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• Introduction to epilepsy syndromes (ILAE Task Force 2022)

• Epilepsy syndromes with onset in neonates/infants

• Epilepsy syndromes with onset in childhood
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Epilepsy Syndrome

• A characteristic cluster of clinical and EEG features, 
often supported by specific etiological findings 
(structural, genetic, metabolic, immune, and infectious)

• The diagnosis of a syndrome in an individual with
epilepsy frequently carries prognostic and treatment 
implications



Epilepsy Syndrome: Electroclinical Features



Framework of Neonatal Seizures and Epilepsy Syndromes

Pressler RM, et al., ILAE classification 2021
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seizures has been reconsidered, now with a focus on the elec-
trographic basis of the events, either with or without clinical 
manifestations.38

The 2017 ILAE Position Papers on Classification of 
Seizure Types and the Epilepsies presented a framework for 
classification including seizure types, epilepsy types, and 
syndromes.7,28 A seizure is currently defined as a transient 
occurrence of signs and/or symptoms due to abnormal exces-
sive or synchronous neuronal activity in the brain.6 However, 
a seizure does not necessarily mean that a person has epi-
lepsy. It is of note that electrographic-only seizures are not in-
cluded in this definition. Seizure semiology is the description 
of signs and symptoms associated with an ictal event and is 
valuable in localizing the epileptogenic zone. In the neonate, 
the development within the limbic system with its connec-
tions to midbrain and brainstem is more advanced than the 
cerebral cortical organization, which may, in part, account for 
some differences in neonatal seizure semiology compared to 
that in older children.39

The ILAE Commission on Classification & Terminology 
recognized that seizures in the neonate require special con-
siderations and therefore a Neonatal Task Force was estab-
lished with the aim of integrating seizures and epilepsies in 
this age group into the 2017 ILAE Classification.

4 |  METHODS

The goal of the task force was to develop a classification of 
seizures in neonates that can fulfil the following criteria:

• Integrate into the 2017 ILAE Classifications.

• Be based on electroclinical phenotype.
• Emphasize the key role of EEG in the diagnosis of neona-

tal seizures.
• Have implications for management and treatment of events.
• Be acceptable to neonatologists, pediatricians, epileptolo-

gists, neurophysiologists, and neurologists.
• Be applicable in all healthcare settings.

The task force followed the process for a Position Paper 
outlined by the ILAE (https://www.ilae.org/files/ dmfil e/
Proce ss-of-Publi shing -ILAE-Commi sion-and-Task-Force 
-Repor ts-25-Jan-2020.pdf). This process includes the ap-
pointment of a task force (group of experts selected by the 
League), which produces an initial proposal, posting of 
this proposal on the ILAE website, soliciting comments, 
and criticism by all stakeholders (public consultation), and 
finally appointing a second expert panel to review and in-
corporate the public comments as well as the peer review 
by Epilepsia.

During the 5-month public consultation, we received 
comments from individuals as well as learned bodies and in-
terested groups, all of which were reviewed by the second 
Task Force (see Report of the second neonatal seizure Task 
Force, Appendix S1). Most of the comments and criticisms 
were constructive and provided invaluable feedback, which 
informed the content of the Position Paper.

5 |  CLASSIFICATION

Figure 2 depicts the diagnostic framework for seizures in the 
neonatal period, which includes the classification of seizures.

F I G U R E  2  Diagnostic framework of 
seizures in the neonatal period including 
classification of seizures. Adapted from 
2017 ILAE seizure classification7 Neonates 
present with discrete events suspected to 
be epileptic seizures or are critically ill 
(often ventilated, sedated, and treated with 
muscle relaxants in intensive care). *If no 
EEG available refer to global alignment 
of immunization safety assessment in 
pregnancy levels of diagnostic certainty 
(Figure 5)
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for purposes of communication in clinical care, teaching, and 
research.7

The basic principles of the 2017 ILAE classification of 
seizure types7 (see online Appendix S2) are based on the 
1981 classification with the initial division of seizures into 
those of focal and generalized onset.50,51 Newborns have 
been shown to have seizures with exclusively focal onset,38,52 
thus the initial division into focal and generalized is unneces-
sary. Nevertheless, in some rare conditions, seizures may rap-
idly engage bilaterally distributed networks such as spasms 
or myoclonic seizures, for example, in inborn errors of me-
tabolism. Even in genetic early infantile developmental and 
epileptic encephalopathies, tonic seizures are initially focal 
or asymmetric in the neonatal period9,53 and subsequently 
may become generalized in infancy. The second level in the 
2017 ILAE classification is the division into aware and im-
paired awareness seizures; however, this is not applicable to 
neonates, as it is not possible to confidently and reproducibly 
assess awareness and responsiveness in this age group.

