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The purpose of this article is to provide an overview of the electro-
clinical features and pathophysiological findings, as well as the neu-
ropsychological characteristics of absence epilepsies. Absence seizures
are primary generalized, non-convulsive seizures. The classical clinical
manifestations of typical absence seizures are a transient impairment
of consciousness (with abrupt onset and offset) accompanied by star-
ing, blinking and various forms of head/limb automatism. Atypical
absence attacks are characterized by a milder beginning and end of
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the attack, more expressed changes in muscular tone, less severe dis-
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orders of consciousness, and longer duration compared to typical at-
tacks. EEG findings in absence epilepsies have a characteristic pattern,
demonstrating generalized spike and wave complexes that are typically
2.5-4 Hz. Treatment depends on the type of epilepsy, but usually in-
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is very important in order to develop strategies that will improve these
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deal of attention has been paid to absence
epilepsies, more precisely to their genetic, be-
havioral and cognitive aspects.

Copyright © 2016 by the University Clinical Centre Tuzla, Tuzla, Bosnia and Herzegovina.

131



132

Paediatrics Today 2016;12(2):131:138

The purpose of this article is to provide
an overview of the electroclinical features and
pathophysiological findings, as well as the
neuropsychological characteristics of absence
epilepsies.

Absence epilepsies
History

Absences were described for the first time
in 1702 by Poupart, but the term “epileptic
absence seizure” was not used until 1824. In
subsequent years there were several attempts
to describe this disorder in the most accurate
way. In 1881 Gowers said that absences were
“non convulsive” seizures, and in 1906 Frid-
man reported a long-term favorable progno-
sis for absence epilepsy. In 1916 Sauer used
the term “pyknolepsy” for the first time (the
Greek word pycnos meaning “accumulated,
condensed”, probably due to the tendency to
frequent repetition of the attacks). However,
even after 300 years from the time when it
was first described, the classification, patho-
physiology, treatment and prognosis of ab-
sence epilepsy are still the subject of great
interest (3-7).

Pathophysiology

The pathophysiology mechanism that leads
to absence seizures has been being explored
for almost a century, but in spite of all efforts
the debate is still on. Experiments on animal
models and research involving humans show
that by stimulating certain structures in the
thalamus and cortex, the characteristic ab-
sence discharge can be provoked. There are
three main components of the thalamocorti-
cal network:

- Thalamocortical relay neurons (from
the thalamus to III-IV and V-VI layers
of the cortex).

- Layer VI pyramidal cells of the cortex
(which send back excitatory inputs to

the thalamus).

- Inhibitory GABA neurons in the thala-
mus (receiving excitatory inputs from
the axon collaterals of the reciprocal
thalamocortical and corticothalam-
ic pathways). Once activated, these
GABA neurons send inhibitory inputs
to the thalamus and also to each other,
but not to the cortex (8).

What does this mean in practice? When
this formation functions without interfer-
ence, the thalamocortical neurons lead to
excitation of the GABA neurons. This acti-
vation, through the calcium channels, leads
to the opening of the sodium channels and
initiates action potential. Activation of the
GABA neurons causes an inhibitory post-
synaptic potential in the thalamocortical
neurons. During this hypopolarisation, the
calcium channels recover from inactivation,
re-open, depolarize the cell membrane and
prepare for a new cycle of discharge. These
developments are manifested on EEG by the
appearance of a synchronized oscillation fre-
quency of about 10 Hz (8-10).

However, a disorder in this excitatory -
inhibitory cycle will lead to the occurrence
of the spike-wave complexes of less frequency
that are characteristic for absence epilepsy.
Genetic research has shown that there is a
disturbance in the synthesis of calcium chan-
nels in GABA neurons. This type of muta-
tion in the genes encoding the formation
of calcium-dependent channel subunits has
been demonstrated in several studies. Muta-
tions that lead to enhanced features result
in a loss of inhibition in the thalamo-cortical
network, while mutations that cause reduced
activity lead to increased excitation and
therefore increase the likelihood of seizures.
Mutations can be found in different genes,
one or more, even in the same patient. For
example, in children with early onset ab-
sence epilepsy, mutations of the SLC2AI
gene, which is responsible for the synthesis
of GLUT1 transporter, have been shown,




