EEG v intenzivni péci: jak a
pro¢ se hodi?
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Oznaceni elektrod

KEY:

@ RIGHT Hemisphere

() LEFT Hemisphere

. Mid Line

F: Frontal Lobe
T:Temporal Lobe
C: Central Lobe
P : Parietal Lobe
O : Occipital Lobe
P

: Mid Line




Bipolarni longitudinalni zapojeni




Fyziologicky EEG
(vC. alfa-atenuacni reakce)




rEEG vs. cEEG

e Rutinni EEG (rEEG): 20-30 min
e 18 kanalu

e Kontinualni EEG (cEEG): hodiny az dny
e 6-8-16-18 kanalu



rEEG — cEEG
30min —-8h — 224 h




rEEG vs. cEEG

e CEEG vyssi sensitivita pri detekci non-
konvulsivnich, resp. elektrografickych
zachvatu ve srovnani s rEeG

e Zachvatova aktivita v EEG = iktalni aktivita



Zachvaty/ status epilepticus

e Konvulsivni = projevuji se tonickymi/
Klonickymi kreCemi
e Generalizovany tonicko-klonicky zachvat
(GTCS) trvajici 25 min = generalizovany
konvulsivni status epilepticus (GCSE)
e Non-konvulsivni = zachvaty neprojevujici
se krecemi (NCS)

e NCS 210 min = non-konvulsivni status
epilepticus (NCSE)



NCSE

e NCSE bez kdmatu

e Od opakovanych vypadku pozornosti po
kvalitativni a/nebo kvantitativni poruchy
vedomi

e NCSE s kdmatem (vC. myoklonického SE)

e Mimo ILAE klasifikaci: SE terminans
(sutble SE) — po generalizovaném
konvulzivhim SE/ GTC zachvatu



Indikace k EEG

Fluktuace nebo alterace chovani nebo mentalniho stavu

Akutni supratentorialni poskozeni mozku s poruchou
veédomi

Perzistujici alterace mentalniho stavu nasledujici po
lecbe GCSE
Kriticky nemocni, kteri jsou stuporozni nebo komatozni

Recentni klinické zachvaty (jakéhokoli trvani), po nichz
se pacient nedostava do puvodniho stavu

Postanoxické kdma

Zejmeéna v situacich nevysvétlitelné alterace/ poruchy
vedomi




Zachvat/status typické absence
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AS in IGE Focal SE with impaired| | Acute symptomatic |, Coma with GPD
Late AS de novo consciousness, focal SE +/- EPC [ | Coma with LPD
Atypical AS Aura continua, Subtle SE

Status aphasicus

Structural brain damage

degree of unresponsiveness

NCSE proper Comatose NSCE
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Epileptiformni vyboje
(epileptiform discharges)

baseline

duration measured 70 to 200 ms c0.5 s =200 ms
o+

e f—
at baseline

spike sharp wave polyspike sharply contoured wave
(which is (which is (which is (which is not
epileptiform) epileptiform) epileptifarm) epileptiform)




Discharge vs. burst

~t~. 3 phases*
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’T Burst

<0.5 s regardless OR

>0.5 s and <3 phases >0.5 s and 24 phases
of phases




Rytmické a periodické vzorce (rhytmic
and periodic patterns = RPPs)

e Periodickeé vyboje (periodic discharges =
PDs) — pritomnost interdischarge intervalu
e Trvani vyboje <0.5 s

e S\W komplexy — interval mezi komplexy
chybi (rytmicky vzorec)



RPPs — periodicke vyboje

Discharge: delta wave delta wave delta wave delta wave delta wave

3
delta wave A 6

| "
inter inter inter

discharge discharge discharge
interval 1 interval 2 interval 3
- ——

cycle length 1 | cycle length 2

Discharge: sharp sharp

sharp wave “’a”i Wa‘f

inter inter inter inter inter
discharge discharge discharge discharge discharge

interval 1 interval 2 interval 3 interval 4 . interval 5
“ > —  »

cycle length 1 cycle length 2
e




RPPs — SW komplexy

W AN ARARNANAS

— A AA N A A,

Longitudinal bipolar

Wﬂ:‘#
4 5 &
20 to <70 ms

{20 _y 7010200 ms

duration measured at baseline

duration measured at baseline

"Spike-and-wave" "Sharp-and-wave"

