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ABSTRACT – A more complete understanding of the epileptic aura rep-
resents an important challenge for localizing the epileptogenic zone and
understanding brain networks. This review re-visits the localizing value of
the epileptic aura, focusing on clinical pitfalls in epileptogenic zone detec-

unctional connectivity. We review the
lteration and its relationship to hub

y, epileptogenic zone

complete removal or disconnection
of the epileptogenic zone (EZ), it
is important to recognize pitfalls in
aura semiology and understand aura
networks to improve seizure focus
localization. Although multiple dia-
gnostic modalities are available, the
precise formulation of seizure semi-
ology continues to be a daunting
tion and the importance of defining f
role of network node activation or a
activation.

Key words: aura, networks, semiolog

An aura is usually considered to
be the onset of a seizure occur-
ring before the alteration or loss
of awareness, but should be dis-
tinguished from a premonitory or
prodromal sensation because the
auras occur at seizure onset, while
prodromal experiences occur signif-
icantly before the seizure, usually at
pileptic Disord, Vol. 21, No. 6, December 2019 519
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least 30 minutes. Moreover, exclud-
ing motor symptoms, auras are often
restricted to subjective experiences
(Spencer, 2015). Since the specific
experience of the aura is largely
determined by the locus of seizure
onset and seizure freedom requires

clinical challenge and an important
source of surgical failure (Lesser
et al., 1984; So, 2006; Carreno and
Lüders, 2008). The EZ is conceptual-
ized as a discrete hub of abnormal
electrographic seizure activity, but
in reality the clinical spectrum of
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n epileptic seizure often reflects more widespread
etwork dysfunction. As seizures propagate along
referential neural pathways, they activate defined
etworks and generate clinical symptoms that can be
ither significant or non-markers of the EZ (Iannotti et
l., 2016).
he epileptic aura typically occurs at seizure onset
nd therefore is regarded as particularly important
natomically and a singularly accurate marker of the
Z. However, this is not always the case as the EZ
ill remain undetected if an aura is preceded by

eizure onset in a clinically silent brain region, or
y too rapid electrical seizure propagation. Thus, an
ppropriate level of caution must be exercised before
ssigning definitive localizing value to any aura during
he pre-surgical evaluation (Kellinghaus and Lüders,
008; Tufenkjian and Lüders, 2012; Perven and So,
015). These constraints underscore the importance of
arefully correlating the clinical semiology of an aura
hrough an understanding functional brain organiza-
ion and the networks involved in epileptogenesis.

he localizing value and pitfalls
f the epileptic aura

isual and auditory auras

isual auras include both simple and complex man-
festations. In general, simple visual auras result
rom activation of primary visual cortex (Appel et
l., 2015), while complex visual auras more likely
eflect activation of association cortex in the temporo-
ccipital junction (Fried et al., 1995; Bien et al., 2000).

n contrast, both simple and complex auditory auras
emain confined to the lateral superior temporal lobe.
lthough the visual aura has important localizing
ower, complex visual auras often have widespread
epresentation and can be elicited by activating basal
s well as convexity temporal neocortex (Gupta et al.,
983). Complex visual hallucinations and visual illu-
ions have also been described in seizures of frontal
obe seizure origin (Fornazzari et al., 1992; Beauvais et
l., 2005; La Vega-Talbot et al., 2006; Ye et al., 2012), likely
ue to the extension of the ventral and dorsal visual
tream into the prefrontal cortex (Wilson et al., 1993;

Scalaidhe et al., 1997; Ungerleider et al., 1998).
n contrast to visual sensations, auditory auras are
ecidedly less common (with an incidence of 1.3-
20

.9%) but also have variable localization (Penfield and
ristiansen, 1951). Simple unilateral auditory hallucina-

ions including buzzing and ringing are well-localized
o the temporal auditory cortex (Florindo et al., 2006)
hereas complex hallucinations (music or voices) and
ositive illusions (increased loudness or altered fre-
uency) reportedly arise in both the ipsilateral and