Table 1: Genes involved in the epileptogenesis of idiopathic absence epilepsies”
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Gene Protein Protein mutation Functional study Clinical features
alsubunit of the Premature
GABRA1 GABAA receptor S No GABAA receptor current CAE
83 subunit of th P11S, SISE Altered protein maturation, topology,
GABRAB3 suounit of the . ’ assembly and subcellular localization of ~ CAE
GABAA receptor G32R
GABA receptors
. Severe phenotype
CACNAIA LR ey o R1820stop Reduced Ca2+ current of absence seizures
P/Q channels .
and ataxia
CACNAIG 016 subunit ASTOVIATO9IT fﬁiﬁfffi?f&i“ﬂiﬁ&?ﬁf afij:;tion JME and with a
of LVA channels /R1243Q . 4 history of early CAE
in Ca+ currents
Predicted to change the charge status of
alH subunit Many different the channel and phosphorylation site/
CACNALH of LVA channels mutations Predicted to affect transcription factor CAE
binding site
Glutl glucose R223P, $324L, Early onset
SLC2A1 N——— RI26C Decreased level of glucose transport absence epilepsy
Photosensitive
GLUDI Glutamate R221C De.creased level of GABA in m).loclomc absence
dehydrogenase patients compared to the controls epilepsy, early onset

absence epilepsy

*Yalcin O. Genes and molecular mechanisms involved in the epileptogenesis of idiopathic absence epilepsies. Seizure 2012;21:79-

86; CAE=Childhood absence epilepsy, JME=Juvenile myoclonic epilepsy.

while in children with idiopathic childhood
epilepsy, mutations in GABR and CACNA
genes were found (Table 1) (8-11).

Electroencephalography (EEG)

EEG findings in absence epilepsies have a
characteristic pattern. During the absence
seizure episode 3-5 Hz spike —wave com-
plexes (SWC) are registered. These types of
ictal EEG discharges were first related to ab-
sence seizures in 1947, when bilateral, syn-
chronized SWC were provoked by stimula-
tion of nuclei thalami in cats, and the same
pattern was registered by placing electrodes
in the thalamus of a child with absences in
1953 (12, 13). Finally, several years later the
thalamo-cortical theory was confirmed by
registering 2.5-4 SWC primarily in the cor-
tex (14). These EEG changes may be accom-
panied by other EEG features, such as: ab-

normal background activity, multiple SWC,
focal discharges, delta activity in posterior
leads, depending on the type of epilepsy (15).

Classification

Absence seizures are primary generalized
non-convulsive seizures. Compared to the
Classification of the International League
against Epilepsy (ILAE) from 1981, when
only typical and atypical absences were
known, the revised classification recognizes
two more types of absence seizures, with spe-
cial features: myoclonic absence seizures and
eyelid myoclonia with absences (16).

Typical absence seizures

The main clinical manifestation of typical ab-
sences is abrupt onset and termination of con-
sciousness impairment, followed by staring,
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Table 2 Main epileptic syndromes with typical absences

Syndrome Impal.rment of Oth?r type Drug of choice Duration
consciousness of seizure of treatment
Childhood Valpr01c. aC}d
. Severe Rarely other types Ethosuximide 1-3 years
absence epilepsy .
Lamotrigine
Juvenile GTC, Valp roie %Cld .
Bsence epilepsy Severe Myoclonic Lamotrigine Lifelong
& Ethosuximide
Riloatt GTC, Valproic acid .
A Severe Myoclonic Clonazepam Lifelong
& Lamotrigine
Juvenile Valproic acid
vodlonic epil Mild GTC, myoclonic Lamotrigine Lifelong
yoclonic epiepsy Clonazepam
Eyelid myoclonia . Valproic acid
with absences Mild Mo, Cllonerpzm Lifelon
Rarely GTC Ethosuximide 3
(Jeavons Syndrome) L.
Lamotrigine
Valproic acid
Perioral myoclonia Moderate Myoclonic, Absence Clonazepam Lifelong for
with absences status, Rarely GTC Ethosuximide most patients
Lamotrigine

GTC=Generalized tonic-clinic seizures.

blinking and different forms of head/limb au-
tomatism. They are easily provoked by hyper-
ventilation (HV), while seizures provoked by
photo-stimulation (FS) are rare. EEG shows a
generalized >2.5 Hz spike and slow wave dis-
charges lasting 4-25 seconds. Interictal EEG
is normal. Most children with typical absence
seizures have a normal neurological examina-
tion and intelligence. These types of seizures

are characteristic for childhood absence epi-
lepsy and juvenile absence epilepsy. Other
epileptic syndromes with typical absence sei-
zures are listed in Table 2 (17, 18).

