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¡ Definitions 

¡ What is not EE and why

¡ What certainly is EE

¡ Different etiologies same evolution toward EE

¡ How affects the brain

¡ New classification

Outlines



¡ “Condition  in  which  the  epileptiform
abnormalities are believed to  
contribute  to  progressive disturbance  
in cerebral  function.”

(Engel, 2001)

Epileptic encephalopathy - Definitions

¡ “Evidence suggests or supports the 
notion that there is an epilepsy-
dependent neurodevelopmental or 
neurodegenerative process involved in 
the evolution of the syndrome (as 
opposed to an underlying metabolic, 
degenerative, or encephalitic 
process),” 

(Engel, 2006)

¡ Epileptic encephalopathy embodies 
the notion that the epileptic activity 
itself may contribute to severe 
cognitive and behavioral impairments 
above and beyond what might be 
expected from the underlying 
pathology alone (e.g., cortical 
malformation), and that these can 
worsen over time.

¡ These impairments may be global or 
more selective and they may occur 
along a spectrum of severity.

¡ Although certain syndromes are often 
referred to as epileptic 
encephalopathies, the 
encephalopathic effects of seizures 
and epilepsy may potentially occur in 
association with any form of epilepsy. 

(Berg et al., 2010)
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¡ Early myoclonic encephalopathy

¡ Ohtahara syndrome

¡ West syndrome

¡ Dravet syndrome (Dravet-like syndromes)

¡ Myoclonic status in non-progressive encephalopathies

¡ Lennox-Gastaut syndrome

¡ Landau-Kleffner syndrome

¡ Epilepsy with continuous spike-waves during slow-wave sleep

Epileptic  encephalopathies

Berg et al., 2010



Severe 
neonatal 
epilepsy 

with 
suppression-

bursts

Early Infantile 
Epileptic 

Encephalopathy 
with suppression-
bursts (Ohtahara

syndrome)

Early Myoclonic 
Encephalopathy 

(EME)



Early Onset Epileptic
Encephalopathies (EOEE)

- In the neonate:
- Clinically preservation of sleep-wake cycle
- Abnormale posturing and movements (hypotonia o 

hypertonus)
- Several type of EEG suppression-bursts, both during

wakefulness and sleep
- Multifarious seizures:

- Epileptic spasm
- Myoclonus
- Focal seizures (motor, autonomic, head eye deviation)
- Seizures with bilateral motor involvement



• Neonatal onset of epileptic seizures
• EEG pattern: burst suppression
• No response to AED
• Absence of acquisition
• No eye contact

• Mutation STXBP1:
• Persistence of the EEG pattern
• Persistence of seizures
• No acquisitions

Epileptic encephalopathy or encephalopathy with epilepsy?



awake

sleep

Dd 60 days



awake

sleep

ZC 65 days



awake

sleep



Ohtahara Syndrome
Early Myoclonic Encephalopathy (EME)

¡ Etiology is variable: brain malformations, inborn error of 
metabolism, genetic abnormalities….

¡ Onset is so early that it is not possible to determine if the 
associated severe cognitive and behavioral 
impairments are due to either seizures and epileptic 
abnormalities or to genetic, structural or metabolic brain 
abnormalities. 

¡ The possibilities of clinical improvement are scarce.



Epileptic Encephalopathies

¡ Which factors play a key role in triggering the evolution 
towards an epileptic encephalopathy? Is all determined by 
genetic mutations or is might be an association of effects?

¡ What pathogenetic mechanisms take place during this 
evolution? How epileptic activity interferes with cognitive 
networks?



¡ Etiologies are variable.

¡ Peculiar evolution of epilepsy towards a syndrome specific electro-
clinical picture.

¡ Quantifiable cognitive and motor regression, characterized by an 
evident worsening of the neuropsychological profile when compared to 
pre-onset neurodevelopmental phenotype.

¡ Variable evolution, ranging from complete remission to very severe 
conditions, such as drug resistant epilepsy and severe mental 
retardation. 

