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Preface

Thank you for purchasing this handbook. Our intent was to compile a portable ref-
erence that is both easy to digest and expansive enough to cover key points in the 
diagnosis and management of pediatric epilepsy. Our goal is to provide trainees 
(students, residents, and fellows) with an up-to-date, convenient reference that can 
be used on the fly. We also hope information herein is also relevant to seasoned 
pediatric neurologists and epileptologists.

Where at all possible, we have utilized the best evidence regarding evaluation 
and treatment. However, there is limited quality evidence-based data in the field of 
pediatric epilepsy. We have supplemented data where possible with consensus 
approaches to therapy and the clinical experience of the MGH epilepsy and pediat-
ric neurology staff.

David C. Dredge
Division of Pediatric Neurology
Massachusetts General Hospital  

Harvard Medical School
Boston, MA, USA 
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Introduction

David C. Dredge

�Introduction

To begin, we will start with basic definitions used in pediatric epilepsy, review epi-
demiology of seizures in childhood, and summarize concepts of pathophysiology. 
More information regarding seizure subtypes and epilepsy syndromes will follow in 
forthcoming chapters.

�Definitions

The ILAE (International League Against Epilepsy) defines a seizure as: “a transient 
occurrence of signs and/or symptoms due to abnormal excessive or synchronous 
neuronal activity in the brain” [1]. This definition is quite broad, as is appropriate 
given the multitude of different clinical expressions we see with different types of 
seizures (see Chap. 2).

�Epilepsy

Epilepsy is defined as: “a disorder of the brain characterized by an enduring predis-
position to generate epileptic seizures, and by the neurobiological, cognitive, psy-
chological, and social consequences of this condition” [1]. The definition of epilepsy 
requires the occurrence of at least one seizure. Historically, the definition of epi-
lepsy required 2 or more unprovoked seizures in a patient’s lifetime. “Unprovoked” 
means that there was no proximal event that triggered the seizure, such as fever, 
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trauma, hypoglycemia, and meningitis. Recent publications have broadened the 
definition of epilepsy to include a single seizure with any factor that predicts seizure 
recurrence risk of greater than 60% [1]. Examples include epileptiform EEG pat-
terns highly predictive of seizure recurrence, identification of a specific epilepsy 
syndrome, or identification of a lesion (acquired or congenital) with a known predi-
lection for generating seizures (i.e., focal cortical dysplasia, hemi-megalencephaly, 
lissencephaly, perinatal stroke).

Epilepsy can be further divided into symptomatic and idiopathic categories. The 
symptomatic group includes seizures due to a previous stroke, brain malformation, 
metabolic disorder, or other lesion. It is important to recognize that symptomatic 
seizures tend to occur at a time remote from the initial injury, distinguishing this 
category from provoked seizures. Idiopathic epilepsy is defined as recurrent sei-
zures without a preceding injury, structural abnormality, or other insult. There is a 
presumption that many cases of idiopathic epilepsy are genetically mediated, and 
recent advances in genetic testing have revealed numerous genes associated with 
epilepsy. However, we have not yet uncovered genes associated with many of the 
most common forms of childhood epilepsy (absence, juvenile myoclonic, child-
hood epilepsy with centrotemporal spikes). Specific seizure types and epilepsy syn-
dromes will be thoroughly covered in the following chapters.

�Status Epilepticus

Status epilepticus (SE) is defined as a seizure lasting more than 5 minutes (histori-
cally 30 minutes) or at least 2 seizures without recovery of consciousness in between 
[2]. When the American Epilepsy Society endorsed that definition in 1993, they 
chose the 30-minute cutoff based on animal model data suggesting permanent neu-
ronal injury and death occurred with seizures of that duration [2]. Subsequently, it 
has been shown that serious metabolic and neuronal derangements occur with sei-
zures of shorter duration [3, 4]. In 2012 the Neurocritical Care Society recom-
mended new guidelines for definitions. They redefined as “5  min or more of 
continuous clinical and/or electrographic seizure activity or recurrent seizure activ-
ity without recovery between seizures” [5]. Seizures lasting more than 5 minutes 
have a low likelihood of abating on their own. In addition, aggressive early treat-
ment can decrease mortality in status epilepticus.

While there are potentially as many different types of status epilepticus as there 
are seizures, status epilepticus is classified broadly into 2 categories: convulsive or 
non-convulsive SE [6]. Nonconvulsive SE (NCSE) is marked by continued seizure 
activity seen on an EEG without clear clinical symptoms (although some degree of 
mental status change is typical). NCSE is an increasingly recognized phenomenon 
and is seen especially in critically ill children or in certain global epilepsy syn-
dromes (Angelman syndrome, Doose syndrome) [7]. Focal status epilepticus is rare 
but does occur. Epilepsia partialis continua is a type of focal motor SE that typically 
lasts for hours or days with clonic seizure on one area of the body without spread 
and with preserved consciousness. This phenomenon is often associated with 
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Rasmussen’s syndrome, a degenerative disorder of unclear etiology that involves 
one hemisphere. Status epilepticus involving focal eyelid myoclonia has been 
reported in Jeavons syndrome. (See Chap. 4). Aura continua is a focal sensory status 
epilepticus that can last for years [8].

�Epidemiology

Seizures and epilepsy are one of the most common presenting complaints in the 
field of child neurology. A 2015 child neurology clinical workforce survey reported 
that seizures and epilepsy account for 21–30% of patients in child neurology clinics 
[9]. On the inpatient side, the proportions of patients admitted for seizures was 
recorded as 61–70% [9].

Each year, an estimated 150,000–200,000 (around 50/100,000) Americans expe-
rience a first seizure; 25,000–40,000 (around 80/100,000) are children below the 
age of 15 years [10, 11]. The incidence (number of new cases per year) of epilepsy 
has a wide range, and quite variable in different age categories. In Rochester, MN, 
the incidence ranges from 102/100,000  in children ages 1–12  months, 
50–62/100,000 in age 1–9, and 39/100,000 in 10–14 [12, 13].

Several studies across different nations have collected epidemiological data on 
pediatric epilepsy. Estimated incidences range from 41/100,000 in Nova Scotia to 
187/100,000 in Kenya [14, 15]. A Norwegian study accessing a healthcare database 
of greater than 100,000 patients demonstrated an overall incidence rate of 70 
patients per 100,000 person years. The incidence was highest in the first year of life, 
with an incidence of 144 patients per 100,000 [18].

Prevalence is defined as the number of people with epilepsy at a given point of 
time. The prevalence of epilepsy in the population follows a bimodal age distribu-
tion, with the greatest number of cases in the elderly and children below the age of 
5 years [16]. In the United States, the prevalence is 4.71/1000 [17]. Estimates of 
prevalence in Europe range from 3.2 to 5.1/1000.

The overall prevalence of pediatric epilepsy in the Norwegians study was 5/1000 
[18]. Studies in Turkey and Sweden have demonstrated similar results [19, 20]. 
Prevalence varies from region to region around the world, including 3.6–10.5/1000 in 
Arab countries, 7.5–44.3/1000 in Latin America, and 6/1000 in Asia [21–23].

Another Turkish study looked at seizure types and epilepsy syndromes across 
different age groups [24]. 30% of all patients with an epilepsy diagnosis were iden-
tified in the first year of life. Focal seizures were overall more common than gener-
alized, 56.5% vs. 43.5%, respectively. The only age group in which generalized 
seizures were more common were in the 1-month to 1-year group, where they 
accounted for 73.5% [24]. The distribution of seizure types was characterized fur-
ther, as seen in Table 1.1. These seizure types will be discussed in detail in Chap. 2.

In the Turkish study, 482 of 532 patients were identified with specific epilepsy 
syndromes. 53% of identified syndromes were focal epilepsies. Among idiopathic 
focal epilepsies, childhood epilepsy with centrotemporal spikes (6.2%) and child-
hood occipital epilepsy (1.3%) were the most common. Symptomatic focal 
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epilepsies accounted for 26.5%, the most common of which was temporal lobe epi-
lepsy (6%). Generalized epilepsy syndromes accounted for 37.1% of syndromes, 
9.2% of which were idiopathic. West syndrome (8.2%), Lennox-Gastaut syndrome 
(3.7%), childhood absence epilepsy (3%), and juvenile myoclonic epilepsy (2.3%) 
were notable syndromes in this category [24] (Table 1.2).

�Pathophysiology

The incidence of epilepsy has a bi-modal representation in the population, with the 
2 highest groups being children and the elderly. Onset of epilepsy in the elderly is 
usually related to acquired pathology, such as strokes, trauma, neoplasms, etc. There 
are a number of features in the developing brain that make it more susceptible to 
seizures and epilepsy. While an exhaustive review is beyond the scope of this text, 
we will highlight some key contributors to this phenomenon.

Table 1.1  Frequency of seizure types in epilepsy [24]

Seizure type %
Focal seizures 56.5
 �� Simple focal 4.7
 �� Complex focal 23.8
 �� With secondary generalization 28
 �� Gelastic 0.4
Generalized 43.1
 �� Absence 3.4
 �� Atypical absence 2.3
 �� Myoclonic 6.3
 �� Clonic 2.4
 �� Tonic 6.2
 �� Tonic-clonic 12.3
 �� Atonic 1.9
 �� Epileptic spasms 8.3

Table 1.2  Prevalence of specific childhood epilepsy syndromes [24]

Idiopathic epilepsy syndromes %
Focal 53
 �� CECTS 6.2
 �� Childhood occipital epilepsy 23.8
 �� Symptomatic 26.5
 �� Temporal lobe 6
Generalized 37
 �� Absence 10
 �� West syndrome 8.2
 �� LGS 3.7
 �� JME 2.3

CECTS childhood epilepsy with centrotemporal spikes, LGS Lennox-Gastaut syndrome, JME 
Juvenile myoclonic epilepsy

D. C. Dredge



5

In general, we can conceptualize the tendency to have seizures as an imbalance 
between excitatory and inhibitory factors in the brain. In patients with epilepsy, that 
balance is tilted toward excitation, which lowers the seizure threshold. Human brain 
growth and development depends largely on excitatory activity to make and 
strengthen new connections (“neurons that fire together, wire together”). Thus, the 
developing brain favors excitation, whereas the mature brain generally has achieved 
balance between excitation and inhibition.

The physiological factors that confer this tendency to excitation have been stud-
ied for the most part in neonates. While this topic will be discussed in further detail 
in the chapter on neonatal seizures, we will review the highlights here (Table 1.3).

Neurons function by propagating action potentials along axons and dendrites. 
The action potentials, and their termination, are generated by influx and efflux 
of cations and anions. In general, inward flow of positive ions, chiefly sodium 
(Na+) and calcium (Ca++), through ion channels causes depolarization of the cell 
membrane which initiates and then propagates the activating signal. 
Repolarization occurs with potassium (K+) efflux and chloride (Cl−) influx. The 
intracellular and extracellular ion gradients are maintained by energy-requiring 
ion (co)-transporters.

One area that has been explored in recent years is the physiology of GABA 
receptors and the maintenance of chloride gradients. Barbiturates and benzodiaze-
pines act by modulating the activity of GABA receptors, increasing their open time. 
The GABA receptor is a ligand-gated chloride (Cl−) channel with non-competitive 
binding sites for barbiturates and benzodiazepines. In mature neurons, GABA is 
inhibitory due to the higher extracellular concentration of Cl− ions. With ligand-
induced channel opening, Cl− flows into the cell, hyperpolarizing the cell membrane 
and thus inhibiting action potential propagation. In the mature brain, the extracel-
lular chloride gradient is maintained by a potassium chloride cotransporter called 
KCC2. In immature neurons, GABA receptors are actually excitatory [25]. Immature 
neurons have a much higher predominance of a different ion cotransporter called 
NKCC1. This cell membrane protein transports sodium, potassium, and chloride 
into the cell, causing a high intracellular chloride concentration. Consequently, 
upon channel opening, chloride flows out of the cell through the GABA receptor, 
causing depolarization [25] (Fig. 1.1).

The concentration of KCC2 begins to rise toward the end of the first month of 
life, achieving 80% of adult levels by 1 year of age. The percentage of NKCC1 

Table 1.3  Factors increasing susceptibility to seizures in the immature brain

Excitatory action of γ-aminobutyric 
acid (GABA)

High synaptic density with over-expression of excitatory 
synapses

High glutamate receptor levels Delayed development of the substantia nigra pars 
reticulata anticonvulsant network relative to the 
pro-convulsant network

Altered composition of NMDA and 
AMPA receptors favor excitation

Prolonged action potentials due to low levels of Na/K 
ATPase and slower kinetics of delayed rectifier K 
channels

1  Introduction
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peaks during the third trimester and first weeks of life and decreases to adult levels 
by 1 year of age [25]. Therefore, the brain of the infant in the first year of life is 
significantly more excitable than that of older children.

Maturation-dependent differences in composition have also been described in 
glutamate receptors. There are three forms of glutamate receptors: kainite, N-methyl-
D-aspartate (NMDA), and α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid 
(AMPA). Most glutamate receptors are ion channels that cause influx of calcium and/
or sodium into cells, causing cell depolarization. Glutamate receptors are expressed at 
higher levels in the immature brain compared to mature nervous systems. Ontologically 
this makes sense, given the need for excitatory activity to form synapses and networks. 
In the neonatal period, NMDA receptors are primarily responsible for excitation and 
synapse formation and are more prevalent than AMPA receptors early in life. AMPA 
receptors do not have as large of a role in forming new connections [26]. NMDA recep-
tors are more dependent on Ca++ gradients than AMPA [27]. Additionally, in AMPA 
receptors, lower proportions of the GluR2 subunit in immature brains render the AMPA 
receptor more permeable to calcium ions, increasing depolarization [28].

In terms of potassium physiology, as mentioned above, repolarization of the cell 
membrane is largely caused by efflux of K+. In addition to repolarization, K+ efflux 
causes hyperpolarization leading to a refractory period that limits repetitive action 
potentials. In immature brains, the concentration of intracellular potassium is 
reduced due to lower levels of the Na/K ATPase, which requires energy to transport 
K+ into the cells [29]. Therefore, the amount of current generated by potassium 
channel opening is decreased, leaving the cell in a potentially excitable state. This 
phenomenon is thought to be the cause of repetitive action potentials in animal 
models of seizures in immature brains [30].

Sodium gradients do not have significant age-dependent differences, and there-
fore sodium’s role in increased epilepsy risk in childhood is not well understood. We 
do know that sodium channel mutations are responsible for a number of childhood 
epilepsy syndromes (See Chap. 4). Interestingly, increased body temperature may 
increase the probability of sodium channel opening. This may explain the relation-
ship between an increased propensity for febrile seizures, as seen in disorders such 
as genetic epilepsy with febrile seizures plus (GEFS+), and Dravet syndrome [31].

• Mature neuron: GABA is
inhibitory

• Neonatal  Neuron: GABA is
excitatory

High Cl-
Concentration

Low Cl-
Concentration

KCC2
GABA 
Receptor

Cl- K+, Cl-

NKCC1
GABA 
Receptor

Cl- Na+, K+, 2Cl-

In the mature neuron, KCC2 maintains a low intracellular chloride ion 
concentration.  Opening the GABA channel causes chloride to flow 
down it’s gradient into the cell, hyperpolarizing the neuronal membrane 
and leading to neuronal inhibition.

In the immature neuron, NKCC1 maintains a relatively high 
intracellular chloride concentration. Opening the GABA channel 
causes chloride ion to flow down it’s gradient out of the cell, causing
membrane depolarization and neuronal excitation.

Fig. 1.1  Excitatory action of GABA receptors in immature neurons

D. C. Dredge
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Beyond ion channels, there may also be maturation-dependent effects on seizure 
modifying circuits in the brain. The substantia nigra pars reticulata is thought to 
play a role in controlling the spread of seizure activity in mature brains. In animal 
models, adult rats have an anterior region of the SNPR that appears to have anticon-
vulsant effects, while the posterior region may be proconvulsant. These two regions 
are undifferentiated in the immature brain, and the “proconvulsant” activity appears 
to dominate [32].

�Structural Pathology

The above discussion focuses on factors that increase seizure susceptibility in 
normal developing brains. How does brain pathology lead to seizures? There are 
many different brain lesions that can lead to seizures, from malformations caused 
by genetic mutations to brain injury such as stroke and trauma (See Chap. 3). In 
presumed genetic lesions, such as polymicrogyria or grey matter heterotopia, the 
pathological tissue does not make normal connections to a larger network. There 
can be spatially displaced projections, excessive excitatory connections, or loss of 
inhibitory synapses [33]. Cells that have not arrived at their intended location can 
display spontaneous bursting of action potentials [34]. In the case of polymicro-
gyria, the primary pathology is caused by failure of neurons to migrate to their 
intended location in the cortex. Because of this aberrant morphology, abnormal 
connections are formed, which can be epileptogenic [35]. Additionally, synaptic 
receptor populations are often abnormally distributed in cells with abnormal net-
works. Finally, neurons themselves in malformations of cortical development can 
be dysplastic, often large with abnormal intracellular inclusions and tangled pro-
jections [36].

In acquired lesions, such as strokes, damaged tissue is often gliotic, and surviv-
ing neurons may form aberrant connections. This phenomenon has been studied in 
human hippocampal sclerosis. While loss of neurons appears to be the primary 
pathology, the remaining neurons reorganize and make new connections, often with 
a different region of the hippocampus than the original links [37]. Neuronal loss 
appears more common in inhibitory neurons, which also promotes epileptiform 
activity. Mossy fiber sprouting, which occurs in the setting of neuronal injury, 
appears to favor neuronal projections that contain increased numbers of glutamate-
containing synaptic vesicles. These new connections can by highly excitable [38].

�Genetics

There are numerous genes associated with epilepsy (see Chap. 3). Many of these 
genes encode ion channels, proteins essential for neuronal migration, or proteins 
with major organizing roles in brain morphogenesis. Some forms of epilepsy are 
caused by genetic changes that directly affect brain structure, such as the TSC1 gene 
in tuberous sclerosis complex. Therefore, there can be a strong interplay of struc-
tural and physiological effects of genetic mutations that effect ion channel systems 
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and cortical organization as outlined above. Specific genes in epilepsy will be 
explored in subsequent chapters.
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Seizure Classification and Semiology

Lila Worden

�Introduction

classification of seizures categories has allowed for standardized terminology and 
improved our ability to study seizures. Correct seizure classification is the first step 
in diagnosis and can subsequently affect treatment choices. For example, carbam-
azepine is a good anticonvulsant medication for focal seizures, but can worsen gen-
eralized seizures [1]. Additionally, epilepsy that is refractory to medication may be 
amenable to surgical resection if the seizure focus is localized to non-eloquent corti-
cal regions. Prior to EEG and neuroimaging technology seizure classification was 
based purely on seizure semiology, the outward signs, and symptoms of the seizure 
[2]. Though advances in brain imaging, EEG monitoring, and genetic testing have 
affected how we approach diagnosis and management of epilepsy today, seizure 
semiology is the first clinical information available to the provider. An accurate and 
clear understanding of what the seizure looked like or what the patient experienced 
helps to guide further testing, optimize treatment, and localize the seizure focus and 
proximity to eloquent areas when epilepsy surgery is considered.

In this chapter, we will first discuss the major classification of seizures and 
describe major seizure types, and then discuss seizure semiology that helps localize 
or lateralize seizures.
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�Seizure Classification

The most widely used classification system was developed by the International 
League Against Epilepsy (ILAE). The original schema from 1981 established the 
organization into generalized and partial seizures, from which originated the terms 
simple partial (maintained awareness), complex partial (altered awareness), and 
partial seizures with secondary generalization [3]. These terms remain in frequent 
use today. However, the most recent revision of the ILAE classification system, 
published in 2017, updated the major categories to focal (with or without impaired 
awareness), generalized, and unknown onset, with further subdivision in each cate-
gory to specify motor or non-motor onset [4]. Focal seizures (synonymous with 
partial seizures) denote those that originate within networks limited to one hemi-
sphere. Generalized seizures are defined as “originating at some point within, and 
rapidly engaging, bilaterally distributed networks,” often spreading bilaterally 
within milliseconds [5] (Table 2.1).

Seizure classification schemata continue to shift due to rapidly expanding knowl-
edge in the fields of genetics, basic science, and neuroimaging. It is acknowledged 
that that there may be overlap across semiological types. For example, many “gen-
eralized seizures” are frontal-lobe predominant but affect both hemispheres equally. 
Others may falsely be labeled as “generalized” due to a focus near the midline that 
leads to rapid bilateral generalization. Of note, a generalized or focal seizure is not 
the same as generalized or focal epilepsy. A child with an epilepsy syndrome like 
Dravet, which typically manifests multiple types of generalized seizures, can also 
have focal seizures. This distinction in classification can be a source of confusion 
for both providers, patients, and their families.

While there is debate about seizure classification, there is shared terminology that 
is widely accepted for seizure descriptors. Many of the descriptors can be applied to 
both generalized and focal seizures; e.g., a clonic seizure that is bilateral is likely 
generalized while a unilateral clonic seizure is focal. Within these categories, there 
are seizure types that are generally recognized as discrete entities, as outlined below.

Table 2.1  2017 ILAE seizure classification system [4]

Focal onset Generalized onset Unknown onset
Aware Impaired awareness
Motor onset Motor Motor
 �� Automatisms  �� Tonic-clonic  �� Tonic-clonic
 �� Atonic  �� Clonic  �� Epileptic spasms
 �� Clonic  �� Tonic Nonmotor
 �� Epileptic spasms  �� Myoclonic  �� Behavior arrest
 �� Hyperkinetic  �� Myoclonic-tonic-clonic
 �� Myoclonic  �� Myoclonic-atonic
 �� Tonic  �� Atonic
Non-motor onset  �� Epileptic spasms
 �� Autonomic Non-motor
 �� Behavioral arrest  �� Typical absence
 �� Cognitive  �� Atypical absence
 �� Emotional  �� Myoclonic absence
 �� Sensory  �� Absence with eyelid myoclonia
Focal to bilateral tonic-clonic

L. Worden
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�Generalized Seizures

�Tonic-Clonic

Generalized tonic-clonic (GTC) seizures historically have also been known as 
“grand mal” seizures. The tonic phase appears as full body stiffening, typically with 
the lower extremities extended and the upper extremities either flexed or extended 
with neck extension. During the tonic phase there can be an ictal cry, which is the 
sound of forced air expired against a closed glottis due to contraction of the dia-
phragm and chest muscles. There may also be cyanosis associated with the tonic 
phase. The tonic phase is subsequently followed by a clonic phase of rhythmic jerk-
ing of the extremities. (Video 2.1) Generalized tonic-clonic seizures generally last 
1–3 minutes.

Generalized tonic-clonic seizures are often associated with tongue biting, incon-
tinence of urine or stool, and drooling or foaming at the mouth from excessive sali-
vation. They are always accompanied by loss of consciousness. After the seizure, 
there is a period of recovery called the post-ictal period. The post-ictal period is 
usually characterized by lethargy, decreased arousal, confusion (which can lead to 
combativeness), aphasia, fatigue, headaches, and body aches. Post-ictal periods can 
last from minutes up to a few hours. A prolonged post-ictal period or persistent 
altered mental status after a seizure should raise concern for an alternative etiology, 
such as a medication effect or non-convulsive status epilepticus. The EEG pattern 
during a GTC typically shows diffuse voltage attenuation with low amplitude fast 
generalized poly-spikes or beta activity during the tonic phase evolving to synchro-
nous spike and wave during the clonic phase. However, the EEG pattern is often 
obscured due to movement artifact. Following the seizure there is generalized dif-
fuse slowing and background suppression.

�Myoclonic

Myoclonic seizures are characterized by a brief contraction of a muscle or muscle 
group. The shock-like jerks that occur are very brief (<200 milliseconds) and appear 
most often in the upper arms and shoulders or upper legs, though they can happen 
anywhere [2] (Video 2.2). They are typically associated with generalized epilepsy 
syndromes or diffuse brain dysfunction. Some myoclonic seizures may be focal, 
and the specific localization and physiology of this seizure type has not been eluci-
dated. There is commonly no definite impairment in consciousness, although it is 
possible that alteration of consciousness occurs, but it is too brief to be clinically 
recognized. The EEG during a myoclonic seizure shows a burst of generalized 
spike- or polyspike-waves (Fig. 2.1). Myoclonic seizures are common features of 
several epileptic encephalopathies and typically represent significant cerebral dys-
function. One notable exception is juvenile myoclonic epilepsy. In this disorder, 
myoclonic seizures are a defining feature of the epilepsy syndrome, classically 
observed in the morning hours. This epilepsy syndrome, described in later chapters, 
is one that typically is easily treated with medication.

2  Seizure Classification and Semiology
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�Tonic

Tonic seizures are characterized by increased tone (stiffening) of the affected 
body area. In the case of generalized tonic seizures, children often have flexion 
or extension of the neck, flexion or extension of the bilateral arms, and extension 
of the bilateral legs. The movement is often symmetrical, though focal tonic sei-
zures can also occur. Tonic seizures frequently occur in sleep or when the child 
is emerging from sleep. They can last up to 1  minute, though most are often 
<20 seconds. A prolonged tonic seizure can develop a tremulous component that 
can be mistaken for clonic movements. The EEG usually shows generalized, 
low-voltage, fast polyspikes with diffuse voltage attenuation (Fig.  2.2). Tonic 
seizures rarely occur in isolation and are frequently seen in children with other 
neurologic abnormalities or specific epilepsy syndromes such as Lennox-Gastaut 
syndrome.

�Clonic

Clonic seizures are characterized by rhythmic, repetitive jerks. They can be focal or 
generalized. The extremities are often flexed. Clonic seizures tend to occur at a 
frequency of 2–3 Hz and then gradually slow as the seizure ends. Clonic seizures 
can be focal or generalized.

�Atonic

Atonic seizures are characterized by a brief loss of tone. Atonic seizures are com-
monly accompanied by impaired consciousness, though these seizures can be so 
brief that mental status changes may not be detectable. Loss of tone occurs primar-
ily in the trunk, but more subtle forms can manifest as jaw drops or head drops. 

Fig. 2.1  Myoclonic seizure with generalized spike-wave burst
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Atonic seizures typically last only a few seconds (<2–5 seconds) and rarely up to 
1 minute. Atonic seizures often result in a fall if the patient is standing (Video 2.4). 
Because the patient is not aware and therefore does not protect themselves, atonic 
seizures can lead to significant injury. The EEG during atonic seizures will show 
generalized, slow spike-wave or polyspike-wave complexes followed by electrodec-
rement (flattening of the EEG background).

Of note: astatic – or “drop” – seizures are not synonymous with atonic seizures. 
Astatic seizures include other seizure types, such as myoclonic or tonic seizures. All 
three of these seizure types can be associated with abrupt falls. Myotonic-astatic 
seizures are the hallmark seizures of Doose syndrome, now referred to as epilepsy 
with myoclonic-atonic seizures in the current classification systems.

�Absence

Absence seizures, previously known as “petit mal” seizures, are brief episodes char-
acterized by behavioral arrest and impaired conscious that externally present as 
staring spells. The spells are brief, typically lasting only 3–20 seconds. Children 
may be noted by their teachers or parents to be frequently “daydreaming” or parents 
may state that they often do not pay attention. Typical absence seizures start and end 
abruptly and there is immediate resumption of prior activities with no post-ictal 
period or memory of the event (Video 2.5). Absence seizures can often have associ-
ated subtle motor components such as swallowing or chewing movements, lip 
smacking, or repetitive blinking [6]. Absence seizures are the defining feature of 
childhood absence epilepsy, where the seizures are present in otherwise 

Fig. 2.2  Tonic seizure. Note the high-voltage slow-wave followed by electrodecrement that 
evolves into low-voltage fast spikes

2  Seizure Classification and Semiology
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developmentally normal children. In this disorder, seizures occur many times per 
day. Absence seizures can occur in other generalized epilepsy syndromes as well, 
including juvenile myoclonic epilepsy or juvenile absence epilepsy. The EEG pat-
tern of absence seizures is a very distinctive 3 Hz generalized, bi-frontally predomi-
nant spike-and-wave pattern (Fig.  2.3). Hyperventilation in the office can often 
induce a typical absence seizure and is a useful diagnostic maneuver.

“Atypical” absence seizures are also marked by a loss of awareness, but the onset 
and offset of impaired to consciousness is more gradual. In addition, the impairment 
in consciousness is often incomplete, such that the patient may continue performing 
an activity but with less attention, coordination, and precision. There can be a grad-
ual loss of truncal tone as well, resulting in slumping but not falls. Unlike typical 
absence seizures, the spells are not provoked by hyperventilation. The EEG often 
shows slower spike-wave or polyspike-wave complexes, typically at 1.5–2.5 Hz. 
Atypical absence seizures occur frequently in children with developmental and cog-
nitive delays and may be hard to distinguish from behavioral inattention. Atypical 
absence seizures last longer than typical absence seizures and can at times progress 
into atypical status epilepticus, seen in Angelman syndrome, Lennox-Gastaut syn-
drome, and other genetic epilepsy conditions.

�Epileptic Spasms

Epileptic spasms are more commonly known as infantile spasms, though more gen-
eral terminology was adopted since they can occur outside of infancy [7]. Spasms 
are marked by a sudden change in axial/truncal tone characterized by flexion, 

Fig. 2.3  Childhood absence epilepsy. Note the typical bi-frontally predominant generalized 3 Hz 
spike-wave discharges
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extension, or mixed flexion-extension posturing. Flexor posturing is the most com-
mon manifestation. Raising of the arms or flexing all four extremities is also very 
common (Video 2.6). The activity can be as subtle as a brief head drop with sus-
tained neck flexion, or can be quite pronounced. Spasms typically involve both sides 
of the body simultaneously, but they can be unilateral or asymmetric. A spasm lasts 
1–2 seconds, in contrast with myoclonus which is extremely brief (<200 millisec-
onds) or tonic seizures, which tend to last >10 seconds. Spasms often occur in clus-
ters lasting several minutes, frequently upon awakening from sleep. The background 
EEG in patients with epileptic spasms typically shows a disorganized background, 
high-voltage activity, and multifocal spikes (Fig.  2.4). This interictal pattern is 
called hypsarrhythmia. The spasms themselves are represented on EEG by a high-
amplitude slow wave followed by electro-decrement (Fig. 2.5). Infantile spasms are 
the hallmark of West syndrome, the triad of developmental delay, infantile spasms, 
and hypsarrhythmia.

a

b

Fig. 2.4  (a) Hypsarrhythmia. This is the EEG at standard recording sensitivity, depicting a very 
chaotic tracing. (b) Hypsarrhythmia. This is the EEG from the same patient as image (a), with the 
sensitivity reduced. Note diffuse, high-voltage slowing, poor organization of the background, and 
multifocal epileptiform discharges
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Epileptic spasms were previously classified as generalized seizures, but multiple well-
documented case series have shown that spasms can be due to a unilateral lesion [8–10]. 
While epileptic seizures can be of focal, generalized, or unknown onset, the majority of 
epileptic spasms remain generalized in semiology as well as in EEG signature.

�Focal Seizures

Close observation of the semiology of a seizure can be extremely useful to lateralize 
the ictal origin to a hemisphere or localize its origin to a brain region. The semiol-
ogy of seizures is extremely varied, since the external signs of a seizure depend on 
the cortical area involved [11]. When observing a seizure, it is important to remem-
ber that only the initial semiology provides information on the seizure origin. Ictal 
semiology will evolve due to electrical spread of the seizure to adjacent areas or 
networks. After seizure spread occurs, one may observe signs from the symptomatic 
zone (clinical symptoms seen by electrical activation of an area of the brain) instead 
of the epileptogenic zone (origin of seizure) (Fig. 2.6) [12].

Video EEG recording allows us to correlate clinical features with epileptic dis-
charges on the EEG. Because EEG only captures abnormal activity near the cortical 
surface, localization by surface EEG can be limited. Imaging techniques such as 
ictal single-photon emission computerized tomography (SPECT) scans and MEG 
(magnetoencephalogram) can aid with the evaluation of seizure onset, but accurate 
localization is still limited by insufficient access to deeper structures. Invasive EEG 
monitoring can add to our precision when localizing epileptic activity. The localiz-
ing signs discussed below, while not exhaustive, are meant to touch on the most 
common and most specific.

Fig. 2.5  Epileptic spasm. During the spasm there is diffuse suppression of the background, 
termed electrodecrement. The hypsarrhythmia pattern is evident before and after the seizure
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�Frontal

Focal seizures with onset in the frontal lobe are often marked by a prominent motor 
component. Frontal seizures tend to look bizarre and can be predominantly or 
exclusively nocturnal. They can be mistaken for parasomnias at times. Unlike para-
somnias, frontal seizures usually occur throughout the night instead of at specified 
stages in the sleep cycle. They are typically brief (<2 minutes), stereotyped and 
occur in clusters [13]. Focal clonic or tonic seizures localize to the contralateral 
primary motor cortex, the most posterior portion of the frontal lobe. The frontal lobe 
can also give rise to more complex motor movements due to the activation of the 
supplemental motor and motor association areas. Frontal seizures are often “hyper-
motor,” or hyperkinetic. Movements associated with this seizure type include large, 
irregular ballistic movements such as thrashing, pedaling, and jumping, or automa-
tisms like pelvic thrusting or genital manipulation [14] (Video 2.6). Hypermotor 
seizures were once thought to originate from the orbitofrontal or mesiofrontal cor-
tices, but they have recently been shown to originate more diffusely from the dorso-
lateral frontal cortex, frontal pole, temporal pole, and operculum [15–18].

Seizures originating from the supplementary sensorimotor area (SSMA), located 
in the frontal lobe anterior to the primary motor cortex, classically cause asymmet-
ric tonic seizures [19], though they can also lead to bilateral symmetric tonic postur-
ing with preserved awareness [20]. Asymmetric tonic limb posturing can be in the 
form of the “fencing posture” when directly stimulated. This posture, also called the 
M2e sign, consists of tonic abduction of the contralateral arm and external rotation 
of the shoulder with flexion of the ipsilateral elbow [21] (Fig. 2.7). Seizures from 
the SSMA can take another form called the figure of 4 sign. This posture is com-
posed of rigid extension of one arm at the elbow, often with the fist clenched and 
flexed at the wrist, while the opposite extremity is flexed at the elbow (Fig. 2.7). The 
figure of four sign has value primarily in lateralization, as the extended arm is typi-
cally contralateral to the hemisphere of seizure onset [22].

Frontal lobe seizures may also produce motor inactivation and are called hypo-
motor or hypokinetic seizures. This term is used primarily to describe seizures in 

Frontal:
Hypermotor,
affective, brief,
clustered out of
sleep

Temporal: Auras (olfactory,
psychic), automatisms, +/- loss of
awareness

Occipital: Colorful but
simple visual changes,
loss of vision

Parietal: Sensory aura

Insula (deep to the lateral
sulcus): unpleasant
pharyngeal aura,
paresthesia, oral motor,
autonomic changes

Fig. 2.6  Seizure semiology by lobe
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individuals whose consciousness cannot be tested, such as in infants or the severely 
intellectually disabled [15]. Hypomotor seizures, in which consciousness is retained 
but the patient is unable to perform a desired movement, localize to the middle and 
inferior frontal gyri. Masticatory seizures and hypersalivation can localize to the 
fronto-parietal operculum. Aphasia or dysphasia in a person who is responsive dur-
ing a seizure may localize to Broca’s area [23].

�Temporal

Seizures of temporal lobe onset are classically associated with auras and/or automa-
tisms, and are typically accompanied by impaired awareness [24]. Some seizures 
are preceded by an aura, a subjectively felt sensory or psychic phenomenon due to 
ictal activity. When an aura is experienced in isolation, it is considered a focal sen-
sory seizure. Most auras localize to the temporal lobe but are not necessarily lateral-
izing [25]. Auras can be sensory or experiential. Sensory auras can involve any of 
the five traditionally recognized senses in addition to less tradition ones, such as an 
abdominal/epigastric or cephalic aura. An abdominal (also known as epigastric) 
aura can present as many sensations including nausea, stomach tightness, butter-
flies, or a sensation of stomach rising as on a roller coaster. A cephalic aura involves 
sensation in the head like lightheadedness or headache, and can occur in frontal as 
well as temporal seizures [14]. Experiential auras are also known as psychic auras. 
They involve the experience of complex feelings such as fear, déjà vu, jamais vu, 
out of body sensations, or a feeling of religiosity. Vertigo or dizziness are also fre-
quently experienced in temporal lobe seizures, though they are not strictly specific 

a b

Fig. 2.7  Semiology of asymmetric tonic limb postures arising from the supplementary senso-
rimotor area. (a) M2e or fencing posture. (b) Figure of 4, seen during secondary generalization due 
to asymmetric activation. (Illustrations by Edda V. Sigurdardottir)
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to the temporal lobe [26]. While olfactory auras occur in many seizure types, they 
occur most frequently in seizures of mesial temporal lobe origin, previously termed 
“uncinate” seizures (originating from the uncus) [27]. While some simple auras 
may originate elsewhere (e.g., visual shapes or colors from the occipital lobe), com-
plex auras such as hallucinations or experiential auras localize to the temporal lobe. 
Auditory auras are most often non-verbal sounds like buzzing or ringing in the ears. 
Auditory auras localize to the superior temporal gyrus (Heschell’s gyrus), though 
unilateral auditory hallucinations are not reliably predictive for lateralization of sei-
zure origin [28, 29].

Automatisms are common features of focal seizures, particularly those of tem-
poral lobe onset. An automatism is a repetitive movement, often resembling vol-
untary or purposeful movements, which happens during altered consciousness. 
There are numerous types of automatisms. The most common are oro-alimentary 
(lip smacking, chewing), manual or pedal (fumbling, tapping of hands or feet), 
gestural, gelastic (laughing, usually described as atonal or “mirthless”), or vocal 
(repetitive non-word vocalizations such as grunting, rarely words) (Video 2.7). 
Some specific semiological signs are associated with temporal lobe epilepsy, 
though there is disagreement about lateralization. Peri-ictal water drinking, ictal 
hypersalivation (especially mesial temporal), ictal spitting, and ictal vomiting 
(especially anterior temporal) are most frequently seen in temporal lobe onset 
seizures, but do not consistently lateralize to the dominant or non-dominant hemi-
sphere [30].

Temporal lobe seizures may have unique features in young children com-
pared to adults. There is a predominance of oro-alimentary automatisms 
before 6 years old, and hyperkinetic movements can originate from the tempo-
ral lobe instead of the frontal lobe in infants and toddlers less than 3 years old 
[31, 32].

The EEG may show interictal focal spikes in the temporal lobe. Temporal lobe 
focal seizures are characterized by repetitive epileptiform discharges that may 
spread to adjacent cortex (Appendix B, Fig. B.9).

�Parietal

Seizures originating in the parietal lobe are rare but often have a strong sensory 
component due to ictal onset in the primary sensory cortex. Focal paresthesias 
(typically numbness or tingling) of one body part localize the seizure origin to 
the contralateral primary sensory cortex [12]. As with motor seizures, the pares-
thesia can spread along to adjacent areas in the primary sensory cortex analogous 
to a Jacksonian march. Ictal pain has also been localized to the primary somato-
sensory cortex and occurs more frequently in parietal lobe seizures [33, 34]. 
Involvement of secondary sensory areas can result in bilateral paresthesias [35]. 
Lastly, illusions of size change in a body part (macrosomatognosia or 
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microsomatognosia) localize to the non-dominant temporo-parieto-occipital 
junction [36]. There are no predominant motor signs that localize to the parietal 
lobe and the motor semiology is typically due to ictal spread of the seizure to the 
frontal regions, though hypermotor activity has been localized to the posterior 
cingulate cortex [16].

�Occipital

Occipital seizures are characterized by elementary visual hallucinations. Simple 
visual auras such as geometric shapes (particularly spheres), lights, or loss of 
vision, i.e., ictal blindness or ictal amaurosis, are localized to the primary visual 
cortex [37, 38]. In contrast, formed visual hallucinations, or those with move-
ment associated, tend to occur more laterally in the parieto-temporal visual asso-
ciation areas [22]. Hallucinations associated with occipital seizures can be 
colorful and are often accompanied by “white out” or “black out” of the central 
vision [37, 38]. Symptoms are often bilateral, but if the visual symptoms are 
confined to one visual field, the seizure can be localized to the contralateral 
occipital lobe. Epileptic nystagmus has also been reported to localize to the pari-
eto-occipital junction, where the fast phase of the nystagmus is contralateral to 
the region of seizure onset. This feature, along with forced eye closure and eyelid 
fluttering, is not specific or reliable [38, 39]. EEG often shows repetitive occipi-
tal spikes (Appendix B, Figs. B.10 and B.11).

�Insula

The insula is a fold of cortex buried beneath the central sulcus that demarcates the 
temporal from frontal and parietal lobes. Insular semiology has been historically 
difficult to separate from other lobes due to rapid propagation to frontal or tempo-
ral regions. Insular seizures are marked by a typical sequence, starting with an 
initial unpleasant laryngeal or pharyngeal aura, usually constriction or dyspnea. 
They then evolve into paresthesia, commonly described as an electrical sensation 
or warmth, either periorally or diffusely. Most of these seizures are followed by 
typical focal motor semiology [39]. Motor components of insular seizures tend to 
be limited to the perioral region in children [41]. While many present with behav-
ioral arrest, awareness is initially preserved until ictal spread to other lobes [39]. 
The insula is also often thought of as the “visceral sensory cortex.” [42] An epigas-
tric aura can be elicited by direct stimulation of the insula. The presence of an 
abdominal aura does not necessarily localize to the insula, as epigastric auras have 
also been elicited with stimulation of the mesial temporal lobe, basal ganglia, 
SSMA, and thalamus [12]. Insular seizures frequently include autonomic features, 
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particularly palpitations, flushing, sweating, piloerection, and changes in tempera-
ture (heat) or pain [36, 40]. Ictal bradycardia or cardiac arrest have been described 
in insular seizures [41].

�Lateralization of Seizures by Hemisphere

While seizure semiology can suggest frontal, parietal, temporal, or occipital lobe 
origin, many signs instead help lateralize the seizure focus to one hemisphere 
instead of one lobe (Table 2.2).

Table 2.2  Lateralizing and localizing features of seizures

Lateralizing sign Lateralizing value Localizing value/note References
Sensory
Unilateral sensory aura 52–96% 

contralateral
Very reliable if parietal lesion [43, 44]

Hemifield visual aura 100% contralateral Occipital [39]
Unilateral piloerection 84% ipsilateral [45]
Motor
Head version
 �� Forced, sustained 

unnatural turning of 
head and eyes to one 
side, with neck 
extension

90–100% 
contralateral

Easy to mistake for non-versive 
head turning

[46–51]

Unilateral clonic activity 81–92% 
contralateral

[47, 50]

Unilateral tonic activity 80-100% 
contralateral

Predominately frontal or 
fronto-temporal

[19, 47, 50]

Figure-of-4
 �� Asymmetric tonic limb 

posturing – extension of 
one arm with the other 
arm crossing bent at 
elbow

70–94% 
contralateral to 
extended arm

Can be seen in tonic phase of 
GTC

[49, 52–54]

Unilateral dystonic 
posturing
 �� Sustained, forced, 

unnatural positioning of 
an extremity with clear 
rotational component

80–100% 
contralateral

Temporal > frontal [48–50, 55, 
56]

Automatisms with 
preserved consciousness

100% non-
dominant 
hemisphere

Temporal [57–59]

Ictal spitting 75% non-dominant 
hemisphere

Temporal [60, 61]

Unilateral ictal eye 
blinking

83–100% ipsilateral Frontotemporal.
Unreliable in tuberous sclerosis 
complex patients

[62–66]

(continued)
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Many lateralizing signs are thought to be from either neglect or “burn out” of the 
seizing hemisphere. Post-ictal nose wiping with one hand is a sign that points to an 
ipsilateral seizure focus to the hand used, as there is post-ictal neglect of the hemi-
sphere affected by the seizure that controls the contralateral hand. Likewise, post-
ictal paralysis or weakness (known as Todd’s paralysis) indicates that the affected 
limb was involved during the seizure and represents post-ictal depression of the 
hemisphere that was seizing.

Head version  – sustained and forceful head and eye turning in one direction 
accompanied by neck extension – lateralizes contralateral to the direction of head 
turning [46]. Ictal head turning, which can also be called a versive seizure when it 
occurs in isolation, is most often due to activation of the frontal eye fields and dor-
solateral frontal lobe [47, 81]. This clinical feature is thought to be due to activation 
of the frontal eye fields, though versive seizures have since been noted in other 

Table 2.2  (continued)

Lateralizing sign Lateralizing value Localizing value/note References
Asymmetric clonic ending 
after generalized 
tonic-clonic
 �� Prolonged clonic 

movements on one 
extremity compared to 
the other; ≠ amplitude 
difference

80–89% ipsilateral Thought to be due to metabolic 
burnout or exhaustion of 
neurotransmitters

[53, 67, 68]

Unilateral ictal akinesia
 �� Unilateral limb 

immobility

100% contralateral Activation of negative motor 
areas

[49, 69, 70]

Language
Ictal speech
 �� Fluent, conversant 

speech.
 �� ≠ single verbalizations, 

or non-word sounds

83% non-dominant [48, 71]

Ictal dysphasia or aphasia 100% dominant [71]
Postictal features
Todd’s paralysis
 �� Paralysis or paresis of 

one limb

93–100% 
contralateral

[72, 73]

Unilateral postictal nose 
wiping

86–92% ipsilateral 
in TLE.
PPV 100% if done 
more than once 
within 1 min only 
using 1 hand

More frequently seen in TLE 
than extra-TLE. Reliable if 
within 10 seconds of seizure 
offset and if temporal lobe 
epilepsy

[74–76]

Post-ictal aphasia 80–100% dominant 
hemisphere if 
post-ictal aphasia 
>60 seconds

May be difficult to separate 
from post-ictal confusion, 
requires structured assessment

[68, 71, 
77–80]

PPV positive predictive value, TLE temporal lobe epilepsy, GTC generalized tonic-clonic seizure. 
Dominant and non-dominant refers to the hemisphere to which speech is lateralized
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lobes. When strictly defined, version has strong lateralizing value, but it is difficult 
at times to distinguish from non-versive head turning, which is non-localizing.

Speech function is lateralized to the dominant hemisphere (the left hemisphere in 
>80% of people). Therefore ictal or post-ictal aphasia in someone who is otherwise 
alert and trying to converse suggests a dominant hemisphere seizure. If both speech 
and orientation are unimpaired, then the seizure lateralizes and localizes the non-
dominant temporal lobe [82]. In contrast, ictal speech, which is fluent conversant 
speech during a seizure, has been thought to lateralize to the non-dominant hemi-
sphere; however, this can be falsely localizing if misinterpreted since many non-
words sounds or single verbalizations have no localizing significance.

If focal seizures progress to a bilateral tonic-clonic semiology (frequently still 
referred to as “secondary generalization”), it can be difficult to glean any localizing 
or lateralizing signs if the initial focal semiology was witnessed. In contrast to 
primary generalized seizures, there is a typical motor sequence of secondarily gen-
eralized seizures that can assist in lateralization of the seizure onset: versive head 
turn (contralateral seizure focus), tonic or clonic seizure of the face (contralateral), 
adoption of fencer position, also known as the M2e sign (contralateral to the raised 
arm) [22], and subsequently the “figure of 4” characterized by asymmetric limb 
posturing resembling the number 4 (contralateral to the extended arm) [52]. Many 
secondarily generalized seizures do not pass through all sequences. If any 2 or 
more of the lateralizing signs support the same hemisphere of origin, then the posi-
tive predictive value for lateralization of the epileptogenic zone is 100% [67] 
(Table 2.3).
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Etiology

Melissa A. Walker

�Introduction

Aberrations in brain structure, metabolic substrate, or genetic composition can each 
lead to altered brain physiology and seizures. Furthermore, the lines are blurred 
across categories, as we now know that some single gene disorders have prominent 
structural or metabolic consequences, such as tuberous sclerosis complex and 
GLUT-1 encephalopathy. Thus, while etiologic classification schemes provide a 
helpful framework, they are routinely revised to reflect both new data and new ques-
tions revealed by novel and emerging technologies.

Most large epidemiological studies were performed prior to the introduction of 
advanced neuro-imaging and molecular genetics. One large retrospective epidemio-
logic study of the Rochester, Minnesota cohort published in 1996 categorized most 
cases of epilepsy as “idiopathic/cryptogenic,” reflecting a likely preponderance of 
what we would currently describe as genetic or presumed genetic causes [1]. That 
finding is supported by recent retrospective analysis of 110 pediatric epilepsy 
patients at a tertiary care center, which found a genetic cause in 28% of patients [2]. 
The outline of this chapter reflects the 2011 ILAE Epilepsy Classification [3].

�Genetic

�Epilepsies Due to Mutations in Single Genes

With the advent of improved genetic technologies, the numbers of genetic causes of 
epilepsy and the phenotypic spectrum of known genetic disorders have both dra-
matically increased. Many of the genes associated with epilepsy encode proteins 
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that affect ion channels or neurotransmitter receptor subunits, thus altering neuronal 
membrane conductivity. Here, we highlight a representative subset of known single 
gene pure epilepsy disorders in detail. A summary listing of commonly identified 
genetic causes of epilepsy is provided in Table 3.1.

The voltage-gated potassium channels encoded by KCNQ2 and KCNQ3 were 
originally described in association with self-limited (benign) familial neonatal epi-
lepsy, also called “fifth day fits” due to the timing of seizure onset. Affected patients 
experience focal or generalized seizures with onset on roughly the third day of life 
and resolution by 4  months of age, generally with normal development. More 
recently, KCNQ2 mutations have also been reported in association with a neonatal 
epileptic encephalopathy and with myokymia. All these associated genetic muta-
tions are inherited in an autosomal dominant pattern [4].

Similarly, perturbations of the voltage gated sodium channel subunit encoded by 
SCN2A can lead to self-limited familial neonatal-infantile seizures, a syndrome of 
secondarily generalized focal seizures resolving by 1 year of age without apprecia-
ble developmental impact. This gene has also been implicated in more malignant 
epileptic encephalopathy phenotypes, including Ohtahara and Dravet syndromes or 
Dravet syndrome [5].

Self-limited (benign) familial infantile seizures (SFIS) involves complex focal 
and generalized tonic-clonic seizures with spontaneous resolution within the first 
year of life. This epileptic syndrome is associated with mutations of the PRRT2 
(proline-rich transmembrane protein 2) gene inherited in an autosomal dominant 
fashion [6]. The phenotypic spectrum associated with mutations in this gene also 
includes familial infantile convulsion with paroxysmal choreoathetosis and parox-
ysmal kinesigenic dyskinesia [7].

Single gene changes may also predispose to syndromes of provoked as well as 
unprovoked seizures. Most notably, genetic epilepsy with febrile seizures plus 
(GEFS+) is a familial syndrome inherited in an autosomal dominant fashion, most 
often related to mutations of SCN1A, but also reported in association with SCN1B, 
SCN2A, and GABRG2 (encoding a GABAA receptor subunit) with according pheno-
typic subtypes. A third of GEFS+ patient will have only febrile seizures, while the 
remainder have either focal or generalized unprovoked seizures. Development is 
typically not affected [8].