S
e
s
d
c
a

ontralateral cerebral hemispheres (Loddenkemper
nd Kotagal, 2005). Interestingly, negative illusions
auditory agnosia or hypoacusia) are associated exclu-
ively with a dominant hemisphere EZ (Clarke et al.,
003, Florindo et al., 2006).
ertiginous auras are often linked to visual or audi-

ory symptoms (Richer et al., 1991) as they arise in
he temporo-parietal junction in proximity to visual
nd auditory association areas. Direct cortical stimu-
ation reveals extension of the vertiginous EZ above
nd below the Sylvian fissure, including the parietal
perculum and the middle and posterior portions of

he superior and middle temporal gyri (Kahane et al.,
003).

lfactory and gustatory auras

lfactory and gustatory auras are often linked together
linically making it difficult to differentiate them. The
ssociation of olfactory and gustatory auras is consid-
red the defining feature of “uncinate fits”, but their

ocalizing significance is not absolute. While olfactory
uras are observed in seizures arising from the mesial
emporal and occipital lobes (Palmini and Gloor, 1992;
charya et al., 1998; Russo et al., 2016), olfactory sen-
ations are also produced by stimulating the olfactory
ulb, insular cortex, amygdala (attention to olfactory
uras in case of amygdala neoplasm) and the pos-
erior orbitofrontal region (Andy, 1967; Bancaud and
alairach, 1992).
lfactory illusions hold special significance for tumor

atients as they may arise in auditory associa-
ion cortex and also propagate to connected areas
ncluding the insula and inferior frontal operculum
Isnard et al., 2004).
he risk of misidentification of the EZ is even greater
or gustatory auras. Taken alone, the gustatory aura
as little lateralizing or localizing value as stimula-

ion of rolandic cortex, parietal operculum, insular
ortex and mesiobasal temporal regions all generate
ustatory hallucinations (Bancaud and Talairach, 1992;
usso et al., 2016). It has been proposed that gustatory
allucinations result from ictal spread to the oper-
ulum by “functional reorganization of connections
ithin these epileptogenic areas” (Hausser-Hauw and
ancaud, 1987; Ostrowsky et al., 2000).

omatosensory aura
Epileptic Disord, Vol. 21, No. 6, December 2019

omatosensory auras have specific localizing and lat-
ralizing value through their direct correlation with the
omatosensory homunculus. Sensory auras occurring
istally and unilaterally signify an EZ in primary sensory
ortex, while bilateral and more widespread symptoms
re often produced through activation of the second
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omatosensory area (Pugnaghi et al., 2011), which also
enerates ipsilateral sensory symptoms including feel-

ngs of pain or warmth (Stephani et al., 2011; Montavont
t al., 2015).
rimary sensory symptoms (numbness and tingling)
hould be differentiated from complex symptoms
ncluding painful sensations (burning, pricking or

uscle tearing), shivering and goosebumps. ECoG
ecordings of painful somatosensory auras localize the
Z to the posterior insula and secondary somatosen-
ory cortex (Montavont et al., 2015), whereas auto-
omic auras including shivering and goosebumps
riginate predominantly from the dominant left tem-
oral lobe (amygdala) (Stefan et al., 2002). Similarly,
rimary somatosensory auras of a supernumerary
hantom limb (SPL) and missing limb arise from cor-

ical areas outside primary sensory cortex (Millonig
t al., 2011). SPL has also been reported from the
emporo-parietal junction while a missing limb sen-
ation arises from the right parietal region (Mauguiere
nd Courjon, 1978).
ocal somatic auras of pharyngeal or laryngeal dyses-
hesias usually indicate activation of posterior insular
ortex with early spread to the temporal and parietal
perculum (Isnard et al., 2004). These auras have rarely
een reported to arise from mesial temporal cortex

