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NCTOPWJA RHA EET

e 1875 rop, Richard Caton 3ano4HyBa co HEBPOPU3MONOLLKA METOAA 33
CHMMAHbe Ha MO304YHATa aKTUBHOCT- Kaj *KUBOTHMU ( 3ajaum u
MajMYHMW)

* 1924 rog, Hans Berger — nemoHcTpupa EET ( HeBpodm3nonoLlKa
MeToAa) Kaj XymaHa nonynauuja — rm oTkpmsa anda bpaHoBuUTe

* [loyHyBa epaTa Ha PYHKLUMOHANHA eBasyalUmja Ha bBuoeneKkTpmyHaTa
MO304YHa aKTUBHOCT ( raBHO KOPTUKaJIHA MO304YHa aKTUBHOCT), NPU
LLITO Ce perncTpmupa cTpyjata npeHeceHa A0 CKaanoT o4 MO304YHUTE
HEBPOHMU, NMPEKY MO30YHUTE OOBUBKU N MPOCTOPUTE Mely HUB, MPEKY
KOCKaTa M KoXaTa A0 NOCTaBEeHUTE eNneKkTpoan Ha CKannoT



Hans Berger, co EEl-a®oT 3a EE— enoxanHo OTKpUTHE

perncTprpa MUJIMOH NaTK NnojadyaHa cTpyja o4 CUHAPOHU3MpPAHA aKTUBHOCT Ha MO30YHUTE
HEBPOHM
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Mechanism of EEG [Eass -

EEG signals generated by cortex

Dendritic tree

«Currents 1n extracellular space 3
generated by summation of EPSPs /l/
Ax(n>\’

Action potentials

Continuous graph of changing voltage fields at scalp
surface resulting from ongoing synaptic activity in
underlying cortex

Inputs from subcortical structures

— Thalamus

Brainstem reticular formation
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Action potentials

Diagrammatic
comparison of the
electrical responses
of the axon and the
dendrites of a large
cortical neuron.

Current flow.to

and from active
synaptic knobs on
the dendrites
produces wave
activity, while AP
are transmitted
along the axon.




[TpnHUKMN Ha EEl permncTpaumja

* Co eneKktpoeHuedanorpadoT oBaa CTPyja WITO Aoala A0 eNleKTpoauTe
Ha CKa/INoT ce nojayysa BO N0Ojayasio 1 NpaBun 3annc Ha XxapTuja Bp3
KOja Cce ncupTyBaaT ocuMUNaLMnTe Ha eNIeKTPUYHaTa CTPYja Koja ja
C03/1aBaaT KOPTUKANHUTE MO30YHMN HEBPOHM NPU CBOjaTa aKTUBHOCT
BO o4peaeHo Bpeme, AoAeKa ce CHMMA.



bNOEJTERKTPUHHA MO304YHA AKTUBHOCT

* Co EEI ce pernctpnpaat mo3oyHute bpaHOBU KOM MMaaT oapeaeHu
dpekPpeHunmn, ako ce 3eme aeKa Ha EEl anapaTtot ( EEP-ad) Ha

anucHaTa ocoBuHa ( X) ce peructpmpa BpemeTo, a Ha opanHaTtaTa ( Y)
ce perucTpmpa amnamtyaata

* CeKkoja bnoeneKkTpmyHa CTpyja WTO Ce perucTtpmpa co enekrpogmnte

NOCTaBEHWM HA CKa/INOT nma cBoja ppekdeHuuja ( Bo eaAnHMLA BpeMe)
M CBOJa aMnamnTyaa.



Hans Berger, Tatko Ha EEI

EnoxanHo oTkpuTne Ha no4veTokoT Ha 20. BeK

Co EEl 3ano4HyBa
PYKKLMOHAMHATA
eNeKTPOPU3NO0/IOLLKA
eBaJ/lyalnja Ha MO30OKOT,
0COHEHO MO304YHaTa Kopa
(KopTekcorT)




John Hughlings Jacson

1. lpwn enunentnyeH Hanag
HacTaHyBa rNpasHere BO
cuBaTa Maca

2. CTaB Koj nspasyBa noBeke
HEBPOJN3NOMNOLLKN OTKOSKY
KIMUHUYKN KapaKTEPUCTUKU U
npeTxoau Ha
enekTpodunanonoLlKkara
eBanyauymja Ha
enurierncujata Koja nobusa
LLUMPOKK pa3smepu co EEN