The same gene can also be associated with more than one type of epilepsy syn-
drome. For example, Dravet syndrome is characterized by initial normal develop-
ment and then the development of seizures during infancy and associated 
developmental arrest or regression. Incidence is 0.5–1/40,000, occurring typically 
within the first 1–3 years of life [9]. Greater than 80% of cases are caused by trunca-
tion mutations in SCN1A [10, 11]. As mentioned above, this gene is also implicated 
in GEFS +. To complicate matters further, there are other genes associated with 
Dravet syndrome, including CN1B, GABRG2, PCDH19, and SCN2A.  Patients 
with Dravet syndrome have recurrent provoked and unprovoked generalized sei-
zures of multiple semiologies (tonic-clonic, tonic, myoclonic, absence, atonic) as 
well as partial seizures. Developmental regression and refractory epilepsy are 
typical.
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Table 3.1  Single genes associated with “pure” epilepsy syndromes

Gene Protein Epilepsy type
Mode of 
inheritance

KCNQ2 Potassium voltage-gated 
channel subfamily KQT 
member 2

Self-limited (benign) familial 
neonatal seizures;
Neonatal epileptic 
encephalopathy

AD

KCNQ3 Potassium voltage-gated 
channel subfamily KQT 
member 3

Self-limited (benign) familial 
neonatal seizures

AD

SCN2A Sodium channel type 2, subunit 
alpha

Self-limited (benign) familial 
infantile seizures

AD

CDLK5 Cyclin-dependent kinase-like 5 Infantile spasms XL
ARX Aristaless-related homeobox Infantile spasms XL
SNC1A Sodium channel type 1, subunit 

alpha
Dravet syndrome;GEFS+ AD

PCDH19 Protocadherin-19 Infantile/childhood onset 
refractory epilepsy in females

XL

STXBP1 Syntaxin binding protein 1 Ohtahara syndrome AD
SLC2A1 Solute carrier family 2, 

facilitated glucose transporter 
member 1

GLUT1 deficiency;early onset 
absence epilepsy

AD

ALDH7A1 Alpha-aminoadipic 
semialdehyde dehydrogenase

Pyridoxine-dependent epilepsy AR

GRIN2B Glutamate receptor ionotropic 
NMDA 2B

Early onset epileptic 
encephalopathy

AD

CHRNA4 Neuronal acetylcholine receptor 
alpha-4

Autosomal dominant nocturnal 
frontal lobe epilepsy

AD

CHRNA2 Neuronal acetylcholine receptor 
alpha-2

Autosomal dominant nocturnal 
frontal lobe epilepsy

AD

KCNT1 Potassium channel, sodium-
activated subfamily T, 
member 1

Malignant migrating partial 
seizures of infancy
Autosomal dominant nocturnal 
frontal lobe epilepsy

AD

SCN1B Sodium channel subunit beta-1 GEFS+ AD
SCN2A Sodium channel type 2, subunit 

alpha
GEFS+ AD

GABRG2 Gamma-aminobutyric acid 
receptor subunit gamma-2

GEFS+ AD

PRRT2 Proline-rich transmembrane 
protein 2

Infantile convulsions; familial 
paroxysmal kinesigenic 
dyskinesia

AD

SCARB2 Lysosome membrane protein 2 Progressive myoclonic epilepsy 
type 4

AR

KCNC1 Potassium voltage-gated 
channel subfamily C member 1

Myoclonic epilepsy with ataxia AD

CHRNA7 Neuronal acetylcholine receptor 
subunit alpha-7

Idiopathic generalized epilepsy AD

GRIN2A Glutamate receptor ionotropic, 
NMDA2A

Atypical childhood epilepsy with 
centrotemporal spikes; 
epilepsy-aphasia

AD
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Epilepsy of infancy with migrating focal seizures (EIMFS) and autosomal domi-
nant nocturnal frontal lobe epilepsy (ADNFLE) also constitute an interesting dem-
onstration of the complex epileptic phenotypic spectra resulting from single gene 
changes. ADNFLE, a disorder of adulthood with normal intelligence, was originally 
reported in association with mutations of nicotinic acetylcholine receptor genes 
CHRNA4, CHRNB2, and CHRNA2 [12]. Subsequently, mutations in KCNT1 were 
reported in patients with ADNFLE and EIMFS. Patients with EIMFS—a rare disor-
der with only dozens of cases reported to date—experience recurrent, refractory, 
focal seizures with onset before age 6 months. Classically, seizure foci migrate with 
consequent shifts in semiology, with progressive increase in frequency coinciding 
with profound developmental delay and microcephaly [13]. Notably, adult patients 
with KCNT1 mutations and ADNFLE also have comorbidities of intellectual dis-
ability and psychiatric disturbances [14].

�Presumed Genetic Etiology

Idiopathic generalized electroclinical syndromes were defined by clinical and elec-
troencephalographic (EEG) features by the ILAE in 2005 [15]. They include child-
hood absence epilepsy, epilepsy with myoclonic absences, epilepsy with 
myoclonic-atonic seizures, epilepsy with generalized tonic clonic seizures alone, 
juvenile absence epilepsy, and juvenile myoclonic epilepsy. Though single caus-
ative genes have not been identified, family and twin studies support a genetic etiol-
ogy in this group. Onset may be in childhood, adolescence, or adulthood. The above 
electroclinical syndromes are delineated more completely in Chap. 4.

Self-limited childhood focal epilepsies are likewise defined by strict clinical and 
electrographic features. Three such syndromes are recognized by the ILAE includ-
ing childhood epilepsy with centrotemporal spikes (CECTS, a.k.a. benign Rolandic 
epilepsy), early onset childhood occipital epilepsy (Panayiotopoulos syndrome), 
and late onset childhood occipital epilepsy (Gastaut syndrome) [16]. Together, these 
syndromes account for 22% of cases of primary epilepsy in children. Broadly, 
affected children have rare, generally nocturnal seizures, frequently with autonomic 
features. It is currently thought that these syndromes may represent part of a bio-
logic continuum of age-limited seizure susceptibility [17]. Despite the relative fre-
quency of these syndromes and the apparently autosomal dominant inheritance 
pattern, causative genes remain elusive. GRIN2A mutations among family mem-
bers with variable childhood focal epilepsy presentations have been noted, but there 
is a broad phenotypic spectrum of epilepsy in patients with mutations in this 
gene [18].

�Multisystem Single-Gene Disorders

There are numerous multisystem monogenic syndromes in which epilepsy is a sig-
nificant clinical feature. Rett syndrome, for example, is most often linked to MECP2 
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(encoding a chromatin-binding protein) mutations [19] Epilepsy is a primary fea-
ture of Menkes disease, a disorder of copper transport caused by mutations in the 
ATP7A gene [20] (Table 3.2).

�Chromosomal Abnormalities

A population analysis of chromosomal abnormalities and epilepsy in Australia 
found 400 distinct chromosomal imbalances in patients with seizures or EEG abnor-
malities. Eight of these had a high association with epilepsy, including Wolf-
Hirschhorn (4p-) syndrome, Miller-Dieker syndrome (del 17p13.3), Angelman 

Table 3.2  Single gene syndromes with epilepsy as a prominent feature

Gene Protein Syndrome Inheritance
MECP2 Methyl CpG binding protein 2 Rett XL
CDKL5 Cyclin-dependent kinase-like 5 Atypical Rett XL
UBE3A Ubiquitin protein ligase E3A Angelman AD
TSC1 Hamartin Tuberous sclerosis AD
TSC2 Tuberin Tuberous sclerosis AD
ZEB2 Zinc Finger E-box-binding 

homeobox 2
Mowat Wilson AD

EPM2A Laforin Lafora Disease AR
NHLRC1 NHL repeat-containing protein 

(malin)
Lafora Disease AR

CSTB Cystatin-B Unverricht-Lundborg disease AR
SLC6A8 Solute carrier family 6, member 8 Creatine deficiency XL
PPT1 Palmitoyl-protein thioesterase 1 Neuronal ceroid lipofuscinosis 

type 1
AR

TPP1 Tripeptidyl-peptidase 1 Neuronal ceroid lipofuscinosis 
type 2

AR

CLN3 Battenin Neuronal ceroid lipofuscinosis 
type 3

AR

DNAJC5 DNA homolog subfamily C 
member 5

Kufs disease (NCL type 4B) AD

CLN8 Ceroid-lipofuscinosis neuronal 
protein 8

Finnish Northern epilepsy (NCL 
8)

AR

ALDH5A1 Aldehyde dehydrogenase 5 family 
member 1

Succinic semialdehyde 
dehydrogenase deficiency

AR

ADSL Adenylosuccinate lyase Adenylosuccinate lyase 
deficiency

AR

FOLR1 Folate receptor alpha Cerebral folate deficiency AR
GLDC Glycine decarboxylase Nonketotic hyperglycinemia AR
NGLY1 N-glycanase 1 Congenital disorder of 

glycosylation
AR

FLNA Filamin A Periventricular, nodular, 
heterotopia

XL

KDM6A Lysine demethylase 6A Kabuki syndrome XL
ATP1A2 Sodium/potassium transporting 

ATPase subunit alpha-2
Epilepsy and hemiplegic 
migraine

AD

ATP1A3 Sodium/potassium transporting 
ATPase subunit alpha-3

Epilepsy and alternating 
hemiplegic of childhood

AD

3  Etiology



36

syndrome (del 15q11-q13), the inversion duplication 15 syndrome, terminal dele-
tions of chromosome 1q and 1p, and ring chromosomes 14 and 20 [21]. Epilepsy, 
particularly epileptic spasms, is also commonly associated with Down syndrome 
(trisomy 21) (Table 3.3).

Seizures, often drug-resistant, have long been described as a significant feature 
of Angelman syndrome, a disease involving loss of function of a maternally inher-
ited portion of chromosome 15. Interestingly, due to differences in imprinting, loss 
of function of the identical but paternally inherited region of chromosome 15 results 
in Prader Willi syndrome, which does not include epilepsy.

�Structural, Predominantly Genetic

�Malformations of Cortical Development

The prevalence of malformations of cortical development remains unknown. 
However, this heterogeneous group of disorders is frequently associated with 

Table 3.3  Chromosomal abnormalities associated with epilepsy

Chromosomal 
abnormality

Genetic 
syndrome Epilepsy Other features

Trisomy 21 Down syndrome 8%
Infantile spasms, 
focal, GTC

ID, characteristic facial features, 
cardiac defects

4p deletion Wolf-
Hirschhorn 
syndrome

80–90% Hemi 
convulsions, IS

ID, craniofacial abnormalities 
(Greek warrior helmet), cleft lip/
palate

15q11-13 
deletion 
(maternal)

Angelman 
syndrome

80–90%
Atypical absence, 
myoclonic, non-
convulsive SE

ID, ASD, microcephaly, ataxia, 
spasticity

17p13.3 Miller-Dieker 
syndrome

90%
Focal, tonic, 
myoclonic, IS

Lissencephaly, ID, spasticity, 
craniofacial abnormalities

Ring 20 Ring 
chromosome 20 
syndrome

90%
Focal seizures with 
ictal terror, oro-
alimentary 
automatisms

ID, microcephaly, craniofacial, 
microgenitalia, spasticity

18q deletion 18 q- syndrome Autonomic seizures 
with bradycardia

Craniofacial abnormalities, ID, 
ataxia, hypotonia, cardiac 
abnormalities, cerebellar 
hypoplasia, hydrocephalus

1p36 monosomy 50–58%
Multiple seizure types 
(IS, GTC, myoclonic, 
absence, focal)

ID, microcephaly, large fontanel, 
craniofacial dysmorphisms

IS infantile spasms, GTC generalized tonic-clonic, ID intellectual disability, ASD autism spectrum 
disorder
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epilepsy and constitutes the most common reason for referral to surgical pediatric 
epilepsy centers (Table 3.4). The epileptogenic mechanism is presumed to relate 
to abnormal neuronal connectivity and/or imbalance in excitatory and inhibitory 
neurotransmission. Focal malformations of cortical development may arise from 
abnormal neuronal and/or glial proliferation or differentiation, as in tuberous scle-
rosis complex, focal cortical dysplasia, and hemi-megalencephaly. Abnormal neu-
ronal migration can also produce diffuse malformations of cortical development, 
including lissencephaly, subcortical band heterotopia, and periventricular nodular 
heterotopia.

Lissencephaly (also termed agyria or pachygyria) describes absent or deficient 
gyration with varying degrees of severity and associated clinical presentations. 
(Fig. 3.1) Multiple monogenetic associations have been described with cortical mal-
formations, including LIS1, DCX, ARX, RELN, YWHAE, TUBA1A, TUBB2B, and 
DYNC1H1 [22].

In subcortical band heterotopia (also known as double cortex, subcortical lami-
nar heterotopia), there is absence of normal lamination and organization of gray 
matter, yielding bilateral bands of heterotopic gray matter within the white matter 
between the lateral ventricles and cortex. Most patients present with varying degrees 
of intellectual impairment and seizures. Associated mutations have been identified 
in DCX and LIS1 [23].

As the name describes, periventricular nodular heterotopia (PVNH) consists of 
nodules of gray matter in the periventricular areas due to failure of normal neuronal 
migration. PVNH can occur in isolation or as part of a larger syndrome. The most 

Fig. 3.1  Lissencephaly. 
Note the paucity of sulci 
and relatively smooth 
cortex, most prominent 
posteriorly
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common clinical association is epilepsy (80–90%). Associated mutations include 
FLNA (which is X-linked) and ARFGEF2 [23] (Fig. 3.2).

Polymicrogyria (PMG) is among the most common malformation of cortical 
development, referring to cortex with an excess of small, abnormal gyri. Clinical 
presentation varies with the location and extent of affected cortex, and epilepsy 
occurs in 60–85%. PMG can occur in genetic syndromes including Zellweger and 
22q11.2 deletion syndromes. Putative monogenetic associations have been identi-
fied, including AKT3, PIK3CA, and GPR56 [23] (Fig. 3.3).

Schizencephaly refers to clefts in the brain. More than half of affected patients 
have epilepsy. The etiology of schizencephaly—whether genetic or acquired—
remains controversial [24, 25] (Fig. 3.4).

�Neurocutaneous Syndromes

Epilepsy is a common complication of many neurocutaneous syndromes, presum-
ably reflecting underlying abnormalities of connectivity related to ectodermal dys-
plasia (Table 3.5). Skin and brain have the same origin (ectoderm) in embryonic 
development. Epilepsy occurs in 91% of patients with tuberous sclerosis complex (a 
multisystem disease of benign tumors related to TSC1 or TSC2 mutations). Seizure 
is a common presenting symptom in infancy, although seizures are not used as a 
diagnostic criterion [26]. Clinical features include hypopigmented skin lesions, 

Fig. 3.2  Periventricular 
nodular heterotopia. Note 
small nodules of 
heterotopic grey matter 
along the upper border of 
the right lateral ventricle 
(white arrow)
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Fig. 3.3  Polymicrogyria. 
Note thickened, irregular 
cortex in the right 
hemisphere  
(white arrow) [25]

Fig. 3.4  Schizencephaly. 
Note the cleft in the right 
hemisphere, with direct 
connection between the 
ventricle and extra-axial 
space [25]
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angiofibromas, connective tissue plaques, cardiac, and renal benign tumors. 
Neuropathology includes cortical tubers (focal dysplasias), subependymal nodules, 
and subependymal giant cells astrocytomas. TS is a significant cause of infantile 
spasms (see previous section) (Fig. 3.5).

Rates of epilepsy in Sturge-Weber syndrome, a disease of leptomeningeal angio-
matosis most frequently caused by mosaic mutations of the GNAQ gene, are as high 
as 80%. Children with bilateral port wine stains may have a higher risk of seizures. 
Onset can occur at any age, though typically in childhood, and often heralds hemi-
paresis [27].

Patients with neurofibromatosis type 1 (caused by mutations in the neurofibro-
min) have a two-fold increased risk of seizure compared to the general population, 
frequently focal and related to intracranial neoplasm [28]. Seizures are not a typical 

Fig. 3.5  Tuberous 
sclerosis. Note the cortical 
tubers (white arrow) and 
subependymal nodules 
(black arrow) [26]

Table 3.4  Cerebral malformations 
associated with epilepsy [25]

Malformation
Focal cortical dysplasia
Periventricular nodular heterotopia
Lissencephaly/pachygyria
Hemi-megalencephaly
Cortical tubers
Subcortical band heterotopia
Polymicrogyria
Schizencephaly
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feature of NF1, but do occur in this population. Seizures in neurofibromatosis type 
2 are rare [29].

Hypomelanosis of Ito is a rare cutaneous disorder that commonly also manifests 
CNS pathology. The cutaneous findings consist of regions of decreased pigmenta-
tion forming striations, whorls, and patches on the trunk, typically following lines 
of Blaschko. Extracutaneous symptoms are common, including abnormalities in the 
CNS, eyes, and bones. Epilepsy occurs frequently, with estimates ranging from 
11% to 50% of cases. Seizures may be refractory to treatment. Some cases have 
identifiable white matter abnormalities or cortical malformations, which can include 
hemi-megalencephaly, focal cortical dysplasia, gray matter heterotopias, or pachy-
gyria. The cause of this disorder is not known, although mosaicism of chromosomal 
rearrangements has been identified in some cases [30].

�Structural, Predominantly Acquired

�Cerebral Trauma

Roughly one-third of traumatic brain injuries in the United States affect children 
under the age of 14 years [31]. Victims of cerebral trauma are vulnerable to both 
early (occurring within 1  week of injury) post-traumatic seizures and long-term 
post-traumatic epilepsy. As many as 19% of pediatric patients with TBI will experi-
ence associated seizures [32]. Younger age is associated with higher rates of early 
post-traumatic seizure (31% of children <7 years old, 20% of children 8–16 years 
old, 8.4% of children >16  years) [33]. The occurrence of early posttraumatic 

Table 3.5  Neurocutaneous disorders associated with epilepsy [26–30]

Syndrome
CNS structural 
abnormalities Gene/etiology Epilepsy Cutaneous findings

Other system 
findings

Tuberous sclerosis 
complex

Cortical tubers
Subependymal 
nodules
Subependymal 
giant cell 
astrocytoma

TSC1, TSC2 90% with 
Epilepsy
Infantile 
spasms
Focal 
epilepsy

Hypopigmented 
macules
Shagreen patch
Periungual 
fibromas

Rhabdomyoma
Renal 
angiomyolipoma

Sturge-Webber 
Syndrome

Leptomeningeal 
angiomatosis

GNAQ 80%
Focal 
onset

Facial port-wine 
macules

Hypomelanosis of 
Ito

White matter 
abnormalities
FCD
Gray matter 
heterotopia

Unknown 10–50%
Focal 
onset

Hypopigmentation 
along lines of 
Blaschko

Ocular dysplasia
Skeletal 
dysplasia

Neurofibromatosis 
type 1

Gliomatosis
Optic pathway 
glioma

neurofibromin 5%
Focal

Café au lait 
macules
Neurofibromas
Skin fold freckling

Dysplastic 
scoliosis
Renal artery 
stenosis
Lisch nodules
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seizures and depressed skull fracture are each associated with an increased risk of 
long-term posttraumatic epilepsy. Other risk factors for long-term posttraumatic 
epilepsy include severity of brain injury (as measured by Glasgow Coma Score), 
prolonged duration of unconsciousness, and posttraumatic amnesia [33, 34].

�Cerebral Tumors

A longitudinal, retrospective analysis of nearly 300 patients with pediatric primary 
brain tumors revealed that seizures are observed at presentation in 24% and were 
ongoing in 14%. Features associated with increased risk of seizure included tumor 
pathology (specifically low/high grade glioma, glioneuronal tumor), cortical loca-
tion, and subtotal resection [35]. Tumors are not a common cause of seizures in 
childhood, accounting for 1–3% of patients with a new seizure. Seizures as the 
presenting symptom of a brain tumor in pediatrics are also rare, particularly given 
many of them are infratentorial. Slowly growing astrocytomas and dysembryoplas-
tic neuroectodermal tumors are the pediatric tumors primarily associated with sei-
zures, occurring in up to 75% of cases. Interestingly, late seizures, occurring years 
after treatment, have been described in up to 25% of long-term survivors of child-
hood brain tumors [36].

�Hippocampal Sclerosis

Hippocampal sclerosis, also termed mesial temporal sclerosis, is characterized by 
atrophy of the hippocampus with associated scarring and gliosis. It is an important 
cause of epilepsy in adults and, to a lesser extent, children. Clinically, identifying a 
patient with hippocampal sclerosis is significant, as it presents the opportunity for 
surgical treatment (and possibly cure) of his or her epilepsy. Rates of hippocampal 
sclerosis of 10–30% have been reported in pediatric patients receiving epilepsy sur-
gery [37, 38]. The etiology is not clear. Injury to the hippocampus by hypoxia or 
prolonged seizure activity may be causal, but not in most cases. There appears to be 
an association with prolonged febrile seizures in early childhood and the develop-
ment of hippocampal sclerosis later in life [39].

�Cerebral Infection

Nearly a third of patients with central nervous system (CNS) infections will develop 
early provoked seizures at or around time of a CNS infection. Among bacterial 
meningoencephalitides, beta-hemolytic streptococcus infections have the highest 
risk of seizure (78%), followed by H. influenza (44%), D. pneumonia (25%), and 
N. meningitidis (10%). Abscess or empyema can also present with seizure. As many 
as 20% of patients with CNS tuberculosis will develop symptomatic seizures. It is 
estimated that 30–50% of all epilepsy in endemic regions such as Latin America and 
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Africa are due to neurocysticercosis. Acute cerebral malaria and later resultant vas-
cular lesions are an important cause of seizures and epilepsy in the developing 
world. Complications of human immunodeficiency virus infection and acquired 
immune deficiency syndrome include epilepsy. Following acute infection, an esti-
mated 6.8–8.3% of patients surviving central nervous system infection will go on to 
develop epilepsy [40].

Numerous viral encephalitides may also cause seizures. Herpes simplex virus is 
the most common pathogen. Arboviruses such as West Nile virus and eastern equine 
encephalitis virus may cause seizures as part of their clinical course. The risk of 
developing epilepsy after viral encephalitis is 20 times the baseline population 
risk [40].

�Cerebrovascular Disorders

Anoxic injury and resultant cortical irritability related to either ischemia or hemor-
rhage can precipitate seizures acutely in ischemic or hemorrhagic stroke. The resul-
tant cortical injury and gliosis may lead to epilepsy in survivors. The large majority 
of infants with neonatal arterial ischemic stroke (72%) will present with seizure 
while only 22% of children aged 2 months to 18 years have seizure as a manifesta-
tion of acute arterial ischemic stroke [41, 42]. In a large Canadian series of neonates 
and children with cerebral venous sinus thrombosis, 71% of affected neonates and 
48% of affected children presented with seizure, most commonly generalized tonic-
clonic. At follow up, 20% of neonates and 11% of children had persistent epilepsy 
[43]. In one small series, 9 of 37 patients experiencing stroke before age 16 years 
had persistent seizures at long-term follow-up [44].

Seizures can be an important acute manifestation or long-term sequelae of hem-
orrhage stroke secondary to arteriovenous malformations and cavernous hemangio-
mas [45]. Cavernous hemangiomas frequently present with seizure and are the most 
common CNS vascular lesion in children. They may be genetic/familial or associ-
ated with radiation therapy for intracranial neoplasm [46].

�Cerebral Immunologic Disorders

There is increasing interest in the roles of inflammation and autoimmunity in epilepsy 
and seizures. One population-based study of 2.5 million Americans revealed that 
17.5% of all epilepsy patients had one of 12 autoimmune disorders. The risk of epi-
lepsy was significantly higher in patients with autoimmune disease. The risk was even 
higher in children under 18 years old compared to the general population, with a five-
fold risk increase of epilepsy in children with autoimmune disease [47].

While not proven, current thinking holds that Rasmussen encephalitis—a syn-
drome of unilateral cerebral atrophy and unilateral, refractory seizures and progres-
sive hemiparesis with nonspecific inflammation noted on neuropathy—is likely 
immune-mediated [48]. This disorder often presents with epilepsia partialis 
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continua and is refractory to medical therapy. Surgical hemispheric disconnection is 
often required to control seizures.

Seizures can also complicate systemic inflammatory and autoimmune diseases. For 
example, seizures are well described in systemic lupus erythematosus, occurring at a 
rate of roughly 10%. They may be directly related to CNS vasculitis, or as a secondary 
result of hypertension, electrolyte disturbances, or disease treatment [49].

�Paraneoplastic Disorders

While the incidence is at present unclear, paraneoplastic syndromes presenting with 
seizures are an important epileptic etiology. Antibodies directed at both cell surface 
and intracellular antigens can result in epileptic encephalopathies. N-methyl-D-
aspartate receptor (NMDAR) antibodies, first recognized in patients with ovarian 
teratomas, have now been identified in cases with and without associated tumors. 
NMDAR-antibody-mediated encephalitis has also been described in non-neoplastic 
conditions, particularly infections. The onset of this immune-mediated encepha-
lopathy is often weeks after an infectious illness. Herpes simplex virus has been 
implicated in NMDAR encephalitis.

Other antibodies, including anti-metabotropic glutamate receptor 5 (cell sur-
face), anti-Hu, anti-Ma2, anti-amphiphysin, and anti-collapsin response mediator 
protein-5 (all intracellular antigens) are associated with tumors more than 90% of 
the time. Of these, anti-Hu antibodies are most frequently associated with seizure 
and status epilepticus. All these antibodies are presumed to exert an epileptogenic 
effect by direct modulation of neurotransmitter receptors or precipitation of limbic 
encephalitis by other mechanisms [50].

�Metabolic

Epilepsy is an important feature of many inborn errors of metabolism. While individu-
ally rare, metabolic disorders constitute a significant proportion of pediatric neuro-
logical disease. Inborn errors of metabolism of amino acids, organic acids, fatty acids, 
neurotransmitters, urea cycle intermediates, vitamins, cofactors, and the primary 
mitochondrial disorders are the major categories associated with epilepsy. The mecha-
nism by which the disorders of small-molecule metabolism lead to seizures remains 
unclear in many cases but may involve accumulation of toxic metabolites or second-
ary structural damage. Secondary effects of metabolic perturbations, including hypo-
glycemia or lactic acidemia, may in part underlie seizures in some cases (e.g., 
3-Hydroxy-3-methylglutaric academia, hyperinsulinism-hyperammonemia, Glucose 
Transporter 1 Deficiency). Seizure semiology and EEG findings are diverse with this 
broad group, but the various disorders often present with characteristic seizure types 
and electrographic features [51].
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Importantly, some of these disorders are treatable, including pyridoxine-
dependent epilepsy, methylmalonic acidemia, cobalamin deficiency, maple syrup 
urine disease, homocystinuria, and to a lesser extent 3-Hydroxy-3-methylglutaric 
acidemia, glutaric acidemia, fatty oxidation disorders, primary cerebral folate defi-
ciency, 3-phosphoglycerate dehydrogenase, urea cycle disorders, disorders of carni-
tine synthesis (GAMT, arginine-glycine amidinotransferase deficiency), and glycine 
encephalopathy [51].

�Metabolic Degenerative

Pediatric neurodegenerative disorders are frequently associated with seizure. 
Roughly two-thirds of lysosomal storage disorders, such as the neuronal ceroid 
lipofuscinoses, sphingolipidoses (including Gaucher disease), and gangliosido-
ses (including Tay-Sachs disease), produce progressive epileptic encephalopathy 
related to neurodegeneration. Conversely, epilepsy in peroxisomal disorders—
which are also multisystem disorders—is posited to arise from cortical migration 
defects [51]. Alexander’s disease, arising from disruption of the glial fibrillary 
acidic protein (GFAP) gene encoding astrocyte intermediate filaments, is some-
what unusual among the leukodystrophies in its frequent presentation with sei-
zures [52]. The neuroacanthocytosis syndromes are another class of degenerative 
diseases characterized by red blood cell acanthocytosis and progressive neurode-
generation, sometimes with resultant epilepsy, as in chorea-acanthocytosis and 
MacLeod neuroacanthocytosis [53].

�Progressive Myoclonus Epilepsies

The progressive myoclonus epilepsies (PME) are a heterogenous group of disor-
ders characterized by refractory epilepsy, multifocal myoclonus, and dementia, 
ultimately leading to developmental devastation and death. The myoclonus asso-
ciated with PME is often induced by action or somatosensory stimulation. Lafora 
disease, myoclonic epilepsy with ragged red fibers (MERRF), neuronal ceroid 
lipofuscinosis (NCL), dentatorubral pallidoluysian atrophy, Unverricht-Lundborg 
disease (ULD), sialidosis, Gaucher disease, and subacute sclerosing panencepha-
litis (SSPE) are relatively common causes of PME, which is in general rare. Less 
frequent causes include action myoclonus-renal failure syndrome, juvenile 
Huntington disease, familial encephalopathy with neuroserpin inclusion bodies, 
noninfantile neuronopathic Gaucher disease, atypical inclusion body disease, 
neuroaxonal dystrophy, celiac disease, juvenile GM2 gangliosidosis, pantothe-
nate kinase-associated neurodegeneration, early onset Alzheimer disease, and 
FARS2 mutations [54, 55].
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�Mixed Etiologies

�West Syndrome

The term “West syndrome” refers to the triad of infantile spasms, psychomotor 
developmental arrest, and hypsarrhythmia on EEG. West syndrome is a phe-
nomenon limited to the first year of life, and though to be related to specific 
stages of cortical development in infancy. The term infantile spasms (IS) is 
frequently used to refer to this disorder. While rare, roughly 70–90% of infants 
with West syndrome will experience profound developmental delay, which 
along with spasms is in many cases treatable, making the recognition of this 
syndrome critical [56].

Classification schemes proposed for infantile spasms reflect the diversity of 
associated etiologies. Historically, IS has been described as either symptomatic 
(identifiable etiology and developmental delay at onset) or cryptogenic (previ-
ously normal development, no identifiable etiology). A large, multicenter pro-
spective study by the National Infantile Spasms Consortium identified a cause 
in 64.4% of 250 new IS cases. The etiologies identified were designated as 
follows: structural-acquired (22.4%), genetic (14.4%), structural-congenital, 
(10.8%), genetic-structural (10.0%), metabolic (4.8%), and infectious (2.0%). 
Representations of specific etiologies within each category were consistent 
with other studies and experience. Among acquired structural causes, periven-
tricular leukomalacia, perinatal and postnatal hypoxic ischemic injury, stroke, 
and brain trauma were the most common causes. Down syndrome was the most 
common genetic cause, followed by CDKL5 mutations. Tuberous sclerosis was 
the most common genetic structural cause, followed by neurofibromatosis. 
Primary mitochondrial disorders were important metabolic etiologies, and all 
infectious causes were related to TORCH infections, though postnatal infec-
tion can also cause IS [57].

�Lennox-Gastaut Syndrome

Lennox-Gastaut syndrome (LGS) is defined by clinical criteria, not etiology. 
Numerous etiologies can produce or evolve into LGS. Defining criteria include 
the presence of multiple seizure types or semiologies (most patients experience 
nonconvulsive status at some time), slow (1–2 Hz) spike and wave pattern on 
EEG, and intellectual disability that may be progressive. As with West syn-
drome, genetic disorders, neurocutaneous syndromes, hypoxic ischemic inju-
ries, and CNS infection are all important causes. Many patients with LGS have 
evolved from a phenotype of infantile spasms. Indeed, as many as 25% of 
patients with LGS carried an earlier diagnosis of IS [58]. About 40% of cases 
are cryptogenic in etiology, and as with IS, these cases may have a better prog-
nosis [59, 60].
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�Unknown

�NORSE, FIRES

Various terms have been used to describe a phenomenon in which children or young 
adults develop devastating refractory status epilepticus related to febrile illness. 
Terms used include new-onset refractory status epilepticus (NORSE), devastating 
epilepsy in school-age children (DESC), acute nonherpetic encephalitis with refrac-
tory repetitive partial seizures, acute encephalitis with refractory repetitive partial 
seizures (AERRPS), and fever induced refractory epileptic encephalopathy (FIRES). 
These entities are apparently linked by prior normal neurodevelopment and health 
with onset of devastating refractory epileptic encephalopathy (often fatal) with an 
antecedent history of febrile illness but no identifiable pathogen or other causal 
abnormality. Further work must be done to better delineate any unifying pathologies 
or etiologies [61].
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Childhood Epilepsy Syndromes

Grace Yoonheekim Gombolay

�Introduction

One of the most interesting and poorly understood aspects of childhood epilepsy is 
the age-specific presentation of distinct electroclinical syndromes. Advances in 
genetic testing have opened new opportunities to further aid in the classification of 
syndromes. The International League Against Epilepsy (ILAE) periodically updates 
the classification of epileptic syndromes, most recently in 2010 [1]. In this chapter, 
we review the ILAE-recognized childhood epilepsy syndromes organized by age of 
onset. In addition to a few others that do not fit into a particular age range.

Many childhood epilepsy syndromes are considered “benign” because they remit 
later in life and are associated with good long-term outcomes. With the 2017 ILAE 
Classification update, the terms “self-limited” and “pharmacoresponsive” have sup-
planted the use of benign. This change came about with the recognition that many 
“benign” syndromes can be associated with comorbid developmental, learning, and 
behavioral disorders [2]. Similarly, syndromes previously called “catastrophic” or 
“malignant” have been reclassified as developmental or epileptic encephalopa-
thies [2].

The term “epileptic encephalopathy” encompasses a diverse group of disorders, 
with etiologies ranging from single-gene mutations, brain malformations, and brain 
injury. The unifying features of epileptic encephalopathies include drug-resistance, 
multiple seizure types, and cognitive or developmental dysfunction. While many 
epileptic encephalopathies are associated with developmental delays prior to onset 
of seizures, in some cases there is a regression coincident with the onset of seizures 
and electroencephalographic (EEG) changes. Epileptic encephalopathies with onset 
in infancy can manifest as developmental delay or stagnation [3]. EEGs in epileptic 

G. Y. Gombolay (*) 
Pediatric Neuroimmunology and Multiple Sclerosis Clinic, Children’s Healthcare of Atlanta, 
Division of Neurology, Emory University, Atlanta, GA, USA
e-mail: grace.yoonheekim.gombolay@emory.edu

4

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-08290-5_4&domain=pdf
https://doi.org/10.1007/978-3-319-08290-5_4#DOI
mailto:grace.yoonheekim.gombolay@emory.edu


52

encephalopathies typically show severe abnormalities, including burst-suppression, 
hypsarrhythmia, multifocal epileptiform changes, and diffuse slowing. There is 
some debate regarding whether seizures or abnormal EEG activity are responsible 
for intellectual decline, or if the underlying pathology is primary. The disease course 
in epileptic encephalopathies typically includes progressive cognitive deteriora-
tion [2].

�Neonatal Onset

�Self-Limited (Benign) Familial Neonatal Epilepsy

Self-limited (benign) familial neonatal epilepsy (SFNE), colloquially called “fifth 
day fits,” usually presents within the first few days of life. Seizures can be focal, 
multifocal, or generalized. The seizures are usually brief but can occur up to 20–30 
times per day. Neonates with SFNE usually have a normal exam and interictal 
EEG. Ictal EEG often demonstrates focal epileptiform discharges. SFNE is an auto-
somal dominant disorder and a family history is often positive. Mutations in KCNQ2 
and KCNQ3, which encode subunits of voltage-gated potassium channels expressed 
in the brain, have been found in many families with this syndrome [4]. Particular 
mutations in these genes can also be seen in more severe neonatal epilepsy syn-
dromes, discussed below. Mutations in the SCN2A gene, which encodes a voltage-
gated sodium channel, have also been implicated in some cases of SFNE [5]. The 
prognosis for SFNE is generally excellent. Development is normal and the seizures 
typically remit within weeks, although may persist until 12 months of age. A small 
subset of these children (8–13%) develop epilepsy later in life. In the neonatal 
period, antiepileptics are usually initiated to treat the initial cluster of seizures or if 
the diagnosis is uncertain. Most infants with this disorder require seizure treatment, 
but medications are successfully weaned within 3–6 months. SFNE is differentiated 
from self-limited (benign) familial infantile seizures (discussed later in this chapter) 
by its earlier onset [6].

�Early Myoclonic Encephalopathy

Early myoclonic encephalopathy (EME) begins during the neonatal period, some-
times as early as the first few hours of life. Clinically, the neonate presents with 
focal myoclonus, usually of the face or extremities [7]. The myoclonic jerks shift 
from one area to another erratically. Tonic posturing or tonic spasms can also occur 
in EME. Importantly, myoclonic seizures occur during wakefulness, distinguishing 
this disorder from benign neonatal sleep myoclonus.

Several inherited metabolic disorders have been associated with EME. Nonketotic 
hyperglycinemia is the most common, but other diseases such as D-glyceric acid-
uria, propionic acidemia, molybdenum cofactor deficiency, methylmalonic acide-
mia, pyridoxine deficiency, sulfite oxidase deficiency, Menkes disease, and 
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Zellweger syndrome have also been described in conjunction with EME [7]. Several 
single genes have also been implicated in EME, including mutations in the ErbB4 
gene [8].

The EEG in EME demonstrates a burst-suppression pattern that is more apparent 
during sleep, although initial EEGs may show a continuous pattern (Fig.  4.1). 
Treatment is challenging and drug-resistance is typical. Successful treatment with 
carbamazepine and lidocaine has been reported [9]. Vigabatrin has been reported to 
cause worsening of seizures in EME associated with nonketotic hyperglycinemia 
[10]. Prognosis is poor, as about 50% of patients will die before the age of 2 and the 
other patients will be severely neurodevelopmentally impaired [11].

�Ohtahara Syndrome

Also known as early infantile epileptic encephalopathy, Ohtahara syndrome pres-
ents in the first 3 months of age, usually within the first 2 weeks. The presenting 
seizures are tonic, occurring singly or in clusters, that can last up to 10 seconds. The 
tonic seizures can be lateralized or generalized and occur up to hundreds of times a 
day. About one-third of patients will go on to develop other seizure types including 
focal motor, hemi-clonic, or generalized tonic-clonic. The EEG demonstrates a 
burst-suppression pattern similar to that of EME [12].

Ohtahara syndrome can result from structural, metabolic, and/or genetic abnor-
malities. Structural abnormalities associated with this syndrome include hemi-
megalencephaly, porencephaly, cortical dysplasia, and hypoxic brain injury. 
Nonketotic hyperglycinemia, cytochrome C oxidase deficiency, pyridoxine depen-
dency, and biotinidase deficiency have also been associated with Ohtahara syn-
drome [13]. Mutations in several single genes, including STXBP1, ARX and 
SLC25A22, have been implicated in Ohtahara Syndrome [14]. Prognosis is poor as 

Fig. 4.1  Burst suppression pattern in a neonate
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many patients will die prior to the age of 2. Survivors typically have severe neuro-
developmental disability. Neonates with Ohtahara syndrome can progress to West 
syndrome with hypsarrhythmia during infancy and then later evolve into Lennox-
Gastaut syndrome with diffuse slow spike and waves during childhood [12].

Treatment is difficult and studies of AEDs including topiramate, ACTH, and 
pyridoxine have shown poor efficacy [15]. Successful treatment with ketogenic diet, 
folinic acid, vigabatrin, and chloral hydrate have been described [16–19]. The prog-
nosis is generally poor, with continued seizures and significant developmental 
disability.

�KCNQ2 Encephalopathy

As mentioned above, mutations in KCNQ2 and KCNQ3 genes encoding potassium 
channels in the nervous system have been implicated in self-limited (benign) famil-
ial neonatal epilepsy. However, in some infants, the course of disease is not benign. 
These infants typically have an onset of tonic seizures on days 2–8 of life. The sei-
zures can be associated with motor automatisms and apnea, and can be quite fre-
quent, up to 30 times per day. These features are similar to those described in the 
benign disorder. However, in neonates with encephalopathy, seizures are refractory 
to medical therapy. The EEG in these cases demonstrates a burst-suppression pat-
tern, and these infants have clear evidence of encephalopathy [20]. Phenobarbital, 
midazolam, levetiracetam, and valproic acid have been used with only modest 
success.

Many infants with KCNQ2 encephalopathy have eventual seizure remission, 
typically by age 3. However, most of them have significant developmental disability 
[20]. MRIs early in the course demonstrate T2 hyperintensity in the thalamus and 
basal ganglia which eventually resolve, but cortical atrophy frequently develops. 
The EEG can evolve from burst suppression to multifocal epileptiform discharges 
to diffuse slowing [20].

While the genotype-phenotype correlation is not always clear, KCNQ2 muta-
tions that lead to SFNE tend to result in haploinsufficiency, are expressed in the 
intracellular domain of the channel, and are inherited. Mutations associated with 
KCNQ2 encephalopathy are often de novo missense mutations in the extracellular 
portion of the protein and directly affect channel gating [21] (Table 4.1).

�Infantile Onset

�Epilepsy of Infancy with Migrating Focal Seizures

Epilepsy of infancy with migrating focal seizures (EIMFS) is an epileptic encepha-
lopathy that presents in infants within the first year of life, on average at about 
3 months. As the name implies, seizures are focal, occurring in any region of the 
brain and typically migrate. Seizures can arise independently in both hemispheres 
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and increase in frequency as time passes. The seizures are refractory to treatment 
and status epilepticus is common [22]. The EEG initially shows a normal back-
ground early which may evolve into diffuse slowing. Focal slowing can occur which 
may migrate from one area of the brain to another. Multifocal discharges on interic-
tal EEG can occur later in the disease. Ictal EEG demonstrates rhythmic focal alpha 
or theta discharges and can involve multiple regions independently [22].

In this syndrome, development is typically normal until the onset of seizures, 
after which there is developmental stagnation or regression with concurrent pro-
gressive microcephaly. Family history is usually negative. Imaging is usually nor-
mal at onset, but may later show cortical atrophy or mesial temporal sclerosis. 
Mutations in the following genes have been associated with this disease: KCNT1, 
SCN1A, SCN2A, SCL25A22, PLCB1, TBC1D24, and CHD2. The prognosis is 
poor as seizures are usually refractory to treatment. Infants typically have perma-
nent, severe developmental disability [23].

�West Syndrome

West syndrome is an epileptic encephalopathy comprised of the triad of infantile 
spasms, hypsarrhythmia, and developmental delay. The onset of spasms usually 
occurs between 3 months and 12 months of age, with a peak onset of 5–7 months 
[24]. The spasms typically occur in frequent clusters and are often present upon 
arousal from sleep. The clinical episodes typically involve truncal flexion or exten-
sion, with extremity flexion or extension (Appendix A, Video 2.5). Each spasm lasts 
seconds, but they frequently occur in clusters lasting minutes. Developmental arrest 
or regression usually presents near the time of spasm onset. Hypsarrhythmia is the 
characteristic EEG pattern seen in this syndrome and is defined by a disorganized, 
high voltage slow background with multifocal spikes and polyspikes (Fig. 4.2). The 
ictal EEG during a clinical spasm shows a high-voltage generalized sharp or slow 
wave with subsequent voltage attenuation (Fig. 4.3). Hypsarrhythmia may be better 
observed during sleep.

There are myriad etiologies of infantile spasms, including genetic, acquired 
structural abnormalities and malformations. Acquired structural causes include 
hypoxic-ischemic encephalopathy, cerebrovascular accidents, and intracranial 
infections. Spasms can occur in Aicardi syndrome and lissencephaly and are very 
common in tuberous sclerosis. Chromosomal disorders such as Down and Miller-
Dieker Syndromes have been associated with infantile spasms. Several single gene 
disorders have also been implicated, including mutations in ARX, CDKL5, 
SPTAN1, and STXBP1. Inborn errors of metabolism, including nonketotic hyper-
glycinemia, phenylketonuria, methylmalonic aciduria, maple syrup urine disease, 
propionic acidemia, pyridoxine dependent epilepsy, and Menkes disease have been 
associated with West syndrome [25].

ACTH and high-dose oral steroids are first-line therapy in infantile spasms inde-
pendent of baseline developmental status. Vigabatrin has been shown to be an effi-
cacious initial therapy in infantile spasms associated with tuberous sclerosis but is 
used as second line to treat infantile spasms in general [26, 27]. The ketogenic diet 
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a

b

Fig. 4.2  Hypsarrhythmia. (a) Standard recording sensitivity appears chaotic. (b) With the sensi-
tivity adjusted we can see diffuse slowing, lack of a clear posterior dominant rhythm and multifo-
cal epileptiform discharges

Fig. 4.3  Infantile spasm characterized by electrodecrement
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has demonstrated efficacy in some studies [28]. Numerous anti-epileptic drugs, 
including benzodiazepines, valproic acid and topiramate have been used with no 
clear evidence of efficacy. More recently, cannabidiol has been proposed as a poten-
tial therapy for refractory cases. Prognosis is influenced by the underlying etiology, 
early diagnosis, response to therapy, and presence or absence of improvement in the 
EEG background. In time, the spasms will cease regardless of seizure response to 
treatment but commonly evolve into other seizure types. Many patients will evolve 
into Lennox-Gastaut syndrome, which will be discussed later on in this chapter [27].

�Myoclonic Epilepsy in Infancy

Myoclonic epilepsy in infancy is a self-limited disorder with a generally good prog-
nosis. The myoclonic seizures in this disorder can be triggered by photic, tactile, or 
auditory stimuli. The onset of myoclonic seizures occurs between the ages of 
6 months and 2 years and remits between 6 months and 5 years after onset. About 
10–20% of patients will then develop other forms of epilepsy later in life, including 
juvenile myoclonic epilepsy or focal epilepsy [29]. Development is generally nor-
mal, as is the interictal EEG. Other seizure types are not common in this syndrome. 
Ictal EEG reveals generalized polyspike- or spike-wave discharges. Cognitive and 
behavioral problems have been described if seizures are not well controlled.

�Self-Limited (Benign) Familial Infantile Epilepsy

Similar to SFNE described earlier in this chapter, self-limited (benign) familial 
infantile epilepsy (SFIE) is an epilepsy syndrome that is inherited in an autosomal 
dominant pattern. The seizures occur in normal infants with onset later than that of 
SFNE, usually between 4 and 8 months of age. Spontaneous remission occurs prior 
to 3 years. Focal motor seizures with and without secondary generalization are the 
most common seizure types [30]. Multifocal or generalized seizures have also been 
described. Like SFNE, the seizures are usually brief but can occur anywhere from 
20 to 30 times per day. Infants are usually normal in between seizures and interictal 
EEG is generally normal. Ictal EEG can demonstrate focal discharges. Genes that 
are implicated in SFIE include PRRT2, SCN2A, KCNQ2, and KCNQ3 [30].

�Dravet Syndrome

Dravet syndrome, previously identified as severe myoclonic epilepsy of infancy, is 
a clinical syndrome that can be separated into three stages. Stage 1 starts between 4 
and 12 months of age, with a previously normal infant presenting with a prolonged 
seizure commonly in the setting of fever. The initial seizure is usually clonic (either 
generalized or hemi-clonic), with or without secondary generalization. Focal motor 
or myoclonic features can also be seen. The initial event is often considered to be a 
complex febrile seizure. However, within several weeks frequent seizures occur, 
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often with status epilepticus. Stage 2 presents at one to four years of age, and is 
considered the “worsening stage” because the child will typically develop a mixture 
of seizure types, including myoclonic, atypical absence, and focal motor seizures. 
Convulsive and nonconvulsive status epilepticus is common during this stage [31]. 
Developmental regression or stagnation can occur during stage 2 or 3. Developmental 
delay and behavioral problems are also observed at this stage. Ataxia and pyramidal 
signs frequently manifest as well. Stage 3, the “stabilization stage,” begins after 
about 5 years, when the seizures may improve, typically with convulsions that occur 
only in sleep. Imaging is normal initially, but as the disease progresses, generalized 
atrophy or hippocampal sclerosis can be observed [31].

Initial EEGs in Dravet syndrome are normal but evolve over time with disease 
progression. Diffuse slowing of the EEG background progresses over time. 
Generalized spike-waves, polyspike-waves, focal and multifocal discharges can 
occur during wakefulness and in sleep. The ictal EEG depends on seizure semiol-
ogy. Treatment options for Dravet syndrome include valproic acid, benzodiazepines, 
levetiracetam, topiramate, and the ketogenic diet. Stiripentol has demonstrated to be 
efficacious but is not currently available in the United States. Cannabidiol was 
approved in 2018 for the treatment of Dravet syndrome [32]. Fenfluramine was 
approved for use in this disorder in 2020 [33]. Truncating mutations in SCN1A are 
the most common primary genetic etiology for Dravet syndrome. Medications that 
act on sodium channels, such as carbamazepine, phenytoin, oxcarbazepine, and 
lamotrigine can exacerbate seizures and should be avoided [34]. Prognosis is poor 
as many patients will have permanent cognitive impairment. Life expectancy is 
reduced due to complications of uncontrolled seizures and sudden unexplained 
death in epilepsy (SUDEP) [31].

