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The Challenge
How to describe/talk about seizures in a way that is 

meaningful (and consistent) among

• Tertiary centers (AED selection, diets, devices, surgery)

• Epidemiologist (assess disease burden, risk factors)

• AED trials (consistency of diagnosis & outcomes)

• Resource poor environments (epidem, treatment)



The Tower of Babel



What is required?

• Terms & concepts need to have common 
meaning

• The terms & concepts need to be organized in 
a consistent, hierarchical fashion based on the 
best available evidence

Controlled Vocabulary

Classifications, Terminologies, Ontologies



What is a controlled vocabulary?



ISO Standard 1087 (Terminology-Vocabulary)

• Concept: a unit of thought constituted through 
abstraction on the basis of properties common to a set 
of objects

• Term: Designation of a defined concept in a special 
language by a linguistic expression

• Terminology: Set of terms representing the system of 
concepts of a particular subject field

• Nomenclature: System of terms that is elaborated 
according to preestablished naming rules



• Dictionary: structured collection of lexical units with 
linguistic information about each of them

• Vocabulary: Dictionary containing the terminology of 
a subject field

ISO Standard 1087 (Terminology-Vocabulary)



Examples of Specific Terminologies

• International Classification of Disease   (ICD- 9, 10)

• International Classification of Primary Care

• Current Procedural Terminology  (CPT)

• Diagnostic & Statistical Manual of Mental 

Disorders  (definitions & diagnostic criteria)           (DSM 5)

• Systematized Nomenclature of Medicine (SNOMED)



Controlled vocabulary
Rubin et al 2007

• “A CV provides a list of concepts and text 
descriptions of their meaning and a list of 
lexical terms corresponding to each concept. 
Concepts in a CV are often organized in a 
hierarchy.  Thus, CVs provide a collection of 
terms that researchers can use for indexing 
resources, such as records in a database. The 
GO is the most widely used CV serving 
biomedical researchers.”



Seizure Controlled Vocabulary 
Resources

• Blume et al Glossary (semiology)

• Nochter (EEG)



What is the relationship of the controlled 
vocabulary to a diagnostic manual?

• The CV is the dictionary from which the terms  
used in each component of the DM is derived

• It can be as simple as a list of terms (with 
definitions) or terms in a hierarchical structure







Means of organizing terms & concepts into 
a coherent classification (ontology)



Current classifications

• ILAE C & T- seizures 1981
• ILAE C & T- syndromes 1989
• ILAE both 2010
• ILAE Epidemiology 2010
• ICD-9, 10, (11)
• SNOMED CT
• Others….



ILAE Revised Classification of Epileptic 
Seizures (1981)

• Partial (focal, local) Seizures
– Simple: motor, autonomic, psychic, somato or special 

sensory 
– Complex: at onset, preceded by SPS, automatisms
– Secondarily generalized tonic-clonic: SPS, CPS, SPS-CPS

• Generalized Seizures
– Absence: with clonic, atonic, tonic, autonomic, 

automatic
– Atypical absence: greater change of tone
– Myoclonic
– Clonic
– Tonic-clonic
– Atonic



Classification of Epilepsies & 
Epileptic Syndromes (1989)

• Localization-related
– Idiopathic, cryptogenic, symptomatic

• Generalized
– Idiopathic, cryptogenic, symptomatic

• Undetermined
– With both generalized & focal seizures
– Without unequivocal generalized & focal 

seizures
• Special Syndromes

– Febrile szs, EPC, isolated, specific precipitants



ILAE Commission… Revision of 
terminology & concepts of seizures & 

epilepsy. Epilepsia 2010;51:676-685



2010 Revision- Syndromes



2010 Revision- Seizure Classfication



Different needs for seizure epilepsy 
ontology

• Clinical care
• Drug, device, other treatment studies
• Epidemiology
• Research
• Communities

– WHO
– ILAE
– CMS



Axes for classification (ontology)
• Clinical

– Semiology (clinical description)
– Seizure onset (partial, generalized, both, unknown)
– Age of onset
– Age of offset
– Developmental history
– Response to medication
– Family history
– Natural history (remission, refractory)

• Laboratory
– EEG
– MRI
– Genotype

• Basic science
– Neurochemistry/pharmacology
– Cellular electrophysiology
– Molecular
– Genetics
– Systems



Organization of (medical) terminologies & 
knowledge

• 1603-1830’s - London Bills of Mortality
• 1865- Aggregated Statistics (LBM) 
• 1860- International Codes of Diseases:

– Reporting of morbidity & mortality

• 1980’s- computers become available
• Multiple terminologies (READ, LOINC, DICOM)
• Need for order



Ontologies
• = formal specification of terms in the domain (e.g. 

epilepsy) and relations among them (e.g. complex 
partial is a type of partial seizure which is a type of 
seizure)

• Why make one?
– Share common understanding of information
– Enable reuse of information
– Make assumptions explicit
– Analyze domain knowledge 



Ontologies
• 1990’s- Knowledge Representation grew out of 

the principles of Artificial Intelligence

• 2002- Web Ontology Language (OWL)
– Muliti axial
– Dynamic information- frequently updated
– Description logics is self organizing



Human phenotype ontology

http://bioportal.bioontology.org/visualize/38835



Human phenotype ontology

http://bioportal.bioontology.org/visualize/38835
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A Diagnostic Heuristic
Using the Epilepsies Ontology
Framework and Decision Table

A Heuristic Decision Table for Human Disease

Robert Yao





Integration to the Epilepsies Ontology
Generalized Tonic-Clonic 

Pattern

Diffuse Attentuation

Diffuse Fast Rhythms

Slow Generalized Spike-Wave

Generalized Spike or
Polyspike-Wave Discharges

Diffuse Electrodecrement

Multifocal Discharges

Focal Discharges

Sign

Several seizure evolution over time
trigger (chronic: provoking factor), frequency, severity, duration, sequence

Individual seizure properties: 
trigger (acute: precipitating factor,), frequency, severity, duration, sequence 
(seizure sequence: up to 4 iterations in one epileptic)

Semiologic Seizure Type (or Paroxysmal Event)

