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Abstract

Childhood absence epilepsy (CAE) is a common pediatric epilepsy syndrome with distinct seizure semiology, electroen-
cephalography (EEG) features, and treatment. A diagnosis of CAE can be obtained during an office visit with a careful
history, physical exam including prolonged hyperventilation, and a routine EEG. The treatment of choice for CAE with
absence seizures only is ethosuximide. Valproic acid and lamotrigine are also effective treatments for many patients, but when
compared to ethosuximide, valproic acid has more adverse effects and lamotrigine is less effective. Attention to predictors
of response to treatment, including clinical, electrographic, and genetic factors, is increasing. Refractory CAE occurs in
fewer than half of patients, and treatment strategies are available, though efficacy data are lacking. Careful assessment and
treatment of psychosocial comorbidities is essential in caring for patients with CAE.

Ethosuximide, valproate, and lamotrigine each have a
role as treatments for childhood absence epilepsy.

Care of children with childhood absence epilepsy should
go beyond drug treatment and address associated behav-
ioral and psychosocial conditions as well.

1 Introduction

Childhood absence epilepsy (CAE) is a well-known and
common pediatric epilepsy syndrome affecting 10-17%
of all children with epilepsy [1]. Seizures usually begin
between 4 and 10 years of age, with a peak around 6-7 years,
in a previously healthy and typically developing child. CAE
occurs more often in girls than in boys [2]. Seizures occur

P4 Sudha Kilaru Kessler
kesslers@email.chop.edu

Emily McGinnis
emily.l.mcginnis@kp.org

Perelman School of Medicine, Children’s Hospital
of Philadelphia, University of Pennsylvania, Philadelphia,
PA, USA

Kaiser Permanente Los Angeles Medical Center,
Los Angeles, CA, USA

many times daily and consist of brief staring spells, some-
times with rhythmic eye blinking or motor automatisms, last-
ing seconds, with immediate return to the baseline level of
awareness and activity. On electroencephalography (EEG),
seizures are characterized by a highly recognizable pattern
of generalized (bilateral, symmetric and synchronous) 3 Hz
spike and wave discharges (see Fig. 1). This article reviews
the current evidence and practical considerations for treat-
ing CAE.

2 Diagnosis

CAE can be diagnosed during an outpatient clinic visit with
a careful history, physical exam including hyperventilation,
and a routine EEG [3]. A history of staring is common in
children, and staring spells are not always absence seizures
or other seizure types. Absence seizures typically cause sud-
den cessation of activity that is easily recognizable. Ele-
ments of history that suggest absence seizures include sud-
den loss of facial expression; repetitive movements (such
as lip smacking or blinking); events occurring regardless
of setting (not only while watching television or in the car
for example, where staring is more likely behavioral); and
events that occur in the midst of an activity such as chewing
or playing. Compared to staring spells that are not seizures,
absence seizures are more likely to be noted by a profes-
sional such as a teacher rather than a parent, and are not
responsive to external stimuli such as touch [4].
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Fig. 1 A typical absence seizure on electroencephalogram, characterized by 3 Hz generalized spike wave discharges, with abrupt onset and off-

set, lasting several seconds

Other important elements of history include other seizure
types, developmental history, and age of onset. Other seizure
types (for example, generalized tonic—clonic, myoclonic, or
atonic) may distinguish a diagnosis of CAE from other epi-
lepsy types in which absence seizures might be prominent
(such as myoclonic astatic epilepsy in a young child, and
juvenile myoclonic epilepsy in an older child) [5]. Develop-
ment is typically grossly normal in a child in CAE, though
comorbid attentional deficits or other subtle behavioral or
cognitive impairments might be present at onset [6, 7]. In a
child with early onset absence epilepsy (onset under the age
of 4 years) or a child with absence seizures and an abnormal
neurologic exam or substantial developmental impairments,
considering the possibility of an underlying diagnosis of
glucose transporter 1 deficiency syndrome (GLUT1 DS) is
particularly important because more targeted therapy, spe-
cifically the ketogenic diet, can be pursued [8]. A similar
but distinct syndrome where absence seizures predominate
is juvenile absence epilepsy (JAE), which occurs in chil-
dren 10-15 years old and is characterized by less frequent
absence seizures (sometimes occurring a few times daily
or less than daily) as well as the occurrence of generalized
tonic—clonic seizures in 80% or more of children with the
disorder [9].

