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There are limited treatment options for successful management of tinnitus, which is highly prevalent worldwide. The pathogenetic role of audi-
tory cortex activation changes in tinnitus has been reported by various functional studies that suggest that the emerging neuromodulation tech-
niques may pave way toward better treatment response. The current case report depicts the use of functional near-infrared spectroscopy (fNIRS)
based on the assessment of improvement in auditory cortex functioning in chronic tinnitus by transcranial direct current stimulation (tDCS).
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INTRODUCTION

Tinnitus is a highly prevalent condition with no well-defined etiology 2. Its association with many forms of peripheral ear pathol-
ogy, hearing loss, retrocochlear lesions, head and neck injury, dental and temporomandibular joint dysfunction, and drug toxicity
leading to aberrant neural activity within the central auditory circuits is supported by the persistence of phantom sound perception
following auditory nerve transection 2.

Functional changes in auditory cortex activity have been revealed in tinnitus using various imaging modalities, such as high-res-
olution electroencephalography and magnetoencephalography ® #. Positron-emission tomography studies report an increased
activity in the primary auditory cortex, unilateral left-sided or bilateral *¢. Sound-evoked functional magnetic resonance imaging
(fMRI) studies also showed an increased activity in the auditory cortex " or asymmetric activity ®. Few resting state fMRI studies
have reported an increased coherent activity of the auditory areas. There are also fMRI studies reporting no changes in the auditory
cortex 2, Very few studies have utilized the newer modality of optical imaging, i.e., functional near-infrared spectroscopy (fNIRS),
for assessing brain hemodynamic activity in tinnitus '3,

With no respite offered by pharmacological therapies, there is an emerging literature suggesting the beneficial effects of neuro-
modulation therapies in tinnitus % 7). Transcranial direct current stimulation (tDCS) is a non-invasive focal neurostimulation tech-
nique that involves the application of a low-intensity electric current utilizing surface electrodes for modulating the underlying
cortical excitability by shifts in the resting membrane potential (depolarization and hyperpolarization) '®. The potential beneficial
effects of tDCS have been reported in the literature ',

The current case reports the changes in functional cortical activity as assessed by fNIRS in a patient suffering from tinnitus managed
by tDCS.

CASE PRESENTATION

Mr. R, a 28-year-old right-handed married man, educated up to higher secondary with well-adjusted premorbid personality with no fam-
ily history of psychiatric or neurological illness, and working at a petrol pump, reported having progressively increasing symptoms of
insidious onset since the last 5 years in which there was a slow onset diminution of hearing (right more than left) not associated with any
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form of trauma, fever, discharge from the ear, fluid or wax collection, ear
pain, dizziness, or gait instability. He did not have any history of diabetes,
hypertension, hypothyroidism, seizure, any neurological illness, or any
form of surgical intervention. During the initial 3 years, he was working
normally with less interference in his everyday functioning even with
hearing impairment. Over the last 2 years, he also started to have ring-
ing in his ear, which gradually increased over 2-3 months. Ringing was
continuous and more prominent in his right than in his left ear. Ring-
ing would interfere with his work and interaction with people. It would
increase in a noisy environment and when he would speak in a louder
tone. However, it did not interfere with his sleep.

Thereafter, the patient sought treatment at the Department of Oto-
rhinolaryngology where the initial work-up was done, finding no
abnormalities in general physical and systemic examination and
blood investigations, such as complete blood count, liver function
test, renal function test, random blood sugar, thyroid profile, lipid
profile, human immunodeficiency virus, hepatitis B surface antigen,
anti-hepatitis C virus, antinuclear antibody, antineutrophil cytoplas-
mic antibodies, anti-double stranded DNA, and rheumatoid factor,
followed by imaging studies. Tuning fork tests revealed conduction
of sound to the left ear with no other abnormality. Pure tone audiom-
etry revealed profound sensory neural hearing loss (>100 dB) in the
right ear and mild conductive hearing loss in the left ear (Figure 1).
MRI brain scan specifically focusing on the inner ear along with the
temporal bone revealed no abnormality.