�Myoclonic Encephalopathy in Nonprogressive Disorders

Myoclonic encephalopathy in nonprogressive disorders is characterized by multiple 
episodes of myoclonic status epilepticus that can last hours to days. The onset can 
occur anytime from the first day of life to 5 years old. Most patients will have a 
known etiology, which can include chromosomal disorders, structural brain abnor-
malities, or inborn errors of metabolism. Half of cases are secondary to genetic 
syndromes such as Angelman, Wolf-Hirschhorn, and Rett [35]. Structural malfor-
mations associated with myoclonic epilepsy include polymicrogyria, focal cortical 
dysplasia, or agenesis of the corpus callosum. Hypoxic ischemic encephalopathy 
along with cerebellar atrophy has also been associated with myoclonic epilepsy. 
The distinction between this category and progressive myoclonic epilepsies (see 
below) is that there is a static, rather than progressive, encephalopathy related to the 
underlying disorder. The EEG in myoclonic epilepsy with in non-progressive disor-
ders demonstrates a slow background with multifocal spikes, sharp waves, or con-
tinuous slow waves. Eye closure can trigger rhythmic delta waves with superimposed 
spikes. Ictal EEG can demonstrate diffuse rhythmic slow spike-waves. ACTH, etho-
suximide, and valproic acid have been used effectively to treat this syndrome [35] 
(Table 4.2).
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Table 4.2  Epilepsy syndromes with onset in infancy

Name
Seizure 
types EEG Etiology Treatment Prognosis

Epilepsy of 
infancy 
with 
migrating 
focal 
seizures

Focal Interictal: normal 
early, diffuse 
slowing late, 
multifocal 
epileptiform 
discharges
Ictal: Focal 
rhythmic activity

Genetic (KCNT1, 
SCN1A, SCN2A, 
SCL25A22, 
PLCB1, TBC1D24, 
and CHD2)

Drug-resistant Regression at the onset of 
seizures, severe NDD

West 
syndrome

Epileptic 
spasms

Interictal: 
Hypsarrhythmia
Ictal: Electro 
decrement

Structural (HIE, 
malformations)
Genetic syndromes 
(Down syndrome, 
TSC)
Metabolic (NKH, 
PKU, MMA, 
Pyridoxine-
dependent 
epilepsy)
Single gene (ARX, 
CDKL5, SPTAN1, 
STXBP1)

ACTH
Vigabatrin
Oral corticosteroids
Ketogenic diet
Cannabidiol

Regression at the onset of 
seizures
90% with significant NDD
Prognosis largely dependent 
on etiology and response to 
treatment

Myoclonic 
epilepsy of 
infancy

Myoclonic Interictal: Normal
Ictal: GSW

Presumed genetic Favorable unless seizures 
not controlled
10–20% develop epilepsy 
later

Self-
limited 
(benign) 
familial 
infantile 
epilepsy

Focal
Secondarily 
generalized

Interictal: Normal
Ictal: focal 
epileptiform 
discharges

Genetic (PRRT2, 
SCN2A, KCNQ2 
and KCNQ3)

Pharmacoresponsive Favorable
Normal in most cases

Dravet 
syndrome

Focal
GTC
Myoclonic
Tonic

Interictal: Normal 
early, then 
slowing, 
generalized or 
focal discharges
Ictal: Generalized 
or focal 
discharges

Genetic (SCN1A) Drug-resistant
Valproic acid
Levetiracetam
Topiramate
Stiripentol
Fenfluramine
Benzodiazepines
Cannabidiol
Ketogenic diet

Poor
Significant developmental 
regression and long-term 
NDD

Myoclonic 
epilepsy in 
non-
progressive 
disorders

Myoclonic Interictal: Slow, 
multifocal spikes
Ictal: GSW

Genetic 
(Wolf-Hirschhorn, 
Angelman, Rett)
Structural 
(polymicrogyria, 
FCD, HIE)

Valproic acid
Levetiracetam
Benzodiazepines
Ethosuximide
ACTH

Depends on underlying 
etiology

NDD neurodevelopmental disability; HIE hypoxic ischemic encephalopathy; TSC tuberous sclero-
sis complex; NKH nonketotic hyperglycinemia; PKU phenylketonuria; MMA methylmalonic acid-
uria; GSW generalized spike-wave; GTC generalized tonic-clonic; FCD focal cortical dysplasia;  
ACTH adrenocorticotropic hormone
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�Childhood

�Childhood Absence Epilepsy

Comprising anywhere from 10–17% of childhood onset epilepsies, childhood 
absence epilepsy (CAE) is the most common seizure disorder in this age group. 
CAE is characterized by multiple absence seizures per day. Absence seizures pres-
ent as abrupt behavioral arrest with impaired awareness lasting from 5 to 20 seconds 
(Appendix A, Video 2.4). Seizures often occur frequently, between 5 and 100 per 
day. The seizures may have associated subtle movements, such as facial twitching, 
repetitive blinking, or finger movements. There is no post-ictal period, and children 
will resume their previous activity. Onset is typically between ages 4 and 10 [36]. 
Ictal EEG demonstrates 3  Hz generalized spike-and-wave discharges (Fig.  4.4). 
Like other idiopathic generalized epilepsies, there may be an autosomal dominant 
inheritance pattern, but specific genes have not been consistently identified. Some 
familial cases have been associated with mutations in GABRG2 and 
CACNA1A. GLUT1 deficiency, which is caused by a mutation in the gene SLC2A1, 
is found in about 10% of patients under the age of 4 with absence seizures. In typi-
cal CAE, seizures remit by puberty and are typically easily controlled with AEDs. 
About 5% will require lifelong antiepileptics [37]. Between 5 and 10% will have at 
least one GTC seizure in their lifetime. Treatments include ethosuximide, valproic 
acid, and lamotrigine [38].

Fig. 4.4  Typical absence seizure demonstrating 3 Hz generalized spike-wave discharges
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�Early Onset Childhood Occipital Epilepsy 
(Panayiotopoulos Syndrome)

Early onset childhood occipital epilepsy is characterized by ictal autonomic phe-
nomena. The onset is usually between 3 and 6 years of age, although it can occur in 
patients as young as 1 year. Emesis is the most common autonomic symptom, but 
others can include pallor, urinary and fecal incontinence, hypersalivation, cyanosis, 
mydriasis, miosis, coughing, and disturbances in intestinal motility. Oropharyngeal 
symptoms such as numbness or tingling on one side of the mouth or phonic phe-
nomena such as grunting or guttural sounds can occur [39]. While pure autonomic 
seizures occur in about 10% of patients with early onset childhood occipital epi-
lepsy, many patients have ictal features more typical of focal seizures, such as con-
fusion, eye deviation, speech arrest, facial convulsions, and visual hallucinations. 
Hemi-convulsions and secondarily generalized seizures can also be seen in early 
onset childhood occipital epilepsy. Behavioral changes, such as restlessness or agi-
tation, may occur at the onset of seizure. Seizures can be prolonged and can result 
in autonomic status epilepticus [40].

The interictal EEG frequently demonstrates occipital spikes, but multifocal epi-
leptiform discharges that shift from one brain region to another are also seen. 
Prognosis is favorable as most patients will have remission in 1–2 years. On occa-
sion, early onset childhood occipital epilepsy can evolve into childhood epilepsy 
with centrotemporal spikes [39].

�Childhood Epilepsy with Centrotemporal Spikes

Previously known as benign Rolandic epilepsy or benign epilepsy of childhood with 
centrotemporal spikes, childhood epilepsy with centrotemporal spikes (CECTS) is 
a common seizure disorder with onset typically between 4 and 10 years of age. 
Typical seizures in this syndrome are simple focal seizures that arouse children 
from sleep. Patients experience oropharyngeal motor or sensory symptoms, repeti-
tive hand movements, speech arrest, and hypersalivation. Secondarily generalized 
seizures occur occasionally [41]. As described by its name, EEG findings include 
spikes located predominantly in the central and temporal regions. The discharges 
have a very characteristic diphasic morphology with an anterior to posterior hori-
zontal dipole (Fig. 4.5). The discharges are usually bilaterally independent and are 
activated by sleep or drowsiness. Historically, development was thought to be nor-
mal, but cognitive, attention, learning, and behavioral problems are increasingly 
recognized in patients with this “benign” disorder. The role of antiepileptics is 
debated [42]. Many physicians will only treat if seizures are frequent, occur during 
the day, or evolve into generalized tonic-clonic events.

Studies in siblings of patients with CECTS have demonstrated centrotemporal 
spikes are present in up to 10–20% of siblings who have never had a seizure. The 
inheritance pattern and genetics of this disorder have not been clearly elucidated. 
Candidate genes include GRIN2A, BRWD3, KCNC3, and PRRT2 [39, 43]. The 
prognosis is excellent with all children outgrowing the syndrome by age 11–16 years. 

G. Y. Gombolay



63

However, 5–8% of children may progress to a more aggressive form of epilepsy 
during the course of their disease (epileptic encephalopathy with continuous spike 
and wave of sleep).

�Epilepsy with Myoclonic Atonic Seizures

Epilepsy with myoclonic atonic seizures, also known as Doose syndrome, is an 
epileptic encephalopathy defined by myoclonic and atonic seizures. Febrile seizures 
and generalized convulsions can also occur. Patients with myoclonic-atonic epi-
lepsy frequently have episodes of status epilepticus. Other generalized seizures in 
this syndrome can include absence, atypical absence, tonic, and non-convulsive sta-
tus epilepticus. Seizures start between the ages of 6 months and 6 years [44].

On EEG, the background can be normal but bi-parietal theta activity is also 
observed. Generalized spike- and polyspike-waves can occur on interictal EEG. Ictal 
EEG demonstrates generalized spikes followed by a high-voltage slow wave. Sleep 
architecture is generally preserved, which helps to distinguish this disorder from 
Lennox Gastaut syndrome. Seizures are commonly refractory to treatment. 
Treatments include ethosuximide, valproic acid, lamotrigine, and the ketogenic 
diet. Conversely, carbamazepine, phenytoin, and vigabatrin can worsen seizures. 
Levetiracetam has demonstrated mixed results [45]. Genetic etiologies are identi-
fied in a minority of cases. The majority of patients with this form of epilepsy have 
cognitive and behavioral challenges, particularly those who do not respond well to 
therapy [45].

Fig. 4.5  Typical EEG of childhood epilepsy with centrotemporal spikes. Note left-sided sharp 
waves in the central and temporal leads
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�Genetic Epilepsy with Febrile Seizures Plus

Genetic epilepsy with febrile seizures plus (GEFS+) is a clinical syndrome that can 
include both generalized and focal seizures. The initial presenting feature is febrile 
seizures between the ages of 6 months to 6 years. Factors that distinguish this syn-
drome from typical simple febrile seizures are the persistence of febrile seizures 
beyond 6 years of age and evolution to include seizures without fever. The afebrile 
seizures may be GTCs, atonic, myoclonic, myoclonic-atonic, absence, or focal.

The EEG will have normal background and ictal abnormalities will be dependent 
on the clinical seizure type. Generalized polyspike-wave or generalized spike and 
slow wave activity is most common. Mutations in SCN1A, SCN1B, and SCN2A 
genes are associated with GEFS+ [46]. These genetic changes are typically inher-
ited in an autosomal dominant manner, and the family history is commonly positive. 
Development and prognosis are generally favorable [47]. As in Dravet syndrome 
above, anti-epileptic medications that act on sodium channels should be avoided.

�Autosomal Dominant Nocturnal Frontal Lobe Epilepsy

This is a familial epilepsy syndrome that may start at any age. The average age of 
onset is 9 years old, but it can present as early as infancy or as late as the sixth 
decade of life. Nocturnal frontal seizures are commonly hyper-motor with dystonic 
or tonic features. There are often prominent affective symptoms, including extreme 
fear and screaming. Other described ictal movements include pedaling, thrashing, 
or pelvic thrusting. Seizures are of brief duration, usually less than one minute, but 
can occur multiple times per night [48] (Appendix A, Video 2.6). This feature helps 
distinguish frontal lobe seizures from parasomnias such as confusional arousals or 
night terrors. About two-thirds of patients will have preserved awareness and no 
post-ictal state. If seizures occur in the awake state, another seizure disorder should 
be considered.

EEG demonstrates a normal background, with rare frontal or frontotemporal 
sharp waves/spikes which may occur only during sleep. Ictal EEG patterns, when 
present, include sharp waves or repetitive 8–11 Hz spikes, rhythmic theta activity 
which can be unilateral frontal or bifrontal, or diffuse attenuation. Surface EEG may 
be normal or mildly abnormal, as many of these seizures have onset in the deep 
orbitofrontal cortex. Imaging is normal. Genes that have been implicated include 
nicotinic acetylcholine receptors (CHRNA2, CHRNA4, CHRNB2) and DEPDC5 
[49]. As the name implies, genetic mutations in ADNFLE are inherited in an auto-
somal dominant pattern. Penetrance is variable and sporadic mutations can also 
occur. Most patients respond to medications used to treat focal epilepsy, but one-
third of cases are resistant to treatment. There have been case reports of successful 
treatment with nicotine patches in adults, which directly modulate the nicotinic ace-
tylcholine receptors [50].
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�Late Onset Childhood Occipital Epilepsy

Late onset childhood occipital epilepsy is also known as benign occipital epilepsy 
of childhood, Gastaut-type. Onset occurs between 3 and 15 years but peak incidence 
is between 8 and 11  years. Visual hallucinations are the primary seizure type. 
Patients have described colored circles or other geometric patterns. Ictal blindness 
may occur. Seizures may include eye fluttering and eye deviation with ipsilateral 
head turning. The seizures are usually brief and mainly occur while awake [51]. 
Occipital spikes are seen on the EEG, and are often sleep-activated. Autonomic 
features are rare as compared to early onset occipital epilepsy. No genetic abnor-
malities have been identified as causative in this syndrome. Carbamazepine, oxcar-
bazepine, and other medications effective in treating focal seizures are typically 
effective. Seizures usually go into remission 2–4 years after onset [39] (Fig. 4.6).

�Epilepsy with Myoclonic Absences

Epilepsy with myoclonic absences (EMA) is an uncommon epilepsy typified by the 
seizure types within its name. Myoclonic absence seizures can last anywhere from 
10 to 60 seconds and occur multiple times a day. The onset and cessation of seizures 
are abrupt. Generalized tonic-clonic or atonic seizures are also seen in this syn-
drome. Onset occurs anywhere between 1 and 12 years of age. EEG will show 3 Hz 
spike-waves like those of childhood absence epilepsy also accompanied by 3 Hz 
myoclonic bursts on electromyogram [44]. While no specific gene has been associ-
ated with EMA, other causes have been described such as brain malformations or 
chromosomal abnormalities including trisomy 12p, Angelman syndrome and chro-
mosome 15 duplications. Treatment includes valproic acid monotherapy or in com-
bination with topiramate. Lamotrigine, levetiracetam, clonazepam, or clobazam can 
also be considered. Avoidance of carbamazepine and phenobarbital is advised, as 

Fig. 4.6  Late onset childhood occipital epilepsy. Note repetitive occipital spikes in the right 
hemisphere
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these treatments can worsen myoclonic absence seizures. Prognosis is variable as 
about one-third of patients will have no further seizures while the other two-thirds 
will develop another type of epilepsy. Behavioral and cognitive impairment com-
monly occur [52].

�Eyelid Myoclonia with Absences (Jeavons Syndrome)

Eyelid myoclonia with absences is a photosensitive generalized epilepsy syndrome 
with childhood onset. The age of onset ranges from 2 to 14 years with the peak 
between 6 and 8 years. Jerking of the eyelids commonly occurs upon eye closure 
and is associated with generalized 3 Hz polyspike-wave discharges [53] (Fig. 4.7) 
(Appendix A, Video 2.7). Eyelid myoclonia can be followed by brief absence sei-
zures. Interestingly, the eyelid myoclonia do not occur with eye closure in the dark. 
EEG demonstrates a photoparoxysmal response in most cases. A female predomi-
nance of as much as 80% has consistently been described [54]. Approximately 70% 
of patients will have at least one generalized tonic-clonic seizure during the course 
of disease. Other generalized seizures may also occur, including myoclonic and 
tonic [54]. Eyelid myoclonia with absences is often misdiagnosed as tics, and there-
fore a substantial delay in diagnosis of several years is common [55]. Frequently 
used medications include levetiracetam, valproic acid, clobazam, and other benzo-
diazepines. Approximately 80% will have drug-resistant epilepsy [54, 55]. There 
are case reports of successful therapy with ketogenic diet and vagus nerve stimula-
tor [55].

�Sunflower Syndrome

Sunflower syndrome is a rare photosensitive epilepsy that presents with episodes of 
hand waving in the presence of light. Patients look toward a light source (usually the 

Fig. 4.7  Generalized poly-spike discharges during eyelid closure with myoclonia
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sun) and wave their hands in front of their face, inducing a paroxysmal response on 
EEG and clinical features that may include impaired awareness, eyelid fluttering, or 
myoclonic jerks [58]. Most patients report an attraction to light in general. Onset is 
typically between ages 2–8 and there is a female preponderance [56].

Historically the hand-waving episodes have been considered self-induction of 
seizures, implying a volitional component. However, recent data with EEG correla-
tion suggests that the hand-waving itself may be part of the seizure [57]. EEGs usu-
ally have a normal background, with epileptiform discharges characterized by 
1–4 Hz generalized spike- and polyspike-wave discharges [58]. About two-thirds of 
patients will have other seizure types, including absence, tonic-clonic, and myo-
clonic. Seizures can be very frequent and are commonly drug resistant. Medications 
used have included levetiracetam, valproic acid, ethosuximide, topiramate, cloba-
zam, and cannabidiol. Non-pharmacological measures, such as avoiding bright 
light, consciously restricting the hand movements, and wearing sunglasses or hats 
have reduced seizure frequency in some cases. Despite the refractory nature of sei-
zures, cognitive function is normal in most patients [58].

�Lennox-Gastaut Syndrome

Lennox-Gastaut syndrome (LGS) is an epileptic encephalopathy composed of 
multiple seizure types, intellectual disability, and an abnormal EEG. Seizure types 
include tonic seizures during sleep, myoclonic, atonic, focal, atypical absence, 
and generalized tonic-clonic seizures. Development is delayed and moderate-to-
severe intellectual disability is common [59]. Numerous etiologies have been 
associated with LGS, including structural, metabolic, and genetic disorders. Onset 
ranges from 2 to 10 years old. LGS evolves from West or Ohtahara syndromes in 
approximately 30% of cases. The EEG demonstrates an abnormal background 
with diffuse slowing and an interictal EEG pattern characterized by generalized 
slow (1.5–2.5  Hz) spike-wave discharges (Fig.  4.8). Independent, multifocal 
spikes or sharp waves may also be present. Seizures are usually refractory to phar-
macological therapy. Potential effective therapies include rufinamide, lamotrig-
ine, topiramate, clobazam, and felbamate. Rufinamide and clobazam may be 
especially useful for atonic seizures [60, 61]. Cannabidiol was approved for use in 
Lennox Gastaut Syndrome in 2018 [62]. The ketogenic diet has been shown to be 
helpful in some patients [60, 63]. Prognosis is poor with 5% of children dying in 
early childhood. Survivors will have refractory epilepsy and significant neurode-
velopmental disability [59, 64].

�Epileptic Encephalopathy with Continuous Spike and Wave 
During Sleep

Epileptic encephalopathy with continuous spike and waves during sleep 
(CSWS) is a rare syndrome presenting with significant regression in language, 
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cognition, and behavior. Seizures are often not a major feature of the initial 
presentation and can be focal or generalized. Characteristically, the EEG dem-
onstrates spike-wave discharges dominating at least 80% of the non-REM sleep 
portions of the recording [65] (Fig. 4.9). The spike-wave discharges are usually 
generalized, but can be focal, especially centrotemporal. It is thought that 
CSWS is the most severe extreme on a spectrum of sleep-activated epilepsies, 
which also includes Landau-Kleffner syndrome and CECTS. Atypical CECTS 
evolving into CSWS has been described. Mutations in GRIN2A have been 
associated with some cases of CSWS [43]. Structural abnormalities have also 
been observed in this patient population. Treatments include high-dose benzo-
diazepines, valproic acid, levetiracetam, and corticosteroids. Carbamazepine, 
phenobarbital, and phenytoin can exacerbate symptoms [66]. Some patients 
who respond well to treatment will recover some of their lost skills, but many 
have persistent deficits.

�Landau-Kleffner Syndrome

Like CSWS, Landau-Kleffner syndrome (LKS) is also considered to be an epileptic 
encephalopathy. Despite the overlap between CSWS and LKS, the ILAE classifies 
them as separate entities. In LKS, children initially have normal language develop-
ment. They then develop acquired verbal agnosia and then subsequently a severe 
expressive aphasia [67]. Some patients may not have seizures. If seizures are pres-
ent, they include focal, atypical absence, and atonic seizures. EEG will demonstrate 
slow spike-and-waves, nearly continuously in sleep, commonly in the temporal 
lobes. Treatments are similar to CSWS [68] (Table 4.3).

Fig. 4.8  Lennox-Gastaut syndrome. Note the diffuse slowing and 1–2 Hz epileptiform discharges

G. Y. Gombolay
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�Adolescent/Adult

�Juvenile Absence Epilepsy

As alluded to by its name, the onset of seizures in juvenile absence epilepsy (JAE) 
occurs during the second decade. The other distinguishing feature from childhood 
absence epilepsy is the frequency of seizures; seizures occur in JAE only a few 
times per day compared to numerous times per day in CAE. Otherwise, EEG find-
ings and treatment are comparable [69]. The EEG in JAE can demonstrate a slightly 
faster 3–6 Hz frequency of spike- and polyspike-wave discharges. Many patients 
with JAE will also have generalized convulsions in addition to absence seizures. 
Treatment options in JAE include lamotrigine, ethosuximide, levetiracetam, 
zonisamide, and valproic acid [70]. Because there are many options, treatment 
choice can focus on minimizing side effects. A larger proportion of patients with 
JAE will have lifelong epilepsy as compared to CAE [37].

�Juvenile Myoclonic Epilepsy

Juvenile myoclonic epilepsy (JME) is the most common generalized epilepsy syn-
drome, comprising about 10% of epilepsy across all age groups [71]. JME is char-
acterized by two main seizure types: myoclonic jerks and generalized tonic-clonic 
seizures. About 30% of patients will also experience absence seizures. Onset occurs 
between 10 and 25 years of age, with median age of onset of 15 years. Early in the 
course, myoclonic jerks occurring in early morning are not reported by the patient. 
These patients frequently present after their first generalized convulsive seizure, but 
a careful history will reveal episodes of myoclonus.

Fig. 4.9  Epilepsy with continuous spike-waves during sleep
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EEG demonstrates 3–6  Hz bifrontally predominant generalized spike- and/or 
polyspike-wave discharges [72] (Fig.  4.10). Seizure control on medications is 
achieved in greater than 90% of patients, but the majority will require lifelong ther-
apy with antiepileptic drugs. Levetiracetam, topiramate, zonisamide, and valproic 
acid are effective treatment options. Lamotrigine can also be used but may exacer-
bate myoclonic seizures. Carbamazepine, oxcarbazepine, and phenytoin can exac-
erbate absence and generalized tonic-clonic seizures and should be avoided [73].

�Epilepsy with Generalized Tonic-Clonic Seizures Alone

Previously referred to as “epilepsy with grand mal seizures on awakening,” epilepsy 
with generalized tonic-clonic seizures alone (EGTC) is a generalized epilepsy with 
generalized convulsions, usually occurring upon awakening. Onset can occur 
between age 5 and 40 although 80% of patients will have the first convulsion 
between age 11 and 20. The EEG background is normal. A photoparoxysmal 
response can be seen. Interictal EEG reveals bursts of generalized spike- or 
polyspike-wave and half the time are only observed in sleep. On ictal EEG, general-
ized fast rhythmic spikes are correlated with tonic movements whereas burst of 
spikes followed by slow waves are correlated with clonic activity, with subsequent 
postictal irregularly slow activity. Lifelong treatment is generally required [69].

�Progressive Myoclonus Epilepsies

The progressive myoclonus epilepsies are a group of epileptic encephalopathies that 
involve myoclonic seizures in association with cognitive and motor impairments. 

Fig. 4.10  Fast 4–6 Hz spike-wave discharges in JME

G. Y. Gombolay
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The myoclonic seizures are commonly refractory to anti-epileptic medications and 
the EEG becomes more abnormal, with increased background slowing, as the dis-
ease progresses [74]. This category includes metabolic, genetic, structural, or 
immune-mediated diseases of which myoclonic seizures are a prominent feature. 
Most have onset during late childhood and adolescence, and patients usually have a 
relentlessly progressive course that leads to death. The most common syndromes 
will be discussed here.

Unverricht-Lundborg (aka progressive myoclonic epilepsy type 1 or Baltic 
myoclonus) is the most common cause of progressive myoclonus. Seizures start 
between 6 and 18 years of age with worsening of myoclonic seizures and cognitive 
dysfunction. Cerebellar symptoms also occur with ataxia, tremor, and dysarthria. 
Mutations in the CSTB gene are causative [75].

Lafora body disease (progressive myoclonic epilepsy type 2) presents in mid-
adolescence, although cases as young as 5 years have been reported. This disease is 
caused by recessively inherited mutations in the EPM2A or EPM2B gene. Seizures 
include myoclonic, generalized tonic-clonic, and visual hallucinations. Lafora bod-
ies are polyglucosan aggregates found on skin biopsy [76].

Myoclonic epilepsy with ragged-red fibers (MERRF) is a mitochondrial disorder 
characterized by myoclonic seizures, cognitive decline, ataxia, short stature, optic 
atrophy, cardiomyopathy, and weakness. Muscle biopsy reveals ragged red fibers. 
The most common mutation are missense mutations in the mitochondrial tRNA 
genes [77].

Neuronal ceroid lipofuscinoses (NCL) are a collection of lysosomal storage dis-
orders that result in cognitive and motor decline, vision loss, myoclonic seizures, 
generalized convulsions, and eventual death. The onset can occur at any age, with 
autosomal dominant and autosomal recessive forms. There are at least 13 forms, 
with different ages of onset and mutations in different genes [78].

�Autosomal Dominant Epilepsy with Auditory Features

Autosomal dominant epilepsy with auditory features is characterized by focal 
seizures associated with auditory cortex. Patients commonly describe humming, 
buzzing, ringing, volume changes, or hallucinations as their ictal phenomena. At 
times the seizures are so mild that they go undiagnosed. Secondarily generalized 
convulsions can occur, although are rare. Receptive aphasia can also occur in this 
syndrome. Onset is usually in adolescence or in younger adults, but can occur 
anywhere from 4 to 40 years of age. EEG demonstrates a normal background, 
although 30% of patients will have focal temporal interictal activity. Ictal EEG 
demonstrates repetitive discharges in the temporal lobe. This syndrome is auto-
somal dominantly inherited with high penetrance. 50% of families have a muta-
tion in the LGI1 gene. Prognosis is favorable as seizures are generally well 
controlled [79] (Table 4.4).
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Table 4.4  Adolescent-onset epilepsy syndromes

Syndrome
Seizure 
types EEG Etiology Treatment Prognosis

Juvenile 
absence

Absence 3–4 Hz 
generalized 
spike-wave

Presumed 
genetic

Pharmacoresponsive
Ethosuximide, 
valproic acid, 
lamotrigine, 
zonisamide, 
levetiracetam

Seizures 
controlled in 
most 
patients, but 
spontaneous 
remission is 
rare

Juvenile 
myoclonic 
epilepsy

GTC;
Myoclonic
Absence

3–6 Hz 
generalized 
spike- and 
poly-spike 
wave
Photo 
paroxysmal 
response

Presumed 
genetic

Pharmacoresponsive
Levetiracteam, 
valproic acid, 
lamotrigine, 
topiramate, 
zonisamide

Seizures 
controlled in 
most 
patients, but 
spontaneous 
remission is 
rare

Epilepsy with 
generalized 
tonic-clonic 
seizures alone

GTC
Myoclonic
Absence

3–6 Hz 
generalized 
spike- and 
polyspike-
wave
Photo 
paroxysmal 
response

Presumed 
genetic

Pharmacoresponsive
Levetiracteam, 
valproic acid, 
lamotrigine, 
topiramate, 
zonisamide

Seizures 
controlled in 
most 
patients, but 
spontaneous 
remission is 
rare

Autosomal 
dominant 
epilepsy with 
auditory 
features

Auditory 
phenomena

Focal 
temporal 
lobe 
epileptiform 
discharges

Genetic, 
LGI1

Pharmacoresponsive Spontaneous 
remission is 
uncommon, 
normal 
cognitive 
function

Progressive 
myoclonic 
epilepsy type 
1 
(Unverricht-
Lundborg)

Myoclonic Generalized 
spike-wave, 
slow 
background

Genetic, 
CSTB

Drug-resistant Progressive 
decline in 
motor and 
cognitive 
function 
resulting in 
death

Progressive 
myoclonic 
epilepsy type 
2 (Lafora 
body)

Myoclonic Generalized 
spike-wave, 
slow 
background

Genetic, 
EPM2A, 
EPM2B

Drug-resistant Progressive 
decline in 
motor and 
cognitive 
function

Myoclonic 
epilepsy with 
ragged red 
fibers

Myoclonic Generalized 
spike-wave, 
slow 
background

Genetic, 
mitochondrial 
tRNA point 
mutations

Drug-resistant Progressive 
decline in 
motor and 
cognitive 
function

G. Y. Gombolay
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�Less Specific Age Relationship

�Familial Focal Epilepsy with Variable Foci

Familial focal epilepsy with variable foci, also known as familial partial epilepsy 
with variable foci (FPEVF), is an autosomal dominantly inherited disorder with 
incomplete penetrance. The age of onset varies, anywhere from infancy to adult-
hood. Focal seizures are present in this syndrome and can localize to any region, 
even varying within a single family. However, seizure semiology will be constant in 
each individual, as will be the localization of the EEG. The only gene that has been 
identified thus far is DEPDC5, which encodes for a protein that functions as a nega-
tive regulator of the mTOR complex 1, involved in cell proliferation and sur-
vival [80].

�Reflex Epilepsies

Reflex seizures are characterized by episodes that are triggered by a specific stimu-
lus. The stimulus may be sensory phenomenon or movement initiated by the patient. 
Reflex seizures have been reported due to flashing light, tactile input, startle, tooth 
brushing, playing chess, or reading. Reflex startle epilepsy is commonly associated 
with structural abnormalities, either genetic or acquired. Ictal EEG may show mid-
line vertex discharges with subsequent diffuse attenuation or low voltage fast activ-
ity [81]. Avoiding the provoking stimulus, if possible, can prevent reflex seizures in 
many cases.

�Gelastic Seizures with Hypothalamic Hamartoma

Gelastic seizures are characterized by ictal laughing. The laughing associated 
with seizure is typically described as unusual or “mirthless” [82]. The onset of 

Table 4.4  (continued)

Syndrome
Seizure 
types EEG Etiology Treatment Prognosis

Neuronal 
ceroid 
lipofuscinoses

Myoclonic Generalized 
spike-wave, 
slow 
background

Genetic, 13 
different 
genes

Drug-resistant Progressive 
decline in 
motor, 
visual, and 
cognitive 
function 
resulting in 
death
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seizures is often in infancy or early childhood. Once seizures begin, they can be 
very difficult to control. The vast majority of cases of gelastic seizures are sec-
ondary to hypothalamic hamartomas. These are congenital, non-progressive 
tumors that are comprised of neuronal and glial cells. Hypothalamic hamarto-
mas are rare, occurring in 1  in 100,000 children. The lesions themselves are 
thought to be epileptogenic, although the precise pathological mechanism is 
unknown.

Children with gelastic seizures related to hamartomas can also have behav-
ioral disturbances, cognitive and developmental delay. Many have co-morbid 
pituitary dysfunction, most commonly manifesting as precocious puberty. 
Gelastic seizures are often not detectable on surface EEG, although they can be 
picked up on depth electrodes. Many children with hypothalamic hamartomas 
also develop other seizure types, including focal with impaired awareness or 
generalized tonic-clonic.

The seizures in this disorder are typically refractory to anti-epileptic medica-
tions. Surgical treatment results in the best long-term outcomes in terms of seizure 
control, cognitive, and behavioral function. Traditionally open surgical resection 
has been the standard of care. In recent years, gamma knife radiosurgery and stereo-
tactic laser thermoablation have been promoted as less-invasive modes of therapy. 
Seizure freedom or reduction ranges from 40% to 90% depending on surgical 
modality used [83].

�Mesial Temporal Lobe Epilepsy with Hippocampal Sclerosis

Mesial temporal lobe epilepsy (MTLE) with hippocampal sclerosis typically has 
onset in adulthood, but bears inclusion here because as many as 30% of cases have 
a preceding history of complex febrile seizures and febrile status epilepticus. Onset 
in childhood and adolescence is described, but not common. Most patients experi-
ence the onset of epilepsy in their 20s and 30s. MTLE is responsible for approxi-
mately 60% of symptomatic focal epilepsies in adults.

Seizures can be focal with maintained or impaired awareness. Focal seizures 
with maintained awareness have historically been described as seizure “auras,” 
which are commonly progress to seizures with altered awareness. Common auras 
include an epigastric rising sensation, olfactory hallucinations, affective symptoms 
(fear, anger, irritability), déjà vu, depersonalization, and a “dreamy state.” Ictal 
activity causing auras often spreads to adjacent areas of the mesial temporal struc-
tures, and seizures evolve to include unresponsiveness and staring as well as motor 
automatisms such as oral movements (lip smacking, chewing), semi-purposeful or 
fumbling movements of the hands and complex motor activity such as walking. 
Secondarily generalized seizures are frequent [84].

Many patients with temporal lobe epilepsy experience drug resistance. Brain 
imaging typically demonstrates atrophy and gliosis in the hippocampus and adja-
cent structures. Patients with discrete lesions in the mesial temporal structures are 
considered good surgical candidates, and successful resective surgery can lead to 
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seizure remission. 90% of patients who undergo resective surgery have significant 
improvement in seizure frequency, and 60–70% will achieve seizure freedom [85] 
(Appendix B, EEG 9).

�Seizure Disorders Not Defined as Epilepsy

�Febrile Seizures

Febrile seizures (FS) are the most common type of childhood seizures, affecting 
about 2–5% of all children. The seizures occur in the setting of fever in children 
between 6 months and 6 years of age. Because these seizures are provoked, they 
are not considered to be a form of epilepsy, even if recurrent. The exact patho-
physiology is debated, but there is some evidence in animal models that hyper-
thermia itself can be sufficient to trigger seizures in developing brains [86]. 
Cytokines released due to fever, including interleukin 1β, have been demonstrated 
to increase neuronal excitatory activity in animal models. Interleukin 1β is an 
NMDA receptor agonist [87]. Genetic susceptibility may also play a role, as 
febrile seizures may be inherited in an autosomal dominant pattern with incom-
plete penetrance. Genes associated with febrile seizure susceptibility, including 
mutations in sodium channels (SCN1A) and GABA receptors, have been identi-
fied in some families [87].

Simple febrile seizures are defined as seizures in an otherwise normal child that 
last less than 15 minutes, are generalized, and occur singly and within 24 hours of 
the onset of the febrile illness. Complex febrile seizures are seizures that do not 
fulfill the aforementioned criteria. 1–2% of children with simple febrile seizures 
will develop epilepsy, compared to 0.5–1% of the general population. However, up 
to 10–30% of patients with complex febrile seizures will develop subsequent epi-
lepsy, depending on the number of complex features. Prophylactic treatment is not 
indicated. Several studies assessing the use of anti-epileptic drugs prophylactically 
have demonstrated lack of efficacy and problematic side effects [88, 89].

Rectal diazepam and other benzodiazepines can successfully be used to abort a 
prolonged febrile seizure. Short-term prophylaxis with diazepam during a febrile 
illness has been demonstrated to be effective in some studies, but with side effects 
of sedation and ataxia [90]. Although febrile seizures occur uniquely in the setting 
of fever, antipyretic prophylaxis has not been shown to effectively prevent febrile 
seizures [91].

Approximately 30–40% of children with febrile seizures will have recurrence. 
Risk factors for recurrence include a family history of febrile seizures, young age 
(<18 months), peak temperature ≤101 °F, and fever duration <1 hour before seizure 
onset. Febrile status epilepticus accounts for about 5% of cases. While debated, 
there is growing evidence that patients with febrile status epilepticus are at risk of 
developing hippocampal sclerosis and temporal lobe epilepsy later in life. Most 
patients with febrile seizures have remission by age 6 and a low risk of future unpro-
voked seizures [87].
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Neonatal Seizures

David C. Dredge

�Introduction

Seizures in the neonatal period have several characteristics that distinguish them 
from seizures in other age groups, warranting a chapter devoted to this population. 
Seizure semiology, EEG findings, etiology, treatment, and prognosis are unique in 
neonates and will be presented in the following sections.

Estimates of seizure incidence in the neonatal population range from 2 to 3 per 
1000 live births. Seizures in neonates are important potential contributors to mortal-
ity and long-term morbidity. In fact, mortality in patients with neonatal seizures 
ranges from 15 to 40%, increasing the risk of death beyond that attributed to the 
neuropathology alone [1, 2]. By age 7, 15–30% of children with a history of neona-
tal seizures will have at least one of the following: epilepsy, intellectual disability, 
or motor impairment [3–5]. Current treatment approaches have not demonstrated 
efficacy in this population.

There is much debate as to whether seizures in the newborn period directly con-
tribute to brain injury, or if the etiology is a more important determinant of long-
term outcome. Our current understanding is that rapid recognition and treatment of 
neonates is critical. Though the mechanism of neurological injury conferred by neo-
natal seizures is not well understood, animal studies suggest that neonatal seizures 
may impact future learning, memory, and behavior [6]. In neonatal patients there 
seems to be a correlation between seizure burden, mortality, and morbidity 
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independent of seizure etiology. It has also been shown that rapid treatment can 
decrease seizure burden [7]. Treatment of subclinical neonatal seizures may decrease 
the rate of post-natal epilepsy [8].

�Diagnosis

There are several features of neonatal seizures that render making the correct diag-
nosis challenging. First, the semiology of seizures in neonates can be quite unique. 
Due to the stage of development of the neonatal brain, myelination and neural net-
works are incomplete. For these reasons, generalized tonic-clonic seizures are rarely 
observed in this population. Between 13 and 50% of neonatal seizures are classified 
as “subtle seizures.” [9, 2] These ictal behaviors can include oral movements (lip 
smacking, pursing), bicycling movements of the lower extremities, “boxing” move-
ments of the hands, or isolated eye deviation ± nystagmus. Another 25–61% are 
focal clonic (Video 5.1). 19–25% have generalized tonic seizures and another 
7–10% have myoclonic seizures [9, 2].

The differential diagnosis of paroxysmal events in neonates also needs to be 
considered, as there are several benign and pathological movements in neonates that 
mimic seizures but are distinct entities. Benign neonatal sleep myoclonus is one of 
the most common seizure mimics. The movements in this condition are commonly 
migratory, multi-focal, brief myoclonic jerks. Occasionally they can be rhythmic 
and quite impressive (Video 5.2). These movements are present only in sleep and 
dissipate upon awakening.

Jitteriness is another common phenomenon in neonates. Typically, this move-
ment is described as paroxysmal tremulousness involving the upper extremities, but 
the chin and lower extremities can be involved. These movements are often stimulus 
sensitive and can be triggered by noise and handling. Jitteriness can occur in normal 
neonates but is more common in infants with in-utero medication or drug exposure, 
hypoglycemia, and mild neonatal encephalopathy. Jittery movements typically can 
be suppressed by gentle restraint or swaddling.

Finally, a rare condition called hyperekplexia presents with an exaggerated star-
tle response, tonic spasms with or without apnea, and myoclonus. Tapping on the 
chin or forehead can commonly trigger a tonic spasm. This rare disorder is associ-
ated with mutations in genes encoding glycine receptors and should at least be con-
sidered in the differential diagnosis [10].

To complicate matters further, about 50% of neonatal seizures captured on elec-
troencephalogram (EEG) have no clear clinical correlate. The phenomenon was ini-
tially described by Mizrahi in 1987 and has been investigated since [11]. In one 
elegant study, Murray et al. studied 12 neonates with episodes concerning for sei-
zures with video EEG and compared it with clinical seizures reported by experi-
enced neonatal ICU staff. Electroencephalography, video analysis, and clinical 
identification data were collected separately. Of 526 seizures captured on EEG, only 
34% had matching clinical events on video consistent with seizure. 33% of seizures 
were documented as such by the bedside. Only 9% of seizures were correctly 
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identified by the bedside staff. The authors arrived at the following conclusion: “in 
the recognition and management of neonatal seizures, clinical diagnosis alone is not 
enough.” [12]

Recognizing the frequency of so-called electrical-clinical dissociation, the 
American Clinical Neurophysiology Society put forth recommendations regarding 
the use of electroencephalogram in at-risk neonates [13]. The current guidelines 
recommend a minimum of 24 hours of continuous video EEG monitoring in neo-
nates that either have had clinical episodes concerning for seizure or are at high risk 
of developing seizures. Examples of the latter include infants diagnosed with neo-
natal encephalopathy (due to hypoxic/ischemic brain injury or other causes), infants 
with CNS infections, genetic syndromes, or known structural lesions. Infants treated 
with extracorporeal membrane oxygenation, treated for congenital heart disease and 
infants requiring neuromuscular blockade are also considered high-risk. If electro-
graphic seizures are detected, the ACNS recommends continuing video EEG moni-
toring for at least 24 hours after the last documented seizure [13].

�Etiology

Except for a few benign genetic disorders and transient metabolic derangements, 
seizures in the neonatal population are usually an expression of significant underly-
ing central nervous system pathology. The etiology of seizures will be discussed 
below in order of frequency. (Tables 5.1 and 5.2).

�Neonatal Hypoxic/Ischemic Encephalopathy (HIE)

HIE is the single most common cause of neonatal seizures accounting for 40–70% 
of seizures in this age group. Seizures due to this condition typically have onset 
within the first 24 hours. Seizures can be focal, multifocal, myoclonic, or subtle. 
The seizure burden in this group tends to be quite high, particularly in those with 
moderate encephalopathy. Seizures typically dissipate spontaneously after 72 hours, 
even without treatment. However, there is growing evidence that untreated seizures 
due to HIE can compound brain injury [1, 2, 9].

Table 5.1  Etiology of neonatal seizures [2, 9]

Etiology % of cases
Hypoxic/ischemic encephalopathy 38–70
Vascular 10–30
Infectious 4–15
Cerebral dysgenesis 4–10
Transient metabolic disorders 4–8
Inborn errors of metabolism 3–5
Chromosomal and single-gene disorders 3–10
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�Vascular

Vascular insults are the second most common cause of neonatal seizures, ranging 
from 10 to 25% of neonates with seizures. This category includes arterial ischemic 
stroke (AIS), venous sinus thrombosis, and intracranial hemorrhage. Seizures due to 
AIS commonly present as focal clonic seizures on day 3–5 of life. Intraventricular 
hemorrhage is an important cause of seizures in pre-term infants [1, 2, 9].

�Infection

The next most common category of causes of seizures is infection, accounting for 
approximately 15% of cases of neonatal seizures. Viral encephalitides are the most 
common culprits. Herpes simplex virus (HSV) is the most common congenital viral 
encephalitis that causes seizures. Seizures associated with HSV tend to be focal and 
difficult to control. Other viruses associate with seizures in newborns are enterovi-
ruses, parechovirus, lymphocytic choriomeningitis virus, Rubella, and cytomegalo-
virus. Bacterial meningitis or sepsis can also lead to seizures. The most common 
organisms are group B streptococcus and escherichia coli [1, 2, 9].

�Cerebral Malformations or Dysgenesis

Approximately 10% of neonatal seizures are due to cerebral malformations or dys-
genesis. Seizure-causing malformations include schizencephaly, lissencephaly, 
focal cortical dysplasia, tubers associated with tuberous sclerosis complex (TSC), 
polymicrogyria, and hemimegalencephaly. (See Chap. 3) While individually these 
lesions are rare, taken together they comprise a substantial number of cases of neo-
natal seizures [1, 2, 9].

�Metabolic

Metabolic disturbances are responsible for approximately 8% of neonatal seizures. 
This category includes transient metabolic derangements, such as hypoglycemia, 
hyponatremia, and hypocalcemia. Inborn errors of metabolism are also included in 

Table 5.2  Etiology vs. time at onset [1, 2, 9]

Etiology Typical age of onset
HIE 12–24 hours
Arterial ischemic stroke 3–5 days
BFNC 5 days
Hypoglycemia < 2 days
Hypocalcemia 2–3 days
CNS infection < 3 days
Systemic infection > 3 days
Intracranial hemorrhage 1–3 days
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this category. Important disorders to consider are pyridoxine-dependent epilepsy, 
cerebral folate deficiency, and GLUT-1 transporter deficiency. These three entities 
all respond to specific treatments but not to conventional anticonvulsants. Amino 
acidopathies associated with seizure include non-ketotic hyperglycinemia, phenyl-
ketonuria, and maple syrup urine disease. Propionic, methylmalonic, and isovaleric 
acidemias can cause neonatal seizures. Urea cycle defects present with encepha-
lopathy and seizures related to elevations of ammonia levels. Peroxisomal disorders 
such as Zellweger disease and neonatal adrenoleukodystrophy can cause seizures. 
Finally, biotinidase deficiency is an important, albeit rare, cause of seizures in neo-
nates [1, 2, 9].

Pyridoxine-dependent epilepsy (PDE), mentioned above, is a unique seizure dis-
order that typically presents in the neonatal period with refractory seizures, although 
cases in older children are increasingly reported. Seizures can be focal clonic, myo-
clonic, or tonic. Progression to status epilepticus is common. This genetic disorder 
is caused by mutations in the ALDH7A1 gene, which encodes the enzyme 
α-aminoadipic semialdehyde dehydrogenase, which is one step in the breakdown of 
the amino acid lysine. The byproduct of this enzymatic block, α-amino adipic semi-
aldehyde (AASA), interferes with the function of the active form of pyridoxine, 
pyridoxal phosphate [24]. Pyridoxal phosphate is an important cofactor for many 
enzymes involved in neurotransmitter metabolism. AASA can be detected in blood, 
urine, and CSF in patients with PDE. Treatment with IV pyridoxine can terminate 
seizures in this population and is recommended in any neonate (or older infant) with 
drug-resistant seizures.

�Genetic

Several single-gene disorders are also responsible for neonatal seizures. The advent 
of accessible genetic testing and development of next generation sequencing has 
allowed for easier identification of single gene diseases that can cause neonatal 
seizures. Mutations in KCNQ2 and KCNQ3 have been implicated in self-limited 
familial neonatal epilepsy [14]. Other genes associated with neonatal seizures 
include CDLK5 and STXBP1 [15]. (Table 5.3).

�Workup

Brain imaging is required in neonates with seizures unless a clear etiology can be 
identified, as seizures are typically an expression of significant underlying pathol-
ogy. MRI is preferred due to superior imaging of brain parenchyma and the ability 
to detect acute ischemia. Most current neonatal MRI protocols include diffusion-
weighted imaging for ischemia, high-resolution T1 sequences to assess anatomy, 
susceptibility-weighted imaging to detect blood products, and magnetic resonance 
spectroscopy to assess for inborn errors of metabolism. Ultrasound is limited to 
detecting hemorrhage or hydrocephalus. Computerized tomography (CT) scans can 
pick up blood, skull fractures, and major structural abnormalities. However, the low 
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resolution of CT scans limits its usefulness in assessing brain parenchyma. 
Additionally, CT scans use ionizing radiation for imaging, which may be associated 
with long-term risk of hematological malignancies and developmental abnormali-
ties in exposed infants. CT scans have the advantages of being widely available and 
requiring short scan times (5 minutes, compared to 30–60 minutes for MRI) and as 
such are still used in some situations [16].

All infants should have basic laboratory investigations including complete blood 
cell counts, sodium, potassium, magnesium, and calcium levels. If infection is sus-
pected, blood cultures, CRP, and lumbar puncture should be performed. The lumbar 
puncture should include culture, cell counts, chemistries, and PCRs for HSV and 
enterovirus. Antibiotic therapy is often initiated empirically before results return. 
Treatment of HSV should also be initiated pending results of lab testing [16]. 
(Table 5.4).

If brain imaging is unremarkable, or there is no history of perinatal stress or 
hypoxic encephalopathy, screening for inborn errors of metabolism should be initi-
ated. Typically, this screening involves measurement of serum lactate, pyruvate, 
ammonia, acylcarnitine profile, and amino acids. Urine testing should include 
organic acids, reducing substances, and sulfites. Newborn screening programs in 
most states can detect many inborn errors of metabolism for which there is defini-
tive treatment. Samples for newborn screening are usually collected at day 2 of life. 

Table 5.3  Genes associated with neonatal seizures [15]

Gene Protein function Associated seizure syndrome(s)
KCNQ2 Voltage-gated potassium channel SFNE, epileptic encephalopathy
KCNQ3 Voltage-gated potassium channel SFNE
SCN1A Sodium channel EIMFS
SCN2A Sodium channel Ohtahara, SFNE, EIMFS
KCNT1 Sodium-activated potassium 

channel
EIMFS

GABARA1 GABA receptor EME, Ohtahara, non-specific epileptic 
encephalopathy

GABARB3 GABA receptor EME, Ohtahara, non-specific epileptic 
encephalopathy

GABARG2 GABA receptor EME, Ohtahara, non-specific epileptic 
encephalopathy

GABARB2 GABA receptor EME, Ohtahara, non-specific epileptic 
encephalopathy

CACNA1A Calcium channel Ohtahara
STXBP1 Modulates synaptic binding 

vesicles
EME, Ohtahara

TBC1D24 Regulates synaptic vesicle 
trafficking

Ohtahara

CDLK5 Cell signaling and neuron 
morphogenesis

Neonatal seizures, often refractory

BRAT1 Cell growth, proliferation, 
apoptosis

Rigidity and multifocal seizure syndrome 
(ref)

GNAO1 G protein subunit expressed in 
brain

Ohtahara

ALDH7A1 Lysine degradation pathway Pyridoxine-dependent epilepsy

SFNE self-limited familial neonatal epilepsy, EME early myoclonic epilepsy, EIMFS epilepsy of 
infancy with migrating focal seizures
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Expedited newborn screening can be obtained in critically ill infants. Spinal fluid 
can also be analyzed for evidence of metabolic disorders. Pertinent tests include 
CSF lactate, glycine, and neurotransmitter metabolites. Simultaneous serum and 
cerebrospinal fluid glucose levels can identify seizures due to GLUT1 (cerebral 
glucose transporter type 1) mutations [17].

With the explosion of our knowledge of genetic causes of neonatal seizures in the 
last two decades, genetic testing is rapidly becoming essential in treating neonatal 
seizures and encephalopathy. Many commercial genetic testing companies have 
next-generation sequencing panels that specifically target neonatal/infant onset epi-
lepsies. The ability to sequence hundreds of genes rapidly has revolutionized our 
understanding of early onset epilepsies. Some of the genetic disorders that cause 
seizures also have specific treatments, with obvious implications on the manage-
ment of these patients [18].

�Treatment

Despite the frequency of neonatal seizures, the optimal treatment thereof has not 
been determined. There is limited evidence supporting the most commonly used 
treatment strategies, and some evidence that current treatments may be harmful to 
the developing brain. It is important to recognize the known (and unknown) risks of 
our current medications. In animal models and human studies, phenobarbital and 
phenytoin have been shown to have neurotoxic effects on the developing brain [19]. 
The long-term cognitive impact on children who have been treated with these 

Table 5.4  Laboratory investigations for neonatal seizures

Blood/serum Urine Cerebrospinal fluid
Basic investigations CBC Urinalysis Cell counts

Electrolytes (Na, K, Ca, 
Mg)

Culture

AST/ALT HSV PCR
CRP
Blood culture

Inborn errors of 
metabolism

Lactate Organic acids Amino acids

Pyruvate Sulfites Glycine
Ammonia Reducing 

substances
Lactate

Acylcarnitine profile AASA Neurotransmitter 
metabolites

Newborn screen Creatine
Pipecolic acid Guanidinoacetate
Copper/ceruloplasmin Oligosaccharides
Biotinidase
AASA

Genetic testing Chromosomal microarray 
analysis
Epilepsy gene panel
Whole exome

AASA alpha-aminoadipic semialdehyde
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medications in infancy remains unknown. Historically, phenobarbital and phenytoin 
have been the primary agents used in the NICU, but increasingly levetiracetam has 
been employed. Additionally, current treatment trends are moving toward treating 
acute symptomatic seizures for shorter duration.

�First-Line Therapy

Initiation of an antiseizure medication is typically indicated for an infant experienc-
ing a single seizure lasting longer than 30 seconds or a series of brief events [20]. 
Phenobarbital is typically used first-line for neonatal seizures with a starting dose of 
20 mg/kg. For persistent seizures, two additional 10 mg/kg doses can be given for a 
total of 40 mg/kg in 24 hours or a serum level of 40–50 micrograms/mL. A typical 
maintenance dosing for phenobarbital is 3–6 mg/kg/day divided BID, and desired 
maintenance levels are usually in the 20–30 mcg/mL range.

