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Pro¢ monitorovat pEEG?

5 indikaci:

1.
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prevence prilis melké anestezie,
tj. nechténé bdélosti

prevence prilis hluboké anestezie,
tj. pooperacniho deliria a POCD

snizeni davek a zkraceni buzeni,
tj. ekonomicky prinos

personalizace anestezie

,well-being” neuront,
tj. dg. hypoxie, hypoglykemie

Funguje to?

podobné jako standardni monitory
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studie zatim nejsou
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Anestezie v Ceské republice o¢ima tcéastnikii kmenovych/specializacnich kurst
— dotaznikova studie Micro Czech Anaesthesia Way 2024

Horacek Michal
KARIM 2. LF UK a katedra AIM IPVZ, V Uvalu 84, 150 06 Praha 5, CR

Monitorovani EEG: poster (n =58) | celkem (n = 98)
pouzivam alespon obcas* 48 % 46 %
chtél/a bych pouzivat, pokud... 14 % 15 %
nepouzivam nikdy 38 % 40 %

* standard péce u TIVA, ale TIVA v CR neni standard 1

TéméF polovina anesteziologli v CR
pouZiva EEG alespori obcas ©




Jak pEEG umozni
personalizovat anestezii?

88 = 4) 823

v'ukaze reakci konkrétniho mozku
* vyvhnout se mélké anestezii: oscilace prilis rychlé, alfa/delta coupling
* vyhnout se hluboké anestezii: obraz burst suppression, iso linie
v'pomuze fidit aktudlni antinocicepci
* maximalizovat amplitudu alfa oscilaci

* reagovat na obraz ,alfa dropout”
* reagovat na obrazy beta arousal, delta arousal

v'potvrdi ztratu vnimani v anestezii?
* obraz slow wave saturation

v’ potvrdi ,well-being” neuront
 ukaze riziko hypoxie/hypoglykemie apod.

v predikce deliria a kognitivni dysfunkce




Pri personalizaci nelze spoléhat
jen na index hloubky aneste2|e'

British Journal of Anaesthesia 99 (4): 5327 (2007)
doi: 10.1093/bja/aem |98 Advance Access publication July 24, 2007

NEUROSCIENCES AND NEUROANAESTHESIA

Can anaesthetists be taught to interpret the effects of general
anaesthesia on the electroencephalogram? Comparison of
performance with the BIS and spectral entropy

J. P. Barnard, C. Bennett, L. J. Voss* and J. W. Sleigh

Conclusion. A brief PowerPoint presentation enables anaesthetists to recognize the J. W. Sleigh
effects on the EEG of GABA-ergic anaesthetic agents. In the clinical context, it remains
likely that the combination of a pEEG monitor that clearly presents the EEG and a (clini-

cian who has a good, basic understanding of, and a willingness to look at, the raw EEG
will result in more accurate interpretation of the intra-operative EEG.




Pri personalizaci nelze spoléhat

A;: bdély, oteviené oci
* beta, gamma

A,: bdély, zavrené oci
« alfa

B: excitace
* heta

C: sedace
» alfa, beta

Al vake with Eyes Open: Beta and Gamma Oscillaticns
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D: chirurgicka anestezie
* slow, delta, alfa

E: hluboka anestezie
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J. W. Sleigh



1. Reakce konkretniho mozku
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rilis melka anestezie

e oscilace
* frekvence a amplituda

e alfa/delta coupling
* peak-max
* trough-max

* index hloubky

e pozor na vliv EMG
— falesné zvyseni
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Prilis hluboka anestezie

* burst suppression
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burst suppression + iso linie
pfi monitorovani entropie

muz, 59 let, na zacatku operace AVR + CABG 2
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F NAS RESEARCH ARTICLE NEUROSCIENCE a' OPEN ACCESS

Hormonal basis of sex differences in anesthetic
Sensitivitv January 8, 2024 121 (3)e2312913120 htips://doi.org/10.1073/pnas.2312913120

Andrzej Z. Wasilczuk (&) 2.0.¢, Cole Rinehart@.P, Adeeti Aggarwal®.2.9, Martha E. Stone (&) 2.0.d George A.
Mashour€, Michael S. Avidan®, Max B. Kelz (%) 2.0.d.9.1 and Alex Proekt (%) 2.0.d.9.1 ReCCognition Study
GrDupa=e=f=2

Significance

Half of all surgical patients receiving anesthesia are females. Anesthetics affect sexually
dimorphic brain regions involved in sleep and arousal. Yet, sex differences and the effects
of sex hormones on anesthetic sensitivity have not been systematically explored. We
demonstrate that the female brain in mice and humans is resistant to the hypnotic effects
of volatile anesthetics. Sex differences in anesthetic sensitivity are largely due to acute
effects of sex hormones. Despite clear behavioral differences in anesthetic sensitivity, sex
differences are | not discernable in clinically used cortical electmencephalngraphicl
recordings.| In contrast, subcortical sites exnibit sexually dimorphic acuvily patterns under
anesthesia. This covert resistance to anesthetics may explain the higher incidence of
awareness under anesthesia in females.
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Které parametry lze k titraci antinocicepce
rutinné pouzit?

