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ABSTRACT – We report the case of a patient with epilepsy who described
shame and embarrassment at the beginning of his seizures. Non-invasive
and invasive presurgical investigations led to resection of the polar and
ventromedial portions of the right frontal lobe. Following the surgery, the
patient continued to have seizures, albeit only nocturnal and with no clear
aura. Subsequent removal of the right anterior insula at the junction with
the frontal operculum and the posterior orbitofrontal cortex led to seizure
freedom, but the patient reported a loss of motivation and stamina and was

g network of negative moral emotions

aura, epilepsy, insula, frontal lobe
agnetoencephalography

automatisms. These seizures typi-
cally lasted for approximately 20 sec-
onds and recurred daily; they rarely
evolved into bilateral tonic-clonic
seizures. No other autonomic symp-
toms concomitant with the feeling
of embarrassment were present.
After failing 10 different antiepilep-
tic drugs, the patient was evaluated
for potential epilepsy surgery. MRI
failed to disclose an epileptogenic
lesion. Video-surface EEG monitor-
ing showed bifrontal spikes with
right-sided predominance; seizures
declared unfit for work. The underlyin
is briefly discussed.

Key words: embarrassment, shame,
epilepsy, negative moral emotions, m

In this report, we present and dis-
cuss the case of a patient with
epilepsy whose seizures started
with a peculiar aura of shame
and embarrassment. These feelings
are uncommonly encountered in
seizures and their cortical localiza-
tion is not well known.

Case report

A left-handed, 41-year-old man with
no significant past medical history
started having seizures at age 35
d
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years. Spells were characterized by
an aura of shame and embarrass-
ment (as if he had done something
wrong in public) coupled with an
ill-defined epigastric sensation fol-
lowed by impaired awareness, facial
flushing, and occasional manual

were associated with a diffuse
attenuation followed by rhythmic
activity, maximum over the right
hemisphere. [18F] Fluorodeoxyglu-
cose positron emission tomogra-
phy revealed mild hypometabolism
of the right frontopolar region.
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Figure 1. 3-D representation of intracranial EEG electrode
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shown both shared and distinct patterns of activa-
ontacts: a 4 × 8 subdural grid was positioned over the dor-
olateral frontal lobe as well as several (11) subdural strips to
ample the ventromedial prefrontal cortex, the cingulate gyrus,
he orbitofrontal, and frontopolar regions.

ctal single photon emission computed tomography
isclosed multiple activation sites including the
ight frontopolar region. On neuropsychological
xamination, the patient showed a high error rate
n a formal visual selective attention task (Ruff 2 &
Selective Attention Test; Ruff and Allen, 1996) and

mpaired cognitive flexibility as indexed by increased
rrors and slow execution speed on the Switching
ondition of the Delis-Kaplan Executive Function
ystem - Color-Word Interference Test (Delis et al.,
001). An intracranial EEG study was subsequently
erformed, mainly targeting the right frontal lobe

orbitofrontal cortex, inferior, middle and superior
rontal gyri, medial frontal gyrus, and cingulate gyrus)
figure 1). Recorded seizures were associated with
ow-voltage fast discharges at several contacts located
n the right frontopolar region, the anterior medial
rontal region, and the inferior frontal gyrus. Guided
y these findings, an extensive right anterior frontal
ortectomy was performed. Pathological examination
f the resected tissue revealed subtle architectural
bnormalities (i.e. more than the expected number of
eurons within the cortical molecular layer and under-

ying white matter, focal loss of the cortical lamination
attern, malorientation of some cortical pyramidal
eurons, and clustering of cortical neurons), sug-
esting a mild malformation of cortical development
“microdysgenesis”).

