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TERMINOLOGY AND CONCEPTS FOR ORGANIZATION OF SEIZURES
AND EPILEPSIES

Revised terminology and concepts for organization of seizures
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SUMMARY

The International League Against Epilepsy (ILAE) Com-
mission on Classification and Terminology has revised
concepts, terminology, and approaches for classifying sei-
zures and forms of epilepsy. Generalized and focal are
redefined for seizures as occurring in and rapidly engag-
ing bilaterally distributed networks (generalized) and
within networks limited to one hemisphere and either
discretely localized or more widely distributed (focal).
Classification of generalized seizures is simplified. No
natural classification for focal seizures exists; focal sei-
zures should be described according to their manifesta-
tions (e.g., dyscognitive, focal motor). The concepts of
generalized and focal do not apply to electroclinical syn-
dromes. Genetic, structural–metabolic, and unknown

represent modified concepts to replace idiopathic, symp-
tomatic, and cryptogenic. Not all epilepsies are recog-
nized as electroclinical syndromes. Organization of forms
of epilepsy is first by specificity: electroclinical syn-
dromes, nonsyndromic epilepsies with structural–meta-
bolic causes, and epilepsies of unknown cause. Further
organization within these divisions can be accomplished
in a flexible manner depending on purpose. Natural clas-
ses (e.g., specific underlying cause, age at onset, associ-
ated seizure type), or pragmatic groupings (e.g., epileptic
encephalopathies, self-limited electroclinical syndromes)
may serve as the basis for organizing knowledge about
recognized forms of epilepsy and facilitate identification
of new forms.
KEYWORDS: Epilepsy, Classification, Syndrome, Seizure,
Organization.

The history of classification has rested largely upon astute
observations and expert opinions. First published in 1960
and last updated officially in 1981 for seizures (Commission
on Classification and Terminology of the International Lea-
gue Against Epilepsy [ILAE], 1981) and 1989 for epilepsies
(Commission on Classification and Terminology of the

International League Against Epilepsy, 1989), the ILAE
classifications are based on concepts that, for the most part,
predate modern neuroimaging, genomic technologies, and
concepts in molecular biology. The original authors foresaw
that changes to the classification would be needed as new
information was acquired and as new investigative technol-
ogies were developed. This is no simple task. Attempts have
been made to update the 1989 and 1981 documents
(Engel, 2001, 2006); however, no new proposal has been
forthcoming.

A primary motivation for revising the classification in
the 2005–2009 Commission term and to continue
revising it in the future is to bring epilepsy out of the
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MODE OF SEIZURE ONSET AND 
CLASSIFICATION OF SEIZURE

Generalized epileptic seizure 
are conceptualized as 
originating at some point 
within, and rapidly engaging, 
bilaterally distributed 
network.

Epilepsia 2010; 51: 676-685

Focal epileptic seizures are 
conceptualized as originating 
within networks limited to one 
hemisphere. 
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Epilepsy 
1% of world’s population

Genetics

Structural and metabolic

Unknown cause
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Epilepsy 
1% of world’s population

Structural and metabolic

2009-2010

Traumatic brain 
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LONG-TERM RISK OF EPILEPSY AFTER 
TRAUMATIC BRAIN INJURY

Population-based study cohort study of  more 
than 1.5 million people

78572 of  them had at least one head injury and 
17470 were diagnosed with epilepsy, of  whom 
1017 had had a head injury before diagnosis.

Overall, the relative risk of  epilepsy 2.2 after 
mild head injury and 7.4 after a severe head 
injury

The rate of  development of  epilepsy was 
greatest in few years

The excess risk continued for 10 years after mild 
and severe brain injury

Risk were greater in those with a family history 
of  epilepsy ( 6 times in crease relative risk after 
mild head injury and 10 time for severe head 
injury)

IF= 28.409

Lancet 2009; 373: 1105-10.
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GENE AND EPILEPSY

Genetic testing in the epilepsies—Report of the ILAEGenetics
Commission
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SUMMARY