West syndrome
Lennox-Gastaut syndrome
Epilepsy with continuous  spike-waves during slow-wave sleep (CSWS)



Severe epileptic encephalopathy characterized by:

¡ epileptic spasms

¡ hypsarrhythmic EEG pattern

¡ developmental delay

West Syndrome



Interictal: Hypsarhyitmya



During sleep: alternating paroxysmal 
pattern





¡ Severe type of epileptic seizure

¡ Often drug resistant

¡ Preceded or followed by focal seizures

¡ Frequently associated with an epileptic encephalopathy

¡ Children with focal, hemispheric or diffuse cerebral lesions

¡ No obvious cerebral lesion can be found and psychomotor 
development might be normal until the onset of the spasms

¡ Genetic epilepsies

Epileptic Spasms



Myoclonic seizure Tonic seizure Epileptic spasm
Fusco and Vigevano, Epilepsia 1993

ü A sudden flexion, extension, or mixed extension–flexion of 
predominantly proximal and truncal muscles that is usually more 
sustained than a myoclonic movement but not as sustained as a tonic 
seizure.

ü Limited forms may occur: grimacing, head nodding, or subtle eye 
movements.

ü Epileptic spasms frequently occur in clusters. 
ü Infantile spasms are the best known form, but spasms can occur at all 

ages. They commonly occur in clusters and most often during infancy. 
Fischer et al., Epilepsia 2017

Epileptic 
spasm -
definition



Epileptic 
spasm -
definition

¡ Epileptic spasms may 
require detailed video-
EEG monitoring to clarify 
the nature of onset, but 
doing so is important 
because a focal onset 
may correspond to a 
treatable focal 
pathology. 



Definition

Epileptic spasms, other than a peculiar distinct seizure type, belong to many 
different syndromic entity, of which West syndrome is only the most well known

•Seizure event
- Epileptic spasms
- Spasms



ICTAL EEG  PATTERNS

¡ SLOW  WAVE

¡ FAST  ACTIVITY

¡ ATTENUATION



Fp2-F4
F4-C4
C4-P4
P4-O2
Fp2-F8
F8-T4
T4-T6
T6-O2
Fp1-F3
F3-C3
C3-P3
P3-O1
Fp1-F7
F7-T3
T3-T5
T5-O1
Fz-Cz
Cz-Pz
F4-Fz
Fz-F3
ECG

Mol.Mar. 11 m, Non-lesional Infantile Spasms 



Vigevano F, Specchio N et al. 2007



Cluster of spasm as a single ictal event (?) 

¡ Spasms usually 
occur in cluster, 
mainly on 
awakening

¡ Is the cluster a 
single prolonged 
ictal event? 

Pal.Tom. 9m, Left Temporal EEG abnormalities, normal MR 



Phenomena reported to occur in association with 
ictal events in infantile spasms

Ocular events Grunting noise
Eye deviation Smile
Nystagmoid motion Grimace
Eye opening or closing Tongue/mouth movements
Pupillary dilatation Autonomic alterations
Lacrimation Heart rate changes

Respiratory rate alteration Pallor
Hiccups Cyanosis
Crying Sweating

After seizure Flushing
During seizure Decreased responsiveness

Laughter Focal seizures

Frost and Hrachovy, 2003



Fp2-T4
T4-O2
Fp2-
C4
C4-O2
Fp1-
C3
C3-O1
Fp1-T3
T3-O1                               
T4-C4
C4-C z
Cz-C3
C3-T3
Fz-Cz
Cz-Pz
ECG
R Delt
L Delt

Bet.Hag. 6m, left frontal cortical dysplasia



¡ Isolated signs of spasms

¡ Beginning of a cluster of spasms

¡ If we observe a cluster of spasms we see that there are 
some ictal events in which the movement of the limbs and 
trunk is very slight or almost absent and the ictal signs are 
limited to yawning, gasping, facial grimacing and staring

¡ These minimal clinical events are called "subtle spasms"