Clinically silent

Direct observation: tachycardia, BP changes

Detect by polygraphic recording: 
tachycardia, BP changes

Sign

Hot flashes

Palpitations

Symptom
Sign

3Hz Rhythmic eye blinking

Symptom

Amnesia (complete or partial)
Alteration of consciousness
Begins and ends abruptly
<20 sec / episode

Short (<400 ms) 
muscle contractions 

Sign
Muscle contractions 
of variable duration that 
affects primarily axial muscles
Frequently occurs in clusters:
-short myoclonic jerk 
-to a sustained tonic posture
-salaam posture (abduction of both arms)

Sign

Myoclonic contractions
0.2-5Hz
Muscle contractions

Sign

Sustained (> 3 sec) 
muscle contractions
that lead to positioning

Sign

Initial Phase:
-tonic posturing of all limbs
Tonic Phase:
-muscle sustained contractions
-tend to slow
Evolve to Clonic Phase:
-contractions of progressively decreasing 
frequency until contractions disappear completely
-Same muscles in tonic & clonic phase
Sequence: Infrequent focal to tonic-clonic evolution
(May need to have Tonic followed by Clonic Seizure)

Sign

Sustained & extreme:
 Conjugate eye movement to one side
  (Progressive movement of eye to extreme position)
  (Smooth tonic lateral movement)
  (W or w/o superimposed small saccades)
 Moves head or whole body to one side
  (Small clonic lateral movements)
  (Chin moves lateral and upward)
 Unnatural position of Eyes and head
 Occasionally body completes 1 or more 360 turns

Sign

Large, complex movements
-Involve the proximal segments of limbs & trunk
-Appear violent when occur at high speeds
-Imitate normal movements but inappropriate for situation and without 
purpose
-Repeated in complex sequences (e.g. pedaling)
-Consciousness preserved

Sign

-Distal segments of hands & feet or mouth & tongue
-Consciousness Preserved: seizure (originates in non-dominant 
hemisphere)

Sign

Laughing
Preceded/followed by any other seizure type
Common in pts w/ hypothalamic hamartoma 

Sign

Loss of postural tone
(head drops, falls, etc)
Preceded by short myoclonic seizure

Sign

Initial myoclonic jerk 
causing loss of balance 
Atonia leads to fall

Sign Decrease or total absence of motor activity w/o emergence of new 
motor manifestations
Used when not possible to test consciousness during or after the 
seizure (newborns, infants, severe mental retardation)
Consciousness probably altered or consciousness may be preserved
Absence of movement may be expression of akinetic seizure or 
reaction to an aura

Sign

Inability to perform voluntary movements
Negative complex motor seizure
Muscle tone frequently lost
Akinesia: predominant manifestation
Activation of negative motor areas in 
frontal & inferior frontal gyri
Only patients w/ preserved consciousness

Sign

Muscle activity interruption
Brief interruption of tonic muscle activity
Short, sudden movement similar to myoclonic jerk
Epileptiform discharge from primary sensorimotor cortex discharge

Sign

Cannot speak
Cannot understand spoken language
Cortical language center affected

Sign

Paresthesia

Symptom

Visual Illusion

Visual Hallucination
(Micropsia/Macropsia)

Symptom

Auditory Illusion

Auditory Hallucination

Symptom

Olfactory Illusion

Olfactory Hallucination

Symptom

Gustatory Hallucination

Symptom
Palpitations
Hotflashes

Symptom

Distortions of Familiarity
Deja Vu or Jamais Vu

Symptom

Complex hallucinations and 
illusions affecting multiple senses

Name: Epilepsy

Disease

Symptom

Abdominal Sensation

Abnormal

Normal

Sign

Sign

3Hz Generalized Polyspike-Wave

Multifocal Spikes

Stereotyped Multifocal Spikes

Stereospiked Focal Spikes

2-3Hz Generalized Spike-Wave

Continuous Spike-Wave Discharges

Fast (>3.5Hz) Generalized Polyspike-Wave

Fast (>3.5Hz) Generalized Spike-Wave

Focal Spikes

None

Occipital Intermittent Rhythmic Delta

Biparietal Rhythmic Theta

Hypsarrhythmia

Invariant Burst Suppression

Burst-Supression

Sign

Ictal

Sleep

Other

Fixation-Off 
Sensitivity

Hyperventilation 
Induced Seizure

Photoparoxysmal 
Response

Sign
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Aura

Aura Dialeptic Seizure

Non- or Un-conscious Dialeptic Seizure
(Typical)

Conscious Dialeptic Seizure
(Atypical)

Dialeptic Seizure

Autonomic Seizure

Autonomic Seizure

Autonomic Seizure

Motor Seizure

Simple Motor Seizure

Myoclonic Seizure Versive Seizure Epileptic Spasm Tonic Seizure Clonic Seizure Tonic-Clonic Seizure

Complex Motor Seizure Negative Motor Seizure

Gelastic 
Seizure

Non or un-conscious 
Proximal Automotor 
Seizure/Automatism

(Hypermotor Seizure)

Non or un-conscious
Distal Automotor Seizure/Automatism

(Automotor Seizure)

Conscious 
Proximal Automotor Seizure/Automatism

(Hypermotor Seizure)

Conscious
Distal Automotor Seizure/Automatism

(Automotor Seizure)
Atonic Seizure Astatic Seizure Hypomotor Seizure Akinetic Seizure Negative Myoclonic Seizure Aphasic Seizure

Clinical History Demographic Developmental History

Normal Abnormal

Family History Neurologic Examination HEENT

Clinical Factor Diagnostic Test Factor Etiologic Factor Epidemiology

Genetic

Gene Inheritance Topic

Structural

Pathology

Neurologic

Metabolic/Functional

Pathophysiologic

Prophylaxis Prognosis Treatment Factor

Somatosensory Aura Auditory Aura Olfactory Aura Gustatory Aura Autonomic Aura Abdominal Aura Psychic Aura