In this report, the International League Against Epilepsy
(ILAE) Genetics Commission discusses essential issues to
be considered with regard to clinical genetic testing in the
epilepsies. Genetic research on the epilepsies has led to
the identification of more than 20 genes with a major
effect on susceptibility to idiopathic epilepsies. The most
important potential clinical application of these discover-
ies is genetic testing: the use of genetic information, either
to clarify the diagnosis in people already known or sus-
pected to have epilepsy (diagnostic testing), or to predict
onset of epilepsy in people at risk because of a family his-
tory (predictive testing). Although genetic testing has
many potential benefits, it also has potential harms, and
assessment of these potential benefits and harms in par-

ticular situations is complex. Moreover, many treating cli-
nicians are unfamiliar with the types of tests available,
how to access them, how to decide whether they should
be offered, and what measures should be used to maxi-
mize benefit and minimize harm to their patients.
Because the field is moving rapidly, with new information
emerging practically every day, we present a framework
for considering the clinical utility of genetic testing that
can be applied to many different syndromes and clinical
contexts. Given the current state of knowledge, genetic
testing has high clinical utility in few clinical contexts, but
in some of these it carries implications for daily clinical
practice.
KEY WORDS: Epilepsy, Seizures, Genetics, Genetic test-
ing, SCN1A.

The identification of genes that influence risk for the
epilepsies has extremely important implications for both
research and clinical practice. In a research context, study of
the neurophysiologic and neurodevelopmental effects of
mutations in identified genes can elucidate the basic pro-
cesses underlying seizure susceptibility. This information
may lead to the development of new treatments targeted to
specific mechanisms, or even to ways of preventing epile-
ptogenesis. In clinical practice, another important potential
application of gene identification is genetic testing: the use
of genetic information, either to clarify the diagnosis in

people already known or suspected to have epilepsy
(diagnostic testing), or to predict onset of epilepsy in people
at risk of developing epilepsy because of a family history
(predictive testing) (Table 1).

Herein we discuss the essential issues to be considered in
the application of clinical genetic testing in the epilepsies.
This discussion is important because assessment of the
potential benefits and harms of testing in particular situa-
tions is complex, and many epileptologists and other clini-
cians are unfamiliar with the types of tests available, where
to access them, how to decide whether they should be
offered, and what procedures should be used to maximize
benefit and minimize harm to their patients if they are
offered.

One of the most promising areas of epilepsy genetics
research is pharmacogenomics: the search for genetic
variants associated with treatment response (efficacy or
tolerability) (Kasperaviciute & Sisodiya, 2009; Loscher
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Table 3. Genes identified in idiopathic epilepsy syndromes

Locus Gene Product References

Syndromes beginning in the first year of life

Benign familial neonatal seizures 20q13.3 KCNQ2 KV7.2 (K
+ channel) (Biervert et al., 1998; Singh et al.,

1998)
8q24 KCNQ3 KV7.3 (K

+ channel) (Charlier et al., 1998)

Benign familial neonatal-infantile seizures 2q23-q24.3 SCN2A NaV1.2 (Na+ channel) (Heron et al., 2002; Berkovic et al.,
2004; Striano et al., 2006; Herlenius
et al., 2007)

Ohtahara syndrome 9q34.1 STXBP1 Syntaxin binding protein 1 (Saitsu et al., 2008)
Xp22.13 ARX Aristaless-related

homeobox protein
(Kato et al., 2007; Fullston et al.,
2009)

Early onset spasms Xp22 STK9/CDKL5 cyclin-dependent kinase-like 5 (Kalscheuer et al., 2003)

X-linked infantile spasms Xp22.13 ARX Aristaless-related
homeobox protein

(Stromme et al., 2002; Gecz et al.,
2006)

Syndromeswith prominent febrile seizures

Dravet syndrome (severe
myoclonic epilepsy of infancy)

2q24 SCN1A NaV1.1 (Na+ channel) (Claes et al., 2001; Nabbout et al.,
2003;Wallace et al., 2003; Harkin
et al., 2007)

Genetic (generalized) epilepsy
with febrile seizures plus (GEFS+)

