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Presurgical epilepsy evaluation




History

Video-EEG-Monitoring
interictal EEG-changes
Clinical semiology

ictal EEG-changes

Structural imaging: high resolution MRI

EFunctional imaging: SPECT, PET, MR-Spectrescopy, functional
MRI, MEG

Neuropsychology incl. Wada-testing

Intracraniall recordings: Foramen-ovale electrodes, epidural Peg-
electrodes, subdural strips and grid electrodes, depth electrodes
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Intracranial recordings: Foramen-ovale electrodes, epidural Peg-
electrodes, subdural strips and grid electrodes, depth electrodes




Non-invasive evaluation

Diagnostic and prognoestic value of interictal recordings

Differentiation of epileptic vs. non-epileptic seizures
Diagnostic value and limitations of ictal recordings
Classification of epilepsy syndrome

Localization of ictal onset zone

Quantification of Seizures
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Diagnostic and prognestic value of interictal recordings

Differentiation of epileptic Vs. non-eplleptic Seizures
Diagnostic value and limitations of ictal recordings
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Localization| of Ictal onset zene

Quantification off Selzures




Interictal EEG:
Conceptual considerations




Conceptual considerations

functional deficit zone

irritative zone

sejzure onset zone




Conceptual considerations

irritative zone

sejzure onset zone
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Conceptual considerations

functional deficit zone

—pterncals EEG

sejzure onset zone
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EEG-findings In epilepsy patients

normal

unspecific changes
slow background activity.
regional slew activity
generalized slow activity.

epilepsy-typical changes
interictal epileptiform discharges
ictal epileptiform changes

nermal EEG deesn't exclude epliepsy.
anormall EEG doesnit prove eplepsy.




Slow activity




To distinguish from
slowing during sleep

physiological slowing (temporal slowing in elderly
asymptomatic people)

EEG-patterns like rhythmic temporal theta-bursts of
sleep (,psychomotor variant’)

Localization: generalized, regional or hemispheric

Morphology: irregular or rhythmic




Rhythmic temporal theta of sleep
(psychomotor variant)
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Intermittent rhythmic slow
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Continuous slow

No Influece of EEG-activation methods
Morphology: irregular — polymorph

Delta/theta-frequency

Regional continuous slow => correlates with
acute or subacute progressive growing structural lesion
chronic static lesion
after a migraine attack
after focall seizure




|IEDs: Definition




Interictal epileptiform discharges
Committee on Terminoloy of IFSECN

“distinctive waves or complexes, distinguished from
packground activity, and resembling those recorded
IN a proportion ofi human subjects suffering from
epileptic disorders...."

Sharp wave - Transient, clearly distinguishable from background activity,
withi pointed peak at conventional paper speeds and a duration of 70-200
milliseconds (ms)

Spike - Same as sharp wave, but with duration of 20 to less than 70 ms
Spike-and-slow-wave complex - Pattern consisting of a spike followed by a
slow wave (classically the slow wave being of higher amplitude than the
spike)

Multiple spike-and-slow-wave complex - Same as spike-and-slow-wave
complex, but with 2 or more spikes associated with one or more slow
waves
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IEDs: Sensitivity




Sensitivity
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No |IEDs

- Patients with focal epilepsies

Prolonged EEG-monitering for an average of 6.9 days
No |[EDs - 19%

- Possible explanation

sampling-problem

epileptic activity arising from some regions (basal frontal lebe,
mesial temporal lebe etc.) can not be registered on scalp EEG

small areas of epileptic activity can not be registered on scalp
EEG (at least 6 cm? of synchronized epileptic activity is
necessary to record the activity in scalp EEG)

some patients show no changes even in invasive EEG




Factors that affect the occurrence of IEDs

children > adults
early onset of seizures
TLE > FLE

A = DS
Benzodiazepins, Phenytoin reduce the spikes

postictal iIncrease ofi spike-freguency.




Sleep and the occurrence of IEDs

30% epilepsy patients => IEDs occur exclusively during sleep

IEDs are more easily detected during sleep because the EEG Is
not contaminated by muscle and movement artifacts

nearly alll patients with IEDs during sleep exhibit their first
discharges within 15 to 30 minutes aiter sleep onset => sleep
recordings can easily be performed on an eutpatient basis

patients unable to fall asleep => sleep can be induced by chloral
hydrate (preferable because no excessive beta Is induced) or
parbiturates

IEDs become more widespread, diffuse and multifocal during
NREM sleep
Fisch and So (2003)




Sleep deprivation and the occurrence of IEDs

normal baseline EEGs => repeat EEG alfter sleep deprivation has
a 30-70% chance to show: IEDs

IEDs may appear even when the patient is awake => effect of
sleep deprivation Is somewhat independent from the occurrence of
sleep during the recording

Fisch and So (2003)
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Additional electrodes
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Additional electrodes
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Additional electrodes
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IEDs: Specificity




Specificity: IEDs in healthy persons

healthy children => 2.2-3.5%
healthy adults => 0.5%
healthy adults with IEDs => epilepsy: 0-2.6%