Age

Age

Sex

Sex

Sex

Male Female

Neuroimaging Test Genetic Test Metabolic Test

Test ResultTest ResultMRI SPECT CT MEG PET

Visual Aura
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Test Result

Background Special
Features

Activation
Procedures

Interictal
Epileptiform
Discharges

Ictal
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EEG

EEG

Electrophysiologic Test

EKG Holter
Monitor

is part of

is a part of

Medical History

Review of Systems

is a

is a

is a

is a

History

Age at onset

Physical
Exam

< 44 weeks of gestational age

Neonate

< 1 year

Infant

1-12 years

Child

12-18 years

Adolescent

> 18 years

Adult

> 60 or >65 years

Elderly
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Symptom

Amnesia (complete or partial)?
Waxing and waining of consciousness?
Begins and ends abruptly
>20 sec / episode
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Large, complex movements
-Involve the proximal segments of limbs & trunk
-Appear violent when occur at high speeds
-Imitate normal movements but inappropriate for situation and without 
purpose
-Repeated in complex sequences (e.g. pedaling)
-Consciousness lost or affected

Sign

-Distal segments of hands & feet or mouth & tongue
-Consciousness lost or affected

Sign
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Autosomal 
Inheritance

Autosomal Dominant 
Inheritance

Autosomal Recessive 
Inheritance

X-linked 
Inheritance

X-Linked Dominant 
Inheritance

X-Linked Recessive 
Inheritance

Y-Linked 
Inheritance

Mitochondrial 
Inheritance
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is a
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ROOT

What do we do about seizure types?

Name: Epilepsy

Disease

is a part of

is a part of

Clinical 
Factor

Diagnostic 
Test Factor

Etiologic 
Factor

Epidemiologic 
Factor

Prophylactic
Factor

Treatment
Factor

Prognostic
Factor

is a part of
is a part of is a part of

is a part of

is a part of

The Ontology Blueprint
Increased Granularity



Generalized Tonic-Clonic 
Pattern

Diffuse Attentuation

Diffuse Fast Rhythms

Slow Generalized Spike-Wave

Generalized Spike or
Polyspike-Wave Discharges

Diffuse Electrodecrement

Multifocal Discharges

Focal Discharges

Sign

Several seizure evolution over time
trigger (chronic: provoking factor), frequency, severity, duration, sequence

Individual seizure properties: 
trigger (acute: precipitating factor,), frequency, severity, duration, sequence 
(seizure sequence: up to 4 iterations in one epileptic)

Semiologic Seizure Type (or Paroxysmal Event)

Clinically silent

Direct observation: tachycardia, BP changes

Detect by polygraphic recording: 
tachycardia, BP changes

Sign

Hot flashes

Palpitations

Symptom
Sign

3Hz Rhythmic eye blinking

Symptom

Amnesia (complete or partial)
Alteration of consciousness
Begins and ends abruptly
<20 sec / episode

Short (<400 ms) 
muscle contractions 

Sign
Muscle contractions 
of variable duration that 
affects primarily axial muscles
Frequently occurs in clusters:
-short myoclonic jerk 
-to a sustained tonic posture
-salaam posture (abduction of both arms)

Sign

Myoclonic contractions
0.2-5Hz
Muscle contractions

Sign

Sustained (> 3 sec) 
muscle contractions
that lead to positioning

Sign

Initial Phase:
-tonic posturing of all limbs
Tonic Phase:
-muscle sustained contractions
-tend to slow
Evolve to Clonic Phase:
-contractions of progressively decreasing 
frequency until contractions disappear completely
-Same muscles in tonic & clonic phase
Sequence: Infrequent focal to tonic-clonic evolution
(May need to have Tonic followed by Clonic Seizure)

Sign

Sustained & extreme:
 Conjugate eye movement to one side
  (Progressive movement of eye to extreme position)
  (Smooth tonic lateral movement)
  (W or w/o superimposed small saccades)
 Moves head or whole body to one side
  (Small clonic lateral movements)
  (Chin moves lateral and upward)
 Unnatural position of Eyes and head
 Occasionally body completes 1 or more 360 turns

Sign

Large, complex movements
-Involve the proximal segments of limbs & trunk
-Appear violent when occur at high speeds
-Imitate normal movements but inappropriate for situation and without 
purpose
-Repeated in complex sequences (e.g. pedaling)
-Consciousness preserved

Sign

-Distal segments of hands & feet or mouth & tongue
-Consciousness Preserved: seizure (originates in non-dominant 
hemisphere)

Sign

Laughing
Preceded/followed by any other seizure type
Common in pts w/ hypothalamic hamartoma 

Sign

Loss of postural tone
(head drops, falls, etc)
Preceded by short myoclonic seizure

Sign

Initial myoclonic jerk 
causing loss of balance 
Atonia leads to fall

Sign Decrease or total absence of motor activity w/o emergence of new 
motor manifestations
Used when not possible to test consciousness during or after the 
seizure (newborns, infants, severe mental retardation)
Consciousness probably altered or consciousness may be preserved
Absence of movement may be expression of akinetic seizure or 
reaction to an aura

Sign

Inability to perform voluntary movements
Negative complex motor seizure
Muscle tone frequently lost
Akinesia: predominant manifestation
Activation of negative motor areas in 
frontal & inferior frontal gyri
Only patients w/ preserved consciousness

Sign

Muscle activity interruption
Brief interruption of tonic muscle activity
Short, sudden movement similar to myoclonic jerk
Epileptiform discharge from primary sensorimotor cortex discharge

Sign

Cannot speak
Cannot understand spoken language
Cortical language center affected

Sign

Paresthesia

Symptom

Visual Illusion

Visual Hallucination
(Micropsia/Macropsia)

Symptom

Auditory Illusion

Auditory Hallucination

Symptom

Olfactory Illusion

Olfactory Hallucination

Symptom

Gustatory Hallucination

Symptom
Palpitations
Hotflashes

Symptom

Distortions of Familiarity
Deja Vu or Jamais Vu

Symptom

Complex hallucinations and 
illusions affecting multiple senses

Name: Epilepsy

Disease

Symptom

Abdominal Sensation

Abnormal

Normal

Sign

Sign

3Hz Generalized Polyspike-Wave

Multifocal Spikes

Stereotyped Multifocal Spikes

Stereospiked Focal Spikes

2-3Hz Generalized Spike-Wave

Continuous Spike-Wave Discharges

Fast (>3.5Hz) Generalized Polyspike-Wave

Fast (>3.5Hz) Generalized Spike-Wave

Focal Spikes

None

Occipital Intermittent Rhythmic Delta

Biparietal Rhythmic Theta

Hypsarrhythmia

Invariant Burst Suppression

Burst-Supression

Sign

Ictal

Sleep

Other

Fixation-Off 
Sensitivity

Hyperventilation 
Induced Seizure

Photoparoxysmal 
Response

Sign
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Aura

Aura Dialeptic Seizure

Non- or Un-conscious Dialeptic Seizure
(Typical)

