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Learning ODbjectives:

Appreciate the bidirectional relationship between sleep and epilepsy.

Review effects of sleep deprivation, sleep, and sleep stages on seizure
occurrence.

|dentify epileptiform discharges and seizures during polysomnography
and differentiate these from benign variants and common artifacts

Recognize commonly encountered sleep related epilepsy syndromes.
Differentiate nocturnal seizures from primary sleep disorders.

Understand the importance of treating comorbid sleep disorders in
patients with epilepsy.



Seizures and Epilepsy

u Epileptiform seizure: Change in behavior caused by paroxysmal
hyperexcitability of population of neurons.

u Epilepsy is the tendency toward recurrent, unprovoked seizures. (2 or
more unprovoked seizures 24 hours a part or 1 unprovoked seizure and >
60% change of second). Epilepsy can resolve in many age dependent
syndromes.

u 1.2% US population had epilepsy 2015 ( 3M adults, 500K children ) per CDC.
u Epilepsies can be generalized or partial

u Interictal EEG findings (spikes or sharp waves)

u lctal EEG findings ( heterogenous : background attenuation, rhythmic
waveforms, repetitive spike wave discharges)



Seizures and Sleep

u Gowers learned that 20% of epileptics experienced seizures solely
during sleep (1885)

u Gibbs and Gibbs identified significant increase in epileptiform
activity during sleep. (1960)

u Sleep and sleep deprivation are standard laboratory activating
techniques for EEG recordings.

u Janz observed nocturnal predominance in 45% of patients with
generalized tonic -clonic seizures. (1962)

u  Some epilepsy syndromes (Sleep Related Epilepsies) have very close
relationships to sleep cycle.

St. Louis EK Minerva Pneumol. 2011
Sep;50(3):159-176.



Why Seizures Occur During Seep

u Not yet clear but the proposed hypothesis are:
u NREM synchronization
Increased interictal discharges (N3)
Increased Ictal events (N1) and (N2)
Ictal and interictal discharges inhibited during REM
u Arousals and awakenings from sleep

u Circadian factors and the sleep  -wake cycle (Mesial temporal
epilepsy daytime predominance nocturnal rats and humans)

u Anatomic location (Frontal lobe seizures more likely to arise
from sleep than temporal lobe seizures)

St. Louis EK Minerva Pneumol. 2011
Sep;50(3):159-176.



History of EEG

Hans Berger, German psychiatrist
July 6, 1924 (first EEG)
oBerger wavebo

https://en.wikipedia.org/wiki/Hans Berger Accessed
9/30/2018



https://en.wikipedia.org/wiki/Hans_Berger

Electrophysiology of EEG

u Cerebral cortex apical dendrite pyramidal neurons
perpendicular to scalp produce post synaptic potentials
Summation of positive and negative electrical generators
not localized action potentials 0 recorded by scalp EEG

u What we see on an EEG is determined by:
u Area of synchronous activity ( > 6 cm2) per electrode
u Voltage of discharge
u Synchrony of discharge
u Location of generator relative to cortical surface



Electrophysiology of EEG

u  Summation potentials represented as dipole vector of energy parallel to
those cells

u Negative dipoles maximally sensed when perpendicular and going toward
scalp

u Need depth electrodes for positive dipoles
uFi ssureds dipole could be tangential or
u EEG uses differential amplification

u Recording voltage differences between different points with pair of
electrodes.

u Active exploring and reference electrode
u If active exploring electrode more negative, upward deflection on EEG

u Biologic filters and biologic generated electrical activity both impact
what we see




Common montages

3y perssace of Mayo Foandaben Yx Medeal EQalnn 990 Rasesrch Al nghs risersed By permuss:on of Mayo Foundation for Medical Educalion and Research All nghts reserved

St. Louis, EK, Frey, LC (Eds.).
Electroencephalography
(EEG): An introductory text
and atlas of normal and
abnormal findings in adults,
children and infants. Longitudinal bipolar montage. Ipsilateral ear referential montage.
Chicago, IL: American International 10 -20 electrode International 10 -20 electrode

Epilepsy Society; 2016. placement. placement.




| ocalization

St. Louis, EK, Frey, LC (Eds.).
Electroencephalography (EEG): An introductory
text and atlas of normal and abnormal findings in
adults, children and infants. Chicago, IL: American
Epilepsy Society; 2016. Page 6



Localization in right mesial temporal lobe epilepsy

(@) Channels 17 (FP2 -F8) and 18 (F8-T8) show a
oOphase reversal 6 of negat
localization of the spike discharge as maximally
negative at the F8 electrode site (i.e., given
maximal negativity at F8 and the conventions
of EEG polarity, which state that when the Grid
1 electrode site, FP2 in channel 17, is more
positive than the Grid 2 site, F8, the result is a
surface positive downward deflection; whereas
in channel 18, F8 is more negative than the T8
Grid 2 electrode site, resulting in an upward
deflection).

