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24% Temporal

76% Extra-temporal39% Frontal

13% Occipital

25% Parietal

Selected 
Concepts

Conceptual Approach

• Concept 1: Limitations of terminology

• Concept 2: Chronology

• Concept 3: Locational descriptions of cortex

• Concept 4: The beginnings of the seizure

Concept 1: The terminology “trap”
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Wording changes

Concept 2: Chronology & Syntaxis History & Video analysis

1. Prior to seizure onset

2. Seizure onset

3. Seizure presentation & evolution

4. Postictal symptoms

Loddenkemper & Kotagal, 2005

Concept 3:
Organization of 

the cerebral 
cortex

Brodmann areas
>100 years later

M.-Marsel Mesulam 1985
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3: Rostral; 2: Intermediate; 1: Caudal
Postcentral areas 

5: Pre-parietal area

7a & 7b Superior Parietal

40: Supramarginal

39: Angular

19: Peristriate

18: Parastriate

17: Striate

37: Occipito-temporal area
20: Inferior; 21: Middle; 22: Superior 

Temporal areas

4: Gigantopyramidal
6: Agranular frontal

8: Intermediate Frontal

9: Granular Frontal

10: Frontopolar

11 & 12: Prefrontal

46: Middle Frontal

45: Triangular

44: Opercular

47: Orbital

43: Subcentral

41: Anterior; 42: Posterior 
Transverse Temporal

38: Temporopolar

Locational descriptions of human Brodmann areas
Lateral surface

M.-Marsel Mesulam 1985

32: Dorsal Anterior; 31: Dorsal Posterior - Cingulate

5: Pre-parietal area

7:Superior Parietal

18: Parastriate

17: Striate

37: Occipito-temporal area
20: Inferior Temporal area

25: Subgenual

18: Parastriate
19: Parastriate

19: Peristriate

24: Ventral Anterior; 23: Ventral Posterior - Cingulate

11 & 12: Prefrontal

38: Temporopolar

26: Ectosplenial - Isthmus
29: Agranular; 30: Granular 

Retrolimbic

34: Dorsal entorhinal

28: Entorhinal

35: Perirhinal

33: Pregenual

Locational descriptions of human Brodmann areas
Mesial surface

M.-Marsel Mesulam 1985

Concept 4: Auras 
the starting point

“the beginning of the sentence”

Aura is a symptom, not a sign
• Auras consist exclusively of subjective sensations

• No signs visible by the observer except perhaps the 
“voluntary” reactions the patient may have

• Auras are usually of short duration (seconds), occur 
at the beginning of a seizure, and are the result of 
epileptic activation of a limited cortical region

“aura” = breath; wind (in Greek)

Epileptic Auras

• Somatosensory*

• Visual*

• Auditory*

• Autonomic*

*Left/Right

• Abdominal

• Olfactory

• Gustatory

• Psychic

No somatotopic 
distribution 

…In this era of high-technology investigative procedures 
commonly used in the diagnostic work-up of patients with 
intractable seizures considered for surgical therapy, careful 
history-taking has lost none of its diagnostic power and yields 
reliable localizing (albeit, often not lateralizing) evidence
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Auras with high localizing value

• Elementary Visual hallucination

• Elementary Auditory hallucination

• Cardiac: Tachy-, Brady-cardia / asystole, arrhythmia

• Respiratory: Tachy-, Brady-pnea / Hyper-pnea

• Vasomotor: flushing, pallor, cyanosis, piloerection

• Pupillary: mydriasis, miosis, hippus

• Sexual arousal: penile erection, orgasm

• Glandular: perspiration, lacrimation, bronchial secretion

• Loss of bladder control

Autonomic manifestations

• Insular cortex

• Amygdala
• Prefrontal / Cingulate cortex

• Hypothalamus

Autonomic Auras: Overlap between Central 
Autonomic Networks & Epileptic regions

Electrical stimulation of the brain

• Experimentally, heart rate (HR) changes, including 
bradycardia, tachycardia, and even asystole, have 
been repeatedly provoked by electrical stimulation 
of the limbic system and insular cortex. 