SPI
RaceE | (Surgical
e 71 Plethysmography
' Index)
compliance

dychaciho systému

parametry pEEG:

A FiO, — FeO,

e index, SEF —

[ J
spektra pupilometrie

aorto-bifemoralni bypass 5. 4. 2018



Effects of noxious stimulation on the electroencephalogram during
general anaesthesia: a narrative review and approach to analgesic
titration British Journal of Anaesthesia, 126 (2): 445e457 (2021)

Paul S. Garcia™*, Matthias Kreuzer®, Darren Hight™* and James W. Sleigh”
b
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Ve, s o 88 =& ¢) 846
Vyuziti parametru pEEG =

k titraci antinocicepce
vV praxi
muz, 60 let, 83 kg, CABG

e propofol 100 mg, SFNT 25 ug, relax., sevo
MAC,,. 0,7, pred rezem SFNT + 50 ug ()

PSI 25
mensi kolisani SEF!

maximalizace amplitudy alfa aktivity*
a monitorovani ,alfa dropout”

4. EMG aktivita

*Gaskell A et al.: Modulation of frontal EEG alpha oscillations during maintenance
and emergence phases of GA to improve early neurocognitive recovery i DI plis b SRR -
in older patients: a protocol for RCT. Trials. 2019;20(1):146 i1 i ———————. i I




3. Ztrata vnimani
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’ SedlLine’

Ztrata vnimani

slow wave activity saturation
= ztrata vnimani

(,,Cervenéjsi uz to nebude”)

Warnaby CE et al.: Investigation of Slow Wave Activity Saturation
during Surgical Anesthesia reveals a Signature of Neural Inertia
in Humans. Anesthesiology. 2017 Oct;127(4):645-657

problém: kde je vlastné sidlo védomi?
 prefrontalné?

* ,posterior hot zone®? -
* tam, kde je informace ¢i dokonce v glii? W, o s [oezsE oo

08:09:00




4. Well-being neuronu
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Vnitrni prostredi nepochybné pusobi
na funkci neuronu

Hypoxie

Hypoglykemie

A systematic review of electroencephalography in acute cerebral
hypoxia: clinical and diving implications
Nicole YE Wong'?, Hanna van Waart', Jamie W Sleigh"?, Simon J Mitchell"*, Xavier CE
Vrijdag'
* EEG se zkouma jako vhodny monitor problému
pri potapéni vcetné hypoxie v realném cCase
e zpocatku zvyseni, pak pokles alfa aktivity
a zvyseni theta a delta aktivity
e kognitivni ¢innost mUze maskovat EEG zmény!
* BIS se neméni, entropie a Lempelova-Zivova
komplexita stoupaji

Diving Hyperb Med. 2023; 53(3): 268-280.
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Blaabjerg L: Hypoglycemia-Induced Changes
in the Electroencephalogram: an Overview.
J Diabetes Sci Technol. 2016 Nov 1;10(6):1259-1267




L Cica Gase Fopert Medicine (2023) 102:51 Medicine

Acute severe hypoglycemia immediately after
induction of anesthesia in an elderly patient with
type 2 diabetes mellitus
A case report
Qin Tian, MM24@, Ming Liang Yi, MD2, Jia Lu Wan, MM?2, Hong Yin, MD=2*

v’ opioidy glykemii obvykle zvysSuji

v’ pfi hyperglykemii ji mohou snizovat zlepsenim inzulinové rezistence (Koekkoek LL 2022)

Lessons: A precipitous and rapid decline in blood glucose following anesthesia induction is extremely uncommon. When a
clinical anesthesiologist detects an abnormally low bispectral index during general anesthesia, hypoglycemia should be suspected.
Instituting glucose monitoring in these situations can enable a timely diagnosis, forestalling the onset of Iife-threatening severe

hypoglycemia.

Extremely low bispectral index value during robotic-assisted
laparoscopic prostatectomy: A case report saudi)Anaesth 2022;16:214-6.




