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It Thrills My Soul to Hear the Songs:
The Case of Musicolepsia

Arturo Nuara

Some men there are, love not a gaping pig;

Some that are mad, if they behold a cat;

And others, when the bagpipe sings i’ the nose,
Cannot contain their urine.

Shakespeare, Merchant of Venice (Act 1V, Scene I).

8.1 Introduction

The term “musicogenic epilepsy” (or “musicolepsia”) was first adopted by Critchley
[1] to classify a series of neurological cases characterized by “the occurrence of
epileptiform attacks in factual association with the hearing of music.”

Musicogenic seizures (MSs) are a rare phenomenon, showing a prevalence as
low as 1 case per 10,000,000 population [2]. However, this prevalence may be
underestimated due to the high latency between stimulus onset and seizure begin-
ning, as well as to the limited musical education of people and physicians [3].

Musicolepsia is usually enclosed in the framework of reflex epilepsies, even
if not all cases fulfill the criteria for such a classification. In fact, in most
patients, music is not the only stimulus that evokes seizures, as spontaneously
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occurring seizures and music-associated ones often coexist. In addition, differ-
ent features of the musical stimulus can trigger the seizure, spanning from a
specific genre to musical instruments, to the emotional charge of music; rarely,
seizures are selectively provoked by specific tunes [4] or songs [5]. Finally, the
sporadic cases where the musical stimulus is highly specific, e.g., a particular
frequency band of sound [6], are unlikely categorizable as musicolepsia, since
the ictogenic stimulus is not endowed with the complexity needed to define
music for itself.

When we listen to a musical piece, in addition to the auditory cortices, wide-
spread brain networks are recruited, including frontotemporal circuits involved in
reward and expectance [7], networks for the syntactic organization of sounds [8],
and motor areas involved in rhythmic entrainment [9]. Moreover, listening to
intensely pleasurable music additionally activates limbic regions, subcallosal, orbi-
tofrontal, and frontal polar cortex [10], indicating the presence of a pervasive brain
activity when listening to “emotionally charged” music.

Given this evidence, the heterogeneity in terms of epileptogenic trigger (e.g.,
rhythmic features, melodic contour, emotional charge) may be justified as a conse-
quence of a hyperexcitability confined to particular brain regions underlying a spe-
cific domain of music perception. Thus, offering the possibility to link clinical
symptoms with specific brain topographies, musicolepsia may provide relevant
insight into the functional role of brain regions in multiple domains of music
processing.

Adopting the same systematic approach described in Nuara et al. [11], [upgraded
the review of the cases of musicogenic epilepsy described so far in the neurological
literature (last record: November 2021), finally including 73 studies (56 single case
report, 11 series of case reports, 1 retrospective study, 4 monograph chapters), from
which 146 clinical cases have been extracted (the recorded cases are extensively
reported in Table 8.1 and summarized in Fig. 8.1). The findings will be discussed,
giving special emphasis to the role of the emotional charge of music on ictogenesis
and its putative brain substrates.
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Fig. 8.1 Graphical representation of the reviewed cases of musicogenic epilepsy. Bars include
percentage representation of the following findings: selectivity of music in provoking seizures,
emotional charge of epileptogenic stimulus, aura’s features, seizure’s semiology, structural mag-
netic resonance imaging (MRI) features, and interictal and ictal electroencephalographic (EEG)
findings (n.a. not available; LoC loss of consciousness; 7-C tonic clonic; L-T left temporal; R-T
right temporal; L-FT left frontotemporal; R-FT right frontotemporal; bil-T bilateral temporal)

8.2  Clinical Features of People with Musicolepsia

The demographical picture of people suffering from musicolepsia displays a mean age
at observation (reported in 125 cases) of 38 + 14 years, with mean seizure onset (reported
in 69 cases) at 26 + 13 years, without significant unbalancing in terms of gender (speci-
fied in 137 cases, 55% F, 45% M). Musical stimuli are not selective as seizures trigger
in most cases (n = 87). In the remaining observations, only 16 cases (27%) reported
seizures provoked exclusively by music listening. Other kinds of seizures coexisting
with musicolepsia span from spontaneous seizures (n = 23, 39%) to non-musicogenic
reflex seizures (n = 4, 3%) and other not detailed seizures (n = 17, 29%).