• Cortical limbic structures are actually thought to be 
the principal mediators of autonomic functions, 
with candidate areas including the cingulate gyrus, 
insula and orbitofrontal cortex. 

Epilepsy arising from

the 

Temporal Lobe

The Focal Aware Seizures 

Auras of Temporal Lobe origin

NEJM 2005

a.k.a. “Simple Partial”
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Question 1

Mesial TLE: Anatomoclinical correlations

Symptoms & Signs Frequency
Auras 1. Epigastric; Visceral 79%

2. Fear 37%
3. Déjà vu, déjà vecu, dreamy state 29%

Loss of contact Very frequent 71%
Gestural Automatisms Frequent 67%
Oroalimentary Automatisms Frequent 62.5%
Duration >1 min Almost always 96%
Secondary Generalization Exceptional or very rare in most patients

Maillard L et al. Epilepsia 2004

• Epigastric (visceral) aura: rising abdominal sensation

• Other Autonomic auras

• Experiential (psychic) auras: fear, affective, dysmnesic etc.

• False feeling of familiarity dèjá vu (already seen) or
unfamiliarity jamais vu (never seen) and their variations

• Auditory hallucinations & illusions

• Olfactory & Gustatory hallucinations

• Other symptoms

Auras of TLE (in order of prevalence)

A specific syndrome of TLE associated with hippocampal 
sclerosis (mTLE/HS)

• a strong association with antecedent of febrile seizures

• a progressive development that leads frequently to drug resistance

• a clinical picture of fairly homogeneous seizures

• a topographic distribution of interictal and ictal EEG abnormalities, 
which tend to be focused around the anterior and basal TL regions.

• Neuropsychological and functional neuroimaging data that also 
point to the mesial temporal lobe structures

“Mesial temporal lobe epilepsy”
• Pure epileptic generators confined within the mesial 

temporal lobe have a poor contribution to scalp EEG and 
are not visible on routine visual analysis of EEG records

• There are no EEG changes at the very beginning of a seizure

• Earliest change on surface EEG consists of regional attenuation
(flattening) involving the anterior temporal electrodes, which 
has a strong lateralizing value and corresponds to the initial 
subjective sensation prior to the emergence of automatisms

• This is followed by a regional temporal rhythmic theta which
reflects propagation to the basal & lateral temporal neocortex
and is usually (but not always) ipsilateral to the side of onset

Scalp EEG in mesial TLE

Risinger et al. 1996; Pacia & Ebersole 1996
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The Focal Impaired 
Awareness seizures

a.k.a. “Complex Partial seizures”

• Automatisms

• Autonomic changes: tachycardia, mydriasis, salivation

• Speech disturbances: speech arrest, ictal speech

• Dystonic postures

• Motor arrest with staring

• Head & eye deviation

• Unilateral eyeblinking

• Other signs

Objective ictal signs of TLE (in order of prevalence)

usually, but not always, occur when consciousness is impaired

• Involuntary inappropriate performance of non-reflex act

(a) Perseverative: semi-purposeful continuation of ongoing activity

(b) de novo: Occurrence of a new activity

• May take the form of seemingly meaningful acts

• May sometimes be modified by external stimuli 

• Usually patient cannot recall the event

• Can occur during ictal and post-ictal phases

• “uncontrollable, physiological motor patterns occurring 
at the wrong place and/or time”

Automatism: definition

• Oroalimentary: swallowing, chewing, smacking/ licking lips

• Gestural: fumbling, scratching, rubbing, picking

• Phonation (unarticulated sounds: grunting, moaning)

• Vocalization (articulated sounds)

• Verbalization (words or complete sentences)

• Ambulatory (walking about)

Automatisms

Hand Automatisms & Dystonia in TLE
(a theoretical view)

Vercueil; Epileptic Disord 2002

• Dystonic limb posturing

• Unilateral tonic posturing

• Unilateral immobile limb

• Eye motor manifestations

• Head turning & version

• Facial alterations

• Nosewiping or nose-rubbing

Stereotyped motor behaviors 
(ictal or peri-ictal)
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Question 2