SUBTLE SPASMS

Lux and Osborne, 2004



Fp2-F4
F4-C4
C4-P4
P4-O2
Fp2-F8
F8-T4
T4-T6
T6-O2
Fp1-F3
F3-C3
C3-P3
P3-O1
Fp1-F7
F7-T3
T3-T5
T5-O1
R DELT
L DELT
ECG

Coi.Chi. 7m,  crytpogenic etiology, normal MR



¡ three different pattern of association between epileptic spasms 
and focal seizures:

- the cluster follow or start or precede the partial event

¡ only the pattern of focal seizure constantly followed by a cluster 
of spasms clarify the role of the cortex in facilitating the epileptic 
spasms through descending electrical volley to the brainstem

Occurrence of epileptic spasms and partial seizures in 
close temporal association (cortical trigger?)

Pachatz et al. (2003)



Vigevano F, Specchio N et al., 2007



O.F. 3 m – Left frontal focal cortical dysplasia







Migrating Partial Seizures in Infancy 

CLINICAL PRESENTATION
¡ Many of the motor manifestations are relatively subtle

¡ Electrical seizures

¡ Autonomic signs (flushing of the face, salivation, and apnea) 

¡ Seizures are relatively brief but tend to recur in series of 5-30 
seizures

¡ Clusters may last up to 5 days, at times requiring intenisve care

¡ Initial seizures are rare (once a week)



Migrating Partial Seizures in Infancy 

CLINICAL PRESENTATION

¡ Progressive neurological deterioration

¡ Major axial and limb hypotonia

¡ Loss of visual contact

¡ Inability to grasp

¡ Complete loss of other motor and social skills

¡ Acquired microcephaly



MPSI - Mir.Lat., 4 months, focal seizure, minimal signs

140 sec



Type of clinical/EEG pattern suggestive of……….
Genetic, KCNQ2 Encephalopathy



Interictal awake Interictal sleep

Type of clinical/EEG pattern suggestive of……….



Type of clinical/EEG pattern suggestive of……….Unilateral brain malformation: hemimegalencephaly



Type of clinical/EEG pattern suggestive of……….
Dravet syndrome, SCN1A mutation



Type of clinical/EEG pattern suggestive of……….
PCDH19 mutation



Type of clinical/EEG pattern suggestive of……….



Alternating hemiplegia, ATP1A3 mutation

Type of clinical/EEG pattern suggestive of……….



u Epileptic encephalopathy due to a single etiological 
factor (SCN1A – interneuron abnormalities).

u It is characterized by a constant electro-clinical pattern, 
evolving only in terms of intensity and severity, without 
any possibility of complete resolution.

u It may be considered as a real disease and a specific 
nosographic entity.

Dravet Syndrome



49

Original Article

Electroencephalographic Features in
Dravet Syndrome: Five-Year Follow-Up
Study in 22 Patients

Nicola Specchio, MD, PhD1, Martina Balestri, MD1,2,
Marina Trivisano, MD3, Natia Japaridze, MD4,
Pasquale Striano, MD, PhD5, Antonio Carotenuto, MD1,6,
Simona Cappelletti, MD7, Luigi M. Specchio, MD3,
Lucia Fusco, MD, PhD1, and Federico Vigevano, MD1

Abstract
The aim of the study was to evaluate interictal electroencephalogram features in 22 patients with Dravet syndrome from the onset
of the disease through the next 5 years. Electroencephalogram was abnormal in 5 patients (22.7%) at onset, and in 17 (77.3%) at the
end of the study. Epileptiform abnormalities (focal, multifocal, or generalized) were seen in 6 patients at the onset and in 14 (27% vs
64%) at the end of the study. Photoparoxysmal response was present in 41% of patients at the end of follow-up. No statistical dif-
ferences were found between mutated and nonmutated groups regarding evolution of background activity, interictal abnormalities,
and presence of photoparoxysmal response. Electroencephalogram findings seemed to be age dependent, variable among different
patients, and not influenced by the presence of sodium channel, voltage-gated, type I, alpha subunit (SCN1A) mutation. The lack of
specific epileptiform abnormalities contributes to the difficulty of patients’ management in Dravet syndrome.