Over the next one and a half year, the patient was treated with multi-
ple pharmacological approaches (gabapentin 600 mg (Gabalept; Mi-
cro Labs Ltd., Bangalore, India), amitriptyline 25 mg (Amitone; Intas
Pharmaceuticals, Ahmedabad, India), antibiotic course, prednisolone
up to 40 mg (Predcip; Cipla, Mumbai, India), and multivitamins) with
no benefit and was thus referred to the Brain Stimulation Clinic, De-
partment of Psychiatry. Since there was no improvement on med-
ications, the patient had not been taking any medications from 2
months and was planned for tDCS. Tinnitus Handicap Inventory (THI)
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Figure 1. Pure tone audiogram of the patient.

score was 60 (severe) at baseline. The patient was also planned for
assessment over fNIRS before and after tDCS. Written informed con-
sent was obtained from the patient for publication of this case study.

fNIRS Experiment

The patient was assessed over fNIRS using an auditory task for as-
sessing sound-evoked auditory cortex activity before initiating tDCS.
The hemodynamic changes were obtained from the optical chang-
es collected using a continuous-wave fNIRS system (NIRScout 8x8;
NIRx Medizintechnik GmbH, Berlin, Germany). The system consisted
of 8 light-emitting diode illumination sources (760 and 850 nm) and
8 fiber optic detectors placed on the region(s) of interest of the mea-
suring cap (International 10-5 system) covering bilateral temporal
cortical areas. The interoptode distances for channels (i.e., source-de-
tector pairs) were kept at approximately 30 mm to guarantee an op-
timal balance between signal-to-noise ratio and cortical sensitivity
19, The sampling rate for experiment was 15.625 Hz. The source-de-
tector configuration used in the experiment is depicted in Figure 2.

In the auditory task, 6 blocks were presented comprising 12 trials in each
block. Each trial consisted of a sound presented for 3 s, followed by 3
s of silence. A fixation cross was presented in the middle of the screen
throughout the whole session. The patient was instructed to fixate on
the cross the entire time during the session and press a button at the
start of the stimulus to indicate the quickness of response to the sound.
The patient received training prior to the actual data recording, and the
training was repeated until he was 100% correct with button pressing.

All auditory stimuli were created using PRAAT 5.0.43 2% and presented
using the SuperLab version 4.5.1 (Cedrus, CA, USA). A Phillips head-

Figure 2. Configuration of channels (purple line) between source (S 1-8) and
detector (D 1-8) pairs over the right and left cortical hemispheres. There are 8
detectors and 8 sources (at positions corresponding to the International 10-20
system), resulting in 10 channels per hemisphere overlying the auditory cortex.
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Figure 3. Changes in sound-evoked activity as indicated by brain oxygenation over the left and right cortical areas before tDCS (upper) and after tDCS (lower) corre-

sponding to the overlying fNIRS channels.

phone was used to deliver the stimuli. The patient’s responses were
registered by using a compatible RB-844 response pad attached to
the Cedrus StimTracker (Cedrus) connected to the fNIRS system.

tDCS Protocol

Stimulation via tDCS was delivered by a constant-current battery-op-
erated stimulator unit (HDC Kit; Magstim, Whitland, UK) via two
electrodes in conductive silicone (5x5 cm?) kept under the sponge
holding bag of plant cellulose (6x7.5 cm?) soaked in a saline solution
(NaCl 0.9%). The tDCS protocol included the placement of cathode at
TP4 and anode at F4, delivering a current of 2 mA for 20 min with a
ramp of 30 s, providing a total of 20 sessions at a rate of 2 sessions/
day with an intersession interval of 3 h.

The patient reported a subjective symptomatic improvement of 40%-
50% with a reduction of THI score to 26 after the completion of tDCS
sessions. A repeat fNIRS assessment was conducted with the same
baseline auditory experiment. The fNIRS data analysis was conducted
using nirsLAB 17.06 (NIRx Medizintechnik GmbH, Berlin, Germany).
There was a higher area of cortical activation observed for oxyhemo-
globin (HbO) concentration bilaterally after tDCS than baseline, as
well as a reduction in intensity of the hyperactivated areas (Figure 3).