�Second-Line Therapy

Approximately 64% of patients with neonatal seizures may be refractory to first-
line treatment with no difference in response rates among patients with HIE, stroke, 
or ICH. Seizures among patients with inborn errors of metabolism and self-limited 
familial neonatal epilepsy often respond better to treatment [21]. Second-line agents 
typically include fosphenytoin or levetiracetam. In one seminal study, both pheno-
barbital and phenytoin were found to be “equally but incompletely effective.” [22] 
Fosphenytoin dosing starts at 20 mg phenytoin equivalents (PE)/kg with subsequent 
maintenance dosing of 5–8 mg PE/kg/day divided TID or QID. Maintenance with 
oral phenytoin is challenging in newborns, who have inconsistent metabolism of 
this drug. Levetiracetam is dosed with an initial 40 mg/kg load with the option for 
subsequent loading doses up to a total of 100 mg/kg. Maintenance dosing for leve-
tiracetam may range from 10–100 mg/kg/day divided BID-TID [23].

If seizures are not controlled (both electrographically and clinically), consider-
ation should be given to a trial of IV pyridoxine. Treatment with 100 mg of IV pyri-
doxine in infants with pyridoxine dependent epilepsy can induce rapid cessation of 
seizure activity. Similarly, empiric treatment with folinic acid (3–5 mg/kg/day) for 
cerebral folate deficiency and/or pyridoxal phosphate for PMPO mutations should 
be considered [24].

Other agents that have been used in neonatal patients with refractory seizures 
include IV lidocaine, topiramate, oxcarbazepine, and rectal paraldehyde [25]. Data 
supporting these treatments is limited (Fig. 5.1).

�Neonatal Status Epilepticus

Infants who do not respond to the above therapies qualify for a diagnosis of status 
epilepticus. In these cases, a trial of a continuous infusion of an anti-epileptic drug 
may be warranted. The typical approach to treatment includes a loading dose of 
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midazolam 0.15 mg/kg load followed by a continuous infusion at 0.06 mg/kg/hr., 
titrated up to suppression of seizure activity (max 0.4 mg/kg/hr). Additional adju-
vant agents may include topiramate or lidocaine [1].

Phenobarbital 20 mg/kg IV

Repeat  PB 10-20 mg/kg IV

Fosphenytoin 20 mg/kg IV

or

Levetiracetam 40-60mg/kg IV

Pyridoxine 100mg IV

Folinic acid 3-5 mg/kg

Pyridoxal  phosphate

Midazolam  0.15 mg/kg load

followed by a continuous

infusion at 0.06 mg/kg/hr, 

titrate to max 0.4 mg/kg/hr

Topiramate,  lidocaine,

others

Fig. 5.1  Neonatal seizure 
treatment algorithm
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�Treatment-Related Controversy

As alluded to earlier, there is limited quality data to support the current standard of 
care. Painter et al., in one of the best quality studies, compared phenobarbital and 
phenytoin using EEG monitoring to measure response. 44% of patients in each 
group had 80% improvement in seizures on EEG.  When both drugs were used 
simultaneously, after failure of the first agent, the responder rate was 57% [22]. In 
2009 the Cochrane review stated that “at present there is little evidence from ran-
domized controlled trials to support the use of any of the anticonvulsants currently 
used in the neonatal period.” [26]

There has also been much concern about the possibility of phenobarbital impairing 
normal brain development in neonates treated for seizure. In animal models, adminis-
tration of phenobarbital has been demonstrated to cause apoptosis of neurons [19]. 
Phenobarbital has also been noted to decrease brain weight, reduce cell numbers in 
the cerebellum and hippocampus, and adversely affect learning and behavior [27–31]. 
In humans, fetuses exposed to phenobarbital had decreased head circumferences com-
pared to those born to mothers not on medications [32]. Infants treated with phenobar-
bital to prevent febrile seizures had a significantly lower mean IQ compared to the 
placebo group, suggesting that the negative effects of phenobarbital on development 
persist into the first couple of years of life [33].

What is it about neonatal seizures that make them less responsive to our current 
anticonvulsant therapy? In the next section we will explore factors that make the 
neonatal brain more prone to seizures and less responsive to commonly used 
medications.

Human brain growth and development depends largely on excitatory activity to 
make and strengthen new connections; “neurons that fire together, wire together”. 
Thus, the neonatal brain favors excitation, whereas the mature brain generally has 
achieved balance between excitation and inhibition. Some of the physiological fac-
tors that confer this tendency to excitation in neonates include differences in ion 
gradients, γ-aminobutyric acid (GABA) receptors, and glutamate receptors.

One area that has been explored in recent years is the physiology of GABA 
receptors and the maintenance of chloride gradients. Barbiturates (including pheno-
barbital) and benzodiazepines act by modulating the activity of GABA receptors, 
increasing their open time. The GABA receptor is a ligand-gated chloride (Cl-) 
channel with non-competitive binding sites for barbiturates and benzodiazepines. In 
mature neurons, GABA in inhibitory due to the higher extracellular concentration 
of Cl- ions. With GABA or ligand-induced channel opening, Cl- flows into the cell, 
hyperpolarizing the cell membrane and thus inhibiting action potential propagation. 
The extracellular chloride gradient is maintained by a potassium chloride cotrans-
porter called KCC2.

In neonatal neurons, GABA receptors are actually excitatory [34]. Immature 
neurons have a much higher predominance of a different ion cotransporter called 
NKCC1. This cell membrane protein transports sodium, potassium, and chloride 
into the cell, causing a high intracellular chloride concentration. Consequently, 
upon channel opening, chloride flows out of the cell through the GABA receptor, 
causing depolarization [34]. (Fig. 5.2).
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The concentration of KCC2 begins to rise toward the end of the first month of 
life, whereas the percentage of NKCC1 peaks during the third trimester and first 
weeks of life and then declines. Additionally, the maturation of the chloride gradient 
occurs at different locations at different ages. The brainstem is the first portion of 
the neonatal nervous system to develop mature GABA-mediated inhibition, while 
the neocortex is last. This fact may explain the phenomenon of electrical-clinical 
dissociation mentioned above. If mature motor centers in the brainstem are inhib-
ited by phenobarbital, there will be diminished motor signs of seizure. The excit-
atory nature of GABA receptors in neocortex promotes excessive electrical activity 
and seizures, as measured on EEG [35].

Understanding this reverse chloride gradient in maturing neurons has led to some 
investigations looking to exploit that information. Bumetanide, a loop diuretic that has 
been used in neonates for fluid balance, is a selective NKCC1 inhibitor. Theoretically, 
treatment with bumetanide should reduce NKCC1 activity resulting in an increased 
proportion of active KCC2 ion transporters, mimicking the chloride gradient of the 
mature neurons. Subsequent activation of the GABA receptor, therefore, should be 
inhibitory. This phenomenon was studied in rodent models with promising results 
[35]. Case reports in human neonates also reported a positive response [36].

With this idea in mind, two research studies were initiated investigating the 
safety and efficacy of adjunctive bumetanide added to phenobarbital compared to 
phenobarbital alone. The first study (NEMO) in Europe unfortunately was halted 
early due to increased incidence of hearing loss and clinically significant dehydra-
tion. Their limited data demonstrated meaningful reduction of seizures in only 33% 
[37]. A second trial is ongoing at the time of this writing.

Maturation-dependent differences in composition have also been described in 
glutamate receptors. There are three forms of glutamate receptors: kainite, N-Methyl-
D-aspartic acid (NMDA), and α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic 
acid (AMPA). Most glutamate receptors are ion channels that cause influx or cal-
cium, magnesium, and/or sodium into cells, causing cell depolarization. Glutamate 
receptors are expressed at higher levels in the neonatal brain compared to mature 
nervous systems. Ontologically this makes sense, given the need for excitatory activ-
ity to form synapses and networks.

• Mature neuron: GABA is
inhibitory

• Neonatal  Neuron: GABA is
excitatory

High Cl-
Concentration

Low Cl-
Concentration

KCC2
GABA  
Receptor

Cl- K+, Cl-

NKCC1
GABA 
Receptor

Cl- Na+, K+, 2Cl-

In the mature neuron, KCC2 maintains a low intracellular chloride ion 
concentration.  Opening the GABA channel causes chloride to flow 
down it’s gradient into the cell, hyperpolarizing the neuronal membrane 
and leading to neuronal inhibition.

In the immature neuron, NKCC1 maintains a relatively high 
intracellular chloride concentration. Opening the GABA channel 
causes chloride ion to flow down it’s gradient out of the cell, causing
membrane depolarization and neuronal excitation.

Fig. 5.2  Mature vs. immature neurons and GABA receptors
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Glutamate receptors are cell membrane-bound proteins that consist of multiple 
subunits. In AMPA receptors, lower proportions of the GluR2 subunit in neonates 
render the AMPA receptor more permeable to calcium ions, increasing depolariza-
tion [38]. Other factors are mentioned below and also discussed in Chap. 1 
(Table 5.5).

Topiramate selectively blocks AMPA receptors (among other mechanisms of 
action) and has been demonstrated in animal models to reduce seizures induced by 
hypoxia. Human data on topiramate in the neonatal population is limited, partially 
due to the absence of a parenteral formulation of this medication [40]. Animal mod-
els did not reveal neuronal apoptosis in neonatal rat pups exposed to topiramate 
[41]. Perampanel, another AMPA blocking agent, has also shown benefit in rodent 
models of neonatal seizures, but human data is lacking [42].

Levetiracetam has recently emerged as a potential treatment for neonatal sei-
zures. This medication binds to synaptic vesicle binding protein 2A (SV2A). The 
exact function of SV2A is unknown. It likely modulates multiple neurotransmitter 
systems and may decrease glutamate release. There is an IV form available; it has 
no significant drug interactions, it has a high therapeutic/toxic ratio, and it does not 
cause neuronal apoptosis in animal models [43].

Small studies have demonstrated safety and efficacy of levetiracetam in neonates 
[44–50]. A recently published study comparing levetiracetam to phenobarbital in 83 
neonates with seizure unfortunately was not supportive of the use of levetiracetam 
for neonatal seizures. Eighty percent of patients treated with phenobarbital remained 
seizure free for 24 hours, compared with 28% of patients assigned to levetiracetam. 
An additional dose of levetiracetam up to 60 mg/kg of levetiracetam improved the 
efficacy by 7.5%. Infants treated with phenobarbital had more adverse effects [23]. 
Given this data, we still do not know what the best treatment is for neonatal seizures.

�Duration of Treatment

The natural history of neonatal seizures shows peak onset within the first 24 hours 
of life and resolution within 3–7 days after onset of seizure. This pattern is particu-
larly true in cases related to HIE [51]. Given this fact, early discontinuation of AEDs 
should be considered if a patient has been seizure-free for over 72 hours [52]. For 
patients on monotherapy, the AED can be stopped with a rapid taper. Ongoing treat-
ment with phenobarbital as prophylaxis at hospital discharge has not been shown to 

Table 5.5  Factors increasing susceptibility to seizures in the neonate [39]

Excitatory action of γ-aminobutyric 
acid (GABA)

High synaptic density with over-expression of excitatory 
synapses

High glutamate receptor levels Delayed development of the substantia nigra pars 
reticulata anticonvulsant network relative to the 
pro-convulsant network

Altered composition of NMDA and 
AMPA receptors favor excitation

Prolonged action potentials due to low levels of Na/K 
ATPase and slower kinetics of delayed rectifier K 
channels
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impact the rate of seizure recurrence [53]. For those on polytherapy, adjuvant thera-
pies should be discontinued one at a time followed by discontinuation (vs. slow 
taper) of phenobarbital [34]. Patients undergoing AED discontinuation should be 
monitored closely clinically and by EEG for seizure recrudescence, and AEDs 
should be restarted if this occurs.

�Prognosis

As alluded to above, there is some controversy regarding whether seizures them-
selves effect long-term prognosis in neonates. Clearly there is a relationship between 
outcomes and etiology; infants with seizures due to hypoxic-ischemic encephalopa-
thy and CNS infections tend to fare poorly compared to those with other etiologies. 
(Tables 5.6 and 5.7). Advances in neonatal care have improved mortality data, but 
significant morbidity is still common among neonates with seizures secondary to 
HIE. The real debate regards whether seizures compound brain injury in HIE or 
other etiologies, particularly in the light of the lack of effective treatments.

There is conflicting data in animal models of neonatal seizures with regard to the 
effect of seizures on brain injury. Wirrell et al. studied the mean percent of neurons 
damaged in ten-day-old rat pups exposed to 30 minutes of hypoxia with and without 
seizures. The pups with kainite-induced seizures after hypoxia had a significantly 
higher percentage of neuronal loss than those with hypoxia alone [54]. However, 
other authors have performed similar studies without demonstrating a significant 
difference in neuronal loss in rat pups with hypoxic brain injury with and without 
seizures [55].

Table 5.6  Mortality and morbidity data related to etiology, 1980s [5,52]

Etiology Mortality (%) Morbidity (%)
HIE 30 85
Infection 40 80
Metabolic 20 70
Dysgenesis 5 80
Vascular 5 20
SFNE 0 10

Table 5.7  Outcomes of neonatal seizures, 2006 [2]

Etiology
Mild NDD 
(%)

Severe NDD 
(%)

Seizures after 
discharge (%)

Favorable overall 
outcome %

HIE 42 36 31 50
Focal ischemia 37 0 0 100
Hemorrhage 27 13 20 87
Dysgenesis 0 100 75 0
Transient 
metabolic

33 0 33 67

Infection 0 33 0 67
Unknown 2 0 81 100

NDD neurodevelopmental disability
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Whether seizures contribute to brain injury in human neonates is a difficult ques-
tion to evaluate. Miller et al. used MR spectroscopy to investigate this subject in 90 
term neonates with HIE. They found an increase in lactate peak frequency and a 
decrease in relative NAA peaks in neonates with seizures compared to those with-
out [56].

Despite the lack of high-quality data in humans, there is a growing consensus 
that neonatal seizures should be regarded as an emergency and be treated aggres-
sively. This fact underscores the importance of developing new, effective therapies 
for seizures in this population.
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Evaluation of the Pediatric Patient 
with Seizures

Albert Misko

�Introduction

Each year, an estimated 150,000–200,000 (around 50/100,000) Americans experi-
ence a first–time seizure [1]; 25,000–40,000 (around 80/100,000) are children 
below the age of 15 years [1, 2].

When approaching the pediatric patient presenting with their first seizure, the 
initial critical parameter to determine is whether the seizure is provoked or unpro-
voked through a thorough history and neurological examination. The provider 
should use EEG and imaging modalities (discussed below) judiciously, guided by 
clinical judgment. An understanding of the pre-test probability and utility of each 
auxiliary modality within a given clinical context is essential.

Provoked seizures may be caused by structural damage (traumatic brain injury, 
stroke, infection, or brain tumor) or metabolic disturbance (electrolyte imbalance, 
renal failure, or hepatic failure). In the case of a provoked seizure, the medical pro-
fessional should address the underlying medical issues to prevent seizure recur-
rence. In the neurologically intact patient who has not sustained structural brain 
damage, recurrence of a provoked seizure is unlikely (3–8%) and lifetime antisei-
zure therapy is usually not warranted [3].

When a seizure is unprovoked, the risk of recurrence is estimated between 30% 
and 50%. After a second unprovoked seizure, the risk of recurrence increases to 
70–80% within the next 2 years. A second unprovoked seizure is sufficient to assign 
a diagnosis of epilepsy and initiation of treatment is typically recommended [4–7]. 
In the case of the unprovoked seizure, the pediatric practitioner should also consider 
idiopathic epilepsy syndromes. Accurate diagnosis of an idiopathic epileptic syn-
drome can be reliably made with the initial diagnostic work up. An identification of 
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a specific syndrome may guide treatment decisions and inform the discussion of 
prognosis [8]. Appropriate intervention is predicated on an accurate diagnosis. In 
the case of an ambiguous etiology, the practitioner must carefully weigh the risks 
and benefits of further testing and/or initiating an antiepileptic drug (AED).

�History

A careful history surrounding the event in question is critical for determining 
whether an epileptic etiology is likely. See Table 6.1. The history helps determine 
whether a seizure is provoked or unprovoked. A good history can also classify the 
specific type of seizure, which may influence workup. A complete history should 
include the following: (1) the condition of the patient prior to the event to elicit pos-
sible precipitating factors or preceding aura; (2) the location of the event; (3) 
whether the patient sustained an injury (head injury, tongue laceration, etc.); (4) a 
description of the position and movements of the eyes, face, trunk, and limbs during 
the event; (5) the duration of the event; (6) the presence or absence of color change 
(pallor, cyanosis); (7) the presence or absence of urinary or bowel incontinence; and 
(8) the period of time required for the patient to return to baseline.

Key descriptors supporting an epileptic etiology include: a preceding aura; unre-
sponsiveness; maintenance of eye opening during the convulsion; fixed eye devia-
tion; facial automatisms (smacking of lips, chewing, swallowing), biting the lateral 
edge of the tongue; rhythmic shaking of the extremities that cannot be suppressed 
or entrained to another frequency by an observer; paroxysmal autonomic dysfunc-
tion (tachy- or bradycardia, apnea, rise in blood pressure, sweating, emesis); and 
positive sensory phenomena. Features of the post-ictal period suggesting an 

Table 6.1  Important features of the patient history

Seizure history quick reference
HPI Health prior to episode

Precipitating factors
Sleep deprivation
New/change in medications
Stress
Trauma
Infection
Aura
Seizure semiology
Duration
Post-ictal period

Medications See Table 6.2
Birth Hx Signs of perinatal trauma

Prematurity
Development Any sign of delay or regression
Family Hx Relatives with seizures or epilepsy
Social Hx Travel

Drug use
Stressors
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epileptic event include confusion, anterograde amnesia, difficulty speaking, leth-
argy, hypertension, nausea, or headache.

Seizure mimics (discussed in detail in chap. 8) include syncope/presyncope 
(especially “convulsive syncope”), transient ischemic attacks, metabolic encepha-
lopathy, sleepwalking, night terrors, complex migraines, cardiac arrhythmias, self-
gratification behavior, or psychogenic non-epileptic seizures. In infants, 
gastroesophageal reflux (Sandifer syndrome), benign sleep myoclonus, and hyper-
ekplexia can mimic seizures.

Key descriptors that suggest a non-epileptic etiology include: no alteration of 
mental status during or following a generalized convulsive event; eye closure; biting 
the anterior tip of tongue; change in posture immediately preceding the event (syn-
cope); arrhythmic shaking of extremities that can be suppressed by an observer or 
entrained to a different frequency; negative sensory phenomena (transient ischemic 
attack or stroke); clustering around feeding times (Sandifer syndrome), or myo-
clonic movements that only occur during sleep (sleep myoclonus).

Whether a seizure is provoked can usually be determined from the history. 
Provoking factors include fever, infection, head injury, withdrawal from alcohol or 
drugs, intoxication, hypoglycemia, electrolyte disturbances, intracranial hemor-
rhage, stroke, and drugs that lower the seizure threshold (Table 6.2). Fever, altered 
mental status, or bulging fontanels in an infant less than 6 months in age should 
automatically trigger a complete workup for meningitis. Signs of meningismus are 
unreliable in children under the age of 2  years old, and the practitioner should 
exercise clinical discretion in determining whether a lumbar puncture and/or brain 
imaging are warranted. Recent changes in medications could also offer clues.

With an episode suggestive of an epileptic seizure, the practitioner should 
classify the semiology to assist with diagnosis. In 2017 the International League 
Against Epilepsy (ILAE) provided a new classification seizure types, largely 
based upon the existing classification first produced in 1981. (See chap. 2) To 
properly describe the semiology of a seizure, first decide whether the onset was 
focal, generalized, or unknown (i.e., unwitnessed). Next, in the case of a focal 
seizure, describe whether the patient had impaired awareness at any point during 
the episode. Seizures of focal onset are next classified by the first prominent sign 
or symptom. Descriptors of motor onset include automatisms, atonic, clonic, 
epileptic spasms, hyperkinetic, myoclonic, and tonic. Descriptors of nonmotor 
onset include autonomic, behavior arrest, cognitive, emotional, and sensory. 
Seizures of generalized onset are also characterized by a description of the first 
prominent signs or symptoms. Motor descriptors include tonic-clonic, clonic, 
tonic, myoclonic, atonic, and epileptic spasm. Non-motor descriptors (for 
absence seizures) include typical, atypical, myoclonic, and eyelid myoclonic. 
While the original guidelines from 1981 rely solely on clinical observation to 
describe seizure semiology, the new guidelines from 2017 allow incorporation of 
EEG or neuroimaging data and formulating the description of semiology. In this 
way, a seizure for which the onset was unwitnessed can still be described as focal 
if supported by a strong focality on EEG or focal structure anomaly on magnetic 
resonance imaging. See Chap. 2 for more details.
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�Medications

There are a number of medications that have the potential to lower the seizure 
threshold. Categories of medications include anesthetic agents, antibiotics, antipsy-
chotics, and some antidepressants. See Table 6.2 for a list of relevant medications.

�Birth and Developmental History

Obtaining a careful birth history is most useful in the youngest patients. Premature 
birth should increase suspicion for prenatal injury secondary to intracerebral hemor-
rhage or periventricular leukomalacia. Complications at the time of birth may sug-
gest a perinatal ischemic event. An abnormal developmental trajectory should raise 

Table 6.2  Medications that may lower the seizure threshold---Note: The table does 
not adequately separate the categories as presented here Enflurane, Isoflurane and 
propofol are anesthetics, aminophylline and theophylline are anti-asthmatics; the 
drugs from amphotericin to penicillins are antibiotics; tricyclics, SSRIs and 
Buproprion are antidepressants; cyproheptadine is the only antihistamine; drugs 
from promethazine to trifluoperazine are antipsychotics

Medications that may lower the seizure threshold
Enflurane

Anesthetics Isoflurane
Propofol

Anti-asthmatics Aminophylline
Theophylline
Amphotericin
Cephalosporins
Imipenem

Antibiotics Isoniazid
Metronidazole
Penicillins
Tricyclics

Antidepressants SSRIs
Bupropion

Antihistamines Cyproheptadine
Promethazine
Chlorpromazine
Clozapine

Antipsychotics Haloperidol
Olanzapine
Risperidone
Trifluoperazine

Hormones Estrogen
Immunosuppressants Cyclosporine A

Chlorambucil
Narcotics Opioids

Meperidine
Stimulants Amphetamines

Cocaine
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suspicion for genetic, structural, or developmental disorders associated with epi-
lepsy. Neurological and cognitive regression or episodic decompensation strongly 
argues for a metabolic or genetic condition.

�Family History

Ask about other family members who may have had seizures or diagnosed with 
epilepsy. A thorough family history can assist with the diagnosis of idiopathic epi-
lepsies and may help warrant genetic testing. Several common forms of childhood 
epilepsy appear to be inherited in an autosomal dominant pattern. Therefore, a care-
ful family history of seizures at any age is essential.

�Social History

Identify recent travel and exposure to infectious or toxic agents. Recent physiologi-
cal stressors such as sleep deprivation are also important precipitants. Psychosocial 
stressors may hint at a functional etiology. In adolescents, inquiring about drug and 
alcohol use without their parent present is essential.

�Examination

Every patient that presents for a workup of a first seizure should receive a complete 
general and neurological examination. The general examination should broadly assess 
for signs of systemic disease which may hint at a symptomatic cause of a seizure. In 
a young child, dysmorphic features and abnormal head circumference (macrocephaly 
or microcephaly) may hint at an underlying genetic condition. Assess for signs of 
neurocutaneous disease including café au lait macules, axillary or inguinal freckling, 
ash leaf spots, Lisch nodules in the iris, Shagreen patches, or periungual fibromas. The 
examination of the skin should also look for port wine stains, especially in the V1 
distribution that may be an overt manifestation of the ipsilateral leptomeningeal angi-
omatosis characteristic of Sturge Weber syndrome. Signs of trauma including ecchy-
mosis, abrasions, point tenderness, or retinal hemorrhage should be sought, and the 
possibility of non-accidental trauma considered in the appropriate context. 
Neurological exam should assess for focal or asymmetric deficits, which may result 
from an intracranial process or alternatively an ongoing Todd’s paralysis. Asymmetry 
of tendon stretch reflexes or unilateral extensor plantar response (positive Babinski 
sign) suggests a focal onset of seizures and has lateralizing value.

�Laboratory Workup

Clinical context should guide the use of laboratory testing in all cases of first afe-
brile seizure in a pediatric patient. Specific examples include blood glucose testing 
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in a diabetic patient, CBC or lumbar puncture with CSF studies in a patient with 
signs of infection or meningitis and electrolytes in a patient with persistent vomiting 
or diarrhea. Any report of exposure to drugs or toxins should indicate routine urine 
and serum screens across the pediatric age spectrum.

A developmentally normal pediatric patient over the age of 6 months who 
presents with an isolated first-time afebrile seizure, and is back to baseline with 
a normal neurological exam, does not necessitate routine lab screening [2]. In 1 
Class I study involving 30 children and 133 adults with seizures (15% first sei-
zure), routine lab screening only revealed 1 patient with significant hypoglyce-
mia which was already suspected on a clinical basis [9]. Two additional Class II 
studies involving 507 children also found that routine lab work did not contrib-
ute to diagnosis or treatment of patients [10, 11]. One exception to these data are 
children under the age of 6 months, in which hyponatremia was found in 70% 
of 47 patients who did not show clinical signs of electrolyte imbalance in one 
Class II study [12]. Multiple seizures, prolonged seizure, or failure to return to 
baseline post-ictally warrant further workup. If abnormalities are found on labo-
ratory investigations, the care team should replete glucose, sodium, calcium, 
and magnesium.

The utility of prolactin levels in supporting an underlying epileptic etiology of a 
convulsion has not been established in the pediatric population, particularly in 
infants and young children. In adults and older children, a metanalysis suggests that 
drawing a serum prolactin level 10–20 minutes after an event has strong positive but 
poor negative predictive value in differentiating an epileptic from psychogenic 
event [13]. However, elevated prolactin levels have been observed following synco-
pal events, suggesting limited specificity.

�EEG

Following an unprovoked first seizure, an interictal EEG can provide useful informa-
tion in (1) determining whether an event was epileptic in nature, (2) predicting risk of 
seizure recurrence, (3) localizing focal abnormalities, (4) estimating the pre-test prob-
ability of performing neuroimaging, and (5) identifying an idiopathic epilepsy syn-
drome. Alternatively, when a seizure is clearly provoked by an underlying medical 
condition or trauma, clinical discretion is needed to determine the necessity of an EEG.

The AAN currently recommends obtaining an EEG as part of the routine neuro-
diagnostic evaluation in all children presenting with first unprovoked seizure [2]. 
The American Clinical Neurophysiology Society further recommends that studies 
capture both sleep and awake states, including hyperventilation and photic stimula-
tion to increase the yield of capturing an abnormality [14].

The optimal timing of obtaining an EEG, however, remains uncertain. While 
EEG is most sensitive in the first 24–48 hours following an event, revealing abnor-
malities in 51–70% of cases, transient abnormalities such as post-ictal slowing may 
confound interpretation [15]. In the emergency room setting, a study in adults with 
first seizure (Class II data) did not find an EEG useful in determining which cases 
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warranted admission [16]. Though similar data is not available in a pediatric popu-
lation, similar lack of utility is probable.

While an abnormal neurological exam and remote symptomatic etiology are 
strong predictors of seizure recurrence, the EEG is the best predictor in the neuro-
logically normal patient [4, 5, 7, 17]. Following a first-time seizure, 54–70% of 
children with epileptiform activity or focal slowing on EEG will experience seizure 
recurrence compared to 25% with a normal study [18]. On this basis, an abnormal 
EEG plays a significant role in the decision of whether to start an AED.

Focal abnormalities on EEG can be indicative of underlying cerebral pathology, 
including congenital anatomical malformations or acquired insults that merit fur-
ther investigation with neuroimaging (see below). Alternatively, identifying an idio-
pathic epilepsy syndrome on EEG precludes the need for neuroimaging and provides 
valuable information in guiding treatment and prognosis.

�Neuroimaging

Up to one-third of patients presenting with first-time seizure will have abnormalities 
on neuroimaging, but the majority of findings do not influence management [15, 
19–23]. Only 2% of identified lesions require intervention or change management 
in the acute setting. Determining the need for imaging should be based on a combi-
nation of seizure semiology, neurological examination, and EEG findings [2, 15].

In the most current community-based cohort study of MRI results in children 
with a new diagnosis of epilepsy, the most significant predictors of MRI findings 
were an abnormal neurological exam (positive 48.8%, negative 6%; relative risk 
4.24, 95%CI 2.89–6.22) followed by pharmacoresistance to at least 2 AEDs (posi-
tive 48.8%, negative 21.1%; relative risk 1.42, 95%CI 0.99–2.02). The most signifi-
cant predictor of a normal MRI was an identifiable idiopathic epilepsy syndrome 
(positive 6.1%, negative 36%; relative risk 0.26, 95%CI 0.10–0.65) [24].

Thus, imaging in a child with a first seizure should be initiated in the setting of 
focal seizure semiology, abnormal neurological examination, or EEG abnormalities 
not consistent with an idiopathic epilepsy syndrome.

The timing of neuroimaging can be divided into emergent or nonurgent. 
Emergent neuroimaging at the time of presentation should be initiated for a new 
persistent post-ictal deficit such as Todd’s paralysis, persistent altered mental 
status beyond the expected time course for recovery, or history and exam findings 
suggesting acute pathology that might require rapid intervention (worsening 
cerebral edema, acute hydrocephalus, or hemorrhage). In this case, a CT may be 
reasonable over an MRI given time restrictions and availability. Otherwise neu-
roimaging can be obtained in a nonurgent manner as an outpatient. In young 
children requiring sedation, the possible long-term effects of anesthesia on neu-
rodevelopment should be seriously weighed against the potential benefits [25]. 
When indicated, MRI is preferred over CT, both for its superior sensitivity in 
detecting subtle abnormalities (i.e., cortical dysplasia and vascular abnormali-
ties) and its lack of radiation exposure. MRI, when possible, should be performed 
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with a 3 Tesla magnet to aid in the identification subtle structural and abnormali-
ties. Coronal T2-weighted images should be included in the MRI protocol for 
optimal visualization of the hippocampus and mesial temporal structures 
(Fig. 6.1).

�Further Evaluation of Epilepsy

The above section focuses on the evaluation of a patient after their first seizure, 
collecting data that may help guide diagnostic and treatment decisions. What 
about the patient newly diagnosed with epilepsy? In many cases the above 
workup is sufficient to establish a specific diagnosis. For example, the history 
and EEG are sufficient to make a diagnosis of childhood absence epilepsy or 
childhood epilepsy with centrotemporal spikes. In the appropriate clinical con-
text, further investigation into the cause of epilepsy is often warranted. Finally, 
some patients with difficult to control seizures are evaluated for possible epi-
lepsy surgery.

�Genetic Testing

The last two decades have seen a remarkable advance in our ability to assess and test 
for genetic causes of epilepsy. Single-gene causes of epilepsy are being discovered 
at a rapid rate. Many disorders previously categorized as “idiopathic” now have a 
determined underlying genetic etiology. The evolution of comparative genomic 

Back to behavioral and neurological base line?

Stabilize patient

no yes

Under age 6M?

Correct electrolyte
imbalance

Out patient
EEG and
neuroimaging
if indicated

Work up and treatment
per suspected etiology.

Out patient
EEG and
neuroimaging
if indicated

Check electrolytes,
calcium, magnesium
and phosphate

If focal neurological deficit
persists, obtain emergent
imaging.

If persistent altered mental
status, EEG to rule out
non-convulsive status

Multiple seizures, prolonged seizure, or other
suspected medical condition

Routine labs (CBC, chem10)
and additional work up
indicated by clinical context (ie
LP, tox screen, etc)

normal abnormal

abnormal?

yes

yes

no

no

Fig. 6.1  Algorithm for the evaluation of the first seizure
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microarrays and massive parallel/next generation sequencing has given the clinician 
tools to further understand their patient’s disease.

Not every patient with epilepsy is an appropriate candidate for genetic testing. In 
the clinical setting, genetic testing is generally recommended in young patients with 
developmental and epileptic encephalopathies of undetermined etiology. Drug-
resistant epilepsy of unclear etiology is another indication for genetic testing [26]. 
Structural abnormalities noted on brain imaging, such as lissencephaly, polymicro-
gyria, or cortical dysplasia may also provoke further genetic testing by the clinician. 
Finally, suspicion for a broader genetic syndrome of which epilepsy may be a fea-
ture (i.e., tuberous sclerosis complex, Angelman syndrome) can also lead to further 
investigation [27].

Genetic testing can take several forms. Karyotype has been available for decades 
and still has a role in diagnosing genetic disorders. Conditions that are often associ-
ated with epilepsy, such as Down syndrome or other trisomies, can be captured with 
this technology. Chromosomal microarray analysis has increased the resolution of 
the traditional karyotype and has been very effective in detecting copy number vari-
ations in patients with epilepsy [26]. This test is commonly considered the first tier 
of clinical genetic testing and, in appropriately selected candidates, can pick up 
clinically relevant changes in up to 5–10% of patients with pediatric epilepsy and 
developmental delay [28].

Whereas chromosomal microarrays can pick up copy number variants, many 
genetic epilepsy syndromes are caused by mutations in single genes that can only be 
detected by gene sequencing. Prior to the advent of next generation sequencing, 
Sanger sequencing was the available method. This line-by-line gene analysis is very 
accurate but expensive and labor intensive. Next-generation, or massive parallel, 
sequencing (NGS) technology has made it possible to sequence multiple genes, 
quickly, accurately, and, increasingly, affordably [26]. NGS has identified hundreds 
of single genes associated with epilepsy, with specific diagnoses being determined 
in 30–40% of patients with epileptic encephalopathies previously labeled “idio-
pathic.” [28] While an exhaustive review of genetic causes of epilepsy is beyond the 
scope of this chapter, see select examples below (Table 6.3).

Many commercial labs now offer epilepsy gene panels that can sequence hun-
dreds of relevant genes. In addition to specific gene panels, whole exome sequenc-
ing is being used increasingly in the clinical setting. Whole genome sequencing, 
which includes non-coding portions of DNA, is currently used in research settings, 
but use in the clinic is not far off.

Some genetic disorders may not be picked up by either chromosomal microarray 
or next-generation sequencing. This is particularly true for triplet expansion disor-
ders (i.e., Fragile X syndrome), disorders with abnormal methylation patterns 
(Angelman syndrome), and large duplications or deletions. Understanding these 
nuances can help determine the order in which genetic investigations are undertaken 
[26]. (Table 6.4).

Genetic testing in epilepsy can provide many benefits such as achieving diagnos-
tic clarity, informing long-term prognostic expectations, precluding expensive and 
possibly invasive testing, influencing reproductive decision making, and in some 
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Table 6.3  Select examples of epilepsies caused by single-gene mutations

Gene Protein Epilepsy type
Mode of 
inheritance

KCNQ2 Potassium voltage-gated 
channel subfamily KQT 
member 2

Self-limited familial neonatal 
seizures;
neonatal epileptic encephalopathy

AD

KCNQ3 Potassium voltage-gated 
channel subfamily KQT 
member 3

Benign familial neonatal seizures AD

SCN2A Sodium channel type 2, subunit 
alpha

Benign familial infantile seizures AD

CDLK5 Cyclin-dependent kinase-like 5 Infantile spasms XL
ARX Aristaless-related homeobox Infantile spasms XL
SNC1A Sodium channel type 1, subunit 

alpha
Dravet syndrome;
GEFS+

AD

PCDH19 Protocadherin-19 Infantile/childhood onset 
refractory epilepsy in females

XL

STXBP1 Syntaxin binding protein 1 Ohtahara syndrome AD
SLC2A1 Solute carrier family 2, 

facilitated glucose transporter 
member 1

GLUT1 deficiency;
early-onset absence epilepsy

AD

ALDH7A1 Alpha-aminoadipic 
semialdehyde dehydrogenase

Pyridoxine-dependent epilepsy AR

GRIN2B Glutamate receptor ionotropic 
NMDA 2B

Early-onset epileptic 
encephalopathy

AD

CHRNA4 Neuronal acetylcholine 
receptor alpha-4

Autosomal dominant nocturnal 
frontal lobe epilepsy

AD

CHRNA2 Neuronal acetylcholine 
receptor alpha-2

Autosomal dominant nocturnal 
frontal lobe epilepsy

AD

KCNT1 Potassium channel, sodium-
activated subfamily T, 
member 1

Malignant migrating partial 
seizures of infancy;
autosomal dominant nocturnal 
frontal lobe epilepsy

AD

SCN1B Sodium channel subunit beta-1 GEFS+ AD
SCN2A Sodium channel type 2, subunit 

alpha
GEFS+ AD

GABRG2 Gamma-aminobutyric acid 
receptor subunit gamma-2

GEFS+ AD

PRRT2 Proline-rich transmembrane 
protein 2

Infantile convulsions; familial 
paroxysmal kinesigenic 
dyskinesia

AD

SCARB2 Lysosome membrane protein 2 Progressive myoclonic epilepsy 
type 4

AR

KCNC1 Potassium voltage-gated 
channel subfamily C member 1

Myoclonic epilepsy with ataxia AD

CHRNA7 Neuronal acetylcholine 
receptor subunit alpha-7

Idiopathic generalized epilepsy AD

GRIN2A Glutamate receptor ionotropic, 
NMDA2A

Atypical epilepsy of childhood 
with centrotemporal spikes; 
epilepsy-aphasia

AD
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cases directly affecting treatment [27]. It is not without its downsides, however. 
Testing is still expensive and labor intensive, as there is an enormous amount of data 
to analyze. Normal genetic testing does not definitively rule out a genetic disorder, 
as our knowledge of genetics in epilepsy is incomplete. Variations of uncertain sig-
nificance are common and often lead to further testing and confusion on the part of 
the patient and family. In the case of exome sequencing, clinically relevant genetic 
mutations, such as those predisposing to cancer risk, may be found incidentally and 
be a source of distress for the patient and family. Non-paternity and consanguinity 
have been incidentally discovered in some cases. Therefore, advanced genetic test-
ing should be accompanied by genetic counseling and informed consent [27].

Table 6.4  Summary of different methods of genetic testing for epilepsy

Test Data collected Pros Cons Examples
Karyotype High-resolution 

images of 
chromosomes
Detects aneuploidy, 
large deletions, 
duplications, and 
translocations

Inexpensive
Widely available

Low resolution Trisomy 21
Ring 
chromosome 20

Chromosomal 
microarray

Comparative 
genomic 
hybridization
Detects copy 
number variants

High yield 
(5–10%)
Relatively 
inexpensive

Cannot detect 
single gene 
disorders

Duplication 15 
syndrome
Miller-Dieker 
syndrome (del 
17p13.3)

Sanger 
sequencing

Single-gene 
sequencing

Highly accurate 
results for the 
gene in question

Expensive
Labor intensive

Numerous single 
gene disorders

Gene panel Massive parallel 
sequencing
10s to 100 s of 
genes covered

High yield
Broad coverage 
of
coding regions
Multiple relevant 
genes

Expensive
Labor intensive
Variations of 
unknow 
significance

Commercially 
available gene 
panels
Numerous 
single-gene 
disorders

Whole Exome Massive parallel 
sequencing
100s to 1000s of 
genes covered

All coding 
regions covered

Expensive
Labor intensive
Long turn-
around time
VUS
Unexpected 
findings

Commercial 
clinical exome 
testing is widely 
available
Numerous 
single-gene 
disorders

Methylation 
analysis

Detects repeat 
expansions and 
chromosome 
methylation 
abnormalities

Necessary for 
detecting some 
types of 
abnormalities

Need high 
index of 
suspicion for a 
specific 
disorder

Fragile X syndrome
Angelman 
syndrome
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�Pre-surgical Evaluation

Approximately 30% of patients with epilepsy are resistant to pharmacological 
treatment of their disease. In some cases, epilepsy surgery can be curative. 
Patients with an identified structural lesion that concords with EEG data and are 
not in eloquent cortex are the best surgical candidates. However, non-lesional 
cases can be amenable to resection if acquired data supports a specific focus. 
This section will briefly review specialized testing for patients being worked up 
for epilepsy surgery.

�MRI

Unless a clinical diagnosis of an epilepsy syndrome can be made by history and 
EEG, most patients with a new diagnosis of epilepsy will undergo imaging with 
MRI. For patients with refractory epilepsy, higher-resolution imaging is recom-
mended to attempt to identify more subtle findings. Most centers recommend 
detailed structural imaging with a 3 Tesla magnet. Sequences should include 
high-resolution T1-weighted images with thin cuts (1–1.5  mm), T2 axial, and 
coronal images [29]. Post-image processing, including morphometric analysis, 
can detect subtle abnormalities not seen on source imaging [30].

�Invasive EEG Monitoring

In non-lesional drug-resistant epilepsy, attempts to pinpoint the location of 
seizure onset are essential in determining whether surgical resection is feasi-
ble. Surface EEG recordings are inadequate in detecting seizure onset from 
deeper regions of cortex such as the mesial temporal lobes and deep frontal 
cortex. In these cases, invasive EEG monitoring can be useful [29]. Invasive 
monitoring can include subdural grids and strips of electrodes which lay across 
cortical areas of interest. Stereotactic-guided depth electrode placement is also 
used, particularly in investigating the mesial temporal lobes. This type of 
investigation is not without risks and tends to be used more commonly in adult 
epilepsy. A study evaluating 242 patients across age groups found the compli-
cation rate at 23%, with only 9% requiring surgical revision. No cases of per-
manent morbidity and mortality were revealed. 99% of patients had successful 
mapping of the epileptic focus, and 50% had a good resective surgical out-
come [31].

�MEG

Magnetoencephalography is a non-invasive technique used to measure brain mag-
netic fields. It is a valuable tool for localizing epileptiform activity and has very high 
temporal and spatial resolution [32]. The MEG data can identify the “irritative 
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zone” of cortex that is responsible for generating interictal discharges. In a study of 
1000 patients who underwent MEG for presurgical evaluation, sensitivity of detect-
ing interictal discharges was 72% across all subjects. 32% of the time MEG pro-
vided more localizing information than other modalities and was concordant with 
the other data in the presurgical evaluation in 51%. Complete resection of the irri-
table zone determined by MEG had the best long-term outcomes [33].

�PET

Positron emission tomography is an imaging technique that utilizes radio-isotope 
labeled compounds to assess functional status of brain regions. The most common 
tracer in clinical use is 2-deoxy-(18F)2-fluoro-D-glucose (FDG). Computed tomogra-
phy detects the labeled glucose molecule after injection and can determine the meta-
bolic activity of specific brain regions [30]. In the context of the epilepsy evaluation, 
PET scanning can detect areas of hypometabolism, suggesting a region of dysfunction 
that correlates with an epileptogenic region. In FDG pet, uptake occurs over about 
30 minutes. Therefore, the images acquired do not demonstrate real-time activity, but 
average metabolic activity over the period of uptake [34]. In some cases, if the epilep-
togenic lesion is very active, PET hypermetabolism can be seen [34].

�SPECT

Single photon emission computed tomography (SPECT) measures regional cerebral 
blood flow in real time. Seizures may increase regional blood flow by as much as 
300% [30]. Ictal SPECT recordings can accurately detect areas of increased blood 
flow corresponding to the locus of epileptic activity. For ictal SPECT to be informa-
tive, the radiotracer needs to be injected within seconds to minutes of seizure onset. 
To analyze the data more accurately, ictal images are co-registered to interictal 
images and superimposed on MRI images, a process called subtraction ictal SPECT 
co-registered to MRI (SISCOM) [30]. (Fig. 6.2) This technique has been found to 
have a sensitivity of 85% and specificity of 94% in detecting the seizure focus [35].

�fMRI

Functional magnetic resonance imaging is often used as part of the pre-surgical 
evaluation of potential epilepsy surgery patients to localize eloquent cortex and 
estimate the risk of post-surgical deficits. fMRI measures blood oxygen level–
dependent (BOLD) signal changes, which correlates closely with cerebral activ-
ity. fMRI is performed with the patient awake and able to participate in specific 
cognitive and motor tasks. fMRI has largely supplanted the use of the Wada test, 
which involves catheter injection of amobarbital into the carotid artery to later-
alize language, visuospatial, and other higher cognitive functions. Mapping of 
language centers and motor function is the commonest use of fMRI in the 
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presurgical evaluation of epilepsy patients. One study compared fMRI and elec-
trocortical stimulation mapping (ESM) while performing a sentence generation 
task in pediatric patients. The fMRI data demonstrated 100% sensitivity but 
69% specificity in  localizing language compared to ESM [36]. Mapping of 
motor cortex is best done with an active task, such as foot or finger tapping. 
However, Studies have also demonstrated that passive motor activity can be 
picked up on fMRI, so data can still be collected from sedated or uncooperative 
patients.
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Pediatric Epilepsy Treatment

Anna M. Larson, Ronald L. Thibert, and Elizabeth A. Thiele

�Introduction

In this chapter, we outline the primary pharmacologic, dietary, and surgical treat-
ments for pediatric epilepsy. Over the past two decades, there has been a significant 
increase in available treatment options. The medications currently available are 
diverse in structure and proposed mechanisms of action (Table 7.1) [1–4]. Treatment 
decisions are often based on the consideration of seizure semiology, epilepsy syn-
drome, and side effects. Efficacy data is relatively limited in pediatric epilepsy treat-
ment. We aim to highlight available data, as well as review treatment practices from 
the MassGeneral for Children Pediatric Epilepsy Program. This chapter is intended 
to be an overview of seizure treatment options. For individual patient care needs, 
please review the medication dosing recommendations at your institution and col-
laborate with the pharmacy team to guide specific therapeutic choices and titration 
schedules.

Antiseizure Medication (ASM) Management

�Initiation of Treatment

Following a first-time seizure, treatment is typically deferred. After a single unpro-
voked event, Stroink et al. found that 46% of children did not have a second event 
within a two-year follow-up [5, 6]. However, after two unprovoked seizures, Hauser 
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et al. found that recurrence rates increased to about 75% in a population, across age 
groups [6, 7]. Treatment is therefore typically initiated after the second unprovoked 
seizure [6]. Patients with significant EEG abnormalities, or with a structural or met-
abolic etiology, are at higher risk for recurrence, and treatment may be initiated 
following a single event [8].

�First ASM

The following parameters should be considered when choosing the first antiseizure 
medication: seizure type(s), epilepsy syndrome/etiology, age, comorbidities, and 
medication interactions [6]. To date, there are relatively few randomized control 
trials to support recommendations for first-line treatment in pediatric epilepsy. The 
following is a brief review of the data in select seizure types.

In a multicenter study evaluating initial treatment for children less than 3 years 
of age presenting with new onset non-syndromic epilepsy, levetiracetam was most 
often used first-line (62%) regardless of semiology [9]. It is important to note that 
this treatment practice is not based on efficacy data but rather consensus. The 
International League Against Epilepsy Treatment Guidelines review efficacy data 
for specific treatments as initial monotherapy for patients with newly diagnosed or 
untreated epilepsy [10]. Criteria for levels of evidence are presented in Table 7.2 [10].

For focal seizures, there is evidence to support treatment with oxcarbazepine 
(level A) [10]. For carbamazepine, phenobarbital, phenytoin, topiramate, valproate, 
and vigabatrin, evidence supports possible efficacy (level C) [10]. Finally, for clo-
bazam, clonazepam, lamotrigine, and zonisamide, evidence supports potential effi-
cacy (level D) for focal seizures [10].

For generalized tonic-clonic seizures, there is level C evidence to support treat-
ment with carbamazepine, phenobarbital, phenytoin, topiramate, and valproate 
[10]. For absence seizures, there is level A evidence to support treatment with etho-
suximide and valproate and level C evidence to support treatment with lamotrigine 
[10]. For juvenile myoclonic epilepsy, there is level D evidence for treatment with 
topiramate, levetiracetam, and valproate [10].

There is a growing body of literature to support treatment decisions based on 
epilepsy syndrome or genotype. A few examples will be briefly reviewed here. For 
patients with Dravet syndrome ~60% of whom have an SCN1A mutation, primary 
treatment recommendations include valproate, clobazam (and other benzodiaze-
pines), stiripentol, and topiramate [11, 12]. For patients with myoclonic atonic epi-
lepsy, primary pharmacologic treatment choices include valproate, ethosuximide, 
and topiramate [13–16]. For patients with Landau-Kleffner syndrome and epilepsy 
with continuous spike-wave during sleep (CSWS), high-dose oral diazepam, ACTH, 
or corticosteroids should be considered. Alternative treatments include lamotrigine, 
valproate, and topiramate [8]. See Chap. 4 for additional syndrome-specific treat-
ment recommendations. General guidelines for treatment dosing are outlined in 
Table 7.3 [1–3, 17–26].

There are some medications that may increase seizure frequency in certain situ-
ations. This holds true primarily for treating generalized seizures with medications 
typically used for focal epilepsy. Glauser et al. review that carbamazepine, 
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Table 7.3  Typical dosing for pediatric antiseizure medications

Starting 
dose 
(mg/kg/day)

Maintenance 
dose
(mg/kg/day)

Number 
of daily 
doses

Target level

(mcg/mL)

Acetazolamide 3–6 10–20 1–2
ACTH a 150 IU/m2/day 85–250 IU/m2/day 2

Brivaracetam b 1–2.5 5 (max) 2 
Cannabidiol 5 10–25 2 

Carbamazepine 2–10 10–30 2–4 4–12
Cenobamate c 12.5 mg/day 200–400 mg/day 1

Clobazam 0.1–0.2 0.8–2 2
Clonazepam d 0.01–0.02 0.1–0.2 2–3

Diazepam IV 0.15–0.2 mg/kg/dose 

Eslicarbazepine acetate f 200 mg/day 400–600 mg/day 1
Ethosuximide 5–10 20–40 1–3 40–100

Felbamate 15 15–45 3–4
Fenfluramine 0.2 0.7 2
Fosphenytoin 10–20 mg PE/kg

Loading dose  
4–5 1–4 10–20 

Phenytoin level 
Gabapentin 10–15 25–50 3
Lacosamide 2  4–12  2  

Lamotrigine – monotherapy 0.4 2–8 2  
Lamotrigine – with valproate 0.15  1–5 2  

Lamotrigine – with enzyme inducers 0.6  5–15 2  
Levetiracetam 20 30–100 2

Lorazepam IV 0.1 mg/kg 
Midazolam IV 0.1 mg/kg 

IM 0.2 mg/kg  

Oxcarbazepine 8–10 30–40 2–3
Perampanel g 2 mg/day 4–8 mg/day 1
Phenobarbital 1–4   5–6 h 1–2 10–40

Phenytoin 5 5–10 1–2 10–20
Pregabalin i 3.5–5 14 (max) 2–3

Primidone 1–2 10–20 2-4 5–12
Rufinamide 10 45 2 

Stiripentol 10–50 50–75 2–3
Sulthiame 5 5–10 2

Tiagabine j 0.1 0.5–2.0 2–4 
Topiramate 0.5–3 3–9 2–3 5–20

Valproate 10–15 20–60 2–3 50–150
Vigabatrin 50 150 (max) 2

Zonisamide 1–2 5–12 1–2

a.  Treatment course is typically a minimum of 2 weeks followed by a 2-week taper
b.  11–19 kg; see appendix for other weight-specific dosing 
c.  Adolescents and adults 
d.  ≤ 12 years 
e.  Children 6–11 years, see appendix for dosing ≥ 12 years  
f.  11–21kg; see appendix for dosing > 21kg 
g.  ≥ 4 years 
h.  Infants, see appendix for dosing across age groups
i.  Infant to < 4 years
j.  > 12 years; see appendix for dosing with enzyme-inducing ASMs

PR 
2–5 y:  0.5 mg/kg 
6–11 y:  0.3 mg/kg 
≥ 12 y:  0.2 mg/kg 

Intranasal e

10–18 kg:  5 mg
19–37 kg:  10 mg
38–55 kg:  7.5 mg x2 
≥ 56 kg:  10 mg x2

Intranasal 
0.2 mg/kg  
≥ 12 y: 5mg, may repeat x1 after 10min

Refs. [1–3,17–26]
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oxcarbazepine, phenobarbital, phenytoin, tiagabine, and vigabatrin are contraindi-
cated in the treatment of absence seizures as they can exacerbate seizures in this 
context [10]. For juvenile myoclonic epilepsy, a similar set of treatments (with the 
addition of gabapentin and the exclusion of phenytoin) have been shown to exacer-
bate seizures [10]. In Dravet syndrome, sodium channel blockers, including carba-
mazepine, lamotrigine, and phenytoin, may worsen seizures and should be avoided 
[11, 27].

