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POSTERIOR CORTEX SEIZURES
— PEDIATRIC CHALLENGES
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SUMMARY - Posterior cortex seizures have a complex semiologic presentation that is especially
challenging in the pediatric population. Therefore, using clinical presentation in localizing ictal in-
volvement is not sufficient in children, thus making this type of epilepsy quite under-recognized. As
most of the ictal symptoms are subjective and could well be overshadowed by symptoms arising from
adjacent cortices, primarily temporal and central ones, it is necessary not to overlook this large source
of pharmacoresistant epilepsies. The parietal lobe as part of an extensive synaptic network is a great
imitator, thus quite often producing inaccurate localization readings on scalp electroencephalography
(EEG) due to very scattered interictal discharges and uninformative ictal recordings. Using direct
cortical recordings in delineating the epileptogenic zone is helpful in some cases but even highly ex-
perienced epileptologists may erroneously interpret some features as arising from other localizations,
especially the frontal lobe. Epilepsy surgery from the posterior quadrant is still quite rare and rela-
tively unsuccessful, especially in non-lesional epilepsies due to elaborate mechanisms of connectivity,
misleading semiology, and non-localizing EEG recordings, possibly due to insufficiency of parietal
cortex synchronicity. Applying the aforementioned to the pediatric age makes it perhaps the most
difficult challenge for a pediatric epileptologist.
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Introduction

Posterior cortex seizures primarily originate from
the parietal and occipital lobes, as well as from the pos-
terior part of the temporal lobe'. They account for 5%-
10% of all focal seizures, but their frequency might be
underestimated especially in children due to diagnos-
tic difficulties®. The challenge of identifying posterior
cortex epilepsy is even greater as the seizure semiology
is often a result of very fast ictal propagation and pecu-
liar connectivity of posterior cortex that gives rise to
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the highly variable ictal patterns such as focal tonic or
clonic seizure activity and seizures with automatisms
that might mimic frontal or temporal lobe semiology.
Polymorphism of ictal manifestations in addition to
the inability of children to accurately describe auras
and ictal sensations accounts for the potential misdi-
agnosis of posterior cortex seizures and potentially
gives rise to the increasing number of diagnosed psy-
chogenic non-epileptic events. As one of the rarest lo-
calizations of epilepsy surgery, the posterior cortex has
been examined less extensively in terms of anatomo-
electro-clinical features, thus potentially leaving many
inadequately treated pharmaco-resistant children®*.
For this reason, profound understanding of epileptic
networks, semiology propagation and treatment op-
tions is especially crucial in this group of patients.
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Classification of Posterior Cortex Epilepsies

In addition to the conventional classification of
epilepsies defined by the International League Against
Epilepsy’, posterior cortex epilepsies could be classi-
fied by the anatomic structures involved, especially for
surgical series®. This type of classification has a more
outcome oriented view as the key principle is to deter-
mine the percentage of epilepsies from a certain lobe,
or beyond in reference to the postsurgical seizure free-
dom. In pediatric patients, the most frequently per-
formed surgeries are multilobar resections’. A more
difficult way of classifying posterior cortex epilepsies is
based on identifying the propagation pathways by us-
ing invasive procedures such as intracranial depth elec-
trodes. This classification aims to improve our under-
standing of ictal phenomena observed in posterior
cortex epilepsies by differentiating ventral propagation
to the temporal/mesotemporal structures and dorsal
propagation to the frontal and parietal structures®.
Even though some semiologic features are unspecific,
more occipital semiology is related to dorsal propaga-
tion, whereas ventral propagation yields more tempo-
ral semiology®. Therefore, the presence of oroalimen-
tary automatisms typical for children with posterior
cortex seizures could mostly be linked to the secondary
involvement of mesial temporal lobe structures, prob-
ably wia the multiple anatomical connections existing
among the parietal lobe and the hippocampal forma-
tion’. Bipedal automatisms and some other automatic
motor movements seen more frequently in adult pa-
tients might point to involvement of the frontoparietal
system by disinhibition of innate activities controlled
by the central pattern generators'®. Overall, the need
for different classifications of posterior cortex epilep-
sies due to the less defined boundaries and peculiar
seizure propagation underlines the complexity of this
entity.