DISCUSSION

Owing to the pathophysiological involvement of the auditory cortex
in chronic tinnitus, the non-invasive brain stimulation method com-
prising tDCS was used as a possible treatment option in this case of

chronic tinnitus that demonstrated a significant reduction in symp-
toms utilizing subjective and objective observations. Assessment of
cortical functioning revealed a reduction in intensity of hyperactivat-
ed cortical areas, as well as a spreading of the cortical HbO concen-
tration during the presentation of sound stimuli to a larger cortical
area in comparison with baseline before receiving tDCS.

The literature reports variable effectiveness of tDCS in tinnitus.
Forogh et al. placed anodal tDCS over the left temporoparietal area
(LTA), whereas the current study provided cathodal tDCS over the
right LTA @', There are other studies reporting positive outcomes
with cathodal tDCS to LTA ['”:22, whereas others have demonstrated
better outcomes with anodal Tdcs 2%, The positive responses to either
stimulation could be due to a disruption of the ongoing neural hy-
peractivity that is independent of the inhibitory or excitatory effects.
There might be a role of functionally connected cortical structures
in modulating the response indirectly. Auditory deafferentation and/
or deficit in noise cancellation have been proposed as a neurophys-
iological cause for tinnitus ?%. The duration and intensity of applied
tDCS current might have filtered the response to different electrodes
independent of the cortical areas involved.

Imaging studies using fMRI have mainly shown a left lateralization of
the activity of the primary auditory cortex in tinnitus & * &7, We ob-
served that sound-evoked hemodynamic activation was asymmet-
rically distributed over the bilateral auditory cortex region prior to
tDCS, higher contralateral rather than ipsilateral to the tinnitus side
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at baseline. While previous studies have also reported similar find-
ings 1'%, few studies contradict the finding reporting reduced audito-
ry activation contralateral to tinnitus in patients with unilateral tinni-
tus 2%, The discrepancy with the previous results may be related to
technical considerations, using fMRI machine, stimuli used to induce
auditory cortex activation, or the number of epochs, or to the mech-
anisms at the origin of tinnitus. Impaired hearing in our patient could
also have contributed to the discrepant findings.

Another possibility of discrepant findings could be differences be-
tween block- and event-related designs that have already been
proposed as a potential explanation for limited reliability in fMRI re-
search ¢, The current study utilized short duration sounds (3 s) in
contrast to long-lasting sounds used in fMRI studies that may lead to
differences in neural activation because the longer presentation of
the same sound stimuli may make it irrelevant and presumably be in-
hibited through top-down mechanisms in accordance with prepulse
inhibition and sensory gating models wherein a preceding stimulus
decreases the novelty of the incoming information .. Previous liter-
ature has demonstrated the sensitivity of fNIRS for top-down mecha-
nisms in the auditory domain 2%, Block-related designs have been as-
sociated with greater activation of the auditory region during fNIRS
evaluation in tinnitus . Another fNIRS-based study found a higher
sound-evoked hemodynamic activity in the left hemisphere in pa-
tients with tinnitus than that in control participants . The handed-
ness of the participants was not determined in the majority of the
studies, and it may account for this inconsistent finding.

In the current study, this contralaterally localized hyperactivity was
reduced with regard to intensity, and there was a greater spread of
HbO concentration observed over the bilateral auditory cortex re-
gion after receiving tDCS. In a study using low-frequency repetitive
transcranial magnetic stimulation to manage tinnitus, sound-evoked
fNIRS activity in the right temporal areas was higher in the patients
than in the healthy controls, and left-sided temporal activity changed
wherein higher baseline oxygenation was reduced and vice versa 3.
Enhanced connectivity is reported in both auditory and non-audito-
ry regions in the brain after auditory stimulation in tinnitus .

CONCLUSION

fNIRS is a valuable tool to assess auditory cortex activation. There is
an improvement in tinnitus symptoms after tDCS. In addition, there
is an improvement in functional cortical activity as assessed by fNIRS
in chronic tinnitus after tDCS.
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