Conscious Dialeptic Seizure
(Atypical)

Dialeptic Seizure

Autonomic Seizure

Autonomic Seizure

Autonomic Seizure

Motor Seizure

Simple Motor Seizure

Myoclonic Seizure Versive Seizure Epileptic Spasm Tonic Seizure Clonic Seizure Tonic-Clonic Seizure

Complex Motor Seizure Negative Motor Seizure

Gelastic 
Seizure

Non or un-conscious 
Proximal Automotor 
Seizure/Automatism

(Hypermotor Seizure)

Non or un-conscious
Distal Automotor Seizure/Automatism

(Automotor Seizure)

Conscious 
Proximal Automotor Seizure/Automatism

(Hypermotor Seizure)

Conscious
Distal Automotor Seizure/Automatism

(Automotor Seizure)
Atonic Seizure Astatic Seizure Hypomotor Seizure Akinetic Seizure Negative Myoclonic Seizure Aphasic Seizure

Clinical History Demographic Developmental History

Normal Abnormal

Family History Neurologic Examination HEENT

Clinical Factor Diagnostic Test Factor Etiologic Factor Epidemiology

Genetic

Gene Inheritance Topic

Structural

Pathology

Neurologic

Metabolic/Functional

Pathophysiologic

Prophylaxis Prognosis Treatment Factor

Somatosensory Aura Auditory Aura Olfactory Aura Gustatory Aura Autonomic Aura Abdominal Aura Psychic Aura

Age

Age

Sex

Sex

Sex

Male Female

Neuroimaging Test Genetic Test Metabolic Test

Test ResultTest ResultMRI SPECT CT MEG PET

Visual Aura
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is a part of
is a part of

Test Result

Background Special
Features

Activation
Procedures

Interictal
Epileptiform
Discharges

Ictal
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EEG

EEG

Electrophysiologic Test

EKG Holter
Monitor
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Medical History

Review of Systems
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History

Age at onset

Physical
Exam

< 44 weeks of gestational age

Neonate

< 1 year

Infant

1-12 years

Child

12-18 years

Adolescent

> 18 years

Adult

> 60 or >65 years

Elderly
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is a
is a

is a
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is a
is a is a

Symptom

Amnesia (complete or partial)?
Waxing and waining of consciousness?
Begins and ends abruptly
>20 sec / episode
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Large, complex movements
-Involve the proximal segments of limbs & trunk
-Appear violent when occur at high speeds
-Imitate normal movements but inappropriate for situation and without 
purpose
-Repeated in complex sequences (e.g. pedaling)
-Consciousness lost or affected

Sign

-Distal segments of hands & feet or mouth & tongue
-Consciousness lost or affected

Sign
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Autosomal 
Inheritance

Autosomal Dominant 
Inheritance

Autosomal Recessive 
Inheritance

X-linked 
Inheritance

X-Linked Dominant 
Inheritance

X-Linked Recessive 
Inheritance

Y-Linked 
Inheritance

Mitochondrial 
Inheritance
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ClinicalMethods: Aim 1

Several seizure evolution over time
trigger (chronic: provoking factor), frequency, 
severity, duration, sequence

Individual seizure properties: 
trigger (acute: precipitating factor,), frequency, 
severity, duration, sequence (seizure sequence: 
up to 4 iterations in one epileptic)

Semiologic Seizure Type (or Paroxysmal Event)

Chief
Complaint
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Clinical 
History Demographic Developmental 

History

Normal Abnormal

Family 
History

Neurologic 
Examination

Clinical Factor

Age at onset Sex
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Medical 
History

Review of Systems

History Physical
Exam
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Generalized Tonic-Clonic 
Pattern

Diffuse Attentuation

Diffuse Fast Rhythms

Slow Generalized Spike-Wave

Generalized Spike or
Polyspike-Wave Discharges

Diffuse Electrodecrement

Multifocal Discharges

Focal Discharges

Sign

Several seizure evolution over time
trigger (chronic: provoking factor), frequency, severity, duration, sequence

Individual seizure properties: 
trigger (acute: precipitating factor,), frequency, severity, duration, sequence 
(seizure sequence: up to 4 iterations in one epileptic)

Semiologic Seizure Type (or Paroxysmal Event)

Clinically silent

Direct observation: tachycardia, BP changes

Detect by polygraphic recording: 
tachycardia, BP changes

Sign

Hot flashes

Palpitations

Symptom
Sign

3Hz Rhythmic eye blinking

Symptom

Amnesia (complete or partial)
Alteration of consciousness
Begins and ends abruptly
<20 sec / episode

Short (<400 ms) 
muscle contractions 

Sign
Muscle contractions 
of variable duration that 
affects primarily axial muscles
Frequently occurs in clusters:
-short myoclonic jerk 
-to a sustained tonic posture
-salaam posture (abduction of both arms)

Sign

Myoclonic contractions
0.2-5Hz
Muscle contractions

Sign

Sustained (> 3 sec) 
muscle contractions
that lead to positioning

Sign

Initial Phase:
-tonic posturing of all limbs
Tonic Phase:
-muscle sustained contractions
-tend to slow
Evolve to Clonic Phase:
-contractions of progressively decreasing 
frequency until contractions disappear completely
-Same muscles in tonic & clonic phase
Sequence: Infrequent focal to tonic-clonic evolution
(May need to have Tonic followed by Clonic Seizure)

Sign

Sustained & extreme:
 Conjugate eye movement to one side
  (Progressive movement of eye to extreme position)
  (Smooth tonic lateral movement)
  (W or w/o superimposed small saccades)
 Moves head or whole body to one side
  (Small clonic lateral movements)
  (Chin moves lateral and upward)
 Unnatural position of Eyes and head
 Occasionally body completes 1 or more 360 turns