+ PSW (polyspike-and-wave) komplexy
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EEG S5 Generalized Periodic
Discharges (GPDs): 1 Hz sharp
GPDs.
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EEG 9 Bilateral Independent
Periodic Discharges (BIPDs):
Periodic spike wave occurring at

~ 0.3-0.5 Hz in the left posterior
quadrant (arrows). At the same time,
there 1s another periodic spike wave
population occurring at 0.5-1 Hz in
the right posterior quadrant

asterisks).
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Stimulus induced rhytmic, periodic, or ictal discharges
(SIRPIDs)



Non-konvulsivni zachvaty u

komatéznich pacientu

e Elektrograficke: S klinickym korelatem
nebo bez ngj

e Elektroklinické: S klinickym korelatem —
vcetné nenapadnych priznaku
e Myoklonus, nystagmus, deviace bulbu

e Vétsina pacientu bez klinickych priznaku
(pouze koma)



Zachvaty elektrograficke

Epileptiform discharges averaging >2.5 Hz for 210 s (>25 discharges in 10 s)

Example: 26 EDs per 10 s

.~‘,| TAWASLWAN VAW W FAWAW | ‘r VAW VI WAWAWIW VAWiW) ‘rlr

7s

1s 2s 3s ds

10 s

Hroty a ostré viny >2.5 Hz trvajici 210 s
Pri frekvenci vyboju 1-2.5 Hz by se jednalo o mozny EG zachvat

EG zachvaty mohou byt tvofeny i ostfe konturovanymi vyboji >200 ms (az 400 ms), tzn.
vyboiji, které technicky nejsou epileptiformni



Zachvaty elektrograficke

SW komplexy >2.5 Hz trvajici 210 s

Pri frekvenci SW komplexu 1-2.5 Hz by se jednalo o mozny EG

zachvat



Zachvaty elektroklinicke

Any EEG pattern with either:

Definite clinical correlate time-locked to the pattern (of any duration)

time- time- time- time- time- i i i
ime- - ime-
locked locked locked locked locked
Br . = e o locked locked locked
clinical clinical clinical clinical clinical linical clinical linical
clinica clinica
correlate, correlate, correlate, correlate, correlate,

e.g. jerk d erk & ierk e.g., jerk e.g., jerk correlate, correlate, correlate,
- Bl 8] Ea = e.g., jerk e.g., jerk e.g., jerk

OR

EEG AND clinical improvement with a parenteral (typically IV) anti-seizure
medication

anti-seizure
medication

clinical improvement ‘

+
BAVAAVA YV AV o o VoV Y
=

EEG-improvement

VAV AV Ve N VYAV,




Zachvaty elektroklinicke

e Ne kazdy elektroklinicky zachvat musi byt
soucasne zachvatem elektrografickym

e Elektroklinicky z. je souCasne zachvatem EG
pfi frekvenci vyboju >2.5 Hz a trvani 210 s



Elektrograficky Elektroklinicky

zachvat zachvat

210 s Jakekoli trvani

e Epileptiformni vyboje e Kilinicky projev (napfr.
>2.5 Hz myoklonus) casove

e Periodické vyboje nebo vazany s vzorcem

SW komplexy >2.5 Hz e Klinické a EEG zlepseni
po aplikaci i.v.
protizachvatove
medikace

=210 min nebo 220% / 60 min = status epilepticus
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EEG 24a Electrographic seizure
(ESz): Definite evolution in a
pattern lasting at >10 s, and also
averaging >2.5 Hz for >10 seconds
(either criterion would suffice to
qualify as an ESz). There was no
clinical correlate to this seizure i.e.
not electroclinical.




|ctal-interictal continuum (1IC)

Periodicke vyboje nebo SW komplexy

e <1 Hz — interiktalni aktivita

e 1-2.5 Hz pfi trvani 210 s = lIC = mozné
eletrograficke zachvaty

e =22.5 Hz pri trvani 210 s = eletrografické
zachvaty — iktalni aktivita



Ictal-interictal continuum (lIC)