• Incomplete resection within the Temporal lobe

• Bilateral Temporal lobe epilepsy

• Temporal-plus (Multi-lobar): incomplete resection
in proximity to the TL “neighboring networks” i.e
T-Frontal; T-Sylvian-Insular; T-Parieto-Occipital

• Pseudo-Temporal (Extra-Temporal epilepsies)

Causes of Temporal Lobe surgery failures

Features of TL vs. TL-plus epilepsies
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Pseudotemporal epilepsy: another scenario
Seizures arising from posterior cingulate

Epilepsy arising from

the 

Frontal Lobe

FLE: the next frontier

�The frontal lobe vexes the epileptologist with 
problems of differential diagnosis, exact localization, 

and in particular with questions of functional 
anatomy in correlation with seizure manifestations�
“The frontal lobe vexes the epileptologist with problems 

of differential diagnosis, exact localization, and in 
particular with questions of functional anatomy in 

correlation with seizure manifestations”

Niedermeyer E. Clin Electroencephalogr. 1998

Central challenges in Frontal lobe epilepsies

• Deciding whether epilepsy is indeed focal or generalized

• Identifying specific syndromes and age-dependent changes

• Dealing with the rapid propagation of seizures

• Determining localization within (or outside) the frontal 
lobe

• Improving outcome after surgery which is less favorable 
compared to mesial temporal lobe epilepsy

• Approaching patients with intractable frontal lobe epilepsy 
without MRI evidence of a structural lesion

Question 3
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Lateralizing signs in FLE: Frequency & Predictive value

Total (31/228)

The Transition to 
Secondary Generalization

a.k.a. “Focal to Bilateral Tonic-Clonic”

Contro-versies: adversion, contraversion vs. ipsiversion

• Versive = unquestionably forced and involuntary,
resulting in sustained unnatural positioning

• Nonversive = mild, unsustained, wandering or
seemingly involuntary

“the figure 4 sign”
Asymmetric Tonic Limb Posturing

Kotagal; Epilepsia 2000

“figure 4 sign” early on

Kotagal; Epilepsia 2000

“figure 4 sign” cont’d (same seizure)

Kotagal; Epilepsia 2000
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vFrontal Lobe Epilepsies: 
What do we know from case 

series?

Frontal Lobe Epilepsy (FLE) 
Main ictal motor manifestations

• Tonic posturing (extension, flexion, dystonic)

• Axial signs

• Complex motor (rocking, pelvic thrusting, trunk flexing, rolling, 
rotating)

• Hypermotor / Hyperkinetic (intense motor activity, biking, 
attempts to run away, tearing off electrodes)

• Secondary generalization (quick sometimes so quick that the 
focal beginning is not apparent)

• Variable (eyelid flutter, unilateral jerks, massive myoclonic jerks)

• Nonspecific aura

• Abrupt beginning & end

• Brief duration (usually <60 sec)

• Frequently in clusters with tendency to status epilepticus

• Rapid secondary generalization (and falling with bilateral discharges)

• Nocturnal preponderance

• Variable semiology in individual patients

• Complex motor automatisms

• Complex vocalization

• May be misdiagnosed as psychogenic events

Typical FLE seizure Activation of seizures with sleep vs. awake

Herman et al. Neurology, 2001
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Normal EEG findings
Across studies up to 21% of patients with Frontal Lobe Epilepsy do

not have any interictal epileptiform discharges

Study Patient numbers % of no spikes

Quesney. Adv Epileptology, 1984 22 patients 9%

Morris Neurology 1988 17 patients 36%

Laskowitz Neurology 1995 16 patients 19%

Bautista Neurology 1998 9 patients surgical well controlled 33%

Gross. J Clin Neurophys, 2000 24 patient with frontocentral epilepsy 26%

Vadlamudi Epileptic Disord 2004 53 patients (surgical well controlled) 19%

Focal Onset Ictal Patterns

Study Seizures % of focal onsets

Quesney. Can J Neurol Sci 
1991

302 seizures in frontal lobe epilepsy 22% 

Swartz Can J Neurol Sci 
1991

172 seizures of frontal lobe epilepsy 12%

Blume. Adv Neurol 1996 16 seizures of SMA patients 6%

Bautista. Neurology, 1998 9 patients (5 with MFLE and 4 LFLE)-
surgical well controlled

