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Musicogenic epilepsy is a rare form of reflex epilepsy in which seizures

are provoked by music. Di�erent musicogenic stimuli have been identified:

pleasant/unpleasant music or specific musical patterns. Several etiologies have

been uncovered, such as focal cortical dysplasia, autoimmune encephalitis,

tumors, or unspecific gliosis. In this article, we report two patients with

musicogenic seizures. The first patient was diagnosed with structural temporal

lobe epilepsy. Her seizures were elicited by music that she liked. Interictal and ictal

video-electroencephalography (video-EEG) and signal analysis using independent

component analysis revealed the right temporal lobe seizure onset extending

over the neocortical regions. The patient underwent right temporal lobectomy

(including the amygdala, the head, and the body of the hippocampus) and faced

an Engel IA outcome 3 years post-surgery. The second patient was diagnosed

with autoimmune temporal lobe epilepsy (GAD-65 antibodies). Her seizures

were triggered by contemporary hit radio songs without any personal emotional

significance. Interictal and ictal video-electroencephalography (video-EEG) and

independent component analysis highlighted the left temporal lobe seizure onset

extending over the neocortical regions. Intravenous immunoglobulin therapy

was initiated, and the patient became seizure-free at 1 year. In conclusion,

musicogenic seizures may be elicited by various auditory stimuli, the presence or

absence of an emotional component o�ering an additional clue for the underlying

network pathophysiology. Furthermore, in such cases, the use of independent

component analysis of the scalp EEG signals proves useful in revealing the location

of the seizure generator, and our findings point toward the temporal lobe, both

mesial and neocortical regions.
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Introduction

Musicogenic epilepsy is a rare form of reflex epilepsy (1), with an estimated prevalence
in the general population of 1 in 10 million people (2), in which seizures are provoked by
music. Various etiologies have been reported such as focal cortical dysplasia (FCD) type I
(3), astrocytoma (4), glial scars (5), demyelinating lesions (6), and autoimmune encephalitis
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FIGURE 2

EEG data displaying rhythmic ictal discharge over the right temporal leads spreading toward the suprasylvian and contralateral regions after the

clinical onset (A); independent component analysis identified a theta discharge represented in the time domain (B) and frequency domain (C); the

dipole was represented in the right temporal region of the patient’s cerebral MRI (3D view) (D); and cortical surface reconstruction—coronal (E) and

sagittal (F) sections.

sounds with complex features [e.g., timbre and bandwith (17, 18)]
that represent specific triggers for each individual. Audiogenic
seizures are usually triggered by a sudden non-specific sound
(15). On the spectrum of musicogenic to audiogenic epilepsy,
in investigating the specificity of the stimuli, Weiser et al. (16)
highlighted in their review that music was the only provoking
stimulus in 78% of the patients, with less specific combinations
of sounds and music in 14% of the patients. In only 4% of
individuals, sounds were identified to be the only ictogenic triggers
(16). Musicogenic seizures typically occur with longer latency,
even after several minutes of stimulation (19, 20), as opposed to
audiogenic seizures that occur within a short time frame after
the sound. Garcia-Casares et al. (21) observed that musicogenic
triggers included music with emotional significance to the patient,
which may be any kind of music, a specific genre of music or song
and music with a certain wave frequency or rhythm. The musical
complexity of the ictogenic stimuli and the longer latency indicate
a cognitive or emotional aspect of the musicogenic trigger, which
differs from the more primary response when random sounds or
noise are a trigger (5). However, the longer latency in the cases
of musicogenic-elicited seizures was not always associated with

emotional feeling buildup (22). Both our patients had seizures
when exposed to musicogenic triggers after a latency period of
15–40 s, but only in the right temporal lobe epilepsy case, the
music involved an emotional component (seizures to music that
she liked, the most probable to elicit an epileptic fit being her
favorite music). Salimpoor et al. (23) demonstrated increased
functional connectivity between cortico-striatal areas (superior
temporal gyrus–auditory cortex, inferior frontal gryus, and nucleus
accumbens) in parallel with the pleasure perceived (“reward value”)
during music listening. Moreover, Nuara et al. (24) suggested that
in the context of patients who emphasize an emotional component
of the music triggering their seizures, particularly patients with
the right-hemisphere epileptogenic zone, the “emotional glow” of
perceived music is a possible independent trigger in musicogenic
epilepsy, allegedly involving extra-auditory regions (25). This
could explain the reflex seizures described in Patient 1 who only
experienced them when listening to music that she liked.