Since extensive musical training is known to induce long-lasting changes in cor-
tical excitability [78], it would be speculated that music expertise may affect the
probability of undergoing musicogenic seizures. However, the low prevalence of
trained musicians among people with musicolepsia (only 13 cases, 9% of total)
makes this hypothesis unlikely.

Feelings prodromal to the musicogenic seizures (i.e., aura, reported in 41
patients) is often autonomic (14 patients), but other symptoms ranging from audi-
tory, olfactory, visual to somatosensory phenomena are also described. In some
cases, an intense sense of fear starts at music onset and precedes the seizure: this
would be the literary case reported in the manuscript “fear of music” by the Russian
writer B. Nikonov and subsequently reported by Bekhterev [79].

Supporting the ictogenic involvement of temporal lobe, seizure semiology
(reported in 83 cases) displays oroalimentary automatism (chewing, swallowing,
smacking lips) in about one-fourth of observations (23 patients). Loss of conscious-
ness represents a common event, being reported in 49 cases (59%), 16 of them
(19%) including tonic-clonic seizures.

In most cases, musicolepsia is not secondary to morphological brain alterations.
In fact, when performed (46 cases), structural MRI is usually unremarkable (90%).
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The rare structural abnormalities usually involve the temporal lobes (7 cases; [46,
53, 65, 70, 73, 74, 77]), in a single case extending to frontal areas [53]. Finally, in
one patient, unspecific occipital abnormalities were described [55].

8.3 Isthe Emotional Glow to Light the Fire?

One of the main reasons why humans are looking for musical experience is for its
natural vocation to arouse emotions: the obsessive rhythms of tribal rituals provoke
emotional bursts and trance experiences [80]; ragas belonging to Indian classical
music are prescribed to evoke a precise emotional effect [81]; the administration of
music linked to specific memories can resurface their affective burden (see the
effects of Sam’s playing “As time goes by” in the movie Casablanca, 1942).

Despite its key role in musical experience, the presence/absence of emotional
content of musical stimulus triggering seizures has not been methodically investi-
gated. Among the 71 cases where it has been enquired, 46 (65%) reported a salient
emotional charge related to the musical stimulus. Of note, the presence of such an
affective component is not clearly inferable in about half of cases, leading to a
potential underestimation of the presence of emotional factors. Besides incomplete
case-history collections, also patients’ difficulties in remembering seizure events
[13] as well as reluctance to expose personal anamnestic details [82] may have
sometimes hindered the access to this kind of information.

But, how to determine the association between such an emotional component
and seizure ignition?

A first way could be investigating if the epileptogenic zones associated with
“emotionally charged” seizures are more frequently situated in the right hemisphere,
this latter traditionally acknowledged as “dominant” for emotional processing.

Selecting data of cases in which both emotional content and epileptogenic zone are
defined (n =41, 3 bilateral Ictal EEG excluded), patients with an emotional component
(n = 30) showed a higher prevalence of right-sided epileptic zone (22 vs 7). However,
a chi-square test performed to detect if epileptogenic-zone laterality is biased by the
presence/absence of such an emotional component did not return any significant result
(chi = 0.016, p > 0.05); in other words, also people whose seizures are elicited by
“cold” music showed a predominance of right-hemisphere epileptogenic zones.

These findings are consistent with the view that the processing of emotional con-
tent of music, as well as the mapping of basic—potentially ictogenic—sound features
(e.g., pitch, timbre, and melodic contour) are prerogative (although not exclusive)
functions of the right hemisphere. This view is supported by a huge amount of behav-
ioral studies [83, 84], neuroimaging investigations [85, 86], and clinical data from
patients with brain lesions [87, 88] and music-related disturbances [89].

Music, however, it’s not a mere matter of pitch, rhythm, and—when present—
“emotional glow”. Indeed, in order to be noticed as musical, sequences of discrete
elements need to be endowed with a hierarchical structure [90], i.e., with a syntax
[91]. This prerequisite extends to multiple musical cultures: from the complex
rhythmic organization of traditional sub-Saharan music to the choice of the proper
svara within Indian ragas, as well as in the armonic structure of western musical
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pieces. As in spoken language, neural processing of music syntax predominantly
involves the left hemisphere [92-94], which is strongly recruited during the percep-
tion of sounds associated with spoken words [95].