Carmant et al., 1996) suggesting that these symptoms
re produced through activation of insular-perisylvian
etworks with an ‘entry gate’ (insulo-operculum or
perculum-insular) (Carmant et al., 1996).
espite their high localizing value, somatosensory cor-

ical stimulation studies reveal that somatosensory
uras may overlap with symptoms arising in insu-
ar cortex and the supplementary sensorimotor area
Lim et al., 1994; Salanova et al., 1995; Beauvais et
l., 2005). False interpretation of somatosensory auras
ay occur due to imperceptible muscle contractions

fter motor cortex stimulation (Bancaud et al., 1994).
educed localizing and lateralizing value of sensa-

ions affecting the entire body has also been observed
Bartolomei et al., 2004). Somatosensory auras asso-
iated with temporal lobe epilepsy may result from
econdary spread from the parietal lobe or posterior
emporal region.

sychic auras

sychic auras are decidedly les common and most
pileptic Disord, Vol. 21, No. 6, December 2019

ikely involve a complex network that connects the
emporal neocortex (visual hallucinations) to limbic
tructures (dreamy state) (Gloor et al., 1982; Gloor,
990). The psychic aura may also require theta band
ynchronization within mesial temporal structures par-
icipating in a widespread network involving primary
isual and associated cortices (Barbeau et al., 2005;

a
t
i
f
e
m
t

Localizing value of epileptic auras

ignal et al., 2007). Unlike the abovementioned net-
orks, SEEG and SPECT studies suggest that ictal fear

esults from network imbalance involving the amyg-
ala and the temporal pole that includes projections

o orbitofrontal, anterior cingulate and medial frontal
ortex (Gloor, 1990; Biraben et al., 2001; Bartolomei et
l., 2004; Barbeau et al., 2005).

utonomic aura

he urge to urinate, shortness of breath, sialorrhea,
acrimation, vomiting, retching, flushing, palpitation,
oosebumps, generalized cold or warm feelings are
ifferent types of autonomic auras produced by acti-
ating not only the insular cortex and temporal lobe,
ut also the anterior cingulum, frontal lobe, supple-
entary sensorimotor area, postcentral parasagittal

egion and amygdala (Remillard et al., 1983; Calleja et
l., 1988; Fish et al., 1993; Kotagal et al., 1995; Henkel
t al., 2002). Inconclusive localizing value of auto-
omic auras is therefore to be expected. Network
tudies indicate that the amygdala and hippocampus
re important hub regions and that secondary activa-
ion occurs preferentially to insular and medial frontal
egions (Calleja et al., 1988).

exual auras

exual auras are erotic feelings and pleasurable gen-
tal sensations that are mediated predominantly in
he temporal lobe (Remillard et al., 1983; Baird et
l., 2007), whereas sexual automatisms constitute the
otor components of sexual behavior that arise from

rbitofrontal regions and should not be confused with
ensory auras.
exual auras must also be differentiated from unpleas-
nt superficial genital sensations that lack sexual
ontent (Remillard et al., 1983). These sensations can
e produced by stimulating primary somatosensory
ortex at the parasagittal convexity, interhemispheric
ssure or possibly the perisylvian region (Bancaud et
l., 1970).

ultiple auras

xtra caution should be exercised in the interpreta-
ion of multiple auras, which were reported by 6%
f 1,897 patients with epilepsy. These phenomena are
urportedly associated with multifocal epilepsy, or
521

ctivation of a neural network with access to more
han one functional region (Nakken et al., 2009). Most
mportantly, multiple auras can either accompany dif-
erent seizures or occur during the same seizure,
ither simultaneously or sequentially. Multiple auras
ay originate in a single EZ, usually in the insular or

emporal lobe or in posterior quadrant foci, resulting
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rom either sequential or simultaneous activation of
ultiple symptomatogenic zones. Lastly, they may also

ccur in multifocal epilepsy and must be differentiated
rom a focal seizure network with secondary propa-
ation leading to different auras. Multiple auras may
lso represent distinctive sensory disturbances prop-
gating along different pathways from a single focus
Gloor, 1990; Widdess-Walsh et al., 2007).