EnektokopTuKorpaduja ECoG

* 1950 Herbert Penfield u Wilder Jasper ja pa3BmuBaaT meToaaTta Ha
ECoG, 3a MHTpaonepaTUBHO OTKPUBAHE Ha ENUNENTONEHUOT POKYC
NPU XMPYPLLUKN MHTEPBEHLUUN Kaj ennnencum



1. Electroencephalography
Definition
- EEG is a surface recording of the electrical activity of nerve cells of the brain

- Electrode placement (10 / 20 — System, international)
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- Electrodes are connected with electroencephalograph, which amplifies
the brain activity a million times record it on a strip of paper or stores it
electronically.
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bpojoT Ha efleKTpoam NOCTaBEHM HA CKANNOT Bapuja oga MUHMMYM 21 na go ctotuum



NEPUBALINM 1 MOHTAMKM

* MoHoNonapHa — ce Mepu NoTeHLUMjaIHaTa pasnMKa mery eaHa
aKTUBHa esieKTpoaa o, CKaanoT U eaHa 3aeAHMYKa pedepeHTHa
eNeKTpoaa

* BunonapHa — ce mepu NoTeHUMjanHATa Pa3nKa Mery ABe eleKTPoau
OJ, KOW eiHaTa € aKTUBHA eNeKTPoAaa, a Apyrata e pedepeHTHa BO
O[HOC Ha NpeTxoaHaTa, HO NOTOa Taa e aKTUBHA e/1eKTPoAa BO O4HOC
Ha apyra pedepeHTHa eNeKTpoaa



ARAJTIOTHA N AVNTWUTAJTRA EET

* EEl-amoT ce 3anuuyBa Ha XapTuja WTO ce ABUXK CO oapeaeHa
6p3nHa ( KOHBEHUMOHaNHO- 15 mm/ceK-PpaHLycKa wKona, 30
mm/cek Bo CAZl u ap 3emju Bo EBpona)

* Co BOBegyBake Ha AUrUTaIHATA TEXHONOIMMja U KomnjyTepusaumjaTa
BO EEl, oA KpajoT Ha MMHATUOH BeK, EEl 3anucoT - (EEM-amoTt) moxke
na ce dopmaTtmpa, Aa ce MeHyBa CEH3UTUBHOCTA ( amnanTyaaTta) u
6p3nHaTa, MoXe Aa ce MeHyBaaT MOHTa)KM 3a Aa ce nobue nojacHa
CNNKA Ha bnoenekTpnyHaTa MO304YHa aKTUBHOCT BO PA3/INYHMU
PErMOHU CO PETNCTPUPatbE O CKaAMoT.



Main Types of Waves in EEG

Alpha 8-12/sec
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Beta- 13-30/sec
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3 EEG of awake human

Eyes closad

Eyes open
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EEG of a normal awake person consists
alpha and some low amplitude beta activity:




seconds

TeTta n penta 6paHoBuUTE
ce HOpPMaiHU 33 BpemMe Ha
He-PEM cnunere, BO TeKOT
Ha Pa3BOjOT Kaj Aeua, BO
TeMNOpPasIHUTE permun Kaj
CcTapu nmua,

a NaToO/IOWKN BO BygHOCT



EEl

NPEQHOCT HEQOCTATOLMU

* HenHBa3nBHa meToAa * ApTedakTtu ( pernctpuparbe Ha

* BpemeHcKa pe3onyumja jaka HeliepebpasHa cTpyja)

* VBUA BO BYHKLMOHANHATA * [lpocTopHa pe3onyuymnja e cnaba
coctojba Ha MO30KOT

* besbenHa meToaa

* [loBTOP/AIMBA MeTOAa

* EBTMHA meToAa



APTEDAKTWU

* Ce pernctpupa cTpyja Koja He e LepebpanHo reHepupapaHa, TYKy e
o/, APYr1 AeN0BW Ha [/1aBaTa U TeN0TO