Sign

Large, complex movements
-Involve the proximal segments of limbs & trunk
-Appear violent when occur at high speeds
-Imitate normal movements but inappropriate for situation and without 
purpose
-Repeated in complex sequences (e.g. pedaling)
-Consciousness preserved

Sign

-Distal segments of hands & feet or mouth & tongue
-Consciousness Preserved: seizure (originates in non-dominant 
hemisphere)

Sign

Laughing
Preceded/followed by any other seizure type
Common in pts w/ hypothalamic hamartoma 

Sign

Loss of postural tone
(head drops, falls, etc)
Preceded by short myoclonic seizure

Sign

Initial myoclonic jerk 
causing loss of balance 
Atonia leads to fall

Sign Decrease or total absence of motor activity w/o emergence of new 
motor manifestations
Used when not possible to test consciousness during or after the 
seizure (newborns, infants, severe mental retardation)
Consciousness probably altered or consciousness may be preserved
Absence of movement may be expression of akinetic seizure or 
reaction to an aura

Sign

Inability to perform voluntary movements
Negative complex motor seizure
Muscle tone frequently lost
Akinesia: predominant manifestation
Activation of negative motor areas in 
frontal & inferior frontal gyri
Only patients w/ preserved consciousness

Sign

Muscle activity interruption
Brief interruption of tonic muscle activity
Short, sudden movement similar to myoclonic jerk
Epileptiform discharge from primary sensorimotor cortex discharge

Sign

Cannot speak
Cannot understand spoken language
Cortical language center affected

Sign

Paresthesia

Symptom

Visual Illusion

Visual Hallucination
(Micropsia/Macropsia)

Symptom

Auditory Illusion

Auditory Hallucination

Symptom

Olfactory Illusion

Olfactory Hallucination

Symptom

Gustatory Hallucination

Symptom
Palpitations
Hotflashes

Symptom

Distortions of Familiarity
Deja Vu or Jamais Vu

Symptom

Complex hallucinations and 
illusions affecting multiple senses

Name: Epilepsy

Disease

Symptom

Abdominal Sensation

Abnormal

Normal

Sign

Sign

3Hz Generalized Polyspike-Wave

Multifocal Spikes

Stereotyped Multifocal Spikes

Stereospiked Focal Spikes

2-3Hz Generalized Spike-Wave

Continuous Spike-Wave Discharges

Fast (>3.5Hz) Generalized Polyspike-Wave

Fast (>3.5Hz) Generalized Spike-Wave

Focal Spikes

None

Occipital Intermittent Rhythmic Delta

Biparietal Rhythmic Theta

Hypsarrhythmia

Invariant Burst Suppression

Burst-Supression

Sign

Ictal

Sleep

Other

Fixation-Off 
Sensitivity

Hyperventilation 
Induced Seizure

Photoparoxysmal 
Response

Sign
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is a part of
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Aura

Aura Dialeptic Seizure

Non- or Un-conscious Dialeptic Seizure
(Typical)

Conscious Dialeptic Seizure
(Atypical)

Dialeptic Seizure

Autonomic Seizure

Autonomic Seizure

Autonomic Seizure

Motor Seizure

Simple Motor Seizure

Myoclonic Seizure Versive Seizure Epileptic Spasm Tonic Seizure Clonic Seizure Tonic-Clonic Seizure

Complex Motor Seizure Negative Motor Seizure

Gelastic 
Seizure

Non or un-conscious 
Proximal Automotor 
Seizure/Automatism

(Hypermotor Seizure)

Non or un-conscious
Distal Automotor Seizure/Automatism

(Automotor Seizure)

Conscious 
Proximal Automotor Seizure/Automatism

(Hypermotor Seizure)

Conscious
Distal Automotor Seizure/Automatism

(Automotor Seizure)
Atonic Seizure Astatic Seizure Hypomotor Seizure Akinetic Seizure Negative Myoclonic Seizure Aphasic Seizure

Clinical History Demographic Developmental History

Normal Abnormal

Family History Neurologic Examination HEENT

Clinical Factor Diagnostic Test Factor Etiologic Factor Epidemiology

Genetic

Gene Inheritance Topic

Structural

Pathology

Neurologic

Metabolic/Functional

Pathophysiologic

Prophylaxis Prognosis Treatment Factor

Somatosensory Aura Auditory Aura Olfactory Aura Gustatory Aura Autonomic Aura Abdominal Aura Psychic Aura

Age

Age

Sex

Sex

Sex

Male Female

Neuroimaging Test Genetic Test Metabolic Test

Test ResultTest ResultMRI SPECT CT MEG PET

Visual Aura

is a is a

is a part of
is a part of

Test Result

Background Special
Features

Activation
Procedures

Interictal
Epileptiform
Discharges

Ictal

is a part of
is a part of

is a part of is a part of is a part of

is a part of is a part ofis a part of is a part of is a part of

EEG

EEG

Electrophysiologic Test

EKG Holter
Monitor

is part of

is a part of

Medical History

Review of Systems

is a

is a

is a

is a

History

Age at onset

Physical
Exam

< 44 weeks of gestational age

Neonate

< 1 year

Infant

1-12 years

Child

12-18 years

Adolescent

> 18 years

Adult

> 60 or >65 years

Elderly

is a

is a
is a

is a
is a

is a

is a
is a is a

Symptom

Amnesia (complete or partial)?
Waxing and waining of consciousness?
Begins and ends abruptly
>20 sec / episode

is a part of

is a

is a is a

Large, complex movements
-Involve the proximal segments of limbs & trunk
-Appear violent when occur at high speeds
-Imitate normal movements but inappropriate for situation and without 
purpose
-Repeated in complex sequences (e.g. pedaling)
-Consciousness lost or affected

Sign

-Distal segments of hands & feet or mouth & tongue
-Consciousness lost or affected

Sign

is a part of?

is a part of

is a
is a

ia a ia ais a

is a

is a
is a

is a
is a

is a

is a part of

is a

is a part of

is a part of
is a part of

is a

Autosomal 
Inheritance

Autosomal Dominant 
Inheritance

Autosomal Recessive 
Inheritance

X-linked 
Inheritance

X-Linked Dominant 
Inheritance

X-Linked Recessive 
Inheritance

Y-Linked 
Inheritance

Mitochondrial 
Inheritance

is a is a is a is a

is a
is a

is a
is a

Several seizure evolution over time
trigger (chronic: provoking factor), frequency, severity, duration, sequence