�Second- and Third-Line Therapy

Kwan et al. found that 53% of patients across age groups failed initial monotherapy  
[28]. By comparison, in a pediatric cohort, Camfield et al. found improved out-
comes with only 17% of patients showing failure of first-line therapy [29]. Poor 
response to first-line treatment portends poor long-term prognosis. With ineffective 
treatment response to initial monotherapy, only 11% eventually became seizure 
free [28]. Fig.  7.1 depicts seizure response rates across age groups following 
sequential medication trials [28]. In their review, Raspall-Chaure et al. describe 
that for patients who do not show a therapeutic response at an average ASM dose, 
only an additional 13–15% of patients will respond to an increase to maximal dos-
ing [8]. Despite this fact, a given medication should be trialed near or just under 
maximal dosing before determining it a treatment failure. When the treatment 
choice has been determined to be ineffective, the clinician should reduce the dose 
of the first agent to the average therapeutic range and then add a second agent [8]. 
Once the second agent is therapeutic, the first-line agent should be slowly tapered 

3rd med
4%

Drug 
resistant
epilepsy
36%

1st med
47%

2nd med
13%

Fig. 7.1  Response to 
medication in previously 
untreated epilepsy across 
age groups [28]

A. M. Larson et al.
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and stopped, if possible, as monotherapy is typically the goal at this stage [8]. In 
many circumstances, however, a second agent is simply added on when the initial 
agent has shown incomplete efficacy. Again, poor early treatment response seems 
to portend poor prognosis. With failure of second-line treatment, less than 10% of 
individuals typically achieve long-term seizure freedom [8]. After two or three 
medications have been trialed as monotherapy, polytherapy is considered [8].

�Drug-Resistant Epilepsy

In a prospective study of Dutch children, 12% of the cohort had a period of seizure 
intractability during the 15-year study interval [30]. Drug-resistant epilepsy is defined 
as failure to respond to two appropriately selected and trialed medications [6, 31]. At 
this point, dietary, surgical, and neuromodulating therapies should be considered. 
These non-pharmacologic treatments will be discussed later in the chapter.

There is no evidence to support increased efficacy with polytherapy compared to 
monotherapy [6]. Rational treatment theories recommend striving to choose two or 
more therapies that target different mechanisms of action. However, this hypothesis 
has limited data to support it as a superior treatment strategy. Human and animal 
data suggest three primary mechanistic combinations that may show improved clin-
ical benefit: (1) combining a sodium channel blocker with a drug enhancing 
GABAergic inhibition; (2) combining two GABA mimetic agents; (3) combining 
an AMPA antagonist with an NMDA antagonist [32]. There are also a few specific 
ASM combinations that may have a synergistic effect in certain disease states. 
Examples of synergistic combinations include valproate with ethosuximide for 
absence seizures or myoclonic atonic epilepsy, valproate with lamotrigine for 
absence or myoclonic seizures, and stiripentol with clobazam for Dravet syndrome 
[11, 33–36].

With polytherapy, medication interactions are an important consideration. 
Many ASMs have interactions with each other as well as with many other classes 
of medications through hepatic enzyme-inducing or enzyme-inhibiting effects. A 
primary example is when valproate and lamotrigine are co-administered: valpro-
ate acts as a hepatic inhibitor of the metabolism of lamotrigine, and, as such, the 
lamotrigine dose typically needs to be significantly decreased to prevent toxicity 
(see appendix for detailed recommendations for valproate to lamotrigine cross 
titration) [1, 37, 38]. Table 7.4 highlights ASM interaction trends [1, 37]. Drug 
interactions should be evaluated by the treating provider whenever new medica-
tions are added and throughout the treatment course.

�Treatment Side Effects

Side-effect profile is one of the primary considerations when selecting an 
ASM. There are two primary types of ASM side effects: neurotoxic and idiosyn-
cratic. Neurotoxic side effects are a risk with nearly all ASMs and include symp-
toms such as somnolence, cognitive impairment, behavioral changes, vision 
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changes, and ataxia [8]. These side effects are dose-dependent and are thought to be 
more common with older medications than the newer generations of ASMs [8]. 
Idiosyncratic reactions are unpredictable and may include rash, Stevens-Johnson 
syndrome (SJS), serum sickness, agranulocytosis, aplastic anemia, and hepatotoxic-
ity [8, 39]. One of the most important idiosyncratic reactions is SJS, classically 
described with lamotrigine treatment but also seen with other ASMs. The risk of 
serious rash from lamotrigine can be significantly decreased with a slow titration 
schedule. Primary risk factors for developing a rash (serious or not) with lamotrig-
ine treatment include: a history of another ASM-related rash, young age, and co-
treatment with valproate [8, 40]. See Tables 7.5 [1–3, 11, 23, 41] and 7.6 [1–3, 11, 
42] for further details regarding medication side effects.

�Laboratory Monitoring

Epilepsy treatment may include monitoring goal serum levels (Table 7.3) and/or 
following routine laboratory screening data, depending on the medication and 
patient risk factors. For many medications, routine laboratory screening is not indi-
cated, felbamate being the notable exception. Among adults taking felbamate, there 
have been reports of fatal hepatic failure and aplastic anemia. Given the severity of 
a possible reaction, routine monitoring for agranulocytosis and hepatotoxicity is 
recommended [8, 43]. For other medications, laboratory evaluation is recommended 
in specific clinical circumstances depending on the medication, such as prior to 
surgery in patients taking valproate. Laboratory studies in this case should be sent 
to evaluate for hemostatic dysfunction (labs may include platelet count, PT, aPTT, 
TT, fibrinogen, vWF, factor XIII) [8, 44]. The clinician should have a very low 
threshold for checking laboratory tests if a patient presents with symptoms that 
could be explained by ASM toxicity. For example, a patient on valproate who pres-
ents with vomiting should have pancreatic and liver enzymes checked [8]. Routine 
ASM serum levels are not typically monitored for all medications. Some medica-
tions require drug level monitoring, including phenytoin, given its nonlinear kinet-
ics, and carbamazepine, given the narrow therapeutic window [11, 45] Camfield et 
al. suggest that for patients on monotherapy with incomplete seizure control and no 
evidence of neurotoxicity, dosing may be increased without obtaining a medication 
level [45]. Similarly, for patients on monotherapy experiencing neurotoxicity, dos-
ing should be decreased, again without obtaining a level. Clinical circumstances in 
which ASM levels may be helpful typically surround polytherapy [45]. If a patient 
presents with possible toxicity and/or uncontrolled seizures and it is unclear which 
medication may be causing the problem, ASM levels may provide guidance [8, 45].

�Discontinuation of Treatment

When patients have been seizure free for 2 years, treatment discontinuation is typi-
cally considered. This clinical practice is supported by results of a Cochrane Review, 
which showed a 34% increased risk of seizure recurrence in patients for whom 
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ASM treatment was discontinued prior to the two-year mark [46]. This rate of recur-
rence was further increased for patients with an abnormal EEG and/or focal sei-
zures, so for this cohort, a minimum of 2 years prior to medication discontinuation 
was recommended [46]. In this same review, however, the authors noted that there 
remains insufficient data to guide the timing of medication discontinuation for 
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ACTH

Brivaracetam

Cannabidiol ↑B

Carbamazepine ↑A

↓A

↑A

↓B
↓B

Cenobamate ↑B ↓B

Clobazam ↑A

↓A

↑A 

↑B 

↑A

Clonazepam X ↓A

Diazepam ↑A ↓A ↑A

Eslicarbazepine acetate ↓B ↓A ↑B ↓B ↓B

Ethosuximide ↓A ↓A ↓A 

Felbamate
↓A

↓B 

↑B 
↓A

↑B

↑B 
↑B ↓A 

Fenfluramine ↑A ↑A

Fosphenytoin ↑A
↑A

↓B

↑A

↓B

↓↑A

↓B

↑A

↓B

↑A

↓B

↑B 

↓↑A

↓B
↓B

↓↑A

↓B

↑A

↓B

↑A

↓B

Gabapentin ↑B

Lacosamide
↓A

↓B 
↓A 

Lamotrigine
↓A

↑B 
↓A ↓B ↓A ↑A ↓A 

Levetiracetam ↑B ↓A ↓A ↓A

Lorazepam ↓A ↑B *

Midazolam ↓A ↓A ↓A ↓A 

Oxcarbazepine
↓A

↓B

↑B 
X

↓A π
↑B

↓A ↓B ↓B

Perampanel ↓A
↓A

↓B
↓A 

↓B

↑B 
↓A ↓A ↓B

↓A

↓B

↓A

↑↓B

Phenobarbital ↑A ↓B ↓B
↓B

↑B 
↑A

↓B

↑B 
↓B ↓B

↓A

↓B
↓B

↑A

↓B

↑A

↓↑B
↓B ↓B ↓B ↓B ↓B

↑A

↓B π
↓B

Phenytoin ↑A
↑A

↓B

↑A

↓B

↓↑A

↓B

↑A

↓B

↑↓A

↓B

↑B 

↓↑A

↓B
↓B

↓↑A

↓B

↑A

↓B

↑A

↓B
↓B ↓B ↓B

↑A *
↓B

↓B
↑A

↓B π
↓B

↓↑A

↑B

Pregabalin
↓A

↓B
↓A

↓A

↓B

Primidone ↓A ↓B ↓B

↓A

↑A ω

↓B

↑B 

↑A

↓B

↑B 

↓B ↓B ↓B
↑A

↓B

↑A ω
↓B

↓A

↑A ω

↓B

↓B ↓B ↓B ↓B ↓B π ↓B

↓A

↑A ω

↓↑B

Rufinamide
↓A

↓B
↓A↑B ↓B ↓A

↓A

↑B

↓A

↑B

↓A

↑B ω

Stiripentol ↑B ↑A↑B X ↓A 

↑A

↑B

↑B 
↑B ↑B ↓A ↑B ↑B ↑B

↓A

↑↓B
↑B X X 

↓A

↑B

Sulthiame X ↓A ↑B ↑B ↑B ↑B ↑B
↓A

↑B ω

Tiagabine ↓A ↓A ↓A 
↓A

↓B
↓A

↓A

↓B
↓A ↓A ↑A

Topiramate X ↓A
↓A

↓B
↓A

↑B
↓A ↓B ↓A

↓A

↑B
↓A X

Valproate
↓A

↓↑B

↑B 
↑A

↑B

↓B 
↓A 

↓A

↑↓B

↑A

↓B

↓A

↑↓B

↓A

↑B
↑B ↓B ↓A

↓A

↑B

↓A

↑↓B

↓A

↑B ω
↑B ↑A

↓A

↑B

↓A

↓B

Vigabatrin ↓↑B ↑B ↓A ↓B ↓B ↓B

Zonisamide X
↓A

↑B 
↓A ↓A↓B ↓A

↓A

↓B
↓A X X

x  Avoid or careful consideration 
carbamazepine-10, 11-epoxide 
10-hydroxycarbazepine
N-desmethylclobazam
N-desmethyldiazepam

π  10-monohydroxy
ω  Phenobarbital 

Levetiracetam may decrease therapeutic efficacy of brivaracetam
* Chronic benzodiazepine use will increase serum concentration of fosphenytoin / phenytoin; short-term use is less likely to have this effect 
A : bold/highlight format indicates a change that is more likely to be clinically significant 

Refs. [1,37]

Table 7.4  Potential impact on serum medication levels with concomitant dosing of antiseizure 
medications
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patients with generalized epilepsies [46]. In a prospective pediatric study, among 
patients who had been seizure free for 2 years, 68% remained seizure free over the 
subsequent 2 years following discontinuation of medication [6, 47]. In this study, 
children with remote symptomatic epilepsy (defined as static encephalopathy prior 
to seizure history and/or having sustained a prior neurological insult) had a higher 
risk of recurrence compared to patients with idiopathic epilepsy [47]. Among this 
higher risk cohort, over 52% remained seizure free following discontinuation of 
treatment [47]. ASMs are typically tapered slowly, over a period of 6  weeks or 
more, and in some cases over 3–12 months [8, 11]. Slower tapers are implemented 
for benzodiazepines or phenobarbital, as these pose a higher risk of precipitating 
withdrawal seizures [11].

�Deferring Treatment

Seizure treatment is not always indicated. Patients with childhood epilepsy with 
centrotemporal spikes and Panayiotopoulos syndrome often do not require treat-
ment. The majority of patients with these epilepsy syndromes will have relatively 
few total lifetime events, most occur during sleep, and spontaneous remission is 
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Somnolence / lethargy / fatigue 
Cognitive impairment a

Anxiety 
Depression 

Emotional lability / aggressiveness b

Behavior changes
Diplopia / blurred vision

Nystagmus 
Asthenia

Dysarthria 
Hypotonia

Dystonia 
Tremor

Paresthesias
Impaired coordination c

Headache
Insomnia

S
ys
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m
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Hypertension
Peripheral edema 

Hyperventilation 
Hiccups

GI symptoms d

Hyperammonemia
Transaminitis

Hypocarnitinemia
Metabolic acidosis 

Hyponatremia 
Anorexia / weight loss

Weight gain
Decreased bone density 

Hyperglycemia
Leukopenia 

Hirsutism
Alopecia

Rash
Ecchymosis 

Pruritus
Hypohidrosis

Gingival hypertrophy
Xerostomia 

a.  Cognitive impairment: word finding difficulty, confusion, impaired attention
b.  Emotional lability: hyperexcitable, agitation, irritability
c.  Impaired coordination: ataxia / dizziness, gait disturbance
d.  GI symptoms: abdominal discomfort, nausea / vomiting, diarrhea 

Refs. [1–3,11,23,41]

Table 7.5  Side-effects of antiseizure medications
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expected [48]. In these self-limited syndromes, indications for initiating therapy 
include: frequent seizures, young age (4 years or less), daytime seizures, general-
ized tonic-clonic seizures, a history of status epilepticus, or seizures causing signifi-
cant distress/limiting quality of life for the patient or their family [48]. Treatment is 
also indicated if seizures are a likely component of an epileptic  encephalopathy.

Febrile seizures are typically not treated with ASMs. Provoked seizures, such 
as those related to intoxication or trauma, are typically not treated [11]. 
Prophylactic treatment in the setting of concomitant intraparenchymal hemor-
rhage or subdural hemorrhage in high-risk populations remains controversial, 
given that the evidence to support this practice is mixed [49, 50].

�Dietary Treatment

Dietary therapy is one of the most effective treatments available in the field of 
pediatric epilepsy. Consensus guidelines recommend offering dietary therapy to 
patients who have failed to respond to two appropriately selected and dosed anti-
convulsants [51]. Dietary therapy is widely used in the treatment of both focal and 
generalized epilepsies. Therapeutic diets can also be effective in treating epileptic 
encephalopathies, such as infantile spasms [51–55]. The ketogenic diet is highly 
effective for patients across age groups and a range of seizure types and etiologies  
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 Encephalopathy
Status epilepticus

Serotonin syndrome 
Psychiatric disorder / SI 

Visual field deficit
Glaucoma 

Peripheral neuropathy 
Acute toxic reaction a

S
ys
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ic
 

Hypersensitivity reaction / SJS / TEN
Systemic lupus erythematosus 

Cardiac arrhythmia 
Increased PR interval

Decreased QT interval
Cardiac valvular disease

Myocardial dysfunction 
Hypotension 

Respiratory depression b

Angioedema 
Hepatotoxicity

Pancreatitis
Renal dysfunction
Metabolic acidosis

Nephrolithiasis
Rhabdomyolysis 

Hyponatremia 
Hypoglycemia 

Hematologic dyscrasia c

Lymphoma
Immunosuppression

Hypogammaglobulinemia 
Oligohidrosis / hyperthermia

a.  Acute toxic reaction: sedation, ataxia / dizziness, nausea / vomiting
b.  Typically seen at high dose and/or in combination with additional CNS depressant 
c.  Hematologic dyscrasia: agranulocytosis, neutropenia / leukopenia, aplastic anemia, thrombocytopenia
d.  Theoretical risk for cardiac valvular disease and pulmonary hypertension; not identified in recent studies
e.  With long-term use, side-effect profile follows that of phenytoin; with acute IV infusion, there is risk for myocardial dysfunction and hypotension
f.  Nonconvulsive or absence status epilepticus

SI: suicide ideation 
SJS: Stevens-Johnson syndrome
TEN: toxic epidermal necrolysis 

Reference [1–3,11,42]

Table 7.6  Critical/potentially life-threatening side-effects of antiseizure medications
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[56]. In a meta-analysis of three randomized controlled trials of the ketogenic diet, 
52% of the participants in the intervention group showed a seizure frequency 
reduction of ≥50% [57].

The classic ketogenic diet is a high-fat, low-carbohydrate diet. With this treat-
ment, patients are followed by a dietician who works with their neurologist. The 
ketogenic diet simulates a fasting state, and metabolism shifts from glycolysis 
toward fatty acid oxidation. All meals maintain a macronutrient ratio of 4:1 or 3:1 
of fats to combined carbohydrates and protein. Meal preparation requires special 
attention to the above ratios, micronutrients, and fluid status. Maintaining the 
appropriate nutrient ratios often requires the use of a gram scale. Formula prepa-
rations are also commercially available.

Historically, the ketogenic diet has been difficult to tolerate for some patients. 
However, in recent years, the availability of compatible foods and recipe books 
created by patients and families has made this approach more palatable. Although 
data supporting the classic ketogenic diet is most robust, there are also other less 
restrictive diets that may be equally as effective. The low glycemic index treatment 
and the modified Atkins diet have been developed as liberalized versions of the 
classic ketogenic diet [58, 59]. These less restrictive diets allow more freedom in 
food choice, and less precision is required with meal preparation compared to the 
classic diet.

There are some seizure and metabolic disorders in which ketogenic diet is con-
sidered a primary therapy. Patients with pyruvate dehydrogenase deficiency may 
receive significant benefit in general neurologic outcomes and longevity with the 
ketogenic diet, as this therapy allows for a bypass of the metabolic defect and pro-
vides ketones as an alternative form of fuel to glucose [60]. Ketogenic diet is con-
sidered first-line therapy in patients with GLUT-1 glucose transporter deficiency, 
as it provides ketone bodies to the CNS, rather than glucose which cannot enter 
neurons [61]. The following populations may also be particularly responsive to the 
ketogenic diet: Angelman syndrome, complex 1 mitochondrial disorders, Dravet 
syndrome, myoclonic atonic epilepsy, febrile infection-related epilepsy syndrome, 
Ohtahara syndrome, and tuberous sclerosis complex [51].

Dietary therapy is contraindicated in patients with certain inborn errors of metab-
olism, including disorders of fatty acid mitochondrial transport, β-oxidation, and 
other mitochondrial cytopathies [56]. Gastrointestinal side effects are the most com-
mon in ketogenic diet therapy and typically occur during the initial first few weeks 
of treatment [51]. Additional side effects may include decreased linear growth, tran-
sient hypertriglyceridemia, metabolic acidosis, and nephrolithiasis [51]. 
Concomitant treatment with oral citrate salts may help prevent renal stones [62]. 
There have been rare cases of increased liver transaminases, hepatosteatosis, and 
cholelithiasis during the first year of treatment with the ketogenic diet [63]. Other 
rare but reported adverse effects with dietary therapy include cardiomyopathy, pro-
longed QTc interval, as well as pancreatitis [56].

The duration of epilepsy diet treatment is variable. Reasons to discontinue treat-
ment include: lack of efficacy, poor compliance, and/or intolerable side effects [64]. 
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If the patient has not demonstrated a positive treatment response, treatment is typi-
cally discontinued after 3–6  months. If a significant treatment response is seen 
(>50% decrease in seizure frequency), clinicians may consider discontinuing ther-
apy after 2 years [51]. In one study, 80% of patients who became seizure free on the 
ketogenic diet remained so after treatment was discontinued [65]. Dietary therapy 
can be abruptly stopped in an emergency, but often the diet is weaned with gradual 
reintroduction of carbohydrates over a period of 1–3 months [51].

�Epilepsy Surgery

For patients with drug-resistant epilepsy, epilepsy surgery should be considered. In 
recent years, there have been increased efforts to prevent the delay of surgical evalu-
ation for pediatric patients with drug-resistant epilepsy [66]. Primary pathologies in 
pediatric epilepsy for which surgical intervention may be targeted include the fol-
lowing: cortical dysplasia, developmental brain tumors such as dysembryoplastic 
neuroepithelial tumor, ganglioglioma, perinatal injuries including stroke, hippo-
campal sclerosis, gliosis of any cause, tuberous sclerosis, hypothalamic hamartoma, 
Rasmussen’s encephalitis, and vascular malformations [66].

For lesional surgery, patients undergo an extensive workup to evaluate their 
candidacy for surgical resection. With this evaluation, teams aim to lateralize and 
localize an epileptic focus as well as determine the cortical function of the region 
at and surrounding it [67]. Phase 1 of the presurgical evaluation is largely noninva-
sive and may include some combination of the following: ictal and interictal EEG 
monitoring, magnetoencephalography (MEG), MRI/MRS, functional MR imag-
ing, interictal positron emission tomography (PET), ictal/interictal single-photon 
emission computed tomography (SPECT), neuropsychological assessment, or 
intracarotid sodium amobarbital testing (Wada test). Phase 2 may include inva-
sive monitoring with intracranial (subdural) or intracerebral electrodes, stereo-
electroencephalography, electrocorticography, or cortical stimulation [67].

Lesional surgery is typically categorized as temporal and extra-temporal. 
Anterior temporal, selective mesial resection (amygdalohippocampectomy), and 
neocortical (extended) lesionectomy are the primary temporal resection strategies 
[68]. The most common primary temporal lesions are tumors, cortical dysplasia, 
and hippocampal sclerosis. Rates of seizure freedom following temporal resection 
range from 58% to 85% [68]. Surgical resection of extra-temporal lesions is often 
more challenging, given that the epileptic focus can be more difficult to localize and 
there is higher risk of damaging areas of eloquent cortex adjacent to the lesion [69]. 
Surgical planning may therefore involve more extensive invasive monitoring in 
extratemporal locations [69]. Typically, surgical outcomes are more guarded in 
extratemporal resection, but can still be quite successful. In a meta-analysis of 37 
studies of pediatric extra-temporal epilepsy surgery, 56% of patients were seizure 
free post-operatively [69, 70].

Functional hemispherectomy is a surgical technique that has evolved from early 
iterations that involved complete resection of a hemisphere to modern 
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disconnection approaches [71]. Surgical hemispheric disconnection is considered 
for patients with catastrophic hemispheric epilepsy most frequently in the setting of 
Rasmussen syndrome. It may also be employed for patients with hemiconvulsion-
hemiplegia-epilepsy syndrome, Sturge-Weber syndrome, hemimegalencephaly, 
multilobar cortical dysplasia, perinatal infarction, or porencephalic cysts [71].

Corpus callosotomy is a surgical disconnection technique that aims to block the 
spread of epileptic discharges between the hemispheres [72]. This surgical proce-
dure may be staged, with an initial disconnection of the anterior corpus callosum, 
preserving the connection at the splenium. If seizures persist, the patient may return 
to the operating room for complete disconnection. In some cases, it may be under-
taken as a single-stage complete callosotomy [72]. This procedure is considered for 
patients with severe refractory epilepsy for whom lesion resection is not possible, 
due to bilateral foci or primary generalized seizures. Corpus callosotomy is most 
frequently used to target a reduction in atonic seizures, which can result in severe 
injury. Patients with atonic seizures related to Lennox-Gastaut syndrome are often 
considered for corpus callosotomy [72].

Patients with an epileptic focus in eloquent cortex may not be candidates for 
lesion resection but might be considered for surgical intervention with multiple sub-
pial transection of the lesion. This surgical technique involves multiple vertical inci-
sions made perpendicular to the surface of the cortex, resulting in the interruption of 
the short horizontal fiber intracortical connections [73]. The goal is to disrupt the 
synchronization and spread of epileptogenic discharges while preserving baseline 
cortical function [73]. Populations who may benefit from this technique include 
patients with Landau-Kleffner syndrome, cortical dysplasia, epilepsia partialis con-
tinua, and Rasmussen’s encephalitis [73].

A number of surgical techniques that have recently emerged may be less invasive 
than open resection. One example is stereotactic MRI-guided laser thermal ablation 
of the epileptogenic lesion [74, 75]. There are currently two FDA-approved sys-
tems, Visualase (Medtronic, Minneapolis, MN, USA), and NeuroBlate (Monteris 
Medical, Plymouth, NM, USA) [75]. In this technique, a laser probe is introduced 
through a burr hole in the skull and advanced with imaging guidance to the epileptic 
focus. Thermal ablation of the lesion is monitored in real time with MR-thermography 
[76]. One of the benefits is the ability to target deep lesions. There are few reports 
of the use of this technique in the pediatric epilepsy population, but the adult litera-
ture has shown some encouraging results [76]. Possible surgical targets for laser 
interstitial thermal therapy include hypothalamic hamartomas, cortical dysplasias 
(including insular lesions), corpora callosa, and periventricular heterotopias [76].

Finally, radiosurgical treatment for pediatric epilepsy is emerging as a viable 
treatment option. With the Gamma Knife technique, multiple stereotactic ionizing 
beams of radiation are targeted to the epileptic focus while limiting radiation expo-
sure to the surrounding tissue [77]. This technique may be used for patients with 
mesial temporal lobe epilepsy with high risk for memory loss or who have previ-
ously undergone open surgery and had incomplete seizure control with prior resec-
tive surgery [77]. Radiosurgical intervention is also employed to treat hypothalamic 
hamartomas and cavernous malformations, and to perform callosotomies [77].
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�Neurostimulation

For patients with drug-resistant epilepsy who are not candidates for surgical resec-
tion, neuromodulation may be considered. The primary technology used in pediat-
ric epilepsy is the vagus nerve stimulator (VNS). It is FDA-approved for patients 4 
years and older for focal seizures, but it is commonly used for multiple seizure 
types and drug-resistant epilepsy syndromes [78, 79]. With VNS, a device is surgi-
cally placed subcutaneously in the left clavicular or lateral thoracic region similar 
to a cardiac pacemaker. An electrode is wrapped around the left vagus nerve and 
directs electrical impulses afferently into the brain. Efferent stimulation along the 
vagus nerve is blocked to prevent disruption of normal autonomic function. 
Stimulation is cycled at scheduled frequencies and can be programmed by clini-
cians using an external device. In the setting of aura or a seizure event, a magnet 
can be swiped over the device by the patient or caregiver to trigger a longer pulse 
stimulus to potentially abort or truncate the seizure [79]. Newer models (since July 
2015) have an auto-detect feature that triggers a pulse of stimulation if there is an 
abrupt increase in heart rate, considered a proxy for seizure activity [78]. A meta-
analysis of 74 clinical studies across age groups demonstrated 50% of patients had 
a greater than 50% reduction in seizures [79, 80]. Early side effects include hoarse-
ness and cough, but these frequently improve with time [78]. There are low rates of 
surgical adverse events, but there is a risk of possible vocal cord paralysis related 
to the implantation procedure [78].

A second type of neuromodulation for refractory epilepsy is responsive neuro-
stimulation. Though not currently approved for patients under 18 years, responsive 
neurostimulation is a technique that involves surgical implantation of a stimulator in 
the skull that is connected to up to two subdural or depth electrodes placed at the 
seizure focus [78]. The device collects continuous EEG data and provides cortical 
stimulation when abnormal electrical activity is detected prior to a seizure. 
NeuroPace, Inc. (Mountain View, CA, USA) was the first system to become FDA-
approved [75, 79]. In a randomized control trial of adult patients, 59% of subjects 
responded to treatment at the 6-year mark, with a median reduction in seizures of 
66% [79, 81]. Current use in pediatrics is off-label in specialized epilepsy cen-
ters [79].

Deep brain stimulation (DBS) is an additional neuromodulatory technique that 
shows some promising results but is not currently approved for use in pediatric 
patients [79]. Similar to the use of this technique in movement disorders, a genera-
tor is placed subcutaneously superficial to the pectoral muscles, and depth elec-
trodes are placed in the brain. Options for electrode placement include the anterior 
or centromedian nucleus of the thalamus, hippocampus, globus pallidus, cerebel-
lum, or the site of suspected seizure onset [78, 79, 82]. The exact mechanism by 
which DBS exerts its antiseizure effect is unknown. It has been proposed that DBS 
may disrupt the neural networks involved in seizure propagation [79, 83]. Pediatric 
efficacy data are limited, but one series of 13 pediatric subjects with electrodes in 
the centromedian nucleus of the thalamus demonstrated greater than 50% reduction 
in seizures in 92% of patients at 18 months [84]. In a systematic review of DBS 
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treatment in 40 patients with drug-resistant epilepsy, 13% became seizure free and 
85% showed reduction in seizure frequency [23, 85].

�Status Epilepticus

Convulsive status epilepticus is the most common pediatric neurologic emergency 
[86]. Though the duration of seizure activity qualifying as status epilepticus has 
fluctuated over the years, the current consensus from the 2012 Neurocritical Care 
Society’s Guideline on the Evaluation and Management of Status Epilepticus and 
the 2016 American Epilepsy Society’s Guideline for Status Epilepticus Management 
defines status epilepticus as 5 minutes of continuous clinical or electrographic sei-
zure activity [87–89]. Refractory status epilepticus is defined as persistent seizure 
activity following an initial abortive treatment (benzodiazepine) and an appropriate 
second antiseizure medication [88].

Treatment algorithms aim to stop both clinical and electrographic seizures 
within 60  minutes of presentation [88]. However, treatment should be initiated 
after 5 minutes of seizure activity, whether in the community or in the emergency 
department. Timing is critical. Chin et al. found for every minute that passed 
between the onset of status epilepticus and initiation of therapy, there was a 5% 
cumulative increase in the risk of developing refractory status epilepticus [86, 90]. 
Lewena et al. found that the first one or two medications administered were effec-
tive for 86% of cases when given within 20 minutes of seizure onset but were 
effective for only 15% of cases when seizure duration exceeded 30 minutes [86, 
91]. The time from status onset to first, second, and third ASM dosing is positively 
correlated with the duration of refractory status epilepticus [92, 93]. One proposed 
mechanism for this phenomenon is that with prolonged status epilepticus, inhibi-
tory GABA receptors on the neuronal cell membrane are internalized, making ben-
zodiazepines less effective [86, 94, 95].

�Etiology of Pediatric Status Epilepticus

Etiology is critical when approaching the question of treatment. Status epilepticus 
is classified into 5 categories: prolonged febrile convulsion, acute symptomatic 
(CNS infection, head injury, acute vascular accident), remote symptomatic (previ-
ous neurological abnormality), idiopathic epilepsy-related (known idiopathic epi-
lepsy, or when the presentation allows a diagnosis of idiopathic epilepsy to be 
made), progressive encephalopathy (epilepsy secondary to a neurodegenerative pro-
cess), and unclassified [96]. In a multicenter study of infants in the United Kingdom 
presenting in refractory convulsive status epilepticus, acute symptomatic causes 
were the most common (28.5%); in patients 1–5 years of age, prolonged febrile 
convulsions were the most common (33.8%); in patients over 5 years of age, remote 
symptomatic status was the most common (36–40%) [96]. A multicenter study in 
Australia and New Zealand reported that 67% of patients presenting in status had a 
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history of prior seizure, and 35% carried a diagnosis of epilepsy. In this same study, 
3% were found to have meningitis/encephalitis, and 1% had an electrolyte distur-
bance or hypoglycemia [97].

�Status Epilepticus Treatment Pathway

Stabilization of the airway, breathing, and circulation, emergent diagnostic, and 
emergent treatment for status epilepticus should occur in tandem [89]. Patients 
should be assessed for airway protection and adequacy of oxygenation, ventilation, 
and perfusion. Peripheral intravenous access should be established. Finger-stick 
glucose should be checked, and the following STAT labs should be sent: complete 
metabolic panel, complete blood count with differential, PT/PTT, blood gas, toxi-
cology screen, and anticonvulsant levels [88, 89]. Fig. 7.2 outlines a status epilepti-
cus treatment reference [86–89, 98–101].

The American Academy of Neurology reported the following clinical data for 
pediatric patients in status epilepticus: low antiseizure medication levels (32%), 
neuroimaging abnormalities (8%), electrolyte disturbances (6%), inborn errors of 
metabolism (4%), ingestion (4%), central nervous system infections (13%), and 
positive blood cultures (3%) [89, 98].

Benzodiazepine options 
Lorazepam

(mg/kg/dose) 
Max 4 mg/dose

Midazolam
(mg/kg/dose) 

Max 10 mg/dose

Diazepam
(mg/kg/dose) 

Max 10 mg/dose

IV 0.1 0.1 0.2

IM 0.1 0.2 0.2

Intranasal 0.2
6–11 years 

10–18 kg: 5 mg x1
19–37 kg: 10 mg x1
38–55 kg: 7.5 mg x2
56–74 kg: 10 mg x2   

≥12 years 
14–27 kg: 5 mg x1
28–50 kg: 10 mg x1 
51–75 kg: 7.5 mg x2
≥ 76 kg: 10 mg x2

PR 
2–5y:  0.5 mg/kg 
6–11y:  0.3 mg/kg 
≥12y:  0.2 mg/kg  
Max 20 mg/dose

2nd line agents 
1st dose 

mg/kg/dose
2nd dose

mg/kg/dose 
Infusion 

time Max

Levetiracetam 60 20 10 min 4.5 g 

Valproate 40 5 min 3 g 

Fosphenytoin (IV/IM) 20 10 7 min 1.5 g PE 

Phenobarbital 20 20 min 1 g

Lacosamide 5 15 min 200 mg

Benzo dose x1
Prepare to intubate if needed

2nd line agent IV bolus x1 

Active seizure?

Benzo dose x1
IV access

2–5 min

10 min after bolus complete

2nd line agent IV bolus x1

OR

Midazolam 
Bolus 0.1–0.2 mg/kg 
Infusion 0.1–0.2 mg/kg/hr

2nd line agent IV bolus x1 

10 min after bolus complete

2–5 min

Yes

Yes

Yes

Yes
STAT glucose / electrolytes   
Urgent brain imaging if concern for trauma / increased ICP /  hemorrhage 
EEG placement 

Home ASM levels 
Ammonia / LFTs / UA / serum and urine tox panel  
If concern for infection: empiric antibiotics / blood culture / lumbar puncture (LP)

LP may also be part of work-up for genetic / metabolic / inflammatory cause once patient is 
acutely stabilized

Fig. 7.2.  Status epilepticus treatment reference. Refs. [86–89,98–101]
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�First-Line Treatment

Status epilepticus treatment is classified as (1) emergent, (2) urgent, and (3) refrac-
tory [86]. Emergent antiseizure treatment should start with a benzodiazepine.

If the patient has IV/IO access

Lorazepam IV 0.1 mg/kg/dose (max 4 mg) or
Diazepam IV 0.15–0.2 mg/kg/dose (max 10 mg)

If the patient does not have IV access

Midazolam IM 0.2 mg/kg/dose (MAX 10 mg) or
Midazolam intranasal 0.2 mg/kg/dose or
Midazolam buccal 0.5 mg/kg/dose 
or
Diazepam PR

2–5 years: 0.5 mg/kg
6–11 years: 0.3 mg/kg
≥ 12 years: 0.2 mg/kg (max 20 mg) 

If the seizure persists for 5 minutes following the first treatment, a second benzo-
diazepine dose should be administered [89]. Lorazepam, diazepam, and midazolam 
have equivalent efficacy and risk of respiratory depression [87, 89]. Metabolic 
derangements, including hypoglycemia, hypocalcemia, hyponatremia, and hypo-
magnesemia should be treated expeditiously [89].

�Second-Line Treatment

In a series of over 500 pediatric cases, 70% required additional treatment beyond 
benzodiazepines to control convulsive status epilepticus [89, 97]. If the seizure per-
sists, urgent treatment with an intravenous loading dose of one of the following four 
agents is indicated: fosphenytoin, levetiracetam, phenobarbital, or valproate. 
Efficacy data are limited to guide rank order of these options. The Established Status 
Epilepticus Treatment Trial (ESETT), a randomized, blinded, adaptive trial, showed 
non-superiority between fosphenytoin, valproate, and levetiracetam for convulsive 
status epilepticus [102]. In this trial, these medications did not differ significantly 
with regard to safety [102]. Further analysis of the data showed no difference in the 
efficacy of the three options by age group, including a pediatric population (<18y) 
[103]. The American Epilepsy Society’s guidelines, when comparing valproate and 
phenobarbital, describe that valproate has equivalent efficacy but better tolerability 
[87, 88]. A meta-analysis of the four medications found phenytoin had lower effi-
cacy (50%) when compared to levetiracetam (69%), phenobarbital (74%), and val-
proate (76%) [89, 104]. Lacosamide is an alternative agent that may be used for 
acute status management, although data in children are limited. For patients with 
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epilepsy on standing ASM treatment, giving an IV loading dose of one of the 
patient’s medications may be prudent. Beyond this, clinicians should consider the 
medication side-effect profiles in the context of the patient’s current clinical circum-
stances and hemodynamics to help guide second-line agent selection. Valproate 
should be avoided in the setting of hepatic dysfunction, metabolic or mitochondrial 
disease, pancreatitis, or thrombocytopenia, or in patients less than 2 years of age 
with status epilepticus of unknown etiology [88, 89]. Given the risk for cardiac 
dysfunction, fosphenytoin should be avoided if a patient is in a low cardiac output 
state or at increased risk for arrhythmias. Similarly, particularly with rapid infusion, 
phenobarbital may precipitate hypotension, respiratory depression, or apnea and 
has the potential for prolonged sedative effect.

�Urgent Workup

For patients with a history of trauma or malignancy, or in cases when the etiology 
of status is unknown, neuroimaging should be performed urgently [89]. Glucose 
and electrolytes should be evaluated immediately. Further laboratory workup to 
evaluate the cause of status may include lumbar puncture, urine toxicology screen, 
and a screen for inborn errors of metabolism. If infectious source is on the differen-
tial, CSF should be sent for cell counts, gram stain, culture, protein, glucose, and 
herpes simplex virus PCR, followed by the initiation of empiric coverage with anti-
biotics and acyclovir [89].

�EEG Monitoring

EEG monitoring should be initiated within 15–60 minutes in cases where there is 
concern for ongoing seizure activity or the patient is not returning to baseline, rais-
ing concern for nonconvulsive status epilepticus [88, 89]. Long-term EEG monitor-
ing may be indicated for 24–48 hours following presentation in status epilepticus 
depending on the clinical course.

�Refractory Status Epilepticus Treatment

Refractory status epilepticus occurs in 10–40% of children with status epilepticus 
[89]. In the ESETT trial, approximately half of patients showed seizure cessation 
following initial loading dose of a second-line agent [102]. For persistent seizure 
activity, the Neurocritical Care Guidelines indicate that clinicians may consider giv-
ing a repeat loading dose of the selected second-line treatment or may move on to 
load with an alternative agent (phenobarbital, fosphenytoin, valproic acid, leveti-
racetam) [88, 89].

For persistent seizure activity following repeat loading doses, treatment transi-
tions to the initiation of continuous infusion of anesthetic agents. At this point, 
patients should have a secured airway and be in a critical care unit with EEG in 
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place. In a multicenter study of pediatric refractory status, midazolam (78%) was 
the first anesthetic agent used with an initial loading dose of 0.1–0.2 mg/kg and a 
continuous infusion rate of 0.1–0.2 mg/kg/hr [101]. EEG should be actively fol-
lowed with possible repeat bolus doses of 0.1 mg/kg and titration of the midazolam 
infusion every 5–30 minutes by 0.05–0.1 mg/kg/hr, to a goal of seizure suppression. 
In the event that midazolam fails to achieve seizure control at a dose of 1 mg/kg/
hour, a transition to pentobarbital should be considered. Pentobarbital treatment can 
be initiated with a loading dose of 2–5 mg/kg followed by a continuous infusion at 
a rate of 0.5–1 mg/kg/hour. The initial bolus may be repeated in the absence of sei-
zure suppression. Titrate to seizure suppression on EEG, re-bolusing with 1–2 mg/
kg and increasing the continuous infusion by 0.5 mg/kg/hr to a max rate of 5 mg/kg/
hr. Alternative agents to consider include propofol and ketamine. Currently, there is 
no consensus standard of care for the rate of anesthetic titration and/or max dosing 
for pediatric refractory status epilepticus care. The above recommendations repre-
sent expert opinion.

The Neurocritical Care Society guidelines recommend 24–48 hours of electro-
graphic seizure control prior to initiation of a wean of continuous infusion treat-
ments for refractory status [88, 89]. Broader workup for refractory status epilepticus 
may include the following: antibodies or PCR for viral encephalitides, autoantibody 
testing, or testing for inborn errors of metabolism [89, 105]. EEG monitoring is 
indicated throughout anesthetic treatment and for at least 24 hours after treatment is 
weaned [89, 106]

�Conclusions

Pediatric epilepsy treatment requires evaluation and consideration of multiple vari-
ables and longitudinal care. Our collective goal for each child should be seizure 
freedom. Becoming comfortable with treatment options and effectively optimizing 
the regimen in an ever-changing research and clinical landscape is a true life’s work. 
Unfortunately, head-to-head efficacy trials are limited, but there is a developing lit-
erature of syndrome-specific treatment and genotype-phenotype correlations to fur-
ther guide treatment choice.

Dietary treatments have been shown to be as effective as any known pharmaceu-
tical option and should be readily included among pediatric epilepsy treatment 
options. Our understanding of the therapeutic mechanisms and physiologic impact 
of dietary therapy continues to expand and will inform broader access and applica-
tion. Evaluation for epilepsy surgery should be pursued in cases of refractory epi-
lepsy without delay. Surgical techniques, specifically options for minimal and 
noninvasive intervention, continue to evolve offering the promise of improved sei-
zure control and preserved function of surrounding eloquent cortex. The further 
development of treatment pathways for status epilepticus, focusing on the emergent 
nature of the disease and the necessity for rapid event capture, aims to improve 
outcomes and prevent lasting harm.

This work focusing on eliminating seizures for children, at the bench and at the 
bedside, holds immeasurable promise for the future for patients and families, in the 
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way of improved neurodevelopmental outcomes, systemic health and wellness, 
mitigating the risk of SUDEP, and improved quality of life.

Appendix: Antiseizure Medications

�Acetazolamide

Section References: [1, 3, 107]

Acetazolamide is a broad-spectrum agent typically used for absence and focal sei-
zures. It is also used in the treatment of GTCs, tonic/atonic, and myoclonic seizures. 
It may be used for catamenial epilepsy, Lennox-Gastaut syndrome (LGS), Landau-
Kleffner/CSWS, and juvenile myoclonic epilepsy (JME).

�Mechanism of Action
Inhibitor of brain carbonic anhydrase. This leads to increase in intracellular CO2 and 
decrease in intracellular pH, which results in depression of neuronal activity.

Dosing

< 12 years:
Start treatment with 3–6 mg/kg/day given in 1–2 doses
Increase by 3–6 mg/kg/day every 3–7 days
Goal of 10–20 mg/kg/day

≥ 12 years:
Start 250 mg/day given in 1–2 doses
Increase by 250 mg/day every 3–7 days
Goal of 250–1000 mg/day

Side Effects
Neurologic: somnolence/lethargy, blurred vision, paresthesia
Systemic: GI symptoms, metabolic acidosis, anorexia

Critical/Potentially Life-Threatening Side Effects
Systemic: Stevens-Johnson syndrome (SJS), toxic epidermal necrolysis (TEN), 
hepatotoxicity, renal failure, metabolic acidosis, nephrolithiasis, agranulocytosis, 
aplastic anemia

�Lab Monitoring
May evaluate baseline and periodic sodium bicarbonate, but this is not routine 
practice.
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�Adrenocorticotropic Hormone (ACTH)

Section References: [1, 3, 8, 108, 109]

ACTH is typically used to treat infantile spasms (IS). It may also be used for severe 
epileptic encephalopathies including Landau-Kleffner syndrome, CSWS, LGS, 
Doose syndrome, Dravet syndrome, and Ohtahara syndrome. This medication must 
be administered intramuscularly.

�Mechanism of Action
Stimulates cortisol release and inhibits cortisol-releasing hormone which has been 
reported as a proconvulsive neuropeptide.

Dosing

< 2 years:
Start 150 units/m2/day IM divided in 2 doses
Treatment course is typically a minimum of 2 weeks followed by a 2-week taper

Side Effects
Neurologic: irritability, insomnia
Systemic: hypertension, weight gain, hyperglycemia

Critical/Potentially Life-Threatening Side Effects
Systemic: myocardial dysfunction, immunosuppression, Pneumocystis pneumonia

Clinical/Lab Monitoring

Prior to treatment
Vital signs/blood pressure
UA, stool guaiac, CBC, Chem10 (electrolytes, BUN/Cr, Ca, Mg, phosphate)
Consider baseline echocardiogram

Throughout treatment
Blood pressure daily x1 week, then 3x weekly, urine glucose and stool guaiac 
2x weekly

After 2–4 weeks: CBC with differential, Chem10
Consider follow-up echocardiogram

Avoid vaccines for 10 days prior to/during treatment. Treatment should include 
concomitant H2 antagonist for gut protection. 
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�Brivaracetam

Section References: [1–3, 24, 110]

Brivaracetam is a broad-spectrum agent. The majority of data has been gathered in 
the treatment of focal seizures, but it has also shown promising results in the treat-
ment of generalized seizures in adults [110].

�Mechanism of Action
The mechanism is incompletely understood. It binds synaptic vesicle protein SV2A, 
involved in synaptic vesicle exocytosis. It is also a partial antagonist of sodium 
channels.

Dosing

<11 kg:
Start 1.5–3 mg/kg/day divided in 2 doses 
Max 6 mg/kg/day

11–19 kg:
Start 1–2.5 mg/kg/day divided in 2 doses
Max 5 mg/kg/day

20–49 kg:
Start 1–2 mg/kg/day divided in 2 doses
Max 4 mg/kg/day

≥ 50 kg or ≥ 16 years:
Start 50–100 mg/day divided in 2 doses
Max 200 mg/day

Adding to levetiracetam does not likely provide additional benefit and may cause 
decreased efficacy.

Side Effects
Neurologic: somnolence/fatigue, irritability, ataxia/dizziness
General: GI symptoms

Critical/Potentially Life-Threatening Side Effects
Systemic: Hypersensitivity reaction

7  Pediatric Epilepsy Treatment



138

�Lab Monitoring
Not required

�Cannabidiol

Section References: [2–4, 20, 23, 111–113]

Cannabidiol is a broad-spectrum agent with suggested efficacy against both focal 
and generalized events. Treatment may be considered for LGS, Dravet syndrome, 
and tuberous sclerosis complex.

�Mechanism of Action
The mechanism of action is incompletely understood. The antiseizure effect is 
likely not mediated by cannabinoid receptors [2, 111]. A potential mechanism has 
been proposed in which cannabidiol results in decreased intracellular calcium (via 
targets GPR55 and TRPV1), thereby reducing neuroexcitability. There may also be 
a therapeutic effect through modulation of adenosine-mediated signaling [4].

Dosing

Start 5 mg/kg/day divided in 2 doses
Increase by 5 mg/kg/day every 7 days
Goal 10–25 mg/kg/day

Side Effects
Neurologic: somnolence, irritability, insomnia
Systemic: GI symptoms, transaminitis, anorexia/weight loss

Critical/Potentially Life-Threatening Side Effects
Systemic: Hypersensitivity reaction

�Lab Monitoring
Consider sending liver function tests (LFTs) at baseline, 1, 3, 6 months and then 
periodically; repeat labs within 1 month of dose change.

�Carbamazepine

Section References: [1–3, 8, 11, 20, 114]

Carbamazepine is used to treat both focal seizures and primary GTCs. In some 
cases, it may cause seizure worsening for patients with idiopathic generalized epi-
lepsies and/or epileptic encephalopathies. Carbamazepine should not be used to 
treat myoclonic, atonic, or absence seizures, as it may cause seizure exacerbation.
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�Mechanism of Action
Inhibits voltage-gated sodium channels, L-type calcium channels, and glutamate 
release.

Dosing

< 6 years:
Start 2–10 mg/kg/day divided in 2–3 (tab) or 4 (suspension) doses
Increase by 5–10 mg/kg/day every 7 days
Goal of 10–30 mg/kg/day

6–12 years:
Start 100 mg/day divided in 2 doses (tab) or 4 doses (suspension)
Increase by 100 mg/day every 7 days
Goal 600–1000 mg/day

> 12 years:
Start 200 mg/day divided in 2 doses (tab) or 4 doses (suspension)
Increase by 200 mg/day every 7 days
Goal of 800–1200 mg/day

Side Effects
Neurologic: somnolence, diplopia/blurred vision, ataxia/dizziness, headache
Systemic: GI symptoms, hyponatremia, leukopenia, rash, pruritis

Critical/Potentially Life-Threatening Side Effects
Neurologic: psychosis/mania
Systemic: SJS/TEN/hypersensitivity reaction, cardiac conduction disturbance, 
hyponatremia, bone marrow suppression, hypogammaglobulinemia

�Lab Monitoring
Consider baseline CBC, Na, LFTs. Consider screening for HLA-B*1502 allele for 
patients with Asian ancestry due to potential increased risk for SJS/TEN. Repeat Na 
once treatment is therapeutic. Repeat Na and/or Chem10 periodically; LFTs and 
thyroid function tests as needed. Repeat CBC at 1–3 months after the start of treat-
ment and every 6  months thereafter. Monitor for vitamin D deficiency with 
25-hydroxyvitamin D levels.

�Cenobamate

Section References: [2, 115]

Cenobamate is typically used for the treatment of focal seizures.
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�Mechanism of Action
A tetrazole alkyl carbamate derivative, it acts as an inhibitor of voltage-gated sodium 
channels and potentially also enhances GABA inhibition.

Dosing

Adults:
Start 12.5 mg/daily
Week 3–4: 25 mg/daily
Week 5–6: 50 mg/daily
Week 7–8: 100 mg/daily
Week 9–10: 150 mg/daily
Week 11-ongoing: 200 mg/day

Side Effects
Neurologic: somnolence/fatigue, dizziness, headache, diplopia

Critical/Potentially Life-Threatening Side Effects
Systemic: decreased QT interval, hypersensitivity reaction

�Lab Monitoring
Defer routine monitoring. Consider monitoring LFTs and potassium as clinically 
indicated.