An essential component of the physical exam of a child
with suspected absence seizures is hyperventilation. Hyper-
ventilation provokes the occurrence of absence seizures;
asking a child to blow on a pinwheel or a strip of paper for
2-3 min during a clinic visit is a simple way to elicit an
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absence seizure. A routine EEG, which includes hyperven-
tilation, will confirm a clinically suspected diagnosis in an
untreated patient [10].

3 First-Line Treatment

Three antiepileptic medications have been commonly used
as first-line agents for CAE—ethosuximide (ETX), valp-
roic acid (VPA), and lamotrigine (LTG) [11]—but not until
recently has robust evidence emerged on the comparative
effectiveness of these drugs. The 2010 Childhood Absence
Epilepsy study provided class I evidence for the use of ETX
as the optimal initial treatment for CAE [12]. This double-
blind, randomized, controlled trial enrolled 453 children
between the ages of 4 and 10 years with newly diagnosed
and untreated CAE, who had absence seizures only and no
history of generalized tonic—clonic seizures. Participants
were randomly assigned to treatment with ETX (n=156),
VPA (n=148), or LTG (n=149). The primary outcome
measure was freedom from failure, defined as the absence
of clinically apparent seizures (based on parent report) or
electrographic seizures at 1620 weeks of treatment, and the
absence of treatment-limiting adverse effects. Seven partici-
pants were ineligible after randomization, and the analysis
cohort included 446 children. The freedom-from-failure
rates for ETX and VPA were similar (53% and 58%, respec-
tively, p=0.35), and were higher than the freedom-from-
failure rate for LTG (29%, p <0.001 when compared to both
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ETX and VPA). Discontinuation rates due to adverse events
were not significantly different between the three drugs.
Post-treatment attention dysfunction, measured using the
Connor’s Continuous Performance Test, was more common
with VPA than ETX (49% and 33%, respectively, p=0.03).
The study concluded that ETX and VPA are more effective
than LTG for initial monotherapy of CAE, and of these two,
ETX is the most optimal treatment because it is associated
with a lower risk of adverse effects on attention.

On 12-month follow-up of the original cohort, ETX and
VPA remained superior to LTG in freedom-from-failure
rates, but the VPA group had higher rates of drug discon-
tinuation and attention dysfunction [13]. VPA-associated
weight gain also became apparent at 12 months of follow-
up. Across all treatment groups, slightly more than one-third
of all participants remained on the initial treatment. Almost
two-thirds of the 125 subjects with treatment failure due to
persistent seizures were in the LTG group. The largest sub-
group (42%) of the 115 subjects who discontinued treatment
due to adverse effects was in the VPA group.

Therefore, based on the CAE trial, ETX is the drug of
choice as initial monotherapy for CAE, when absence sei-
zures are the only seizure type [14], but there are specific
treatment considerations for each drug, which are discussed
below. A proposed algorithm for treatment of CAE is con-
tained in Fig. 2.

3.1 Ethosuximide

ETX is 2-ethyl-2-methyl-succinamide, in clinical use since
1958. It has a narrow clinical spectrum—it suppresses
absence seizures, but not generalized tonic—clonic seizures
or focal onset seizures. The available evidence suggests
that the main mechanism of action of ETX is blockade

Fig.2 Proposed treatment algo-
rithm for childhood absence epi-
lepsy. AE adverse effects, ETX
ethosuximide, GTC generalized
tonic—clonic, LTG lamotrigine,
VPA valproic acid

Absence seizures only:
Treat with ETX

of transient, low-threshold calcium currents produced by
T-type calcium channels in thalamic neurons, thereby pre-
venting the synchronized firing of corticothalamic neurons
that produce the spike wave discharges of absence seizures
[15].

Oral ingestion of ETX in capsule or syrup form leads to
rapid absorption from the gastrointestinal tract and near-
complete bioavailability, with peak levels occurring 3-5 h
after intake [16]. Metabolism is primarily hepatic; the prin-
cipal cytochrome p450 oxidase involved is CYP3A. The
elimination half-life is 30—40 h in children, with linear kinet-
ics and no auto-induction—thus, 7-10 days of daily intake
of a stable dose leads to steady-state levels [17]. ETX is
susceptible to the effects of enzyme-inducing and enzyme-
inhibiting antiepileptic medications [18]. For example, co-
administration of the enzyme inhibitor VPA may lead to
elevated serum and brain ETX levels, though their additive
anticonvulsant effects may be greater than any additive neu-
rotoxic effects [19].

