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ELEKTROENCEFALOGRAM

v ELEKTROENCEFALOGRAM (EEG) je (graficka)
reprezentace casove zavislosti rozdilu elektrickych
potencidll, snimanych z elektrod umlstenych
zprawdla na povrchu hlavy (skalpu), vyjimecné
primo z kary mozkove (elektrokortlkogram),
které vznikaji jako dusledek spontanni elektrické
aktivity mozku.



PROC ELEKTROENCEFALOGRAM?

v diagnostika centralni nervové soustavy
¥ rizeni prostredi
neuroprotetika

interface mozek x pocitac
(Brain-Computer Interface - BCI)




ELEKTROENCEFALOGRAM

v ELEKTROENCEFALOGRAM (EEG) (mozkove viny)
umoanJe hodnotit rizné formy poskozeni mozku,
onemocneni epllepsu pripadné dalsi poruchy
centralni nervoveée soustavy. Podle legislativy v
mnoha zemich se zaznam EEG pouziva k definici
mozkové smrti.

Prvni zaznam EEG, ziskany Npramttm AN VAR

Hansem Bergerem v 1924. AMAARAAPAAEAABAIAANAANASAANIANY


http://en.wikipedia.org/wiki/Image:1st-eeg.gif

MOZEK ¢ ZAKLADNI CiSLA

2 hemisféery — na nich 4 i
laloky — celni (frontalni), e
temenni (parietalni), tylni
(occipitalni), spankovy _
(temporalni) -




EEG — SVODOVY SYSTEM

dr.Jaspers
od 1958

Back

Systém 10/20 je zalozen na vztahu mezi pozicemi elektrod a pod nimi
lezici mozkovou klirou. Pozice jednotlivych elektrod jsou definovany
podle poméru 10/20% mezi korenem nosu a tylni jamkou a mezi usnimi
lalicky. Identifikace elektrod je zalozena na oznaceni pismenem F
(frontalni), Fp (frontopolarni), T (temporalni), C (centralni), P (parietalni) a
O (occipitalni) a zpravidla €islem — suda cCisla (2, 4, 6, 8) oznacuji pozice
nad pravou hemisférou, licha ¢isla (1, 3, 5, 7) nad levou hemisférou, (¢im
mensi hodnota, tim blize ke stfedu). Pismeno z oznacduje elektrody v
centralni linii.
W



EEG - SVODOVY SYSTEM
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unipolarni — véetsi viny, véetsi
dynamika; horsi lokalizace nez u
bipolarniho zapojeni;




EEG ¢ VLASTNOSTI SIGNALU

v aktivita \ AV A
Fth|Cka, %ﬂ [Pationds
2 monomorfni (dominantni frekvence) S L w.,n v,
2 polymorfni (vice frekvencnich slozek)
arytmicka (sled vin) . \/—/
v ojedinelé utvary a,_.'r'lj \J.‘J

lambda vina - trvani ~ 100 ms, vyskyt v
okcipitalni krajing;

nrot - trvani do max. 80 ms, krome tvaru se
nodnoti i souvislosti;

komplex hrot-vina - vina pomala, trvani 200 -
500 ms

komplex mnohadetnych hrotl a pomalych vin
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EEG ¢ VLASTNOSTI SIGNALU

RYTMY

delta (0-4 Hz) -
u dospeleho bdiciho vzdy patologie,

\"4

u deti kolem 4 mesicu jsou 4 Hz v
norme;

u deti v prepuberte ojedinele
osamocene viny delta 75 - 100
HV v kombinaci s alfou vyskyt ve
spanku, velikost az 100 pV;

Cim je amplituda veétsi, resp. rozsah

v V7

frekvenci uzsi, tim je patologie
vyznamnejsi

Delta-{&) Band
(unter 4 Hz)
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EEG ¢ VLASTNOSTI SIGNALU

RYTMY

theta (4-8 Hz) -
napeti az do 150 pV;

v oblastech centralni, temporalni,
parietalni do 15 pyV normal;

patologie - je-li theta alespon 2x

vyssi nez alfa nebo 30 uV, neni-li
alfa

theta i delta stoupa u psychotestu s
otevrenyma oCima;

zridka je rytmicky

Theta-(1#) Band
{4 bis unter 8 Hz)
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EEG ¢ VLASTNOSTI SIGNALU

