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Poéet anestézii v SR a CR

SR 315. 353 (2008)
5, 4 mil /315.353 =
17.123668

CR 837. 920 (2008)
10,467.542 mil. /837.920 =

12.492293




Anesteézia je jednym z najvacsich
objavov mediciny.



Strucny historicky vyvoj

Pojem predstavil v roku 1846 Oliver
Wendell Holmes, profesor z Lekarskej fakulty

v Harvarde.

 Slovo anestezia |je gréckeho povodu -

- a znamena ,nhevnhimanie“. Tymto
nazvom vystihol Holmes stav anestézie presnejsie
ako v Eurdépe pouzivany termin narkoza, vyjadrujuci
stav spanku a bezvedomia, spojenych s potiaéenim

reflexnych odpovedi na bolest'.




Celkova anesteéezia

< Celkova anestézia je stav riaden
(nevedomia) podobny pokojnému sp

¢ Ide o0 vyradenie akéhokol’vek senzitivneh

menovite nociceptivneho (bolestive] skuse
vnimania S vyradenim vedomia.

V podstate sa jedna 0 iatrogénne riadené a
reverzibilné bezvedomie (nevedomie?).




General anaesthesia
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Kognitivhe dysfunkcie

V sucasnosti sa kognitivne dysfunkeie, t.|.
poruchy pamati, pozornosti, exekutivayeh
funkcii a myslenia povazuju za integralny
r'ys nie len schizofrénie, demencie, ale '@j
niektorych stavov spojenych s celkovol
alebo regionalnou anestéziou.




Strata vedomia je Zakladny 7
komponent celkovej aneStézie.

LUDSKE VEDOMIE
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Vedomie

» Zaklad podstatného mena ,,vedomie*y,pochiadza z
latinského slova ,, con* (with) a ,,scire* (to know).

»Crick and Koch (1998) predpokladaju, ze vsetky
rozlicné aspekty vedomia (bolest, videnie,
myslenie, city, sebauvedomovanie) produkuju
zakladné spolo¢né mechanizmy vedomia.



Vedomie

psychické funkcie - spracova
jedinec uvedomuje a je sch
vzt'ahovat' k svojmu "|a

Je to jJednak uvedomovanie si
sameho, jednak bdelost’ - stav centra
nervove] sustavy schopnej reagovat’ na

podnety.



Neuroanatomicke st
vedomia



Globalny pracovny priestor
vedomia

» Teoreticky povedane, vedomie moze
vznikat— kortiko-kortikalne a v
talamokortikalnych siet'ach, ale méze
vznikat' v lokalizovanejsich a menovite
oddelenych oblastiach, napriklad vedome
vhimanie prevladajucich farieb pri zapade
sinka (areaV4), hlboké emocionalne pocity
(mozgovy kmen, limbicky system, orbito-
frontalny neokortex).



Vedomie a jeho anatomickeé struktuary -
vedomie moze vznikat' kortiko-kortikalne
a v talamokortikailnych siet'ach.
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Vedomie moze vznikat’ v lokalizovanejsich a menovite
oddelenych oblastiach, na\priklad vedomeé vnimanie
previladajucich farieb pri zépa\ole slnka (area V4)




Neurons in the visual cortex (area V4) encode the visual
scene, and neurons in the Frontal Eye Field (FEF)
portion of prefrontal cortex control the focus of
attention. When attention (core and circle) is directed to
thered book, neurons in FEF and V4 (represented by red
triangles) start firing rhythmically, and the neural activity
becomes synchronized across the two areas. (Credit:

Image courtesy of MIT).




Midline structures in the brainstem and

thalamus necessary-to regulate the level of brain
arousal. Small, bilateral lesions in many of these
nuclel cause a global loss of consciousness.
(From Koch 2004).
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Reticular activating system




mérové tedria

vedomia

> Je zalozena na neurobiologii
mechanizmoch.

kvantovych

> Nervovy korelat vedomia (NCC) vych
- funkCnej organizacie mozgu
- spojeni dendritov (webova siet’) a axon
- nervovej synchronie (kontinualna
depolarizacia membrany dendritov)



