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Theta-burst-induced seizures reported by Lenoir et al.: Anterior
or posterior insular seizures?
Dear Editor,

Lenoir et al. [1] recently reported two cases of epileptic sei-
zures as adverse events of continuous theta burst stimulation.
They targeted the dorsal-posterior operculo-insular cortex in or-
der to modulate somatosensory sensations in healthy volunteers,
including those mediated by thermo-nociceptive input received
by this region. Although the principal objective of this report is
to call for attention for the potential risk of this procedure, the
authors may have been unaware of important information which
provide insights into the insular subregion activated by their
stimulation technique. In particular, the fact that both Case 1
and Case 2 showed euphoric thoughts at the onset of their seizure
events is inconsistent with a primary seizure origin in the poste-
rior operculo-insular cortex. Clinically, this manifestation is
commonly called “ecstatic seizure” (also known as Dostoevsky's
epilepsy after his description of his own epileptic aura), and is a
rare entity in the field of epilepsy [2,3]. Ecstatic seizures were
once considered to originate from the temporal lobe [2,4], but
growing availability of stereotactic EEG recording and electrical
cortical stimulation using intracortically-implanted electrodes
have allowed to identify an origin in the anterior insula [3,5].
Indeed, euphoric states were never detected after more than
300 stimulus sites in the posterior operculo-insular region [6],
and the incidence of ecstatic auras, rarely reported in intracortical
stimulation studies [3,7,8], always involved stimulation of the
anterior insula. The occurrence of this symptom is therefore
considered to depend on a widely-distributed cortical network
requiring the activation of a vast region of the anterior insula
[3,8,9], that is rarely achieved by focal stimulation with intracort-
ical electrodes. The incidence of ecstatic aura in the report of
Lenoir et al. [1] appears high (two out of only 18 participants),
and thus strongly suggests that their procedure effectively and
widely activated the anterior insula. Indeed, the chronological
sequence of ictal symptoms in Case 1 supports the seizure onset
within the anterior insula with later involvement of its posterior
sectors or the parietal operculum (i.e., paresthesias occurred later
than the ecstatic aura), in contrast with the authors' intention to
stimulate primarily the dorsal-posterior operculo-insular cortex.
Of note, the sensations of laryngeal constriction that is described
in Case 1 also strongly points to a location in the anterior insula
[6]. Thus, although the stimulating coil was theoretically posi-
tioned “over the dorsal-posterior operculo-insular cortex”, the
stimulation appears to have been effectively delivered to more
anterior sectors. It is indeed hard to determine the appropriate
coil orientation and position for a particular insular subregion,
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since the insular cortex has a complex pyramidal shape with
differentially-oriented gyri, ean anatomical circumstance that is
greatly different from that of the primary motor cortex. We there-
fore would like to suggest that the neuromodulatory effects of
this procedure, if achieved in future studies using an identical
technique, must be carefully interpreted in the light of the signif-
icant involvement of the affective-cognitive network centered
around the anterior insula.

Conflicts of interest

The authors declare no competing financial interests.
References

[1] Lenoir C, Algoet M, Vanderclausen C, Peeters A, Santos SF, Mouraux A. Report of
one confirmed generalized seizure and one suspected partial seizure induced
by deep continuous theta burst stimulation of the right operculo-insular cortex.
Brain Stimul 2018;11:1187e8. https://doi.org/10.1016/j.brs.2018.05.004.

[2] Cirignotta F, Todesco CV, Lugaresi E. Temporal lobe epilepsy with ecstatic sei-
zures (so-called Dostoevsky epilepsy). Epilepsia 1980;21:705e10. https://doi.
org/10.1111/j.1528-1157.1980.tb04324.x.

[3] Gschwind M, Picard F. Ecstatic epileptic seizures: a glimpse into the multiple
roles of the insula. Front Behav Neurosci 2016;10:21. https://doi.org/10.3389/
fnbeh.2016.00021.