RYTMY

alfa (8-13 HZR - v bdélém stavu max. nad
zadnimi oblastmi mozkovych hemisfer,
nejlepe zavrene oci, pred usnutim;
tlumi se otevrenim OCI a dusevni
cinnosti; od narozeni slepé osoby
nemaji alfa rytmus

velikost signalu 20-50 pV, trvani
jednotlivych vin 80- 125 ms;

u 85% zdravych osob ve veku 20 - 60 let
je frekvence 9,5-10,5 Hz, vyssi
mitocet je normalm pokles pod 8 Hz

je patologicky;

podle zastoupeni v zaznamu se rozlisuje -
dominantni, subdominantni, smiseny a
ridky alfa rytmus
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EEG ¢ VLASTNOSTI SIGNALU

RYTMY

mi (mu) (7-11 Hz) - napéti pod 50 pV;
charakteristicky arkadovy nebo hfebenovy tvar -
tvar pismene m Ci u, zreJme nema podstatny
patologicky vyznam, Casté&ji se ale vyskytuje u
psychicky narudenych jedincu

sigma (~14 Hz) - spankova vreténka (III. spankoveée
stadium) ve frontalni a frontocentralni oblasti;
velikost 30 - 40 pV



EEG ¢ VLASTNOSTI SIGNALU

RYTMY i
B e A L S L T
beta (13 - 30 Hz, nékdy 18 - 32 Hz) - -
SymetI‘ICk)’/ VySkyt, dozadu Ubyva,’ |'|'|"h-'h-.'.ii1""'\-"'"‘!'1:'lI'I‘lﬂ'ﬁiﬂm'illiwmﬂ'ﬂ“ﬁw\l‘w“

typickeé pri soustredeéni na vnejsi

podnéty, pri dusevni ¢innosti a pri
afektech; velikost do 30 pV, trvani
jednotlivych vin 40 - 50 ms 74
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BIS=95

ZMENY V
EEG
SIGNALU

PRI ; IVl i

ANESTEZII

Deep
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BISPECTRAL INDEX (BIS)

v It was introduced by Aspect Medical Systems, Inc. in 199411 as a novel measure of the level of
consciousness by algorithmic analysis of a patient's electroencephalogram during general anaesthesia.
This is used in conjunction with other physiologic monitoring such as electromyography to establish the
Guedel's classification in order to prevent surgical awareness.

v  The efficacy of BIS index monitoring is not without controversy.[3l Some controlled studies have found
that using the BIS reduced the incidence of memory but this was not confirmed in several very large
multicenter studies on awareness. [415]

© Institut biostatistiky a analyz I W


http://en.wikipedia.org/wiki/General_anaesthesia
http://en.wikipedia.org/wiki/Consciousness
http://en.wikipedia.org/wiki/Electroencephalogram
http://en.wikipedia.org/wiki/General_anaesthesia
http://en.wikipedia.org/wiki/Electromyography
http://en.wikipedia.org/wiki/Guedel%27s_classification
http://en.wikipedia.org/wiki/Surgical_awareness
http://en.wikipedia.org/wiki/Dimensionless
http://en.wikipedia.org/wiki/General_anaesthesia
http://en.wikipedia.org/wiki/Guedel's_classification

BISPECTRAL INDEX (BIS)

Explanation

The BIS monitor provides a single dimensionless number, the BIS value, which ranges from 0 to 100. A
BIS value of 0 equals EEG silence, near 100 is the expected value in a fully awake adult, and between
40 and 60 indicates a level for general anaesthesia recommended by the manufacturer.

The BIS monitor thus gives the anaesthetist an indication of how "deep" under anaesthesia the patient
is.BIS is one of several techniques which purport to monitor depth of anaesthesia. BIS monitors can
replace or supplement Guedel's classification system for determining depth of anesthesia.