This is followed by the division into motor and non-motor 
seizures, and finally by the seizure type (Table 1). Although 
seizures in neonates can present with a variety of clinical 
signs, in the majority of cases a single predominant feature 
can be determined. Pragmatically, it appears best to classify 
seizures according to the predominant clinical manifestation, 
as this is more likely to have clinical implications for etiol-
ogy than determination of the seizure-onset zone. This may 
or may not be the first clinical manifestation. For example, a 
neonate may present with focal tonic posturing, and in addi-
tion have some ocular myoclonus—this can still be classified 
as a tonic seizure. Regardless, as in adults, localization within 
the brain should be specified when known and appropriate.

In some situations, it may be difficult to identify the dom-
inant feature, typically in longer seizures where a sequence of 
clinical features can be seen, often with changing lateraliza-
tion. Events with a sequence of signs, symptoms, and EEG 

changes at different times have been described as a sequen-
tial seizure in the 2017 ILAE classification manual.6 Because 
this is often seen in neonates, this term was added to the sei-
zure types. Sequential refers to several seizure manifestations 
occurring in sequence (not necessarily simultaneously) in 
a given seizure, and not manifestations in different seizure 
types (eg, a neonate may present with epileptic spasms and 
other focal seizures). Typical examples for sequential sei-
zure are seen in neonates with self-limited neonatal epilepsy, 
which have been described as stereotyped with a variety of 
manifestations including tonic, clonic, automatisms, and 
autonomic features (including apnea), which show varying 
lateralization during a single seizure.54,55 Similar seizures 
have been reported in neonates with KCNQ2 or SCN2A en-
cephalopathy.56–58 Sequential seizures need to be differenti-
ated from migrating focal seizures, which is an electroclinical 
phenomenon described in some genetic syndromes.59

Several seizure types described in the 2017 ILAE clas-
sification cannot be diagnosed in newborns due to lack of 
verbal and limited nonverbal communications. These include 
sensory, cognitive, and emotional seizures. Sensory seizures 
are defined as a perceptual experience not caused by appro-
priate stimuli in the external world. Such seizures may in rare 
cases produce semiology such as grimacing or crying, but 
it is assumed that in the vast majority of cases they would 
appear as electrographic-only events. Awareness and re-
sponsiveness cannot be accurately assessed in neonates and 
hence is not readily classified; however, this may change with 
more advanced technology or detailed observation. Similarly, 
somatosensory or visual auras cannot be determined in ne-
onates. Due to the relatively low muscle tone and supine po-
sition of newborns, the occurrence of atonic seizures cannot 
be evaluated clinically without invasive methods.53 These 
seizure types are therefore not included in the new classifica-
tion. Motor seizures can be further described using descrip-
tors as listed in Table 2. The framework allows the user to 

Seizure type Descriptors
Automatisms Unilateral

Bilateral asymmetric Bilateral symmetric
Clonic seizures Focal

Multifocal
Bilateral

Epileptic spasms Unilateral
Bilateral asymmetric Bilateral symmetric

Myoclonic seizures Focal
Multifocal
Bilateral asymmetric
Bilateral symmetric

Tonic seizures Focal
Bilateral asymmetric
Bilateral symmetric

T A B L E  2  Descriptors of motor seizures 
in the neonatal period

Pressler RM, et al., ILAE classification 2021

Seizure Type Classification

A single predominant feature can be determined in the majority of cases. 
Pragmatically, classify seizures according to the predominant clinical manifestations



Epilepsy Syndromes with Onset in 
Neonates and Infants

Zuberi SM, et al, ILAE 2022



Epilepsy Classification

• Focal epilepsies

• Generalized epilepsies

• Developmental and epileptic encephalopathy (DEE)



Epilepsy Syndromes with Onset in 
Neonates and Infants

Zuberi SM, et al, ILAE 2022



Self-Limited Neonatal Epilepsy (SeLNE)
• Seizures occur between days of life 2-7
• Focal clonic or tonic seizurs may alternate sides
• May evolve to bilateral tonic or clonic seizures
• Normal clinical exam and head size
• EEG: normal background with or without spikes 
• Ictal EEG: initial attenuation of EEG followed by repetitive spikes
• Neuroimaging: normal
• AD inheritance 
• KCNQ2 (80%), KCNQ3, SCN2A mutation
• Seizures remit by 6 months of age (mostly by 6 weeks of age)