Although gastrointestinal side effects are by far the
most commonly reported side effects with ETX, they are
rarely the sole reason for drug discontinuation [12]. These
benign and fully reversible side effects include abdominal
discomfort, vomiting, diarrhea, and hiccups. Measures
that may improve gastrointestinal discomfort include tak-
ing the medication with food and switching from liquid to
the capsule form. The neurologic side effects and adverse
reactions of ETX can include headaches, sedation, fatigue,
insomnia, ataxia, or extrapyramidal reactions. Rarely, clini-
cally apparent behavioral disturbances may occur, includ-
ing nervousness, irritability, depression, hallucinations, and
even psychosis. Blood dyscrasias occur rarely with ETX;
clinical alertness to possible signs and symptoms is a more
useful and more cost effective way of recognizing these rare

Persistent seizures or AE on

ETX, or presence of GTC

seizures:

Treat with VPA

Persistent seizures or AE on ETX
and VPA monotherapy, or
contraindication to VPA:
Treat with LTG

Persistent seizures or AE on ETX,
VPA and LTG monotherapy:
Treat with combination of VPA and
LTG, or consider clobazam.
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adverse drug reactions than routine monitoring of blood
counts. ETX-induced lupus is a rare adverse drug reaction,
appearing in the medical literature mostly as single case
reports [20]. Symptoms typically resolve with cessation of
ETX, but recovery may be prolonged. Other idiosyncratic
adverse drug reactions include allergic rashes, which typi-
cally resolve with medication withdrawal.

ETX can be taken orally as a syrup (250 mg/mL) or a cap-
sule (250 mg). The initial target dosage of ETX is 20-30 mg/
kg/day, usually divided into two doses. The initial dosage is
typically around 10 mg/kg/day, with upward titration to the
target every week (Table 1). If capsules are preferred but the
patient’s weight requires 125-mg increments, the capsules
can be frozen and then cut in half. Neither routine monitor-
ing of blood levels nor routine monitoring of blood counts,
liver function, or other laboratory tests is recommended.
Assessing potential adverse effects with specific questions
at a follow-up visit is the most effective way of identifying
issues requiring dose adjustment, further laboratory tests, or
drug discontinuation [21].

3.2 Valproate

VPA is the drug of choice as initial monotherapy in CAE
when a generalized tonic—clonic seizure has occurred,
because ETX is not effective against seizure types beyond
absence seizures. VPA is also preferred as a second treat-
ment when ETX fails, whether due to efficacy or tolerability
reasons, based on a crossover extension phase of the CAE
study [22]. In this second trial, 209 participants from the
original trial were enrolled and randomized to ETX, VPA,
or LTG as a second monotherapy treatment after the first
drug had failed. The results were similar to those of the
original trial: ETX and VPA were superior to LTG regard-
ing freedom-from-failure rate at a 16- to 20-week time point

Table 1 Summary of medications used for childhood absence epilepsy

(63% and 65%, respectively, compared to 45%, p=0.051)
and at a 12-month time point (57% and 49%, respectively,
compared to 36%, p=0.062).

VPA is a broad-spectrum antiepileptic medication that
has been used in the United States since 1978, and appears
to have multiple mechanisms of action, including raising
gamma-aminobutyric acid (GABA) levels in the brain,
blocking voltage-sensitive sodium channels, and activating
calcium-dependent potassium conductance [23]. However,
the specific mechanism by which VPA prevents absence sei-
zures is unknown.

The rate of absorption of VPA from the gastrointestinal
tract is variable depending on the formulation. With liquid
or uncoated tablets, peak levels occur around 1-2 h. Time to
peak levels after sprinkle capsules can be longer—up to 4 h.
VPA is highly bound to serum proteins and has a relatively
small volume of distribution, meaning VPA has a lower pref-
erence for binding to proteins outside of the blood compart-
ment. As the total concentration of VPA increases, the free
fraction increases. The half-life of VPA given as monother-
apy in children is around 12 h, and is lower when given with
other antiepileptic drugs that induce liver metabolism [17].

