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For the first time, an ecstatic aura has been evoked
through the electrical stimulation of the dorsal anterior
insula during presurgical invasive intracerebral monitor-
ing in a patient who did not suffer from an ecstatic form
of epilepsy. This case provides more evidence that the
anterior insula is the major generator of such a mystical-
type experience even in individuals with no underlying
brain network changes related to a preexisting ecstatic

epilepsy.
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he anterior insular cortex (AIC) is dedicated to the

processing of internal bodily stimuli (ie, inter-
oception), contextualized by the external stimuli. There is
a posterior to mid to anterior progression of integration of
these stimuli within the insula, up to the ultimate repre-
sentation into feelings in the AIC, which is considered a
major structure for the sentient self.

The brain functions as a predictive coding machine
to rapidly process and resolve the uncertainty arising from
the ambiguous information provided by our environ-
ment." Our perception of the world is the result of top-
down predictions originating from deep generative models
formed with time through our own life experiences, con-
tinuously compared with the real incoming signals, at
many different hierarchical levels and time scales in the
brain. When predictions and real incoming signals do not
match, prediction errors are generated, and the next pre-
dictions are updated. Large prediction errors indicate the
degree to which an outcome is unexpected and the predic-
tive model was inaccurate. For interoception, the
processing of prediction and prediction errors relevant to
conscious experience has been suggested to involve pri-
marily the AIC.*> The interoceptive prediction errors
reflect the uncertainty/ambiguity of the physiological state
of the body associated with the environment. This is
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consistent with the function of AIC in tracking risk, and
uncertainty more generally.>*

Ecstatic epilepsy is a rare type of focal epilepsy in
which the patient experiences a modified state of con-
sciousness, with a feeling of mental clarity (increased
self-awareness, more vivid perception of the world), a dis-
tortion of time perception (“eternal now”), and a sense of
union with the universe.” This state is similar to the mys-
tical experience, which includes a state of knowledge or
“insight into depths of truth” (revelation) and ineffability,
as described by William James,® or to states of “pure per-
ception” described by some expert meditators.

The localization of ecstatic seizures has long been
considered to be the temporal lobe in the literature, due
to the presence of temporal lobe lesions and/or of scalp
electroencephalographic (EEG) interictal epileptiform dis-
charges visible in the anterior temporal regions in some
patients (see Picard and Craig7). The AIC has only more
recently been recognized to be the symptomatogenic zone
at the origin of the ecstatic phenomenon,™® whether the
epileptogenic zone is within the AIC, or within the tem-
poral lobe with an ictal spread to the dorsal AIC.

In the past, we could reproduce an ecstatic state by
electrical stimulation of the dorsal AIC in 3 patients suf-
fering from a drug-resistant ecstatic epilepsy, during pres-
urgical stereo-EEG (SEEG) monitoring.9’10 Here, an
ecstatic phenomenon was induced in a patient who had
never experienced such a state, confirming the primary
role of the AIC in access to this state.

Subject and Methods

The patient was a 51-year-old male suffering from a
refractory epilepsy since his first year of life, with a left
hippocampal sclerosis on cerebral magnetic resonance
imaging (MRI). His seizures did not comprise ecstatic
symptoms, but a thoracic oppression, an impairment of
awareness with oroalimentary automatisms, and bilateral
hypermotor signs. Cerebral positron emission tomography
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(PET) using 18F—ﬂuorodeoxyglucose (FDG) showed a
left temporomesial and temporopolar hypometabolism,
without any insular hypometabolism. Noninvasive pres-
urgical evaluation suggested a probable left mesiotemporal
lobe epilepsy, but invasive recording was indicated to
rule out an extratemporal origin, given the prominent
hypermotor semiology. SEEG recording included 9 intra-
cerebral multilead electrodes (Microdeep; DIXI Medical,
Besancon, France) stereotactically placed in the left amyg-
dala, anterior and posterior hippocampus, anterior cingu-
late gyrus, frontopolar cortex, frontal operculum, and
anterior insula (AI), middle insula (MI), and posterior
insula (PI). Each electrode had multiple contacts, labeled
according to their distance from the cortical surface
(1 = deepest).