Auras

As the first ictal symptoms, auras could be a very
valuable piece of information in localizing and lateral-
izing the lobe of seizure origin. Recognizing, describ-
ing, and recalling auras is a challenge in itself, needless
to say how difficult it may be for a child, or even im-
possible for a non-verbal child. The polymorphic char-

acter of posterior cortex auras emphasizes diagnostic
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uncertainty. Somatosensory auras are highly suggestive
of parietal seizures, even though they could be found
in other posterior cortex epilepsies', but could also be
elicited with stimulation of the supplementary motor
area (SMA)™. Somatosensory auras normally include
tingling, numbness, electrical shock-like feelings, ther-
mal sensations, and pain". Somatosensory illusions
such as movement of body parts and sensations of al-
tered body size are most likely elicited from the non-
dominant inferior parietal lobe or temporo-parieto-
occipital junction. Visual auras could be simple such as
flashing lights, or moving colors arising from the pri-
mary visual cortex, as opposed to more complex ones
arising from the basal temporal cortex or temporo-
occipital junction involving scenes and objects. Per-
haps most widely reported visual auras are blurry vi-
sion and visual motions from the mesial parieto-occip-
ital region'. Like complex visual auras, complex audi-
tory auras are produced by activation of auditory
association areas in the temporo-occipital cortex. Both
visual and auditory auras are often associated with ver-
tiginous auras such as sensation of rotation or falling
arising from the parietal operculum and temporo-pa-
rietal area®.

The well-established role of the parietal cortex in
the processing of polysensory information could be re-
lated to unfavorable outcome of seizures related to
polymorphic auras. However, the ability to recall dif-
terent details of auras may imply that the initial dis-
charge remains within the parietal lobe, without
spreading to deeper structures or to the contralateral
side, which might cause loss of awareness and amnesia
for the auras’®. As expected, not many children report
an aura, while parents observe behavioral arrest in
more than half of the cases. Using the aura could
somewhat focus the search for epileptogenic zone in
cases where the patient is aware of the aura and old
enough to explain it properly. However, using solely
the aura and the semiology could never be specific
enough to suggest the posterior cortex seizure without
turther investigations.

Seizure Semiology in Posterior Cortex Epilepsies

Posterior cortex epilepsy published series are scarce,
especially in children. Perhaps the most common no-
tion of posterior cortex epilepsies is the fact that they
mimic epilepsies from other brain regions. Consider-
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ing the large volume of the posterior cortex lacking
clear anatomic boundaries, as well as its peculiar func-
tional connectivity via fast propagation pathways, it is
no wonder that focal seizures arising from this area
will be of quite variable semiology. Most of the poste-
rior cortex seizures are short, up to three minutes, and
nearly half of them start in sleep’. Seizures from the
parietal lobe usually start in young children around the
age of 6 years, and in multilobar involvement even
younger, between 1 and 2 years'®. Seizure frequency is
usually quite high (even daily), and the occurrence of
status epilepticus is not uncommon.

As per semiologic presentations seen in posterior
cortex epilepsies, the presence of manual and oral au-
tomatisms with loss of consciousness indicates a more
temporal involvement, whereas tonic posturing with
hypermotor behavior indicates frontal lobe involve-
ment”. In the very young patients, posterior cortex
epilepsies might even present as epileptic spasms
which are pharmacoresistant and may require surgery’.
Vestibular symptoms, vertiginous sensations, and vi-
sual illusions might be the most common symptoms
reported in seizures of the posterior cortex. The supe-
rior parietal cortex, especially the temporal-parietal
junction and the intraparietal sulcus can produce ves-
tibular symptoms®'?, whereas visual illusions such as
object motion and blurred vision might be most likely
evoked by stimulation of the basal temporal-occipital,
mesial parietal-occipital, or temporal-parietal-occipi-
tal junctional region®. The ambiguity of certain poste-
rior cortex symptoms, especially when not coupled
with secondary generalization or clear-cut epileptic
signs, underscores the misdiagnosis of posterior cortex
seizures with non-epileptic events, especially in pedi-
atric population where the incidence of parietal lobe
epilepsy is very high* 23,