VPA has a number of potential adverse effects; some are
dose related and some are idiosyncratic, but a higher dose
may increase the risk. Neurologic side effects in children
with CAE are uncommon, but may include a fine high-
frequency tremor. Altered mental status can be a VPA
side effect, but would be unusual in children with CAE
on typical VPA doses. Increased appetite and weight gain
may occur and rarely constitute treatment-limiting side
effects with long-term VPA treatment. Rare gastrointes-
tinal adverse drug reactions include pancreatitis and the
well-known but rare occurrence of hepatic failure [24].
Because the risk factors for hepatic failure (age less than
2 years, polypharmacy, polymerase gamma 1 mutation) are

Name Initial dose

Maintenance dose

Maximum dose

Ethosuximide 10-15 mg/kg/day

Valproate 10-15 mg/kg/day
Lamotrigine
enzyme inducers: 0.3 mg/kg/day
For patients taking valproate: 0.15 mg/
kg/day day
For patients taking enzyme inducers and
NOT valproate: 0.6 mg/kg/day

Clobazam <30 kg: 5 mg/day
>30 kg: 10 mg/day
Levetiracetam 20-30 mg/kg/day
Topiramate 1-3 mg/kg/day
Zonisamide 1-2 mg/kg/day

20-30 mg/kg/day
20-30 mg/kg/day
For patients not taking valproate or other For patients not taking valproate or other

enzyme inducers: 4.5-7.5 mg/kg/day
For patients taking valproate: 1-5 mg/kg/ day

For patients taking enzyme inducers and
NOT valproate: 5-15 mg/kg/day

<30 kg: 10-20 mg/day
>30 kg: 40 mg/day

40 mg/kg/day

5-9 mg/kg/day

5-8 mg/kg/day

40 mg/kg/day up to 2 g/day

60 mg/kg/day up to 3 g/day

For patients not taking valproate or
other enzyme inducers: 300 mg/

For patients taking valproate:
200 mg/day

For patients taking enzyme inducers
and NOT valproate: 400 mg/day

<30 kg: 40 mg/day

>30 kg: 60-80 mg/day

60-90 mg/kg/day up to 3 g/day
15 mg/kg/day up to 1600 mg/day
12 mg/kg/day up to 1 g/day
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inconsistent with or rare in CAE, the risk of this adverse
drug reaction in CAE is extremely low; if VPA is needed,
then the potential benefit likely outweighs the risk. Liver
failure is not typically identified through routine testing
of transaminases; a better method is to counsel parents
on signs of illness, including persistent vomiting without
diarrhea and jaundice, which should prompt immediate
medical attention. Pancreatitis is also a rare, idiosyncratic
adverse reaction, and is reversible with cessation of VPA.
Thrombocytopenia is a dose-dependent side effect of VPA,
and thus may be dose limiting. VPA may also cause plate-
let dysfunction, without thrombocytopenia, or possibly
fibrinogen depletions and coagulation factor deficiencies.
Therefore, discontinuing VPA about 1 month prior to elec-
tive surgery is recommended (particularly if the surgery
has a risk of substantial blood loss). Potential metabolic
and endocrine side effects/adverse reactions include car-
nitine depletion, hyperammonemia, hyperinsulinemia,
polycystic ovarian syndrome, vitamin D deficiency and
decreased bone mineral density, and hypothyroidism. Hair
loss is an idiosyncratic adverse reaction, and can some-
times be improved with the use of a selenium-containing
shampoo or oral selenium supplementation. Finally, while
it is not typically a consideration in the CAE age range,
VPA is known to have a higher teratogenicity risk than
other antiepileptic drugs, and a higher risk of neurodevel-
opmental impairments including autism after fetal expo-
sure [25]. While there are no current blanket recommenda-
tions for weaning a child with CAE off of VPA when she
reaches puberty due to the risk of teratogenicity, conver-
sations about these risks and avoiding pregnancy while
taking VPA are generally recommended.

