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,Uspat pacienta
umi kazdy,
ale probudit ho

(4

je umeni.

Prof. Arnold Jirasek
(chirurg, 1887-1960)




Muj pacient se nebudi
— 0 cem to bude?

* definice problému

e probouzeni — tradicni (deterministicky) mechanismus
* pasivni proces
* mytus hyperventilace

* na co myslim a co délam?

* co ode dneska musim vedét:
* probouzeni je aktivni proces
* probouzeni je pravdépodobnostni (stochasticky) p.
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Vedomi — Anestezie — Vedomi

farmakologické koma:

uvod . nevédomi probouzeni
* imobilizace
* amnezie
* antinocicepce

* navrat:

e spontanni dychani (respiracni centra - pons + medula)
 reflex(: polykaci, davivy, kaslaci, slinéni, slzeni (pons, medula, n. IX, X)
 svalovy tonus (bazalni ganglia, tractus reticulospinalis, micha)
e grimasovani (horni pons - n. VIl)
schopnost reagovat na slovni vyzvu (propojeni kmen, thalamus a kura)
otevreni oCi (mesencephalon - n. Ill, retikularni formace)

navrat kognice:
 autobiografickd pamét (jméno, datum narozeni)
e orientace (datum, misto)

pozdéjsi a déletrvajici zotaveni vSech kognitivnich funkci

Brown EN et al.: A Neurologic Examination for Anesthesiologists Assessing Arousal Level
during Induction, Maintenance, and Emergence. Anesthesiology 2019; 130:462-71



Probouzeni — tradicni pohled

pasivni proces

* disledek | koncentrace anestetik
v mozku pod urcity prah

* obvyklé moznosti urychleni
e stimulace (m. trapezius)
 zvysit eliminaci anestetik
* hyperventilace (isokapnicka)
» antidota (GABA, opioid, relaxace aj.)

 aktivace systému bdélosti
(napf. fyzostigmin - ACh, kofein - adenosin)
Vincent KF et al: Current and Developing Approaches

for Facilitating Emergence from General Anesthesia.
Anesthesiology. 2025 Oct 1;143(4):1049-1089
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Probouzeni z inhalacni anestezie
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Effect of mild hypercapnia during the
recovery period on the emergence time

from total intravenous anesthesia: a
randomized controlled trial

Lan Liu", Xiangde Chen'*’, Qingjuan Chen', Xiuyi Lu', Lili Fang',

. 1 .1 . 1 . 3 . 1
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Department of Anesthesiology, ' The Second Affiliated Hospital of Zhejiang University School
Korean J Anesthesiol 2026,78(3):215-223 of Medicine, Hangzhou, *Haiyan People’s Hospital %~ * " “eeons Hospital,
https://doi.org/10.4097/kja.24363 ’
pISSN 2005-6419 * eISSN 2005-7563 4 ,7-5 ,3 kPa
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Methods: Adult patients undergoing .  surethral lithotripsy under TI . were randomly
allocated to normocapnia group (end cidal carbon dioxide [ETCO,] 35-40 mmHg) or
mild hypercapnia group (ETCO, 50-55 mmHg) during the recovery period. The primary
outcome was the extubation time. The spontaneous breathing-onset time, voluntary

Results: In total, 164 patients completed the study. The extubation time was significantly
shorter in the mild hypercapnia (13.9 £ 5.9 min, P = 0.024) than in the normocapnia
group (16.3 = 7.6 min). A similar reduction was observed in spontaneous breathing-onset
time (P = 0.021) and voluntary eye-opening time (P = 0.008). Multiple linear regression

Conclusions: Mild hypercapnia during the recovery period significantly reduces the extu-
bation time after TIVA. Increased ETCO, levels can potentially enhance rapid recovery
from IV anesthesia.




Jak to funguje?

hyperkapnie — vazodilatace — | CVR — 1Cerebral Blood Flow

o — zvyseni srdecni frekvence (HR) a vydeje (CO)
— = rychlejsi eliminace anestetik z mozku
— inhibice laryngealnich reflexi — 1 KV stabilita

Hyperventilace vede vsak prostrednictvim hypokapnie

k nékterym neZddoucim ucinkum, zejména v prokrveni mozku.”
Drabkova J et al.: Zaklady anesteziologie, str. 311, vyd. Avicenum 1981




Neuspokojive probouzeni

(inadequate, aberrant)

* prodlouzené (delayed) buzeni: neschopnost obnovit dostatecnou uroven vedomi
do 30-60 minut po skonceni celkové anestezie

* 2,6 % -9 % pacientu, Castéji seniori, CPB, edém mozku (Trendelenburgova poloha, irigace)
(Bayable 2023, Cascella 2020)

e Cas na PACU, operacnim sale — naklady (1 min = 37 USD, Childers, JAMA Surg 2018)

* delirium pri probouzeni: probouzeni provazené psychomotor. agitovanosti
 delirium: akutni zacatek, porucha pozornosti* a/nebo mysleni, porucha védomi

* dospéli 6 %, déti 50-80 % (Cascella 2020)

* mozna predzvest: pooperacni delirium, opozdeéné neurokognitivni zotaveni,
pooperacni neurokognitivni porucha



Prodlouzené probouzeni
1. rezidualni QEingk anesteziologik — n a CO mysl I’m ?