ocal seizures with preserved
wareness versus auras

y definition, all focal seizures with preserved aware-
ess are focal electro-clinical seizures that lack

mpaired awareness. Auras are a specific subset of focal
eizures with preserved awareness characterized by a
ensory state that reflects specific sensory alteration or
ltered perceptual awareness (e.g. distortion of sight,
ound or smell, confusion, unpleasant emotions, dizzi-
ess or déjà vu feelings) (Ferrari-Marinho, 2012). An
ura is therefore highly internalized and generates no
bservable change; it will only be discovered through
areful history taking. In contrast, focal seizures
ith preserved awareness consisting of circumscribed
otor phenomena are not strictly considered as auras

s they generate outwardly observable manifestations
hat can be recorded by others (Taylor and Lochery,
987). Auras provide an important warning that may
revent self-injury or injury to others. Most auras orig-

nate from posterior neocortex or deeper brain regions
mesial temporal, inferior frontal, etc.). As reviewed
n figure 1, different brain regions that induce similar
uras due to early spread will reduce their lateral-
zing and localizing value. Fortunately, focal seizures

ith preserved awareness most often present as focal
eizures localized to one anatomical location.

nterictal experiential phenomena
ersus true epileptic auras

xperiential phenomena are complex psychic phe-
omena observed primarily in adults with temporal

obe or limbic epilepsy, and to differentiate them
rom the true epileptic auras would avoid localiza-
ion errors. They are distinct from epileptic auras or
ocal-onset seizures arising in the posterior neocor-
ex (Scheffer et al., 2017). Experiential phenomena
22

reate a compelling immediacy that is similar to or
ven more vivid than real life (Scheffer et al., 2017).
hey may present as illusions, complex (auditory-
isual) hallucinations, fear or a déjà vu feeling; most
re fragmented and lack detail (Gloor, 1990; Scheffer
t al., 2017). Psychic phenomena can be elicited by
irect cortical stimulation of the limbic structures -

c
p
i
o
t
z
s

mygdala, hippocampus and parahippocampal gyrus
nd temporal neocortex (Gloor, 1990; Scheffer et al.,
017). PET brain imaging in patients with temporal lobe
pilepsy and déjà vu reveals focal hypometabolism

n parahippocampal regions suggesting a strong asso-
iation with parahippocampal dysfunction (Guedj et
l., 2010). Interestingly, no ictal after-discharges were
oted during stimulation of these areas, suggesting

hat these experiences are positive interictal phe-
omena and neither an ictal event nor ictal paralysis

Guedj et al., 2010). Although psychic phenomena have
mportant localizing potential, their localizing value in
pilepsy surgery patients is limited as they are not true
epresentations of ictal events or ictal onset (Chen et
l., 2003). It is presumed that complex underlying net-
orks are involved in eliciting experiential phenomena
hich usually begin as a limited discharge in a group of
eurons that later utilizes strengthened connectivity to
e-create a particular experience (Gloor, 1990). In chil-
ren, experiential phenomena are poorly described,

ikely due to immaturity of long-term memory stor-
ge areas and the child’s inability to describe complex
eelings.

rom the epileptogenic zone to the
order territory: involved networks

hile a seizure onset zone may manifest as a sim-
le visual or auditory aura, it is more often silent or

riggered later in the propagation sequence (David et
l., 2010). The dynamic interaction between the seizure
nset zone and early involved brain areas, includ-