[4] Asheim Hansen B, Brodtkorb E. Partial epilepsy with "ecstatic" seizures. Epi-
lepsy Behav 2003;4:667e73. https://doi.org/10.1016/j.yebeh.2003.09.009.

[5] Picard F, Scavarda D, Bartolomei F. Induction of a sense of bliss by electrical
stimulation of the anterior insula. Cortex 2013;49:2935e7. https://doi.org/
10.1016/j.cortex.2013.08.013.

[6] Mazzola L, Maugui�ere F, Isnard J. Electrical stimulations of the human insula:
their contribution to the ictal semiology of insular seizures. J Clin Neurophysiol
2017;34:307e14. https://doi.org/10.1097/WNP.0000000000000382.

[7] Smith JR, Lee GP, Fountas K, King DW, Jenkins PD. Intracranial stimulation study
of lateralization of affect. Epilepsy Behav 2006;8:534e41. https://doi.org/10.
1016/j.yebeh.2005.12.014.

[8] Guillory SA, Bujarski KA. Exploring emotions using invasive methods: review of
60 years of human intracranial electrophysiology. Soc Cognit Affect Neurosci
2014;9:1880e9. https://doi.org/10.1093/scan/nsu002.

[9] Landtblom AM, Lindehammar H, Karlsson H, Craig AD. Insular cortex activation
in a patient with "sensed presence"/ecstatic seizures. Epilepsy Behav 2011;20:
714e8. https://doi.org/10.1016/j.yebeh.2011.01.031.
Koichi Hagiwara*

Central Integration of Pain (NeuroPain) LabdLyon Neuroscience
Research Center, INSERM U1028, CNRS, UMR5292, Universit�e Claude

Bernard, Bron, F-69677, France

Jean Isnard
Central Integration of Pain (NeuroPain) LabdLyon Neuroscience

Research Center, INSERM U1028, CNRS, UMR5292, Universit�e Claude
Bernard, Bron, F-69677, France

https://doi.org/10.1016/j.brs.2018.05.004
https://doi.org/10.1111/j.1528-1157.1980.tb04324.x
https://doi.org/10.1111/j.1528-1157.1980.tb04324.x
https://doi.org/10.3389/fnbeh.2016.00021
https://doi.org/10.3389/fnbeh.2016.00021
https://doi.org/10.1016/j.yebeh.2003.09.009
https://doi.org/10.1016/j.cortex.2013.08.013
https://doi.org/10.1016/j.cortex.2013.08.013
https://doi.org/10.1097/WNP.0000000000000382
https://doi.org/10.1016/j.yebeh.2005.12.014
https://doi.org/10.1016/j.yebeh.2005.12.014
https://doi.org/10.1093/scan/nsu002
https://doi.org/10.1016/j.yebeh.2011.01.031
http://crossmark.crossref.org/dialog/?doi=10.1016/j.brs.2018.10.013&domain=pdf
www.sciencedirect.com/science/journal/1935861X
http://www.journals.elsevier.com/brain-stimulation
https://doi.org/10.1016/j.brs.2018.10.013
https://doi.org/10.1016/j.brs.2018.10.013
https://doi.org/10.1016/j.brs.2018.10.013


K. Hagiwara et al. / Brain Stimulation 12 (2019) 200e201 201
Hospices Civils de Lyon, Neurological Hospital, Department of
Functional Neurology and Epileptology, Lyon, F-69003, France

Roland Peyron
Central Integration of Pain (NeuroPain) LabdLyon Neuroscience

Research Center, INSERM U1028, CNRS, UMR5292, Universit�e Claude
Bernard & Universit�e Jean Monnet, Saint-Etienne, F-42023, France

Department of Neurology & Pain Center, Centre Hospitalier
Universitaire de Saint-Etienne, Saint-Etienne, F-42055, France

Luis Garcia-Larrea
Central Integration of Pain (NeuroPain) LabdLyon Neuroscience

Research Center, INSERM U1028, CNRS, UMR5292, Universit�e Claude
Bernard, Bron, F-69677, France
Centre D’�evaluation et de Traitement de la Douleur, Hôpital
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