Keywords
EEG, Dravet syndrome, SCN1A mutation, epilepsy
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Dravet syndrome, first reported as severe myoclonic epilepsy
in infancy, was described by Dravet in 1978.1 In the last Report
of the International League Against Epilepsy Commission on
Classification and Terminology,2 it was suggested that Dravet
syndrome should be considered as ‘‘genetic epilepsy.’’

The syndrome is characterized by the occurrence of general-
ized seizures during the first year of life often triggered by
fever, and unilateral clonic seizures in otherwise normal chil-
dren. Myoclonia, atypical absences, and focal seizures appear
soon after the onset.3 Psychomotor retardation becomes evi-
dent usually during the second year of life.4,5 Moreover, pro-
gressive neurologic deficits such as ataxia and pyramidal
signs subsequently can develop.6

Sodium channel, voltage-gated, type I, alpha subunit
(SCN1A) mutations have been identified in 30% to 80% of
patients with Dravet syndrome.7-12 A small proportion (10%-
25%) of negative cases were found to have pathogenic deletions
or duplications of SCN1A.13-15

The electroencephalogram (EEG) pattern in Dravet syn-
drome is characterized by the association of generalized, focal,
and multifocal abnormalities.16,17 Usually background activity
is slow and is associated with bilateral frontocentral theta

activity while the patient is awake.18 Paroxysmal abnormalities
can be absent especially in the early stages. If present, they con-
sist of generalized or focal spikes, spikes and waves, synchro-
nous and/or asynchronous, isolated, or in brief bursts. Usually
sleep EEG is normal. A lack of specific pattern has been under-
lined.16 Photosensitivity is reported in a large proportion of
cases (>40%), although it is not a constant feature over time.19
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Interictal abnormalities. We considered epileptiform and slow
waves. Epileptiform abnormalities (focal, multifocal, or gener-
alized) were seen in 6 patients at the onset of the disease and in
14 (27% vs 64%) at the end of the study. All patients at least in
one observation presented epileptiform abnormalities during
the study period. Slow abnormalities (theta and delta rhythms)
were evident at the onset in 2 patients and in 7 (9% vs 31%) at
the end of study. No differences were found comparing
mutated and nonmutated patients regarding the percentage of
patients with interictal abnormalities during the study period
(79.8% vs 83.3%; P ! .7). Overall within 22 patients, at 12,
24, and 36 months we had the chance to record sleep EEG in
respectively 16, 12, and 10 patients. The analysis of EEG trace
revealed that all patients who presented epileptiform abnormal-
ities when awake tended to increase during sleep. Only in 4
patients who had a normal awake EEG, did the epileptiform
abnormalities appear during sleep.

Photoparoxysmal response. At onset, 2 of 22 (9%) patients
were photosensitive. This finding progressively increased dur-
ing the study period: at the end, it was present in 9 of 22 (41%)
patients. No statistical differences were found between mutated

and nonmutated groups regarding the presence of photoparoxys-
mal response during the study period (29% vs 37.9%; P ! .4).

Localization. Figure 2 and Supplemental Table 1 and 2 (tables
available online at jcn.sagepub.com) show types and localiza-
tion of epileptiform abnormalities from the onset through the
study period. At onset, epileptiform abnormalities were gener-
alized in 3 of 6 patients (50%) and mainly over central-
posterior areas in the other 3 (50%). At the end of the study
period, 2 of 14 patients (14%) presented generalized, 8 (57%)
multifocal, and 4 (28.5%) focal abnormalities (2 anterior, 1
central, and 1 posterior regions).

Slow waves at onset were seen mainly over central regions,
while at the end of follow-up they were mainly diffuse (5 of 7,
71.5%) or over the anterior areas (2 of 7, 28.5%). We did not
consider the differences between mutated and nonmutated
groups because of the small number of patients.