Investigations on patients with musicolepsia can indirectly support such hemi-
spherical bias: Tseng et al. [70] administered different versions of epileptogenic
songs (i.e., with/without lyrics) to three patients suffering from left-temporal musi-
cogenic epilepsy, demonstrating that only vocal versions of songs were able to pro-
voke seizures. These experimental findings are consistent with the previous
musicolepsia literature: music containing lyrics provokes seizures in the left-
temporal epileptogenic zone twofold more frequently than the right temporal region,
thus indicating that language-associated elements may represent a key triggering
factor for left-temporal musicogenic seizures.

However, the generalization of such an observation needs to be considered with
caution: even music with lyrics may conceal epileptogenic triggers within non-
linguistic elements, spanning from rhythmic riffs to instrumental solos. Exemplary
in this regard is the case described by Bekhterev [79] about the Russian writer
B. Nikonov, who experienced a seizure at the theatre while listening “The Prophet”
by Meyerbeer. Although this opera is composed by wide lyrical segments along all
its five acts, the seizure—preceded by an intense fear feeling—just occurred during
the listening of an instrumental part (i.e., the ballet introducing the third act).

Another element that supports the presence of multiple stages of high-order pro-
cesses during music listening is the long latency between the epileptogenic stimulus
and seizure onset. This aspect represents a typical feature distinguishing musicogenic
seizures from other reflex seizures [3, 11]. Noteworthy, patients with an epileptogenic
zone in the right hemisphere show higher latencies from stimulus onset (279 + 236 s
vs 82.2 +43.3 s, Mann-Whitney U = 6; p = 0.023), possibly reflecting the functional
predominancy of the right hemisphere in the emotional processing of music [10].

Even if it is informative about the “emotional” and “linguistic” domains of
music, the mere hemispheric laterality of the epileptogenic zone is not sufficient to
detail the neural substrates of music processing. For this purpose, the integration of
neurophysiological (e.g., electroencephalography—EEG) and functional neuroim-
aging (fMRI, PET, SPECT) data give the opportunity to associate clinical symp-
toms of people with musicolepsia with brain topographies, thus providing insights
into the functional role of brain regions involved in music processing.

8.4 Neurophysiological and Functional-Neuroimaging
Findings of Musicolepsia

The introduction in the first half of twentieth century of the clinical electroencepha-
lography (EEG) represented a milestone for epileptology. In addition to providing
temporal and spatial information about the brain substrates of seizures, the possibil-
ity to demonstrate neurophysiological abnormalities during fits gave the opportu-
nity to enclose in the neurological realm paroxysmal events (e.g., musicolepsia),
which until then were often classified as “hysterical” manifestations [13].
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From the first EEG recording of a seizure evoked by mean of a gramophone [13],
84 ictal EEG have been performed to date in people with musicolepsia, of which 40
(48%) displayed right-temporal alterations, 24 (29%) left temporal, 7 (8%) bitem-
poral, and 11 (13%) showed not focal or unspecific alterations. Intracranial EEG,
performed on 10 subjects, found an epileptogenic zone in the temporal lobe (8 right,
1 left, 1 bilateral), involving temporo-mesial structures in 6 cases. Moving to neuro-
imaging techniques, the ictal SPECT study (7 cases) displayed 4 right temporal (of
which two included mesial structures) and 3 left temporal alterations. Ictal fMRI (6
cases) showed right-sided increased activation in 5 cases, of which 2 limited to
temporal regions and 3 involving also frontal or insular regions. Finally, one case
[63] showed bilateral activation in a “snowballing-like” pattern (see Fig. 8.1).
Seizure latency from music onset was indicated in 18 cases (210 £ 210 s).

The long latency between musical stimulus and seizure onset makes musico-
genic seizures as a use case to investigate the brain mechanisms responsible for the
ignition of the ictal phases. In this regard, the study of interictal EEG findings may
help identify epileptic focus. Moreover, additional information about their morphol-
ogy, rate, time delay, spread etc. may help to differentiate areas of origin from areas
of propagation of interictal discharges [96].