ng their electrographic features will determine the
emiology of the seizure, including the aura and its
ocalizing value (Chauvel and McGonigal, 2014). By
ully describing the entire sequence, from aura to pos-
ictal manifestations, the localization of the seizure
nset zone becomes a probability analysis within a
iven network (Chauvel and McGonigal, 2014). SEEG
tudies may be required to ascertain a more pre-
ise analysis of the spatial-temporal propagation of
he epileptic seizure in parallel with the semiological
equence (Bartolomei et al., 2017), by implementing
he surgical outcome as shown in figure 2; the aura
epresenting either part of the seizure onset zone or
ne of the first activated hubs in the epileptogenic
etwork.
lectrical seizure onset typically (but not always) pre-
Epileptic Disord, Vol. 21, No. 6, December 2019

edes the aura by seconds to minutes, although many
atients do not experience auras during SEEG mon-

toring (David et al., 2010; Perven and So, 2015). This
bservation further emphasizes the importance of

he aura, if experienced, as part of the seizure onset
one or one of the primary nodes in the propagation
equence in the epileptic seizure.
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≥ 70%) to the mesial temporal region. Similarly, gustatory auras
nd occipital cortex (60%), respectively. Remaining auras (simple
uditory and somatosensory auras) have variable distribution an
) – number of patients with auras;

- Acharya et al., 1998; D - Bien et al., 2000; ¶ - Chen et al., 2003;
ausser-Hauw and Bancaud, 1987; ¥ - La Vega-Talbot et al., 2006;

sychic manifestations, such as fear or anxiety, are
specially challenging to localize anatomically as fear
ften occurs as a non-specific sensation without an
ccompanying sensory disturbance. Biraben et al.
2001) studied the appearance of early fear in frontal
nd temporal lobe epilepsy. In two cases of right
esial temporal epilepsy, SEEG recordings identified

he electrographic seizure onset in the amygdala 30
o 60 seconds before fear manifested, and concluded
hat a more widespread network that includes the
rontal lobe is required for the expression of fear
Biraben et al., 2001). In four SEEG patients, the aura
f fear appeared when electrical seizures propagated

o external temporal lobe structures, the orbitofrontal
pileptic Disord, Vol. 21, No. 6, December 2019

ortex and anterior cingulate.
uras arising from the frontal lobe are highly variable
ut their description may provide precise localization
f seizure onset. Bonini et al. (2014) studied frontal lobe
eizures in 54 selected patients, based on clustering
heir auras with their ictal semiology, and delineated
our distinct networks (fronto-parietal, fronto-insular,

2
g
m
p
T
s
u

visual illusions commonly originate from lateral temporal (70%)
cination, ictal blurring, complex visual hallucination, vestibular,
e poor localizing value (≤ 50%).

larke et al., 2003; # - Fish et al., 1993; £ - Fornazzari et al., 1992; § -
gnaghi et al., 2011;

∫
- Russo et al., 2016; ± - Ye et al., 2012.

idespread frontal and fronto-temporal). The authors
bserved a general tendency for seizures arising from
remotor or prefrontal areas to propagate posteriorly,
ut there was no reverse propagation. The latency
etween electrographic and clinical seizure onset

either aura or other clinical signs) averaged three
econds (range: 0.5 to 10 seconds). Latencies differed
etween groups, with the shortest interval occurring in

he group without aura who had seizures arising from
remotor cortex. Somesthetic localized auras charac-

erized the first group, with manifestations when the
lectrical seizure reached Broca Area 4. Auras with feel-

ngs of fear, anxiety or rage defined the fourth group,
hen the electrical seizure reached the Broca Areas 14,
523

4r, 32, amygdala and temporal structures. The second
roup expressed a non-localized aura, which mostly
anifested when the electrical discharge involved the

re-SMA and the Broca Area 14.
emporal lobe auras that progress to motor convul-
ions are particularly challenging. Ferri et al. (2014)
tilized SEEG exploration to examine the role of the



Journal Identification = EPD Article Identification = 1106 Date: December 14, 2019 Time: 10:12 am