Individual seizure properties: 
trigger (acute: precipitating factor,), frequency, severity, duration, sequence 
(seizure sequence: up to 4 iterations in one epileptic)

Semiologic Seizure Type (or Paroxysmal Event)

is ais a

Aura Dialeptic Seizure Autonomic Seizure Motor Seizures

is a is a

Clinical: Semiology = Seizure Type ObservedMethods: Aim 1



Generalized Tonic-Clonic 
Pattern

Diffuse Attentuation

Diffuse Fast Rhythms

Slow Generalized Spike-Wave

Generalized Spike or
Polyspike-Wave Discharges

Diffuse Electrodecrement

Multifocal Discharges

Focal Discharges

Sign

Several seizure evolution over time
trigger (chronic: provoking factor), frequency, severity, duration, sequence

Individual seizure properties: 
trigger (acute: precipitating factor,), frequency, severity, duration, sequence 
(seizure sequence: up to 4 iterations in one epileptic)

Semiologic Seizure Type (or Paroxysmal Event)

Clinically silent

Direct observation: tachycardia, BP changes

Detect by polygraphic recording: 
tachycardia, BP changes

Sign

Hot flashes

Palpitations

Symptom
Sign

3Hz Rhythmic eye blinking

Symptom

Amnesia (complete or partial)
Alteration of consciousness
Begins and ends abruptly
<20 sec / episode

Short (<400 ms) 
muscle contractions 

Sign
Muscle contractions 
of variable duration that 
affects primarily axial muscles
Frequently occurs in clusters:
-short myoclonic jerk 
-to a sustained tonic posture
-salaam posture (abduction of both arms)

Sign

Myoclonic contractions
0.2-5Hz
Muscle contractions

Sign

Sustained (> 3 sec) 
muscle contractions
that lead to positioning

Sign

Initial Phase:
-tonic posturing of all limbs
Tonic Phase:
-muscle sustained contractions
-tend to slow
Evolve to Clonic Phase:
-contractions of progressively decreasing 
frequency until contractions disappear completely
-Same muscles in tonic & clonic phase
Sequence: Infrequent focal to tonic-clonic evolution
(May need to have Tonic followed by Clonic Seizure)

Sign

Sustained & extreme:
 Conjugate eye movement to one side
  (Progressive movement of eye to extreme position)
  (Smooth tonic lateral movement)
  (W or w/o superimposed small saccades)
 Moves head or whole body to one side
  (Small clonic lateral movements)
  (Chin moves lateral and upward)
 Unnatural position of Eyes and head
 Occasionally body completes 1 or more 360 turns

Sign

Large, complex movements
-Involve the proximal segments of limbs & trunk
-Appear violent when occur at high speeds
-Imitate normal movements but inappropriate for situation and without 
purpose
-Repeated in complex sequences (e.g. pedaling)
-Consciousness preserved

Sign

-Distal segments of hands & feet or mouth & tongue
-Consciousness Preserved: seizure (originates in non-dominant 
hemisphere)

Sign

Laughing
Preceded/followed by any other seizure type
Common in pts w/ hypothalamic hamartoma 

Sign

Loss of postural tone
(head drops, falls, etc)
Preceded by short myoclonic seizure

Sign

Initial myoclonic jerk 
causing loss of balance 
Atonia leads to fall

Sign Decrease or total absence of motor activity w/o emergence of new 
motor manifestations
Used when not possible to test consciousness during or after the 
seizure (newborns, infants, severe mental retardation)
Consciousness probably altered or consciousness may be preserved
Absence of movement may be expression of akinetic seizure or 
reaction to an aura

Sign

Inability to perform voluntary movements
Negative complex motor seizure
Muscle tone frequently lost
Akinesia: predominant manifestation
Activation of negative motor areas in 
frontal & inferior frontal gyri
Only patients w/ preserved consciousness

Sign

Muscle activity interruption
Brief interruption of tonic muscle activity
Short, sudden movement similar to myoclonic jerk
Epileptiform discharge from primary sensorimotor cortex discharge

Sign

Cannot speak
Cannot understand spoken language
Cortical language center affected

Sign

Paresthesia

Symptom

Visual Illusion

Visual Hallucination
(Micropsia/Macropsia)

Symptom

Auditory Illusion

Auditory Hallucination

Symptom

Olfactory Illusion

Olfactory Hallucination

Symptom

Gustatory Hallucination

Symptom
Palpitations
Hotflashes

Symptom

Distortions of Familiarity
Deja Vu or Jamais Vu

Symptom

Complex hallucinations and 
illusions affecting multiple senses

Name: Epilepsy

Disease

Symptom

Abdominal Sensation

Abnormal

Normal

Sign

Sign

3Hz Generalized Polyspike-Wave

Multifocal Spikes

Stereotyped Multifocal Spikes

Stereospiked Focal Spikes

2-3Hz Generalized Spike-Wave

Continuous Spike-Wave Discharges

Fast (>3.5Hz) Generalized Polyspike-Wave

Fast (>3.5Hz) Generalized Spike-Wave

Focal Spikes

None

Occipital Intermittent Rhythmic Delta

Biparietal Rhythmic Theta

Hypsarrhythmia

Invariant Burst Suppression

Burst-Supression

Sign

Ictal

Sleep

Other

Fixation-Off 
Sensitivity

Hyperventilation 
Induced Seizure

Photoparoxysmal 
Response

Sign
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Aura Dialeptic Seizure

Non- or Un-conscious Dialeptic Seizure
(Typical)

Conscious Dialeptic Seizure
(Atypical)

Dialeptic Seizure

Autonomic Seizure

Autonomic Seizure

Autonomic Seizure

Motor Seizure

Simple Motor Seizure

Myoclonic Seizure Versive Seizure Epileptic Spasm Tonic Seizure Clonic Seizure Tonic-Clonic Seizure

Complex Motor Seizure Negative Motor Seizure

Gelastic 
Seizure

Non or un-conscious 
Proximal Automotor 
Seizure/Automatism

(Hypermotor Seizure)

Non or un-conscious
Distal Automotor Seizure/Automatism

(Automotor Seizure)