IEDs: TLE
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IEDs iIn mTLE
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IEDs in nTLE
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Medial vs. lateral spikes
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Bitemporal IEDs




Bitemporal intertical IEDs in mesial TLE

Incidence of bitemporal iIndependent IEDS
scalp-EEG
- 8-42%
- Ergene (Epilepsia 2000;41:213-8): 61%
iInvasive EEG: 100%

possible mechanisms

bilateral damage in structures with similar
thresholds of susceptibility

dysfunction at a distance produced by an
epileptogenic focus located in a contralateral
homoloegous or non-hemologous location

Incidence of bilateral mesial temporal lobe
sclerosis In autopsy studies: 41-56%
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Localizing value of uni- vs. bilateral IEDs

unilateral IEDs (lateralization index: 75-100%) on scalp-EEG predict
Ipsilateral seizure enset in 78-99%

patients with bilateral IEDs oni scalp-EEG have unilateral seizure
onsets in 50%

iInfluence of uni- vs. bilateral IEDs on outcome after epilepsy surgery.
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IEDs: FLE




Interictal EEG In frontal lobe epilepsy:
general considerations

large cortical areas of the frontal lelbe (orbitofrontal cortex, medial
frontal cortex, cingulate gyrus) are inaccessible to the scalp-EEG

widespread epileptic discharges on scalp-EEG, circumscribed

Irritative zone on ECoG
complex neuronal networks => rapid propagation of epileptic activity.

secondary bilateral synchrony => generalized or bifrontal spike wave
discharges in patients with: unilateral frontal' lobe epilepsy (especially with
epileptogenic zones in the medial parasagittal convexity, the orbitofrontal
cortex or the cingulate region)

focall epileptic activity on scalp-EEG, spatially extended irritative

zone on ECoG
limited sensitivity of scalp-EEG




IEDs in FLE
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Secondary bilateral synchrony
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|IEDs In dorsolateral FLE
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IEDs In supplementar sensorymotor epilepsy
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IEDs: OLE and PLE




IEDs iIn OLE

extended longitudinal connections of occipital lobe =>
IEDs in OLE with extended fielc

bilaterall synchronic frontal, temporal or generalised
epileptiforme discharges => 30% of patients

anterior-, mid- or. posterior-temporal spikes => 40-60%
of patients

Isolated occipital spikes => 10% of patients

headband montage and Oz electrode can be helpful for
localization




IEDs iIn OLE
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Secondary bilateral synchrony in OLE
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IID In PLE

20% of patients show no spikes

presence of spikes => no lecalization value

propagation => spikes often localized outside of
parietal lobe

Ipsilateral temporal
Indepentent bitemporal

bifrontal — bilateral secondary synchrony




Noninvasive Evaluation

Diagnoestic and prognestic value of intenctal recerdings

Differentiation of epileptic vs. non-epileptic seizures
Diagnostic value and limitations of ictal recordings
Classification ofi epllepsy syndrem

Localization| of Ictal onset zene

Quantification off Selzures




Differentiation of epileptic
VS. non -epileptic seizures

SEelzZUres With 10Ss 0 CORSCIOUSNESS, OF With llaterall motor
PRENGMERE

complex-focal seizures, generalized tonic-clonic seizures,
generalized tonic seizures

Changes In ictal EEG
Exception: supplementary-motor seizures

fiecal seizures Without eSS efi CORSCIGUSRESS = SImple partial
SejzuUres

10-20-System: 20% ictal EEG-changes (Lieb 1976; Devinsky 1988)
Additional electrodes: 60% ictal EEG-changes (Bare 1994)

Signal on scalp-EEG U synchronized epileptic activity with involvement of
at least 6 cm? (Cooper 1965) to 10 cm? (Thao 2005)




Differentiation of epileptic
VS. non -epileptic seizures

Overiap off moevement and muscle artiiacts
characteristic pattern

postictal slewing

EEG changes in hen-eplleptic seizures

Syncope: slowing  electro-cerebral inactivity
Muscle artifacts in convulsive syncope

Other physielogical parameters
ECG, blood pressure, EMG, eye-movement
















EEG In syncope




Noninvasive Evaluation

Diagnoestic and prognestic value of intenctal recerdings

Differentiation of epileptic Vs. non-eplleptic Seizures
Diagnostic value and limitations of ictal recordings
Classification ofi epllepsy syndrem

Localization of ictal onset zone

Quantification off Selzures




EEG-seizure patterns in TLE




EEG seizure pattern: classification

localization
morphology
time course

postictal EEG-changes

ateralization/localization-accuracy




EEG ictal pattern: localization

focal

iInvasive EEG-monitoering
scalp-EEG  assignment to lobar subcompartments IS not pessible

iegienal

temporal vs. parasagittal > 2:1 (bipoelar); interhemispheric > 2:1 (reference)

jateralized ter ene nemisphere

temporal vs. parasagittal < 2:1 (bipoelar); interhemispheric > 2:1 (reference)

pllaerall, lateralized terene hemisphere

temporal vs. parasagittal < 2:1 (bipoelar); interhemispheric < 2:1 (reference)

pilateral nonlateralized

no apparent amplitude difference between the two sides in a bipolar
longitudinal or referential montage




rhythmic, semirhythmic or irregular activity of variable
frequency (Alpha-, Theta-, Delta-activity; ‘recruitment-
rhythms’)

significance of different freguencies (?)