Epileptiform discharges > 1.0 Hz and 2.5 Hz over 105 (>10 and £ 25 ED in 10 s)

Example: 12 EDs per 10 s




|ctal-interictal continuum (1IC)

Interictal

BIPLEDs

Generaliced

SIRPIDs




Ictal-interictal continuum (lIC)

EEG 29b Ictal-Interictal
Continuum (IIC) — Generalized:
As the recording continues the EEG
begins to change, with GPDs
fluctuating between 1 Hz and very
briefly up to 1.5 Hz. Now qualifying
as a pattern on the IIC. Cont.




Detekce zachvatu po srdec¢ni
zastave

e Preference ceEEG pred rEEG

e Zacatek monitorace behem 6-12 h od
zahajeni aktivni kontroly teploty (ATC) —
monitorace do minim. 24 h po zahrati

e Pri nedostupnosti cEEG intermitentni
monitorace (napr. v 12 h intervalech od
zahajeni ATC do minim. 24 h po zahrati)



Detekce zachvatu po srdecni

zastave

e \VVyskyt zachvatu az u 1/3 pacientu

e Mnoho zachvatu jsou z. non-konvulsivni,
Klinicky subtilni, k detekci Casto vyzadujici
EEG

e Mensi cast zachvatu jsou z. konvulsivni
(tonické/ klonické krece)



Detekce zachvatu po srdecni

zastave

e Zachvaty (klinické projevy) mohou byt
potlaCovany sedaci nebo svalovou
relaxaci

e Non-konvulsivni zachvaty (NCS) u 10-30
% pacientu po srdecni zastavé

e NCS mohou byt spojeny s jakymkaoali
tezkym poskozenim mozku

e NCS obvykle (ne vzdy) spojovany se
Spatnou prognozou



Hodnoceni progndzy pacientu
po srdecni zastave

Box. Cerebral Performance Category (CPC) Scale

Positive
OUtCOFﬂBS CPC 2: Moderate disability but independent in activities

CPC 1: Full recovery or mild disability

of daily living

CPC 3: Severe disability; dependent in activities of daily living
CPC 4: Persistent vegetative state

CPC5: Dead

GOS
Score

Clinical Meaning

Death

Neurovegetative state;
patient unresponsive
and speechless for
weeks or months

Severe disability; patient
dependent for daily
support

Moderate disability;
patients independent
in daily life

Good recovery;
resumption of normal

life with minor neurological
and psychological deficits

Hodnoceni prognézy na podkladé EEG spole€né s ostatnimi

prognostickymi ukazateli
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Fig. 1 Relevant EEG patterns after cardiac arrest. See ESM Table 1 for definitions

i~ o, GoONtinuous normal-voltage >20pV

Nearly continuous normal-voltage
with sporadic discharges

Suppression <10uV

Discontinuous background

Burst-suppression (heterogenous bursts)

Burst-suppression (identical bursts)

Burst-suppr (highly epileptiform bursts)

Periodic discharges

Electrographic seizure (evolving spike&wave)

, Reactive background (improved frequencies)

- Reactive background (transient attenuation)




Maligni EEG vzorce

e \Vysoce maligni EEG vzorce — viz dale

e Generalizované periodicke vyboje (GPDs)
e Intermitentni nebo kontinualni zachvaty

e Absence reaktivity EEG na podnety

e Nedochazi ke zmene amplitudy (vC. atenuace) nebo
frekvence na podnéety

e Pritomnost reaktivity EEG = pomeérne priznivy
prognosticky ukazatel

e Alfa-theta vzorec/ kbma



Vysoce maligni EEG vzorce

e Suppression (suprese pozadi zaznamu)

e Burst-suppression

e Zejmena vysoce epileptiformni a identické
bursts

e Specificita pro spatny vysledny stav témer
100% (=224 h od obnovy obehu)



Vysoce maligni EEG vzorce

e Suprese pozadi zaznamu a burst
suppression u pacientu s casnym difuznim
mozkovym otokem

e Suprese pozadi zaznamu (<10 mcV) =
prognosticky nejmalignejsi vzorec



BS — highly epileptiform bursts
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BS — identical bursts
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Suppression