Motor manifestations are mostly myoclonic (espe-
cially with the head nod) as opposed to the adult pa-
tients, tonic seizures (elevation of arms) indicating the
spread to the SMAS®, and epileptic spasms, while the
rest are non-motor seizures (psychomotor and hypo-
motor seizures) indicating a possible spread to the
temporal lobe?**. Oculomotor features related to pos-
terior cortex seizures are nystagmus, eye deviation, lid
myoclonia, and repetitive blinking. Ictally, these sei-
zures might also generate vocalization, laughing, smil-
ing, or flushing. Some of these manifestations could
only be seen by very careful video-electroencephalog-
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raphy (EEG) monitoring rather than relying on the
observer’s descriptions. In pediatric patients with pos-
terior cortex epilepsies, many motor seizures appear in
axial or symmetric form, thus reducing the chance for
lateralization of the epileptic zone. Reported automa-
tisms are mostly oral and relate to the occipital lobe
rather than the parietal one, whereas in adult patients,
oral automatisms are very rarely described"”. Among
pediatric cases, there are almost no secondary general-
ized tonic-clonic seizures, which are readily reported
in adult patients®. There have been attempts of under-
standing this observation and the most likely one is
that there is gradual maturation of children’s brains
with sequential myelin formation causing poor syn-
chronization of both hemispheres?.

Semiology of the parietal lobe could further be
characterized by positive or negative somatosensory
symptoms, usually not including the sense of pain®.
Some of the examples are kinetic such as the illusion of
movement, postural or rotatory movements, or vertigo.
Some resemble temporal semiology such as nausea or
intra-abdominal sensation. With involvement of the
non-dominant hemisphere, there could be asomato-
gnosia or loss of awareness of a body part, whereas in-
volvement of the dominant hemisphere could result in
receptive or conductive aphasia.

With the involvement of occipital lobe, visual
symptoms are most prominent, even though they
could appear from the parieto-temporo-occipital junc-
tion as well. It is this junction that gives rise to the
Alice in Wonderland syndrome with altered body im-
age symptoms such as macropsia and micropsia, telop-
sia, pelopsia or meta-morphopsia, most commonly in
children®”. Usually, the patient describes dispropor-
tionate sizes of body parts, mainly the head and hands.
Such cases should prompt investigation of the tempo-
ral lobe involvement, exclusion of the Epstein Barr vi-
rus infection, and toxic delirium. Typical occipital lobe
visual symptoms affecting the visual cortex are mostly
characterized by elementary visual phenomena. Pa-
tients sometimes describe or even draw flashes, color-
tul circles, or rotating colors as examples of positive
phenomena. Less often, they notice or report negative
phenomena such as scotomata, hemianopsia, or rarely
amaurosis. These negative phenomena might mislead
the investigation towards the ophthalmologist, or de-
myelinating disorder diagnostics. Fast spread to con-
tiguous cortex might overshadow the initial symptoms
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and their transient character might not be sufficient
for a child to report with confidence. Localizing the
hemifield with visual symptoms might point to in-
volvement of the contralateral lobe, and recording epi-
leptic nystagmus, or eyelid flutter could aid in confir-
mation of the occipital lobe involvement®. However,
pure eye deviation (regardless of head deviation)
should be considered as related to the parietal eye field,
located in the lateral intraparietal subregion, but also
to the presence of a second eye field in the medial pa-
rietal area®!,

Electroencephalography in Posterior Cortex
Seizures

Unfortunately, like seizure semiology, encephalog-
raphy in posterior cortex seizures is also far from clear
and uniform. Most of the studies have shown multifo-
cal, bilateral, or sometimes falsely localizing activity.
Furthermore, studies have not even found the prog-
nostic relevance of one or another type of EEG find-
ings. A large diagnostic problem poses uninformative
EEG, as there is often a tendency of multiple EEG
spread patterns and non-localizing scalp EEG find-
ings®. In fact, the presence of large association areas in
the parietal lobe and its elaborate connectivity to vari-
ous distant regions reasonably accounts for these EEG
teatures, and probably accounts for a relatively higher
incidence of invasive procedures in parietal lobe epi-
lepsy compared with other focal epilepsies. Certainly,
the recommendation is to use the invasive stereo-EEG
method in cases where there is justified suspicion of
posterior cortex epilepsy and indication for surgical
treatment.