* farmakokinetika
» preddvkovani absolutni / relativni
* nedostatecna eliminace
» ventilace (hypoxie, hypokapnie, hyperkapnie)
* snizeny metabolismus (porucha jater, hypofunkce stitné zlazy)
e porucha funkce ledvin
* farmakodynamika
* interakce léku (aditivni Ucinek)
» genetické variace (individuadlni citlivost)

2. poruchy vnitrniho prostredi
* hypotermie, hypo-/hyperglykemie, -natremie, hypokalemie, hypermagnezemie, aciddza

3. neurologické priciny
(hypoperfuze, ischemie, trombdza, embolie, krvaceni, edém mozku, NCSE, centralni anticholinerg.

sy, serotonmovy sy, anestezie mozkového kmene u centralnich bIokad poskozem michy aj.)
4. psychiatrické priciny (hypoaktivni delirium, psychogenni koma 45 min — 4 dny)
5. jiné: COPD, hypertenze, sepse, metabolickda onemocnéni (mitochondrie)



Prodlouzené probouzeni
—a co delam?

e ABC vitalnich funkci
* kontrola anest. zaznamu a uzivanych léku (CAS, Ser)

e dif. diagnostika problému a antidota:
e Utlum dychani: opioidy, anestetika
* pooperacni rezidualni kurarizace (PORC)
» fyzostigmin, kofein, syntofylin, flumazenil

e kontrola vnitrniho prostredi
* neni-li problém, pak uvazit neurologické priciny - CT

VI e

* uvazit dalsi priciny

Cascella M: Delayed Emergence from Anesthesia: What We Know and How We Act
Local and Regional Anesthesia 2020: 13:195-206
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Probouzeni z anestezie — aktivni proces

* neni opakem uvodul!

e zapojuji se dalsi okruhy (i ty neucastnici se uvodu do anestezie)
e orexinova jadra v lat. a post. hypothalamu (chemoreceptory, inhib. inzul.)

Kelz M: An essential role for orexins in emergence from general anesthesia. PNAS 2008;105(4):1309-14

* nucleus parabrachialis v dorzolateralnim pontu (glutamat- i GABAergni):

prepojovaci jadro nocicepci a varovani!
Li J et al.: Involvement of the parabrachial nucleus in emergence
from general anesthesia. Front Neurosci. 2024 Dec 11;18:1500353

* locus coeruleus — startér védomi (horni pons)

Sleigh J: Finding the starter motor for the engine of consciousness.
Brit J Anesth 2019 Sep;123(3):259-261

 zona parafacialis v prodlouzené mise

regulace védomi, spanku, dychani
Luo L et al.: The GABAergic Parafacial Zone: Integrating Conscious-
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ness and Respiratory Control in Sevoflurane Anesthesia. doi: 10.1097/ALN.0000000000005735.



Probouzeni z anestezie — aktivni proces

* neni opakem uvodul!

e zapojuji se dalsi okruhy (i ty neucastnici se uvodu do anestezie)
e orexinova jadra v lat. a post. hypothalamu (chemoreceptory, inhib. inz.)

Kelz M: An essential role for orexins in emergence from general anesthesia. PNAS 2008;105(4):1309-14
* nucleus parabrachialis v dorzolateralnim pontu (glutamat- i GABAergnl)

prepOJovaC| Jadro nOC|cepC| a varovani! i
Li J et al.: Involvement of the parabrachial nucleus in emergence
from general anesthesia. Front Neurosci. 2024 Dec 11;18:1500353

* locus coeruleus — startér védomi (horni pons) L

Sleigh J: Finding the starter motor for the engine of consciousness.
Brit J Anesth 2019 Sep;123(3):259-261
 zona parafacialis v prodlouzené mise

regulace védomi, spanku, dychani
Luo L et al.: The GABAergic Parafacial Zone: Integrating Conscious-
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PERIOPERATIVE MEDICINE

The GABAergic Parafacial Zone: Integrating
Consciousness and Respiratory Control in Sevoflurane

Anesthesia

Lug, Linlin MM, Qin, Zaixun M.M."
Deng, Zhimin MM L, Jia MUM.'; Dou, Xuejiao MM
Ph.D.%; ¥u, Tian M.D."¥*: Luo, Tianyuan M.D., Ph.D.™
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Anesthesiology ()10.1097 [ALN.O000000000005735, August 28, 2025, | DOI: 101097 /ALN.00O00000000005735 &)

General anesthesia induces both unconsciousness and respiratory depression, but whether these

effects share a common neural substrate remains unclear, The parafacial zone (PZ), a GABAergic
sleep-promoting region, has been proposed to modulate respiration. This study investigates
whether PZ GABAergic neurons function as a common neural node coordinating anesthetic-
induced unconsciousness and respiratory suppression.