~Pficrotubule

Outgoing Axon

Incoming Axon

Chemical Synapse

Fig. 6.5. Cartoon neuron with two types of connections. Internal structure rep-
resents nucleus (dark circle) and cytoskeletal microtubules (MTs) connected by
strut-like microtubule-associated proteins (MAPs). MTs in axons are continuous
(and unipolar) whereas dendritic MTs are interrupted (and of mixed polarity).
Lower left: An incoming axon forms a chemical synapse on a dendritic spine. Close-
up shows neurotransmitter vesicles in presynaptic axon terminal, and postsynaptic
receptors on spine connected to intraspine actin filaments that link to M'I's. Upper
left: Dendritic-dendritic gap junction is a window between the two neurons. Both
the membranes and cytoplasmic interiors of the two cells are continuous




ml\c“relates of

Consciousness (NCC)

e NCC je definovany ako m
neuronalny mechanizmus, k

v spolupraci schopny vykonat

akukolvek specificku vedomu
percepciu.

(Crich and Koch, 1990).



Celkova kapaci ‘mozgu ako klasického

a kvantového pocitaca

» ak predpokladame iba vykon klasic
mozgového pocitaca tak v pocte 10!!
mozgovych neurénov ma kazdy z nich 1
synaps a v kazdej synapse sa za sekundu
vygeneruje 103 elektrickych pulzov, teda
mozeme predpokladat’ okolo

10%’bitovych stavov/s v celom
l'udskom mozqu




Celkova kapacita mozgu ako
kilasického a kvantového pocitaca

> v cytoskeletovych strukturach v neuréne
(mikrotubularne automaty) vznika10%7/s.
operacii v celom 'udskom mozgu t.j. spolu
s klasickou kompjutaciou

celkova kapacita vykonov ludského mozZgu
Jje 10* vykonoyv /s.

Toto predstavuje obrovskia rezervu a
plasticitu mozgu.



Microtubules

Fig. 1 Microtubules (puiple) are interconnected via MAPs and form intraneuronal
quantum nerwork. They strongly interact with the local quantized electromagnetic field
and generate quantum solifons (white) propagating along conduction pathways formed
by aromatic aminoacid residues inside their walls and MAPs.




A

A microtubule as a Cellular Automaton.

(A) The conformation of the tubulin dimer changes depending on where a free
electron resides (dark lettering). The alpha configuration is to the left, the beta
configuration to the right of the double arrow. (B) Six tubulin dimers forming a
cellular neighborhood. (C) A pattern formed by four tubulin dimers in the beta
configuration (free electron in the beta sub-unit). (D) Rolled-up grid of tubulin

dimers forms a MT.
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Konformacia tubulinu
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Konformacia tubulinu

Basic idea in Orch OR - each tubulin in a microtubule is a qubit

1 0

Protein (tubulin)
flips between
two states,
governed by
quantum London
forces in
hydrophobic
pockets

Switching occurs
in nanoseconds
10°® sec

If governed by
quantum effects,
tubulin may also
exist in both state
quantum superposition

1 ANDO
Qubit



Mriezka tubulinov v-mikrotubuloch — vliavo tubulinové dimeéry
ako alfa (negativhe) monomery a beta (pozitivne) monomery.
Centralny tubulin obkoleseny 6 monomérmi ktoré su zemepisne

orientovane.




Proteiny - podstata
vedomia

Proteiny su linearne retaze aminokyselin, které sa zvrastuju
do trojrozmernych konformacii. Konformacieriadia
skupiny nepolarnych aminokyselin (bez nabojov), ktoré
odpudili vodu (hydrofébny efekt).

Tieto nepolarne skupiny sa navzajom pritahuju pomocouvan
der Waalsovych sil, odpudzuju vodu, a samé sa
»pochovaju‘“ vo vnutri proteinov - hydrofébne kapse
(zlozené zo skupin nepolarnych AK - fenylalaninu —
tryptofanu — tyrozinu, ale aj vedlajsie skupiny leucinu-
isoleucinu-valinu)




FIG. 3. Negative charges on the C-termunus tail of the tubuln
dimer are screened under physiological conditions by counterions
formmg a Debye layer around the mucrotubule, as descnbed by
Sackett [46].