Conclusion

Childhood and adulthood posterior cortex seizures
share many common clinical features but there are im-
portant distinct age-dependent differences. As a sig-
nificant number of posterior cortex epilepsies occur
among children with a high number of seizures and
the likelihood to develop pharmacoresistant epileptic
spasms, it is of utmost importance to recognize them
early in the course of the disease. This phenomenon
could be related to the early development and matura-
tion of the posterior cortex but also to the presence of
focal cortical dysplasia, which may delay maturation
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and distort the widespread networks early on. A dis-
tinct pediatric problem is the immaturity of patients
and their inability (sometimes related to associated
disabilities) to report auras, which may be the only
symptom of a seizure arising from the posterior cortex.
Poor localization of the EEG coupled with very short
and frequent seizures, the lack of aura description, and
heterogeneous semiology that reflects secondary
spread rather than primary seizure onset makes this
group of epilepsies very challenging. Detailed descrip-
tion of auras (by detailed history-taking) followed by
video analysis of the chronology of ictal semiology and
electrophysiologic features (interictal and ictal scalp
EEG) together with neuroimaging (high-resolution
magnetic resonance imaging) should aid in creating a
complete electroclinical pattern to provide topograph-
ic orientation for posterior cortex epilepsy. In cases
where these data should fail to discover the epilepto-
genic zone, a stereo-EEG evaluation with stereotacti-
cally placed intracerebral electrodes arranged accord-
ing to a pre-defined localization could explore the ar-
eas suspected in seizure onset and early propagation
towards the most effective rate of surgical success of
posterior cortex epilepsy, especially in pediatric popu-
lation***.In addition, neurological and neuropsycho-
logical evaluation with standardized tests applied ac-
cording to the patient age should complete the work-
up in these challenging epilepsies®. Identifying poste-
rior cortex epilepsies by understanding the whole
network upon completing the extensive diagnostic in-
vestigations should provide the best possible seizure
and functional outcome.
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Sazetak
NAPADAJI POSTERIORNOG KORTEKSA - 1ZAZOVI U PEDIJATRIJI
M. Malenica, M. Kukuruzovic, 1. Separovic’ i D. Cokoli¢ Petrovic

Napadaji posteriornog korteksa imaju sloZemu semiologiju koja je osobito izazovna u pedijatrijskoj populaciji. Upravo
zato primjena klinicke prezentacije u lokalizaciji iktalnog ishodista nije dovoljno u djece, ¢ime je ova vrsta epilepsije slabo
prepoznata. S obzirom na to da je ve¢ina iktalnih simptoma subjektivna i moze biti skrivena simptomima susjednih korteksa,
primarno temporalnim i centralnim, vazno je ne presko¢iti ovaj vazan izvor farmakorezistentnih epilepsija. Uz semiologiju,
parijetalni je rezanj kao dio velike sinapti¢ke mreZe veliki imitator i Cesto stvara netonu lokalizaciju na elektroencefalogramu
(EEG) zbog velike distribucije interiktalnih izbijanja i neinformativnih iktalnih zapisa. Koristenje direktnih kortikalnih za-
pisa u definiciji epileptogene zone je korisno u nekim slu¢ajevima, no ¢ak i vrlo iskusni epileptolozi mogu pogresno protu-
maciti neke znacajke s ishodom iz drugih izvora, osobito frontalnog reznja. Operacije epilepsije posteriornog kvadranta su
vrlo rijetke i prilicno neuspjesne, osobito u ne-lezionalnim epilepsijama zbog osebujnih mehanizama povezanosti, zavarava-
juée semiologije i ne-lokalizirajué¢eg EEG zapisa moguce zbog nedovoljne sinkroniziranosti parijetalnog korteksa. Primjena
navedenog na pedijatrijsku dob ¢ini epilepsije ovog dijela korteksa mozda najveéim izazovom za pedijatrijske epileptologe.
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