* Ce peructpupaat CTpyjHU apTedaKTn o, HaaBOPELLHMN U3BOPU



ApTedaKkTn o Tpenepere Ha ouynTe Hag GPOHTAHUTE eNEeKTPOoaAU
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ApTedaKTn of ABUKEHE HA ja3UKOT
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ApTedaKkTu Npu LIBaKamwe

7 - . Awako 30-Auwg-O0 14:43:41 00:01: 4

Fo-£z Y NN o N AN "»'-',»4, fe *-ﬂ\‘w* ,‘w'*‘-u&-«—s}i"‘ o ‘\"“\’r«q‘*&j\*""ﬁv-\ ST R T »Z;r‘&f«,%,, et gt
e e e L i N T L T B o v Pt Uy P
Crz-Pz W~~~ N h o [N oD (i e 2O s [ B i

. A, P e ta
e P i S g _‘_A-\-— ‘Q"“J¢J~"\./,‘M\.\--,J-..‘-.f_v’\”\«v'%~' R Ty ~ N N’P. T

Pz-Oz M~ TP *.*“-" A AN A s Vo R 'AA Al o AN~ iy Y LT N - /"\'p‘r\v“* s e i Tt s et A ST A "‘\. NG A v}“’»"’ rmrne A e

Fol- |= «A’—* ’*W A prem Ny Pt N ‘.-‘\‘U;“‘ '# "&L\ "i."*’*r(“* iialad ""K“"‘I"'W \W‘“ 4~_~‘L’H e db
S 1"-/‘* G T S _/\‘V\f% Nt AR AT

Coas “1k'~_“ SN

'\f'—' e M P fvos ™~
-\‘*,._ PPN o TN e o S “"\Y# g RAL A e
AN .,‘\_h A ‘ﬂ-«-— (\\_/‘d.\\-_. .v‘\\./\‘\. sj"r\-f\‘;&,ff}‘}, .,m./‘.-,)h,/“.'ﬂ-\ﬂ L -J‘*"\_W_*".’—.,_«M‘- =

N ) watae T

™~ ﬂ.j_a'vﬁ

N ) ~
W e e e i o T e e S e Y g PN I

S A R a® o Ve NI i R 4 C e ¥ s e T e -

']

”‘*» wl| ' ;] ,l,i

% ,'ﬁi m 18y ,ﬁl )

h o i [y
A2-EQG e W q""*“'* 8 At

‘:’M‘.‘\-"‘"ﬂr_—\ﬁ—ﬁr‘ h“'\.—."\.‘w. A ."‘A"N A, W S, '\“'mﬁ‘. k"
ARALGE-2Y . - - I __h__ r
® Amencan Eplepsy Society

’ "Y g (NI Ay
LF=1 o HF =70 70uv 10s %

® Amencan Epilepsy Society




Hap P3 eneKktpoga aptedakTn o ABUMKEHE KOM MMUTMPAAT NaTO/IOLWKM MPOMEHHU
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\ ApTedaKTu oa ny/icHaTa cpueBa akuuja Hag Fp enektpoau
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EnektpoaeH aptedakT

Electrode Artifacts
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AptedakTn op enektpoaa
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ApTedaKTu Npu noteme - enekTpogepmorpadpusam
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MeToan Ha aKTUBaLM|a

* OTBOPU/3aTBOPYU 0UYM

* XunepseHTUAAUM]A (ankanosa- nposouumpa LL-6 Kaj ancaHcu u Ap mputaumm)
* doTocTMmynaumja ( dotonapoKcmamasneH oarosop Kaj 1)

* EEl BO cnuene

* EEl no penpuBaumnja Ha cnunere

* CneyndunyHu CTUMynm ( YnTambe, CMeTame...)



L
Eyes open Eyes closed

# &

Alpha Block: Replacement of the alpha rhythm by an asynchtonous,
low-voltage beta rhythm when opening the eyes.




