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Inhalac¢né anestetika v detskom veku

* Ktoré¢ s najnovsie inhalacné¢ anestetika?

* Aky je klinicky dopad pdsobenia inhala¢nych anestetik?

* Aka je bezpeCnost a pouzitelnost najmodernejSich inhalacnych
anestetik?
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Historia anestézie

* do obdobia ¢terovej anestézie boli dejiny lekarstva plné bolesti a
pacient sa pri zakrokoch Casto dostaval az na hranicu smrti

* v roku 1839, sedem rokov pred objavenim €terovej anestézie prehlasil
cynicky slavny francuzsky chirurg Alfred Velpeau:

,Dosiahnut’ bezbolestnecho operacného zikroku je rozpravkova
predstava a venovat’ sa tejto problematike je zbyto¢na strata Casu. Rez
skalpelom a bolest’ su v chirurgii dva poymy, s ktorymi sa chory
nestretne oddelene a pacient sa s touto skutoCnost'ou nutne musi
zmierit’.*
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Historia anestézie

* otec anestézie - americky zubny lekar William Morton z Carltonu Stat
Massachusetts, ktory 16. 10. 1846 vo vSeobecnej nemocnici v Bostone
zrealizoval verejnu éterovu anestéziu (+ prof. Warren)
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Historia anestézie

* v roku 1772 britsky prirodovedec Joseph Priestley objavil tzv. rajsky
plyn - oxid dusny

* na zaklade pokusov britsky chemik sir Humpry Davy uz v roku 1800
povazoval operacie s pouzitim rajského plynu za mozné

* pri trhani zubov ho pouzil v roku 1845 americky zubny lekar Horace
Wells

* v 20. a30. rokoch 19. storoCia sa vdychovanie rajskeého plynu stalo
dokonca spolo¢enskou zabavou
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Historia anestézie

* 7. 2. 1847 magister chirurgie FrantiSek Opitz realizoval anestéziu pri
extrakcii zubu v prazske; nemocnici Na FrantiSku (zrealizoval 186
operacii - 160 bolo extrakcii zubov)

* Opitzovo prvenstvo vsSak bolo spochybnen¢, v jeseni roku 2003 -
anesteziolog MUDr. Jakub VeteSnik, Clen komisie pre historicke obory
Ceské spole¢nosti anesteziologie, resuscitace a intenzivni mediciny,
zistil, ze uz 4. 2. 1847 - operoval v brnenskej vSeobecnej nemocnici
s éterovou anestéziou Dr. Gottinger Annu Dlouhou (za 3 minuty jej
amputoval HK)
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Historia anestézie

* Olomouc — €terova anestézia — 7. 2. 1847 na zdravych dobrovolnikoch a
na pacientovi, ktory bol nasledne operovany

* 8. 2. 1847 dorazil ,,zvIaStni nastroj k tomu ucelu urceny* - podl'a doktora
VeteSnika asi primitivna tvarova maska

* vlastna operacia prebehla 9. 2. 1847 za asistencie civilnych i vojenskych
lekarov

* anestézia - Dr. Josef Cyril Heller



Historia anestézie

* Chang, C. Y., Goldstein, E., Agarwal, N., & Swan, K. G. (2015). Ether in
the developing world: rethinking an abandoned agent. BMC
anesthesiology, 15, 149. doi:10.1186/s12871-015-0128-3

* WALKER, Isabeau A., et al. Paediatric surgery and anaesthesia in south-
western Uganda: a cross-sectional survey. Bulletin of the World Health

Organization, 2010, 88: 897-906.

of Anesthesia
for Infants and Children
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Idealne inhalac¢né anestetikum

* rychly, komfortny uvod, rychle prebudenie
* rychla ovladatelnost hibky anestézie

* analgézia

* minimalizacia reflexov

* bezpeCnost’




A BRIEF SUMMARY OF INHALATIONAL ANAESTHETICS
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Inhalacna anestézia u deti