CASE REPORT Open Access

Abnormally low Bispectral index and severe o
hypoglycemia during maintenance of and
recovery from general anesthesia in

diabetic retinopathy surgery: two case

reports BMC Anesthesiology (2018) 18:45

Chunhua Xi', Chuxiong Pan' and Tianzuo Li* ®

Conclusions; For diabetic patients, when the intraoperative BIS value is abnormaly low, hypoglycemia should
De considered. Severe hypoqlycemia may be presented in BIS monitoring during general anestnesia




5. Predikce deliria a kognit. dysfce
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5. Predikce deliria
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burst suppression
e vyskyt a trvani

alfa oscilace

— robustni mozek

Pollak M et al.: Electroencephalogram Biomarkers from Anesthesia Induction to Identify Vulnerable Patients
at Risk for Postoperative Delirium. Anesthesiology. 2024 May 1;140(5):979-989.



proto EEG monitorujme ...
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Monitorovani poéitacem zpracovaného EEG
v anesteziil

Horatek m."2

'Klinika anesteziologie, resuscitace a intenzivni mediciny, 2. Iekafska fakulta Univerzity Karlovy a Fakultni nemocnice
v Motole, Praha
*Katedra anesteziologie a intenzivni mediciny, Institut postgradualniho vzdélavani ve zdravotnictvi, Praha

Cilovym organem vétsiny latek pfi anestezii je mozek. K projeviim jeho funkce patii predeviim védomi. Je spojeno s elektrickou
aktivitou neurond, kterou lze z povrchu lebky snadno zaznamendvat elektroencefalografii (EEG). Elektricka aktivita mozku se
v anestezii méni pfedvidatelnym zplsobem v zavislosti na pouZitém anestetiku a jeho davce. Hodnoceni EEG je obtiinég, ale
vyrazné ho zjednodusil rozvoj pocitach. Pocitatem zpracované EEG (pEEG) se proto brzy mize stat nedilnou soucasti monito-
rovani pacienti v anestezii. Pozornost anesteziologl pfi monitorovani EEG se zpogatku soustiedila na indexy hloubky anestezie
(napf. BIS, entropie, PSI, qCOM aj.), ale funkci mozku nelze redukovat na jedno gislo. Je totiz nutné sledovat rovnéz syrove kiivky
EEG a posuzovat zmény jejich tvaru. Pfi vedeni anestezie je dilezité vyhnout se obrazu burst suppression, protoze je rizikovym
faktorem pooperaéniho deliria. Hodnoceni vazby mezi fazi a amplitudou oscilaci neurond (phase-amplitude coupling) umaz-
fuje blize kvantifikovat hloubku anestezie, pEEG se wyuZiva k prevenci nechténé bdélosti v pribéhu anestezie a k prevenci piilié
hluboké anestezie, pfestoZe pfinos nebyl dosud bezpeéné potvrzen. pEEG viak prokazatelné zkracuje doby zotaveni a snizuje
davky anestetik. Umoinuje personalizované vedeni anestezie, pfisluiné studie probihaji. Nejroz3ifenéjsi monitory v CRjsou prav-
dépodobné BIS, GE Entropy a Conox. Vyvoj pEEG pokraduje, ale porozuméni a aplikace vyZaduje stale vétsi znalostimnoha obor(l.

Klicova slova: EEG, anestezie, index hloubky anestezie, BIS, entropie.

Monitoring of processed EEG under anesthesia I

The target organ of most substances applied during general anesthesia is the brain. The manifestations of its function include,
above all, consciousness. It is associated with the electrical activity of neurons, which can be easily recorded from the surface of
the skull - electroencephalography (EEG). The electrical activity of the brain in anesthesia changes in a pradictable way depend-
ing on the anesthetic used and its dose. EEG assessment is difficult but has been greatly simplified by computer development.
Therefore, computer-processed EEG (pEEG) may soon become an integral part of monitoring patients under anesthesia. Anaes-
thesiclogists’ attention with EEG monitoring initially focused on anesthesia depth indices (2g. BIS, entropy, PSL gCON, etc), but
brain function cannot be reduced to a single number. It is also necessary to monitor simultaneously the raw EEG curves and to
assess the changes in their shape. When conducting anesthesia, it is important to avoid burst suppression because it is a risk factor
for postoperative delirium. Evaluation of the phase-amplitude coupling makes it possible to quantify the depth of anesthasia
in more detail. Processed EEG is used to prevent unattended awareness during anesthesia and to prevent too deep anesthesia,
although the benefit has not yet been safely confirmed. However, pEEG has been shown to reduce recovery times and anesthetic
doses. It allows also personalized management of anesthesia, relevant studies are underway. The most widespread monitors in
the Czech Republic are probably BIS, GE Entropy, and Conox. The development of pEEG continues, but its understanding and
application require increasing knowledge in many fields.