Sleep Stage

Sleep LS
Stage
Cycles

» A typical sleep pattern alternates between REM and NREM
sleep

»>SWS precedes REM sleep

» REM sleep lengthens over the night

» Basic sleep cycle = 90 minutes

» The suprachiasmatic and preoptic nuclei of the hypothalamus regulate
the sleep cycle




Neural Control of REM Sleep

The pons 1s important for the control of REM sleep

Pontine-Geniculate-Occipital (PGO) waves are the first
predictor of REM sleep
ACh neurons in the peribrachial pons modulate REM sleep
e Increased ACh increases REM sleep
e Peribrachial neurons fire at a high rate during REM sleep
e Peribrachial lesions reduce REM sleep
Pontine ACh neurons project to the thalamus (control of
cortical arousal), to the basal forebrain (arousal and
desynchrony), and to the tectum (rapid eye movements)

Pontine cells project via magnocellular cells within medulla to
the spinal cord: release glycine to inhibit alpha-motoneurons
(induce REM motor paralysis or atonia)




Neural Control of SWS

The ventrolateral preoptic area (VLPA) 1s important
for the control of sleep

L_esions of the preoptic area produce total insommnia,
leading to death
Electrical stimulation of the preoptic area induces signs
of drowsiness in cats

— VL PA neurons promote sleep




Neural Regulation of Arousal

Electrical stimulation of the brain stem induces arousal
Dorsal path: RF--> to medial thalamus --> cortex
Ventral path: RF --> to lateral hypothalamus, basal ganglia, and the
forebrain
Neurotransmitters involved 1n arousal:
NE neurons in rat locus coeruleus (LLC) show high activity during
wakefulness. low activity during sleep (zero during REM sleep)
e L.C neurons may play a role in vigilance
Activation of ACh neurons produces behavioral activation” and
cortical desynchrony
e ACh agonists increase arousal, ACh antagonists decrease arousal

5-HT: stimulation of the raphe nuclei induces arousal whereas 5-
H'T antagonists reduce cortical arousal




NT Interactions: REM Sleep

5-HT neuro‘_ﬁs‘ -
in raphe nuclei InHibition

ACh neurons in
peribrachial area

NE neurons in
locus coeruleus

Phenomena of REM sleep
Excitatory cortical activation,
inputs? rapid eye movements,
PGO waves,
muscular paralysis




REM Sleep

Presence of beta activity (desynchronized EEG pattern)
Physiological arousal threshold increases

e Heart-rate quickens
Breathing more irregular and rapid

@
e Brainwave activity resembles wakefulness
>

Genital arousal
Pontine-Geniculate-Occipital (PGO) waves?
L_.oss of muscle tone (paralysis)

Vivid, emotional dreams
May be involved in memory consolidation




Pontine-geniculate-occipital (PGO) wave —

A synchronized burst of electrical activity that originates in
the pons and like a wave 1t activates the lateral geniculate
nucleus (first relay of visual information)

and then the occipital lobe, specifically in the visual cortex
(which receives and puts together the visual information that

comes from the lat. geniculate nucleus).

PGO waves appear seconds before and during REM sleep.




REM Dreaming

“vivid and exciting”
~3 per night
L.onger, more detailed

Fantasy world

NREM Dreaming

“just thinking”
Shorter, less active
Midst of nowhere

LLogical, realistic




Frightening dream episodes

Occur in the REM stages
LLast about 20 minutes

Can be result of taking drugs that affect
neurotransmitter action or from drug withdrawal

Severe cases can be treated with medication

—Diazepam (tranquilizer)




Types and Stages
of Sleep: NREM

— Stage 1 — eyes are

closed and relaxation
begins; the EEG
shows alpha waves;
one can be easily
aroused

Stage 2 — EEG pattern
1s irregular with sleep
spindles (high-voltage
wave bursts); arousal
is more difficult
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NonREM spiewe:K-kompleksi i vretena na spiewe (gore), tranzienti na spiewe (dolu).
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EEG-DS nonREM (2.) A. K-kompleksi, B. vretena na spiewe (SS), V.mali silci na spiewe
(SSS/BEST)
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What Happens it We are
Deprived of Sleep?

