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A hard-wired system
With short and long connections

Functional coupling establishes

dynamic patterns Chauvel. 2014




Semiology is expressed with dynamic
spatiotemporal characteristics

analysis); recording
of other physical
parameters (eg,
ECG, EMG)

Table 1
Use of a multiscale framework to think about spatial and temporal features in seizures and epilepsy
Modes of
Data Source Level Timescale Exploration Timescale Spatial Features lemporal Features
Cerebral Brain: local circuit, ¢ Microseconds to EEG, SEEG (ictal and e Microseconds to Anatomic structures |Pischarge features:
electrical area, system, minutes for interictal) minutes for involved in seizure |p Frequency
activity whole brain seizures Also, MRI, PET, and seizures discharge: onset » Time lag between
Hours to days for other Hours to days for and propagation structures
interictal data neuroimaging interictal data » Synchrony changes
methods between signals in
(interictal) different
structures
Seizure Body, mind, Usually seconds to  Direct clinical Usually seconds to | Body segments » Timing of appear-
semiology environment: minutes for observation and minutes for involved (eg, axial, ance of different
cognition, seizures patient report of seizures proximal vs distal, signs within same
emotions, Sometimes hours ictal and interictal Sometimes hours left vs right, upper seizure
movement, for preictal and symptoms and for preictal and vs lower) » Duration of signs
behavior postictal changes signs; video and postictal changes Displacement of » Frequency and
(including social Days to years for audio recording of Days to years for body in space (eg, regularity of
interaction, use of interictal data (eg, seizures; interictal data (eg, direction, repeated move-
objects) interictal psychiat- sometimes psychiatric amplitude) ments (eg, rocking,
ric or cognitive quantitative disturbance) tapping)
disturbance) analysis (eg,
accelerometry,
automated video

Cerebral localization

McGonigal, 2020

Epileptiform discharges

features
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FULL-LENGTH ORIGINAL RESEARCH

temporal seizures

Jerome Aupy'™”

Juan Bulacio' | Jorge Gonzalez-Martinez'

| Tmad Najm'

Epilepsia

Insulo-opercular cortex generates oroalimentary automatisms in

@ | Ika Noviawaty" | Balu Krishnan' | Piradee Suwankpakdee'” |

| Patrick Chauvel
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temporal seizures
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* Inseizures with medial temporal onset,
oroalimentary automatism occurrence
depends on ictal discharge propagation to

..... = '; operculo-insular areas _
Spatial features

e Rhythmically synchronized activity at theta
frequency between amygdala-hippocampus
and operculo-insular cortex underlies the
emergence of oroalimentary automatisms in

Temporal features




Do we need to know
epileptic network?



Semiological pattern recognition
Fine without knowing epileptic network

Seen in primary cortex (motor, somatosensory, auditory, visual)

* video * Focal clonic seizure

* Indicate involvement of
contralateral primary motor
cortex

Supplementary Primary motor
motor cortex cortex (M1)
(SMA) Posterior parieta 1

Premotor cortex (PMA)




Other semiology may be less well localizing

* Semiology arising from associative cortex
* More wide-spread networks
* Complex dynamics

* Complex behaviors
* Emotional change
e Altered conscioushess

McGonigal, 2020



Other semiology may be less well localizing
Knowing epileptic network helps

* Case a 15 years old female with e video
intractable epilepsy.

* Seizure semiology described as
most of seizure started with fear
then left arm stiffeness followed
shortly by numbness or pain that
going down form shoulder
toward leg, with postictal left
sided weakness. Sometimes
oroalimentary automatisms
were noted.

Courtesy of General Charcrin Nabangchang, MD



Other semiology may be less well localizing
Knowing epileptic network helps

e Case a 10 years old female with e Video
epilepsy.
* During daytime, She presents

with fear followed by screaming
and tachycardia lasted 20 sec.

* During nighttime, she arose from
sleep and looked scary followed
by screaming and vigorous
movements.



Analyze semiology in order
Early sighs more reliable

{
|
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F Neurol Neurosurg Psychiarry 2001;70:186-191 Fe ’ 7
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Fear as the main feature of epileptic seizures

A Biraben, D Taussig, P Thomas, C Even, J P Vignal, ] M Scarabin, P Chauvel ovront F.a»s_:»zvs_._‘
ova-ort

-2

L3-14 k -

1516 F—

L7-8

L9-L10 i Ny

P1-P2

This limbic network involve- Orbitoprefrontal =5
- Anterior cingulate il

F6-F7
F9-F10

- Temporal limbic cortices

AS-AB ‘WNVWVFVVJ

Biraben et al, 2001



Look for the clue of exactly localization

complex motor
behavior

Pre-SMA and SMA
(Tonic and postural)