Atypical absence seizures

Atypical absence attacks are characterized
by the milder beginning and end of the at-

Table 3 Epileptic syndromes with atypical absences

Syndrome Age Othe.r pes Other characteristics Therapy

of onset of seizures
*Lennox-Gastaut Early Tonic. Atonic Cognitive and behavioral Antiepileptic drugs (Depends
syndrome childhood ’ abnormalities on seizure type)

ES, Myoclonic,

*Dravet syndrome First year ES

Cognitive and
behavioral abnormalities,
Neuropsychological impairment

Antiepileptic drugs,
Ketogenic diet

Other Cplleptl(f Any time MuIt.lple forms o P — Anne‘plleptlc drugs (Depends
encephalopathies of seizure on seizure type)
GEFS+ Childhood  ES, GTC Learning difficulties and Antiepileptic drugs (Depends

behavioral problems

on seizure type)

“Type of epileptic encephalopathy; FS=Febrile scizures, ES=Epileptic status; GEFS+=Generalized epilepsy with febrile seizures;

GTC=Generalized tonic-clonic seizures.




tack, more expressed changes in muscular
tone, less severe disorders of consciousness,
and longer duration compared to typical at-
tacks. They are more likely to occur during
drowsiness and are rarely provoked by hy-
perventilation and photo-stimulation. EEG
shows generalized slow spike wave complexes
<2.5 Hz, that are irregular, asymmetrical and
of lower amplitude. Interictal EEG may be
normal or it may show irregular background
activity. This type of absence usually occurs
within a more complex epileptic syndrome,
such as Dravet syndrome, Lennox-Gastaut

and others (Table 3) (17-19).

Absences with special features

When the ILAE revised the Classification of
Epilepsy and Epileptic Disorders in 2010, a
special group of absence attacks were singled
out: absence myoclonic seizures and eye-
lid myoclonia with absences (16). Absence
myoclonic seizures are actually typical ab-
sences combined with myoclonic jerks of the
shoulders, arms and legs that may occur at
all stages of the attack. Jerks are usually bi-
lateral but can be unilateral or asymmetric.
Seizures usually last from 10-60 seconds.
The characteristic EEG findings are general-
ized spike-wave complexes, frequency of 3-4
Hz. This type of attack may be associated
with other seizure semiology within different
epileptic syndromes (18). Myoclonia of the
eyelids with absences is characterized, as seen
in the title, by striking eyelid myoclonia with
a upward bulb deviation, and is most often
provoked by closing the eyes (off phenome-
na). The ictal EEG pattern includes multiple,
generalized spike-wave complexes with peri-
odic discharges in the occipital region, which
may provoke generalized discharges (18, 20).

Absence epilepsy disorders

As already mentioned, absence attacks oc-
cur in a variety of epileptic disorders, among
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which the most common are childhood ab-
sence epilepsy and juvenile absence epilepsy.
Childhood absence epilepsy (CAE) belongs
to the group of idiopathic generalized epi-
lepsy and it is the most common form of
epilepsy in children, with an incidence of
10%-17% of all epilepsy in school age chil-
dren. It occurs between the ages of 4-10, and
more frequently in girls, in a ratio of 3:1. In
most patients there is a positive family his-
tory for some epileptogenic disorder, so it is
considered that the basis of the disease is a
genetic cause. It is characterized by recurrent
typical absence seizures, which may be very
frequent, so they may be repeated a dozen
times a day. The main feature is impairment
of consciousness and activity, which sudden-
ly begins and ends abruptly. In most patients,
seizures cause complete activity interruption,
but in some cases the patient’s activities may
continue in a modified form (15, 18, 21).
The semiology of absence seizures, that are
characterized by sudden beginning or end, a
short and non-convulsive nature and normal
continuation of activity, is often interpreted
by the environment or the patients them-
selves as a lack of attention, daydreaming or
the absent mindedness of a willful child. In
fact, this is the most common reason for late
diagnosis of CAE. The presence of automa-
tisms is more frequent in cases of long-lasting
attacks or during hyperventilation, and their
presence does not depend on age or state of
consciousness, and may not occur during
each attack. Mild tonic or clonic movements
mostly occur in the first few seconds of the
attack. Pallor is common, while incontinence
rarely occurs. The length of the attack de-
pends on a number of factors, such as: hyper-
ventilation, sleep deprivation, severe mental
stimulus, use of drugs and others, but is usu-
ally from 5 to 20 seconds. Duration of the
attack less than 4 and more than 20 seconds
is not considered typical and is one of the ex-
clusion criteria for CAE diagnosis (15, 21).
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The EEG pattern in CAE is characterized
by the occurrence of bilateral, symmetrical
and synchronized 3 Hz spike-wave complex
discharges during the attack, which rapidly
begin and end abruptly. Interictal findings
are mostly normal, although it has been
shown that in over 90% of patients intermit-
tent short generalized spike-wave discharges
are seen. This finding represents the EEG
marker for childhood absence epilepsy. Dis-
charges greater than 4 Hz and longer than
3-4 seconds indicate a worse prognosis and
frequently indicate a more serious epileptic
disorder (15, 18).