5

A. Russo, et al.

Figure 2. This is the case of a 24-year-old patient with right hippocampal sclerosis and seizures with dizziness and visual blurring as
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ubjective manifestations at seizure onset. He was invasively exp
n epileptogenic index corresponding to low-voltage fast activ
eizure onset. At the moment of aura, a coupled activation is obs
he patient underwent a right anterior temporal lobectomy in
uras) and off medication since 2016.

uditory aura in nocturnal frontal lobe epilepsy. They
howed that seizure freedom occurred when the EZ
as accurately localized to the temporal lobe. Propa-
ation to the frontal lobe occurs rapidly in this disorder
nd the temporal EZ is easily overlooked if the aura is
he only indicator of extra-frontal seizure origin. The
uthors concluded that the origins of the unilateral
uditory auras were Heschl’s gyrus and the tempo-
al operculum, while no clear origin of the bilateral
uditory aura was identified.
pecific temporal lobe auras provide important
iagnostic value for seizures with rapid secondary
pread. Barba et al. (2007) compared the scalp-
ecorded features of temporal and temporal-plus
pilepsy. The type of aura was an important differ-
ntiating factor - abdominal auras were associated
ith purely temporal lobe seizures, while gustatory
allucinations, rotatory vertigo and auditory illusions
ere primarily associated with temporal-plus seizures.
he origin of the abdominal aura, especially when
ollowed in the seizure sequence by oral and/or

anual automatisms, is considered to be mesial tem-
oral structures, as previously described (Taylor and
ochery, 1987; Henkel et al., 2002; Barba et al., 2007).
ustatory aura is considered to arise from the oper-

ular cortex and insula (Hauser-Hauw and Bancaud,
24

987; Ostrowsky et al., 2000; Isnard et al., 2004; Barba
t al., 2007) in seizures beginning in the temporal lobe
nd insular cortex. Rotatory or vestibular auras are
elieved to originate from the lateral temporo-parietal
rea and are the most important manifestation when
he seizure onset zone is in the TPO junction (Kahane
t al., 2003; Barba et al., 2007).

b
l
s
f
t
w
(

d with a temporo-parieto-occipital-targeted SEEG implantation.
d baseline shift is projected on the electrode locations at the
in the posterior hippocampus, posterior insula and precuneus.

and he is currently seizure-free with Engel Class 1A (including

n contrast to auras of temporal lobe origin, parietal
obe auras are poorly localizing. Recently, Bartolomei
t al. (2017) differentiated clinical from electrical
arietal seizure networks. They identified four main
etworks, with some auras assisting in network def-

nition. For example, vestibular auras localized to the
uperior parietal lobule, whereas somatosensory auras
n the contralateral limbs were strongly indicative of
arietal network involvement. Fear and anxiety were
eported by two parietal lobe patients, reinforcing the
natomically non-specific basis of these symptoms.

small number of patients will describe multiple
uras (6% according to Nakken et al. [2009]), either in
sequence during the same seizure, or in different

eizures. Insular epilepsy provides the clearest exam-
le of multiple auras occurring in a sequence, as insular
pilepsy patients frequently describe a throat sensa-
ion followed by paresthesia in a delimited territory
nd elementary auditory hallucinations (Isnard, 2009),
ccording to the hubs in the propagation sequence
f the epileptic discharges to the parietal and tempo-
al structures. In a study of 31 patients with multiple
uras evaluated in the Cleveland Clinic, most with at
east three aura types had a seizure onset zone in the
on-dominant hemisphere, particularly the temporal

obe (Widdess-Walsh et al., 2007), a finding confirmed
Epileptic Disord, Vol. 21, No. 6, December 2019

y others (Perven and So, 2015). The authors postu-
ated that the experience of multiple auras strongly
uggests localized epileptogenesis as consciousness is
ully preserved. In some patients, secondary propaga-
ion to the contralateral hemisphere may occur, which
ill impair consciousness and block recall of the aura