Electrocerebral inactivity/silence




Electrocerebral inactivity/silence
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Hodnoceni prognoézy pacientu

po srdecni zastave

e Bezprostredne po srdecni zastave u
vétsiny pacientu suprese pozadi zaznamu

e Postupné narustajici amplituda a
kontinuita zaznamu behem 12-24 h po
zastave obehu = priznivy prognosticky
ukazatel



Hodnoceni prognoézy pacientu

po srdecni zastave

e Suppression a burst suppression jsou
prediktory Spatne prognozy

e Ale : v prvnich 12-24 h (zejmena v prvnich
12 h) se mohou vyskytovat i u pacientu,
ktefi maji Ssanci na dobry vysledny stav



Limitace?

e Sedace meni EEG v zavislosti na
davkovani (pokles amplitudy, frekvence a
kontinuity)

e Ale : typické vysoce maligni vzorce nelze
pri beznych davkovacich rezimech vytvorit
e Hypotermie muze rovnez ovlivnit EEG

e Ale : vliv teploty 32-34°C (stejne uz
obvykle nepouzivané) na EEG je maly



Doporuceni
(ERC ESICM guidelines 2021)

e EEG k hodnoceni prognozy ne drive nez
za 24 h od obnovy obehu

e Po ukonceni ATC
e Po vylouceni vlivu sedace



Monitorace terapie epileptickych
statu (GCSE)



Prohlubujici se sedace/CA
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Monitorace terapie epileptickych
statu (GCSE)

e Refrakterni SE (RSE) : SE nereaguijici na
terapii 1. (BDZ) a 2. (LEV, VPA, PHT) linie

e Indikace k zahajeni leCby intravenoznimi
anestetiky (propofol, midazolam,
thiopental) — tato IéCba ma trvat
(minimalne) 24 h

e TradiCnim cilem teto leCby je/bylo
dosazeni a udrzovani burst suppression



Burst suppression
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Burst suppression

Suppression percent of 80%.

BS: 50-99% suppression
Burst: 20.5s a = 4 faze



EEG pri terapii RSE

e Zahajeni (po uvodu do CA) se zaCatkem
kontinualni infuze i.v. anestetika

e PotlacCeni klinickych i elektrografickych
zachvatu

e Neni jasné, zda je nutné prohlubovat
sedaci /CA k dosazeni vzorce BS

e Pri hluboké CA nezadouci ucCinky



Vyvoj nazoru na BS

SE introduced to the  Barbiturates titrated to B NCS guidelines recommend BS > 50% not associated with
medical literatutre clinical response cessation of EEG seizures or BS persistent seizure termination,
survival or retumn to pre-morbid

function

2012 2023

e L S e B —

Recognition of fast and  Continuos EEG to monitor seizure EEG background suppression BS associated with less
cffective treatment as supression does not predict seizure control breakthrough seizures
fundamental
lution of evident ourst sup N as treatment target in refrac Is epilepticus. BS, burst supp




Diskontinualni pozadi vs. burst
suppression

Discontinuous

10 to 49%

Burst-attenuation/
Burst-suppression
0 1s 25 3s 4s 55 65 7s gs 9s 10s

50 to 99%




EEG pri terapii RSE

e Postupné snizovani /vysazovani i.v.
anestetik behem 12-24 h

e Rychlost zotavovani : propofol >
midazolam > thiopental

e V teto fazi zvysena pozornost — EG
zachvaty recidivuji predtim, nez se
objevuji zachvaty klinickeé

e Pri recidivach EG, eventualne i klinickych
zachvatu = super-refrakterni SE (SRSE)



EEG v intenzivni péci

Detekce zachvatu pri poruchach/alteracich
vedomi

Detekce zachvatu u pacientu v kritickém
stavu — nejCasteji po srdecCni zastave
Hodnoceni prognézy pacientu v kritickém
stavu — nejCasteji po srdecCni zastave
Monitorace terapie refrakternich a super-
refrakternich epileptickych statu

Detekce fokalnich ischemii u pacientu se
SAH
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