\

Dary Sackeill at NIH recently described 3 plasma-dikce

sleeve of charged jons sinrvoumnding microilubules sl
precisely oplimal pH.
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Uvedomovaneé vedomie
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Modelovanie mikrotubulov, v ktorych klasické nacitavanie (krok 1) vedie k naliehavému stavu —
kvantovej koherencli superpozicii (a ku kvantovému nacitaniu (kroky 2-3) do nasumovanych
sivpch tubulinov. Nejaka vedoma udalost’ vznikne (Orch OR) v presune krokov 3 - 4 . Stavy

tubulinov v kroku 4 su nespocitatel’ne a prechadzaju do vybraného kolapsu vyvolaného
klasickym vypoctom, aby sa regulovala neurondlna funkcia.
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mlektrické oscilacie v mozgu v 25-100 Hz
alebo 30-80 Hz ,,baanh generované
neokortexom a talamom su zodpovedné za percepciu a

vedomie. \
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Porovnanie klasicke] a kvantove]
pocitacovejteorie vedomia

Quantum Computing g Classical Computing
Metabotropic receptor activation oy within lonotropic receptor activation
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Strata vedomia je zakladny,

komponent celkove]
anesteézie.




Mechanizmy posobenia anestetik

* Na prelome 20 storocia Meyer a Overton
pozorovali, ze potencia volatiinych (prehavych)
anestetik korelovala s ich solubilitou v @liVeyom
olejli.

 Formulovanie tychto myslienok priviedlo ku
“lipidove] hypotezy” celkove] anestézie, ktora
deklaruje, ze anestetika ucinkuju
prostrednictvom nespecifického poskodenia
lipidovej casti bunkovej membrany neurocytov.
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mjanestézie

vytvorenej John-om and
Prichep-om lIl.

Anesteticka kaskada: Teoria, ako an
potlaca vedomie

(A theory of how anaesthesia
suppresses consciousness).

Anesthesiology 2005,102,p.447-71.



HUMAN CONSCIOUSNESS

Stuart Hameroff (Born in
July 16, 1947,
) IS an
and professor at the
known
for his promotion of

the scientific study

of consciousness

and his theories of the mechanisms
of consciousness.

STUART HAMEROFF, MD,
is an anesthesiologist and
consciousness researcher
at the University of Arizona.
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Najpodstatnejsou l'udskou funkciou P j&
mozgu je vedoma skdsenost’ a > e
exekutivna reakcia na nu. ’

» Kvantova teoria Penrose-Hameroffa
plauzibilne neurobiologicky, klasickym
kompjutacnym postupom a kvantovo-
kompjutacne interpretuje tuto funkciu.

»Zdanlivo je prilis komplikovana, ale
vysvetluje nekonecne zlozitu hru
mozgoveého neuropilu pri generovani
vedomia a pri jeho ovplyvneni
anestetikami.




,Prepletena zahada vedomia a
anestezie”

B SPECIAL ARTICLE

Anestheslology 2006 10:400-12 0 2006 American Sockety of Anestheslologlsts, Inc. Lippincott Willams & Wilkins, Inc.

The Entwined Mysteries of Anesthesia and Consciousness

[s There a Common Underlying Mechanism?
Stuart R, Hameroff, ML




ms' logy, 2006)

o
uzatvéra,i\:

» molekuly anestetickych plynov s
inertné a nevytvaraju chemické vazb
s ciefovymi proteinmi, ucinkuju vylucne
kvantové londynske sily v hydroféobnych
kapsach tak, ze inhibuju elektronovu
rezonanciu, a takto selektivne odstranuju
vedomie




mhesiology, 2006)

uzatvara, ze:

» Vedomie koreluje s gama synchroni
konformacnymi aktivitami proteinov v
dendritoch mozgovej kory a inych oblasti
V kazdom proteine konformacné stavy sure
zendogennymi londynskymi silami* v hydroféb
kapsach.

D~

> Anesteticke plyny vytvaraju exogénne londynske sil
ktoré zabrania vytvarat vedomie poskodenim
vnutornych londynskych sil _hydrofébnych kaps
mozqgovych proteinov v dendritoch (vynuluju gama

synchréniu).




Hameroff (Anesthesiology, 2006)
uzatvara, ze:

» anestetika maju premenlivy a konfuzny ucinok:na
kanaly/receptory (t.j. anestetika by mohli potencovat’
excitacneé kanaly a / alebo inhibovat’ inhibicné kanaly)

» mnohée lieky sa viazu na kanaly/receptory ale nesp6sobuju
anesteziu
» anestetika ucinkuju vo vnutri dendritov aj cestou

metabotrobnych receptorov — (glutamat, GABA;
receptory) a ovplyvnuju cytoplazmatické proteiny.