An electrical stimulation device integrated into the
EEG equipment was used (SystemPlus; Micromed,
Walferdange, Luxembourg). Electrical stimulation of con-
tacts potentially involved in the epileptogenic zone was
performed as a clinical procedure to test the

epileptogenicity of the contacts and map cortical func-
tions. For each electrode, we successively stimulated the
different pairs of adjacent contacts inside the gray matter
(bipolar stimulation, frequency = 50Hz, overall pulse
width = 1 millisecond, duration = 3 seconds) with cur-
rent intensities from 0.5mA up to 6mA. The interval
between one stimulation and the next was of at least
10 seconds. The patient was blinded to the timing of indi-
vidual stimulation trains and their parameters. All the
stimulations were performed the same day, while the
patient was partially weaned from preimplantation anti-
epileptic medication. He was at rest or talking with the
physician during the stimulation session and was asked to
report in detail any mental or emotional change in addi-
tion to physical sensations.

The ecstatic experience induced by the electrical stim-
ulations was scored poststimulation with the revised 30-
item Mystical Experience Questionnaire (MEQ-30), which
has been validated in mystical-type experiences induced by
consumption of psilocybin.’ This questionnaire comprises

FIGURE: Localization of cortical stimulation contacts in the left dorsal anterior insular cortex (AIC), which is associated with
mental clarity and bliss. Coregistration is shown of preimplantation T1-weighted magnetic resonance imaging and stereo-
electroencephalography (SEEG) electrodes (localized from postimplantation computed tomography scan, not shown). (A) Sagittal
plane showing the SEEG contacts of interest (red circles on contacts 3 and 4 of the left anterior insula [Al] electrode) as well as
neighboring insular and extrainsular electrodes. As the electrodes are all oblique and not coplanar, some contacts remote from
the insula are projected onto this plane to display the trajectory of the electrodes. Contact 4 of Al is at the junction between the
white and gray matter and contacts the insular cortex. (B) Coronal plane showing the same contacts of interest (red circles) and
highlighting their position at the cortical-subcortical junction in the left dorsal AIC. Electrical stimulation of these contacts at 2.7
to 3mA repeatedly produced a sensation of mental clarity, without any epileptiform afterdischarge on the SEEG, that is, without
any visible propagation of the stimulation effect. A = amygdala; AC = anterior cingulate gyrus; AH = anterior hippocampus;
FOp = frontal operculum; Fp = frontopolar cortex; L = left; Ml = middle insula; PH = posterior hippocampus; Pl = posterior insula.

290 Volume 91, No. 2



4 subscales: mystical, positive mood, transcendence of time
and space, and ineffability. The mystical subscale includes
items for internal unity, external unity, noetic quality (the
sense that objectively true aspects of reality have been rev-
ealed), and sacredness.

Weritten informed consent was obtained from the
patient, and this single-case study was approved by
the institutional review board (Commission Cantonale
d’Ethique de la Recherche, University Hospitals of
Geneva).

Results

Spontaneous seizures occurred during sleep and started
with low-amplitude fast rhythms in the amygdala and
anterior hippocampus, with a propagation about 7 seconds
later to the PI, MI, and Al, concomitant with an awaken-
ing, and involving several seconds later the anterior dorso-
lateral frontal cortex simultaneously with the clinical onset
(impairment of awareness and hypermotor semiology).
There were no interictal EEG markers of epileptogenicity
in the Al

Electrical stimulation at 2.7 to 3mA for 3 seconds of
contacts 3—4 of the electrode located in the dorsal AIC
(AI3-4; Fig ) repeatedly produced a blissful sensation of
mental clarity, without any epileptiform afterdischarge on
the SEEG, that is, without any visible propagation of the
stimulation effect (3 stimulations in total). The patient
reported that “everything seems simplified”; he felt “he
could take care of multiple problems at the same time.”
He felt “liberated” and reported a very strong feeling of
fullness. His consciousness “has suddenly enlarged”; “it is
like looking at infinity, I no longer have any limits, as if
everything was connected, and I was connected with any
part around me.” He started to describe these symptoms
1 to 2 seconds after the end of the 3-second stimulations.
Electrical stimulations of lower intensities of the same
Al3-4 contacts induced either no symptoms (0.5-1.5mA),
subtle trunk paresthesias (2mA), or a slight feeling of fall-
ing into the void (2.5mA). The ecstatic symptoms were
not reproduced during the stimulation of other bipolar
pairs of the Al electrode neighboring the Al3-4 contacts,
nor of the other electrodes (MI, PI, amygdala, anterior
hippocampus, and posterior hippocampus, with intensities
up to 1-6mA, according to the contacts). Stimulation of
the amygdalar electrode reproduced his typical auras of
thoracic oppression.