The CAE therapies of choice are ethosuxi-
mide and valproic acid, but good results are
achieved with lamotrigine, although there
are many side effects. Data exist that confirm
that levetiracetam is also efficient in CAE.
Carbamazepine, vigabatrin and tiagabine are
contraindicated in the treatment of absence
seizures, irrespective of cause and severity.
Complete seizure control is achieved in 50%-
70% of patients within a few weeks (15, 20-
24).

Juvenile absence epilepsy has its onset
between 10-15 years, with female predomi-
nance. It is characterized by the appearance
of typical absence attacks, with the fact that,
unlike CAE, seizures here are often accom-
panied by eyelid myoclonia and automatism
that appears a few seconds after the changes
in EEG. Compared with absences in CAE,
attacks occur less often but last longer (up to
30 seconds, on average 15s) and character-
istically occur after awakening. As in CAE,
impaired consciousness occurs abruptly, ac-
tivities are interrupted, but in longer-lasting
attacks it may continue to a certain extent.
What characterizes JAE is the appearance of
generalized tonic-clonic seizures (GTC) sei-
zures (for >80% of patients), which occur
rarely and usually after waking up. Howev-
er, it quite often happens that GTC attacks
cause the child to be brought to a doctor be-

cause absences previously present were not
recognized in time. Precipitating factors for
the appearance of GTC are sleep depriva-
tion, alcohol consumption, tiredness, and
severe excitement. In 15%-20% of patients
the occurrence of myoclonic jerks have been
reported, that occur most frequently in the
afternoon when the child is tired (18, 25).

EEG findings imply generalized spike or
multiple spike wave complexes, frequency
3-5 Hz, whereas the background activity
in general remains normal (25). JAE, un-
like CAE, is a lifelong diagnosis. Although
in 80% of cases good seizure control can be
achieved, mostly in reducing the frequency
and duration of seizures, discontinuation of
therapy in many patients leads to recurrence
of attacks (18, 25).

The treatments of choice for JAE are pri-
marily valproic acid and lamotrigine, in the
form of dual therapy. Ethosuximide and
other drugs, such as levetiracetam and topi-
ramate, give good results. Use of vigabatrin,
carbamazepine and phenytoin has been con-
sidered contraindicated because it was shown
that they may aggravate seizures (25-27).

Cognitive and behavioral development

Although absence epilepsies respond well to
therapy, and seizure control is achieved rela-
tively quickly, what they have in common are
the various social, cognitive and behavioral
problems that often occur. It is clear that
children who start treatment on time achieve
better control of the disease and therefore
have fewer consequences.

From the large number of studies that
have addressed the behavioral aspects of ab-
sence epilepsy, it appears that most common
problems are caused by alterations in atten-
tion, hyperactivity, reading, solving school
tasks and similar problems. Earlier, it was be-
lieved that most children with epilepsy have
a cognitive problem before diagnosis, but




that children with CAE do not belong to this
group. However, research in the last 15 years
assures us that this is not entirely true. There-
fore, the question arises whether all these
deficiencies arise as a result of genetic predis-
position, the disease itself or maybe the use
of medications that, if taken in early child-
hood, may affect cognitive development? The
answer to this question is still a mystery, but
what has been proven is that early diagnosis
and therefore early detection of these prob-
lems allows cognitive therapy and education-
al support, if required, to begin on time (18,
21, 28-30).

Because of its benign nature and lack of
a clinical presentation that resembles “real”
epilepsy, absence attacks are often interpreted
as daydreaming or simply a lack of attention,
and therefore the first signs of the disease are
often not recognized, so these children come
to a doctor only when a different semiology
of attacks occurs. In this process valuable
time for treatment is lost and therefore the
chance for a favorable prognosis is reduced.

Conclusion

If there are dilemmas about whether a child
is daydreaming or having absence seizures,
here are a few key differences to look for.
Daydreaming: presumably happens when the
child is bored (during a long class or while
sitting at home); it usually comes on slowly,
with warning (may go from paying atten-
tion, to slightly absent, to daydreaming); it
can be interrupted; it tends to continue un-
til something or someone stops it. Absence
seizures: occur at any time of the day, even
during activity; usually ensue out of the blue,
without warning; they cannot be intercepted;
they terminate on their own in 20 seconds. A
better understanding of the course of absence
seizures and their syndromes is immensely
important for developing strategies that im-
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prove these children’s quality of life and the
lives of their families.
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