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Background: Inhibitory low frequency repetitive transcranial magnetic stimulation (rTMS) of the
temporo-parietal area has been applied to treat both auditory verbal hallucinations as well as tinnitus.
Objective: We hypothesized that 1 Hz rTMS to the left temporoparietal junction (TPJ) may be beneficial
in alleviating musical hallucinations (MH), another condition with auditory experiences in the absence of
an external source.
Methods: Here we describe a patient with almost insufferable life-long MH with comorbid depression,
who received inhibitory rTMS to the left TPJ as well as the right dorsolateral prefrontal cortex (DLPFC).
Results: The intrusiveness and frequency of her MH as well as her depressive symptoms alleviated
quickly and substantially, and once-a-week maintenance therapy with rTMS seemed to preserve this
amelioration. Future studies will hopefully reveal whether this is a viable treatment approach for other
patients suffering from MH with or without comorbid depression.
© 2021 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Musical hallucinations (MH) have previously been described
mainly in sensorineural hearing loss. Occasionally MH are associ-
ated with psychiatric or neurological disorders [1e3]. MH may
occur with no underlying morbidity [3]. Usually, musical hallucina-
tions can be phenomenologically distinguished from involuntary
musical imagery (INMI), or “earworms”. MH are experienced as
music heard either inside or outside of the subject's head, while
INMI refers to involuntary and/or compulsive imagery of music
[3]. In patients with psychotic disorders, MH are less common
than auditory verbal hallucinations (AVH) [3].

Functional brain imaging of patients with schizophrenia and
tinnitus has demonstrated increased activity in temporo-parietal
areas [4,5]. Inhibitory low frequency repetitive transcranial mag-
netic stimulation (rTMS) of the temporo-parietal area has been
used to treat both AVH as well as tinnitus [6,7]. Most common stim-
ulation targets have been the left temporo-parietal junction (TPJ)
for AVH and the left auditory cortex for tinnitus [6,7].

Cosentino et al. reported a case with complex auditory halluci-
nations caused by traumatic brain injury of the right temporal
pole [1]. Another case report of a patient withMHwith no brain pa-
thology demonstrated hypermetabolism of the superior temporal
gyri, anterior cingulate, left orbital frontal, and medial temporal
cortices in PET imaging [8].
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2. Material and methods/case report

A 61-year-old womanwas admitted from her psychiatric outpa-
tient clinic to the therapeutic neuromodulation unit of Turku Uni-
versity Hospital at the departments of Clinical Neurophysiology
and Psychiatry, for assessment and treatment of life-long MH. She
had previously been treated for recurrent major depressive disor-
der (MDD) that had started at the age of 30, and anxiety, using
various antidepressants and benzodiazepines, and psychotherapy,
with some amelioration of the symptoms.

Sevenyears before rTMS-treatment the patient had been treated
for pneumonia using corticosteroids, and she suffered a two-month
psychosis. After the psychotic episode, she had started to experi-
ence her MH as more continuous and disturbing than before. She
described the hallucinations as songs from the 60's and 70's that
repeated and looped like an LP record skipping. The hallucinations
were persistent and intrusive, disrupting her daily life. Before rTMS
treatment, hallucinations were daily, approximately 70% of the
time she was awake. She perceived MH as loud as a normal
conversation.