Titrating anaesthetic agents to a specific bispectral index during general anaesthesia in adults (and
children over 1 year old) allows the anaesthetist to adjust the amount of anaesthetic agent to the need
of the patient, possibly resulting in faster recovery from anaesthesia (although often the reverse may
occur, as the patient may be anaesthetised to a lower BIS level than is necessary for the surgery or
procedure--this is called "treating the BIS," and may result in a deeper level of anaesthesia than
required).

The BIS monitor may reduce the incidence of intraoperative awareness in high risk procedures or

patients 8l and may have an additional role in predicting recovery from severe brain injury although
this is far from clear at present.

The introduction of BIS to the intensive care environment allows physicians and nurses to titrate
sedative drugs safely, and to monitor the patient (together with measurement of intracranial pressure)
during therapeutic burst suppression. The monitoring of EEG in ICU patients has been employed in
one form or other for more than two decades.

BIS monitoring is also being used during transport of critically ill patients in ambulances, helicopters
and other vehicles.
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BISPECTRAL INDEX (BIS)

Calculation of BIS

The essence of BIS is to take a complex signal (the EEG), analyse it, and process the result into a single
number. Several other systems claim to be able to perform the same thing. This calculation is very
computer-intensive. The recent availability of cheap, fast computer processors has enabled great
advances in this field.

When a subject is awake, the cerebral cortex is very active, and the EEG reflects vigorous activity. When
asleep or under general anaesthesia, the pattern of activity changes. Overall, there is less activity (the
"power" is less), there is a change from higher-frequency signals to lower-frequency signals (which can
be shown by Fourier analysis), and there is a tendency for signal correlation from different parts of the
cortex to become more random.

The bispectral index of an electroencephalogram is a weighted sum of electroencephalographic
subparameters including a time domain, a frequency domain, and higher order spectral information
(Bispectral Analysis).The developers of the BIS monitor collected many (around 1000) EEG records
from healthy adult volunteers at specific clinically important end points and hypnotic drug
concentrations.They then fitted bispectral and power spectral variables in a multivariate statistical
model to produce a BIS number.

As with other types of EEG analysis, the calculation algorithm that the BIS monitor uses is proprietary.
Therefore, although the principles of BIS and other monitors are well known, the exact method in each
case is not.

Anaesthesia depth in infants

Some studies show a greater incidence of anaesthesia awareness in children, when compared to adults.The
correlation between bispectral index in children over one year and state of consciousness has already
been proven, although in younger patients the monitor is unreliable because of the differences between
immature infant EEG patterns and the adult EEG patterns that the BIS algorithm utilises.
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http://en.wikipedia.org/wiki/Computer_processor
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http://en.wikipedia.org/wiki/Electroencephalogram
http://en.wikipedia.org/wiki/Time_domain
http://en.wikipedia.org/wiki/Frequency_domain
http://en.wikipedia.org/wiki/Hypnotic
http://en.wikipedia.org/wiki/Drug
http://en.wikipedia.org/wiki/Anaesthesia_awareness

BISPECTRAL INDEX (BIS)

BIS relevance

The BIS is an electroencephalogram-derived multivariant scale that correlates with the metabolic ratio of
glucose (Akire M., Anesthesiology 1998). From this metabolic activity the brain obtains its functionality,
the ability to capture information from outside and inside the body and integrate that information into
conscious perception, with the ability to remember it later. Both loss of consciousness and awakening
from anaesthesia are correlated with this scale (Flashion R, et al. Anesthesiology 97).

The bispectral index has not been proven to measure the level of consciousness, independently of the cause
of reduced consciousness (whether this be drugs, metabolic disease, hypothermia, head trauma,
hypovolemia, natural sleep and so on). Not all unconscious patients will have a low BIS value, although
the general clinical state may be very different from one to the other, and the prognosis may also
differ.

The bispectral index is prone to artifacts. Its numbers cannot be relied upon in all situations, including brain
death, circulatory arrest or hypothermia.[2

A monitor of the Autonomic Nervous System (such as the ANSiscope) may be more appropriate for
purposely assessing the reaction to noxious stimuli during surgery. However, a monitor of the central
nervous system may be more appropriate for monitoring consciousness. After the publication of the B-
Aware Trial (P. Myles, K. Leslie et al. Lancet 2004) BIS is suggested as a parameter that allows the
anaesthetist to reduce the risk of anaesthesia awareness during surgery for a 'high risk' group!8l,

However, this result was not reproduced by a recently published randomized control trial, the "B-Unaware
Trial".[2]l In it, the use of BIS monitoring was not associated with a lower incidence of anesthesia
awareness.
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Normilni hyperventila&ni odpovéd u 45 —leté oscby 4 = 5 hodin po
poslednim jidle.