VPA has multiple oral formulations including syrup,
sprinkle capsules, tablets, and extended-release tablets. For
children in the CAE age group, the most common formu-
lation administered is likely sprinkle capsules, which can
be swallowed directly or twisted open and poured into a
spoonful of a puree/soft food for administration (such as
apple sauce, yogurt, or ice cream). The initial target dos-
age of VPA for CAE is typically 20-30 mg/kg/day divided
into two doses, but the dosage may be increased as needed
up to 60 mg/kg/day. The target serum level is the level at
which absence seizures stop occurring, both by parent report
and by EEG—that is, there is no need to increase the dose
to reach an arbitrarily set serum level. However, for most
patients, the therapeutic range is 50-100 pg/dL, and in the
absence of side effects, serum levels can be pushed even
higher to 120 pg/dL, or perhaps even 150 pg/dL. A key dose-
dependent side effect of VPA is thrombocytopenia. In our
practice, a platelet count below 100,000 is the threshold for
avoiding further increases in VPA in most circumstances. A
typical titration schedule would consist of weekly increases
from 10 mg/kg/day to 15 mg/kg/day, to 20-25 mg/kg/day.

While many clinicians assess a complete blood count
and liver transaminases at regular intervals, typically every
6 months, during VPA use, there is little evidence to show
that routine testing will uncover clinically significant labo-
ratory abnormalities in the absence of symptoms [26, 27].
In addition, sometimes routine testing reinforces the mis-
perception of patients and families that VPA use causes
cumulative liver damage over time. We recommend assess-
ing a complete blood count at least once after the goal dose
of VPA is reached to evaluate for thrombocytopenia, and
if serum levels are pushed above 100 ug/dL, though there
is very limited evidence for parameters for testing [28]. In
addition, symptoms of liver dysfunction including nausea,
emesis, lethargy, or altered mental status should prompt
evaluation of liver enzymes and a serum ammonia level.

3.3 Lamotrigine

Prior to the CAE trial, an expert opinion survey identified
LTG as a first-line treatment for CAE [11] along with VPA
and ETX, though it was less commonly used than the other
two. Multiple open-label prospective studies evaluating LTG
as initial monotherapy for CAE reported seizure freedom
rates in the 50-80% range [29, 30]. However, as discussed
in Sect. 3, in the double-blinded randomized design of the
CAE trial, LTG fared less well, with approximately one-third
of patients achieving seizure freedom without treatment-
limiting side effects.

While our practice is to use ETX as the first monother-
apy, LTG can be considered as second monotherapy if ETX
fails and if VPA is a less appealing choice for a specific
patient. LTG, in clinical use since the mid-1990s, is a volt-
age- and use-dependent sodium channel blocker, but unlike
other sodium channel-blocking agents, it must have one or
more other mechanisms of action that explain its efficacy
in epilepsies with generalized mechanisms of seizure onset
which have not yet been clearly characterized. LTG, taken
orally, is well absorbed and has nearly 100% bioavailability.
LTG undergoes hepatic metabolism and renal excretion in
the form of glucuronide conjugates [31].

The key downside to LTG is that initial titration must
proceed very slowly to lower the risk of Stevens-Johnson
syndrome (SJS), a severe and sometimes life-threatening
rash affecting skin and mucus membranes. Because the liver
enzyme-inhibiting effects of VPA slows LTG metabolism,
titration of LTG in a patient also on VPA begins at an even
lower dose, proceeds at a slower rate, and reaches a lower
target than in a patient on no other medication.

Initiating LTG in a child as first- or second-line treatment
in CAE requires careful counseling on the titration schedule
and risk of rash. Although the frequency of allergic skin
reactions is actually no higher on LTG compared to car-
bamazepine or phenytoin, Food and Drug Administration
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(FDA) labeling of LTG includes a black-box warning about
SIS [32]. If a child does develop a rash on LTG that is not
clearly attributable to some other cause (such as a contact
dermatitis after poison ivy exposure), then LTG should be
discontinued and another therapy chosen. Overall LTG is
typically well tolerated and appears to have a lower risk of
attention and other cognitive side effects compared to ETX
and VPA [33]. LTG does have dose-dependent side effects
similar to other sodium channel-blocking agents, including
blurred vision, diplopia, dizziness, and ataxia [34].