Conscious 
Proximal Automotor Seizure/Automatism

(Hypermotor Seizure)

Conscious
Distal Automotor Seizure/Automatism

(Automotor Seizure)
Atonic Seizure Astatic Seizure Hypomotor Seizure Akinetic Seizure Negative Myoclonic Seizure Aphasic Seizure

Clinical History Demographic Developmental History

Normal Abnormal

Family History Neurologic Examination HEENT

Clinical Factor Diagnostic Test Factor Etiologic Factor Epidemiology

Genetic

Gene Inheritance Topic

Structural

Pathology

Neurologic

Metabolic/Functional

Pathophysiologic

Prophylaxis Prognosis Treatment Factor

Somatosensory Aura Auditory Aura Olfactory Aura Gustatory Aura Autonomic Aura Abdominal Aura Psychic Aura

Age

Age

Sex

Sex

Sex

Male Female

Neuroimaging Test Genetic Test Metabolic Test

Test ResultTest ResultMRI SPECT CT MEG PET

Visual Aura

is a is a

is a part of
is a part of

Test Result

Background Special
Features

Activation
Procedures

Interictal
Epileptiform
Discharges

Ictal

is a part of
is a part of

is a part of is a part of is a part of

is a part of is a part ofis a part of is a part of is a part of

EEG

EEG

Electrophysiologic Test

EKG Holter
Monitor

is part of

is a part of

Medical History

Review of Systems

is a

is a

is a

is a

History

Age at onset

Physical
Exam

< 44 weeks of gestational age

Neonate

< 1 year

Infant

1-12 years

Child

12-18 years

Adolescent

> 18 years

Adult

> 60 or >65 years

Elderly

is a

is a
is a

is a
is a

is a

is a
is a is a

Symptom

Amnesia (complete or partial)?
Waxing and waining of consciousness?
Begins and ends abruptly
>20 sec / episode

is a part of

is a

is a is a

Large, complex movements
-Involve the proximal segments of limbs & trunk
-Appear violent when occur at high speeds
-Imitate normal movements but inappropriate for situation and without 
purpose
-Repeated in complex sequences (e.g. pedaling)
-Consciousness lost or affected

Sign

-Distal segments of hands & feet or mouth & tongue
-Consciousness lost or affected

Sign

is a part of?

is a part of

is a
is a

ia a ia ais a

is a

is a
is a

is a
is a

is a

is a part of

is a

is a part of

is a part of
is a part of

is a

Autosomal 
Inheritance

Autosomal Dominant 
Inheritance

Autosomal Recessive 
Inheritance

X-linked 
Inheritance

X-Linked Dominant 
Inheritance

X-Linked Recessive 
Inheritance

Y-Linked 
Inheritance

Mitochondrial 
Inheritance

is a is a is a is a

is a
is a

is a
is a

Dialeptic Seizure

Sign

3Hz Rhythmic 
eye blinking

Symptom

Amnesia (complete or partial)
Alteration of consciousness
Begins and ends abruptly
<20 sec / episode

is a part of
is a part of

is a

Dialeptic Seizure

Typical Dialeptic Seizure

Methods: Aim 1



Epilepsies OntologyMethods: Aim 1



Instantiating Subspace…

Sequence: Seizure Evolution over time
(Seizure sequence: up to 4 iterations)

Properties: frequency (several to many  per day), 
severity, duration, sequence

Semiologic Seizure Type (or Paroxysmal Event)

Clinically silent

Direct observation: 
tachycardia, BP changes

Detect by polygraphic 
recording: 
tachycardia, BP changes

Sign

Hot flashes

Palpitations

Symptom
Symptom

Amnesia (complete or partial)
Alteration of consciousness
Begins and ends abruptly
<20 sec / episode

Sign

3Hz Rhythmic 
eye blinking

Short (<400 ms) 
muscle 
contractions 

Sign
Muscle contractions 
of variable duration that 
affects primarily axial muscles
Frequently occurs in clusters:
-short myoclonic jerk 
-to a sustained tonic posture
-salaam posture (abduction of 
both arms)

Sign

Myoclonic 
contractions
0.2-5Hz
Muscle 
contractions
May lead to fall

Sign

Sustained (> 3 sec) 
muscle contractions
that lead to 
positioning

Sign
Initial Phase:
-tonic posturing of all limbs
Tonic Phase:
-muscle sustained contractions
-tend to slow
Evolve to Clonic Phase:
-contractions of progressively decreasing 
frequency until contractions disappear completely
-Same muscles in tonic & clonic phase
-Infrequent focal to tonic-clonic evolution

Sign

Sustained & extreme:
 Conjugate eye movement to one side
  (Progressive movement of eye to extreme position)
  (Smooth tonic lateral movement)
  (W or w/o superimposed small saccades)
 Moves head or whole body to one side
  (Small clonic lateral movements)
  (Chin moves lateral and upward)
 Unnatural position of Eyes and head
 Occasionally body completes 1 or more 360 turns

Sign

Large, complex movements
-Involve the proximal segments 
of limbs & trunk
-Appear violent when occur at 
high speeds
-Imitate normal movements but 
inappropriate for situation
-Repeated in complex 
sequences (e.g. pedaling)
-Consciousness preserved

Sign

Automatisms involving:
-Distal segments of hands 
& feet
or mouth & tongue
-Consciousness usually 
affected
-Consciousness Preserved: 
seizure originates in non-
dominant hemisphere

Sign

Laughing
Preceded/followed by 
any other seizure type
Common in pts w/ 
hypothalamic 
hamartoma 

Sign

Loss of postural tone
(head drops, falls, etc)
Preceded by short 
myoclonic seizure

Sign

Initial myoclonic jerk 
causing loss of balance 
Atonia leads to fall

Sign

Decrease or total absence of motor 
activity w/o emergence of new 
motor manifestations
Used when not possible to test 
consciousness during or after the 
seizure (newborns, infants, severe 
mental retardation)
Consciousness probably altered or 
consciousness may be preserved
Absence of movement may be 
expression of akinetic seizure or 
reaction to an aura

Sign

Inability to perform voluntary 
movements
Negative complex motor seizure
Muscle tone frequently lost
Akinesia: predominant 
manifestation
Activation of negative motor 
areas in 
frontal & inferior frontal gyri
Only patients w/ preserved 
consciousness