ILLack of alertness
Fatigue

Memory problems
Irritability
Depression

LLack of motivation
Accidents

Fibro Myalgia




Indication for EEG:

- Seizure disorders (Location of the focus, type of seizure
disorder)

- Evaluation of transient spells (Transitory Ischemic Attack TIA,
Residual Ischemic Neurological Deficit RIND, Completed
Infarction / Syncope or hysterical episodes)

- Intracranial disease process (tumor, abscess)

- Diffuse disturbances of cerebral function (metabolic
disorder, encephalitis, and degenerative process, eg.
v.Creutzfeldt - Jakob disease)

Fp1-Fa \/\f\j \f\/\r\:\/\/{v\',\f\ka\[v\\j\f\ J/\_,f\.\:ﬂ\/‘\\,.\/'\\dﬁ NV
sz -Fa \(’ ‘,f\,‘r\f\,"’\,-\j\f\'\[\fa [‘\\f'.f\fs f\{\f\ J\/\f Va "\ f\p"f\}\."

- Coma (status epilepticus, drug overdose, hepatic coma)
- Brain death (ceased activity)



EET e KOMMN1eMeHTapPHa HeBpOCI)M3I/IOI'IOLLIKa MeToan Ha MUMELINHT METOAUNTE NPU CTYKTYPHMN, MeTaboNHN 1 ne3nu o4
HEMNO3HAaTAa eTmonoera

Intracranial Causes:

Primary

? Unknown (genetic or biochemical predisposition)

Arteriovenous
malformation

Congenital and
hereditary diseases
(tuberous sclerosis)

(depressed fracture,
penetrating wound)



JlToNnoONHUTeNHU MHAMKaUMK 3a EET

* HapywyBarbe Ha cnmereTo ( NapacoMHMK, HapyLlyBaka Bo PEM-
cnneweTo, HapywyBsara Bo He-PEM cnueweTo, HapKonencuja-
KaTannekcuja)

* ONCTYKTUBHA anHea BO cnuerbe ( noancomHorpadmja)



EEl

* EEl BO ByaHOCT

* Buaeo-EEl moHUTOpUpae

* Xontep-EEl

* EEl BO cnuene

* EEl no genpuBauunja Ha cnueme
* KBaHTUTAaTUBHO EET

* [lonncomHorpaduja

* MHBa3mBHa EEl — nospwHK, cybaypanHn, 4naboOKO MMNAAHTUPAHU
MHTPaLUepebpanHu enekTtopam



Ynora Ha EEl Kaj ennnencuja

* Bo anjarHo3a n gudpepeHumjanHa gmnjarHo3a

* Bo KnacndmKaumja Ha ennUNenTUYHN Hanaau,enmaencnum, CUHAPOMMU
* Bo ogpeayBare Ha eNUAENTUYHMNOT POKYC

* Bo cnegemwe Ha epeKToT o4 TepanunjaTa

* Bo goHecyBar€e Ha O4J1yKa 3a peayuuparbe U nosBseKkyBake Ha
TepanujaTa



Epileptic potentials

Spikes

b‘\ﬂ!{‘\' il ‘;f'ﬂ{‘.?\,% e i |‘|"m,ﬂi‘}+ o] ‘1 I
Sharp waves :

Wﬂ:&',_’d\v'\ru SSNA /\’Mx‘ ‘MVVWWJI‘ /A___ A
Hypsarrhythmie

o 'ﬁ' A 2 : N f“",. {'\\:__ 3 (X |}

NV .," 3, e '\"q\} M Vi \LJ AN A \4,"3 \
Sharp and slow waves :

f"«rvﬂ-\/\qﬁ'—‘\ﬂ/\"\'l\‘\/""N\\ Ww"' A\
Spikes and waves

AN AARNNRNANARNNANAAN
Polyspikes and waves

’ ill‘g’ R \J’ o A g

MHTepMKTafIHa dKTUBHOCT



NKTAJTHN MPOMEHMW Kaj reHepanmn3npabu n dokanHn Hanaau

:] 100 uVv
Grand mal
JUWWWWW WY e
Petit mal

VA AVANAS T =

Psychomotor
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ZD (m) 17g, JME, EEG po DS nonREM (3.) generalizirani paroksizmi na izolirani S-B kompleksi
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KS ('),17g. JME, EEG po DS, budnost ( generaliz. paroksizmi na multipli S-B
kompleksi-5sek.)
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KS ('),17g. JME, EEG po DS, nonREM spiewe (2.) generalizirani paroksizmi na S-B i multipli S-B komp.



