Kontinualni EEG v intenzivni
pEéci

Peter Sklienka
KARIM FN Ostrava
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Motto:

Nic neni ztraceno - kromé cti...




Motto:

Nic neni ztraceno - krome cti...

...a té nastesti nikdy nebylo mnoho



EEG u kriticky nemocnych...

U koho?
Proc?
Kdy?

Jak?



A definition and classification of status epilepticus — Report
of the ILAE Task Force on Classification of Status
Epilepticus

A seizure is defined as

“a transient occurrence of signs and/or symptoms due to abnormal
excessive or synchronous neuronal activity in the brain. The term
transient is used as demarcated in time, with a clear start and finish.”

Trinka E, Epilepsia, 2015



ILAE OFFICIAL REPORT

A practical clinical definition of epilepsy

Table |I. Conceptual definition of seizure and epilepsy —
2005 report

An epileptic seizure is a transient occurrence of signs and/or
symptoms due to abnormal excessive or synchronous neuronal
activity in the brain.

Epilepsy is a disorder of the brain characterized by an enduring
predisposition to generate epileptic seizures, and by the
neurobiologic, cognitive, psychological, and social consequences
of this condition. The definition of epilepsy requires the
occurrence of at least one epileptic seizure.

Fisher RS, Epilepsia, 2014



A definition and classification of status epilepticus — Report
of the ILAE Task Force on Classification of Status
Epilepticus

Status epilepticus:

a generalized, convulsive seizure persisting more than 5 min or two or
more discrete seizures between which there is an incomplete recovery
of consciousness

Nonconvulsive SE (NCSE):

refers to continuous or near-continuous generalized electrical
seizure activity lasting for at least 30 min, but without physical
convulsions.

Trinka E, Epilepsia, 2015



Epidemiologie

Epilepsie — cca 2% populace
KreCovy stav jakékoliv etiologie — 6-16% (!) populace
KreCové stavy na ICU:

- non-neurologické JIP cca 3-8%

- neurologické/neurochirurgické — az 38%

KreCovy stav jako pficina pfijmu na ICU: 0,3% pacientu
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Epidemiologie

Epilepsie — cca 2% populace
KreCovy stav jakékoliv etiologie — 6-16% (!) populace
KreCové stavy na ICU:

- non-neurologické JIP cca 3-8%

- neurologické/neurochirurgické — az 38%

KreCovy stav jako pfic¢ina pfijmu na ICU: 0,3% pacientl

VétsSina konvulznich stavl na ICU vznika v pribéhu hospitalizace
- nasledek zakladniho onemocnéni

- komplikace diagnostickych a terapeutickych intervenci



Epidemiologie

Klinicky vyznam:

- prodlouzena doba hospitalizace
- prodlouzena doba UPV
- ekonomické konsekvence

- Mortalita hospitalizovanych pacientu s pfitomnym konvulzivnim
stavem je radové nasobné vyssSi nez u pacientl bez konvulzi
- 34% pacientli s krecovym stavem v dobé hospitalizace zemie
(rizikové predevsim krajni vékoveé skupiny)



METABOLICKE OSTATNI 10%
ENCEFALOPATIE 10% VASKULARNE 30°%

TRAUMA
15%

LEKY, TOXINY, ALKOHOL 20%

ZANET 15%

... rozdil v proporcich v zavislosti zda se jedna o dg prijmovou nebo
o rozvoj v prubéhu hospitalizace
... hejsou zahrnuty nonkovulzivni stavy !



Leky, intoxikace
...Casta pficCina SE (vCetné NCSE)

Nizka compliance pacienta s antiepileptickou medikaci; vysazeni
chronické medikace v pribéhu hospitalizace

Syndrom z odnéti — opioidy, alkohol, benzodiazepiny, barbituraty

Léky — ATB (linezolid, PNC a derivaty, chinolony), teofylin, celk.i
lokalni anestetika, opioidy (tramadol, petidiny, fentanyl), antivirotika,
antidepresiva, antipsychotika, imunosupresiva

Intoxikace — alkohol, kokain, amfetaminy, opioidy, synteticke
kanabinoidy...



Metabolicke faktory

Poruchy iontové rovnovahy (hypo/hypernatremie, hypofosfatemie,
hypomagnezemie, hyperkalcemie ...)
Hypoglykemie/hyperglykemie
Renalni selhani
- uremie, hyperosmolalia
- dialyzacni dysekvilibrium
- zména farmakokinetiky antiepileptik a/anebo Iéku s
konvulzivnim potencialem
Jaterni selhani
- zména farmakokinetiky
- toxicita amoniaku, bilirubinu



NCS(E), sepse a MODS

Septicka encefalopatie — frekventni komplikace t€zké sepse a/anebo

septického Soku

- ruzné typy kfeCové aktivity (klinika/EEG) u 10 — 25% non-
komatoznich pacientl s téZkou sepsi

- 1'Vyskyt pravdépodobné mnohem frekventnéjsi — klinicky obraz

& ad

symptomatologii; nespravna interpretace klin.obrazu

K I Non-konvulzivni krece !