ithin six months, seizures unfortunately recurred at
frequency of one to four per month. Seizures were
ow only sleep-related however, and characterized by
udden awakening, hypertonia, and pedalling. A post-
perative magnetoencephalographic study (MEG),
nalysed using the equivalent current dipole (ECD)
pileptic Disord, Vol. 21, No. 3, June 2019

odel, identified a few scattered sources in the right
erisylvian area. Right-sided bursts of focal gamma
ctivity were also observed during the study; MEG
ocalization of these high-frequency oscillations using
n event-related Beamformer suggested a probable
ource in the vicinity of the right anterior insula
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An embarrassing aura

figure 2B) (Mohamed et al., 2013). Prior to the initial
urgery, this patient had undergone a MEG study for
esearch purposes in the department of psychology.
his research data was retrieved and analysed again,
his time for clinical purposes. Findings showed a clus-
er of sources over the right fronto-operculo-insular
egion (figure 2A). The patient underwent a second
pilepsy surgery with the removal of the right frontal
perculum, the anterior insula, and the postero-lateral
rbito-frontal cortex (figure 2C). He has remained
eizure-free since (Engel Class 1A, with a follow-up
f five years). No change in subjective emotional
xperience was reported by the patient following
he surgeries, and formal neuropsychological assess-

ent revealed no deterioration (nor improvement) of
re-existing impairments in attention and executive

unctions. No personality changes were reported on
he Iowa Scales of Personality Change (Barrash et al.,
997) according to the spouse, although elevations
ere noted on items assessing lack of stamina and ini-

iative, vulnerability to pressure, lack of planning, and
ocial inappropriateness both before and after surgery.
owever, the patient himself reported a loss of moti-

ation and lack of stamina (e.g. difficulty initiating or
ompleting projects) and was declared unfit for work
n this context.

iscussion

e report on a patient with drug-resistant epilepsy
ho exhibited a peculiar aura of embarrassment who
ventually became seizure-free following the removal
f the right frontal-operculum at the junction of the
nterior insula and the postero-lateral orbitofrontal
ortex.
hese findings are consistent with our current under-
tanding of the neural correlates underlying negative
oral emotions such as shame, embarrassment, and

uilt. While shame is a self-focused feeling related to
he way we perceive ourselves and how we believe
thers see us after a wrong or foolish behaviour,
uilt implies empathy toward others and a real con-
ern for the other’s wellbeing with a need to make
mends after acting badly. On the other hand, embar-
assment is more related to a response in the presence
f a real or imagined audience in which the person
orries about their social image (Bastin et al., 2016).

unctional neuroimaging (MRI or PET) studies have
279

ion associated with these emotions. Regions that are
ommonly activated in more than one self-blaming
motion typically include the hippocampus, the dorso-
edial prefrontal cortex, the ventrolateral prefrontal

ortex, the dorsal anterior cingulate cortex, and the
nterior insula (Bastin et al., 2016). Cumulative work
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Figure 2. (A) Magnetoencephalography study (acquired prior to first surgery but analysed only after) showing clustered sources
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sing the equivalent current dipole model over the anterior ins
etoencephalography study (performed after the first surgery)

he anterior insula using the Beamformer model. (C) MRI sho
rontal region (arrow) and the second surgery at the junction o
ortex (triangle).

ver recent years has notably shown that the insula
lays a particularly important role in interoception
nd the representation of emotional states, especially
n relation to processing subjective feelings, empa-
hy, and uncertainty (Uddin et al., 2017). Moreover,
ractography studies have shown strong connections
etween the anterior insula and all the aforemen-

ioned structures from the ventral to the dorsal sectors
f the prefrontal cortex (Ghaziri et al., 2017).
o our knowledge, only one similar case has been
eported in the literature (Devinsky et al., 1982); a 40-
80

ear-old patient with an aura of embarrassment (“as
hough [he] had made a very foolish remark”), associ-
ted with a Grade II astrocytoma in the right anterior
edial frontal region. The location of the tumour (and

robable seizure onset zone) here is also consistent
ith our current knowledge of the circuitry of these
motions, although one cannot exclude that the aura

s
a
s
v
e
s
(

osterior orbitofrontal cortex, and frontal operculum. (B) Mag-
ing probable source of high-frequency gamma oscillations in
the location and extent of the first surgery over the anterior
frontal operculum, anterior insula, and posterior orbitofrontal

s the result of propagation of ictal activity to other
rain regions.