+ CMA

* The ictal motor behavior
appears as an integrated
feature within an emotional
context

expressed fear +
complex motor
BA 24 +32+ 10
+ paralimbic orbito-
frontal cortex

anxiety-anguish
fear-anxiety + oral motor
Amygdala +
Anterior hippocampus +
Para-hippocampal cortex

Temporal pole +
Anterior insular +
Frontal opercular
cortex+BA 25

Chauvel P, SEEG workshop, Cleveland clinic
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fear-anxiety + oral motor

Temporal pole +
Anterior insular +
Frontal opercular
cortex+BA 25



EEG onset
Fp2 (R frontopolar)
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Knowing epileptic network
prevent fall in the trap



Case a 9-year-old boy with intractable epilepsy

* dnafiusn ang 3 1
* Video

* SNWUSTN | cjj”ﬂangé’uau YU Hausy
1an L%'Uﬂvlaijﬁﬂm""a WuwIw 10-15 w1

* MRI brain: unremarkable

 EEG:
* Interictal: T3, F7, Fp1, Fz
e Ictal: 1. F7, T3

2. Fp1, F3



T =]
2mms ]

* Interictal EEG

iR =]
e 0 e e o e e
c3p3 =
P301 WIMMMW%WWW
11 Fo2-F4 =i
Lo A e e o - e o (D e N 9 N s R M AN

© © N o

13 CaPa =]

14/ P402 ]

R ]

£ ] SW Fp1/F
i R P Z

e ] [ A e e A e e N ST e e ASENS 110 HE 70 TCRO4 CALSSOL R i s
Puise 1

I B A e A\ N A s
= s 2F13 o] ] Cama Y gy S ™ M
A o | 1 L 41501 o] %NW"V‘\/"\«'\-W

6 FolF3 =] M y N
s o WA N o e S WP P
8 c3P3 el e NP AN e A AN n NS N
8P301 W] [\ A NN S S A

R ] "A‘M\’\/‘"\m/\_,ﬁm{\/’f ’MWW\/MM\,‘MM«.\_{N NN A ANl Ay

T N R i Ve WV e ""V}\/\/\!‘V""\,\ j\[\_,\/‘/\\/\/\\f f‘mm/“/\/\w’\wwWN/V\,MMU\[&M'W\HMVWF AV 5N
13 Ca-pa L [l e e | e e RPNy A NS B I . & WS NP, W MNP SRV NG S P o N
1 Pa02 ) N e S WO [t WYLV L S PR W A N VW\A_MAN"J\J",’-/\MI""‘/W\rM‘\/” Noomsl 2 T i O

| NS B P U e Y W o i PP PN W ad T e e Ve
17 F1a el B ALY B e O P e T N g
18 TA-TE Ll e e e e L Il YA T CR Sy S
e o I e VRN A SR Y SO R o WP
21 FeCz m ] -
2 CePr ]
i
Uovexr ] | SR