44% all in LFLE

Lee. Epilepsia 2000 26 cases of frontal lobe epilepsy 23%

Foldvary. Neurology 2001 8 cases of MFLE
15 cases of LFLE

25%
60%

seen more frequently with Lateral FLE than with Mesial FLE

v Functional anatomy of the 
Frontal Lobe

McGonigal A & Chauvel P, Practical Neurol 2004

• Motor cortex
–Primary
–Premotor
–Supplementary
–Frontal eye field
–Broca’s speech area

• Prefrontal cortex
– Dorsolateral
– Medial
– Orbitofrontal

Functional frontal lobe anatomy

Seizures arising from the 
Motor areas
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McGonigal A & Chauvel P, Practical Neurol 20049/23/20

Frontal Eye Fields

McGonigal A & Chauvel P, Practical Neurol 20049/23/20

…SSMA semiology is suggestive of early involvement of 
this region, but is by no means a reliable indicator that 

the primary SSMA contains the seizure focus

SSMA seizures vs. SSMA epilepsy
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Ventromesial Frontal

Supplementary (Sensori-)Motor Area
McGonigal A & Chauvel P, Practical Neurol 2004

Anatomical localization & fMRI activation of SMA

Alexopoulos AV & Jones SE - in Wyllie  E. Treatment of Epilepsy 2010

Baumgartner et al. Neurology 1996

Somatotopically organized monosynaptic 
pathways between SSMA and M1 Features of SSMA seizures

1. Frequent, Brief, occurring in Clusters
2. Sudden Onset & Offset w/out postictal confusion
3. Prominent Tonic Posturing
4. Nocturnal preponderance 
5. Preserved Consciousness (commonly)
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McGonigal A & Chauvel P, Practical Neurol 2004

Ventromesial prefrontal region Types of hyperkinetic seizures

Rheims S et al. Epilepsia 2008

Characteristics of hyperkinetic seizures

Rheims S et al. Epilepsia 2008

Type I Type II

Agitation Marked Mild

Hyperkinetic
Behavior

Sitting up, laying down, 
kicking, boxing 

Rotation of trunk 
horizontally

Expression Fear, Anger -

Head deviation Ipsilateral +/- Contralateral

Autonomic Incontinence, Flushing Variable

Loss of Contact Yes Variable

Amnesia Yes Variable

Ictal onset of hyperkinetic seizures: type I

Rheims S et al. Epilepsia 2008

Ictal onset of hyperkinetic seizures: type II

Rheims S et al. Epilepsia 2008

Montavont A et al. Epilepsy & Behavior 2013

Pitfalls
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Orbitofrontal Epilepsy

Semiology
– Absent

– Hypermotor (Hyperkinetic)
– Dialeptic (Absence-like)
– Automotor (Distal Automatisms)
– SSMA

• PNES general impression
A. Hx of psychiatric disorder
B. Pelvic thrusting, body rocking
C. Side-to-side head movement
D. Rapid postictal recovery

But there was no difference
between the two groups in 
any of the above categories

• FLE Seizures*
1. Turning to prone

position
2. Nocturnal occurrence
3. Short duration
4. Younger age of onset
5. Stereotyped movements

Psychogenic versus FLE Seizures

Saygi S et al. Neurology 1992

Epilepsy arising from

the 

Parietal Lobe

Parietal Lobe Epilepsy
• Perirolandic cortex: onset with somatosensory sensations

–Tingling > vibrations, numbness, unpleasant pressure, rarely pain
–Body parts with largest representation are most frequently affected
–Hand, face, mouth, tongue
–Tendency to evolve into a “Jacksonian March”

• Involvement of inferior parietal cortex
–Vertigo or spatial disorientation

• Involvement of the parietal operculum
–Whole contralateral body and/or ipsilateral body sensations

• Other Auras: rare often too brief to be remembered
–Distortion of visual perception (metamorphopsias), alteration of body 

perception (dysmorphopsia/gnosia), loss of awareness of part of half of the
body (asomatognosia)