St. Louis, EK, Frey, LC (Eds.).
Electroencephalography (EEG): An introductory
text and atlas of normal and abnormal findings 028 AE =11 1+t
in adults, children and infants. Chicago, IL: TTTTRITT 21?7 '

American Epilepsy Society; 2016. Page 57.



Localization in right mesial temporal lobe epilepsy

(b) Focal/regional slowing appears over
the right temporal region, which has a
rhythmic character consistent with the
pattern known as temporal intermittent
rhythmic delta activity (TIRDA), a frequent
finding of epileptiform significance in
those with temporal lobe epilepsy.

Fp2 - FGWWMMTW
FB - TN A ‘ Mﬁv“%/\mww/ "N

PB - D2\ ar n A n A A s e NN ot it S,

St. Louis, EK, Frey, LC (Eds.).
Electroencephalography (EEG): An introductory T /“‘ﬁl Vo T ”"""{‘ “"*1[“\* "4{ \ﬂ”“( ™
text and atlas of normal and abnormal findings e D == :
in adults, children and infants. Chicago, IL: " ’J.‘:smmu.,, 5 7 OUN2Z0N2 VAT 45 [
American Epilepsy Society; 2016. Page 57. ™ |




EEG Frequency

Rhythm Frequency Normal examples Abnormal examples

Alpha 8-13 Hz Waking posterior Alpha coma. Seizures
rhythm in older activity in the alpha
children and adults, | range.

Mu rhythm

Beta > 13 Hz Drowsiness in Drug-induced. Breach
children rhythm. Seizure onset

in beta range.

Theta 4-7 Hz Drowsiness, young Structural lesion,
children, temporal Encephalopathy
theta of elderly

Delta <4 Hz Sleep, posterior slow | Focal structural lesion,
wave of youth Encephalopathy




EEG Terminology

u  Rhythmic - recurring waves of equal duration.

u  Monomorphic - spike and waves with consistent shape & duration

u Polymorphic - spike and waves with unequal duration & shape

u Transient-wave(s) that stand out from background (can be normal)

u Complex - combination of 2 or more waveforms with characteristic
morphology. (3 Hz spike and wave complex)

u Periodic - transients or complexes that recur at regular rates but with
Intervening activity in between them.

u  Symmetric - occurring in two homologous regions opposite sides of
head

u Synchronous - occurring in two distant or close (ipsilateral or
contralateral) regions simultaneously.




Epileptiform transients

slow wave

Transients Duration Variants

Spike 25-70 ms Spike and wave
complex; polyspike
and wave complex

Sharp wave 70-200 ms Sharp and wave
complex; polysharp
and wave complex

Sharply contoured >200 ms




EEG in a 24-year -
old woman,
showing a left
temporal

Interictal
epileptiform
discharge during
stage 2 sleep, In
the form of a

spike with
maximal
electronegativity
at T1-T3.

St. Louis EK Minerva
Pneumol. 2011
Sep;50(3):159-176.
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31315
4 75-01
5 Fp2-F8
6 F8-T4
7 T4-T6
8 T6-02
9 Fpl1-F3
10 F3-C3
11 C3-P3
12 P3-01
13 Fp2-F4
14 F4-C4
15 C4-P4
16 P4-02
17 Cz-C3
18 C3-T3
19 T3-T1
20 T1-T2
21 T2-14
22 TA-C4
23 C4-Cz
24 Fz-Cz

25 Cz-Pz
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https://en.wikipedia.org/wiki/Spike -and -wave#/media/File:Spike -
waves.png . Accessed 8/25/18
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Ictal EEG of medically intractable partial

epilepsy
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Onset of a rhythmic
theta -delta discharge
In the right fronto -
temporal region
(seventh second)

St. Louis EK Minerva Pneumol.
2011 Sep;50(3):159-176.