5 S FpIFTF3 el b |
.. LT T 1 \—

ECG A | ™ AL
110 SO i NS S i H ! PO N T e S i Ve o PP
/L \/




1 o167 ] ™
2/ F7T3 &l
IRER "  Ictal EEG
et s et MWWWMWWWWWWWWWWWWWWWM
6| Fo1-F3 i
e o EEG onset
8lcar3 scwl F7’ T3 _"’\/—‘\_M
9| P301 | MMMHWWWMW W v e v WWWW
11| Fp2-F4 =2
12| FaC4 =] !
13/ C4-P4 = Py
14| Pa02 =] it
T MMW\”\ . QMMMMW
. . .«»f SodURLAR e 1 e - , cpiret e L _ ¥ L S s e PR S
lad 1P M'_,J\/f \/\/\,J‘W\/"\Wm/\’\_/'
L nv] Mﬂf\"‘“ﬁfﬂ\f’_\” "\/\._r-fw\ WW/ Y, V'
al1aTE ml LA A _/\"\,_z—’ﬂ\f/ AN NN\ A A AP i
el 41501 *-] }VWW”JW%AVMWMWMNMW&M
2 A A ‘ "
6 Fol-F3 ""l L/ M S ,\f/ j\/\’v \/\W N\MN\/’, J\f\j l""’"ﬂ/\/\w k‘/\
Teaca »..] AV NS P A P T " e VRS AV N
24| owX| FEES ,,.‘] e O Vo M EEG N RV A
g 9 p301 ] A M NS SN, onset -M’\’\/\/\J\AW\”WV\'/\
o) Fpl
11 Fo2F4 ”-"] \,‘, N \parng ‘(\f\\r\.‘ " /nf"w«"/\ A ) p w*-’ﬂ"f\»/:‘u LA m\,,\:\/‘v\ Nph‘.\ e\ f\-\»vw \/,\,‘_ At
12 FACA =r’~'-] VP V4" PRy eV ‘»’\J\r Vv "\_ ﬂ_/ LN, e FRfrL WaVAR WYY / /W W, A M J\/* \ /
13 CAPa | A A/ e A AR N~ L N T S w\.\h w/\»-\/w*‘d\\ S TAA ,,u\/'\/\,w\,h-/\._
14 PAO2 h-] A A AN ‘\ ;Juv. i\ n[\,\/\‘,‘\../ﬁ"\-,\/‘v\ /\\,.,J""'\' \f\fu\/\ /*""\'\/\ \‘\/\,/ﬁ /« ’\f\ N\ /\\*“‘
A - A\ \ A
e ] (O ,j\ﬂf"\-v"p‘ Al r\_\‘;, M T A N \:) \’ \/ NnAp A A rwﬂ\,ﬁ_, , N \)‘@«V PN
17 FB-T4 »--] f‘wn/\‘f\,’\f-_,\,\fu«v,;.,n.\m,%\,‘_../\fm_/" et "\(. /\/“ W \/’\\,‘,_.\r,,v WAL f"\ "\f"\,.fw Ve \ SN \v"/ NN ’J‘,f_,ﬁ/\,r-l.
18 T4-TE m‘] A \"\..-"\f\.\_,\ PP 1| Py | PR ¥ e NJ Sy B E O P R ~AN MAA AN f‘-‘\’“\\_,f\ [\\wmn/»n A A .,u"‘w‘\wr\hw_vw\/ A WWWWWW
ECG A i =
Be h'] R AR ‘-w"\"' g »'“fv"\A-v\/\v‘ﬂju‘\»‘/‘“"‘-’\"\« AP LA N ,-"N VA VA A P A S \‘“"‘-"’V'lf\ v"‘\» N eV WWW\/\\/\/\WWWM%
v %) w V M v v
co2
21 FeCz v--]
2 C2pz m] A
m* ] ) 1 ] A 1 3 ] 1 1
2 ovxy | | e - S — o — e e e | o\ - -} ——z«‘—\ﬂf—v——\l—]\f—h-—/\/ﬂ/—\j\/—\/wﬂjxf—\ﬁj\/ﬂr—vj\/’
N EEG onset FP1 e




Frontotemporal network
Knowing epileptic network helps

Uncinate Fasciculus

SEEG map

1 N
2 i~1] K )™
; 402 49 RN
s ’//I’ //, yARINED \
sl /ZIN /7L 1 A /DY I\
o[/ T AT N
7 (Ao |~ N A" ~] |
8 £ /
9 R [ [ ]
10/ N\ T e
1 B” NM\T 7
12 N —

A B C D E F G H I

F’- Frontopolar

N’- MFG — Ant. Cingulate

O’ - Orbitofrontal

B’ — Head of hippo/temporal pole
T’ — STG-Ant. Insula

C’ - Inferior temporal gyrus- PHG

V’ — Posterior temporal

Hypothesis: frontotemporal network




Frontal lobe seizures: From clinical semiology to
localization

*T’Francesca Bonini, *H:'Aileen McGonigal, *{{Agnés Trébuchon, *{Martine Gavaret,
*tiFabrice Bartolomei, *{§Bernard Giusiano, and *{{Patrick Chauvel

Epilepsia, 55(2):264-277,2014
doi: 10.1111/epi.12490

Group 1
Elementary motor signs
With no gestural behaviour

Group 3

Distal stereotypies,
Integrated appearance,
No elementary signs

Group 1
Group 2
25
¥ &> Association of elementary
sma .
G e motor signs and
2 A , iy Proximal gestural motor
18 wm: ( e Beh; non-integrated
w10/ (5 = s appearance
47/12 a7/12 L i G i
45
F parietal 4 parietal
, — —~ Group 4
14 5 insula ,l'45d Iinsula .
V)=l | X o A o o) | o & Fear-related behaviour,
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Proximal stereotypies No facial expression distal stereotypies

Group 2 ‘9 7 Va L
Group 2 2 SRS
. 3 A A / 1\,
Association of elementary AT a 74D Y
. s /1IN /7 S A /DY TN

motor signs and o[/ 90 AT TN
Proximal gestural motor N i i o = S
Beh; non-integrated ’ o
appearance
Group 3

e Distal stereotypies,

+ Integrated appearance,

=t No elementary signs _
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Parietal lobe epilepsy: “frontal pattern”
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pseudo-frontal epilepsies<_|