For a child on no other medication, LTG is typically initi-
ated at a dosage of 0.6 mg/kg/day for 2 weeks, then 1.2 mg/
kg/day for 2 weeks, and then increased by 0.6 mg/kg/day
every 1-2 weeks until a goal dosage of 5-12 mg/kg/day is
reached. The dosage forms of LTG include chewable 2-mg,
5-mg, 25-mg tablets, which typically allow for appropriate
titration and maintenance dosing even in very young chil-
dren. If a child will not chew a chewable tablet, the tablets
are dissolvable in a small amount of liquid for oral intake.

Serum levels of LTG considered to be in the therapeutic
range are between 5 and 15 pg/mL, though dose-dependent
side effects may emerge when levels exceed 10-12 pug/mL.
Weight-normalized clearance of LTG is higher in children
than in adults, so higher mg/kg doses may be needed in chil-
dren compared to adults to achieve similar serum levels [35,
36].

4 Treatment Options
in Medication-Resistant CAE

To discuss approaches to treatment when CAE is resistant to
initial medication choices, it may be useful to walk through
some scenarios. Evidence for treatment beyond the first and
second monotherapy choices is not robust and relies on com-
mon practice and experience.

Consider the case of a typically developing 6-year-old
girl referred for evaluation after 2 months of episodes, seen
by her parents, friends, and teachers, of a behavioral pause,
staring, and repetitive mouth movements, lasting only sec-
onds, and with immediate return to her baseline level of
awareness and activity. As expected, an EEG records one
typical spontaneous seizure and two seizures provoked by
hyperventilation, each characterized by 3 Hz generalized
spike and wave discharges on a normal background. She ini-
tiates ETX with dose titration to 250 mg twice daily, which
is about 30 mg/kg/day. At a follow-up visit about a month
after she has been on the full dose, she continues to have
absence seizures on EEG. Her dose is titrated further, and
further again after her parents continue to report seizures,
until she reaches a dose of 50 mg/kg/day, and she is having
intolerable abdominal discomfort after every dose, leading
to decreased appetite and slight weight loss.
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At this point, the treating clinician would consider
switching from ETX to VPA or LTG. Based on the higher
likelihood of efficacy, the clinician chooses VPA, and
gradually discontinues ETX. What is the best course of
action if VPA does not lead to seizure freedom? We rec-
ommend trying a combination of VPA and LTG. In gen-
eral, combinations of medications can be considered when
drug failure is due to lack of efficacy; lack of tolerability
requires lowering the dose or stopping the medication
altogether. Although there are important pharmacokinetic
interactions to consider, VPA and LTG in combination
may have a synergistic pharmacodynamic interaction—
that is, they may be substantially more effective used
together than either one apart, particularly in CAE [37,
38]. Because VPA inhibits LTG metabolism, initiation of
LTG when a patient is already on VPA begins at a lower
dose, increases in smaller increments, and reaches a lower
target dose than dosing in the absence of VPA.

What if VPA fails for lack of tolerability? We recommend
a trial of LTG monotherapy; although it is less effective than
VPA or ETX, one-third of patients initially randomized to
LTG in the CAE trial did experience freedom from failure,
and one-third of those randomized to LTG after first drug
failure also had freedom from failure at 12 months [22, 33].
There is no established way to convert from VPA to LTG.
Our practice for absence epilepsy consists of a 3- to 4-week
taper of VPA, simultaneous initiation of LTG on the dosing
schedule for concurrent VPA until VPA has been discontin-
ued for a week or longer, and then continued upward titration
of LTG by around 0.6 mg/kg per week to a dosage in the
6-8 mg/kg/day range. Temporary use of a benzodiazepine
to bridge the conversion is an option, but not necessary in
all cases.

If LTG is not efficacious or only partly efficacious
at this point, the next treatment to consider is clobazam.
Clobazam has US FDA regulatory approval for the treat-
ment of seizures in Lennox-Gastaut syndrome, but is widely
used for other indications as well, and has been for many
years in countries where it has long been available [39, 40].
Clobazam allosterically activates GABA , receptors, and it
binds less avidly to subunits that mediate sedative effects
than other benzodiazepines [41]. While there is little to no
literature on the use of clobazam in treatment-resistant CAE
specifically, it can be considered when first- and second-line
treatments fail.