�Clobazam

Section References: [1–3, 11, 20, 41, 116]

Clobazam is a broad-spectrum agent. It has a therapeutic role as monotherapy as 
well as adjuvant therapy. It is notably effective in the treatment of Dravet syndrome 
and LGS. For Dravet, clobazam can be paired with stiripentol for synergistic effect. 
Tolerance, dependence, and/or excessive sedation are not typically clinical 
limitations.

�Mechanism of Action
Clobazam is a 1–5 benzodiazepine, with a nitrogen at the 1 and 5 positions on the 
diazepine ring. This differs from other benzodiazepines used in epilepsy treatment 
which host nitrogen at the 1 and 4 positions. Clobazam is a GABAA agonist result-
ing in increased chloride ion permeability and neuronal inhibition. At high concen-
trations, benzodiazepines also influence sodium channel function.

Dosing

< 12 years:
Start 0.1–0.2 mg/kg/day daily at night
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Increase by 0.1–0.25 mg/kg/day every 7 days
Goal of 0.8–2 mg/kg/day divided in 2 doses

≥12 years:
Start 5–10 mg/day at night
Increase by 5 mg/day every 7 days
Goal 40 mg/day given in 1–2 doses (max 80 mg/day)

Side Effects
Neurologic: somnolence, irritability/aggressiveness, ataxia, insomnia
Systemic: GI symptoms

Critical/Potentially Life-Threatening Side Effects
Systemic: SJS/TEN, respiratory depression

�Lab Monitoring
Defer routine monitoring. May consider periodic monitoring of CBC and LFTs. 
Levels should be monitored when used with cannabidiol.

�Clonazepam

Section References: [1–3, 11, 20, 117]

Clonazepam is a broad-spectrum agent used to treat both focal and generalized seizures. 
Efficacy against myoclonic and atonic seizures is most notable. It has a wide range of 
uses, particularly for epileptic encephalopathies, and is often employed as adjunctive 
therapy. It may also be used as an acute abortive treatment for seizure clusters.

�Mechanism of Action
Clobazam is a type of benzodiazepine, a GABAA agonist resulting in increased 
chloride ion permeability and neuronal inhibition. At high concentrations, benzodi-
azepines also influence sodium channel function.

Dosing

≤ 12 years:
Start 0.01–0.02 mg/kg/day divided in 2–3 doses (max start 0.5 mg)
Increase by 0.05 mg/kg/day or ≤ 0.25 mg/day every 3–7 days
Goal of 0.1–0.2 mg/kg/day

> 12 years:
Start 0.25 mg at night
Increase by 0.25 mg/day every 7 days.
With titration, divide in 2–3 doses/day
Goal of 4–10 mg/day or 0.05–0.2 mg/kg/day 
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Side Effects
Neurologic: somnolence/fatigue, confusion, hyperexcitability, behavior changes, 
ataxia/impaired coordination

Critical/Potentially Life-Threatening Side Effects
Systemic: respiratory depression

�Lab Monitoring
Defer routine monitoring. May consider periodic monitoring of CBC and LFTs.

�Diazepam

Section References: [1, 3, 20, 118]

Diazepam is typically used as an acute abortive therapy for status epilepticus or 
seizure clusters.

�Mechanism of Action
Diazepam is a type of benzodiazepine. GABAA agonist resulting in increased chlo-
ride ion permeability and neuronal inhibition. At high concentrations, benzodiaze-
pines also influence sodium channel function.

Dosing

Abortive treatment options

PR dosing:
2–5 years: 0.5 mg/kg
6–11 years: 0.3 mg/kg
≥ 12 years: 0.2 mg/kg (max 20 mg)

Intranasal dosing:
6–11 years

10–18 kg: 5 mg in 1 nostril
19–37 kg: 10 mg in 1 nostril
38–55 kg: 7.5 mg x2, 1 spray in each nostril
56–74 kg: 10 mg x2, 1 spray in each nostril

≥ 12 years
14–27 kg: 5 mg, 1 nostril
28–50 kg: 10 mg, 1 nostril
51–75 kg: 7.5 mg x2, 1 spray in each nostril
≥ 76 kg: 10 mg x2, 1 spray in each nostril
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IV dosing:
> 1 month

0.15–0.2 mg/kg/dose (max 10 mg/dose)

Side Effects
Neurologic: somnolence/fatigue, confusion, ataxia/dizziness

Critical/Potentially Life-Threatening Side Effects
Systemic: hypotension, respiratory depression

�Lab Monitoring
Defer routine monitoring. May consider periodic monitoring of CBC and LFTs.

�Eslicarbazepine Acetate

Section References: [1–3, 20, 119–121]

Eslicarbazepine acetate is used to treat focal seizures with or without secondary 
generalization. Like carbamazepine, eslicarbazepine acetate is contraindicated for 
primary generalized seizures due to the potential for exacerbation.

Eslicarbazepine acetate shares a chemical structure with carbamazepine and 
oxcarbazepine, a dibenzapine nucleus with a 5-carboxamide substitute, but has an 
acetate group at the 10,11 position. Eslicarbazepine acetate and oxcarbazepine are 
pro-drugs, both metabolizing to the active licarbazepine. This metabolism results in 
both S and R chiral forms [120]. Both compounds are metabolically active, but the 
S form may cross the blood–brain barrier more effectively and potentially be less 
toxic. Oxcarbazepine metabolizes to chiral ratio S:R of 4:1, whereas eslicarbaze-
pine acetate metabolizes to a ratio of 20:1 [120]. There is evidence for improved 
side-effect profile and stable seizure control when transitioning from oxcarbazepine 
to eslicarbazepine acetate [121].

�Mechanism of Action
Inhibits voltage-gated sodium channels. May also impact glutamate release.

Dosing

11–21 kg:
Start 200 mg/day
Increase by 200 mg/day every 7 days
Goal 400–600 mg/day dosed daily

22–31 kg:
Start 300 mg/day
Increase by 300 mg/day every 7 days
Goal 500–800 mg/day
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32–38 kg:
Start 300 mg/day
Increase by 300 mg/day every 7 days
Goal 600–900 mg/day

> 38 kg:
Start 400 mg/day
Increase by 400 mg/day every 7 days
Goal 800–1200 mg/day

≥ 12 years:
Start 400 mg daily
Increase by 400 mg/day every 2 weeks
Max dose 1200 mg/day

Side Effects
Neurologic: somnolence, impaired attention, diplopia/blurred vision, tremor, ataxia/
dizziness, headache
Systemic: GI symptoms, abnormal liver function, hyponatremia

Critical/Potentially Life-Threatening Side Effects
Systemic: SJS/TEN, cardiac conduction disturbance (AV block, prolonged PR 
interval), hyponatremia

�Lab Monitoring
Consider baseline CBC, sodium, LFTs. Consider screening for HLA-B*1502 allele 
for patients with Asian ancestry due to potential increased risk for SJS/TEN. Repeat 
sodium once treatment is therapeutic. Repeat Chem10 and LFTs to monitor for 
renal and hepatic function every 12 months. Consider monitoring 25-hydroxyvita-
min D levels.

�Ethosuximide

Section References: [1–3, 122]

Ethosuximide is principally used to treat absence seizures. In rare cases, it may also 
be used to treat atonic or myoclonic seizures. Ethosuximide is ineffective and con-
traindicated in the treatment of focal seizures and generalized 
tonic-clonic-seizures.

�Mechanism of Action
Reduces the number or the conductance of low-threshold (T-type) calcium channels 
in thalamic neurons.

A. M. Larson et al.



145

Dosing

2–12 years:
Start 5–10 mg/kg/day
Increase by 5–10 mg/kg/day every 7 days
Goal 20–40 mg/kg/day in 1–3 doses (max 60 mg/kg/day or 2000 mg/day)

> 12 years:
Start 250 mg/day
Increase by 250 mg/day every 7 days
Goal 750–1500 mg/day divided in 2–3 doses

Side Effects
Neurologic: somnolence, headache
Systemic: hiccups, GI symptoms, anorexia/weight loss

Critical/Potentially Life-Threatening Side Effects
Systemic: SJS/TEN, systemic lupus erythematosus, agranulocytosis/aplastic anemia

�Lab Monitoring
Baseline CBC with repeat at 2 months and then as needed thereafter.

�Felbamate

Section References: [1–3, 11, 20, 123]

Felbamate is a broad-spectrum agent used to treat both focal and generalized epi-
lepsy. It is effective in the treatment of tonic/atonic, myoclonic, and absence sei-
zures as well as infantile spasms. It is reserved for patients with LGS and/or severe 
refractory seizures. It is not currently first-line therapy for any indication. This is 
due to the side-effect profile which includes a black box warning for aplastic anemia 
and hepatotoxicity. Dosing can be challenging due to narrow therapeutic range and 
significant medication interactions. Given this, close laboratory monitoring follow-
up with the prescribing team is essential for treatment.

�Mechanism of Action
Inhibits N-methyl-D-aspartate (NMDA)-induced intracellular calcium currents and 
excitatory activity. It also potentiates GABA activity.

Dosing

2–14 years:
Start 15 mg/kg/day divided in 3–4 doses
Increase by 15 mg/kg/day at every 7 days
Goal 15–45 mg/kg/day
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> 14 years:
Start 1200 mg/day divided in 3–4 doses
Increase by 600–1200 mg/day every 7 days
Goal 3600 mg/day

May consider 20% reduction in concomitant ASMs (phenytoin/valproate/pheno-
barbital/carbamazepine) with the start of felbamate to avoid toxicity. Provide slower 
medication titration if the patient is not taking an enzyme-inducing ASM prior to the 
start of felbamate.

Side Effects
Neurologic: irritability, ataxia/dizziness, headache, insomnia
Systemic: GI symptoms, anorexia/weight loss

Critical/Potentially Life-Threatening Side Effects
Systemic: hepatotoxicity, aplastic anemia

�Lab Monitoring
Recommend baseline CBC and LFTs with repeat CBC every 2 weeks and repeat 
LFTs every 4 weeks.

�Fenfluramine

Section References: [23, 25, 41, 124]

Fenfluramine is an amphetamine derivative that has been shown to be effective for 
patients with LGS and Dravet syndrome. It was initially FDA approved for weight 
loss but was removed from the market in 1997 with safety concerns for the develop-
ment of pulmonary hypertension and valvular heart disease. Over the past two 
decades there have been reports of potential efficacy against seizures with a novel 
serotonergic mechanism [23]. Fenfluramine was reapproved by the FDA in 2020 for 
treatment for patients with Dravet syndrome. In the 2019 trial, there were no reported 
cases of pulmonary hypertension or valvular disease in children or young adults [41, 
124]. In the United States, there is a REMS program to facilitate prescriber educa-
tion, routine cardiac monitoring, and reporting of these potential adverse events.

�Mechanism of Action
The mechanism is unknown. Modulation of NMDA receptor-mediated excitation 
and/or serotonergic effects are two mechanisms that have been proposed.

Dosing

≥ 2 years:
Start 0.2 mg/kg/day divided in 2 doses
Increase by 0.2 mg/kg/day every 4–7 days
Goal of 0.7 mg/kg/day (max 13 mg)
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Side Effects
Neurologic: somnolence/fatigue
Systemic: GI symptoms, anorexia/weight loss

Critical/Potentially Life-Threatening Side Effects
Neurologic: serotonin syndrome
Systemic: cardiac valvular disease, pulmonary hypertension

�Clinical Monitoring
Through the REMS program, cardiac echo is recommended at baseline prior to the 
start of treatment, every 6 months during treatment, and then once 3–6 months after 
the completion of treatment.

�Fosphenytoin

Section References: [1–3, 125]

Fosphenytoin is a water-soluble prodrug of phenytoin. It is an IV formulation pri-
marily used as an abortive therapy for status epilepticus. It may also be used as a 
substitute for phenytoin when enteral access is limited; this is typically short term.

Both phenytoin and fosphenytoin are used for focal seizures with or without 
secondary generalization. They may also be effective against some generalized sei-
zures including primary GTC or for patients with mixed semiology, including tonic 
seizures. Fosphenytoin has the potential to worsen a subset of generalized seizures, 
typically myoclonic and absence. Fosphenytoin should be avoided for patients with 
LGS and progressive myoclonic epilepsies.

�Mechanism of Action
Blocks voltage-gated sodium channels and modulates sustained repetitive firing. It 
also inhibits calcium channels and calcium sequestration and inhibits calcium-
calmodulin protein phosphorylation.

Dosing

Status epilepticus:
Loading dose: 20 mg PE/kg IV

Seizure prophylaxis:
Loading dose: 10–15 mg PE/kg IV
Maintenance dosing: 4–5 mg/kg/day divided in 1–4 doses

With acute IV infusion, there is risk for myocardial dysfunction and hypotension.
With long-term use, the side-effect profile follows that of phenytoin (see below).

�Gabapentin

Section References: [1–3, 11, 20, 126]
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Gabapentin is primarily used to treat focal seizures with or without secondary gen-
eralization. In some cases, it may worsen generalized seizures.

Gabapentin is a GABA analog and structurally similar to pregabalin. Its effect as 
an antiseizure treatment, however, does not seem to be mediated by modulation 
of GABA.

�Mechanism of Action
Binds to voltage-gated presynaptic calcium channels which inhibit inward calcium 
currents and decrease neurotransmitter release.

Dosing

3–5 years:
Start 10–15 mg/kg/day divided in 3 doses
Increase by 8–10 mg/kg/day daily for 3 days
Goal 40–50 mg/kg/day

6–12 years:
Start 10–15 mg/kg/day divided in 3 doses
Increase by 10 mg/kg/day daily for 3 days
Goal 25–35 mg/kg/day

> 12 years:
Start 300 mg/day daily
Increase by 300 mg/day daily divided in 3 doses
Goal 900–1800 mg/day (max 3600 mg/day)

Side Effects
Neurologic: somnolence/fatigue, diplopia/blurred vision, nystagmus, tremor, ataxia/
dizziness
Systemic: GI symptoms, increased appetite/weight gain

Critical/Potentially Life-Threatening Side Effects
Systemic: pancreatitis, leukopenia

�Lab Monitoring
Consider baseline LFTs and Chem10 to evaluate liver and renal function. Baseline 
CBC with repeat after 3 and 6 months of treatment.

�Lacosamide

Section References: [1–3, 20, 127–129]

Lacosamide is primarily used to treat focal seizures. In some cases, it may be trialed 
for the treatment of refractory generalized seizures, but efficacy data are limited in 
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pediatrics [128, 129]. With parenteral administration, it may be used for status epi-
lepticus or if enteral access is limited.

�Mechanism of Action
Enhanced slow inactivation of sodium channels, leading to stabilization of hyperex-
citable neuronal membranes and inhibition of repetitive firing. A second proposed 
mechanism suggests that lacosamide may bind collapsin response mediator protein-
2 (CRMP-2), a possible contributor to epileptogenesis.

Dosing

11–29 kg:
Start 2 mg/kg/day divided in 2 doses
Increase by 2 mg/kg/day every 7 days
Goal 6–12 mg/kg/day

30–49 kg:
Start 2 mg/kg/day divided in 2 doses
Increase by 2 mg/kg/day every 7 days
Goal 4–8 mg/kg/day

≥ 16 years or ≥ 50 kg:
Start 100 mg/day divided in 2 doses
Increase by 100 mg/day every 7 days
Goal 200–400 mg/day

Side Effects
Neurologic: diplopia/blurred vision, ataxia/dizziness/impaired coordination, 
headache
Systemic: GI symptoms

Critical/Potentially Life-Threatening Side Effects
Systemic: prolonged PR interval

�Lab Monitoring
May consider baseline LFTs and Chem10 to evaluate liver and renal function with 
repeat labs every 12  months. May alternatively defer routine lab monitoring. 
Recommend baseline ECG to evaluate PR interval and identify potential preexisting 
arrhythmias.

�Lamotrigine

Section References: [1–3, 20, 38, 130–132]
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Lamotrigine is a broad-spectrum agent used to treat both focal and generalized sei-
zures, including primary GTCs, tonic/atonic, and absence seizures. For generalized 
epilepsy syndromes with myoclonic seizures, specifically JME, lamotrigine can 
have mixed results with a subset showing worsening myoclonic seizures [3, 130, 
132]. For patients with Dravet syndrome or progressive myoclonic epilepsy, 
lamotrigine is typically avoided [1].

�Mechanism of Action
Inhibition of voltage-gated sodium channels limiting repetitive firing and stabilizing 
the neuronal membrane. The mechanism is incompletely understood, but there is a 
decrease in the release of excitatory neurotransmitters including glutamate and 
aspartate.

Dosing

2–12 years:
Week 1–2: 0.4 mg/kg/day
Week 3–4: 0.8 mg/kg/day
Increase by 0.4–0.8 mg/kg/day every 7–14 days thereafter
Goal 2–8 mg/kg/day divided in 2 doses

Concomitant treatment with valproate
Week 1–2: 0.15 mg/kg/day
Week 3–4: 0.3 mg/kg/day
Increase by 0.15–0.3 mg/kg/day every 7–14 days thereafter
Goal 1–5 mg/kg/day divided in 2 doses

Concomitant treatment with enzyme inducing ASMs (carbamazepine, phe-
nytoin, phenobarbital, primidone)
Week 1–2: 0.6 mg/kg/day
Week 2–4: 1.2 mg/kg/day
Increase by 0.6–1.2 mg/kg/day every 7–14 days thereafter
Goal 5–15 mg/kg/day divided in 2 doses

> 12 years:
Week 1–2: 25 mg/day
Week 3–4: 50 mg/day
Increase by 50–100 mg/day every 7–14 days thereafter
Goal 100–400 mg/day divided in 2 doses

Concomitant treatment with valproate
Week 1–2: 25 mg every other day
Week 3–4: 25 mg/day
Increase by 25–50 mg/day every 7–14 days thereafter
Goal 100–200 mg/day divided in 2 doses
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Concomitant treatment with enzyme-inducing ASMs
Week 1–2: 50 mg/day
Week 3–4: 100 mg/day
Increase by 50–100 mg/day every 7–14 days thereafter
Goal 200–500 mg/day divided in 2 doses

Steps for cross titration of valproate to lamotrigine [38]

1.	 Hold valproate dose constant and titrate lamotrigine up to 200  mg/day as 
above (concomitant treatment with VPA).

2.	 Maintain lamotrigine dose constant, and taper valproate by decrements of 
500 mg/day every 7 days  until a dose of 500 mg/day is reached. 

3.	 Increase lamotrigine to 300  mg and simultaneously decrease valproate to 
250 mg for one week.

4.	 Stop the valproate and increase lamotrigine by 100 mg/day each week until 
goal dose is reached.

Side Effects
Neurologic: somnolence, anxiety, irritability, ataxia/dizziness, headache, insomnia
Systemic: GI symptoms, rash

Critical/Potentially Life-Threatening Side Effects
Systemic: SJS/TEN, cardiac conduction abnormalities, hepatotoxicity, hematologi-
cal abnormalities, hypogammaglobulinemia

�Lab Monitoring
May consider baseline CBC with repeat at 3 and 6 months, and every 12 months 
thereafter; LFTs at baseline with repeat every 12 months.

�Levetiracetam

Section References: [1–3, 20, 133]

Levetiracetam is a broad-spectrum agent used to treat both focal and generalized 
seizure types. The IV formulation may also be used as abortive therapy in status 
epilepticus.

�Mechanism of Action
The mechanism is incompletely understood. It binds synaptic vesicle protein SV2A, 
involved in synaptic vesicle exocytosis. It inhibits high-threshold (N-type) calcium 
channels and may indirectly modulate GABA and glycine activity.
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Dosing
Status epilepticus

60 mg/kg IV loading dose

Seizure treatment 

< 12 years:
Start 20 mg/kg/day divided in 2 doses
Increase by 10–20 mg/kg/day every 7–14 days
Goal 30–100 mg/kg/day

≥ 12 years:
Start 500–1000 mg/day divided in 2 doses
Increase by 500 mg/day every 7–14 days
Goal 2000–3000 mg/day

Side Effects
Neurologic: somnolence, anxiety, irritability/emotional lability, asthenia, dizzi-
ness/ataxia

Critical/Potentially Life-Threatening Side Effects
Neurologic: suicide ideation/psychosis
Systemic: SJS/TEN, hepatotoxicity, pancytopenia, hypogammaglobulinemia

�Lab Monitoring
Not required

�Lorazepam

Section References: [1–3, 134]

Lorazepam is a broad-spectrum agent typically used as an acute abortive therapy for 
status epilepticus or intermittent use for seizure clusters.

�Mechanism of Action
Lorazepam is a type of benzodiazepine, a GABAA agonist resulting in increased 
chloride ion permeability and neuronal inhibition. At high concentrations, benzodi-
azepines also influence sodium channel function.

Dosing

Status epilepticus
0.1 mg/kg IV

Side Effects
Neurologic: somnolence, cognitive dysfunction, dysarthria, ataxia/dizziness
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Critical/Potentially Life-Threatening Side Effects
Systemic: respiratory depression, hypotension

�Midazolam

Section References: [1–3, 26]

Midazolam is a broad-spectrum agent typically used as an acute abortive therapy for 
status epilepticus or intermittent use of seizure clusters.

�Mechanism of Action
Midazolam is a type of benzodiazepine. GABAA agonist resulting in increased chlo-
ride ion permeability and neuronal inhibition. At high concentrations, benzodiaze-
pines also influence sodium channel function.

Dosing

Acute abortive treatment/status epilepticus

Intranasal dosing:
0.2 mg/kg once (max 10 mg/dose)

≥ 12 years:
5 mg to one nostril, after 10 min, may repeat dose to the other nostril if needed

IM dosing:
0.2 mg/kg/dose (max 10 mg/dose)

IV dosing:
0.1–0.2 mg/kg/dose

Side Effects
Neurologic: somnolence, cognitive dysfunction, dysarthria, ataxia/dizziness

Critical/Potentially Life-Threatening Side Effects
Systemic: hypotension, respiratory depression

�Oxcarbazepine

Section References: [1–3, 20, 135]

Oxcarbazepine is used to treat focal seizures with or without secondary generaliza-
tion. Like carbamazepine, oxcarbazepine is contraindicated for primary generalized 
seizures due to the potential for exacerbation.
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Oxcarbazepine shares a chemical structure with carbamazepine and eslicarbaze-
pine acetate, a dibenzapine nucleus with a 5-carboxamide substitute, but differs 
with a keto group at the 10 position. Oxcarbazepine is a pro-drug, metabolizing to a 
10-monohydroxy derivative.

�Mechanism of Action
The 10-monohydroxy metabolite acts to block voltage-gated sodium channels. This 
stabilizes the membrane and prevents repetitive neuronal firing. It also increases 
potassium conductance, modulates high-threshold calcium channels, and reduces 
the release of glutamate.

Dosing

2–16 years:
Start 8–10 mg/kg/day divided in 2 (< 5y) or 3 (≥ 5y) doses
Increase by 5–10 mg/kg/day every 7 days
Goal 30–40 mg/kg/day (max 60 mg/kg/day)

or

< 20 kg: 600–900 mg/day
20–29 kg: 900–1200 mg/day
30–39 kg: 900–1500 mg/day
40–59 kg: 1500–1800 mg/day

> 16 years:
Start 300 mg/day divided in 2 doses
Increased by 150 mg/day every 2 days
Goal 1200–2400 mg/day

Side Effects
Neurologic: somnolence/lethargy, diplopia, ataxia/dizziness, headache
Systemic: GI symptoms, hyponatremia, rash

Critical/Potentially Life-Threatening Side Effects
Systemic: SJS/TEN/hypersensitivity reaction, cardiac arrhythmia, hyponatremia, 
agranulocytosis, aplastic anemia, pancytopenia, thrombocytopenia

�Lab Monitoring
Consider baseline CBC, Na, LFTs. Consider screening for HLA-B*1502 allele for 
patients with Asian ancestry due to potential increased risk for SJS/TEN. Repeat 
Na at 1–2 months or once at treatment is therapeutic, and periodically thereafter. 
Repeat CBC at 3 and 6 months after the start of treatment. Consider monitoring 
25–hydroxyvitamin D levels.
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�Perampanel

Section References: [1, 2, 17]

Perampanel is a broad-spectrum agent used to treat both focal and generalized 
seizures.

�Mechanism of Action
Antagonist of the AMPA-type glutamate receptor, reducing intracellular calcium, 
resulting in reduced neuronal excitability.

Dosing

≥ 4 years:
Start 2 mg daily; or 4 mg daily if taking enzyme-inducing ASMs*
Increase by 2 mg/day every 7–14 days
Goal 4–8 mg/day
* carbamazepine, phenytoin, phenobarbital, primidone

Side Effects
Neurologic: somnolence/fatigue, irritability, ataxia/dizziness/gait disturbance, 
headache
Systemic: GI symptoms, weight gain

Critical/Potentially Life-Threatening Side Effects
Neurologic: psychosis, suicide ideation
Systemic: hypersensitivity reaction/DRESS

�Lab Monitoring
Defer routine monitoring.

�Phenobarbital

Section References: [1–3, 20, 42]

Phenobarbital is effective in the treatment of focal and primary generalized seizures. 
It is contraindicated for absence seizures. It is often used to treat neonatal seizures 
(see Chap. 5) and as an abortive therapy for status epilepticus across age groups.

�Mechanism of Action
Binds the GABAA receptor leading to increased chloride ion permeability. This 
results in neuronal hyperpolarization and enhancing inhibition. May also result in a 
reduction in calcium-dependent action potentials.
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Dosing

Status epilepticus:
15–20 mg/kg IV

Seizure treatment:

Infants:
5–6 mg/kg/day given in 1–2 doses

1–5 years:
3–8 mg/kg/day given in 1–2 doses

> 5 years to adolescents:
2–3 mg/kg/day given in 1–2 doses

> 12 years/adults:
1.5–4 mg/kg/day given in 1–2 doses
or
50–200 mg/day given in 1–2 doses

Side Effects
Neurologic: somnolence/lethargy, impaired attention/cognition, depression/mood 
changes, behavioral changes/hyperactivity, nystagmus, dysarthria, ataxia
Systemic: GI symptoms, decreased bone density, rash
Rare cases of connective tissue contractures/Dupuytren contracture

Critical/Potentially Life-Threatening Side Effects
Systemic: SJS/TEN/hypersensitivity reaction, respiratory depression/apnea (rapid 
IV infusion), hepatotoxicity, agranulocytosis/thrombocytopenia

�Lab Monitoring
Drug levels, CBC, and LFTs should be monitored. Consider monitoring 
25-hydroxyvitamin D levels.

�Phenytoin

Section References: [1–3, 20, 136]

Phenytoin is used for focal seizures with or without secondary generalization. They 
may also be effective against some generalized seizures including primary GTC or 
for patients with mixed semiology. Phenytoin has the potential to worsen a subset of 
generalized seizures, typically myoclonic and absence. Phenytoin should be avoided 
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for patients with LGS and progressive myoclonic epilepsies. For status epilepticus, 
fosphenytoin is preferred.

�Mechanism of Action
Blocks voltage-gated sodium channels and modulates sustained repetitive firing. It 
also inhibits calcium channels and calcium sequestration and inhibits calcium-
calmodulin protein phosphorylation.

Dosing

With the start of treatment, may consider enteral loading dose depending on the 
clinical circumstances.

Children:
Enteral loading dose:
15 mg/kg/day divided in 3 doses
24 hrs after loading dose: start 5 mg/kg/day given in 1–2 doses
or
Start 5 mg/kg/day given in 1–2 doses
Increase by 5 mg/kg/day every 3–4 weeks
Goal 5–10 mg/kg/day

Adults:
Enteral loading dose:
1 g divided in 3 doses
24 hrs after loading dose: start 300–400 mg/day given in 1–2 doses
or
Start 150–300 mg/day in 1–2 doses
Increase by 50 mg/day every 3–4 weeks
Goal 200–400 mg/day

Side Effects
Neurologic: somnolence, confusion, nystagmus, dysarthria, ataxia/dizziness
Systemic: GI symptoms, decreased bone density, hirsutism, rash, gingival 
hypertrophy

Critical/Potentially Life-Threatening Side Effects
Neurologic: suicide ideation, peripheral neuropathy
Systemic: SJS/TEN, systemic lupus erythematosus, hepatotoxicity, agranulocyto-
sis/aplastic anemia, lymphadenopathy/lymphoma

�Lab Monitoring
Recommend baseline LFTs and Chem10 to evaluate liver and kidney function; 
repeat screening labs every 12 months. Alternatively, may defer routine monitoring. 
Consider monitoring folate and 25-hydroxyvitamin D levels.
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�Pregabalin

Section References: [1–3, 18]

Pregabalin is used for focal seizures with or without secondary generalization. It has 
the potential to exacerbate primary generalized seizures, specifically myoclonus. 
Pregabalin is a broad-spectrum GABA analog and structurally similar to gabapen-
tin. Its effect as an antiseizure treatment, however, does not seem to be mediated by 
modulation of GABA.

�Mechanism of Action
Binds to voltage-gated presynaptic calcium channels, inhibiting inward calcium 
currents. This results in decreased release of neurotransmitters including glutamate, 
noradrenaline, and substance P.

Dosing

Infant to < 4 years:
Start 3.5–5 mg/kg/day divided in 2–3 doses
Increase by 3–5 mg/kg/day every 7 days
Max 14 mg/kg/day

4–16 years:
< 30 kg

Start 3.5 mg/kg/day divided in 2–3 doses
Increase by 3 mg/kg/day every 7 days
Max 14 mg/kg/day

≥ 30 kg
Start 2.5 mg/kg/day divided in 2–3 doses
Increase 3 mg/kg/day every 7 days
Max 10 mg/kg/day

≥ 17 years
Start 50–150 mg/day divided in 2–3 doses
Increase by 50–150 mg/day every 7 days
Goal 150–600 mg/day (max 600 mg/day)

Side Effects
Neurologic: somnolence, impaired attention, irritability/aggressiveness, tremor, 
ataxia/dizziness
Systemic: peripheral edema, GI symptoms, weight gain, xerostomia

Critical/Potentially Life-Threatening Side Effects
Systemic: hypersensitivity reaction, AV block, myocardial dysfunction, angio-
edema, rhabdomyolysis, hypoglycemia, neutropenia
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�Lab Monitoring
Consider baseline Chem10 to evaluate renal function in the setting of preexisting 
comorbidities and/or increased risk.

�Primidone

Section References: [1–3, 20, 137]

Primidone is effective in the treatment of focal and primary generalized seizures. It 
is contraindicated for absence seizures.

�Mechanism of Action
Primidone has two active metabolites, phenobarbital and phenylethylmalonamide. 
Primidone has been shown to provide an antiseizure effect independent from phe-
nobarbital, but the mechanism of this effect is not understood.

Phenobarbital is described above; it binds the GABAA receptor leading to 
increased chloride ion permeability. This results in neuronal hyperpolarization and 
enhancing inhibition. It may also result in a reduction in calcium-dependent action 
potentials.

Dosing

Infants–8 years:
Start 1–2 mg/kg/day given once
Increase every 3 days
Goal 10–25  mg/kg/day (infants); 10–20  mg/kg/day (children) divided in 
2–4 doses
or
Day 1–3: 50 mg/day at bedtime
Day 4–6: 100 mg/day divided in 2 doses
Day 7–9: 200 mg/day divided in 2 doses
Day 10: 375–750 mg/day divided in 3 doses

> 8 years – adults:
Day 1–3: 125 mg/day given once
Day 4–6: 200–250 mg/day divided in 2 doses
Day 7–9: 300–375 mg/day divided by 3 doses
Day 10: 750 mg/day divided by 3 doses
Goal 750–1500 mg/day or 10–20 mg/kg/day divided in 3–4 doses

Side Effects
Neurologic: somnolence/lethargy, impaired attention/cognition, depression/mood 
changes, behavioral changes/hyperactivity, nystagmus, dysarthria, ataxia
Systemic: GI symptoms, decreased bone density, rash
Rare cases of connective tissue contractures
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Critical/Potentially Life-Threatening Side Effects
Neurologic: Acute toxic reaction (severe sedation, ataxia/dizziness, nausea/
vomiting)
Systemic: SJS/TEN/hypersensitivity reaction, hepatotoxicity, agranulocytosis

�Lab Monitoring
Defer routine monitoring. Consider monitoring 25-hydroxyvitamin D levels.

�Rufinamide

Section References: [1–3, 20, 138]

Rufinamide is a broad-spectrum agent used to treat both focal and primary general-
ized seizures with a role in treatment of LGS and epileptic spams. As a triazole 
derivative, the chemical structural is unique among current ASMs.

�Mechanism of Action
Blocks voltage-gated sodium channels after inactivation, prolonging recovery and 
preventing return to an active state. This persistent depolarization reduces bursts of 
high-frequency action potentials.

Dosing

≥ 4 years and < 30 kg:
Start 10 mg/day or 200 mg/kg/day divided in 2 doses
Increase by 10 mg/day or 200 mg/kg/day every 2–7 days
Goal 45 mg/day or 1000 mg/kg/day
Goal 400–600 mg/day *
* Concomitant treatment with valproate

Children ≥ 30 kg and adults:
Start 400 mg/day divided in 2 doses
Increase by 400 mg/day every 2 days
Goal
30–50 kg: 1800 mg/day
51–70 kg: 2400 mg/day
> 70 kg: 3200 mg/day

Side Effects
Neurologic: somnolence/fatigue, dizziness/ataxia, headache
Systemic: GI symptoms

Critical/Potentially Life-Threatening Side Effects
Neurologic: status epilepticus
Systemic: hypersensitivity reaction, decreased QTc interval
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�Lab Monitoring
Consider baseline LFTs and Chem10 for hepatic and renal function; repeat every 
12 months. Alternatively, may defer routine monitoring. Recommend baseline ECG 
to evaluate QTc interval and identify potential preexisting arrhythmias.

�Stiripentol

Section References: [1–3, 19, 23]

Stiripentol is used as an adjuvant therapy for synergistic effect with clobazam or 
valproate, typically for patients with Dravet syndrome and refractory GTCs. 
Co-treatment with carbamazepine, phenytoin, or phenobarbital is typically avoided 
due to risk of toxicity.

�Mechanism of Action
Activates GABAA receptor with barbiturate-like mechanisms of increasing chloride 
ion permeability, neuronal hyperpolarization, and enhanced inhibition. It may also 
increase GABA levels by inhibiting synaptic uptake and/or inhibiting GABA trans-
aminase. Stiripentol has additional indirect effects; as a CYP inhibitor, it may act to 
increase serum levels of concomitant ASMs such as clobazam.

Dosing

A broad range of dosing has been reported:
Start 25–50 mg/kg/day divided in 2–3 doses
Increase by 10 mg/kg/day every 7–14 days
Goal 75 mg/kg/day

May consider lower dosing to start:
Start 10–20 mg/kg/day divided in 2–3 doses
Increase over 2–4 weeks
Goal 50 mg/kg/day

Side Effects
Neurologic: somnolence, agitation/irritability, dysarthria, hypotonia, dystonia, 
tremor, ataxia, insomnia
Systemic: GI symptoms, anorexia/weight-loss

Critical/Potentially Life-Threatening Side Effects
Neurologic: suicide ideation
Systemic: aplastic anemia, leukopenia/neutropenia, thrombocytopenia

�Lab Monitoring
Consider baseline LFTs and Chem10 for hepatic and renal function; repeat every 
12 months.
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�Sulthiame

Section References: [1–3]

Sulthiame is used for focal seizures with or without secondary generalization and 
self-limited epilepsy with centrotemporal spikes. It is also used for epileptic enceph-
alopathies, with specific efficacy for patients with CSWS and myoclonic epilepsies. 
It is not currently approved for use in the United States but is widely used in Europe.

�Mechanism of Action
Inhibits voltage-gated sodium channels and glutamate release. Inhibits carbonic 
anhydrase which results in decreased inward calcium flow of NMDA receptors, 
thereby reducing neuronal excitability.

Dosing

Children:
Start 5 mg/kg/day divided in 2 doses
Increase by 5 mg/kg/day after 7 days
Goal 5–10 mg/kg/day

Adults:
Start 100–250 mg/day divided in 2 doses
Increase by 100 mg/day every 7 days
Goal 200–600 mg/day

Side Effects
Neurologic: paresthesia, ataxia/dizziness, headache
Systemic: hyperventilation, metabolic acidosis, anorexia/weight loss, rash

Critical/Potentially Life-Threatening Side Effects
SJS/TEN, renal dysfunction, metabolic acidosis, nephrolithiasis

�Lab Monitoring
Consider baseline CBC and Chem10 to evaluate renal function.

�Tiagabine

Section References: [1–3, 20, 139]

Tiagabine is used for focal seizures with or without secondary generalization. It 
may also be considered for epileptic spasms.

�Mechanism of Action
Enhanced endogenous GABA effect by blocking GABA reuptake by inhibiting 
GABA transporter-1.
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Dosing

Children > 12 years:
Start 0.1 mg/kg/day
Increase by 0.1 mg/kg/day every 7–14 days
Goal 0.5–2 mg/kg/day divided in 2–4 doses

Concomitant treatment with enzyme-inducing ASMs
> 12 years:
Start 0.25 mg/kg/day
Increase by 0.5–1 mg/kg/day every 7 days
Max 4–8 mg/kg/day divided in 3–4 doses 

12–18 years: 
Start 4 mg/day
Increase by 4 mg/day every 7 days
Max 32 mg/day divided in 2–4 doses

Side Effects
Neurologic: somnolence/fatigue, cognitive and attention impairment, anxiety, 
asthenia, tremor, dizziness, headache
Systemic: GI symptoms, ecchymosis

Critical/Potentially Life-Threatening Side Effects
Neurologic: nonconvulsive status or absence status epilepticus, suicide ideation 
Concern for possible risk of visual field deficits but data is limited
Systemic: SJS/TEN

�Lab Monitoring
Consider baseline CBC as well as LFTs and Chem10 for hepatic and renal function; 
repeat every 6–12 months. Alternatively, may defer routine monitoring.

�Topiramate

Section References: [1–3, 20, 21]

Topiramate is a broad-spectrum agent used to treat both focal and primary general-
ized events, including primary GTCs, myoclonic and absence seizures. It is used for 
myoclonic syndromes including Dravet, progressive myoclonic epilepsies, myo-
clonic atonic epilepsy, and JME. It is also used for LGS and IS.

�Mechanism of Action
Multiple described mechanisms of action including inhibition of voltage-gated 
sodium channels, L-type voltage-gated calcium channels, AMPA glutamate 
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receptors, and carbonic anhydrase. It binds GABAA receptors mediating neuronal 
inhibition. Finally, topiramate may increase potassium channel conduction.

Dosing

Infants and children <12 years:
Start 0.5–1 mg/kg/day divided in 2–3 doses
Increase by 0.5–1 mg/kg/day every 7–14 days
Goal 3–9 mg/kg/day

2–16 years:
Start 1–3 mg/kg/day divided in 2–3 doses
Increase by 1–3 mg/kg/day every 7–14 days
Goal 5–9 mg/kg/day

≥ 17 years:
Start 25–50 mg/day divided in 2 doses
Increase by 25–50 mg/day every 7–14 days
Goal 100–400 mg/day

Side Effects
Neurologic: somnolence/fatigue, cognitive and attention impairment, anxiety, 
depression/mood changes, paresthesia, ataxia/dizziness
Systemic: metabolic acidosis, anorexia/weight loss, hypohidrosis

Critical/Potentially Life-Threatening Side Effects
Neurologic: acute myopia with secondary angle-closure glaucoma
Systemic: metabolic acidosis, nephrolithiasis, oligohydramnios/hyperthermia

�Lab Monitoring
Consider CBC, LFTs, and Chem10 once maximum treatment dose is reached or at 
3–6  months following the start of treatment. Alternatively, may defer routine 
monitoring.

�Valproate

Section References: [1–3, 20, 140]

Valproate is a broad-spectrum agent used to treat both focal and primary general-
ized events including GTCs, tonic/atonic, myoclonic seizures, and absence seizures. 
It is used for JME and LGS. It may also be used in status epilepticus.

�Mechanism of Action
Multiple described mechanisms of action including inhibition of voltage-gated 
sodium channels and T-type calcium channels, as well as increased potassium 
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channel conduction. There is an increase in GABA concentrations by multiple pro-
posed modalities including increased glutamic acid decarboxylase activity, inhibi-
tion of GABA transaminase or succinic semialdehyde dehydrogenase. Decreased 
expression of glutamate transporter-1 has also been described.

Dosing

Status epilepticus:
20–40 mg/kg IV

Seizure treatment:
≤ 12 years

Start 10–15 mg/kg/day divided in 2–3 doses
Increase by 5–15 mg/kg/day every 5–7 days
Goal 20–60 mg/kg/day

> 12 years
Start 200–500 mg/day divided in 2 doses
Increase by 200–500 mg/day every 3–7 days
Goal 1000–1500 mg/day

Side Effects
Neurologic: somnolence/lethargy, asthenia, tremor, ataxia/dizziness, headache
Systemic: GI symptoms, hyperammonemia, elevated liver enzymes, hypocarni-
tinemia, weight gain, decreased bone density, alopecia, ecchymosis

Critical/Potentially Life-Threatening Side Effects
Neurologic: hyperammonemic encephalopathy
Systemic: SJS/TEN, hepatotoxicity, pancreatitis, agranulocytosis, aplastic anemia, 
thrombocytopenia, hypogammaglobulinemia

�Lab Monitoring
Consider baseline CBC and LFTs; repeat at 2 months after the start of treatment and 
every 6 months thereafter. Consider monitoring 25-hydroxyvitamin D levels.

�Vigabatrin

Section References: [1–3, 11, 22, 141]

Vigabatrin is typically used to treat IS. For patients with tuberous sclerosis complex  
and IS, it is first line. It may also be used to treat refractory focal seizures with or 
without secondary generalization. It is contraindicated for primary generalized sei-
zures including absence seizures.

�Mechanism of Action
Increases synaptic GABA by irreversibly inhibiting GABA transaminase. 
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Dosing

Infants:
Start 50 mg/kg/day given in 2 doses
Increase by 25–50 mg/kg/day every 3 days
Max 150–200 mg/kg/day

2–16 years and ≤ 60 kg:
10–15 kg
Start 350 mg/day divided in 2 doses
Increase every 7 days
Goal 1050 mg/day

16–20 kg:
Start 450 mg/day divided in 2 doses
Increase every 7 days
Goal 1300 mg/day

21–25 kg: 
Start 500 mg/day divided in 2 doses
Increase every 7 days
Goal 1500 mg/day

26–60 kg: 
Start 500 mg/day divided in 2 doses
Increase every 7 days
Goal 2000 mg/day

≥ 17 years and/or > 60 kg:
Start 500–1000 mg/day given in 2 doses
Increase by 500 mg/day every 7 days
Goal 1000–3000 mg/day

Side Effects
Neurologic: Somnolence/fatigue, cognitive impairment, agitation/irritability, 
tremor, paresthesia, ataxia/dizziness, headache
MRI changes: restricted diffusion on T2 imaging of the basal ganglia, thalamus, 
brainstem, dentate
Systemic: GI symptoms, weight gain

A visual field deficit develops with vigabatrin treatment in about one third of 
cases [3, 141]. In the United States, there is a REMS program to support prescriber 
education and serial ophthalmologic monitoring.

Critical/Potentially Life-Threatening Side Effects
Neurologic: status epilepticus, psychosis
Systemic: hypersensitivity reaction, angioedema

A. M. Larson et al.



167

�Lab Monitoring
Consider baseline CBC as well as LFTs and Chem10 to evaluate hepatic and renal 
function; repeat labs every 6–12 months thereafter.

�Zonisamide

Section References: [1–3, 20, 108, 142]

Zonisamide is a broad-spectrum agent used to treat both focal and generalized 
events including primary GTCs, tonic/atonic, myoclonic, and absence seizures. It 
may be used for epileptic encephalopathies including IS, Ohtahara syndrome, pro-
gressive myoclonic epilepsies, and Dravet syndrome.

�Mechanism of Action
Blocks voltage-gated sodium channels, T-type calcium channels, and carbonic 
anhydrase. Decreases GABA transporter-1 expression and glutamate release. 
Increases extracellular levels of dopamine and serotonin. Increased expression of 
excitatory amino-acid carrier-1 (EAAC-1).

Dosing

> 6 years:
Start 1–2 mg/kg/day given in 1–2 doses
Increase by 1–2 mg/kg/day every 7–14 days
Goal 5–12 mg/kg/day

Adults:
Start 100 mg/day given in 1–2 doses
Increase by 100 mg/day every 7–14 days
Goal 100–600 mg/day

Side Effects
Neurologic: somnolence/fatigue, cognitive and attention impairment, anxiety, 
depression, agitation/irritability, paresthesia, ataxia/dizziness
Systemic: GI symptoms, anorexia/weight loss, metabolic acidosis, rash, hypohidrosis

Critical/Potentially Life-Threatening Side Effects
Neurologic: status epilepticus, psychosis, acute myopia with secondary angle-
closure glaucoma
Systemic: SJS/TEN, hepatotoxicity, metabolic acidosis, nephrolithiasis, agranulo-
cytosis, aplastic anemia, anhidrosis, hyperthermia

�Lab Monitoring
Consider baseline chemistry panel with repeat 3–6 months after the start of treat-
ment. For patients with cognitive impairment, for whom it may be difficult to rec-
ognize early signs or symptoms of metabolic acidosis, plan for ongoing periodic lab 
monitoring of bicarbonate levels.
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Non-epileptic Paroxysmal Events

Amy Armstrong-Javors

�Neonates

Differentiating between normal and abnormal neonatal behaviors can be quite chal-
lenging, even for the experienced neurologist. The initial movements of newborns 
are typically described as “writhing” and subsequently evolve into “fidgety” move-
ments by 6–9 weeks [1]. These motor patterns then resolve by 20 weeks as motor 
control improves. It is important to remember that 90% of abnormal movements in 
neonates are non-epileptic [2]. However, seizures in neonates can lead to poor out-
come, especially if not identified early. See Table 8.1.

�Apnea

Apnea in the newborn is defined as 20 or more seconds of breathing cessation. It is 
particularly common in premature neonates who have immature central regulatory 
control of breathing. Non-epileptic apnea often coincides with bradycardia [3]. 
Apnea with tachycardia is more commonly associated with seizures. Ictal apnea is 
often accompanied by tonic extension of the limbs, abnormal eye, or mouth move-
ments [4]. Apnea is not commonly the only symptom of seizure in a full-term new-
born, but it does occur on occasion and there should be a low threshold for further 
work-up.

A. Armstrong-Javors (*) 
Division of Pediatric Neurology, Massachusetts General Hospital, Boston, MA, USA
e-mail: AARMSTRONG-JAVORS@partners.org

Supplementary Information The online version of this chapter (https://doi.
org/10.1007/978-3-319-08290-5_8) contains supplementary material, which is available to autho-
rized users.

8

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-08290-5_8&domain=pdf
https://doi.org/10.1007/978-3-319-08290-5_8#DOI
mailto:AARMSTRONG-JAVORS@partners.org
https://doi.org/10.1007/978-3-319-08290-5_8#DOI
https://doi.org/10.1007/978-3-319-08290-5_8#DOI


178

�Jitteriness

Jitteriness is very common in healthy neonates but can be present in those with hypoxic 
ischemic encephalopathy, metabolic derangements (hypoglycemia or hypocalcemia) 
or intrauterine drug exposure. Jittery movements are typically described as low ampli-
tude, oscillating tremors in the extremities. The chin can also be involved. Head and 
eye movements are not typically present. Jittery movements are most commonly 
observed in active or crying infants [5]. Episodes of jitteriness are often provoked by 
tactile or auditory stimuli and can be extinguished by removal of the trigger, restraint 
and/or swaddling. Appropriate treatment of metabolic derangements and drug with-
drawal alleviates jitteriness in relevant cases. Of note, jitteriness can begin during or 
after the neonatal period and persist through infancy, with an average age of resolution 
of 7 months [6]. Development is typically normal when jitteriness is idiopathic.

�Benign Neonatal Sleep Myoclonus

Benign neonatal sleep myoclonus consists of repetitive jerking limb movements 
that occur during non-REM sleep in the first several weeks of life and disappear by 
10 months of age [7] (Video 8.1). The myoclonic jerks can involve arms or legs and 
can be symmetric and rhythmic or multifocal and migratory. The myoclonus can 
occur in clusters. The movements are characteristically terminated by arousal from 
sleep. A normal neurological exam and development, as well as the absence of auto-
nomic changes during myoclonic jerks, are supportive of this benign diagnosis. 
EEG is normal.

�Hyperekplexia

Hyperekplexia is a rare genetic disorder presenting at birth with generalized stiff-
ness, myoclonus, and an exaggerated startle [8]. Since hypoxic brain injury can 
occur due to episodes of apnea related to severe uninterrupted tonic spasms, an 
accurate early diagnosis is critical. [9, 10] Episodes of tonic extension are often 
provoked by arousal, verbal, or tactile stimuli and can be relieved with neck or hip 
flexion, distinguishing them from epileptic seizures [11]. Tonic spasms can be pro-
voked by tapping on the nose or forehead. Toddlers with hyperekplexia are often 
delayed in walking due to frequent falls from exaggerated startle [12]. In these 

Table 8.1  Non-epileptic paroxysmal events in neonates

Event Age range (peak age of onset)
Apnea All, mostly premature infants
Jitteriness Birth–10.5 months (0–7 days)
Benign neonatal sleep myoclonus 1 day–10 months (1–16 days)
Hyperekplexia Birth–Infant (birth)
Hemifacial spasm All ages (birth)
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cases, a detailed history with the onset of symptoms at birth will suggest a diagnosis 
of hyperekplexia rather than atonic seizures.

�Hemifacial Spasm

Hemifacial spasm is a very rare, sometimes congenital, condition. It is more com-
mon in adults. This movement disorder is characterized by involuntary brief clonic 
or less commonly tonic spasms of the muscles near the eye, usually unilaterally. 
Facial nerve involvement increases over time, resulting in a larger area of unilateral 
facial spasm [13]. Eyelid blinking and, less frequently, hyperventilation, breathing 
irregularities, dystonia, or nystagmus can also be seen. Most pediatric cases present 
at birth, though onset in infancy and childhood has been reported [14]. The majority 
of cases are associated with an underlying intracranial mass, typically in the cere-
bellum or fourth ventricle [15].

�Infants

Seizure-mimics in infants tend to be benign, although they can be difficult to dif-
ferentiate from epileptic events in many cases. See Table 8.2.

�Breath Holding Spells

Breath holding spells, which typically begin between 6 and 18 months of age, are 
typically provoked by crying in response to frustration, anger, or a minor injury. 
Crying precedes apnea, which usually occurs at the end of expiration, followed 
by color change. Spells can be either cyanotic or pallid. During cyanotic spells, 
color change appears rapidly and is followed by complete loss of tone and 

Table 8.2  Non-epileptic paroxysmal events in infants

Event Age range (peak age of onset)
Breath-holding spells 6 months–6 years (6–18 months)
Sandifer syndrome Pre-school age
Benign myoclonus of infancy 3 months–3 years (4–7 months)
Benign paroxysmal torticollis in infancy 1 week–3 years (5–7 months)
Shuddering attacks Infant
Stereotypy/rhythmic movement disorder All ages (9 months–4 years)
Infantile self-gratification 2 months–3 years (4–13 months)
Alternating hemiplegia of childhood 3 months–adult (< 18 months)
Paroxysmal extreme pain syndrome Neonatal–adult (infancy)
Ocular phenomena
 �� Oculomotor apraxia Neonatal–Infancy
 �� Spasmus nutans 2 months–5 years (4–12 months)
 �� Opsoclonus-myoclonus 6–36 months (6–18 months)
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unresponsiveness. Tonic posturing, clonic, or myoclonic movements are com-
mon during the loss of consciousness. Pallid spells are less common and may 
similarly accompanied by abnormal motor activity [16]. These spells are often 
initiated by a minor head trauma. Initial apnea, pallor, diaphoresis, and hypoto-
nia quickly evolve into hypertonia, occasionally with urinary incontinence or 
clonic movements.