Paterns of soread from occipial lobe selzyre origin. (From Ajmone-Marsan and Ralston, 1957, with parmission |



Fronto-parietal network
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Ictal: EEG onset- Generalized max R frontal
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Case a 6-year-old girl with intractable epilepsy
Semiology: brief eye twitching

Negative MRIs

Interictal scalp EEG max F4

Ictal scalp EEG- gen max F4

PARIETAL

Ictal SPECT FIBRES - E FRONTAL

MO

Increase perfusion at L frontoparietal, R parietal region (injection time 7 sec)

Fronto-parietal network

Catani 2002




 Ictal SEEG finding
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* A 15 years old female with intractable
epilepsy

* EEG: 2 Ictal onset: F8T4, T4P4

* MRI brain: 2 lesions
(R hippocampal sclerosis,
ulegyria of R precuneus)

* Ictal SPECT:Increased perfusion at right

frontal cortex (Injection time 10 s)
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Blackwell Publishing, Inc.

Semiology sequence of
insular epilepsy

Epilepsia, 45(9):1079-1090, 2004

© 2004 International League Against Epilepsy

Clinical Manifestations of Insular Lobe Seizures:
A Stereo-electroencephalographic Study

*Jean Isnard, tMarc Guénot, tMarc Sindou, and *Francois Mauguidre

*Functional Neurology and Epileptology Department and #Functional Neurosurgery Department,

Neurological Hospital, Lyon, France

FIG. 2. Video seguence of iclal sympioms in the six patienis with insular seizures. Black aroas (54, 5B, and 80} comrespond to missing
symptoms in tha sequence. All llustratad seizuras aro simple partial seizuras with complete prezervation of contact during phases A,
B, and C of the sequence. A brief loss of contact occurred in phase D for pafients 4 and 5, in association with infense somatomator
comvulsive symptoms. A: Laryngeal constriction (five pafionts). B: Paresthesiae in the perioral region (five patients). C: Lateralized
somatosensory symploms in upper mb [six patients). D: Focal somatomotor symptoms (five patients; for palient 2, the white area 2D
means that somatomotor sympioms did not oocur duning the three video-stersc-alectroencephalographic recorded seizures, wheroas
most of spontaneous seizuras in patient’s history ended with this type of symipiom).

A. Laryngeal constriction

B. Paresthesia in the perioral region

C.Lateralized somatosensory symptoms
in upper limb

D.Focal somatomotor symptoms



Aileen McGonigal, MD, PhD?®

Semiology and Epileptic
Networks

Table 2
Examples of studies examining semiology in conjunction with signal analysis of stereoelectroencephalography
Change in
Investigators, Semiological Epilepsy Network
Year Pattern Localization Main Anatomic Structures Signal Analysis Synchrony
Bartolomei Humming Temporal lobe STG, prefrontal cortex Rhythmic discharge over STG (6 or Increased
et al,”' 2002 15 Hz). Increased coherence between
STG and prefrontal cortex
Bartolomei Fear behavior Prefrontal cortex  Ventromesial orbitofrontal cortex, Sudden loss of synchrony between Decreased
et al,>? 2005 anterior cingulate, amygdala (limbic orbitofrontal cortex and amygdala at
system) seizure onset/clinical onset
Arthuis et al,>? Impaired Temporal lobe Temporal structures, parietal lobe, Excessive synchrony; ie, functional Increased
2009 consciousness thalamus coupling, between temporal and
extratemporal structures, notably
parietal cortex and thalamus
Bartolomei Déja vu Mesial temporal Rhinal cortices, hippocampus Increased high-frequency EEG signal Increased
et al,>* 2012 lobe correlation between mesial temporal
structures in seizures producing déja
vu
Lambert et al,>> Impaired Parietal lobe Superior and inferior parietal lobules, Increased synchrony was associated Increased
2012 consciousness precuneus, parietal operculum, with progressively greater degrees of
supplementary motor area altered responsiveness. A statistically
significant nonlinear relationship was
found between h2 values and degree
of alteration of consciousness,
suggesting a threshold effect
Aupy et al,*® Oroalimentary Temporal lobe Medial basal temporal lobe, opercular Increased coherence occurred between  Increased
2018 automatisms cortex mediobasal temporal structures and

insulo-opercular cortex before onset
of rhythmic chewing movements

Neurosurg Clin N Am 31 (2020) 373—-385




Take home points regarding semiology

* Analyze semiology in order is important- early signs more reliable
* Record sufficient number of seizures

* Look for consistency between seizures

* |dentifying features in common is the key to categorization

* Think of epileptic networks could be involved according to

electroclinical correlation!
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