n contrast to the unpleasant nature of the emotional
tate reported by our patient during his seizures,
xtremely positive emotions (i.e. “ecstatic seizures”)
ave also been associated with seizures involving the
nterior insula in some patients (Gschwind and Picard,
016). A possible explanation for such contrasting emo-
ional experiences associated with epileptic seizures
riginating from similar regions is a hemispheric spe-
ialization in emotional valence processing. Indeed,
Epileptic Disord, Vol. 21, No. 3, June 2019

timuli with negative emotional valence have been
ssociated with bilateral insular activation in fMRI
tudies, whereas positive stimuli more specifically acti-
ate the left insula (Duerden et al., 2013). However,
cstatic seizures are not specific to the left hemi-
phere as they have been located in both hemispheres
Gschwind and Picard, 2016). It also seems unlikely
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hat such complex emotional states are specifically
ocated in a single brain region. Another possibility
s that these different emotional experiences dur-
ng seizures involve distinct epileptic networks, both
nvolving the insular cortex. Based on the present
ase study of embarrassing seizures and the few cases
f ecstatic seizures previously reported in the liter-
ture (Picard and Craig, 2009; Gschwind and Picard,
016), it can be hypothesized that the former involve,
mong other regions, the insula and the anterior
edial frontal cortex, whereas the latter involve the

nterior temporal lobe in addition to the anterior
nsula.
t is interesting to note the change in seizure semiology
ollowing the first epilepsy surgery (transition to sleep-
elated seizures only and disappearance of the aura of
mbarrassment). This may be related to a surgical alter-
tion of the fronto-insular network underlying both
his negative moral emotion and epileptic condition, or
imply the inability to recall the aura during sleep. On
he other hand, we cannot exclude the possibility that
he auras of embarrassment were the result of seizure
ropagation to the polar sections of the prefrontal cor-

ex (Moll et al., 2011). It is unlikely that the patient had
ultifocal epilepsy as the MEG performed before the

rst surgery (but only analysed after) suggested a focus
t the junction of the anterior insula, inferior frontal
yrus, and postero-lateral orbitofrontal cortex, similar
o the post-operative MEG. Our case study is limited
y the fact that confident and precise delineation of

he seizure onset zone within these structures was not
ossible by intracranial EEG due to inadequate sam-
ling, notably of the insula and the postero-lateral
ortion of the orbitofrontal cortex. This serves as a
eminder that inadequate intracranial electrode cov-
rage may produce a false electrographic picture as
he first signal recorded may simply represent propa-
ation if there is no electrode over the actual seizure
nset zone. Furthermore, this case is another example
f how MEG can be useful in the presurgical evaluation
f non-lesional drug-resistant neocortical epilepsies

ncluding operculo-insular cases (Mohamed et al.,
013, 2018).

onclusion
pileptic Disord, Vol. 21, No. 3, June 2019

ur case study suggests that ictal embarrassment may
e encountered in epileptic patients with a focus at

he junction of the frontal operculum, anterior insula,
nd postero-lateral orbitofrontal cortex. When dealing
ith such an aura, one should keep in mind known

omponents of the network underlying these negative
oral emotions. �
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upplementary data.
ummary didactic slides are available on the
ww.epilepticdisorders.com website.
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TEST YOURSELF
EDUCATION

(1) What is the difference between guilt, shame and embarrassment?

(2) What brain regions are commonly involved in embarrassment, shame and guilt?
82 Epileptic Disord, Vol. 21, No. 3, June 2019

(3) What are the limitations of intracranial EEG studies?

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com, under the section “The EpiCentre”.
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