Key words: EEG, anesthesia, depth of anesthesia index, BIS, entropy.

Cllowym organem wetiiny latek poddvanych pfi anestezii je mozek.Ke  abolestivé podnéty, reportovani obsahu védemi), jeride v celkowe anes-
Klinickym projeviim jeho funkce patfl pfedeviim védoml. Plitomnost  tezii je schopnost reagovat na podnéty reverzibilné snizena v disledku
a stav vadom( se posuzujl podle interakce s okolim (reakoe na slownl  iatrogennl Flzend intoxikace anestetiky a apicidy [11. Proto je obtiné
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Monitorovani pocitacem zpracovaného
EEG v anestezii Il

Horacek M.2

'Klinika anesteziologie, resuscitace a intenzivni mediciny, 2. I€kafska fakulta Univerzity Karlovy
a Fakultni nemocnice v Motole, Praha
*Katedra anesteziologie a intenzivni mediciny, Institut postgraduainiho vzdélavani ve zdravotnictvi, Praha

Monitorovani poéitacem zpracovaného EEG (pEEG) se v sou€asnosti pouziva ve Etyfech indikacich. Pfinos byl prokazan
u zkraceni dob probouzeni a zotaveni a ke snizeni rizika nechténé bdélosti v pribéhu anestezie technikou TIVA, kdezto
v indikacich prevence prilis hlubokeé anestezie a personalizace wedeni anestezie je prozatim sporny. Intuitivné se zda, ze
personalizované vedeni anestezie s vyuzitim Gdajl nejenom z pEEG, ale i z dalSich zakladnich monitor by vysledky zlep-
sit mohlo. Pfisluiné studie jeité probihaji. Pro personalizaci anestezie jsou vhodné pravé spektrogramy, které se ziskavaji
Fourierovou transformaci syrové EEG kfivky. Ve spektrogramech jsou mezi jednotlivymi anestetiky vyrazné rozdily, které
jsou podminény riznym mechanismem G&inkd a rdznym ovlivnénim neuronovych okruhd v mozku. Uziteéné jsou rovnéz
parametry jako medianova frekvence a frekvence spektralniho okraje (Spectral Edge Frequency). Spektrogramy zobrazuji
monitory, které jsou v CR jiz b&2né dostupné jako SedLine Sedation Monitor, Conox & pfistroje BIS nov&jéi generace. K ti-
traci antinocicepce v anestezii lze vyufit nejen pEEG, ale i dalii parametry ze zikladniho monitorovani, jako jsou compli-
ance dychaciho systému, rozdil mezi vdechovanou a vydechovanou koncentraci kysliku, Surgical Plethysmography Index
z pulzni oxymetrie. Zmény EEG pfi starnuti a vyuZiti spektrogram v tvodu, pii vedeni a probouzeni z anestezie budou
piedmétem tieti ¢asti tohoto souboru Elanki.

Klicova slova: EEG, anestezie, index hloubky anestezie, spektrogram, Fourierova transformace.

Monitoring of processed EEG under anesthesia Il

Processed EEG (pEEG) menitoring is currently used in four indications. The benefit has been demonstrated in the reduction
of awakening and recovery times and in reducing the risk of accidental awareness during general anesthesia with the TIVA
technigue, while the indications for prevention of too deep anesthesia and personalization of anesthesia management are
still questionable. Intuitively, it seems that personalized management of anesthesia using data not only from pEEG, but also
from other basic monitors could improve results. The relevant studies are still ongoing. Spectrograms obtained by Fourier
transformation of the raw EEG curve are suitable for personalizing anesthesia. In the spectrograms, there are significant
variations between individual anesthetics, which are caused by different mechanisms of effects and various effects on
neuronal circuits in the brain. Parameters such as median frequency and spectral edge frequency (SEF) are also useful. The
spectrograms are shown on some monitors that are already commonly available in the Czech Republic such as SedLine
Sedation Monitor, Conox or newer generation BIS devices. To titrate antinociception in anesthesia, not only pEEG, but other
parameters from basic monitoring, such as respiratory system compliance, the difference between inhaled and exhaled
oxygen concentration, Surgical Plethysmography Index from pulse oximetry can also be used. Aging-related EEG changes
and the use of spectrograms at the beginning, during maintenance, and emergence from anesthesia will be presented in the
third part of this collection of articles.

Key words: EEG, anesthesia, depth of anesthesia index, spectrogram, Fourier transformation.
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