2q24 SCN1A NaV1.1 (Na+ channel) (Escayg et al., 2000b; Sugawara et al.,
2001;Wallace et al., 2001b)

19q13.1 SCN1B b1 subunit (Na+ channel) (Wallace et al., 1998, 2002; Audenaert
et al., 2003; Scheffer et al., 2007)

5q34 GABRG2 c2 subunit (GABAA receptor) (Baulac et al., 2001; Harkin et al.,
2002)

Childhood absence epilepsy
with febrile seizures

5q34 GABRG2 c2 subunit (GABAA receptor) (Wallace et al., 2001a; Kananura
et al., 2002)

Epilepsy and mental retardation
limited to females

Xq22 PCDH19 protocadherin (Dibbens et al., 2008)

Idiopathic generalized epilepsies

Early-onset absence epilepsy 1p35-p31.1 SLC2A1 GLUT1 (glucose
transporter type 1)

(Suls et al., 2009)

Juvenile myoclonic epilepsy 5q34-q35 GABRA1 a1 subunit (GABAA receptor) (Cossette et al., 2002)
6p12-p11 EFHC1 EF hand motif protein (Suzuki et al., 2004)

Focal epilepsies
Autosomal dominant nocturnal
frontal lobe epilepsy

20q13.2-q13.3 CHRNA4 a4 subunit (nACh receptor) (Steinlein et al., 1995; Phillips et al.,
2000)

1q21 CHRNB2 b2 subunit (nACh receptor) (De Fusco et al., 2000; Phillips et al.,
2001)

8p21 CHRNA2 a2 subunit (nACh receptor) (Aridon et al., 2006)

Autosomal dominant partial epilepsy
with auditory features (Autosomal
dominant lateral temporal epilepsy)

10q24 LGI1 Leucine-rich repeat protein (Gu et al., 2002; Kalachikov et al.,
2002; Morante-Redolat et al., 2002)

Epilepsies associated with other

paroxysmal disorders

Generalized epilepsy and
paroxysmal dyskinesia

10q22 KCNMA1 KCa1.1 (K
+ channel) (Du et al., 2005)

Epilepsy with paroxysmal
exercise-induced dyskinesia

1p35-p31.3 SLC2A1 GLUT1
(glucose transporter type 1)

(Suls et al., 2008;Weber et al., 2008)

Absence epilepsy and episodic ataxia 19p13 CACNA1A CaV2.1 (Ca
2+ channel) (Jouvenceau et al., 2001; Imbrici

et al., 2004)

Focal epilepsy and episodic ataxia 12p13 KCNA1 Kv1.1 (K+ channel) (Spauschus et al., 1999; Zuberi et al.,
1999; Eunson et al., 2000)

Familial hemiplegic migraine and epilepsy 1q21-23 ATP1A2 Sodium-potassium ATPase (Vanmolkot et al., 2003; Deprez
et al., 2008)
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Genetics

European congress of  epileptology 2010

> 95% sporadic case with complex 
inheritance < 5% familial with monogenic 

inheritance

Monday, August 2, 2010



GENE AND EPILEPSY

Nature Genetics 2009; 41: 16o-62

IF= 30.259
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J Neurosci 2009; 21: 6964-72
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Primary target: medical practitioners at all health care level 
Aid recognizing patients with drug resistant epilepsy for prompt referral to specialist centers for 
evaluation
Clinical research

Level 1: Categorization of  outcome to a  
               therapeutic intervention

Level 2: Definition of  drug resistant    
               epilepsy

IF= 3.733
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Level 1: Categorization of 
outcome to a  therapeutic 

intervention
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Scheme for categorizing outcome of  an intervention for 
epilepsy

                           Outcome dimension

     Seizure control             Occurrence of                                     Outcome category
                                              adverse effects   

1.  Seizure-free                  A.  No                                                                  1A
                                             B.  Yes                                                                  1B
                                             C. Undetermined                                              1C

2.  Treatment failure       A.  No                                                                   2A
                                             B.  Yes                                                                  2B
                                             C. Undetermined                                              2C