1. Pfed hyperventilaci - normdlni EEG

2. %Za 1 minutu po HV - theta vlny s maximem frontalne

3. Za 2 minuty po HV - theta a delta vlny s maximem frontalné

4. Za 3 minuty po HV - &Cetné rytmické delta vliny s maximem frontalné




EEG ¢ VLASTNOSTI RUSENI

v drift izolinie - vysoka viny, trvani 2-3 s (—0,5
Hz);

v artefakty z dychacich pohybt - periody od 4 s;

v artefakty pulsové - zpravidla je-li elektroda nad
artérii;

v artefakty EKG - hroty v obdobi komplext QRS -
nizkd amplituda, prusvih u kardiostimulatoru;
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MRKANI
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EEG ¢ VLASTNOSTI RUSENI

v artefakty vyvolané pohyby ocnich bulbl - ve
frontalnich svodech, frekvence odpovida delta az
alfa vinam (veéetSinou pod 3 Hz);

v vf artefakty — myopotencialy velkych svaltd (30-50
Hz)



VZORKOVANI

v frekvencni obsah
spontanni EEG (0-70 Hz)

evokované potencialy (potencialy mozkového kmene az do
3 kHz)

spodni hranice vzorkovaci frekvence f,,=125 Hz

v A/D prevod neJcasteJ| 12 b|tu lze najit i hrubsi
kvantovani, vyjimecne i 8 bltu

v dynamicky rozsah + 500 pyV= 1 yV ~ 4 Urovné pfri
kvatovani na 12 bitd



ki
L

ANALYZA EEG

3 hlavni oblasti zajmu:

v spontanni nezachvatova aktivita
(neparoxysmalni, background)

v spontanni zachvatova aktivita (paroxysmalni)
v (evokované potencialy)



ANALYZA EEG
SPONTANNI NEZACHVATOVITA AKTIVITA

v aktivita bez vyraznych casovych zmén
(normalni spontanni aktivita pri bdéni a v klidu, alfa
a beta rytmy, kontinualni pomalé rytmy, polymorfni
pomala aktivita, ...);

v aktivita s pomalymi zménami v Case

(spankova aktivita, aktivita pri zménach polohy,
aktivita v komatu, aktivita pri hyperventilaci, ...);

v aktivita intermitentniho typu

(prerusovana) (sigma aktivita, mi aktivita,
prerusované pomalé rytmy)



ANALYZA EEG
SPONTANNI NEZACHVATOVITA AKTIVITA

v grafoelementy
hroty, ostré viny, komplexy hrot/vina
rytmické formace hrot/vina 3/s
prechodné stavy ve spanku
jednotlivé polyfazoveé vinky
paroxysmalni pomalé viny



ANALYZA EEG
ZPUSOB ZOBRAZENI

v frekvencni oblast
¥ casova oblast
¥ mapovani

30.0
i
20.0
_..-' " 10.0
Dreaming Kanashibari
Sl Pa i
(Sleep Paralysis) -

.

h >
:

Kt
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ANALYZA EEG
POUZIVANE PROSTREDKY

v frekvencni analyza

stacionarni analyza - testy stacionarity, FFT,
neparametrické a parametrické metody

nestacionarni analyza - casovy vyvoj frekvencniho
spektra, casove-frekvencni transformace, ....

v analyza v casoveé oblasti

detekce grafoelementtl - mimetické metody, korelac¢ni
analyza, ...

¥ mapovani

metody zpracovani obrazi - korekce neostrost| analyza
vzajemnych souvislosti, lokalizace zdroju, modely,



EEG % VLASTNOSTI SIGNALU

RYTMY
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delta (0-4 Hz) theta (4-8 Hz)
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