Breath-holding spells have an identifiable trigger, which distinguishes them from 
seizures. While children may be tired or frightened after the spells, true post-ictal 
confusion or mental status changes are not observed. An EKG during breath-holding 
episodes reveals sinus bradycardia and even periods of asystole [17].

A positive family history is present in over a quarter of patients. Treatment of 
iron deficiency, which is more common in these children, can reduce the fre-
quency and severity of cyanotic episodes [18]. A ferritin level should be checked 
and treatment with iron supplementation should be initiated for a ferritin 
level < 50 ug/L. Despite the frightening nature of breathing holding spells, neu-
rologic development is normal, and children outgrow these spells by 
4–5 years of age.

�Stereotypies/Rhythmic Movement Disorder

Stereotypies are rhythmic and stereotyped movements that typically present prior to 
age 3. They are particularly common in children with autism or developmental 
delays but occur in typically developing children as well. A family history and asso-
ciation with ADHD and learning disability is present in up to 25% [19]. Children 
often perform these movements when anxious or excited, but they can also be seen 
in times of boredom, intense focus, or just prior to sleep. [20, 21]

The most common stereotypies are hand flapping, head banging, head rolling, 
tensing up of the extremities, and body rocking (Videos 8.2 and 8.3). The move-
ments typically last seconds to minutes. In Rett syndrome, hand-wringing and flap-
ping stereotypies are very common [22]. Unlike seizures, stereotypies are 
suppressible and terminate with distraction [ 23]. In developmentally typical chil-
dren, stereotypies often resolve by age 4–6.

�Sandifer Syndrome

Sandifer syndrome is an uncommon response to gastroesophageal reflux involving 
paroxysmal episodes of stiffening, dystonia, and/or opisthotonic posturing. There 
can be associated bradycardia due to triggering of the vagal reflex [24]. Episodes 
often occur within 30 minutes after a meal and can involve staring, head/eye ver-
sion, and subtle jerking. [25, 26] A temporal relationship to eating and lack of men-
tal status changes suggest a non-epileptic etiology. The precise pathophysiology of 
these movements is not well understood.
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�Benign Myoclonus of Infancy

Benign myoclonus of infancy is characterized by repetitive myoclonic jerks [27]. 
Initially the myoclonus appears very similar to that of infantile spasms, a potentially 
devastating epilepsy syndrome, and also cannot be suppressed by gentle pressure. 
[28, 29] Symmetric bilateral upper extremity jerks are most common, but the trunk 
and legs can be involved. Benign myoclonus is a diagnosis of exclusion; EEG is 
typically performed to rule out infantile spasms or myoclonic seizures [7]. The peak 
age onset is 3–9 months and symptoms typically resolve within 8 months, although 
cases with symptoms lasting 1–2 years have been reported [30].

�Benign Paroxysmal Torticollis

Benign paroxysmal torticollis of infancy involves sustained episodes of neck and 
head deviation to one side with the face deviated toward the other side. Episodes can 
last minutes to days and are associated with a family history of migraine [ 31]. The 
child is alert and responsive throughout the episodes, which are self-resolving and 
typically dissipate by 3 years of age [32]. The prolonged duration of episodes and 
the lack of mental status changes help differentiate these spells from seizures. Many 
children with benign paroxysmal torticollis develop typical migraine headaches 
later in life.

�Shuddering Attacks

Shuddering attacks are a benign movement disorder involving repetitive 5–15 sec-
ond episodes of rapid tremor/shiver of the head and shoulders, often with stiffening 
and elevation of the arms, staring, and leaning to one side [33]. They most often 
occur during feeding, when excited or upset. They do not occur during sleep. 
Consciousness is preserved during episodes, distinguishing them from seizures. 
Onset is usually in infancy and symptoms can persist throughout early childhood 
but resolve by the second decade of life [34].

�Infantile Self-Gratification

Infantile self-gratification/masturbation can start in infants as young as 2–3 months 
but is most common in late infancy/early toddler stage. More common in females, 
this disorder is characterized by rocking against a car seat, rubbing their legs 
together, or making pelvic movements [35] (Video 8.4). Children may be flushed, 
grunting, or breathing irregularly, and are typically less aware of their surroundings. 
Unlike seizures, children can stop the behaviors on command [36]. This is a benign, 
self-limited condition and within the realm of normal development.
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�Spasmus Nutans

Spasmus nutans is a rare, self-limited condition presenting between 4 and 18 months 
of age involving asymmetric pendular nystagmus, torticollis, and head nodding, 
which can fluctuate throughout the day. Not all cases have all three clinical features. 
While the movements can be reminiscent of seizures, the absence of mental status 
changes and nearly continuous nature of symptoms is distinct. [37, 38] In rare cases, 
similar symptoms can be due to an intracranial mass. A careful history and exami-
nation can determine whether brain imaging is necessary.

�Opsoclonus-Myoclonus Ataxia Syndrome

Opsoclonus-myoclonus ataxia syndrome is a rare condition in children which is 
most commonly associated with neuroblastoma. Symptoms of ataxia, myoclonus, 
abnormal eye movements (“dancing eyes”), irritability, and sleep disturbance are 
present and can be confused with seizure [39] (Video 8.5). The sub-acute progres-
sion of symptoms, characteristic eye movements, and sustained ataxia are not con-
sistent with seizures. This syndrome is thought to be caused by an autoimmune 
reaction (either to a tumor or infection) that produces antibodies to cerebellar 
epitopes.

�Oculomotor Apraxia

In oculomotor apraxia, which is uncommonly confused with seizure, infants have 
impaired horizontal saccades and as a result make sudden rapid head movements, 
called head thrusts, to track objects [40]. Roughly one quarter of cases are idio-
pathic and associated only with developmental delay but no other neurologic anom-
alies [41]. The remainder of cases are associated with more widespread neurological 
disorders, including ataxia telangiectasia, lysosomal storage disorders, or Joubert 
syndrome. [42–44]

�Benign Paroxysmal Tonic Upgaze

This rare condition consists of episodes of sustained upgaze in infants and young 
children. Episodes of upgaze occur frequently and are of brief duration (10–30 sec-
onds) (Video 8.6). There is often a compensating downward head tilt and down-
beating nystagmus. Paroxysmal ataxia is present in up to 40%. Though the condition 
resolves completely in 50% of patients over several years, some children with the 
condition have a concomitant learning disability, persistent ataxia, or oculomotor 
symptoms [45]. Rarely this disorder can be secondary to structural abnormalities 
including periventricular leukomalacia, vein of Galen aneurysm, and pineal gland 
tumors [46]. The pathophysiology of this condition is not well understood.
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�Alternating Hemiplegia of Childhood

This is a rare progressive disorder presenting before 18 months in which children 
have abrupt episodes of hemiplegia, often accompanied by abnormal eye move-
ments, ataxia, or dystonia, which all resolve with sleep. In most patients, the eye 
movements start within the first 3 months of life [47]. Seizures occur in 50% of 
patients later in life, but early features of the condition can be confused with sei-
zures as well. Most cases are caused by de novo mutations in the ATP1A3 gene [48].

�Paroxysmal Extreme Pain Disorder

This channelopathy is often first manifested in neonates and infants who have 
severe, burning rectal pain and present with spells of autonomic instability and tonic 
stiffening, sometimes with resultant bradycardia, syncope, and even asystolic car-
diac arrest [49]. Older children are able to describe the pain, clarifying the diagno-
sis. This is a very rare condition.

�School-Aged Children

Benign paroxysmal non-epileptic events are very common in children. Children 
with epilepsy can also have non-epileptic events, clouding the picture. Distinguishing 
between the two can be very challenging and may require work-up including EEG 
and imaging in addition to a detailed history and clinical exam (Table 8.3).

�Tic Disorders

Tics are sudden, repetitive, stereotyped involuntary movements or vocaliza-
tions. They are very common, occurring in 6–12% of school-aged children. 

Table 8.3  Non-epileptic paroxysmal events in school-aged children

Event Age range (peak age of onset)
Non-epileptic staring spells All (5 years)
Syncope (vasovagal, convulsive) Childhood–adulthood (adolescence)
Parasomnias:
 �� Sleepwalking
 �� Night terrors
 �� Confusional arousal

4 years–adulthood (8–12 years)
1.5–12 years (5–7 years)
3–13 years (2.5–5 years)

Tic disorders
 �� Tourette syndrome

3 years–adulthood (6–10 years)
3 years–adulthood (6–10 years)

Benign paroxysmal vertigo 2–10 years (2–4 years)
Migraine
 �� Acute confusional migraine

4 years–adulthood (7–11 years)
7.5–17 years (11–12 years)

Stiff person syndrome 1–14 years (5–11 years)
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Only a small percent develop a chronic tic disorder. Simple motor tics, such as 
blinking, grimacing, shrugging, or head jerking, can be confused for myoclonic 
jerks [50] (Video 8.7). Complex motor tics can involve unusual complex behav-
iors such as bending down and touching the floor. Common vocal tics include 
throat clearing, grunting, and sniffing. Words and sentences are less common; 
coprolalia is rare.

Unlike seizures, tics are suppressible and do not occur during sleep. Most chil-
dren endorse an urge to perform the movement or sound and discomfort hold-
ing it in.

Patients who have vocal and motor tics that wax and wane for a period longer 
than 1 year are defined as having Tourette syndrome. ADHD, OCD, and other neu-
ropsychiatric comorbidities are common in Tourette syndrome and are often more 
disruptive for patients than their tics [51].

�Behavioral Staring Episodes

Staring episodes are extremely common in children, particularly those with autism, 
developmental delay, ADHD, or behavioral problems [52]. Most commonly, staring 
spells are due to behavioral inattention or daydreaming. Apparent unresponsiveness 
can also be seen during periods of intense emotion, such as anger or fear [53]. 
Behavioral staring episodes can be interrupted by touch, usually occur during passive 
activities (i.e., sitting in class or watching television), and do not interrupt activities. 
The presence of specific motor automatisms, such as lip smacking, blinking, or swal-
lowing, in addition to altered responsiveness, is highly suggestive of seizures [54].

�Parasomnias

The most common parasomnias seen in children are disorders of arousal. These 
conditions, which typically occur in infants and school-aged children, involve par-
tial arousal from non-REM sleep, typically within the first 60–120 minutes after 
sleep onset.

�Confusional Arousals and Night Terrors
Confusional arousals are common in infants and toddlers. Children usually abruptly 
sit up in bed, appear distressed, whimper, or mumble softly [55]. Night terrors are 
very similar to confusional arousals but more intense; children wake up screaming 
and agitated. During these episodes, sweating, facial flushing, and stereotyped move-
ments can be seen [56]. Some children even run from the room as if being chased. 
Attempts to console the child are futile and may even exacerbate their agitation.

�Sleepwalking
Sleepwalking is most common in 8 to 12-year-olds but can present in younger chil-
dren and persist through adulthood [57]. Episodes can range from crawling around 

A. Armstrong-Javors



185

one’s bed to going outside, even during dangerous weather conditions. Children 
often have a blank stare and move slowly and deliberately. Flushing and sweating 
can also be seen [58].

In all three above-described parasomnias, unresponsiveness can last minutes to 
an hour, after which the child falls back to sleep. The child typically has no memory 
of the episode in the morning [59]. Waking the child up prior to the typical time of 
onset of spells can prevent the parasomnias from occurring.

Nocturnal frontal lobe seizures can look very similar to arousal disorders. Frontal 
lobe seizures are typically shorter in duration than parasomnias and occur multiple 
times per night. Nocturnal seizures generally are associated with stereotyped move-
ments or dystonic posturing. As with seizures, there appears to be a genetic predis-
position to parasomnias. Like seizures, episodes can also be triggered by sleep 
deprivation and fever.

�Confusional Migraine

Confusional migraines are a rare migraine variant characterized by agitation, disori-
entation, and aphasia, which may continue even after the headache has resolved 
[60]. This migraine variant is most common in younger, school-aged children. 
Minor head trauma has been described as a trigger in half of the cases reported [61, 
62]. There is often a strong family history of migraines, and most children go on to 
develop more typical migraines later in life.

�Syncope

Syncope involves a sudden decrease in cerebral perfusion leading to loss of muscle 
tone and consciousness. Vasovagal syncope is common in people of all ages, includ-
ing children and adolescents.

�Vasovagal Syncope
In vasovagal syncope, an increase heart rate leads to an increase in vagal tone, caus-
ing reflex bradycardia, vasodilation, and transient reduction in cerebral perfusion. 
Triggers include pain, dehydration, high temperatures, sleep deprivation, postural 
changes, prolonged standing or immobility, emotional upset, the sight of blood, and 
micturition [63]. A prodrome of lightheadedness, palpitations, dimming or tunnel 
vision, nausea, pallor, and changes in hearing is common. Once a child has fainted, 
myoclonic jerks of the extremities, at times rhythmic and synchronous, are com-
monly seen. Abnormal eye movements such as eye rolling and deviation are also 
common [63]. Convulsive syncope, as this is called, can be easily confused with 
tonic-clonic seizures. The most helpful factors in distinguishing between the two 
are the typical prodromal symptoms and the absence of a post-ictal state in syncope. 
Urinary incontinence can occur in both disorders; tongue biting is rare in syncope 
but is reported.
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�Cardiac Syncope
Cardiac syncope involves reduced cerebral perfusion due to a cardiac dysfunction, 
most frequently from an arrhythmia or hypertrophic cardiomyopathy. Cardiac syn-
cope should be suspected in children with a history of exercise-induced syncope or 
syncope when supine. A family history of cardiac dysrhythmias or sudden cardiac 
death should raise suspicion for a cardiac cause. In cardiac syncope, the typical pre-
syncopal symptoms associated with vasovagal syncope are absent [64].

�Other Types of Syncope
Syncope can occur in the context of hyperventilation followed by Valsalva maneu-
vers, which occurs in some children with intellectual disability, particularly in girls 
with Rett syndrome [65]. Syncope due to neurologic conditions can be seen in 
patients with Chiari I malformations, hyperekplexia, and paroxysmal extreme pain 
disorder [66]. Cyanotic spells, which occur most commonly in Tetrology of Fallot, 
involve sudden panic, tachypnea, and cyanosis, in some cases leading to loss of tone 
and convulsive syncope [67]. Finally, postural orthostatic tachycardia syndrome 
(POTS) is a condition in adolescents in which profound orthostatic intolerance leads 
to recurrent syncope when changes in position occur [68].

�Benign Paroxysmal Vertigo

This is a migraine-related syndrome characterized by episodes of vertigo com-
monly associated with nystagmus, pallor, diaphoresis, nausea, and vomiting. A 
fearful expression often signals the start of an episode of benign paroxysmal ver-
tigo, which can be confused with temporal lobe epilepsy. Episodes of vertigo often 
first present in children aged 1–3 years old and remit by age 5–8 years. Episodes 
are brief, lasting less than 1 minute but can occur in clusters. There is no change in 
mental status.

�Episodic Ataxias

Episodic ataxias are rare autosomal dominant channelopathies occurring in chil-
dren. In episodic ataxia type 1, illness, strong emotions, or sudden movements can 
elicit brief episodes of cerebellar ataxia characterized by dysarthria, head tremor, 
and movements that resemble dystonia or chorea [69]. Episodic ataxia 1 is caused 
by mutations in KCNA1, a potassium channel gene.

In episodic ataxia type 2, episodes of ataxia, nystagmus, dysarthria, vertigo, and 
headache are triggered by physical or emotional stress [70]. Though seizures occur 
in 10%, the predominant movements associated with this condition can be distin-
guished from seizure when a careful history is obtained. Additionally, preserved 
awareness and recognition of triggers helps differentiate between ataxic episodes 
and seizures. Episode ataxia 2 is caused by mutations in CACNA1A, which encodes 
P/Q type calcium channels.
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�Stiff Person Syndrome

Stiff person syndrome is a rare disorder involving severe muscle spasms and 
stiffness, beginning in the axial muscles and then spreading to proximal mus-
cles. Rigidity is so pronounced that fixed cervical or lumbar spinal deformities 
can occur. Muscle spasms, which are triggered by noise, emotion, or sudden 
movement, can be strong enough to fracture bones [71]. These abrupt spasms 
have been confused with stimulus-induced seizures, but the spasms are painful 
and sustained [72]. Stiff person syndrome is thought to have an autoimmune 
etiology, with correlations with diabetes mellitus type 1, thyroid disease, and 
vitiligo in children. Glutamic acid decarboxylase antibodies are frequently 
positive [73].

�Adolescents (Tables 8.4)

�Migraine with Aura

The migraine aura, which can consist of visual phenomena and often bizarre sen-
sory illusions or perceptions, can be confused with temporal or occipital lobe sei-
zures [74]. Importantly, headaches rarely trigger or precede seizures but are common 
post-ictally.

�Basilar Migraine

Basilar migraine is a subtype of migraine with aura that may be easily mistaken for 
seizure or a post-ictal period. Common symptoms, which typically last 1  hour, 
include tinnitus, dysarthria, vertigo, visual disturbance, hyperacusis, and paresthe-
sias. [75, 76] Confusion and altered consciousness also occur; complete loss of 

Table 8.4  Non-epileptic paroxysmal events in adolescents

Event Age range (peak age of onset)
Syncope All (adolescence)
Migraines
 �� Basilar migraine
 �� Familial hemiplegic migraine

4 years–adulthood (adolescence)
7–20 years (adolescence)
1 year–adulthood (12–17 years)

Tic disorders 2 years–adulthood (3–9 years)
Periodic limb movements of sleep 5 years–adulthood (adolescence)
Narcolepsy 5 years–adulthood (14–16 years)
Paroxysmal dyskinesia 4 months–adulthood (5–15 years)
Psychiatric conditions
 �� Psychogenic nonepileptic seizures
 �� Panic attacks
 �� Hallucinations
 �� Intermittent explosive disorder

5 years–adulthood (adolescents)
4 years–adulthood (15–19 years)
4 years–adult (adolescents)
6 years–adulthood (13–21 years)

Sleep starts/hypnic jerks All ages
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consciousness is described in one quarter of patients [77]. Headache occurs after 
aura in the majority of patients, and ultimately the symptoms resolve completely. As 
with confusional migraines in younger children, there is often a strong family his-
tory of migraine.

�Familial Hemiplegic Migraine

Another subtype of migraine with aura, familial hemiplegic migraine is a channelo-
pathy characterized by unilateral weakness and often paresthesias, speech distur-
bance, and visual changes which precede headaches [78, 79]. There is often a family 
history of hemiplegic migraines, and the symptom progression can help distinguish 
these episodes from seizures. Familial hemiplegic migraine has been associated 
with mutations in several genes, the most common of which is CACNA1A, which 
encodes a calcium channel.

�Syncope

Syncope is very common in adolescent females. Female sex hormones are thought 
to play a role, with a possible reduction in vascular tone and a slower response to 
orthostatic changes. Like in younger children, there are numerous triggers for vaso-
vagal syncope. Adolescents commonly faint in response to strong emotions or pain. 
[80, 81] For further details on syncope, please refer to prior section on syncope in 
children.

�Sleep Starts/Hypnic Jerks

Sleep starts, or hypnic jerks, are very common and can occur at any age. Sudden 
jerking of the extremities occurs upon falling asleep. Confusion between these epi-
sodes and myoclonic or even tonic-clonic seizures can occur when sleep starts are 
repetitive or violent [21]. However, they can be distinguished from seizures by 
occurrence only during sleep-wake transitions and absence of other clinical features 
of seizures. Hypnic jerks resolve with awakening.

�Periodic Leg Movements of Sleep

Periodic leg movements of sleep (PLMS) are frequent repetitive leg movements. 
They are a normal feature of sleep but in some patients can be excessive and associ-
ated with arousals and disturbed sleep. PLMS are often excessive in patients with 
restless leg syndrome [82]. An association has been made between PLMS and 
ADHD, anxiety, depression, and parasomnias. Unlike with seizures, these nocturnal 
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movements consist of regular 20–40 second intervals of toe extension and ankle, 
knee, and hip flexion and do not involve the arms or face [83].

�Psychiatric Conditions

�Psychogenic Nonepileptic Seizures
Psychogenic nonepileptic seizures (PNES) are a form of functional neurological 
disorder seen in children as young as 5 years but more commonly in adolescents. 
[84, 85] PNES involve reduced levels of consciousness, with complete unrespon-
siveness in one third, and seizure-like movements. The movements most commonly 
resemble tonic-clonic seizures, but without accompanying electrophysiologic 
changes. Episodes are often seen in patients with a history of difficulties in school 
or at home, fear of rejection, or physical or sexual abuse [86]. There is a strong 
association with mental health problems, typically anxiety, depression, and post-
traumatic stress disorder. Children have a much better prognosis than adults, espe-
cially if the diagnosis is made early and the appropriate psychiatric interventions are 
initiated. [87, 88]

The challenge in diagnosing PNES is that episodes can sometimes very closely 
resemble seizures, and a large proportion of children with PNES also suffer from 
epilepsy [89]. To complicate matters further, PNES episodes in children with epi-
lepsy resemble their own seizures nearly 50% of the time. Findings most suggestive 
of PNES are unusual clinical features (tremor, thrashing, pelvic thrusting, swoon-
ing), increased frequency with stress, forced eye closure, absence of lateral tongue 
biting, and refractoriness to anti-epileptic medications (Video 8.8). Over ¾ of epi-
sodes are witnessed by a family member or physician [90]. The correct diagnosis is 
often suspected based on the observation of an episode and confirmed by lack of 
electrographic seizure activity on video electroencephalography.

�Panic Disorder
In panic disorder, patients experience hyperventilation, severe anxiety, dyspnea, and 
palpitations. Tremor or carpo-pedal spasm can occur. A sense of fear or impending 
doom as well as the often sudden and unprovoked nature of episodes can be con-
fused with temporal lobe epilepsy. [91, 92] Pseudoabsence, in which the adolescent 
stares blankly, can be confused with true absence epilepsy [93]. Unlike seizures, 
however, the patient is still responsive during episodes of panic, which are non-
stereotyped, long-lasting, and are not associated with post-ictal confusion.

�Intermittent Explosive Disorder
School-aged children or adolescents with intermittent explosive disorder demon-
strate abrupt onset of rage that can occur with or without obvious provocation. 
Episodes can be confused with temporal lobe epilepsy [94]. Unlike epilepsy, how-
ever, the anger and violence are often specific and directed [95]. A post-ictal state is 
not present, although the child is commonly tired once the episode ends. The dura-
tion is typically longer than typical for a seizure.
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�Narcolepsy with Cataplexy

Cataplexy is characterized by abrupt loss of muscle tone triggered by laughing or 
other changes in emotional state. Cataplexy can appear similar to atonic seizures 
[96]. However, further history reveals excessive daytime sleepiness, rapid transi-
tions to sleep, hypnagogic/hypnopompic hallucinations, and sleep paralysis in nar-
coleptic patients.

�Paroxysmal Dyskinesias

Paroxysmal dyskinesias are a rare group of abnormal movement disorders that may 
be characterized by ballism, dystonia, or choreoathetosis (Video 8.9). They can be 
sporadic, familial, or secondary to another medical condition [97]. Paroxysmal 
kinesigenic dyskinesia, the most common condition in this group of disorders, 
involves brief episodes of choreoathetosis and/or dystonia triggered by sudden 
movements. The patient is fully aware during the episodes [98]. Paroxysmal nonki-
nesigenic dyskinesia is characterized by longer episodes of severe dystonia trig-
gered by alcohol, caffeine, fatigue, or stress. In paroxysmal exercise-induced 
dyskinesias, the muscle being exercised suddenly becomes dystonic within the first 
several minutes of exercise. The movement disorder abates gradually when exer-
cise stops.

Prevalence of non-epileptic paroxysmal events              

Most Common (>10% prevalence)
 �� Neonates
 ��   Apnea
 ��   Jitteriness
 ��   Benign neonatal sleep myoclonus
 �� Infants
 ��   Breath-holding spells
 ��   Stereotypies
 �� Children
 ��   Breath-holding spells
 ��   Tic disorders
 ��   Parasomnias (sleepwalking, night terrors, confusional arousals)
 ��   Non-epileptic staring spells
 ��   Hallucinations
 �� Adolescents
 ��   Sleep starts
 ��   Tic disorders
 ��   Syncope (vasovagal, convulsive)

(continued)

A. Armstrong-Javors



191

Less Common (1–10% prevalence)
 �� Infants
 ��   Sandifer syndrome
 ��   Benign myoclonus of infancy
 ��   Shuddering attacks
 ��   Infantile self-gratification
 �� Children
 ��   Syncope (vasovagal, convulsive)
 ��   Migraine with aura
 �� Adolescents
 ��   Psychogenic non-epileptic seizures
 ��   Migraine with aura
 ��   Hallucinations
 ��   Periodic limb movements of sleep
 ��   Panic attacks
 ��   Intermittent explosive disorder
Uncommon/rare (<1% prevalence)
 �� Neonates
 ��   Hemifacial spasm
 ��   Hyperekplexia
 �� Infants
 ��   Benign paroxysmal torticollis of infancy
 ��   Opsoclonus-myoclonus
 ��   Spasmus nutans
 ��   Oculomotor apraxia
 ��   Paroxysmal extreme pain syndrome
 ��   Alternating hemiplegia of childhood
 �� Children
 ��   Benign paroxysmal vertigo
 ��   Cardiogenic syncope
 ��   Stiff person syndrome
 �� Adolescents
 ��   Tourette syndrome
 ��   Familial hemiplegic migraine
 ��   Narcolepsy
 ��   Paroxysmal dyskinesia
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Specific seizure mimics           

Generalized seizures
Myoclonic
 �� Neonates:
 ��   Jitteriness
 ��   Benign neonatal sleep myoclonus
 ��   Hyperekplexia
 ��   Hemifacial spasm
 �� Infants:
 ��   Benign myoclonus/sleep myoclonus of infancy
 ��   Hemifacial spasm
 ��   Opsoclonus myoclonus
 ��   Stereotypies/rhythmic movement disorders of sleep
 ��   Shuddering attacks
 �� Children:
 ��   Stiff person syndrome
 ��   Tic disorders
 �� Adolescents:
 ��   Tic disorders/Tourette syndrome
 ��   Narcolepsy/cataplexy
 ��   Sleep starts
Tonic-clonic convulsions
 �� Neonates:
 ��   Hyperekplexia
 ��   Benign neonatal sleep myoclonus
 �� Infants:
 ��   Benign sleep myoclonus
 ��   Breath-holding spells
 �� Children:
 ��   Vasovagal, convulsive syncope
 �� Adolescents:
 ��   Psychogenic non-epileptic seizures
Tonic
 �� Neonates:
 ��   Hyperekplexia
 �� Infants:
 ��   Sandifer syndrome
 ��   Breath-holding spells
 ��   Paroxysmal extreme pain syndrome
 �� Children:
 ��   Syncope
 ��   Alternating hemiplegia of childhood
 ��   Stiff person syndrome
 ��   Dystonia
 ��   Benign paroxysmal torticollis
Atonic
 �� Adolescents:
 ��   Narcolepsy/cataplexy

(continued)
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Absence
 �� Infants:
 ��   Infantile self-gratification
 ��   Shuddering attacks
 �� Children:
 ��   Behavioral staring spells
 �� Adolescents:
 ��   Narcolepsy/cataplexy
Focal seizures
Occipital lobe
 �� Children/adolescents:
 ��   Migraine with visual aura
Temporal lobe
 �� Infants:
 ��   Stereotypies
 ��   Night terrors
 ��   Confusional arousals
 �� Adolescents:
 ��   Basilar-type migraine
 ��   Panic disorder
 ��   Hallucinations
 ��   Narcolepsy
 ��   Intermittent explosive disorder
Frontal lobe
 �� Infants:
 ��   Confusional arousals
 �� Children:
 ��   Paroxysmal kinesigenic dyskinesia
 �� Adolescents:
 ��   Psychogenic non-epileptic seizures
Not lobe specific:
 �� Neonates:
 ��   Hemifacial spasm
 �� Infants:
 ��   Shuddering attacks
 ��   Infantile self-gratification
 ��   Confusional arousals
 �� Children:
 ��   Tic disorders/Tourette syndrome
 ��   Benign paroxysmal vertigo
 ��   Acute confusional migraine
 ��   Alternating hemiplegia of childhood
 ��   Paroxysmal non-kinesigenic dyskinesia
 �� Adolescents:
 ��   Tic disorders/Tourette syndrome
 ��   Basilar-type migraine
 ��   Periodic limb movements of sleep
 ��   Psychogenic non-epileptic seizures
 ��   Narcolepsy/cataplexy
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Neuropsychological Comorbidities 
in Pediatric Epilepsy

Britt C. Emerton and Amy K. Morgan

�Introduction

Neuropsychology is the study of the relationships between the brain, cognitive 
function, and behavior. A neuropsychological evaluation assesses the overall 
functional integrity of the brain (i.e., general intellectual functioning) in addi-
tion to cognitive and behavioral functions associated with specific cortical 
systems.

Neuropsychological evaluations are tailored to the specific referral question, dis-
ease characteristics, child’s age, and/or estimated developmental level. Psychosocial 
considerations such as emotional and behavioral stability, cultural and linguistic 
background, and educational exposure also inform the approach to testing. In gen-
eral, epilepsy neuropsychologists will provide a comprehensive evaluation of intel-
lectual function, attention, executive functioning, language, visuospatial, memory, 
fine motor, emotional, social, behavioral, and adaptive abilities [1]. The evaluation 
often also assesses academic skills, as school is one of the most important func-
tional domains for children and adolescents.

Neuropsychological assessment tools are standardized in administration and 
scoring procedures to permit comparison to normative samples that are typically 
stratified by age; some measures are also normed by sex and/or grade level 
(Fig. 9.1). The interpretation of the data is a multivariate process that involves 
both quantitative and qualitative information about the patient. The clinical con-
text is also an integral feature of the assessment, as it includes factors that would 
impact the validity of the assessment procedures. Common factors include sen-
sory or motor deficits, level of engagement or effort, educational, cultural, and 
linguistic backgrounds that diverge from the available normative samples. 
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Epilepsy-specific factors include seizure type, seizure frequency, post-ictal recov-
ery, and subclinical epileptiform activity (e.g., transient cognitive impairment) 
and medication side effects.

In pediatric epilepsy, neuropsychological assessment:

•	 Provides data to assist with epilepsy-specific diagnostic and management ques-
tions (e.g., surgical decision making or evaluating effects of other treatments), 
using tests that are valid and reliable for children

•	 Provides a longitudinal and holistic perspective to support optimal development 
and quality of life

•	 Diagnoses developmental and psychiatric comorbidities, measures adaptive 
functioning, makes recommendations for non-medical interventions, and facili-
tates communication amongst medical, educational, community, and fam-
ily systems

�General Neuropsychological Principles Relevant 
to Pediatric Epilepsy

�Generalized Epilepsies

Early onset of generalized symptomatic epilepsies is associated with diffuse disrup-
tion to the developing brain and often results in intellectual disability. Cryptogenic 
or idiopathic generalized disorders (e.g., “benign” epilepsies of childhood, absence 
syndromes) may be associated with disruption to developing language, attention, 
and/or executive functioning networks, although general intellectual functioning is 
often within the normal range [2].
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Fig. 9.1  Wechsler cognitive scores are provided as standard and scaled scores. Standard / com-
posite scores (mean = 100, standard deviation = 15); scaled scores (mean = 10; sd = 3). *A normal 
distribution of scores is in the shape of a “bell” or “normal curve”; the majority of scores are in 
the middle
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�Focal Epilepsies

General intellectual functioning or intelligence quotient (IQ) is often normal in chil-
dren with focal epilepsies. However, relative weaknesses and/or deficits in specific 
functions can be associated epilepsy and depend on which specific brain structures 
and networks are involved (Table 9.1). The left hemisphere is responsible for lan-
guage functions in 90% of right-handed individuals and 50% of left-handers. The 
right hemisphere is typically associated with visual-spatial functions and nonverbal 
communication (social pragmatics). Frontal systems are associated with motor, 
expressive language, attention, and executive functions, including inhibition (self-
control), monitoring, working memory (holding information in mind while working 
toward a goal), and cognitive flexibility (adapting to changed circumstances). 
Lateral temporal systems are associated with auditory processing (e.g., receptive 
language, semantic knowledge) and visual processing (e.g., object and face recogni-
tion). Mesial temporal systems are associated with verbal and visuospatial declara-
tive memory. Parietal systems are associated with somatosensory processing and 
spatial cognition, including integration of motor and visual information. Dysfunction 
of the parietal lobe can also be associated with reading, writing, and math disorders, 
finger agnosia, difficulty with right-left discrimination, and neglect. Occipital sys-
tems are associated with visual processing. Disruptions associated with visual 
symptoms including elemental visual perception, visual field defects, and visual 
hallucinations. An important caveat related to these general principles is that the 
young brain is still in the process of developing. Localizing function with language 
and motor systems are the most “plastic.” Therefore, cortical regions not affected by 
epileptic activity may take over the role of the involved cortex [3, 4].

Table 9.1  Cognitive functions of cortical regions

Cortical region Common functions
Left hemisphere Language in 90% of RH

50% of LH
Right hemisphere Visuospatial function

Non-verbal communication
Frontal lobe Motor (primary and supplementary)

Expressive language
Attention
Executive function
Inhibition
Working memory
Cognitive flexibility

Lateral temporal lobe Auditory processing
Receptive language
Visual processing

Mesial temporal lobe Verbal and visuospatial memory
Parietal lobe Somatosensory processing

Spatial cognition
Integration of motor and visual information

Occipital lobe Primary vision
Visual processing

9  Neuropsychological Comorbidities in Pediatric Epilepsy
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�Common Areas of Concern

�Attention

Children with epilepsy often have attention difficulties due to seizures [5], interictal 
activity, and disruption of attention networks, which involve structures in frontal, 
parietal, and temporal cortices as well as the basal ganglia. Some antiepileptic drugs 
adversely affect attention, particularly topiramate, valproate, and older medications 
such as phenobarbital [6]. Attention deficits are often associated with learning, peer/
social interaction, and behavioral difficulties. Attention deficit hyperactivity disor-
der is a common comorbid condition in patients with epilepsy.

�Executive Function (EF)

Executive function comprises the voluntary control of thought and action and involves 
neural networks with connectivity to the prefrontal cortex (PFC). Children with epilepsy 
often have greater difficulty with executive functions, which contribute to problems with 
academic performance, learning ability, and social skills, directly affecting quality of 
life [7]. Because the PFC matures later in development than other regions of the brain, 
there is an extended period of plasticity during which disruption to these networks can 
occur. In infancy and early childhood, the foundations of EF are evident in children’s 
ability to regulate their behavior or their responses to stress. Throughout development, 
executive functions are reflected in the child’s ability to control emotions, make good 
decisions, form positive social relationships, and remain focused.

�Language

The left hemisphere is typically the language-dominant hemisphere, although atypi-
cal language dominance (mixed or right-hemispheric) is well documented and esti-
mated to occur in 12–19% of individuals with epilepsy [8, 9]. Auditory processing 
and language comprehension localize to the dominant superior temporal gyrus 
(Wernicke’s area) and temporal association cortex. Expressive language is mediated 
through the inferior frontal gyrus (Broca’s area) and neighboring frontal association 
cortex. Frontal and temporal language areas are linked via the arcuate fasciculus. 
Disruption in any of these networks, particularly during critical stages of develop-
ment, can in turn disrupt language development and the acquisition of higher-order 
verbally mediated cognitive skills.

�Memory

Memory complaints are frequently reported in individuals with epilepsy. Memory 
disorders in the pediatric population are commonly secondary and related to atten-
tion deficit, anxiety, executive function disorders, and other neurocognitive or 
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emotional disruptions [10]. Neuropsychological assessment can differentiate pri-
mary versus secondary memory disorders.

Mesial temporal (MT) systems are critical for the formation of new declarative 
memories. That is, encoding, consolidation, and storage of new episodic (events/
personal experiences) and semantic (facts) knowledge, but not in nondeclarative 
memory (e.g., procedural learning). MT structures within the language-dominant 
hemisphere typically mediate verbal learning while those within the non-dominant 
hemisphere can be associated with spatial learning. Anterograde memory difficul-
ties are commonly seen in temporal lobe epilepsy and a risk of memory decline is 
associated with anterior temporal lobectomy. However, the degree of association 
and post-operative risk is mediated in individuals by a number of seizure factors 
including age of onset, lateralization of language and memory functions and seizure 
freedom following surgery. Neuropsychological evaluation, functional MRI, and 
Wada testing (limited use) can be used in addition to functional imaging to evaluate 
and predict language lateralization and surgical risk.

Memory difficulties can also stem from deficits in other cognitive domains, 
including language or visuospatial processing and from deficits in attention and 
executive functioning which limit initial encoding and/or subsequent retrieval. 
Depression, anxiety, and reduced quality of life can also contribute to subjective 
concerns about memory in the absence of objective memory impairment.

�Motor

Motor skill difficulties, including cerebral palsy and dyspraxia, are also common in 
patients with epilepsy. While comprehensive evaluation of motor functioning is 
assessed in the neurological examination, assessment of fine motor skills, visual-
motor integration, and the impact of motor skills on adaptive functioning falls 
within the domain of neuropsychology. Fine motor and visuomotor weaknesses 
have implications for handwriting difficulties and can negatively impact the devel-
opment of written expression, particularly if these issues also occur in the setting of 
other deficits (language processing, EF, and/or visuospatial).

�Attention Deficit Hyperactivity Disorder (ADHD)

ADHD is a prevalent comorbidity, with attention and regulatory deficits occurring at 
2.5–5.5 times the rate of healthy controls and in up to 30–40% of children with epi-
lepsy [6, 11]. Risk factors include poor seizure control and other developmental dis-
abilities. Behavioral problems are more prevalent in the context of polypharmacy [6].

�Autism Spectrum Disorders

Epilepsy and autism commonly co-occur in children. Prevalence rates of autism in 
epilepsy vary, with systematic reviews suggesting ranges of ~6–9% [12–14]. 
Conversely, the prevalence of epilepsy in patients with autism may be as high as 30% 
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[14]. Higher prevalence rates are associated with younger age groups, intellectual 
disability, and specific epilepsy syndromes, e.g., acquired epileptic aphasia (Landau–
Kleffner syndrome), infantile spasms, Dravet syndrome, and tuberous sclerosis com-
plex (TSC). Disorders with frequent epileptiform discharges, particularly during 
sleep, have a higher preponderance of patients with autism spectrum disorders [13, 
15]. Children with epilepsy with continuous spike-waves during sleep, for example, 
commonly have autistic features. In some cases, the autistic features resolve with 
successful treatment and normalization of the electroencephalogram.

�Emotional, Behavioral, and Social Dysfunction

Children with epilepsy are at higher risk for anxiety, depression, social withdrawal, 
and disruptive behaviors [16]. Incidence rates of depression vary within the range of 
12–33% but can be higher in those with more refractory disease [16]. Comorbid 
social dysfunction may be more common when there is a frontal or temporal lobe 
seizure focus [17]. Seizures also represent a loss of predictability and control, which 
are important factors in a child’s development. Children with epilepsy can have dif-
ficulty establishing friendships, acquiring and maintaining the activities of daily 
living, and can experience a loss of confidence and self-esteem.

�Factors Influencing Neuropsychiatric Disorders

�Age of Onset

Epileptogenicity is most prominent during the rapid stages of development 
that occur early in life. Seizures and interictal epileptiform activity disrupt the 
normal maturation of neuronal processes. Disruption in connectivity and syn-
aptogenesis may occur, leading to disruption in cognitive skill development 
[18, 19]. Onset prior to age 5 is associated with the greatest disruption to 
cognitive functioning as young brains are in the midst of the period of most 
rapid development [20].

Reorganization of language functions most often occurs when seizure onset is 
earlier in life. The result can be right-hemisphere or mixed-dominance for lan-
guage [4]. Language can be preserved, although weaknesses often exist and other 
skills (often visual-spatial skills in the right hemisphere) may be affected as the 
neural space for those functions is “crowded” out. Thus, stronger verbal/language 
than nonverbal/visual spatial skills does not necessarily signify lateralization of 
functions.

Cognitive weaknesses may appear later in development as learning demands 
increase. Higher order language, math, planning and organization, reasoning, and 
problem-solving difficulties may not become apparent or occur until later elemen-
tary, middle, or high school and in some cases not until the college years.
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�Seizure Frequency, Duration, and Severity

Increased seizure burden is directly associated with a greater risk of cognitive and/
or behavioral comorbidities [21]. These factors have been associated with progres-
sive cognitive decline or failure to make expected developmental gains over time. 
However, cognitive morbidity varies significantly across epilepsy syndromes.

�Network Effects

There is growing evidence that cognitive difficulties can be evident prior to seizure 
onset, suggesting that neural network disruptions are present prior to the onset of 
seizures and seizure treatment [11, 20, 22].

�Psychosocial Factors

Family/parent factors affect children’s quality of life in pediatric epilepsy. Thus, psy-
chosocial interventions to address family stress and parenting style can serve as 
important protective factors for improving a child’s health-related quality of life [23].

�Neuropsychological Profiles in Select Epilepsy Syndromes

�West Syndrome/Infantile Spasms

Seizure onset typically occurs between 4 and 12 months of age. West syndrome is 
associated with global cognitive impairment and autism. Cognitive outcome is 
dependent in part on the underlying etiology and duration of the period of infantile 
spasms [24, 25].

�Dravet Syndrome

The mean age of onset is 5 months, with a range of 1–18 months. Dravet syndrome 
is associated with slowing of acquisition of cognitive skills often resulting in cogni-
tive impairment. Attention deficit, behavioral difficulties, and autistic behaviors are 
often evident [26, 27].

�Epilepsy with Myoclonic Atonic Seizures (Doose Syndrome)

Seizure onset ranges from 7 months to 6 years. Patients with epilepsy with myo-
clonic atonic seizures have cognitive abilities ranging from normal to mild cognitive 
delay. Early and successful treatment is associated with the best outcomes. Later 
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onset of myoclonic seizures (>age 4) and sleep onset seizures associated with a 
poorer prognosis [28]. Patients who do not respond to therapy may have more severe 
cognitive disability.

�Lennox-Gastaut Syndrome

Seizure onset typically occurs between 1 and 6  years. LGS is associated with 
moderate-to-severe impairment and/or regression in cognitive abilities, severe 
attention deficits, and autistic symptoms [29].

�Landau-Kleffner Syndrome

Symptom onset occurs between 3 and 10 years. In this syndrome, seizures are a 
minor feature of the phenotype, as LKS presents with with auditory agnosia, fol-
lowed by language, cognitive, and social deficits which emerge after a period of 
normal development. Deterioration of language typically occurs with seizure onset, 
but can precede it. Early treatment of seizures and EEG abnormalities is associated 
with the best outcomes, although the resolution of EEG abnormalities with age is 
not strongly associated with the resolution of language deficits [30].

�Childhood and Juvenile Absence Epilepsy

Onset of CAE is between 4 and 10 years and 10 and 17 years for JAE. Both forms of 
absence epilepsy can present more subtle cognitive deficits: vulnerabilities are in 
attention/EF; language processing weaknesses and constructional difficulties; psychi-
atric difficulties including attention deficit hyperactivity disorder and anxiety. Seizure 
frequency and duration of the disorder can be predictive of cognitive outcome [31].

�Childhood Epilepsy with Centrotemporal Spikes (CECTS)

Seizure onset between 3 and 13 years, peak 8 and 10 years. Although considered 
“benign,” weaknesses in attention, executive functions, language, and visual-motor 
coordination are often evident. Even in the absence of clinical seizures, epileptic 
discharges may be associated with cognitive and behavioral difficulties [32, 33].

�Juvenile Myoclonic Epilepsy

Onset is in adolescence. This epileptic disorder is typically correlated with a normal 
IQ, although mild deficits in EF (processing speed, attention/working memory, and 
language retrieval) are commonly seen. Mood, social, and behavioral difficulties 
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may be present and out of proportion to the patient’s peers, corresponding to frontal 
system dysfunction. Improvements are often associated with behavioral treatment 
(e.g., cognitive behavioral therapy) [34, 35].

�Impact of Interictal Epileptic Discharges (IEDs) 
on Neurocognitive Development

�Transient Cognitive Impairment (TCI)

This term describes neurocognitive disruption that arises from subclinical epilepti-
form activity, which can still disrupt or impair function and development [36]. This 
epileptiform activity can be most impactful during critical or sensitive periods in neu-
rodevelopment (i.e., the acquisition of language and executive functioning skills).

�Electrical Status Epilepticus of Sleep (ESES)

ESES is the electroencephalographic phenomenon of continuous (>80%) spike-wave 
discharges during non-REM sleep. These EEG feature can be seen in epilepsy with 
continuous spikes and waves during sleep (CSWS), Landau-Kleffner syndrome, and 
atypical childhood epilepsy with centrotemporal spikes [37]. Onset is often between 
3 and 5 years of age and is associated with cognitive and behavioral regression. Actual 
seizures are not a prominent feature of the phenotype. Localization of discharges cor-
respond to the cognitive domains most impacted. ESES is generally a gradual pro-
gressive process that can disrupt neurodevelopmental trajectory and result in 
widespread cognitive and behavioral dysfunction that persists after seizures remit.

�Epileptic Encephalopathy

As discussed in previous chapters, the concept of epileptic encephalopathy refers to 
progressive neuropsychological dysfunction related to the epileptiform activity on 
EEG. This concept suggests that ongoing seizures or abnormal encephalographic 
features are negatively impacting cognitive function, leading to developmental pla-
teau or regression [38]. This term has been used in reference to several epilepsy 
syndromes, including West syndrome, Lennox-Gastaut Syndrome, Epilepsy with 
CSWS, and others.

�Impact of Anti-Epileptic Drugs (AEDs)

Adverse cognitive and behavioral effects can result from AEDs. The severity var-
ies across AEDs, but conventionally, cognitive and behavioral burden is typically 
greater at higher doses and blood levels and with polypharmacy [39, 40]. 
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Attention-related difficulties and reduced psychomotor processing speed are the 
most common neurocognitive domains negatively impacted by AEDs. Learning, 
memory, and aspects of language can also be affected [40–42].

“Older” AEDs are associated with greater cognitive burden than most “newer” 
AEDs, with phenobarbital and benzodiazepines associated with greatest dysfunc-
tion and more modest dysfunction associated with carbamazepine, phenytoin and 
valproate [42]. Topiramate and zonisamide are newer AEDs that may adversely 
affect cognition [41, 43]. AEDs associated with less cognitive burden include leve-
tiracetam and lamotrigine. In fact, improvements in alertness and attention can be 
seen, particularly for lamotrigine [44, 45]. However, these medications can be 
linked to mood and behavioral effects, with negative effects for levetiracetam 
(depression, irritability, mood lability, hyperactivity, and/or aggression) [46] and 
mood stabilizing effects for lamotrigine [43].

There is less information available about cognitive and behavioral effects of 
AEDs for children than adults. Data regarding cognitive effects of ethosuximide, 
clobazam, vigabatrin, felbamate, pregabalin, stiripentol, rufinamide, lacosamide, 
and retigabine are not yet conclusive [43].

During neurodevelopment, adverse cognitive and behavioral effects, even at 
modest levels, can be additive over time [40]. It can be difficult to disentangle the 
impact of AEDs from effects of epilepsy and the underlying neurodevelopmental 
substrate of an individual child [47]. Developmental trajectory should be closely 
monitored.

�Psychosocial and Educational Supports

Children and adolescents with epilepsy are at risk for functional difficulties and 
academic underachievement given the impact of seizures on development and 
quality of life. As such, many children with epilepsy are entitled to educational 
services through Free and Appropriate Public Education (FAPE) under the 
Rehabilitation Act of 1973 and the Individuals with Disabilities Education Act 
(IDEA). Formalized plans for supports and accommodations include:

�504 Accommodation Plans

504 plans provide supports and accommodations to children that allow them to 
access the general education curriculum. Children with 504 plans do not neces-
sarily require special education services. Examples of accommodations in 504 
plans include: preferential seating, extended time on testing, modified assign-
ments, access to assistive technology (computers, FM systems), note taking 
assistance and other study skills supports, excused absences, and breaks 
as needed.

B. C. Emerton and A. K. Morgan
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�Individualized Education Plans (IEPs)

IEPs provide special education services for children who are unable to fully access 
the educational curriculum at the appropriate grade level. IEPs are formal contracts 
detailing specific learning and developmental goals and metrics for monitoring 
progress and achievement. These terms are agreed upon by the school district and a 
minor’s legal guardians. In addition to examples of accommodations often provided 
through 504 Plans, IEPs will include additional services such as access to individual 
or small group specialized educational instruction methodology (e.g., evidence-
based multisensory literacy and math instruction), speech and language therapy, 
occupational therapy, physical therapy, mobility supports, psychotherapy and/or 
counseling, behavioral interventions, social skills training, and vocational and adap-
tive skill training.

Public education services are provided on the basis of a “health disability” (epi-
lepsy). At minimum, a 504 Plan for seizures, medical absences, and medication side 
effects (i.e., fatigue) should be in place for an otherwise typically developing child. 
However, as above, pediatric epilepsy often presents with significant neuropsycho-
logical comorbidities and additional services and supports as above are warranted.

Given that attentional control and higher order executive functions are more 
important for school readiness than IQ, it is important that a focus of intervention 
for any child with epilepsy be on strengthening both [48]. At home and school, the 
provision of structure and predictability, breaking tasks into manageable steps, and 
guidance to use the skills independently are deemed most important for a child’s 
success.

References

	 1.	Wilson SJ, Baxendale S, Barr W, Hamed S, Langfitt J, Samson S, et  al. Indications and 
expectations for neuropsychological assessment in routine epilepsy care: report of the 
ILAE neuropsychology task force, diagnostic methods commission, 2013–2017. Epilepsia. 
2015;56(5):674–81.

	 2.	Loughman A, Bowden SC, D'Souza W. Cognitive functioning in idiopathic generalised epilep-
sies: a systematic review and meta-analysis. Neurosci Biobehav Rev. 2014;43:20–34.

	 3.	Chou N, Serafini S, Muh CR. Cortical language areas and plasticity in pediatric patients with 
epilepsy: a review. Pediatr Neurol. 2018;78:3–12.

	 4.	Devinsky O, Perrine K, Llinas R, Luciano DJ, Dogali M. Anterior temporal language areas in 
patients with early onset of temporal lobe epilepsy. Ann Neurol. 1993;34(5):727–32.

	 5.	Dunn DW, Kroninberger WG. Childhood epilepsy, attention problems, and ADHD: review and 
practical considerations. Semin Pediatr Neurol. 2005;12(4):222–8.