3.  Undetermined             A.  No                                                                  3A
                                             B.  Yes                                                                  3B
                                             C. Undetermined                                              3C
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Level 2: Definition of drug 
resistant epilepsy
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Drug resistant epilepsy may be 
defined as failure of adequate trials of 

two tolerated and appropriately 
chosen and used AED schedules 
(whether as monotherapies or in 

combination) to achieve sustained 
seizure freedom.
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CONCLUSION

The primary target users of the definition are medical practitioners at all health care levels

recognizing patients with drug resistant epilepsy for prompt referral to specialist centers for 
evaluation. 

limit in use the case of fist seizure

other dimensions of outcome are not included in the current scheme,

The definition aims to describe responsiveness to AED therapy but does not address the possible 
determining factors.

inevitably assumptions were made that require testing and validation in future studies.
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TREATMENT RELATED 
COMPLICATION

Bone health in young adult form tropical 
country

Atherosclerosis
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IF= 4.145

20 - 50 years old with taking AED(s) > 6 months
 stable dosage of AED(s)
 no other risk factors of low BMD

  Variable              Level            Odds ratio               95% CI              p-value

   Sex                     Female                1                            -                     0.001
                               Male                    3.07                 1.27 - 7.42
   BMI                    < 18.5                   1                            -                     < 0.001
                              18.5 - 22.9            0.44                 0.12-1.58  
                              > 23                      0.06                 0.01-0.28                         

  Variable              Level            Odds ratio               95% CI              p-value

 Duration of            0.5-1                   1                            -                     < 0.001     
    treatment (Yr)     1-5                      1.65                  0.14-20.00
                                 5-25                    2.17                 0.22-21.00 
                                 > 25                    8.60                 0.75-98.71
BMI                          < 18.5                  1                            -                     0.057        
                                18.5-22.9              1.1                 0.27-4.14
                                 > 23                     0.15               0.03-0.78

Risk factors for low MBD (T score at spine) on multivariate 
analysis

Risk factors for low MBD (T score at femur) on multivariate 
analysis

3.3% had 25-hydroxyvitamin D deficiency
  20.3% had 25-hydroxyvitamin D insufficiency
 25-hydroxyvitamin D did not correlate with BMD at either measured site
 Parathyroid hormone level was not correlated with BMD at euther site or with 25-hydroxyvitamin D level

36% had osteopenia
4.1% had osteoporesis
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96 patients (3-25 years) VS 63 healthy control 
Taking AED(s) > 2 years

48.9% had cerebral palsy (spastic tetraparesis, 
spastic diaplegia, congenital hemiplegia and 
dyskinesis palsy
 68.7% had MR
11,4% walk with help; 28.1% could not walk
39% had history of fracture

60% had abnormal BMD
   74%had osteopenia and 25% had osteoporesis 
include with or without cerebral palsy

IF= 3.733
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EFFECTS OF AEDS ON LIPIDS,
HOMOCYSTEINE, AND C-REACTIVE 

PROTEIN

: Adult epileptic patient who 
taking 
CBZ or PHT in monotherapy
: To cross them over to 
monotherapy with LTG or LVE

#  Switch from PHT and CBZ produced significant 
declines
: in total choresterol (-24.8 mg/dl)
: atherogenic (non-high-density lipoprotein) cholesterol 
(-19.9 mg/dl) 
: triglyceride (-47.1 mg/dl) (all p< 0.0001)
: C-reactive protein (-31.4%, p=0.027)
: Pts taken off  CBZ -31.2% decline in lipoprotein level 
(p=0.0004)
: pts taken off  PHT a decrease in homocystein (-17 
micromol/L, p= 0.005)
# All of  these changes were significant VS controls (p< 
0.05)
# Result were a similar whether plts were switched to 
LTG or LEV

Ann neurol  2009; 65: 448-456.

IF= 9.935
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: AEDs plays a pivotal role in the pathogenesis of 
atherosclerosis  
: 195 patients with long term AEDs used and 195 
healthy age- and sex- match 
: age 15-65 years 
: IMT at CCA by B-mode ultrasounography

IF= 3.733
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