* ., The effects of chloroform are more quickly produced and also subside
more quickly in children than adults, owing no doubt to the quicker
breathing and circulation.* John Snow (1813 — 1858)

* farmakokineticke a farmakodynamickée zvlastnosti anestetik u deti

* distribucia, eliminacia liekov, zvySena priepusnost’ hematoencefalicke;
bariery, nezrelost’ cielovych organov, velky podiel ECT, maly objem
svalového a tukového tkaniva



Inhalacna anestézia u deti

* vyvojova rovnovaha biochemickych parametrov (rozdiely v hodnote
celkovych bielkovin, albuminu, cholesterolu, celkovej telesnej vody)
taktiez vplyva na rozpustnost’ anestetika (nizka solubilita je typicka pre
novorodencov)

* uvedené rozdiely vplyvaji na rychlost’ nastupu ucinku a taktieZ na
zvyraznenie neZziaducich ucinkov anestetik
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Pomer Rychlejsi wash in

Alveolarna ventilacia:

FRC

Srdcovy vydaj 20 dl/min.-1 50 dI/min.-1 Kratsi ¢as na vytvorenie rovnovahy a

rychlejsi nastup ucinku

Rozpustnost Novorodenci maju nizsiu hodnotu
Tkanivo: krv bielkovin, albuminu, cholesterolu, viac
celkovej telesnej vody

Celkové bielkoviny 50glL-1 70glL-1 NizSia hodnota proteinov, vyssia
hodnota volnej frakcie anestetika

Albumin 30glL-1 37gl-1 NiZSia hodnota proteinov, vyssia
hodnota volnej frakcie anestetika

Cholesterol 1,3glL-1 2,09glL-1 Nizsi cholesterol, nizsia solubilita,
zvySena volna frakcia

TBW 689 g kg-1 605 g kg-1 Vacsia diltcia



Inhala¢né anestetika

* mnoh¢ anestetikd maji zvacSa negativny vplyv na obehovy systém
(1. priame ovplyvnenie srdca a jeho funkcii, 2. vplyv na cievny tonus) ~
od davky

* negativne inotropny efekt sa u novorodencov znasobuje aj s nizSou
kontraktilitou myokardu (nizsi poCet kontraktilnych elementov
v novorodeneckom myokarde alebo rozdiely vo funkénom vyzrievani
sarkoplazmatickeho retikula a kalciovych kanalov)

* kontraktilita novorodeneckeho myokardu je citlivejSia na inhalacéne
anestetikd v porovnani s dospelymi

* vazodilatacny efekt inhalacnych anestetik
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Koeficient krv/plyn:
Novorodenec
Dieta 3 - 7 ro¢né
Dospely

Iritacia pri tvode maskou

Depresia dychania
Depresia myokardu

Jednorazovy pulzovy objem

Tachykardia

Komorové arytmie
Prekrvenie mozgu

Metabolizovanie

Uvolnenie fluoridu

1,2
1,3
1,5

vyskytuje sa

ano

ano
konstantny
ano
zriedkavo
malo zvySené

<1%

nevyznamné

0,7
0,6

zriedkava

ano

ano

klesa

nie

zriedkavo
malo zvySené

3,3%

ano

0,4

relativne ¢asta

ano

ano

klesa

ano

zriedkavo

0,02%

nie



Isoflurane

* syntetizovany ako Strukturalny izomér fluorovanc¢ho éteru enfluranu v
roku 1965

* zavedenie do klinickej praxe 1984

* silna drazdiva vona, nie je vhodny na tvod do celkovej anestézie

* rychlejsia eliminécia v porovnani s halotanom

* koeficient krv/plyn 1,46 — stredne rozpustn¢ anestetikum (halotan 2,54)

* v anestezil izofluranom mozog lepSie toleruje hypoxiu

* nesenzibilizuje myokard na katecholaminy

* bez hepatotoxickych, nefrotoxickych, teratogénnych a karcinogénnych
ucinkov

* CAVE!