Although the musicogenic trigger is specific for the affected
individual, triggers vary broadly across individuals with
musicogenic epilepsy. In terms of audiogenic or musicogenic
triggers, they can vary from the sound of a vacuum cleaner (26)
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FIGURE 3

Structural brain imaging in Case 2. Interictal cerebral MRI scan—coronal sections—showing the enlargement of the left amygdala (A) and

hippocampus (B) on T1-inversion recovery pulse sequence, as well as FLAIR hyperintensities in the same regions [(C) amygdala; (D) hippocampus].

or a sequence of simple tones (21, 27) to the voices of particular
singers [a throaty “metallic” singer’s voice (18)] and instrumental
music (16). In both presented cases, the patients had seizures when
exposed to vocal music, not purely instrumental.

The triggering music can be actively heard (listened to) as
background music, imagined, or dreamed, and in some cases, the
seizures are elicited only when the specific piece of music was
actively performed (hearing the piece or silently mimicking the
performance of the piece was not a trigger) (17, 26–30). Both our
patients exhibited seizures only when listening to music.

For most individuals with musicogenic epilepsy, the trigger
is a specific piece or type of music. In our first case, the patient
exhibited seizures when exposed to a specific genre of music that
she liked. Our second patient presented seizures when listening to
contemporary hit radio songs.

In 14 cases (17%) of a series of 83 patients, seizures were only
present when triggered by music. These 17% were consistently
seizure-free when not exposed to music (16). If our first patient had
both spontaneous seizures andmusicogenic reflex ones, our second
patient exhibited solely musicogenic reflex seizures.

In the study of Avanzini et al. (22) there was a melodic and
rhythmic stimuli predominance as opposed to purely melodic,
rhythmic, or textual importance. Furthermore, the familiarity or
affective content accounted for almost 30% of all musicogenic-
induced seizures, and much more than that, the novelty,
particularity of the genre, part of the song, or its purely
instrumental form (1–20%). Among the instruments, the piano and
organ were the most effective ones in generating seizures. However,

the level of musical training pointed out that patients who had no
specific interest in music or were amateurs had the highest chance
of developing musicogenic seizures (22). Both our patients had no
musical training or specific interest in the domain.

Wieser et al. (16) indicated in their work that patients with
musicogenic epilepsy exhibited right lateralization in 61% of the
cases and temporal lobe epilepsy in 75%. Furthermore, different
reports incriminated, using scalp EEG and/or SPECT, the right
temporal lobe (31–33) or the left temporal one (34). Intracranial
EEG studies incriminated both temporal lobes (the right more
frequent than the left) and the seizure onset zone involving both
mesial and neocortical structures (15, 35–40). We presented one
case of left temporal lobe epilepsy and one of right temporal
lobe epilepsy.

The variability of whether the musicogenic seizures were
elicited by music associated with emotional significance was
hypothesized to be superposable over the network involved in
seizure generation: neocortical hubs (superior temporal gyrus and
Heschl gyri) or mesial temporal hubs (amygdala and hippocampus)
(16, 22, 38, 41–43). Diekmann et al. (25) revealed that using
fMRI in patients in whom emotions are associated with the music
generating the seizures, the musical characteristics per se did not
appear to be the crucial elements leading to the epileptic seizures.
BOLD signal changes were seen by Diekmann et al. (25) in areas
supposedly related to cognitive processing and the regulation of
emotions (the left amygdala, the left hippocampal areas, the left
dorsomedial prefrontal cortex, the Broca region, the right-sided
temporoparietal junction area, the right premotor cortex, and
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FIGURE 4