Interictal EEG abnormalities have been reported in 55 cases of musicolepsia (see
Fig. 8.1). Among them, 13 showed right-temporal, 11 left-temporal, 13 bi-temporal,
and 1 case reported “temporal spikes” without side specification. The detection of
neurophysiological alterations was extended to frontal electrodes in 9 cases (6 left,
2 right, 1 bilateral). Finally, 3 cases displayed unspecific EEG alterations, and 11
recordings were unremarkable. The morphology of interictal alterations (reported in
15 cases) included sharp waves (n = 5), slow waves (n = 2), and spikes (n = 8). In
one case [54], the detailed study of interictal spikes resulted in determinants to
define the epileptogenic zone since no ictal data were available.

The relationship between interictal spiking and epileptogenesis is still a matter of
debate [96]. On the one hand, it has been demonstrated that an increased cortical
excitability favors epileptic spikes, whose spatiotemporal density may reach a criti-
cal threshold able to provoke seizures [97-99], so that there would be a direct asso-
ciation between the sustained presence of interictal abnormalities and
“epileptogenity” [100]. On the other side, several studies demonstrated a reduction
in the interictal discharge rate before seizure onset, suggesting that—at least in
some cases—spikes may exert a “protective” role toward seizure onset [96, 101,
102]. This view is supported by animal experimental models in which interictal
activity is able to reduce the ability of the entorhinal cortex to generate ictal events
[103], as well as by pharmacological investigations that evidenced an opposite
dynamic between interictal and ictal spike rates following the administration of
GABAj agonists [104].

These findings are consistent with a recent high-density EEG report of a patient
with musicolepsia, in which seizures were evoked by listening to epileptogenic
music [11]. Here, independent component analysis (ICA) was applied to identify
epileptiform markers and to detect putative epileptogenic sources: Ictal and
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a Average and topographical distribution of /C b Source localization of IC

Fig. 8.2 Neurophysiological features of interictal spikes and temporal dynamic of their density
during EEG recording, patient R.C., adapted from Nuara et al., Clinical Neurophysiology, 2020,
131 (10), 2393-2401 with permission Panel A: Average spike of the independent component and
its topography. Panel B: Source localization of IC is displayed onto a cortical sheet template. Note
the right frontotemporal localization. Panel C: Temporal dynamic (minutes) of spike density
(black line) overlapped to time-frequency plot of EEG recording. The first spike-density negative
peaks (indicated by the first three black rectangles on the bottom panel) just precede seizure onset,
this latter associated with the expected increase of beta and gamma power (respectively, red and
green rectangles). The second spike-density negative peak precedes an increase in gamma power,
without overt clinical seizure correlates. The musical notes in the timeline indicate the start and the
end of the music-listening period

interictal discharges highlighted a right frontotemporal localization and a suppres-
sion of spike density preceding the seizure onset (see Fig. 8.2).

The involvement of extra-auditory domains as potential sources in musicogenic
seizures is consistent with the complex architecture of neural substrates of music
listening. Indeed, from the primary auditory cortices involved in tonal mapping,
distinct—but interacting—pathways spread along two main streams: the dorsal-
posterior one interfaces with the inferior parietal cortex, while the ventral-anterior
goes toward the anterior part of the temporal lobe [105]. Both streams interact with
distinct frontal areas, forming frontotemporal cortical loops that play a key role in
maintaining musical information in working memory, controlling musical expec-
tancy [7].

When, during music listening, we experience an emotional peak (i.e., the “music
chills”), bursts in autonomic activity (e.g., increase of heart rate) are associated with
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an increased activity in anterior frontal regions, ventral striatum, mesolimbic
regions, and other key subcortical structures involved in reward and emotion [10].
Moreover, the functional connectivity between auditory and frontal areas increases
as a function of increasing pleasure component during music listening ([106], see
also for a review [7]).

These findings suggest that the “emotional glow” of perceived music—espe-
cially when reported by patients—may represent an independent trigger for musico-
genic seizures, possibly involving extra-auditory regions.

8.5 Conclusions

Eighty-five years have passed since Critchley first adopted the term “musicolepsia”
to describe seizures induced by music listening. Since then, the growing knowledge
in the field of neuroscience and the technological advances in neuroimaging allowed
us to rethink musicogenic seizures from a simple “operation of a conditioned reflex
in a Pavlovian sense” [1], to a complex phenomenon involving multiple aspects of
music processing. Among them, the “emotional glow” of music is endowed with a
peculiar faculty to ignite seizures.

Indeed, more than a nosological class in the wide realm of epilepsy, musicolepsia
represents a unique window on the neural substrates of human music experience.
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