Sign

Muscle activity interruption
Short, sudden movement 
similar to myoclonic jerk
Brief interruption of tonic 
muscle activity
Epileptiform discharge 
from primary sensorimotor 
cortex discharge

Sign

Cannot speak
Cannot understand 
spoken language
Cortical language 
center affected

Sign

Paresthesia

Symptom

Visual Illusion

Visual Hallucination
(Micropsia/Macropsia)

Symptom

Auditory Illusion

Auditory 
Hallucination

Symptom

Olfactory Illusion

Olfactory 
Hallucination

Symptom

Gustatory 
Hallucination

Symptom

Palpitations
Hotflashes

Symptom

Distortions of Familiarity
Deja Vu or Jamais Vu

Symptom

Complex hallucinations 
and illusions affecting 
multiple senses

Name: Childhood absence 
epilepsy (Pyknolepsy)

Name: Epilepsy

Disease

Symptom

Abdominal 
Sensation Abnormal

Normal

Sign

Sign

3Hz Generalized Polyspike-Wave

Multifocal Spikes

Stereotyped Multifocal Spikes

Stereospiked Focal Spikes

2-3Hz Generalized Spike-Wave

Continuous Spike-Wave Discharges

Fast (>3.5Hz) Generalized Polyspike-Wave

Fast (>3.5Hz) Generalized Spike-Wave

Focal Spikes

None

Occipital Intermittent 
Rhythmic Delta

Biparietal Rhythmic Theta

Hypsarrhythmia

Invariant Burst Suppression

Burst-Supression

Sign

Ictal

Sleep

Other

Fixation-Off 
Sensitivity

Hyperventilation 
Induced Seizure

Photoparoxysmal 
Response

Sign

Generalized Tonic-Clonic 
Pattern

Diffuse Attentuation

Diffuse Fast Rhythms

Slow Generalized Spike-
Wave

Generalized Spike or
Polyspike-Wave 

Discharges

Diffuse Electrodecrement

Multifocal Discharges

Focal Discharges

Sign
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is a is a
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Aura

Aura Dialeptic 
Seizure

Dialeptic 
Seizure

Typical Dialeptic 
Seizure

Autonomic 
Seizure

Autonomic 
Seizure

Autonomic 
Seizure

Motor 
Seizures

Simple Motor 
Seizure

Tonic-Clonic 
Seizure

Versive 
Seizure

Myoclonic 
Seizure

Epileptic 
Spasm

Tonic 
Seizure

Clonic 
Seizure

Complex Motor 
Seizure

Hypermotor 
Seizure

Automotor 
Seizure

Gelastic 
Seizure

Special Seizure

Special Seizure

Atonic 
Seizure

Astatic 
Seizure

Hypomotor 
Seizure

Akinetic 
Seizure

Negative 
Myoclonic 
Seizure

Aphasic 
Seizure

Developmental 
History

Delay of 
Intellectual 

development

Minor 
Personality 
Disorders

Family 
History

Convulsions Epilepsy

Neurologic 
Examination

Clinical 
Factor

Diagnostic Test 
Factor

Etiologic 
Factor

Genetic Structural

Pathology

Metabolic/
Functional

Pathophysiologic

Prognosis

Remit Persist
Easily Controlled 
by Appropriate 

Treatment

Treatment 
Factor

Somatosensory 
Aura

Auditory 
Aura

Olfactory 
Aura

Gustatory 
Aura

Autonomic 
Aura

Abdominal 
Aura

Psychic 
Aura

Neuroimaging 
Test

Genetic 
Test

Metabolic 
Test

Test 
Result

Test 
ResultMRI SPECT CT MEG PET

Visual 
Aura

is a is a

is a part of
is a part of

Test 
Result

Background Special
Features

Activation
Procedures

Interictal
Epileptiform
Discharges

Ictal
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is a part ofis a part ofis a part of is a part of

is a part of is a part ofis a part of is a part of is a part of

EEG

EEG

Electrophysiologic 
Test

EKG

is part of

is a part of

Clinical 
History

Review of 
Systems

Psych

is a

is a

is a

is a

History Physical
Exam

is a is a

Age Sex

Male FemalePeak Age of 
Manifestation

< 44 weeks of 
gestational age

Neonate

< 1 year

Infant

6-7 years

Child

12-18 years

Adolescent

> 18 years

Adult
> 60 or >65 

years

Elderly

is a

is a is ais a is a is a is a

is a is a

is a part of

Demographic

is ais ais a

is a is a

is a

is ais a

is a

Childhood Absence Epilepsy

Methods: Aim 1



Sequence: Seizure Evolution over time
(Seizure sequence: up to 4 iterations)

Properties: frequency (several to many  per day), 
severity, duration, sequence

Semiologic Seizure Type (or Paroxysmal Event)

Symptom

Amnesia (complete or partial)
Alteration of consciousness
Begins and ends abruptly
<20 sec / episode

Sign

3Hz Rhythmic 
eye blinking

Name: Childhood absence 
epilepsy (Pyknolepsy)

Name: Epilepsy

Disease

Normal

Sign

3Hz Generalized Polyspike-Wave

Sign
Occipital Intermittent 

Rhythmic Delta

Sign
Generalized Spike or

Polyspike-Wave 
Discharges

Sign

is a

is a part of

is a part of

is a

is a part of

is a part of is a part of
is a part of

Dialeptic 
Seizure

Dialeptic 
Seizure

Typical Dialeptic 
Seizure

Clinical 
Factor

Diagnostic Test 
Factor

Etiologic 
Factor Prognosis

Remission Persistence

Treatment 
Factor

is a

is a part of
is a part of

Test 
Result

Background Special
Features

Activation
Procedures

Interictal
Epileptiform
Discharges

Ictal

is a part of

is a part ofis a part of

is a part of is a part of

is a part of is a part ofis a part of is a part of

EEG

EEG

Electrophysiologic 
Test

EKG

is part of

is a

History

is a is a

Age Sex

Male FemalePeak Age of 
Manifestation

6-7 years old

Child

is a is a is a

is a part of

Demographic

is a
is a

is a

is a is ais a

is a

is a

Childhood Absence EpilepsyMethods