Status epilepticus

Status epilepticus:

Generalizovana konvulzivni aktivita pretrvavajici déle nez 5 minut
a/anebo dva a vice diskrétnich kifeCi mezi kterymi neni navrat k
plnému vedomi

Do SE muze prejit jakakoliv konvuzivni aktivita jakékoliv etiologie !!!

Jakykoliv SE nebo jina kie€ova aktivita muze prejit do NCS/NCSE
"



SE a NCS-E

Klinicky obraz SE podminén vyvolavajicim faktorem, typem zachvatu,
celkovym stavem a aktualni medikaci

,<ypické" generalizované tonicko-klonické kifeCe s prodromy, aurou,
tonickou a nasledné klonickou aktivitou + porucha védomi — na ICU
dnes spise v minorite

Il cca po 30 min kontinualnich konvulzi maze dojit k ,vyCerpani”
motoricke aktivity pri pretrvavajici elekticke aktivite !!!

= prechod do ,nonkovulzivniho® SE (NCSE)



Generalized seizures
A. Generalized convulsive SE (GCSE)
1. Primary generalized SE
a. Tonic-clonic Sk
b. Myoclonic SE
c. Clonic-tonic-clonic SE
2. Secondarily generalized SE
a. Partial seizure with secondary generalization
b. Tonic SE
B. [Nonconvulsive SE (NCSE)
Lﬁmtatuaj
2. Alypical absence SE (e.g., in Lennox-Gastaut
syndrome)

3. Alonic SE
4. NCSE as a sequel of partially treated GCSE

. Partial SE

A. Simple partial SE

1. Typical

2. Epilepsia partialis continua (EPC)
B. Complex partial SE (CPSE)
Neonatal SE

Bleck TP, Seizures in the Critically llI



NCS-E - definice

Nonkonvulzivni status epilepticus (NCSE) je charakterizovan jako
epilepticky stav bez konvulzivni motorickeé aktivity, trvajici déle
nez 30 minut a asociovany s EEG aktivitou

Zasadni problémy:

- nedostatecné povedomi

- ,poddiagnostikovani“ — ,misdiagnosed” 93% NCSE !
- stav nelécen

- asociace se zvysenou mortalitou



Epidemiologie NCS-E

,oelizures are frequent with and without acute brain injury (ABI) in the

ICU, and are mostly non-convulsive.”
(Claassen J, Neurocrit Care 2014)

obtizné diagnostikovatelné ... a Spatné diagnostikované — presné
epidemiologické udaje nejsou znamé; odhad:

Incidence 32 — 85/ 100 000 a rok

ICU — 8%-20% pacientl‘] (Wasim M, Curr Treat Options Neurol 2015)

24h EEG vs 60 min EEG u pacienttu po SE — navySeni
,,dodiagnostikovém’“ o 100% ! (Kennedy JD, Curr Neurol Neurosci Rep, 2012)



Klicové otazky

Je koma vysledkem zakladniho morfologického postizeni CNS, anebo
nasledkem patologicke ,epileptiformni” elektrické aktivity?

Do jaké miry epileptiformni aktivita podminuje poruchy védomi?
Do jaké miry tato aktivita determinuje outcome?

Maiji byt IéCeny vSechny formy patologické epileptiformni EEG aktivity
u komatoznich pacientu?

(podle Bauer and Trinka, Epilepsia 2010)



Faktory predisponujici k NCS-E

- anamneza epilepsie nebo predchozi kfreCova aktivita

- jakakoliv porucha vedomi

- jakakoliv [éze CNS

- metabolické — hyponatremie, hypo/hyperglykemie, ARF

- koma — NCS-E u 8% komatoznich pacientl bez jakychkoliv
motorickych projevu

- farmaka — teofylin, ,nové" antidepresiva

- odnéti benzodiazepinu, vynechani AED

- sepse



Nonkonvulzivni SE

Kdy myslet na NCS/NCSE?

Situations that should prompt consideration for the diagnosis of NCSE

1.
2.

