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Abstract

Transcranial direct current stimulation (tDCS) can alter cortical excitability, and has been effective

in treating some neurological disorders. This case report describes the use of tDCS in a 13-year-

old female who developed bilateral hearing impairment after brainstem encephalitis when she was

6 years old. Her auditory function was more impaired in her right ear than her left. Anodal

stimulation (1 mA) was applied for 10 min to the left auditory cortex once per day for 4

consecutive days to improve her right ear speech discrimination score. Sustained and significant

improvement in maximum speech discrimination was observed after the four tDCS treatments. To

our knowledge, this is the first case report of improvement in speech discrimination after anodal

stimulation of the auditory cortex. These results encourage further studies investigating the

beneficial effects of tDCS in patients with hearing impairments.
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Introduction

Retrocochlear hearing loss can occur fol-
lowing damage in the brainstem and tem-
poral lobe due to a stroke, brain tumour or
auditory nerve disease. Patients with retro-
cochlear hearing loss characteristically per-
form poorly on speech discrimination
compared with pure tone audiometry.1

Hearing aids and cochlear implants can
improve communication in patients with
hearing impairments;2 however, recovery
of speech discrimination after retrocochlear
hearing loss is challenging, and new treat-
ments are needed.

Transcranial direct current stimulation
(tDCS) is a noninvasive brain stimulation
technique that can alter the excitability of
the human cortex.3 Anodal and cathodal
tDCS increase and decrease cortical excit-
ability respectively,4 and by altering cortical
excitability, motor learning acquisition and
retention can be enhanced.5,6 We report a
patient with bilateral hearing impairment
after brainstem encephalitis, whose speech
discrimination was significantly improved
after anodal tDCS.

Case report

A 13-year-old Japanese girl with no con-
genital disorders and no personal or family
history of hearing impairment developed
brainstem encephalitis at 6 years old. She
recovered without paralysis or movement
disorder, but her bilateral hearing function
was impaired. Magnetic resonance imaging
showed no abnormalities, but an auditory
brainstem response test showed that I-V
waves were not recognized after 105 dB
stimulation of either ear. Pure tone audiom-
etry showed a 40 dB hearing threshold in the
right ear and 20 dB hearing threshold in the
left ear. Maximum speech discrimination
scores were �20% for the right ear and
�50% for the left ear. The patient did not
use hearing aids or have cochlear implants.

Anodal tDCS was performed to improve
the patient’s right ear auditory function. The
protocol was approved by the Ethics
Committee of Tohoku University Hospital
(reference no. 2013-2-40), and the patient
and her parents provided written informed
consent. A three-dimensional navigation
system (BrainsightTM, Rogue Research Inc,
Montreal, QC, Canada) was used to help
localize specific anatomic structures in the
brain to pinpoint the patient’s auditory
cortex. The anode was placed over the left
auditory cortex.

Stimulation (Eldith DC StimulatorTM,
neuroConn GmbH, Ilmenau, Germany)
was applied for 10min (1 mA) with the
anode positioned over the left auditory
cortex and the cathode positioned over the
contralateral supraorbital region. The
patient was instructed to rest during tDCS.
Anodal stimulation of the left auditory
cortex was performed once a day for
4 consecutive days. Pure tone audiometry
and speech audiometry tests were given to
the patient three times (before tDCS, imme-
diately after the first stimulation and 4 days
after the last tDCS session). Pure tone
audiometry materials were used to define
the average hearing threshold, as in previous
studies.7,8 Japanese monosyllabic word lists,
which have been used in previous studies,9,10

were used for the speech discrimination
tests. Maximum speech discrimination was
assessed using analysis of variance
(ANOVA) with repeated measures.
Posthoc analysis was performed with
Bonferroni’s correction.

There were no adverse side-effects during
the course of the study. Figure 1 shows the
maximum speech discrimination after
stimulation. A repeated-measures ANOVA
for maximum speech discrimination in the
right ear showed a significant effect of time
(F [2,4]¼ 13.3; P¼ 0.017). Posthoc testing
revealed that speech discrimination in the
right ear improved immediately after a
single stimulation (P¼ 0.039). This effect
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was still evident 4 days after the fourth tDCS
treatment (P¼ 0.029; Figure 1). In contrast,
there was no significant difference in max-
imum speech discrimination in the left ear.
There were no significant changes in pure
tone audiometry for either ear (right ear:
mean 40.0� 2.2 SD dB before tDCS, 37.5�
1.3 dB immediately after the first session,
42.1� 5.0 dB 4 days after tDCS; left ear:
22.1� 1.4 dB before tDCS, 20.9� 3.6 dB
immediately after the first session, 23.8�
4.3 dB 4 days after tDCS).

Discussion

Anodal tDCS delivered to the primary
auditory cortex on 4 consecutive days
improved speech discrimination in a patient
with hearing impairment. Although studies
have suggested that anodal tDCS can
improve random gap detection test results
in healthy subjects,11 and reduce tinnitus
intensity,12 to our knowledge there have

been no reports of using tDCS to improve
speech audiometry in patients with hearing
impairments.

When anodal tDCS was administered to
the left auditory area, there was no improve-
ment in hearing in the left ear; the dominant
acoustic tract from the left auditory area was
to the right ear, where significant improve-
ment in hearing was observed. This finding
supports the hypothesis that increased audi-
tory cortex excitability elicited by anodal
tDCS might improve auditory function in
the contralateral ear. However, anodal
tDCS improved the patient’s speech dis-
crimination but not their pure tone audiom-
etry scores. As a putative mechanism,
anodal tDCS over the auditory cortex
might improve speech discrimination related
to language function by enhancing activity
in Wernicke’s area adjacent to the auditory
cortex, which is thought to play a role in
understanding speech.13,14 The improve-
ment of auditory function after anodal

Figure 1. Maximum speech discrimination tests in a 13-year-old Japanese girl with bilateral hearing

impairment after brainstem encephalitis conducted after anodal transcranial direct current stimulation (tDCS)

of her left auditory cortex, 1 mA for 10 min once a day for 4 days.

*P< 0.05; repeated-measures analysis of variance.
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tDCS might be consistent with a study in
which anodal tDCS applied over the bilat-
eral auditory cortex improved gap detection
task performance.11 Conversely, anodal
tDCS over the right auditory cortex wor-
sened frequency discrimination and audi-
tory pitch learning in healthy subjects.15,16

Heimrath et al.17 reported that anodal tDCS
over the auditory cortex worsened the gap
detection threshold in healthy control sub-
jects. Although these findings of tDCS
effects are controversial, this may be due to
the use of different stimulation protocols
and evaluation parameters, and the response
to anodal tDCS over the auditory cortex
may depend on an individual’s auditory
ability. Future studies should question
whether the effects of anodal tDCS over the
auditory cortex vary according to the severity
of the patient’s hearing impairment. Such
evaluations might also demonstrate speech
discrimination scores improved in the present
case because the baseline score was worse.

A further important finding in this study
is that the improvement in speech discrim-
ination lasted for 4 days after the final
anodal tDCS intervention. Auditory func-
tion testing immediately after tDCS may
have induced a learning effect. To evaluate
the mechanism of any learning effect
induced by tDCS over the auditory cortex
in more detail, future studies should admin-
ister the auditory task during and immedi-
ately after tDCS.

This patient’s results should be con-
sidered in the context of two major limita-
tions. First, we did not compare anodal
tDCS with sham stimulation, and second,
electrophysiological examinations such as
auditory brainstem response and functional
neuroimaging are needed, to clarify how
tDCS led to an improved hearing function.
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