SK (') 17g. JME EEG-DS general. paroksizmi na [-B i multipli [-B kompleksi



VB f 35 vys JME,
AEDs: CBS

withdrawn and
VPA introduced

0p:01:09 00:01:11

F8-T4

T4-T6 f f .” A , &
Fp2-F4 Y ol ™ 1

F4-C4
C4-P4 A ‘

. =% - e s
P4-02
Fz=CZ

T3-AV1

00:01:13

0b:01:15

00:01:17

00:01:19 ! 00:01:21 {00:01:23 OP:01:25

F7-T3

T3~T5

F3=C3

C3-P3

P3-01

Cz-Pz

Montage: I Monta Speed: 15mm/s

Sens.: 7pV/mm LP:

70Hz

HP: 0.53Hz

Notch: Yes

Page: 1/1
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JS (m) 47g.fokani napadi koi odat vo GTKG kaj TLE, EEG po DS nonREM (2.) Iktalni
visokofrekfentni silci temporalno desno, so kontralateralna sinhrona tramsmisija



Epileptic Focus
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Post-traumatic atrophy
birth trauma

FH 10 head
Scz2
TSEM

MRI so EEG na sledna str.

FH 38 head FH 45 head

SG 40 ys F Dysphasia motoria et hemiparesis lat dex. Epilepsia post traumatica
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FH -37 feet
ST |
TSEM

|

FH 5 head
Sc1

TSEM /&7

SL14

FH 26 head
Sc1
TSEM

SL8 ~
e >
|

FH -30 feet

FH -9 feet
Sc1

TSEM

"
SL12
\ [
*v;f S8

¢t
.
|

- L

FH 12 head
Sc1

TSEM

SL15

FH 33 head
Sc1
TSEM
SL18

FH -23 feet

Sch
SEM
SL7

FH 19 head
Scb5
SEM
SL13

FH 40 head
Scb

FH -28 feet

\%’ "/\

SEM

SL8
FH -7 feet

Sc5

SEM

SLM

FH 14 head
Sc5
SEM
SL 14

\

FH 35 head
Sc5
SEM
SL17

FH -21 feet

FH 42 head

Al, M, 33ys

Post-
traumatic

epilepsy
Birth trauma

MRI so EEG
na sledna str



T4-T6

Fp2-F4

F4-C4 i

C4-P4

P4-02 —

'.5'1“:="

kAL, M, 33 ys

. Post-traumatic
epilepsy

Fz-Cz

Birth trauma

F7-T3

Fp1-F3 —

F3-C3

C3-P3
P3-01




RL -15 right

Sc 5
TSEM
SL 11

RL -36 right

Sc 5
TSEM
SL 14

AP 19 post
Sc 5
TSEM
SL 15
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AP/~37 ant
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Post-stoke atrophy
both medial cerebral arteries
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RP,F, 56 ys, post SAH, post op aneurismae ACoA et ACM sin
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DK M. 40 ys. Abscessus cerebri reg. parietalis dex



FH 61 head

DK M. 40 ys. St post op. Abscessus cerebri reg. parietalis dex
Epilepsia partialis senso-motoria lat sin
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Epilepsia partialis continua Encephalitis Rasmussen
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Supportive Information

Seizures are usually classified by symptoms and signs

But supportive information may be helpful, when available:
» Videos brought in by family

 EEG patterns

« Lesions detected by neuroimaging

« Laboratory results such as detection of anti-neuronal antibodies

« (Gene mutations

» Diagnosis of an epilepsy syndrome diagnosis

NRRARENE




Developmental and/or Epileptic encephalopathies
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EEl npo3opel BO MO30OKOT

* EEl npo3opeu, BO dyHKUMjaTa Ha MO30OYHMNOT KOPTEKC

* EEl npo3opely, BO CUHXpPOHM3aALUM]aTa HA MO30OYHUTE HEBPOHMU
* EEl npo3opeL, BO CTPYKTypaTa Ha ByaHOCTa U CNUEHETO

* EEl npo3opel, Bo He-PEM cnunerweTo

* EEl npo3opeu, Bo PEM coHoT

* EEl npo3opely, BO ONCTPYKTUBHATA HOKHA anHea