Patients who have a generalized tonic-clonic seizure and a prolonged postictal period

Patients with altered sensorium, demonstrating subtle signs such as twitching or blinking
and/or fluctuating mental status

Patients for whom no other cause is available to explain the altered sensorium, especially in
those who have a history of a previous seizure, even if remote

Elderly patients with unexplained stupor or confusion, especially those taking neuroleptic
medications

Stroke patients who look clinically worse than expected

Chang AK, Emerg Med Clin N Am, 2011



S ¢im NCS-E zameénujeme na ICU?

Hypoaktivni delirium
Septicka encefalopatie
Serotoninovy syndrom



Q969 October 8, 2015
p
—t—

Abnormalities Predict Mortality in Septic

Early Standard Electroencephalogram
Intensive Care Unit Patients




Serotoninovy syndrom

Potencialné zivot ohrozuijici stav; tézSi prubéh charakterizovan m.j.
komatem, myoklony a/anebo tonicko-klonickymi konvulzemi

kKlinicky obraz: zmény mentalniho stavu, instabilita ANS a
neuromuskularni hyperaktivita

Pacienti s chronickou serotoninergni medikaci +
- incidentalni/suicidalni predavkovani
- doplnéni dalSi medikace a/anebo vyzivovych doplhku se
serotininergni potenci



Table 1. Medications that May Contribute to Serotonin Syndrome

Amphetamines and derivatives
3,4-methylenedioxymethamphetamine

(Ecstasy)
Dextroamphetamine
Methamphetamine
Sibutramine (Meridia)

Analgesics
Cyclobenzaprine (Flexeril)
Fentanyl (Duragesic)
Meperidine (Demerol)
Tramadol (Ultram)

Antidepressants/mood stabilizers
Buspirone (Buspar)
Lithium
Monoamine oxidase inhibitors
(e.g., phenelzine [Nardil])

Selective serotonin reuptake inhibitors
(e.g., fluoxetine [Prozac])

Serotonin-norepinephrine reuptake inhibitors
(e.qg., venlafaxine [Effexor])

Serotonin 2A receptor blockers
(e.g., trazodone)

St. John's wort (Hypericum perforatum)

Tricyclic antidepressants (e.g., amitriptyline,
nortriptyline [Pamelor])

Antiemetics
Metoclopramide (Reglan)
Ondansetron (Zofran)

Antimigraine drugs
Carbamazepine (Tegretol)
Ergot alkaloids

Triptans

Valproic acid (Depakene)

Miscellaneous
Cocaine
Dextromethorphan
Linezolid (Zyvox)
L-tryptophan
5-hydroxytryptophan

Ables AZ, American Familiary Physiacian, 2010



SEROTONIN SYNDROME

p > 4
ANAESTHESIA TUTORIAL OF THE WEEK 166 Anaesthesia

Tutorial of the week
www.totw.anaesthesiologists.org

- CAVE!

* ,Anesteziologové a intenzivisté denné ordinuji farmaka s vysokou
potenci indukovat serotoninovy syndrom !*

 potencialné zivot ohrozujici stav zpusobeny excesivni
serotoninergni aktivitou v CNS



Diagnostika NCS-E

Pouze a vyhradnée EEG !!!

- nejlépe dlouhodoby zaznam
- standardni 23-svodove vs ,redukované”
- hodnoceni pouze a vyhradné erudovanym neurologem




Recommendations on the use of EEG
monitoring in critically ill patients: consensus
statement from the neurointensive care section

of the ESICM

doporucuje monitorovani EEG u generalizovaneho konvulzivniho
stavu, a k vylouceni nonkonvulzivniho SE u pacientu s poranénim
mozku, a u komatoznich kriticky nemocnych pacientll bez
primarniho poskozeni mozku s perzistujici a nevysvetlitelnou
poruchou védomi

navrhuje pouziti EEG k detekci ischemie u komatoznich pacientl s
SAK a k prognozovani komatoznich pacientl po zastavé obéhu

Claassen J, Intensive Care Med, 2013



Recommendations on the use of EEG
monitoring in critically ill patients: consensus
statement from the neurointensive care section

of the ESICM

doporucuje uprednostnit kontinualni EEG pred intermitentnim
monitorovanim u refrakterniho SE, u pacientll se suspektnim
pokracCujicim NCSE, a u komatoznich kriticky nemocnych bez
primarniho poskozeni mozku s perzistujici a nevysvétlitelnou
poruchou védomi

Claassen J, Intensive Care Med, 2013



Electrophysiologic Monitoring in Acute Brain Injury

Jan Claassen Meurocrit Care (2014) 21:5120-5147

1. We recommend EEG in all patients with acute brain injury and
unexplained and persistent altered consciousness (Strong
recommendation, Low quality of evidence).

2. We recommend urgent EEG in patients with cSE that do not return
to functional baseline within 60 min after seizure medication and we
recommend urgent (within 60 min) EEG in patients with refractory SE
(Strong recommendation, Low quality of evidence).