Discussion

To date, few data are available on EEG features in Dravet syn-
drome and on their modifications thorough the disease
course.5,23-26 Three stages of the disease have been recognized,

Figure 1. Electroencephalogram (EEG) findings from the onset through the study period. A, Percentage of patients with slowing background
activity (BA), slow waves, and epileptiform abnormalities at each time of observation (each time corresponds to an interval of 6 months from the
onset of the disease). B, Percentage of patients with sodium channel, voltage-gated, type I, alpha subunit (SCN1A) mutation with slowing
background activity, slow waves, and epileptiform abnormalities at each time of observation (each time corresponds to an interval of 6 months
from the onset of the disease). C, Percentage of patients without SCN1A mutation with slowing background activity, slow waves, and epilep-
tiform abnormalities at each time of observation (each time corresponds to an interval of 6 months from the onset of the disease). D, Percentage
of patients with photoparoxysmal epileptiform response (PPR) at each time of observation (each time corresponds to an interval of 6 months
from the onset of the disease). Percentages have been considered for all patients and separately for patients with and without SCN1A mutation.
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In order to assess the cognitive and adaptive pro!les of school-aged patientswith Dravet syndrome (DS),we pro-
posed to evaluate the intelligence and adaptive scores in twenty-one 6- to 10-year-old patients with DS followed
in our institution between 1997 and 2013. Fourteen patients were tested using the Wechsler Intelligence Scale
for Children (WISC) and the Vineland Adaptive Behavioral Scales (VABS); 6 patients could not be tested with
the WISC and were tested with the VABS only, and one was tested with the WISC only. Data regarding the
epilepsy were retrospectively collected. Statistical analysis (Spearman rank order and Pearson correlation
coef!cient) was used to correlate early epilepsy characteristics with the cognitive and adaptive scores.
Sodium channel, neuronal alpha-subunit type 1 (SCN1A) was mutated in 19 out of 21 patients. After the age of
6 years, none of the DS patients had a normal intelligence quotient (IQ) using WISC (age at the testing period:
mean = 100 ± 5; median = 105 months; mean total IQ = 47 ± 3; n = 15). Only !ve patients had a verbal
and/or a non verbal IQ of more than 60 (points). Their cognitive pro!le was characterized by an attention de!cit,
an inability to inhibit impulsive responses, perseverative responses and de!cit in planning function. Administer-
ing the Vineland Adaptive Behavioral Scales in the same period, we showed that socialization skills were signif-
icantly higher than communication and autonomy skills (age at the testing period: mean = 100 ± 4;
median = 100 months; n = 20).
We did not !nd any signi!cant correlation between the IQ or developmental quotient assessed between 6 and
10 years of age and the quantitative and qualitative parameters of epilepsy during the !rst two years of life in
this small group of patients.
Despite an overall moderate cognitive de!cit in this group of patients, the Vineland Adaptive Behavioral Scales
described an adaptive/behavioral pro!le with low communication and autonomy capacities, whereas the social-
ization skills were more preserved. This pro!le was different from the one usually found in young patients with
autism and may require speci!c interventions.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

Dravet syndrome (DS), previously known as severe myoclonic epi-
lepsy in infancy (SMEI), is a rare, chronic epileptic syndrome occurring
within the !rst years of life in a previously normal infant. Patients en-
dure recurrent and prolonged hemiclonic or generalized tonic–clonic
seizures,mostly febrile ones, and usually develop other seizure types in-
cluding atypical absence seizures, focal seizures, and myoclonic jerks
that usually emerge between 1 and 4 years of age [1]. SCN1A encoding

a voltage sensitive sodium channel has been found mutated or deleted
in 70–80% of the patients with DS [2].

A singular time course of psychomotor development has been classi-
cally described in DS [3]. Before the age of two years, childrenwho have
been tested by the Brunet–Lezine scale [4] or the Grif!ths scale [5]
displayed a normal or subnormal developmental quotient (DQ). In
older children, cognitive evaluation indicated a low DQ in most cases,
characterized by poor visuomotor skills, heterogeneous language, and
behavioral disorders such as hyperactivity, poor relational capacities
and gestural stereotypies [4,5]. Behavioral disturbance such as hyperac-
tivity and autistic behavior was frequently observed, as well as speech
disturbance [4–6]. The cognitive outcome was usually poor, and sei-
zures remained anti-epileptic drugs even in adulthood [7,8], although
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u
SCN1A was mutated in 19 out of 21 patients

u
After the age of 6 years, none of the DS patients had a normal 

intelligence quotient (IQ):mean total IQ = 47 ± 3

u
They did not find any significant correlation between the IQ or 

developmental quotient assessed between 6 and 10 years of age 

and the quantitative and qualitative parameters of epilepsy during 

the first two years of life in this small group of patients.



