no) and a score range 0–100. It was developed for

busy clinical practice to quickly quantify the impact of

tinnitus on daily living.21 Therefore, it could be less pre-

cise in scoring tinnitus severity than the more time-con-

suming THQ or TRQ and has been evaluated in other

studies as only a secondary outcome.22 In general, ques-

tionnaires’ scores were very variable at the time of indica-

tion. Therefore, evaluation of number of improved

patients was preferred as main parameter. However, no

significant effect of rTMS was found even if analysis of

variance was performed. Results were very variable among

patients as shown in box plots.

Some studies have suggested that tinnitus of short

duration (<2 years) and normal hearing could be predic-

tors of beneficial treatment outcomes.23–25 However, this

was not confirmed in an analysis of larger samples.26 In

our study, there was no difference between groups in

terms of tinnitus duration or hearing loss. The effect of

therapy could be also dependent on socioeconomic sta-

tus. However, the effect of therapy was not dependent

on education level at 6 months. Result could be influ-

enced by short treatment phase, which belongs among

shorter referred treatment phases. Some authors even

recommend treatment for several weeks.27 However,

number of improved patients is regardless the shorter

treatment phase relatively high in our study. Therefore,

more likely high number of improved patients in sham/

medicament group is an issue from the statistical point

of view.

Table 3. Evaluation of changes in questionnaires’ score after 1 and 6 months (=positive value means tinnitus improvement).

1 month 6 months

N Mean SD Min. Max. N Mean SD Min. Max.

BDI rTMS 19 0.5 4.40 �11 10 20 0.1 5.50 �14 12

Sham 12 �0.6 4.29 �7 8 12 0.0 3.59 �6 6

Medicament 19 �0.4 2.91 �6 7 21 0.3 3.20 �8 7

P = 0.6811 P = 0.97311

THI rTMS 19 4.5 11.72 �14 38 20 9.1 11.85 �12 36

Sham 12 0.2 7.98 �20 10 12 4.3 9.41 �6 30

Medicament 20 �0.7 14.90 �35 50 21 1.4 12.39 �10 50

P = 0.39451 P = 0.11111

THQ rTMS 19 1.5 8.52 �14.8 19.8 20 6.1 12.55 �12.9 25.9

Sham 12 �1.1 8.75 �17.8 16.3 12 2.8 6.34 �10.8 11.9

Medicament 20 0.1 6.23 �11.1 10.3 21 �1.2 11.99 �27 37.1

P = 0.64891 P = 0.12721

TRQ rTMS 19 4.9 7.04 �4 21 20 9.1 11.55 �5 33

Sham 12 1.5 6.69 �7 13 12 4.7 8.24 �10 22

Medicament 20 1.4 6.27 �12 14 21 1.7 8.84 �21 25

P = 0.19641 P = 0.06411

BDI, Beck Depression Inventory; rTMS, repetitive transcranial magnetic stimulation; SD, standard deviation; THI, Tinnitus Handicap Inventory; THQ,

Tinnitus Handicap Questionnaire; TRQ, Tinnitus Reaction Questionnaire.
1One-way analysis of variance for repeated measures.

Table 4. Education level and effect of therapy after 6 months.

Education level

BDI

change

THI

change

THQ

change

TRQ

change

NI I NI I NI I NI I

Primary 13 10 13 10 11 12 8 15

Secondary 10 8 7 11 7 11 6 12

Tertiary 5 7 5 7 6 6 6 6

P-value1 0.677 0.485 0.793 0.606

BDI, Beck Depression Inventory; I, improved; NI, not improved; THI,

Tinnitus Handicap Inventory; THQ, Tinnitus Handicap Questionnaire;

TRQ, Tinnitus Reaction Questionnaire.
1Pearson’s chi-squared test.
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Our results are in agreement with recent analogical

class I studies in which no significant changes between

active and placebo conditions were found.11,24 Even when

additional stimulation targeted left dorsolateral prefrontal

cortex after bilateral primary cortex stimulation, no sig-

nificant changes (except THI score) were found compared

to sham stimulation or medicament therapy only. The

results could be explained physiologically by recently

reported data showing no changes in neural connectivity

following rTMS therapy targeting the left temporal junc-

tion in resting-state functional connectivity on functional

magnetic resonance imaging.28

Further research is necessary to identify better targets

and better stimulation settings before rTMS therapy could

be developed for clinical practice.

Conclusions

This study did not show a significant effect of bilateral

low-frequency rTMS of the primary auditory cortex and

additional high-frequency stimulation of the left dorsolat-

eral prefrontal cortex compared to parallel placebo sham

coil treatment and medicament therapy only. Further

research is necessary to identify better targets and settings

for rTMS treatment in patients with chronic subjective

nonpulsatile primary tinnitus before rTMS therapy can be

developed for clinical practice.
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