3. We recommend EEG during therapeutic hypothermia and within 24
h of rewarming to exclude NCSE in all comatose patients after cardiac
arrest (CA) (Strong recommendation, Low quality of evidence).



Electrophysiologic Monitoring in Acute Brain Injury

Jan Claassen Meurocrit Care (2014) 21:5120-5147

4. We suggest EEG in comatose ICU patients without an acute primary
brain condition and with unexplained impairment of mental status or
unexplained neurological deficits to exclude NCSz, particularly in those with
severe sepsis or renal/hepatic failure (Weak recommendation, Low quality
of evidence).

5. We suggest EEG to detect delayed cerebral ischemia (DCI) in comatose
SAH patients, in whom neurological examination is unreliable (Weak
recommendation, Low quality of evidence).

6. We suggest continuous EEG monitoring as the preferred method
over routine EEG monitoring whenever feasible in comatose ICU
patients without an acute primary brain condition and with
unexplained

impairment of mental status or unexplained neurological deficits to
exclude NCSz (Weak recommendation, Low quality of evidence).



A B C D E
Rapid clinical Equivocal waves Equivocal waves Equivocal waves No clinical improvement or
and EEG replaced by a suppressed are replaced by suppression of equivocal waves.
improvement previously absent unmasking polymorphic Not helpful, ~15% of NCSE pts.
awake posterior embedded focal slowing or are resistant 1o benzodiazepines
l rhythm. epileptiform voltage and metabolic tnphasic waves
discharges or suppression are often resistant (Figure 7).
| NCSE | I repetitive, focal
: epileptiform l
Likely NCSE activily is seen v - -
Stant cEEG between some ) Load with AED, Start cEEG
and load with runs of equivocal m.;":t L
AED if diffuse waves. e
equivocal l l
waves returmn.
Clinical No
Likely improvement or clinical or
NCSE equivocal waves EEG
suppressed or improve-
resolved. ment.
Y

' ,

Equivocal No return of Likely toxic-
waves return equivocal waves metabalic or
after benzos after benzos other
dissipate dissipate etiologies.
Consider
Y mncreasing
Load with AED dosage
AED if labs NL
or only
A mildly
l abnormal

Equivocal waves remain Clinical improvement
or suppression/
l resolution of equivocal
wavelorms

Likely toxic-metabolic or other
etiologies. Consider increasing
AED dosage if labs NL or only
mildly abnormal




Management NCS-E

Nonconvulsive Seizure Control
in the Intensive Care Unit

Mariam Wasim Curr Treat Options Neurol (2015) 17: 9

- Data z validnich randomizovanych studii nemame
- Pravdépodobné stejny postup jako u ,klasického” SE

- Cil terapie? Od ukoncCeni jakékoliv patologické aktivity (63%
responderu), pferuseni kontinualni elektr.aktivity ale tolerance 5-10
NCS/den (26%) pres ,burst suppression/electrocerebral silence”
(4%) az po toleranci NCSE pokud nema klinicky korelat (1%)

(Abend NS, Neurocrit.Care 2010)



NCS-E a outcome

NCS-E v experimentu vede k permanentnimu poskozeni CNS.
Podstatou je pravdépodobné vzestup CMRO2 a influx Ca
intracelularnée

Prolongované NCS-E muzou vést k trvalému posSkozeni a ,rezistenci’
na antiepileptika (kasuistiky)

NCS-E < 10 hod — mortaltia 10%, NCS-E > 10 — mortalita 85%

Korelace mezi opozdénim diagnostiky NCS-E a mortalitou



K zapamatovani

NCS-E jsou u kriticky nemocnych pacientu relativné frekventni
Nizké povédomi - pfiina nediagnostikovani a tedy i neléCeni NCS-E
NCS-E jsou asociovany se zvysenou umrtnosti

EEG by mélo byt indikovano k vylou€eni nonkonvulzivniho SE u
pacientu s poranénim mozku a u komatoznich kriticky nemocnych
pacientu bez primarniho posSkozeni mozku s perzistujici a
nevysvetlitelnou poruchou vedomi



K zapamatovani

EEG:

- Kontinualni mnohem vyteznéjsi, doporucovany 24-hodinovy
zaznam

- Zkuseny personal, technické zabezpeceni

- Hodnoceni zkusenym neurologem vs automatické? (kvantifikace?)

- PFinosné v prognozovani pacientu

- Prinos v terapii? CAVE data o zvysené preskripci AED — ale bez
korelatu se zlepSenym outcome ...



You can’t

fix stupid,

but you can
:gedate it.




Dekuji za pozornost
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