Here are descriptions.of some of the most important
brainstem nucleil involvedin the wakefulness system.
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in Anesthesiology (Hameroff, 2006hb)

points out:

(a) many drugs bind to these channels/receptors but do not
cause anesthesia;

(b) anesthetics have varying and confusing effects on
channels/receptors (e.g.anesthetics may potentiate excitatory
channels and/or inhibit inhibitory channels);



General anaesthetics affect a number of
different neurotransmitter receptors

Chloride lons

Picrotoxin ' - Steroids
) g + anesthesia)
' ) Benzodiazepines

Barbiturate (+ reduce anxiety)

(+ anesthesia)




in Anesthesiology (Hameroff, 2006hb)

points out:

(c) within ligand-gated channels/receptors (and other dendritic
proteins), anaesthetic gases act via quantum London forces in
hydrophobic pockets to inhibit electron resonance and thereby
selectively prevent consciousness; and

(d) anaesthetic gas molecules are chemically inert and do not form
(bio)chemical bonds with protein targets, acting solely through guantum
London forces instead.

Thus, to argue that biochemical explanations account
for anaesthesia Is a non sequitur.




The figure shows a biological membrane. The green molecules are liquid, and the red

are solid. Molecules of anaesthetics\reduce the number of red areas so that the sound
pulse can no longer transport its signal. Thhlerve Is anesthetised. (Credit: Illustration by
Heiko Seeger, PMQO?)




mlektrické oscilacie v mozgu v 25-100 Hz
alebo 30-80 Hz ,,baanh generované
neokortexom a talamom su zodpovedné za percepciu a

vedomie. \
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Dendritickeé proteiny:
miesta ucinku anestetik

> Stadie synaptického prenosu ukazaliyze
anestetika ucinkuju prevazne postsynapticky
v dendritoch- hydrofébne kapsy- (inhibuju gama
synchréniu) s minimalnym vplyvom na akéne
potencialy axénov a na uvolnenie
neurotransmiterovych vesikul.

» Aj ked’ urcité presynapitcke efekty su stale
demonstrované, dentritické membranové proteiny su
previadajucimi primarnymi tercmi anestetickych
plynov (suhlasne so sietami dendritov ako NCC).



Dendritickeé proteiny:
miesta ucinku anestetik

< Studie synaptického prenosu ukazali, ze
anestetika ucinkuju prevazne
postsynapticky v dendritoch- hydrofébne
kapsy- (inhibuju gama synchroniu)

S minimalnym vplyvom na akcne
potencialy axonov a na uvolnenie
neurotransmiterovych vesikul.



Proteiny vedomia a anestézia

» Priblizne 15% nervovych proteino
hydrofobne viastnosti a je to dostatocC
velké mnozstvo pre anesteticku vazbu.

» Hydrofobne kapsy, v ktorych anestetika
ucinkuju treba povazovat’ za NCC, ktoreé
v proteinoch dendritov generuju gama

synchroniu.



Udinok anestetickych plynov a
,neanestetik”“ na hydrofobneapse




Hydrophobicpocket influenced by volatile
anaesthetic molecule

Fig. 4. (A) Schematic of anesthetic (A) in hvdrophobic pocket
retarding electron mobility thus preventing protein conforma-
tional change and quantum coherent superposition. {B) Con-
vulsant molecule (C) in hydrophobic pocket promotes electron
mobility and protein dynamical switching.