Studie - mozog a anestetika

IKONOMIDOU, Ch., et al. Blockade of NMDA receptors and apoptotic
neurodegeneration in the developing brain. Science, 1999, 283.5398: 70-
74.

* blokdda NMDA receptorov spdsobuje rozsiahlu neuroapoptéozu v
nezrelom mozgu mysi v obdobi synaptogenézy

JEVTOVIC — TODOROVIC, V., et al. Early exposure to common
anesthetic agents causes widespread neurodegeneration in the developing

rat brain and persistent learning deficits. The Journal of Neuroscience,
February 1, 2003, 23(3):876 — 882.

* proapoptoticky vplyv anestetik (midazolam, izofluran, N20O) v r6znych
oblastiach mozgu mysi
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Triple anesthetic cocktail induces apoptotic neurodegeneration. a=l are light micrographic
scenes from various brain regions of either a control rat (a,f, h, j) or a rat exposed to the triple
anesthetic cocktail (b-e.q, i, k).
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Vesna Jevitovic- Todorovic at al. J. Neurossi. 2003,21:878-
EBZ
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Isofluran?
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Isofurans Dwying newrons

Propadol

Creeley et al., Br J Anaesth 2013, Brambrink et al., Anaesthesiology 2010



Sevoflurane

* nedrazdivé inhala¢né anestetikum

* halogénovany éter so siedmymi atbmami fluéru

* prvykrat opisany v roku 1975, zavedenie do praxe r. 1992

* slaborozpustn¢ anestetikum, koeficient rozpustnosti 0,63 — 0,69
* mierny vazodilataCny uc¢inok

* potencuje vplyv kurarimetik, s moznost'ou znizenia davkovania o 30 —
50%

* v CNS mierny vazodilata¢ny vplyv, bez ovplyvnenia autoregulacie

* uvod do celkovej anestézie






Sevoflurane =

* CRAWFORD, Mark W., et al. Extent and localization of changes in upper airway caliber with varying concentrations of
sevoflurane in children. Anesthesiology: The Journal of the American Society of Anesthesiologists, 2006, 105.6: 1147-
1152.




Sevoflurane

* IQBAL, Tooba, et al. Haemodynamics During Induction with Sevoflurane Versus Propofol Using
Laryngeal Mask Airways in Forearm Orthopaedic Surgeries in Older Children. Journal of Rawalpindi
Medical College, 2018, 27-30.

Conclusion. Sevoflurane provides better hemodynamic stability compared to propofol during anesthetic
induction in children undergoing orthopedic surgeries.




Sevoflurane + Xenon?

DEVROE, Sarah, et al. The effect of xenon-augmented sevoflurane anesthesia on intraoperative
hemodynamics and early postoperative neurocognitive function in children undergoing cardiac
catheterization: A randomized controlled pilot trial. Pediatric Anesthesia, 2018, 28.8: 726-738.

*Conclusion. In this pilot trial, xenon-augmented sevoflurane anesthesia in school-aged children was
feasible, and associated with decreased ephedrine requirements. All children exposed to anesthesia showed
impaired neurocognitive performance in the immediate postoperative period when compared to control
children; however, without significant differences between both treatment groups.

DEVROE, Sarah, et al. Xenon as an adjuvant to sevoflurane anesthesia in children younger than 4 years of
age, undergoing interventional or diagnostic cardiac catheterization: A randomized controlled clinical
trial. Pediatric Anesthesia, 2017,27.12: 1210-1219.

*Conclusion. Our observations suggest that combining xenon with sevoflurane in preschool children is
safe, feasible, and facilitates hemodynamic management. Larger and adequately powered clinical trials are
warranted to investigate the impact of xenon on short- and long-term outcomes in pediatric anesthesia.