• Spread of ictal activity can be to frontal or temporal lobe 
–Seizure manifestations then representative of these symptomatogenic zones

Scalp EEG: Interictal FLE TLE

PLE
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Interictal discharges in Parietal lobe epilepsy had 
the highest scatter outside the lobe of origin 

Parietal Lobe: the prototypical
Multimodal Association Area

Kandel et al. Principles of Neural Science 2000

Posterior epilepsy
“Frontal pattern”

pseudo-temporal

Somatosensory auras
• Primary SI area
- Contralateral focal
- Tingling, numbness

• Second SII area
- Contra or Ipsi or B/L wide
- Coldness, pain 

• Supplementary Sensory SSA/SMA
- Contra or B/L extensive
- Pulling sensation

• Posterior Insula
- Contra localized or wide
- Heat, pain

Kandel ER, Schwartz JH, Jessell TM. Principles of Neural Science. 4th ed. 

Kandel et al. Principles of Neural Science 2000

Opercular-Insular 
perisylvian networks

The topographic 
organization of the 

induced responses within 
the insular cortex 

suggests that 2 different 
cortical networks are 

disturbed with 
stimulation of the 

anterior or the posterior
insula, a visceral network 

extending to the 
temporomesial structures 

and a somesthetic
network reaching the 

opercular cortex, 
respectively

Insular-Perisylvian Networks
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Kakisaka Y, Alexopoulos AV, Burgess RC, et al. Epilepsy Research 2012
Magnetoencephalography in fronto-parietal opercular epilepsy

Frontoparietal operculum: schematic Opercular Epilepsy (Parietal)
•Posterior (parietal) operculum

–Somato-sensory symptoms affecting large cutaneous territories

–Somatotopic fields are much larger in the insula than in SII

–Whole contralateral body and/or ipsilateral body sensations

• Anterior (frontal) operculum
–Difficulties in speech and swallowing due to the loss of

voluntary control of the oro-facio-linguo-pharyngo-masticatory 
muscles, while automatic-emotional and reflexive activities
remain intact

–Contraction of the contralateral facial musculature, particularly 
of one corner of the mouth

–Unilateral or bilateral contractions of the mouth, tongue or 
eyelids, positive or negative subtle perioral or other myoclonus, 
dysarthria, speech arrest, difficulties in swallowing, buccofacial
apraxia, hypersalivation and ?gustatory hallucinations

Opercular Epilepsy (Frontal)

Wang ZI, Alexopoulos AV, et al. Epilepsy Research 2012
Interconnections in superior temporal cortex revealed by musicogenic seizure propagation

Temporoparietal operculum: 
schematic

•Infrasylvian (temporal) operculum
– Auditory hallucinations or early receptive aphasia

– Contraction of the contralateral facial musculature, particularly 
of one corner of the mouth

Opercular Epilepsy (Temporal) Insular Epilepsy
(but cannot exclude opercular)

• Unpleasant, sometimes painful laryngeal constriction

• Perioral dysesthesias, dysarthria followed by clonic activity
in face, arm without LOC

• Unpleasant taste

– May resemble temporal, frontal or parietal lobe 
epilepsy

– Thought to account for some of the patients who fail 
temporal lobectomy
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Clinical features of Insular Lobe seizures
• Frequently retain awareness

• Unpleasant or painful laryngeal constriction and/or chest or 
abdominal heaviness

• Paresthesiae either limited to peri/intraoral region or 
contralateral (rarely bilateral) face/arms/legs/trunk without 
jacksonian march

• Dysphonic/dysarthric speech or speech arrest

• Progression to contralateral tonic/clonic face, limb involvement 
occasionally bilateral asymmetric

• Early onset of these symptoms should alert one to possibility of 
insular onset

Isnard J et al. Epilepsia 2004;45:1079-90

Other symptoms related to spread to the Insula

• Ictal Vomiting

• Spitting

• Piloerection

• Apnea

• Bradycardia or Asystole

Functional organization of the Insular Cortex

Afif A et al. Epilepsia 2010

Epilepsy arising from

the 

Occipital Lobe

Mesial Surface
Parieto-occipital & Calcarine fissures
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Basal Surface
Lingual-Parahippocampal & Fusiform gyri