Schematic of anaesthetic (A) in hydrophobic pocket retarding
electron mobility thus preventing protein conformational
change and quantum coherent superposition. B. Convulsant
molecule (C) in hydrophobic pocket promotes electron
mobility and protein dynamical switching. Hameroff (2006)



Shématické zvacésSenie axo-dendritove] (neurotransmiter — kruh vlPavo) a
(elektricka Strbina — kruh-vpravo) synaptickej Struktary. Zvaéseny obraz
ukazuje postsynaptické receptory vlfavo v Kruhu a cytoskeletové struktury dendritového
trna v pravom kruhu. Filamenty aktinu vFfavo sa pripajaju na mikrotubuly v tfne dendritu.
V elektrickej synapse je otvoreny golier proteinu konexin. Mikrotubuly cytoskeletu su
vzajomne prepojené proteinmi spojenymi s mikrotubulmi obidvoch dendritov
Y elektricke,| Ssynapse (Hampe roff, 2006)




Calixto Machado
Institute of Neurology an
Havana, Cuba

eurosurgery

,consciousness has two physiol
components: arousal and awarene

As brainstem-diencephalic and cortic
structures interact to generate consciousne
any rigid distinction between their functions,

terms of arousal and awareness, would be
misleading®.



Awareness - Uvedomovanie pocas
anestezie

Anestetické uvedomovanie, tiez zname ako

“*Predstavuje explicitni spomienku pomocou
zmyslove] — senzorickej percepcie pocas

celkove] anestézie.

¢ Anestéziologické uvedomovanie je vynimocné,
ale Incidencia moze sa priblizit’ k 1% vysoko
rizikovych pacientov.

“*Moze sposobit” anxietu a vznik ,postraumatic Stress
disorder.




Priciny intraoperacnéeho uvedomovania

e Su zatial nie moc zname a problém moze byt
multifaktorialny.

e VSeobecné priciny -  ( Awareness “during
anesthesia. Anesthesiology, CMAJ, January 15,
2008)



Priciny intraoperacneho uvedomovania

» 1. neocakavana pacientova Specifiéka variabilita
pozadovanej davky anestetika moze. byt
dosledkom potlacenia expresie alebo “funkeie
cielovych receptorov.

e 2. pacientl nie su schopni tolerovat’" dostatocnu
anestetickli davku ( kardiologicka pri¢ina, alebo
zavazna hypovolémia).



Priciny intraoperacneho uvedomovania

« 3. Cheng et coll. (2008) “zistili geneticku
nedostatocnost’ jedného z inhibi¢ny¢h,receptorov
GABA (receptory, ktoré obsahuyjt alfa 5
subjednotku), ktoré st rezistentné na‘ pamét-
blokujuce latky.

 Takeéto receptorove Struktiry su prevazne V

hippokampe, v oblasti mozgu, ktora je rozhodujuca
pre pamat.



Awareness - Uvedomovanie pocas

anestezie

» Uvedomovana skusenost’ pri chir
zakroku v anestéze vystrasi paciento
na ich implicitnu a explicitnu pamat’ tak

sposobom, ze uvolni pocCas zivota rezidual
emocionalne a psychologické probléemy, a tie
sa prejavia poruchami spanku, nochym deso
uzkost'ou pocas dna.



Awareness - Uvedomovanie pocas
anestezie

moéze byt pre pacienta desivym
zazitkom a moéze spoésobit’
akutnu psychicku traumu.

Moze to mat’ medicinsko-forenzné dosledky.

Eich et. all (2001) predpokiadaju, ze ,recall“
naznacuje zlyhanie anestézie.



Amneéezia

e Je to vygumovanie explicitnej pamitovej stopy
vedomej skusennosti, alebo je to proces, kde sa
predvedomie nepresunie do vedomej skusennosti
(hipokampus).

* lde 0 poruchu deklarativnej pamiti (pamit na
fakty a udalosti).

* Vznika pr1 poskodeni mozgu (traumaticka a
netraumaticka pricina)



Mozog a anestezia

Obecne mozno poskodenie mozgu po celkovej anestézii
klasifikovat’ klinicky do dvoch skupin:

» poskodenie charakterizované
— hemiparéza, triparéza, kvadruparéza,
poskodenie mozgovych nervov, cerebela, stupor
a koma.

» deteriordaciou intelektovych funkcii, zmditenost’ou,
agitovanost’ou, poruchami pamadti, epileptickymi
zdchvatmi bez fokalneho neurologického defektu.




Porucha funkcii CNS po celkovej anestezii
sa prejavi-ako:

1. Delirium, akutna kvalitativna porucha
vedomia s Pahkou alteraciou vigility
(fluktuacia vigility pocas dna).

X (post operative cognitive
dysfunction), dlhsSie trvajuci deficit funkcie
CNS — dokaz mozno stanovit’
neuropsychologickymi testami (redukuje sa
v 3. tyzdni po operacii)



Delirium

»Je kvalitativnha porucha vedomia statou

ktorej je porucha operacnej pamati.