Sevoflurane - ED

DRISCOLL, Jeremy N., et al. Comparing incidence of emergence delirium between sevoflurane and
desflurane in children following routine otolaryngology procedures. Minerva anestesiologica, 2017, 83.4:
383.

Conclusion. In conclusion, the use of desflurane for maintenance of anesthesia did not significantly affect
the incidence or duration of ED when compared to sevoflurane. However, desflurane did not demonstrate
any increase in adverse events, which may support its routine use in this patient population.
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Sevoflurane

* LOCATELLI, Bruno G., et al. Emergence delirium in children: a comparison of sevoflurane and
desflurane anesthesia using the Paediatric Anesthesia Emergence Delirium scale. Pediatric Anesthesia,
2013, 23.4: 301-308.

Conclusion: Sevoflurane and desflurane anaesthesia were associated with similar incidences of ED in
children undergoing sub-umbilical surgery and receiving effective regional anesthesia. High scores on
the first three items of the PAED scale were highly correlated with ED. The items restlessness and
inconsolability had lower sensitivity for the diagnosis of ED.

* SETHI, Sameer, et al. Postoperative emergence delirium in pediatric patients undergoing cataract
surgery—a comparison of desflurane and sevoflurane. Pediatric Anesthesia, 2013, 23.12: 1131-1137.

Conclusion. Emergence delirium (ED) after desflurane and sevoflurane anaesthesia was comparable using
a validated PAED scale in pediatric cataract surgery. There was no correlation between preoperative
anxiety and ED in these children; however, children with higher pain scores were more likely to have a
higher ED.
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Sevoflurane?

\.’::-_, R, - & L
ko ) S gt I A » : 1"»" I o
\ oS e PR -- '
154578 el @ .
8 Gl A3 r',-*(" '
Feg =l ) . '.-'L i ,.ﬁﬁ_ ";z; |
' m i ﬂ e = '*-:?'.
| 4 e i F‘hi
i el @ , " , fé
: e, AT I
SR e ) P e
B A e L L
Sl e /

Sevoflurane

Lunardi et al., Neurotox. Res 2010 Briner et al, Anesthesiology 2010
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Desfluran

* rychly tvod, ovladanie hibky anestézie, eliminacia a prebudenie bez
ohl'adu na dlZku anestézie

* najnizSie rozdelovacie koeficienty, najpresnejSia kontrola koncentracie
anestetika

* najnizsi podiel metabolizacie = najnizsia toxicita pri jeho pouZiti
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Desfluran - nevyhody

* potreba vyssej koncentracie pri niZSej potencii

MAC (%) Sevofluran

Novorodenec 1,6 3,3 9,2
1-6 mesiacov 1,87 3,1 9,4
0,5-1rok 1,8 2,7 9,9
1- 12 rokov 1,6 2,55 8,0-8,7

dospely 1,15 1,71 6,0
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Desfluran

* MAC u deti je nizSia v novorodeneckom veku (9,2%), s postupnym
vzostupom pocas dojcenského veku - 9.9% (6 az 12 mesiacov)

* MAC nasledne postupne s vekom klesa do adolescentného veku

TAYLOR, Robert H.; LERMAN, Jerrold. Minimum alveolar concentration of desflurane and
hemodynamic responses in neonates, infants, and children. Anesthesiology, 1991, 75.6: 975-979.
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Desfluran

* 1 MAC desfluran — cca 30% pokles systolického krvného tlaku u
novorodencov a dojc€iat, u starSich deti cca 20%

TAYLOR, Robert H.; LERMAN, Jerrold. Minimum alveolar concentration of desflurane and hemodynamic responses in
neonates, infants, and children.Anesthesiology, 1991, 75.6: 975-979.
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Desfluran - nevyhody

* prechodna sympatomimeticka aktivita



Desfluran - nevyhody

* zvySuje reaktivitu dychacich ciest, nevhodny na inhala¢ny uvod, Stiplavy
zapach
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Desfluran