A total of 95 male mice (10-12 weeks) were used. Chemogenetic and optogenetic methods

Results:
Chemogenetic activation of PZ GABAergic neurons enhanced anesthetic

sensitivity. Induction was faster, emergence delayed. Respiratory rate
declined significantly. During anesthesia, brief optogenetic activation of PZ
GABAergic neurons immediately elevated burst suppression ratio and
reduced respiratory rate indicating concurrent modulation of cortical and
respiratory function. Chemogenetic inhibition weakened anesthetic
potency.

Conclusions:

The GABAergic PZ is a shared critical node regulating both respiration and consciousness during
sevoflurane anesthesia; its activation suppresses both, helping explain anesthesia-related

respiratory depression.
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Vedomi — Anestezie — Vedomi

* probuzeni = zména fazového stavu jako napf. var = voda — para

* védomi je metastabilni
= stabilni vac¢i malym, nestabilni vuci velkym zménam

* uroven vedomi fluktuuje

hloubka intenzita
anestezie drazdéni

navzdory stalé koncentraci anestetika a stalé intenzité drazdeéni!

Iy

\W)
1 MAC Unconscious (U)

AT

Conscious (C)

Increasing ElﬂESthEtlE concentration

anestetika meni
vysku bariéry I
meziCa U

Proekt A: A stochastic basis
for neural inertia in emergence

from general anaesthesia.
Brit J Anesth 2018;121(1):86—94




Dusledky metastability vedomi

* neuralni inercie (resistance to state transitions)
= setrvacnost, schopnost odolavat zménam, tj. pacient
se budi pfi nizsi koncentraci, nez pri niz usina

inhalacni anestetika

* hystereze
vystupni hodnota systému zavisi na vstupni hodnotée
a na predchozim stavu = ,pamétovy efekt”

propofol

100

1. Proekt A, Kelz M.: Schrodinger's cat: anaesthetised and not!
BrJ Anaesth. 2018 Mar;120(3):424-428.

2. Sepulveda PO et al.: Neural inertia and differences between loss of and recovery
from consciousness during total intravenous anaesthesia: a narrative review.
Anaesthesia 2019, 74, 801-809
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Probouzeni z anestezie
deterministické, nebo stochastické?

e variabilita probouzeni zna¢na, disledkem farmakokinetickych/-dynamickych rozdil(i
 vysoce inbredni mysi (pribuzenské krizeni), identické > 99,99 %

* citlivost: a 20 mysi, anestezie isofluranem 0,3%, 0,4%, 0,6% (EC.,), 0,7% po 4 hod
ve stejnou dobu dne, vedomi dle vzprimovaciho reflexu, test a 3 min. v poslednich
2 hod. anestezie
* nékteré mysi bezvédomeé priiso 0,6% v 10 % (rezistentni), jiné v 90 % pripadu

(citlivé), rozdily pretrvavaly v radu tydnti

* emergence time: isofluran 0,9% = EC,4, 3x20 mysi, 2 hod, ve stejnou dobu dne,
latence do vzprimovaciho reflexu, 10x opakovano
* jenze rozdily v dobé probuzeni stonasobné (9-1 387 s), nesouvisely s ruznou citlivosti

jEant“VCU anis OPakovamm anestezie! Proekt A et al.: A probabilistic model of behavioural

emergence from general anaesthesia in mice.

e samice se obecné budily rychleji (21-951 s) Brit ) Anaesth 2025;135(1):121-133




% Probouzeni z anestezie je stochasticke!

v'variabilita probouzeni znac¢n4, tradi¢né disledkem PK/PD rozdild

v'predpoklad: hlubsi anestezie by méla vést k prodlouzenému buzeni

* jenze: pacienti s burst suppression (BS) se budi stejné rychle jako pacienti bez BS

 vysvétleni: neuralni inercie = odpor vuci zméné stavu (resistance to state transition)
27 subjektd, isofluran 1,3 MAC 3 hodiny
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Proekt A, Mashour G, Kelz M et al.: Duration of EEG suppression does not predict recovery time or degree
of cognitive impairment after general anaesthesia in human volunteers. Br J Anaesth 2019; 123:206-18



Zaver

v" Probouzeni neni opakem tuvodu

v' Prodlouzené probouzeni
u 2,6-9 % pacientd, tj. relativné casté

v Vylouéit:
v rezidudlni vliv anestetik
v' poruchy vnitfniho prostredi
v’ pamatovat na mozné neurologické priciny - CT

v" Probouzeni je stochastické (nahodné)!