paroxysmal fast activity
close to scalp, neocortical activity (?)

attenuation
generalized vs. focal

rhythmic spiking




EEG ictal pattern: time course

evolution  metamorphic seizure pattern
Increase of amplitude
decrease of frequency.
Increase of spatial propagation

pattern at enset (PAG)
first uneguivocal ictall EEG-change lasting for at least 3 sec
regional (‘initial focal pattern’)
hemispheric
non-lateralized

later significant patieim (LSP)

significant change in the morphology and/or lecation of PAO
often regional or hemispheric (‘delayed focal pattern’)




EEG-seizure pattern

Pattern at onset:
rythmic theta-activity, regional right temporal




EEG-seizure pattern

later significant pattern:
rhythmic alpha-activity, regional right temporal




EEG-seizure pattern

Pattern at onset:
rhythmic theta-activity, non-lateralized




EEG-seizure pattern




EEG-seizure pattern




EEG-seizure pattern




EEG-seizure pattern: time course

clinical SiIgnificancy

pattern at enset = later significant pattern

explanatien fier evoeltien nen-l1ateralized:  regional:

non-lateralized pattern at onset U far-field-potential from mesial temporal
lobe

later significant regional pattern U propagation in the basal and lateral
temporal cortex

EUNEr Selzure patierms
‘switch of |ateralization’; ‘ping-pong| seizures’
bilateral asynchronic rhythms (difference in frequency at least 1 Hz)
mostly in patients with bitemporal epilepsies




EEG-seizure pattern:
lateralization vs. localization accuracy

coechiateralization
TLE: 76-85%
mesial TLE: 81%
unitemporal spikes (90-96%) vs. bitemporal spikes (75-78%)
unitemporal spikes and ipsilateral HA: 90%

false! lateralization: 1-13%

false lateralization more rare than false localization




EEG seizure pattern: FLE




Ictal scalp-EEG In frontal lobe epilepsy

QUesney (129s)
72 patients
regional: 22%
hemispheric: 11%
bilateral or generalized changes: 37%
no ictal EEG changes: 11%

Lee et all (20010)

26 patients; 112 seizures

localized: patients => 42%; seizures 23%
lateralized: patients => 16%; seizures 13%
not helpful: patients => 42%, seizures => 64%




FLE: ictal EEG recordings

In scalp EEG can be recorded only ictal EEG changes
from lateral frontal cortex. The ictal activity, arising| from
orbitofrontal- and mesial frontal cortex as well as in gyrus
cinguli can not be seen on scalp EEG

Propagation in frontal lobe and in temporal lobes

False imitation of focal EEG changes in spatially
extended ictal onset zone

Bilateral secondary synchrony




Ictal EEG In lateral FLE




Ictal EEG In medial FLE

D




Ictal scalp-EEG In mesial vs. lateral FLE

patients seizures

A

O correctly localized | O correctly localized

O correctly i O correcFIy
lateralized i lateralized

M generalized | M generalized

B mislocalized / i E mislocaized/laterali

mislateralized i zed
0J obscured | = m?slocaliz_ed /
mislateralized

MFLE (n=8) LFLE (n=15) MFLE (n=51) LFLE (n=125)

Foldvary et al. Neurology 2001,;57:2022-28

9-
8-
74
61
5
4
3-
2
1-
0

Conclusion: Ictal scalp-EEG Iis of higher localizing value in lateral as
compared to mesial frontal lobe epilepsy




The predictive value of scalp-EEG
In frontal epilepsy

54 patients with frontal
lobe epilepsy

38/54 patients (= 70.4%)
withi lesions

16/54 patients (= 29.6%)
with normal MRIs

14/54 patients
(= 25.9%)
sz. free:
13/14 patients (= 92.9%)
with this pattern vs.
14/40 patients (= 35.0%)
without this pattern

Worrell et al. Epilepsia 43:277-282 (2002)




EEG seizure pattern:

OLE and PLE




Ictal EEG: OLE and PLE

Fecalizatien net pessible
Regional ictal enset zone

Extended ictal onset zone In
temporo-occipital or parietal
region

No ictal EEG changes

guIcCK prepagation
Fasciculus longitudinalis
iInferior  Temporal lobe

Fasciculus longitudinalis
superior or Fasciculus
occipitofrontalis superior and
iInferior  Frontal lobe




EEG seizure pattern:

lateralization and localiazation
accuracy




Ictal scalp-EEG

93% 65 i 69%

19 2156 ’ ) 456

5% A% S g g% | 28% 6%

5% 251 450 17 0

L% 2%y 21% 450

generalized

Foldvary et al. Neurology 2001,;57:2022-28




Thank you!