On the MEQ-30 questionnaire, completed to
describe the ecstatic symptoms experienced during the
Al3-4 stimulations, the patient had a total score of 130 of
150 points, with a score = 60% of the maximum possible
score on each of the 4 subscales (mystical, 67/75; positive
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mood, 19/30; transcendence of time and space, 30/30;
and ineffability, 14/15), which is considered a “complete”
mystical experience.

The patient benefited from a left anterior temporal
lobectomy, with an excellent outcome on the 18-month
follow-up (seizure-free, International League Against Epi-
lepsy epilepsy surgery outcome = 1).

Discussion

For the first time, ecstatic symptoms have been evoked by means
of electrical stimulation of the dorsal AIC in a patient who had
never presented such feelings before. It should be noted that the
ecstatic phenomenon is not consistently obtained by stimulating
the dorsal AIC, as such an effect has not been reproduced in
5 of our other pharmacoresistant patients who were tested in sim-
ilar conditions. In the past, this phenomenon was induced in a
few patients already suffering from ecstatic seizures,”'® who were
thus possibly predisposed to ecstatic symptoms due to altered
neural networks by repeated epileptic discharges.

The arguments supporting that the insula was not
part of the epileptogenic zone in our patient are the fol-
lowing: (1) in all seizures, the onset of the ictal discharges
involved only the anterior hippocampus and the amygdala;
(2) there were no independent interictal epileptiform dis-
charges in the insula; (3) the FDG-PET hypometabolism
spared the insula; and (4) an anterior temporal lobectomy
(not involving the insula) led to seizure freedom.

In our patient, the questionnaire’s items concerning
mental clarity in the mystical subscale (certainty of
encounter with ultimate reality, gain of insightful knowl-
edge experienced at an intuitive level) received a maxi-
mum value. As we already reported, the ecstatic state
appears to be primarily related to a mental clarity, some-
times described as a feeling of hyper-reality'® or a sense of
certainty.® The ecstatic experience has often been called
"mystical experience” in the literature.'?

How could the AIC account for the generation of
such a state of mental clarity, whether physiological or
epilepsy-related? We already hypothesized that the epilep-
tic activity occurring within the insula’ could prevent the
generation of interoceptive prediction errors.*'® We pos-
tulate that the AIC electrical stimulation causes an
increased functional connectivity with several brain
regions, and a supraoptimal level of AIC activity
preventing its normal functioning.'® Previous stimulation
studies using corticocortical evoked potentials demon-
strated that the dorsal AIC is a major network hub largely
connected to various cortical regions, including the amyg-
dala, hippocampus, and frontal cortical regions.'” In the
case of absence of interoceptive prediction errors, any con-
flict/surprise at the bodily level would disappear. Except in
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certain deep states of meditation with a suspected suppres-
sion of the gain of prediction errors,'* a state of absence
of bodily conflict/surprise is totally unusual and could
change the way the external world is interpreted, with a
feeling of clarity and understanding.

This interpretation of the ecstatic state implies that
the ultimate aim of the brain (allowing the attainment of
bliss) is not value optimization, but is only to minimize
surprise by satisfying its predictions, that is, to control
uncertainty.'> If confirmed, these findings have major
implications for the decision sciences, which currently
view human behavior as the result of value optimization.
Theories may need to be reassessed, and based on control
of uncertainty instead.

Our findings provide evidence that the AIC is a mod-
ulator for higher cognitive functions, able to underpin the
state of mental clarity. An AIC dysfunction with
disturbances of the interoceptive inference process (“ampli-
fied” interoceptive predictions) has also been suggested in
neuropsychiatric disorders such as anxiety disorders and
depression.'®'” In this perspective, we suggest that the dor-
sal AIC could become a possible target for novel therapeutic
approaches, potentially through noninvasive intermittent
brain stimulation techniques. This could constitute an alter-
native to the current novel therapeutic field of psychedelic
drugs in severe depression, on the assumption that a transi-
tory mystical-type altered state of consciousness may induce
long-lasting positive therapeutic effects.'®"?

To sum up, it is the first time a causal link has been
reported between disruption of a key brain region control-
ling awareness of uncertainty, and bliss, or “ecstatic

s

experience,” in a patient who had never presented such
experiences before and hence was not predisposed to such
symptoms. Further research is needed (1) to understand
why this ecstatic phenomenon occurs in only a subset of
patients during the stimulation of the dorsal AIC and
(2) to evaluate the potential beneficial role of dorsal AIC

stimulation in some disabling neuropsychiatric disorders.
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