Although the evidence for efficacy in CAE is scant and
variably supportive, topiramate and zonisamide may be con-
sidered when other treatments fail [42-44]. The ketogenic
diet has also been used successfully in children with treat-
ment-resistant CAE [45, 46]. Evidence for the usefulness of
levetiracetam in childhood absence epilepsy has been mixed,
with a few reports of its modest efficacy and one report of
absence seizure aggravation by levetiracetam [47-49].
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Gabapentin is not effective for absence seizures [50].
Oxcarbazepine, carbamazepine, phenytoin, phenobarbital,
tiagabine, and vigabatrin may worsen absence seizures or
cause absence status epilepticus and should be avoided [51].

5 Prognosis: Treatment Effectiveness

Reported rates of response to medication in CAE vary, rang-
ing from 60% to 95%, depending on the definition of the
CAE population studied, duration of the observation period,
and how outcomes were measured [52, 53]. In the CAE trial,
about half of patients treated with ETX or VPA initially
achieved seizure freedom and remained on the medication
after 1 year. When the first drug was not successful, about
half were successfully treated with ETX or VPA as the
second medication [22]. Thus, overall, approximately two-
thirds to three-quarters of children newly presenting with
CAE responded to the first or second treatment. Similarly,
in a population-based study of 86 patients with absence epi-
lepsy, of whom 75 had CAE (and the other 11 JAE), 65%
of the CAE patients were successfully treated with the first
medication. Of those treated with VPA first, 77% responded
compared to 55% of those treated with ETX [52].

Several factors have been identified in the CAE trial and
prior observational studies which may predict response to
treatment. Older studies of absence epilepsies sometimes
studied both typically developing children with what is now
considered classic CAE and children with other seizure
types or underlying neurologic disorders as well; abnormal
development or neurologic status at the onset of seizures is
a poor prognostic sign, and these children represent differ-
ent epilepsy syndromes with different mechanisms. Of those
with a more tightly defined CAE (age of onset between 4
and 10 years, normal neurologic status at onset, 3 Hz spike
and wave on initial EEG), two key factors predicting less
favorable outcome include failure of the first medication and
the occurrence of a generalized tonic—clonic seizure before
or during initial treatment [52, 53].

EEG features at baseline which are atypical for CAE, such
as background slowing, other background abnormalities, or
spike wave discharges slower than 3 Hz, are associated with
poorer response to treatment and less favorable long-term
outcomes [53]. Photosensitivity has also been associated
with a higher likelihood of generalized tonic—clonic seizures
at onset or later in the course [53, 54]. In children enter-
ing the CAE trial, whose baseline EEG had to meet strict
entry criteria, longer seizure duration on the initial EEG
was associated with better drug response [55]. Specifically,
patients whose shortest seizure lasted longer than 7.5 s were
more likely to respond to initial treatment than those whose
shortest seizure lasted less than 7.5 s. However, patients who

had any seizures lasting longer than 20 s were more likely to
score poorly on measures of attention.

Baseline seizure semiology characteristics may also help
predict response to initial treatment. Absences with marked
myoclonic components are uncharacteristic of CAE and may
protend a poorer response to treatment [53, 56]. A video
EEG analysis of seizures at baseline in the CAE trial noted
that no individual semiologic features were associated with
differences in treatment outcome, but seizures clustered into
four types based on semiology. Patients with the type char-
acterized by a pause/stare (a nearly universal feature), eye
involvement (including opening, blinking, and myoclonia),
but no motor automatisms were associated with a higher
likelihood of failure regardless of treatment arm [57].

The impact of individual genetic characteristics on treat-
ment response is not yet well-understood. The pathophysiol-
ogy of absence epilepsy involves alterations in the function
of T-type calcium channels which mediate the thalamocorti-
cal rhythms that are disrupted in absence seizures. A study
evaluating the link between genetic variants in genes encod-
ing T-type calcium channel subunits and treatment response
in the CAE trial revealed that the presence of the CACNAIH
missense variant (rs61734410/P640L), though not in itself
a CAE disease-causing variant, was more often associated
with lack of response to ETX, a finding supported by accom-
panying in vitro neurophysiologic studies [58]. In addition,
variants in the genes encoding P-glycoprotein, a drug efflux
transporter located in the intestine and membranes of brain
capillary endothelial cells, may also lead to differential drug
response. The presence of the minor allele (T) in the ABCB1
missense variant (rs2032582, T2677G, S893A) was more
often associated with lack of response to LTG, a drug which
is known to be a substrate of P-glycoprotein.