Zuberi SM, et al, ILAE 2022



Self-Limited Neonatal Epilepsy (SeLNE)

Zuberi SM, et al, ILAE 2022



Self-Limited Familial 
Neonatal-Infantile Epilepsy (SeLFNIE)

• Seizures occur from 1 day to 23 months of life
• Focal tonic seizures (head and eye deviation)
• Normal clinical exam, head size, and development
• EEG normal background with or without focal discharges
• Normal neuroimaging (if applicable)
• AD inheritance and a family history is required for diagnosis
• SCN2A (most common), KCNQ2 mutation
• Seizures cease by 12-24 months of life

Zuberi SM, et al, ILAE 2022



Self-Limited (Familial) Infantile Epilepsy (SeLIE)

• Formerly benign familial or non-familial infantile seizures 
• Seizures occur 3 - 20 months of life (peak 6 months)
• Focal seizures are mandatory 
• Normal clinical exam, head size, and development
• EEG normal background with or without midline spikes
• Normal neuroimaging (if applicable)
• De novo or familial inheritance
• PRRT2(most common), SCN8A mutation
• Seizures may be frequent at onset but usually remit within 1 year 

after onset

Zuberi SM, et al, ILAE 2022



Early-Infantile Developmental and 
Epileptic Encephalopathy (EIDEE)

• Seizure onset within first 3 months of life
• Tonic and/or myoclonic seizures
• Frequent seizures and drug resistant
• Abnormal neurological exams
• EEG: burst suppression or multifocal discharges
• Various etiologies included genetic, metabolic, and structural
• Moderate to profound developmental impairment 

Zuberi SM, et al, ILAE 2022



Infantile Epileptic Spasms Syndrome (IESS)
• Formerly as West syndrome
• Epileptic spasms (flexor, extensor, mixed)
• Spasms occur between 1-24 months of age
• Developmental slowing, arrest, or regression
• Interictal EEG: hysparrhythmia or multifocal spikes
• Ictal EEG shows electrodecremental response
• Various etiologies
• Carefully exam for tuberous sclerosis complex (TSC)
• Treatment: VGB for TSC, Steroid (ACTH or prednisolone) or 

combination therapy for non-TSC)



Evolution of Hysparrhythmia

Philippi H, Epilepsia 2008,  
Hussain S, Epilepsia 2015

Stage I: Multifocal spikes < 50% Stage II: Bihemispheric 
sharp waves 50-90%

Stage III: Irregular bihemispheric 
sharp waves 90-100%

Poor interrater reliability; 
K = 0.40



Electrodecremental Response

Gaily E, Dev Med Child Neurol 2001



Evidence Based Treatment for Epileptic Spasms

Study Outcome Measure Steroids VGB

UKISS 2004 
(non-TSC 
patients)

Spasm cessation on days 14 72% (40/55) 54% (28/52)

Sustained spasms control with no 
relapse until 12-14 months of age

40% (22/55) 37% (19/52)

PERC 2016 Cessation of spasms within 2 wks of 
therapy, with EEG resolution 
sustained at 3 months

49% (74/151) 36% (17/47)

Steroids alone Combined steroid 
and VGB

ICISS 2017 Cessation of spasms between day 
14-42

57% 72%



Dravet Syndrome
• Seizures present in 1-20 months of life

• Recurrent hemiclonic seizures febrile or afebrile seizures
• Prolonged seizures triggered by fever

• Normal growth and development as infants
• Drug resistant seizures evolved to myoclonic seizures, atypical 

absence, GTC, focal to bilateral GTC
• Initial EEG: normal prior to age 2 years
• EEG showed interictal discharges after 2 yo
• Developmental decline after 1-2 years of age, speech delay
• Genetic etiology: 70%-80% have SCN1A mutations

Zuberi SM, et al, ILAE 2022



Treatment Algorithm for Dravet Syndrome

VNS, LEV, ZNS, CNZ

PHT may be helpful for SE

Wirrell EC, et al. Epilepsia 2022



GLUT1DS
• Cerebral “energy crisis”
• Symptoms develop in an age-specific pattern
• Infancy

• Early onset absence epilepsy (< 4 oyo), Myoclonic-atonic seizures
• Paroxysmal eye-head movement