EEG data displaying rhythmic ictal discharge over the left temporal leads spreading toward the suprasylvian and contralateral regions after the clinical

onset (A); independent component analysis identified a theta discharge represented in the time domain (B) and the frequency domain (C); the dipole

was localized in the left temporal neocortical region of patient’s cerebral MRI (3D view) (D); and cortical surface reconstruction—coronal (E) and

sagittal (F) sections.

the cerebellum—especially the VIth, VIIth, and VIIIth lobules)
(44–49). Another neural hub that is involved in the emotional
aspects of music processing (50–52) and is highlighted by means
of fMRI (53) to be recruited during musicogenic seizures is the
orbitofrontal cortex.

Anti-GAD abs have been found in patients with limbic
encephalitis and pharmacoresistant focal temporal epilepsy (54).
Vianello et al. (55) revealed an increase in the spontaneous activity
of hippocampal neurons in culture caused by the suppression
of inhibitory potentials mediated via anti-GAD antibodies. They
suggested interference with the GABA function and consequently
with neuronal inhibition, thus supporting a pathogenetic role
of anti-GAD abs in the development of epilepsy. Furthermore,
Stagg et al. (56) emphasized that in patients with epilepsy,
a high anti-GAD abs titer is associated with low cortical
GABA levels.

The involvement of the temporal lobes in epilepsy with anti-
GAD-abs can be asymmetrical, with patients achieving seizure
freedom after unilateral temporal lobe resection (57, 58). However,
clinical, EEG, and FDG-PET findings suggest a widespread disease
not restricted to the temporal lobe (mesial temporal lobe sclerosis)

but also involving the insular cortex (59). Anti-GAD-ab-mediated
epilepsy is often pharmacoresistant. It is moderately responsive
to immunotherapy (steroids, intravenous immunoglobulin, or
plasma exchange), and more aggressive immunosuppressants such
as rituximab and/or cyclophosphamide are often necessary (60).
Several articles (61, 62) suggested musicogenic reflex seizures to
be a distinctive seizure type in patients with epilepsy with anti-
GAD-abs. The association between type 1 DM, high anti-GAD-
abs titer, and right temporal lobe musicogenic seizures has been
described before (63). Smith et al. (9) found in their study, a
serological association of musicogenic epilepsy with high anti-
GAD65 IgG titers. All their patients had temporal lobe epilepsy,
with right temporal lobe epilepsy being more common among
patients with musicogenic epilepsy than in patients with non-
musicogenic GAD65 epilepsies.

Previous articles have demonstrated that the network of
musicogenic seizures involves the limbic system and the auditory
temporal neocortex (64). Taking this into consideration, in the
first case, the patient underwent a tailored temporal lobectomy
extending posteriorly and superiorly to include the superior
temporal gyrus.
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One of the limitations is that in the case of the second patient,
we did not perform a lumbar puncture with subsequent antibody
panel analysis of the cerebral spinal fluid (CSF). In her case, the
serum antibody titer was 2,000,000 UI/ml, and we believe that CSF
analysis would not have brought additional information that would
alter subsequent management and outcome.

Patient perspective

Both patients are satisfied with the treatment outcome and have
returned to their normal lives.

Conclusion

Reflex musicogenic epilepsy is a rare entity that needs
patient-specific management as it has a wide range of etiologies.
Moreover, musicogenic triggers may vary and are complex, thus
making their identification and management more challenging.
The presence or absence of an individual emotional aspect of
the ictogenic stimuli offers an additional clue for the underlying
network pathophysiology. Furthermore, in such cases, the use of
independent component analysis of the scalp EEG signals proves
useful in revealing the location of the seizure generator, and
our findings point toward the temporal lobe, both mesial and
neocortical regions.
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