	 6.	Auvin S, Wirrell E, Donald KA, Berl M, Hartmann H, Valente KD, et al. Systematic review 
of the screening, diagnosis, and management of ADHD in children with epilepsy. Consensus 
paper of the task force on comorbidities of the ILAE pediatric commission. Epilepsia. 
2018;59(10):1867–80.

	 7.	Love CE, Webbe F, Kim G, Lee KH, Westerveld M, Salinas CM.  The role of executive 
functioning in quality of life in pediatric intractable epilepsy. Epilepsy Behav. 2016;64(Pt 
A):37–43.

9  Neuropsychological Comorbidities in Pediatric Epilepsy



210

	 8.	Rosenbaum T, DeToledo J, Smith DB, Kramer RE, Stanulis RG, Kennedy RM. Preoperative 
assessment of language laterality is necessary in all epilepsy surgery candidates: a case report. 
Epilepsia. 1989;30:712.

	 9.	Risse GL, Gates JR, Fangman MC.  A reconsideration of bilateral language representation 
based on the intracarotid amobarbital procedure. Brain Cogn. 1997;33(1):118–32.

	10.	Lee SE, Kibby MY, Cohen MJ, Stanford L, Park Y, Strickland S. Differences in memory func-
tioning between children with attention-deficit/hyperactivity disorder and/or focal epilepsy. 
Child Neuropsychol. 2016;22(8):979–1000.

	11.	Hermann B, Seidenberg M. Epilepsy and cognition. Epilepsy Curr. 2007;7(1):1–6.
	12.	Jokiranta E, Sourander A, Suominen A, Timonen-Soivio L, Brown AS, Sillanpää M. Epilepsy 

among children and adolescents with autism spectrum disorders: a population-based study. J 
Autism Dev Disord. 2014;44(10):2547–57.

	13.	Strasser L, Downes M, Kung J, Cross JH, De Haan M. Prevalence and risk factors for autism 
spectrum disorder in epilepsy: a systematic review and meta-analysis. Dev Med Child Neurol. 
2018;60(1):19–29.

	14.	Lukmanji S, Manji SA, Kadhim S, Sauro KM, Wirrell EC, Kwon CS, et al. The co-occurrence 
of epilepsy and autism: a systematic review. Epilepsy Behav. 2019;98(Pt A):238–48.

	15.	Wiznitzer M. Autism and tuberous sclerosis. J Child Neurol. 2004;19(9):675–9.
	16.	Reilly C, Agnew R, Neville BG.  Depression and anxiety in childhood epilepsy: a review. 

Seizure. 2011;20(8):589–97.
	17.	Thome-Souza S, Kuczynski E, Assumpção F Jr, Rzezak P, Fuentes D, Fiore L, et al. Which 

factors may play a pivotal role on determining the type of psychiatric disorder in children and 
adolescents with epilepsy? Epil Behav. Dec. 2004;5:988–94.

	18.	Holmes GL. Effect of seizures on the developing brain and cognition. Semin Pediatr Neurol. 
2016;23(2):120–6.

	19.	Tran LH, Zupanc ML. Neurocognitive comorbidities in pediatric epilepsy: lessons in the labo-
ratory and clinical profile. Semin Pediatr Neurol. 2017;24(4):276–81.

	20.	Berg AT. Epilepsy, cognition, and behavior: the clinical picture. Epilepsia. 2011;52:7–12.
	21.	Meador KJ.  Cognitive outcomes and predictive factors in epilepsy. Neurology. 2002;58(8 

Suppl 5):S21–6.
	22.	Jones JE, Watson R, Sheth R, Caplan R, Koehn M, Seidenberg M, Hermann B. Psychiatric 

comorbidity in children with new onset epilepsy. Dev Med Child Neurol. 2007;49(7):493–7.
	23.	Wu YP, Follansbee-Junger K, Rausch J, Modi A.  Parent and family stress factors pre-

dict health-related quality in pediatric patients with new-onset epilepsy. Epilepsia. 
2014;55(6):866–77.

	24.	Jambaque I, Lassonde M, Dulac O.  Neuropsychology of childhood epilepsy. New  York: 
Kluwer Academic/Plenum Publishers; 2001.

	25.	Guzzetta F. Cognitive and behavioral outcome in west syndrome. Epilepsia. 2006;47(Suppl 
2):49–52.

	26.	Dravet C. The core Dravet syndrome phenotype. Epilepsia. 2011;52(Suppl 2):3–9.
	27.	Ouss L, Leunen D, Laschet J, Chemaly N, Barcia G, Losito EM, et al. Autism spectrum dis-

order and cognitive profile in children with Dravet syndrome: delineation of a specific pheno-
type. Epilepsia Open. 2018;4(1):40–53.

	28.	Kelley SA, Kossoff EH. Doose syndrome (myoclonic-astatic epilepsy): 40 years of progress. 
Dev Med Child Neurol. 2010;52(11):988–93.

	29.	Asadi-Pooya AA.  Lennox-Gastaut syndrome: a comprehensive review. Neurol Sci. 
2018;39:403–14.

	30.	Pearl PL, Carrazana EJ, Holmes GL.  The Landau-Kleffner syndrome. Epilepsy Curr. 
2001;1(2):39–45.

	31.	Caplan R, Siddarth P, Stahl L, Lanphier E, Vona P, Gurbani S, et al. Childhood absence epi-
lepsy: behavioral, cognitive, and linguistic comorbidities. Epilepsia. 2008;49(11):1838–46.

	32.	Baglietto MG, Battaglia FM, Nobili L, Tortorelli S, De Negri E, Calevo MG, et  al. 
Neuropsychological disorders related to interictal epileptic discharges during sleep in benign 
epilepsy of childhood with centrotemporal or Rolandic spikes. Dev Med Child Neurol. 
2001;43(6):407–12.

B. C. Emerton and A. K. Morgan



211

	33.	Kramer MA, Stoyell SM, Chinappen D, Ostrowski LM, Spencer ER, Morgan AK, et al. Focal 
sleep spindle deficits reveal focal thalamocortical dysfunction and predict cognitive deficits in 
sleep activated developmental epilepsy. J Neurosci. 2021;41(8):1816–29.

	34.	Kim SY, Hwang YH, Lee HW, Suh CK, Kwon SH, Park SP. Cognitive impairment in juvenile 
myoclonic epilepsy. J Clin Neurol. 2007;3(2):86–92.

	35.	Sonmez F, Atakli D, Sari H, Atay T, Arpaci B. Cognitive function in juvenile myoclonic epi-
lepsy. Epilepsy Behav. 2004;5(3):329–36.

	36.	Landi S, Petrucco L, Sicca F, Ratto GM. Transient cognitive impairment in epilepsy. Front Mol 
Neurosci. 2019;11:458.

	37.	Tassinari CA, Rubboli G. Cognition and paroxysmal EEG activities: from a single spike to 
electrical status epilepticus during sleep. Epilepsia. 2006;47(Suppl 2):40–3.

	38.	Camfield P, Camfield C.  Regression in children with epilepsy. Neurosci Biobehav Rev. 
2019;96:210–8.

	39.	Bromley RL, Leeman BA, Baker GA, Meador KJ. Cognitive and neurodevelopmental effects 
of antiepileptic drugs. Epilepsy Behav. 2011;22:9–16.

	40.	Kim EH, Ko TS. Cognitive impairment in childhood onset epilepsy: up-to-date information 
about its causes. Korean J Pediatri. 2016;59(4):155–64.

	41.	Eddy C, Rickards HE, Cavanna AE. The cognitive impact of antiepileptic drugs. Ther Adv 
Neurol Disord. 2011;4(6):385–407.

	42.	Loring DW, Meador KJ. Cognitive side effects of antiepileptic drugs in children. Neurology. 
2004;64:872–7.

	43.	Aldenkamp A, Besag F, Gobbi G, Caplan R, Dunn DW, Sillanpää M. Psychiatric and behav-
ioural disorders in children with epilepsy (ILAE task force report): adverse cognitive and 
behavioural effects of antiepileptic drugs in children. Epileptic Disord. 2016;18:S55–67.

	44.	Han SA, Yang EJ, Song MK, Kim SJ. Effects of lamotrigine on attention-deficit hyperactivity 
disorder in pediatric epilepsy patients. Korean J Pediatr. 2017;60(6):189–95.

	45.	Pavuluri MN, Passarotti AM, Mohammed T, Carbray JA, Sweeney JA.  Enhanced working 
and verbal memory after lamotrigine treatment in pediatric bipolar disorder. Bipolar Disord. 
2010;12(2):213–20.

	46.	Jung DE, Yu R, Yoon JR, Eun BL, Kwon SH, Lee YJ, et al. Neuropsychological effects of leve-
tiracetam and carbamazepine in children with focal epilepsy. Neurology. 2015;84(23):2312–9.

	47.	Herman B, Meador KJ, Gaillard WD, Cramer JA. Cognition across the lifespan: antiepileptic 
drugs, epilepsy, or both? Epilepsy Behav. 2010;17:1–5.

	48.	Diamond A, Lee K. Interventions shown to aid executive function development in children 4 
to 12 years old. Science. 2011;333(6045):959–64.

9  Neuropsychological Comorbidities in Pediatric Epilepsy



213© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
D. C. Dredge (ed.), Handbook of Pediatric Epilepsy, 
https://doi.org/10.1007/978-3-319-08290-5_10

Prognosis of Childhood Epilepsy

Yancheng Luo

�Remission

Many forms of childhood epilepsy have a good prognosis. Several cohort studies 
have suggested about half to two-thirds of patients with childhood epilepsy will 
eventually experience sustained seizure freedom. [1–7]

In 2014, the International League Against Epilepsy (ILAE) proposed that epi-
lepsy is considered to be resolved for individuals who either had an age-dependent 
epilepsy syndrome they have outgrown or who have remained seizure-free for the 
last 10 years and off antiseizure medications for at least 5 years [8]. However, this 
revised operational definition was chosen conservatively by the Task Force and the 
ILAE recognizing that relapse rates for people (children and adults) with epilepsy 
will probably always remain above the risk of seizure in the general population. [9] 
In childhood epilepsy cohort studies, remission has been defined as 5 years without 
seizures, with some studies including the stipulation of the last 2 years being off of 
seizure medications [2].

Several cohort studies have been conducted to better delineate the course of 
childhood-onset epilepsy (Table 10.1). In a Minnesota retrospective cohort study, 
179 children and young adults (age 0–19) were followed within the Mayo Clinic 
system between 1935 and 1974 for at least 10 years. At the time of data collection, 
73% had been seizure-free for at least 5 years, and 47% had stopped medication [1]. 
Several prospective cohort studies from Finland, the Netherlands, and the United 
States revealed similar findings, with 5-year remission rates ranging from 70.9% to 
81% and 5-year remission rate off medication ranging from 57% to 63.6% [2, 5–7]. 
All studies demonstrated that the longer the follow-up, the higher the proportion 
with remission. For example, in the Finnish cohort, 5-year remission was achieved 
in 56% of the subjects after 10 years of follow up, 58% after 20 years, 64% after 
30 years, 67% after 40 years, and 79% after 45 years [2, 10–13].
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Within those studies, multivariate and subgroup analyses have been undertaken 
to identify predictors of good and poor outcomes. Risk factors predicting poor out-
comes include, but are not limited to, intellectual or neurological deficits, frequent 
early seizures, failure of the first AED, an MRI lesion, age of onset <1  year 
or > 12 years, and remote symptomatic etiology [14, 15]. Seizure etiology continues 
to be the most significant predictor for outcomes and mortality [16]. Generally 
speaking, most children with well-delineated idiopathic epilepsy syndromes, such 
as childhood epilepsy with centrotemporal spikes and childhood absence epilepsy 
outgrow their epilepsy. Children with cryptogenic epilepsy are difficult to predict, 
but often enter remission. Children with symptomatic epilepsy tend to have a more 
complex course and are less likely to achieve seizure remission [7]. None of the 
aforementioned factors are absolute indicators for remission or intractability. The 
early and accurate prediction of outcomes in children with newly diagnosed epi-
lepsy continues to be challenging, with the exception of self-limited age-dependent 
epilepsy syndrome such as CECTS.

Table 10.1  Rates of seizure remission in several cohorts of pediatric epilepsy

Cohort Methods
Years of 
recruitment Size

Mean 
years of 
follow-up

Remission on or off 
drugs

Minnesota 
[1]

Retrospective chart 
review identified 
patients with epilepsy 
between 1935 and 1974

NA 179 >10 years 73% in 5-year 
remission; 47% in 
5-year remission off 
drugs

Finland [ 2] Prospective 1961–1964 148 ~44 years 79% in 5-year 
remission; 57% in 
5-year remission off 
drugs

Sweden [ 3] Prospective 1960s–1970s 194 ~12 years 64% in 3-year 
remission; 40% in 
3-year remission off 
drugs

Nova Scotia 
[ 4]

Prospective 1977–1985 421 ~26 years 62% seizure-free off 
drugs

Netherlands 
[ 5]

Prospective 1988–1992 472 ~15 years 70.9% in 5-year 
remission; 60.3% in 
5-year remission off 
drugs

Connecticut 
[ 6]

Prospective 1993–1997 516 15.3 years 81% in 5-year 
remission; 63.6% in 
5-year remission off 
drugs

Minnesota  
[7]

Retrospective chart 
review identified 
children with non-
idiopathic (cryptogenic 
vs. symptomatic) focal 
epilepsy diagnosed 
from 1980 to 2004

NA 206 ~12 years 81% with 
cryptogenic focal 
epilepsy in 1-year 
remission; 68% with 
cryptogenic focal 
epilepsy in 1-year 
remission off drugs
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�Morbidity

Co-morbidities, such as neurocognitive deficits and behavioral disorders are com-
mon in children with epilepsy, especially in those who experience refractory sei-
zures [ 17]. Although the majority (~ 74%) of children with epilepsy have normal 
global cognitive function, several reports have suggested that children with epi-
lepsy are at a higher risk of academic underachievement and negative social out-
comes [18–22], in particular those who have poor seizure control and early 
seizure onset.

In the Finnish cohort, 48 subjects (36  in remission and 12 with continuing 
seizures) with childhood-onset epilepsy were followed for more than 50 years 
[23]. The risk of cognitive dysfunction was highest in those who have continuing 
seizures, with an odds ratio of 11.7. In those with epilepsy in remission, the risk 
of intellectual impairment was elevated compared to the general population but 
did not achieve statistical significance. In another analysis of the Finnish cohort, 
245 subjects were identified, of which 119 (49%) had normal childhood neuro-
cognition and 126 (51%) had various degrees of neurocognitive impairment [ 24] 
The severity of neurocognitive impairment during childhood showed a parallel 
increase in the risk of death. In comparison with children with normal neurocog-
nition, subjects with lower childhood neurocognition were less likely to enter 
seizure remission.

In the Connecticut Study of Epilepsy, 361 subjects were identified and followed 
for more than 15 years [25]. Several social outcome variables including employ-
ment, education, living conditions, driving, and legal issues were examined. The 
social outcomes for subjects with greater than 5 years of seizure remission were 
comparable to controls. However, the uncomplicated subjects with less than 5 years 
of remission were found to be less productive in school and employment and were 
less likely to have a driver’s license. The complicated cases with continuing seizures 
were found to have worse outcomes across multiple domains. Similar findings of a 
high occurrence of unemployment, social isolation, and impulsivity were also 
observed in other population-based studies primarily following adults with 
childhood-onset epilepsy [20, 26, 27].

Children with epilepsy are also more vulnerable to accidents and injuries than 
the general population. In a large UK population-based cohort study, children and 
young adults with epilepsy had an 18% increase in the risk of fracture and a 49% 
increase in the risk of thermal injury. Unintentional overdose or Intoxication was 
more than twice the risk when compared with controls [28]. In a Finnish register-
based study, the gender-adjusted hazard ratio of hospital-treated injuries was 1.30 
for children with epilepsy when compared with the control group [29]. The epi-
lepsy-related attributable risk was 23%. Children with epilepsy and comorbid intel-
lectual disability had a higher incidence of injury compared with epilepsy alone, 
with an unadjusted hazard ratio of 1.41 for intellectual disability [29].

10  Prognosis of Childhood Epilepsy
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�Mortality

Children with epilepsy are at higher risk of premature death compared to the general 
population [30]. Several large cohort studies have demonstrated increased mortality 
rates in children with epilepsy [31–35]. (Table 10.2) Mortality in children with epi-
lepsy is commonly measured using the standardized mortality ratio (SMR), which 
is the ratio between the number of observed and expected deaths. SMRs for children 
with epilepsy in all of those prospective cohorts range from approximately 6 to 9, 
which means that children with epilepsy are 6–9 times more likely to die when 
compared to their age- and sex-matched control group. The comparative risks of 
premature death are significantly higher in the younger population as SMRs reported 
in older adults (>45 years) range from 1.4 to 2.6 [30].

In a more recent retrospective population-based study that included over 13,000 
children with epilepsy residing in South Carolina from 2000 through 2011, the 
annual risk of death among children with epilepsy was 0.84%, which was fourfold 
higher compared with age-matched children without epilepsy [33]. Developmental 
conditions, cardiovascular disorders, and injuries were the most common causes of 
death among those children with epilepsy [33]. In the subgroup analyses of the 
aforementioned cohort studies, children without neurologic deficits and without 
symptomatic causes of their epilepsy have a similar risk of death compared to the 
general population.

The majority of deaths observed were not directly related to seizures or SUDEP. The 
vast majority are the result of underlying etiology as well as co-morbidities such as 
aspiration pneumonia. Berg et al. combined the data from the four large cohorts with 
pediatric incidence cases (Nova Scotia, the Netherlands, Connecticut, and Minnesota) 
[37]. Of the 2229 subjects followed up for >30,000 person-years, 69 deaths occurred 
(14–26 per cohort), ten of which were attributed to SUDEP. Three were attributed to 
seizure. Other causes accounted for 53 deaths, mostly mostly due to infections. 
Mortality was found to be significantly higher in children with complicated epilepsy 
when compared to the general population. In uncomplicated epilepsy, sudden and 

Table 10.2  Standardized mortality ratio in patients with epilepsy

Cohort Methods
Years of 
recruitment Size

Mean years 
of 
follow–up

Standardized Mortality 
Ratio (SMR)

Finland [ 31] Prospective 1961–1964 245 40 6.4 (95% CI 5.9–7.0)
Nova Scotia 
[ 32]

Prospective 1977–1985 686 >12 5.3 (95% CI 2.29–8.32) 
in the 1980s and 8.8 
(4.16–13.43) in the 1990s

Netherlands 
[ 33]

Prospective 1988–1992 472 >5 7.0 (95% CI 2.4–11.5)

Connecticut 
[ 34]

Prospective 1993–1997 613 7.9 7.5 (95% CI 4.4–13.0)

Minnesota [ 
35]

Retrospective 
chart review 
1980–2009

NA 468 7.9 9.05 (95% CI 
5.35–14.37)

Y. Luo
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seizure-related death rates were similar to or slightly higher than the rates for other 
common causes of death in young people.

�Sudden Unexplained Death in Epilepsy

Sudden unexpected death in epilepsy (SUDEP) is defined as “a sudden, unexpected 
death in a person with epilepsy, with or without evidence for a seizure preceding the 
death (excluding documented status epilepticus ≥30 minutes in duration), in which 
there is no evidence of other disease, injury, or drowning that caused the death.” [38] 
SUDEP is thought to account for 5–18% of all deaths in all patients with epilepsy 
[39, 40]. This number may be higher in the pediatric patient population, with esti-
mates over 30% [31, 41]. Based on 12 Class I studies, the American Academy of 
Neurology put forward a practice guideline on SUDEP in 2017. Based on these 
studies, the overall incidence was estimated at 0.22 per 1000 person-years (95% CI 
0.16–0.31) in children and 1.2 per 1000 person-years (95% CI 0.64–2.32) in adults 
(Table 10.3) [41].

When counseling patients and their families on the risk of SUDEP, the AAN 
guideline recommends using numbers in addition to words and frequencies rather 
than percentages to convey the risk to avoid overestimation. For example, in 1 year, 
SUDEP typically affects 1 in 4500 children with epilepsy; in other words, annually, 
4499 of 4500 children will not be affected by SUDEP [ 41].

The exact pathophysiology of SUDEP remains unclear. An association with car-
diovascular and respiratory dysfunction following GTCS has been postulated. 
Cardiac arrhythmias and cardiovascular disease have been linked with 
SUDEP. Bradycardia, prolonged QTc interval, tachyarrhythmias, and myocardial 
infarction have all been observed as ictal phenomena, raising possibility of concur-
rent cardiac arrest in SUDEP.  A recent systematic review suggested a potential 
overlap between the genetics of SUDEP and sudden cardiac death with the identifi-
cation of arrhythmia-related genes in 161 unique individuals. The most frequent 
pathogenic or likely pathogenic variants identified by molecular autopsy were in 
sodium and potassium ion channel subunits, with an 11% discovery rate. However, 
the majority of variants were of unknown significance [42]. Respiratory dysfunction 
is also commonly associated with seizures. According to the multicenter 
MORTEMUS study, peri-ictal desaturation to less than 90% was observed in 33% 
of seizures [43]. This retrospective observational study also suggested that postictal 
rather than ictal respiratory effects of seizures seem most strongly related to 

Table 10.3  Incidence of SUDEP [41]

Population
SUDEP/1000 patient-years 
(95% CI) Confidence

Overall 0.58 (0.31–1.08) Low
Childhood 0.22 (0.16–0.31) Moderate
Adulthood 1.2 (0.64–2.32) Low

10  Prognosis of Childhood Epilepsy
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SUDEP. The mechanism of postictal hypoxia may be seizure-related apnea or sym-
pathetically mediated postictal pulmonary edema [43].

Several case-control and cohort studies have attempted to identify the risk factors 
for SUDEP [44–48]. Generalized tonic seizures (GTCs), seizure frequency, age, 
male sex, drug-resistant epilepsy and genetic predisposition factors such as an 
underlying channelopathy are all identified as potential risk factors. Seizure type, 
particularly GTCS, and frequency are among the most important risk factors. One 
case-control study suggested that a history of GTCS was associated with a tenfold 
increased risk of SUDEP (95% CI 3.44–26.82) [48]. In those experiencing GTCS 
during the preceding year, the risk was increased 27-fold (95% CI 14.86–48.38), 
whereas no excess risk was seen in those with exclusively non-GTCS seizures [48].

To date, no prospective studies have evaluated the efficacy of interventions to 
reduce the risk of SUDEP. Most recommendations are made based on case-control 
studies and expert opinions. As SUDEP risk is significantly higher in patients with 
a history of GTCs, especially a recent history of uncontrolled nocturnal GTCS, 
strategies including identifying high-risk patients, optimizing care for intractable 
epilepsy, and providing supervision at night have been proposed. A meta-analysis 
identified 112 double-blind, placebo-controlled randomized trials of add-on AEDs 
performed in adult patients with uncontrolled generalized tonic-clonic seizures. The 
result showed that definite or probable SUDEP and all causes of death were signifi-
cantly less frequent in the patients with effective AED responses than in those who 
did not, with odds ratios of 0.17 (95% CI 0.05–0.57), and 0.37 (0.17–0.81), respec-
tively. Rates of definite or probable SUDEP per 1000 person-years were 0.9 (95% 
CI 0.2–2.7) in patients who received efficacious AED doses and 6.9 (3.8–11.6) in 
those allocated to placebo [49].

For appropriate candidates with medically refractory epilepsy, several retrospec-
tive cohort studies have shown a reduced all-cause mortality and SUDEP rate after 
successful epilepsy surgery. A study followed patients with medically refractory 
epilepsy who underwent surgery (n = 590) compared to those who did not (n = 122). 
The standardized mortality ratio (SMR) for the surgery group was 1.6, and the 
SUDEP rate was 1.9 per 1000 patient-years. SMR for the comparison group was 
3.6, and SUDEP rate was 4.6 per 1000 patient-years [50].

In patients with frequent nocturnal GTCs, sleeping alone is associated with dra-
matically increased SUDEP risk. One study suggested that 69% of SUDEP cases in 
patients who have GTCS and live alone could be prevented if the patients were not 
unattended at night or were free from GTCS [48]. Based on four observational stud-
ies, a Cochrane review in 2020 found limited evidence that supervision at night 
reduces the incidence of SUDEP [51]. Other interventions such as seizure detection 
devices have been considered. So far, the FDA has cleared several commercially 
available seizure monitoring devices such as smartwatches, mattress sensors, and 
camera systems. Most devices were tested against continuous EEG monitoring in 
the epilepsy monitoring units. The reported sensitivities of GTCs detection ranges 
from 50% to 100% with false-positive rates between 0.1 and 2.5 per 24  hours. 
Further research is required to identify the effectiveness of seizure detection devices 
in preventing SUDEP.
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�Prognostic Outcomes in Select Epileptic Syndromes

�Neonatal Onset

�Self-Limited Familial Neonatal Epilepsy
This disorder is commonly associated with autosomal dominantly inherited muta-
tions in genes such as KCNQ2, KCNQ3, and SCN2A. The prognosis is generally 
favorable. Seizures tend to subside by the age of 6 months. In a study that followed 
36 families with a history of family neonatal epilepsy, seizures ceased by 6 months 
in 94% of the cases [52]. However, seizures persisted after age 6 months in 31% of 
patients with pathogenic KCNQ2 variants. Additionally, higher neonatal seizure 
frequency appears to be one of the major risk factors for persistent epilepsy.

�Early Myoclonic Encephalopathy (EME)
Early myoclonic encephalopathy is a severe form of neonatal epilepsy. The progno-
sis is poor. Seizures are frequently refractory to treatment. About 50% of patients 
with EME will die before the age of 2 and the surviving patients are often severely 
developmentally delayed [53].

�Early Infantile Epileptic Encephalopathy (EIEE) or 
Ohtahara Syndrome
The prognosis is generally poor. Patients with EIEE frequently die during infancy, 
and survivors almost always have developmental delay regardless of the seizure 
control [54]. EIEE can later evolve into West syndrome and ultimately Lennox-
Gastaut syndrome. Yamatogi and Ohtahara described in their patient series that 
about 75% of patients developed West syndrome between 2 and 6 months of age, 
and 12% subsequently developed Lennox-Gastaut syndrome [55].

�Infantile Onset

�Epilepsy of Infancy with Migrating Focal Seizures (EIMFS)
Seizure outcome and developmental prognosis are generally poor. In the largest 
cohort to date, 135 patients were studied. All patients experienced refractory epi-
lepsy at the onset of their course, 7 patients became seizure-free at a median age of 
24 months. Severe-to-profound intellectual disability were noted in 95% of patients. 
Mortality occurred in 33% of the patients at median age 2 years 7 months [55].

�West Syndrome
West syndrome is a triad of infantile spasms, hypsarrhythmia, and developmental 
delay. Prognosis is largely predicted by the underlying etiology. Cryptogenic infan-
tile spasms have a potentially more favorable outcome, but the prognosis is still 
poor for the majority. A meta-analysis showed good neurodevelopmental outcomes 
in 54% of infants with cryptogenic infantile spasms and 12.5% with symptomatic 
infantile spasms [56]. Spasms usually stop by age of 3 with the vast majority by age 
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of 5. However, 50–90% of patients develop other seizure types, with many evolving 
into Lennox-Gastaut syndrome or refractory epilepsy [57]. In two large studies that 
followed 150 and 214 patients respectively, mortality occurred in 17–31% of the 
patients during the observation period. The majority of deaths occurred before the 
age of 10 [57, 58].

�Myoclonic Epilepsy of Infancy
The prognosis is good and the course is generally self-limited. Most patients have 
seizure resolution within 2  years of onset and have a normal neurodevelopment 
trajectory. About 10–20% of patients will develop other seizure disorders such as 
juvenile myoclonic epilepsy or focal epilepsy. Developmental, cognitive, and 
behavioral problems have been described in patients with poor seizure control 
[59, 60].

�Self-Limited Familial Infantile Epilepsy
Similar to self-limited familial neonatal epilepsy, self-limited familial infantile epi-
lepsy is commonly associated with an autosomal dominant mutation in genes such 
as PRRT2, SCN2A, KCNQ2, and KCNQ3. Prognosis is good with a self-limited 
course. Seizures typically resolve within one year of onset and almost all children 
continue to have normal development [61].

�Dravet Syndrome
Seizures tend to be medically refractory in most patients with Dravet syndrome, 
although more and more treatment options with better efficacy have been approved 
for Dravet syndrome in recent years. Increased mortality has been reported in 
patients with Dravet syndrome, with mortality rates before early adulthood ranging 
from 3.7% to 15% [62–64]. A review identified 30 publications and 177 fatal cases 
were included. Sudden unexpected death in epilepsy (SUDEP) was the likely cause 
in nearly half of the cases (n = 87, 49%), followed by status epilepticus (n = 56, 
32%). Age at death was reported for 142 of the 177 cases (80%), with a mean age 
of 8.7; 73% died before the age of 10 years [ 65].

�Childhood Onset

�Genetic Epilepsy with Febrile Seizures Plus (GEFS+)
Although patients with GEFS+ present as a spectrum, the majority of them have a 
relatively good prognosis. About one-third of the patients only have febrile seizures, 
although the febrile seizures can happen well beyond 6 years of age. About one-
third develop afebrile generalized tonic-clonic seizures but enter remission in ado-
lescence. The rest of the patients may develop a variety of seizure types, including 
absence epilepsy and epilepsy with myoclonic-atonic seizures. For patients who 
develop other types of generalized epilepsies, the seizures can be difficult to control 
initially, but many will enter remission before adulthood. Development is generally 
normal in this population [66, 67].
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�Early Onset Childhood Occipital Epilepsy 
(Panayiotopoulos Syndrome)
The prognosis of Panayiotopoulos syndrome is favorable, and the clinical course is 
often self-limited. Most patients have spontaneous seizure remission within 3 years 
from the onset of the disease. A study followed 93 patients with Panayiotopoulos 
syndrome and reported a cumulative probability of recurrence of 57.6%, 45.6%, 
35.1%, and 11.7% at 6, 12, 24, and 36 months, respectively, after the first seizure 
[68]. About 15% of patients may later evolve into childhood epilepsy with centro-
temporal spikes (CECTS), which is also considered to be a self-limited disease. 
Neurocognitive development is usually normal in this population [69].

�Late-Onset Childhood Occipital Epilepsy (Gastaut-Type 
Occipital Epilepsy)
Unlike early-onset childhood occipital epilepsy, seizures are more frequent in this 
group. Prognosis is unclear, but about half of the patients will have seizure remis-
sion in 2–4 years [69, 70].

�Epilepsy with Myoclonic-Atonic Seizures (Doose Dyndrome)
Prognosis is generally favorable. Seizures will eventually remit in most of the 
patients. In the original series reported by Doose, 54% of the children older than 
7 years of age remained seizure-free for at least 2 years [71]. Oguni reported com-
plete seizure remission in 68% of the patients from their series [72]. The neurocog-
nitive outcome is variable and depends largely on the success of seizure control [73].

�Childhood Epilepsy with Centrotemporal Spikes (CECTS)
Natural history studies have suggested an excellent prognosis, with the vast major-
ity of patients achieving seizure freedom by the age of 13 [74]. Although it is gener-
ally regarded as benign, neurodevelopmental comorbidities are now increasingly 
recognized. A meta-analysis included 1237 patients with CECTS and 1137 healthy 
control and found that patients with CECTS demonstrated significantly lower scores 
on neuropsychological tests across all cognitive realms, with the largest effects in 
long-term storage and retrieval and the smallest effects in visual processing [75].

�Lennox-Gastaut Syndrome
Prognosis is poor in this population. Daily seizures are common, especially in the 
majority of patients who have seizure onset before the age of 3 [76]. Premature 
mortality in early childhood has been reported in 5% of the patients and the rest will 
likely continue with refractory seizures, developmental delay, and inability to live 
independently [77, 78].

�Childhood Absence Epilepsy (CAE)
Although CAE is generally considered a benign condition, the prognosis is variable. 
Several natural history studies have reported seizure remission rates ranging from 
21% to 82% [79–81]. It was thought that the remission rates are significantly 
affected by the selection criteria. A study has found that patients who were selected 
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by a stricter International League Against Epilepsy (ILAE) classification criteria 
had significantly higher rates of seizure control (95% vs. 77%) and higher rates of 
terminal remission (82% vs. 51%) [82]. Neurocognitive comorbidities, especially 
executive dysfunction, are common but the deficits are typically mild [83].

�Adult/Adolescent Onset

�Juvenile Myoclonic Epilepsy (JME)
JME is widely considered as a life-long condition, although eventual seizure remis-
sions off medication have been reported in about 28% of the patients late in life [84, 
85]. Similar to other idiopathic generalized epilepsies, cognition is typically in the 
normal range, although mild cognitive deficits especially in the domains of execu-
tive function are common [86, 87].

�Juvenile Absence Epilepsy (JAE)
In contrast to childhood absence epilepsy, JAE tends to be a life-long condition. 
Some patients will also develop GTCS or myoclonic seizures.
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Case Reports

Amanda Tourjee and Ron Thibert

�Juvenile Myoclonic Epilepsy

NM is a 13-year-old female with an unremarkable past medical history. Her pedia-
trician referred her for an evaluation of involuntary shaking and body movements. 
During the clinic visit, the patient reported that jerking movements had started sev-
eral months prior to her appointment and had gradually increased in frequency and 
intensity. She also reported that the episodes were experienced almost every morn-
ing upon waking and occasionally when she would take a daytime nap. The patient’s 
episodes involved bilateral abrupt movements of her arms and legs. She never lost 
consciousness and was always completely aware of her surroundings during the 
episodes. During the episodes, she would often lose control of her hands and drop 
objects. On a few occasions the shaking would cause her to fall to the ground result-
ing in mild injury. These movements were very brief but commonly occurred in 
clusters that could last up to 10 minutes.

During her clinic visit, a thorough patient history and a review of systems were 
obtained, and a neurologic examination was completed, all of which were within 
normal limits.

The patient’s history was concerning for epilepsy and she was scheduled to have 
an outpatient EEG to confirm diagnosis. The outpatient EEG was normal; thus, no 
antiepileptic mediations were initiated. The patient and her father were educated 
and instructed to observe her closely and to follow up should any issues arise.

NM did not follow up with neurology until 3 years later when she experienced a 
generalized tonic-clonic seizure and came to the emergency room. She reported that 
shortly after waking she experienced a prolonged episode of repetitive jerks of her 
upper extremities lasting longer than her usual 10–15-minute episodes. The patient 
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reported that she had difficulty catching her breath and was gasping for air when she 
passed out. Her boyfriend then witnessed her fall to the ground and have shaking 
movements in all extremities. The episode lasted 1–2 minutes.

While in the ED, a review of systems and a neurological examination were per-
formed, as well as routine laboratory tests, all of which were unremarkable. She was 
discharged with plans for a 24-hour EEG admission in order to capture her events 
and characterize the EEG findings associated with each event.

During the EEG admission, she experienced myoclonic jerks of her arms and 
legs at night and in the early morning. During these myoclonic episodes, the EEG 
showed bursts of 3–4 Hz generalized spike- and polyspike-waves with maximum 
amplitudes bi-frontally, consistent with myoclonic seizures (Fig. 11.1).

NM’s clinical history and seizure semiology captured on video, combined with 
her ictal and interictal EEG findings, are diagnostic of juvenile myoclonic epi-
lepsy (JME).

JME responds well to broad-spectrum antiepileptic medications, and she was 
initially started on levetiracetam with excellent seizure control.

�Epileptic Encephalopathy with Continuous Spike-Waves 
During Sleep (CSWS)

AW is a 13-year-old boy with a history of autism and well-controlled epilepsy with 
an abnormal EEG including increased frequency of spikes during sleep.

AW presented in clinic seeking a second opinion after being treated for epilepsy 
at a different facility. The patient’s mother reported that he had normal cognitive and 
physical development and reached all of his milestones on time until he was 

Fig. 11.1  Fast (4–5 Hz) generalized spike-wave discharges in JME
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approximately 18–22 months of age. At that time, he began to regress in terms of his 
social and language skills and was no longer able to recall words that he had previ-
ously acquired.

At the time of his initial clinic visit, AW had regained a few of the words that he 
lost at 22 months of age but continued to have very limited expressive speech. He 
used pointing, gestures, and bringing object to others as ways of communicating. 
He had some receptive speech and was able to follow single-step commands. He 
also had an array of repetitive behaviors, such as hand flapping, hand wringing, 
vocalizations, singing, pacing around the room, jumping, and a fixation with water. 
AW’s mother reported that his fine motor skills were fair until he stopped coloring 
at age four, at which point his parents noticed a significant decline in his gross and 
fine motor skills.

An initial EEG obtained at his previous treatment facility was normal, but a sec-
ond EEG was later performed which showed multi-focal spikes during wakefulness 
with no significant epileptiform activity during sleep. Three years later, AW then 
had an overnight EEG, which showed with frequent left centroparietal spikes that 
were activated during sleep. He was then treated with a 3-month trial of oral ste-
roids, during which time he experienced improved memory but generally did not 
acquire any new skills. Several months prior to his clinic visit, AW had an EEG 
performed which showed runs of continuous spike and wave activity during sleep.

AW very rarely experienced clinical seizures, which consisted of brief episodes 
of eye fluttering lasting a few seconds and occasional myoclonic jerks while fall-
ing asleep.

A family history was significant for a cousin with high-functioning autism, a 
brother with an autism spectrum disorder, and an uncle with schizophrenia.

A review of systems was performed during the clinic visit and was non-
contributory. At the time of the visit, AW was taking valproic acid, 350 mg TID and 
lamotrigine, 50 mg BID.

AW was diagnosed with epileptic encephalopathy with continuous spike-waves 
of sleep (CSWS). His developmental regression was associated with increasing 
sleep-activated epileptiform discharges. At a young age, AW experienced a neuro-
cognitive regression followed by the onset of seizures, with several EEGs that pro-
gressively worsened into CSWS. His EEG initially showed no epileptiform activity, 
then multi-focal spikes during wakefulness, then progressed to frequent left centro-
parietal spikes that were activated during sleep, eventually with near continuous 
spike and wave activity. As his EEG worsened, his autistic features and behaviors 
continued to decline.

At his initial clinic visit, a 24-hour EEG was scheduled, with a plan to trial high-
dose diazepam his EEG were to show a significant amount of sleep-activated dis-
charges. This EEG showed that 90% of sleep was comprised of 2 Hz generalized 
spike and wave activity with no sleep architecture. (Fig. 11.2) The following day he 
was treated with a high dose of valium at 1 mg/kg per our high-dose valium proto-
col. The EEG on his second inpatient night showed marked decrease in epileptiform 
activity, with discharges only occupying approximately 15% of his sleep record 
with some periods of normal sleep architecture. (Fig. 11.3) AW was then discharged 
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home on Valium 0.5  mg/kg/day with intent to slowly taper over the course of 
6 months.

At the follow-up, 1 month after the high-dose valium, protocol, the patient had 
experienced no seizures and had a remarkable improvement in overall functioning. 
His mother reported a significant decrease in self-stimulating behaviors, much 
improved eye contact, and improved sleep. His effective non-verbal communication 

Fig. 11.2  Sleep EEG prior to treatment with high dose diazepam, demonstrating continuous 
spike-wave discharges

Fig. 11.3  Sleep EEG after high-dose valium. Note reduction is spike frequency and the emer-
gency of normal sleep features (sleep spindles)
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was markedly improved including signing “thank you” appropriately. His behav-
ioral issues also improved.

A repeat 24-hour EEG 4 months later showed even fewer sleep-activated dis-
charges, occupying approximately 10% of the sleep record.

�West Syndrome

RM is a 7-month-old boy with a previously unremarkable medical history. RM pre-
sented in clinic with episodes that his parents noticed over the course of 2 weeks. 
These episodes typically occurred when he was feeding. His mother reports that he 
would become withdrawn and then experience head drops with shoulder shrugging 
and eye deviation. The movements were brief but would occur in clusters lasting 
several minutes. RM’s parents reported that the episodes had become a daily 
occurrence.

RM’s parents also reported that he had become less socially responsive and his 
demeanor had become irritable. However, he did have some periods with typical 
alertness and social skills. Developmentally, RM had been achieving his milestones 
on time prior to the onset of the events, but he now displayed decreased eye contact 
and reduced babbling and had decreased muscle tone.

RM was brought to an outside emergency room at the onset of symptoms but was 
discharged home with instructions to follow up with his primary care physician. The 
primary care physician ordered an EEG that was performed prior to his clinic visit, 
which showed hypsarrhythmia, with one clinical episode captured on video.

RM’s family history revealed one paternal cousin with developmental delay and 
one paternal cousin with Down’s syndrome, but no history of seizures or epilepsy. 
The complete neurological examination was within normal limits and a review of 
systems was non-contributory.

His clinical presentation and EEG findings were concerning for infantile spasms, 
so he was directly admitted to the hospital, as prompt treatment may improve long-
term outcomes for patients with this diagnosis. Based on his clinical features, 
including onset within the first year, the semiology of the episodes, developmental 
stagnation, and abnormal EEG, he was diagnosed with West syndrome.

The plan upon admission was for EEG monitoring, an MRI, genetic testing, a 
metabolic work-up and initiation of therapy with adrenocorticotropin hormone 
(ACTH). His genetic/metabolic workup and MRI were unremarkable with no clear 
lesion on MRI.

RM’s inpatient EEG showed a diffusely poorly organized, high-amplitude delta 
background with abundant multi-focal high-amplitude epileptiform discharges, 
consistent with hypsarrhythmia. (Fig.  11.4) There were occasional electrodecre-
ments, but only one with clear clinical correlate. (Fig. 11.5).

RM remained in the hospital for 5 days. He seizures decreased in frequency and 
intensity over the course of his stay and were nearly resolved upon discharge. He 
was discharged home to complete his course of ACTH.
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RM’s spasms stopped the day after his discharge. At his follow-up appoint-
ment, 3 weeks post-admission, he had regained nearly all of the skills that were 
lost pre-treatment. His follow-up EEG showed a slow background, but was 
negative for epileptiform discharges, and had no longer qualified as 
hypsarrhythmia.

RM is now 12 months old and he has remained seizure-free since discharge 
from the hospital. His most recent EEG from his 12-month visit was normal for 
age and he has also made excellent developmental progress. His language and 
cognition are essentially normal, and his motor skills are progressing but he is 
mildly delayed.

Fig. 11.4  Hypsarrhythmia. Note the poorly organized background, high amplitude slowing, and 
multifocal epileptiform discharges. Note the amplitude sensitivity of the EEG in this figure is 
reduced to more clearly display abnormal features

Fig. 11.5  Period of electrodecrement consistent with an epileptic spasm
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�Childhood Epilepsy with Centrotemporal Spikes

RB is an 8-year-old girl with an unremarkable past medical history. She experienced 
a generalized tonic-clonic seizure that started while she was at home in bed and 
lasted approximately 2 minutes. Her parents noticed muscle stiffening combined 
with jerking movements, loss of consciousness, clenched jaw, and perioral cyanosis. 
There were no prodromal symptoms of fever, illness, or fatigue. EMS was called 
and she was brought to the emergency department.

While in the emergency department, blood work including a CBC, electrolytes, 
and liver function tests were within normal limits. The complete neurological exam 
was unremarkable, and a review of systems showed no significant findings. Because 
this seizure spontaneously resolved, the patient went home with orders for an out-
patient EEG and a follow-up appointment with a neurologist.

The patient’s father noted that several months prior to her emergency room visit, 
he found her asleep in bed with left facial twitching and drooling. Medical attention 
was not sought at that time because her parents did not witness any further incidents.

Her family history is negative for seizure. During the clinic visit, a complete 
review of systems was obtained and proved non-contributory. Her early develop-
ment was normal, and her parents reported no social or academic difficulties.

During the sleep phase of the EEG, the patient had twitching of the left side of 
the face, followed by left facial clenching and then generalized tonic-clonic activity 
lasting 2.5 minutes.

The EEG showed right centrotemporal spikes with an anterior positive, posterior 
negative dipole during sleep. (Fig. 11.6) The seizure arose from the right centrotem-
poral region prior to generalizing.

Fig. 11.6  CECTS with typical bilateral centrotemporal spikes
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The EEG and clinical history were consistent with childhood epilepsy with cen-
trotemporal spikes (CECTS). Many children with CECTS have only rare nocturnal 
simple focal seizures and may not require antiepileptic medications. This self-
limited epilepsy commonly remits around the onset of puberty. In patients with 
daytime seizures, frequent nocturnal events or secondarily generalized seizures, 
treatment with antiepileptic drugs should be considered. Due to her history of 2 
secondarily generalized seizures, 1 of which occurred during the day she was started 
on levetiracetam. She had no further seizures over the next 3 years, her EEG nor-
malized, and she was tapered off of her levetiracetam without incident.

�Childhood Absence Epilepsy

DS is an 8-year-old female with a history of seasonal allergies, controlled on diphen-
hydramine. DS was referred to clinic after experiencing a 5-minute generalized 
tonic-clonic seizure upon awakening. The patient’s mother reported having heard a 
strange noise and finding DS lying in bed with her eyes rolled back and shaking of 
all four extremities. EMS was called and she was taken to her local hospital. While 
in the emergency room, routine blood tests were taken and a head CT was per-
formed, all of which were within normal limits. She was discharged from the emer-
gency room with rectal diazepam in case of a prolonged seizure and instructed to 
follow up in the neurology clinic.

DS’s mother noted that during the year prior to her presentation, she had been 
experiencing at least one episode per week of staring straight ahead for 5–10 sec-
onds. During these episodes she was unable to respond to her environment. The 
episodes commonly interrupted her activities.

During the clinic visit, the patient was asked to hyperventilate for 3 minutes. 
After 2 minutes of hyperventilation, she had an 8–10 second behavioral arrest, dur-
ing which she was unresponsive. After the event she continued hyperventilating but 
was aware that something unusual had happened. Her EEG subsequently showed 
five runs of 3 Hz generalized spike and wave activity, two of which were accompa-
nied by staring and eye blinking. (Fig. 11.7) The EEG confirmed the clinical diag-
noses of childhood absence epilepsy.

DS was treated with lamotrigine, and she responded well to this medication with 
no further seizures over the next 2 years.

About 5% of children with childhood absence epilepsy will experience a gener-
alized tonic-clonic seizure during the course of their disease. The usual drug of 
choice for absence epilepsy is ethosuximide. However, this medication is not effec-
tive for seizure types other than absence seizures, so lamotrigine was selected.

Childhood absence epilepsy is a common disorder. Seizures are brief and subtle, 
but occur frequently and can interfere with learning and development. Most patients 
respond well to therapy and outgrow the disorder by the time they reach puberty.
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Fig. 11.7  Childhood absence epilepsy. Note the diffuse, bifrontally predominant, generalized 
3 Hz spike-wave discharges
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�Appendix A: Videos

	 1.	 Generalized tonic-clonic seizure
	 2.	 Myoclonic seizure
	 3.	 Atonic seizure
	 4.	 Absence seizure
	 5.	 Eyelid myoclonia
	 6.	 Epileptic spasms
	 7.	 Nocturnal frontal lobe seizure
	 8.	 Temporal lobe seizure
	 9.	 Neonatal focal clonic seizure
	10.	 Benign neonatal sleep myoclonus
	11.	 Complex motor stereotypy
	12.	 Complex motor stereotypy/shuddering
	13.	 Infantile gratification/masturbation
	14.	 Opsoclonus
	15.	 Paroxysmal tonic upgaze
	16.	 Motor tic
	17.	 Psychogenic nonepileptic seizures
	18.	 Paroxysmal dyskinesia
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�Appendix B: EEG Atlas

 

Fig. A1  Normal awake EEG in a 10-year-old. This is a bipolar montage, meaning each channel 
compares the electrical potential difference between two points on the scalp. Letters denote loca-
tion (FP-frontopolar, F-frontal, T-temporal, C-central, P-parietal and O-occipital) and numbers 
indicate laterality (left = odd, right = even, Z = midline). Note the well-organized background with 
low voltage fast activity anteriorly and increasing amplitude but decreasing frequency of wave 
forms as one moves posteriorly. In this case, the posterior dominant rhythm (in the occipital leads) 
is 9–11 Hz (blue star)

https://doi.org/10.1007/978-3-319-08290-5#DOI
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Fig. A2  Normal stage 2 sleep EEG. Note vertex waves in the midline (blue arrow) and sleep 
spindles (red arrow)

Fig. A3  Myoclonic seizure with generalized spike-wave burst
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Fig. A5  Childhood absence epilepsy. Note the typical bi-frontally predominant generalized 3 Hz 
spike-wave discharges

Fig. A4  Tonic seizure. Note the high-voltage slow-wave followed by electrodecrement that 
evolves into low-voltage fast spikes
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Fig. A7  Hypsarrhythmia. This is the EEG from the same patient as Fig. A6, with the sensitivity 
reduced. Note diffuse, high-voltage slowing, poor organization of the background and multifocal 
epileptiform discharges

Fig. A6  Hypsarrhythmia. This is the EEG at standard recording sensitivity, depicting a very cha-
otic tracing
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Fig. A8  Epileptic spasm. During the spasm, there is diffuse suppression of the background, 
termed electrodecrement. The hypsarrhythmia pattern is evident before and after the seizure
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Fig. A9  (a) Temporal lobe seizure. This montage includes a set of transverse leads. Note onset of 
rhythmic activity in the left temporal lobe (blue arrow). (b) Temporal lobe seizure. The rhythmic 
temporal activity becomes more defined and a bit faster (blue arrow). (c) Rhythmic activity spreads 
more diffusely. Muscle artifact is prominent. (d) Rhythmic activity spreads more diffusely. (e) 
Rhythmic activity spreads more diffusely. (f) Rhythmic activity spreads more diffusely. (g) 
Temporal lobe seizure. Post-ictal slowing

a

b

c
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f

e

d

Fig. A9  (continued)
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g

Fig. A9  (continued)

Fig. A10  Late-onset occipital epilepsy. Note repetitive focal spike-wave discharges in the right 
occipital lobe
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Fig. A11  R occipital seizure. The seizure starts in the right occipital lobe with low-voltage fast 
spikes. As the seizure progresses, the discharges become slower and of higher amplitude

Fig. A12  Burst suppression in a neonate: Note up to 10 seconds between bursts of acitivity
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Fig. A14  Lennox-Gastaut syndrome: Note the generalized, 2 Hz slow spike-wave pattern

Fig. A13  Childhood epilepsy with centrotemporal spikes: The EEG demonstrates typical centro-
temporal spikes, more prominently in the right hemisphere, but also present on the left. The spikes 
have a diphasic morphology and phase reversal in the central leads on the bipolar montage
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Fig. A15  Neonatal seizure. Onset of the seizure is in the T3 lead. There is evolution in amplitude 
and frequency during the seizure, with lower voltage, faster activity at the beginning that slows and 
becomes higher amplitude. As is common with neonatal seizures, there is limited spread to other 
areas of cortex

Fig. A16  Juvenile myoclonic epilepsy. This EEG depicts the typical “fast” spike-wave discharges, 
about 4–5 Hz
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Fig. A17  Continuous spike-wave during slow-wave sleep. 10/15 seconds of this record are domi-
nated by generalized spike-wave discharges
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