• Movement disorders: paroxysmal or persistent 
• Ataxia, spastic, dystonia

• Acquired microcephaly and cogntive impairment
• LP shows hypoglycorrachia (< 40 mg/dL)
• SLC2A1 mutation or deletion/duplication
• Early ketogenic diet treatment: better intellectual outcomes

Klepper J, et al. Epilepsia Open 2020



Epilepsy Syndromes with Onset in Childhood

Specchio N, et al, ILAE 2022



Specchio N, et al, ILAE 2022



Self-Limited Focal Epilepsies

Specchio N, et al, ILAE 2022



Self-Limited Epilepsy with Centrotemporal Spikes 
(SeLECTs)

• Formerly BECTs, benign rolandic epilepsy (BRE)
• Most common idiopathic focal epilepsy
• Seizure: brief, focal clonic or tonic seizures of the throat/tongue
• May evolve to a focal to bilateral GTC seizures
• Age at onset: 3-13 years, peak 9-10
• EEG: normal background with centrotemporal spikes activate in 

drowsiness and sleep are mandatory
• Mild cognitive impairment, LD but no regression
• Treat VS not to treat
• Seizures respond well with ASMs and resolve by puberty

Specchio N, et al, ILAE 2022



Normal Awake Recording



Drowsiness, Centrotemporal spikes



Sleep, Centrotemporal spikes



Genetic Generalized Epilepsies

Specchio N, et al, ILAE 2022



Absence Epilepsy
• Childhood absence epilepsy (CAE)

• Onset 4-10 years
• Absence seizures occur daily but GTC seizure rarely occur

• Juvenile absence epilepsy (JAE)
• Onset 9-13 years
• GTC seizures commonly occur (80%) but absence seizures occur less 

than daily
• Induced by hyperventilation 
• EEG: 

• CAE: 2.5-4 Hz generalized spike-wave (GSW)
• JAE: 3-5.5 Hz irregular generalized spike-wave 

• If no GSW is seen within hyperventilation for 3 min in an untreated 
patient, CAE or JAE can be excluded

• Treatment: valproate, ethosuximide, lamotrigine
Specchio N, et al, ILAE 2022



Generalized 3 Hz spike-waves complexes



Lennox-Gastaut Syndrome (LGS) 
• DEE with wide range of etiologies
• Multiple types of DRE with onset <18 yo
• Seizures begin between 18 mo – 8 yo (peak 3-5 yo)
• Tonic seizure is mandatory
• Other seizures include atypical absence, atonic, myoclonic, etc
• Cognitive and behavioral impairment 
• EEG showed generalized ≤ 2.5 Hz slow spike-wave and 

generalized PFA

Zuberi SM, et al, ILAE 2022



Generalized 1.5-2.5 Hz Slow spike-wave 

1 second



Paroxysmal Fast Activity (PFA)



Tonic Seizure



Treatment Algorithm for a Newly Diagnosed LGS

Cross JH, et al, Frontiers in Neurology 2017



DEE- or EE- with 
spike and wave activation in sleep (SWAS)

Specchio N, et al, ILAE 2022



DEE or EE-SWAS
• Formerly as Landau-Kleffner syndrome (LKS), CSWS, or ESES
• Cognitive, language, behavioral, or motor regression or 

plateauing temporally related to SWAS on EEG
• EE-SWAS: pre-existing normal development with and an 

activation of 1.5-2 Hz spike and wave complexes in NREM sleep
• DEE-SWAS: pre-existing neurodevelopmental disorders and a 

documented persisting worsening of various combinations of 
development

Zuberi SM, et al, ILAE 2022



DEE or EE-SWAS
• Seizure onset: 2-12 yo (peak 4-5 yo)
• Regresison in cognitve, behavioral, or psyhciatric functioning is the

cardinal symptoms
• Sleep EEG is mandatory 
• EEG shows spike-and-wave activation in sleep 
• Thalamic injury in early life and bilateral perisylvian polymicrogyria 

are risk factors
• Duration and etiology are the most important predictors of outcome
• Poor outcomes are associated with younger onset or present > 2 y
• Treatment: steroids, clobazam

Zuberi SM, et al, ILAE 2022



DEE or EE-SWAS: Awake EEG



DEE or EE-SWAS: Sleep EEG



Conclusions
• Each syndrome has mandatory seizure types, EEG features, age at 

onset, and findings from key investigations

• Syndromes can be divided into self-limited focal epilepsies, 
generalized epilepsies, and DEE

• Precise identification of an epileptic syndrome can provide useful 
information on prognosis and management