Widdess-Walsh et al., 2007; Perven and So, 2015).
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ultiple seizure types with multiple auras are rare indi-
ators of multifocal epilepsy. Invasive recording may
e required to distinguish this unique subgroup from
atients with unifocal seizure onset and secondary
ctivation sites (Widdess-Walsh et al., 2007). This issue
s best studied by direct electrical stimulation utiliz-
ng depth or grid electrodes. Protocols using 1-Hz or
0-Hz stimulation can be utilized to define the EZ.
ingle-pulse electrical stimulation permits the study
f aura-generating cortical networks to determine
pecific patterns and comparisons with normal brain
etworks (Perven and So, 2015; Matsumoto et al., 2017).

uras in generalized epilepsy

lthough epileptic auras are typically regarded as indi-
ators of focal seizure onset, they are also described
y patients with generalized absence and myoclonic
pilepsy, and may occur in a similar proportion
21-70%) to focale epilepsies (Boylan et al., 2006;
ungor-Tuncer et al., 2012; Dugan et al., 2014). Com-
on auras in patients with generalized epilepsies

nclude visual auras (flashing lights, macropsia, illu-
ional movement of the environment, blurred vision
nd ictal blindness), autonomic and dyscognitive
ymptoms (lapsed awareness, change in speech and
houghts or comprehension), hiccups, epigastric sen-
ation, fear, unusual taste and unexplained changes
n emotional state. The appearance of an aura in
eneralized epilepsy could represent selective focal
ortical activation within a generalized network. Some
re-ictal symptoms or auras in generalized epilep-
ies are caused by repetitive spike-wave discharges
rior to motor seizure onset. An accurate electro-
natomo-clinical correlation of aura symptomatology
n generalized epilepsy would therefore be required
o understand their precise localization (Boylan et al.,
006; Gungor-Tuncer et al., 2012; Dugan et al., 2014).

evelopmental considerations

aturation of seizure semiology progresses through-
ut the pre-adolescent years in parallel to the
cquisition of cognitive and behavioral milestones
Fogarasi et al., 2007; Nordli, 2013). Auras are also influ-
nced by maturational factors but are additionally
ependent on the child’s ability to communicate and
elate to previous memories (Working Group of the
pileptic Disord, Vol. 21, No. 6, December 2019

nternational Association of the Scientific Study of
ntellectual Disability, 2001). Until full language compe-
ence is achieved, aura description is unlikely (Fogarasi
t al., 2007). Although auras have been described as
arly as three years of age, descriptions are more reli-
ble after age six years (Fogarasi et al., 2007; Nordli,
013). Until then, children can only recognize seizure
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nset if instructed. Their restricted world experience
nd limited feelings and sensations can yield erro-
eous aura information (Fontana et al., 2006).
hese issues also occur in adults with intellectual
eficiency (Verellen and Cavazos, 2011). Auras in the
lderly population represent an additional challenge,
s multiple comorbidities, minor daily complaints,
nd cognitive decline may obscure aura manifesta-
ions (Verellen and Cavazos, 2011). Because of these
ssues, a significant number of elderly patients remain
ndiagnosed with epilepsy for more than a year after
eizure onset (DeToledo, 1999; Verellen and Cavazos,
011). Language impairment or dementia also pre-
ludes meaningful description of their aura symptoms
Silveira et al., 2011). Auras in the elderly are thus
arely reported and poorly described; they are also
requently associated with dizziness (Verellen and
avazos, 2011). Seizures in the elderly may manifest as
onfusional episodes or prolonged periods of postictal
onfusion lasting for weeks that make aura description
early impossible (Cloyd et al., 2006; Silveira et al., 2011;
erellen and Cavazos, 2011; Stefan et al., 2014). �
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TEST YOURSELF
EDUCATION

(1) What is an epileptic aura?

(2) Why is it difficult to notice an aura during childhood age?
28 Epileptic Disord, Vol. 21, No. 6, December 2019

(3) What is the meaning of an aura in generalized epilepsy?

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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