¡ Truncating mutation in 17 patients   

¡ Missense mutation in 3 patients 

¡ Negative in 6 patients
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epilepsy cognitive decline

genetic background cognitive decline

genetic background epilepsy – different phenotypes

cognitive outcome –
different phenotypes

Seizures
Drugs
Medical Care

education, 
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SCN1A
+….?

Is there a role for  epilepsy and/or  genetic 
background in determining the cognitive 
outcome?

Ragona et al., 2011



¡ “it is not proven that the cognitive decline observed in 
the first stages of the disease is simply the direct 
consequence of epilepsy.”

¡ Hypothesis that channelopathy per se can play an 
important role in the pathogenesis of mental and 
neurologic deterioration (Dravet et al., 2011). 

¡ Hypothesis that the epileptogenic effects of the SCN1A 
mutation are mediated by changes in the behavior of 
inhibitory interneurons in the cortex (Catterall et al., 2010). 

Dravet Syndrome
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EPILEPTIC ENCEPAHOPATHY

Normal development

Epilepsy

Suppress
Improvement of 

RESOLUTION OF

• Epileptic encephalopathy is a dynamic 
condition not depending from the 
etiology that may persist over time 
causing increasingly severe functional 
effects

• It may improve and remit, either 
spontaneously or with treatment which 
suppresses the proposed causative 
epileptic activity 



Goals of epilepsy treatment in children

¡ Complete seizure control

¡ Low rate of neurological 
impairment

¡ AED discontinuation 

¡ Improvement of cognitive and 
motor functions involved by seizures



¡ Frequent epileptic activity (ictal and non-ictal) is harmful to the brain and 
should be always treated. 

¡ Contribution of abnormal EEG/clinical seizures.

¡ Epileptic activity is harmful irrespective of epilepsy syndrome or seizure 
types.  

¡ The epileptic activity independent of the underlying genetic or other 
etiology does account for worse outcomes.  

¡ Epileptic activity impairs cognitive function globally or selectively above 
and beyond the underlying pathology alone.

¡ Treatment of the epileptic activity can improve outcome independent of 
etiology.  

Question: Does epileptic activity contribute to worse 
outcomes above and beyond what would be expected 
from the underlying etiology? 



• Developmental impact independent of epileptic 
encephalopathy  eg. Dravet

• Developmental delay may precede seizure onset

• Many co-morbidities eg. Cerebral palsy, autism spectrum 
disorder, ID

• Outcome poor even though seizures stop
eg. KCNQ2, STXBP1 encephalopathies

Concept of Developmental Epileptic 
Encephalopathy

Scheffer et al., 2016



¡ Broadening of the terminology, when appropriate, to include 
the word “developmental” acknowledges that both aspects 
may be playing a role in the observed clinical presentation. 
These concepts are critical for families and clinicians to 
understand the disease process.

¡ When patients manifest features of both delayed development 
and very active epileptiform abnormalities, they could be 
considered to have a “developmental epileptic 
encephalopathy” to emphasize that both features play a role 
in their disease.

“Developmental and epileptic encephalopathies”

Scheffer et al., 2016



¡ Broadening of the terminology, when appropriate, to include 
the word “developmental” acknowledges that both aspects 
may be playing a role in the observed clinical presentation. 
These concepts are critical for families and clinicians to 
understand the disease process.

¡ When patients manifest features of both delayed development 
and very active epileptiform abnormalities, they could be 
considered to have a “developmental epileptic 
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EARLY DIAGNOSIS

EARLY TREATMENT

EARLY CONTROL

IMPROVEMENT IN DEVELOPMENTAL OUTCOME
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