Parahippocampal
gyrus

Lingual gyrus
Fusiform 

gyrus

Inferior 
Temporal 

gyrus

Lateral Surface
The artificial “TPO” borders

Occipital Epilepsy

• 4-13 % of all partial epilepsies; 11% of symptomatic partial 
epilepsies in children

• 5-6% of surgical series

“…discharges arising from the visual region may possess the 
greatest potential for complexity of seizure formation”

Ajmone-Marsan and Ralston 1957

Only 10-15% stay localized to occipital lobe

• Infrasylvian spread – temporal lobe involvement (44-88%)
• Suprasylvian spread - frontal lobe seizure type (12%)

• Spread to contralateral occipital lobe

• Combination of spread patterns - multiple seizure types (44%)

Seizures with visual symptomatology 
• Elementary visual hallucinations are most common: crude 

sensations of light or colors - may take various shapes, be continuous, 
steady, moving, or interrupted

• Transient amaurosis either partial or complete may also occur 
(ictally or postictally) and is especially common in children

• Formed visual hallucinations are fairly often such as pictures of 
people, animals or scenes, either static or moving.

• Visual illusions of spatial interpretation, illumination, coloring of 
vision, or movement in space. Lines may be defective or fragmented, 
stationary objects seen as moving, or motion appears too slow or too fast.

• Micro- or macropsia: objects may appear diminished or enlarged

• Teleopsia: objects appear both small and at a distance, 

• Palinopsia or visual perseveration, in which visual images recur or persist

• Resection between 1992 and 2004.

Included:
Resections extending to temporo-occipital

junction, inferior precuneus, posterior
parietal lobe

Excluded
multi-lobar resections
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Semiology - Scalp EEG
• Visual aura in 11 (52%)

– Elementary visual phenomena

–Positive
–Negative

–Lateralizing value
– Elementary & complex phenomena

–One saw animals

–One had micropsia

• Seizure types
– Dialeptic 33%

– Early frontal involvement 29%
– Automotor 38%

• Interictal discharges:
– occipital/temporo-occipital 38%
– mid to posterior temporal 14%

– anterior temporal lobe 5%  

• Ictal onset - focal origin: 
– temporo-occipital /occipital 62%

– ipsilateral temporal lobe 10%

Tandon N, Alexopoulos AV et al. J Neurosurg 2009

Spread of ictal activity can be to frontal or temporal lobe 

One more thing…

Age-dependent semiology of focal seizures
Manifestation Infants Adults
Aura Absent Sometimes present
Behavioral arrest* Prominent, often isolated Present, often w/other signs

Limb clonus* Present Present
Perioral cyanosis Prominent w/ TL szs Sometimes present
Dystonic posture Absent May be present
Hand automatisms Absent May be present
Loss of consciousness Difficult to ascertain Can  be determined

Secondary generaliz. Rare Common
Diffuse myoclonus At start or end of focal sz Rare
Symmetric tonic* Frequent Unusual
Spasms* Concurrent w/ focal szs Absent

Adapted from
Wyllie 2005

Take home points • Observe sequence of appearance of signs - early signs 
more reliable 

• Expect concordance between signs in a seizure 

• Record sufficient number of seizures 

• Look for consistency between seizures 

• Show recorded seizures to family or friends 

• Always correlate with history, EEG, & imaging results 

Important points regarding semiology
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Take-home points
• There are tight anatomical connections and cytoarchitectonic

commonalities (continuum) between the fronto-parietal, occipito-
parietal, occipito-temporal, perisylvian, parieto-insular (as well as
fronto-temporal, temporo-insular etc.) regions

• Focal epilepsies do not conform to anatomical lobar boundaries. Yet 
most case series and studies are based on lobar divisions.

• Take into account the importance of structural connectivity sub-
serving normal brain functions along with the pathways of seizure 
spread

• Consider which of the above networks could be involved to account 
for each and every electroclinical scenario

Thank you for your attention!