Before treatment the patient's BDI score was 26 and Montgom-
ery-Åsberg Rating Scale (MÅDRS) score was 29, both indicating
moderate depression. Her Beck Anxiety Inventory (BAI) score was
17, falling in the range of mild to moderate anxiety (Fig. 1D).
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Fig. 1. Two stimulation targets for therapeutic rTMS.
(1A) Stimulation target 1: left temporo-parietal junction, low-frequency stimulation at 1 Hz (1400 pulses/session)
(1B) Stimulation target 2: right dorsolateral prefrontal cortex, low-frequency stimulation at 1 Hz, 700 pulses/session
(1C) Patient reported percentage of time per day experiencing musical hallucinations (y-axis, blue line) from the baseline at the beginning of the treatment to final follow up at 21
weeks. Patient-reported disability due to the musical hallucinations measured on the visual analogue scale (VAS) (y-axis, red dotted line) from start of treatment to final follow-up
at 21 weeks.
(1D) BDI, BAI and MADRS scores over time.
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The patient's 3T head MRI was normal. rTMS was delivered us-
ing a biphasic figure-of-eight coil and eXimia NBS Navigation Sys-
tem (eXimia TMS system, Nexstim Ltd., Helsinki, Finland). The
patient received rTMS to the left TPJ (700 pulses and a 10min break
with following 700 pulses, 1Hz, 95% of resting motor threshold), to
treat her MH. To treat depression and anxiety we included the right
DLPFC (700 pulses, 1Hz, 95% of resting motor threshold) with a low
number of pulses because we expected an additive effect with mul-
tilocus stimulation and, in addition, that the psychiatric symptoms
would ameliorate after disappearance of MH. DLPFC was located as
described by Mylius et al. [9] and the TPJ was located as the
midpoint of a line connecting EEG electrode locations T3 and P3
(Fig. 1AB).

The patient tolerated the rTMS with no adverse effects. Treat-
ment beganwith an intensive period of 25 daily treatment sessions
spread over five weeks. Sessions were gradually decreased to once
a week. After five sessions the patient experienced a marked
decrease in the frequency, length, and intrusiveness of the MH.
The experienced loudness of the hallucinations diminished from
as loud as a conversation to the level of typical background music
in department stores. The total daily time experiencing the MH
(TDT-MH) declined from 70% to 25% of time awake (- 64%). The pa-
tient's visual analogue scale (VAS) score on a mm-scale from 0 (no
distress) to 100 (most disabling symptoms), denoting disability and
distress attributable to the MH, declined from 72 to 24 mm (- 67%).
After the five-week intensive treatment period, the TDT-MH was
15% (a 79% decline) and the disturbance VAS score was 12 mm
(an 83% decline) (Fig. 1C).
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A final follow-up appointment was after 21 weeks of treatment
and the TDT-MH had declined by 89% (from 70% to 8% of time
awake). The disturbance VAS score had declined from 72 to 18
mm (- 75%). Also, the patient's BDI scores dropped from 26 to 5
points (- 81%) and MÅDRS scores from 29 to 5 (- 83%); BAI scores
from 17 to 10 (- 41%), from baseline to the 21-week follow-up
appointment (Fig. 1D). The patient was content with the outcome
and continued in once-a-week maintenance therapy. Treatment is
ongoing so there is no data on persistence of the effect after discon-
tinuing rTMS.
3. Discussion

To our knowledge, this is the first case report on using rTMS to
successfully treat MH in a patient with no known pathology.

The mechanism of action of TPJ stimulation remains elusive, but
we presume that it may be similar to that of therapeutic rTMS for
AVH [6]. The TPJ integrates input from the thalamus and the limbic
system with that from the visual, auditory, and somatosensory
systems.

Because the patient received treatment to both the left TPJ as
well as the right DLPFC, we cannot rule out that the ameliorating
effects came from the stimulation of the DLPFC, relieving her psy-
chiatric symptoms. We think it is unlikely that the positive treat-
ment effect came from the DLPFC stimulation alone, as the pulse
amount (700 p) was rather low. MH are often mood congruent in
patients with psychiatric disorders [2], which was not the case in
our patient. We thus conclude that each of the two cortical targets
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for rTMS probably influenced separate portions of the symptom
profile, maybewith additive effects prolonging the efficacy of treat-
ment, as has been shown for therapeutic rTMS in tinnitus patients,
using a target combination of the left auditory cortex (low-fre-
quency rTMS) and the left DLPFC (high-frequency rTMS) [10].
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