Je obvykle vyvolana exogénnou

a endogéennou intoxikaciou, abstinen
navykovej latky alebo dosledkom difuzn
poskodenia mozgu.



Porucha funkcii CNS po celkovej anestezii
sa prejavi-ako:

3. MCI Pahka
kognitivna porucha (trvala porucha) - vyvojové
Stadium progresivnej demencie

4. Demencia — tazky deficit, vratane deterioracie

emocionality, socialneho spravania (trvaly stav). Je
mozné, ze niektori pacienti s demenciou su

operovani v stave MCI, Co je predstadium
Alzheimerovej choroby.



Anesthesiology 2008; 108:18-30 Copyright © 2007,
the American Society of Anesthesiologists, Inc.
Lippincott Williams & Wilkins, Inc.

Predictors of Cognitive Dysfunction after
Major Noncardiac Surgery
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Sleep disturbance after major surgeryis,
common, and some people assume anesthesia,ls
the cause.

* The * “, the body’s hormonal
and metabolic response to the trauma of surgery, is
guite profound and has an important effect on the
subsequent amount and quality of sleep.

 The bigger the surgery, it seems, the more significant is
the stress response and the accompanying sleep
disturbance.
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Ako d'alej?

Na internete dna 1. 9. 2010

314,000 - clankov o pouziti
BIS pocas celkove)
anestezie



http://www.ispub.com/ispub/ijnm/volume_3_number_2_33/physical_transmission_of_jet_ventilation_oscillations_to_frontal_registration_positions_for_process_calculated_eeg_parameters_a_clinical_experimental_pilot_study/jet-fig1.jpg

Monitorovanie hibky anestézie
v 20. a zaciatkom 21. storocia.

> BIS Index

» End- tidal koncentracia anestetického
plynu (ETAG concentration)

»Evokované potencialy - EP

» Elektroencefalografia — spektralna
analyza EEG signalu



Best Practice & Research Clinical Armaesthesiclogy ;
Vol 21, Me. 3, pp. 313325, 2007 B E S I
doi:10. 1] &/ bpa. 2007.04.003 ) A
PRACTICE

available online at htep:f www.sciencedirect.com ; . ~
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Monitoring consciousness: the current status
of EEG-based depth of anaesthesia monitors

Logan Voss™ phD

Senior Research Scientist
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Professor of Anaesthesia and Intensive Care
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Monitoring consciousness: the current status
of EEG-based depth of anaesthesia monitors

Logan Voss™ phD
Seniocr Research Scientist
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Figure |. A plot of the bispectral index (BI5) during the course of a night's matural sleep, which shows clear
sleep architecture with pronounced %0 min cycles of slow-wave sleep early in the night (correspending to
low BIS pericds); followed by more stage 2 and rapid eye movement (REM) sleep later in the night (seen
as an increase in the BlS trend).




BIS module

BIS modul poskytuje numericke, graficke, trendove
a vysoko rozlisujuce trendy pre nasledujuce
hodnoty:

» Bispectralny index

>

» Indikator kvality signalu ( filtracia)
>

» EEG morfy

>

» Hrani¢na spektralna frekvencia




\BISalgoﬂ'tmus

Tento algoritmus umoznuje optim
kombinaciu uvedenych rysov EEG
a poskytuje primerané spracovanie E
parametrov a v nich ucinky anestetik
a sedativ na BIS index.




BIS RANGE GUIDELINES
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Flat Line EEG




\SAFE 2 Trial

Safe-2 Tria

02%
\ i b

l '\.‘—.U. uctor mci_dence
of awareness with recall
(Beneral patient population p <.05)

2 cases

Historical Control BIS
n=7826 n= 4945




Uloha a postavenie
anesteziologa

Anesteéziologovia m6zu najlepsie zabranit’

intfraoperacnemu uvedomovaniu pomocou

dobrej informovanosti 0 moznostiach vedomej

snahy zabranit uvedomovaniu.



Opatrnost’ a vedomost’ je pravou
hodnotou anestéziologa.

LINING MADI
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Dakujem
Vam za

Vasu

laskavu

pozornost’