6 Prognosis: Long-Term Outcomes

A well-recognized feature of CAE is the high rate of long-
term seizure remission compared to other childhood onset
epilepsies. However, the occurrence of long-term remission
is still unclear because studies have used varying definitions
of CAE and have varied in length of follow-up. In studies
reporting on more narrowly defined CAE, remission rates
have ranged from 56 to 95% after multiple years of observa-
tion time [1, 59-61]. Remission typically occurs between 10
and 14 years of age, but may occur at younger ages as well.

Factors associated with increased risk of persistent
seizures or later occurrence of seizures (such as general-
ized tonic—clonic seizures or myoclonic seizures) include
generalized tonic—clonic seizures or other seizure types
at presentation or during the first months of treatment of
CAE, absence status epilepticus, EEG abnormalities such
as background slowing, and family history of generalized
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tonic—clonic seizures [53, 62]. Approximately 15% of chil-
dren with CAE will develop juvenile myoclonic epilepsy
during adolescence, with generalized tonic seizures, myo-
clonic seizures, and sometimes persistent absence seizures
[59]. Although antiepileptic medications are generally not
considered disease modifying (that is, the medications
treat seizures, but have no effect on long-term prognosis
for remission), there is some evidence that suggests initial
treatment with ETX is more often associated with remission
than initial treatment with VPA [63].

CAE is often thought of as a benign, self-limited epilepsy,
but there are significant cognitive, behavioral and psychiat-
ric comorbidities that must be detected early and addressed
separately. Baseline rates of inattention are 30-40% and do
not improve with successful treatment of seizures [6]. One
quarter may have subtle cognitive or language impairments,
and more than half are found to have psychiatric diagno-
ses when formally assessed, particularly attention deficit
hyperactivity disorder (ADHD) and anxiety [64]. Children
with absence epilepsy compared to children with a non-
neurologic chronic disease are less likely to graduate high
school, and are more likely to be under-employed. These
children are more likely to require special classes and repeat
a grade, more likely to have an unplanned pregnancy, and
more likely to report psychiatric and emotional problems
[65]. We recommend screening for behavioral, psychologic,
and educational issues at the time of diagnosis, with referral
for further behavioral health services as needed. Follow-up
visits, even when seizures are well controlled on medication,
should include discussion of potential comorbid conditions.

7 Weaning off Medication

The current widespread practice in CAE is to main-
tain patients on antiepileptic medication for 2 years after
achieving seizure freedom, which is the common practice
for childhood onset epilepsy in general [66]. At the end of
these 2 years, an EEG can help determine risk of relapse
with medication withdrawal. It is important that this EEG
includes hyperventilation and captures sleep, both of which
can bring out EEG abnormalities not seen during quiet
wakefulness. While a brief abnormal discharge during sleep
may not preclude drug withdrawal, presence of generalized
spike-wave discharges during hyperventilation indicates a
high risk of recurrence off of medication, and might prompt
continued therapy for another year or longer. The utility of
another EEG after medication discontinuation for determin-
ing the risk of short-term seizure recurrence or long-term
prognosis is an unanswered question in CAE, though there
is some evidence for this practice in childhood epilepsy more
generally [67]. In our experience, some clinicians obtain
an EEG after medication discontinuation in patients whose
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absence seizures were difficult for parents or teachers to rec-
ognize in the past, or in patients who are nearing driving age.

8 Conclusion

CAE is a common pediatric epilepsy syndrome with rec-
ognizable features and natural history. The syndrome is the
subject of one of the few comparative effectiveness, rand-
omized, controlled treatment trials carried out in pediatric
epilepsy, which provided information on not only optimal
treatment, but also on factors affecting response to treatment.
In a patient without generalized tonic-clonic seizures at
onset, ETX remains the initial treatment of choice. Many
but not all patients with CAE will become seizure free on
the first or second medication. Many but not all patients with
CAE will also reach terminal remission (seizure freedom
after medication has been discontinued), but remain at risk
over a lifetime for psychosocial comorbidities.
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