* inhala¢ny uvod do celkovej anestézie desfuranom sa u deti neodporaca
(50% incidencia ,,zadrzania* dychania, 40% incidencia laryngospazmu,
apnoe, zvysene¢ slinenie)

TAYLOR, Robert H.; LERMAN, Jerrold. Induction, maintenance and recovery characteristics of
desflurane in infants and children. Canadian journal of anaesthesia, 1992, 39.1: 6-13

* po inhalachom Uvode inym inhalaCnym anestetikom, resp. i.v. Gvode

pokracujeme v inhala¢nej anestézii desfluranom

ZWASS, Maurice S., et al. Induction and Maintenance Characteristics of Anesthesia with Desflurane

and Nitrous Oxide in Infants and Children. The Journal of the American Society of Anesthesiologists,
1992, 76.3: 373-378.



Desfluran — sytenie anestetika

Technika ,,low flow*
FGF = 3...1 L/min. O2/vzduch, odparova¢ nastaveny na 8...10%

nasledne: ked Insp. Des = 7% a Exp. Des. = 6% zniZenie alebo
ponechanie Desfluranu na 8 %

doba nasycovania: 5 — 7 min.



210kg  7-Jin-2017
-i 100¢cm  12:26




Destluran u deti (L5 a9

* neurotoxicita??

* KODAMA, Mitsuyoshi, et al. Neonatal desflurane exposure induces more robust
neuroapoptosis than do isoflurane and sevoflurane and impairs working memory.
The Journal of the American Society of Anesthesiologists, 2011, 115.5: 979-991.

* ZHANG, Yiying, et al. Anesthetics isoflurane and desflurane differently affect

mitochondrial function, learning, and memory. Annals of neurology, 2012, 71.5:
687-698.

* LIN, Erica P.; SORIANO, Sulpicio G.; LOEPKE, Andreas W. Anesthetic
neurotoxicity. Anesthesiology clinics, 2014, 32.1: 133-155.

* HAUSER, Neil; LEVIN, Andrew 1. Anaesthesia associated developmental
neurotoxicity (AADN) 2015: review article. Southern African Journal of
Anaesthesia and Analgesia, 2016, 22.1: 10-18.

* WANG, Cheng, et al. Anesthetic Drug-Induced Neurotoxicity and Compromised
Neural Stem Cell Proliferation. Journal of Drug and Alcohol Research, 2015, 4:
al-8.
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~  Posobenie anestetik na detsky
organizmus

* zavery dostupnych Studii — cca 300 stadii

* opatrnost’ pri aplikacii vysledkov zvieracich §tadii na deti, preklinické
udaje nemoOzu preukazat ani vyvratit neurodegeneracny vplyv
anestetik (rozdiely!!!)

* napriek podozreniu na toxicky vplyv anestetik u najmenSich deti, -

pouzitie anestézie je v  mnohych pripadoch absolutnou
nevyhnutnost'ou ~ bolest’

* rozdielne monitorovanie, vplyv chirurgického vykonu u deti,
pridruzené diagnozy, vplyv okolia, stimulujtice faktory, vyvoj mozgu



Inhalacéné anestetika - ano

* Pahka riaditel'nost’ anestézie
* uvod do celkovej anestézie (Sevoflurane)
* Desflurane — obezita deti, dlh¢ vykony

Inhalacné anestetika - nie

* diagnozy spojen¢ s MH

* neuromuskularne ochorenia — hypermetabolicky syndrom
* Desfluran — alergie, polindza, astma

* neuromonitoring (MEP, SSEP)
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Anestézia buducnosti?
Xenon

plyn bez farby, chuti a zdpachu, nedrazdi dychacie cesty, dobre
tolerovany pri inhalaénom uvode

nizky koeficient rozpustnosti krv/plyn, tuk/voda s rychlym nastupom
ucinku a rychlym odoznenim

analgézia, anestézia, svalova relaxacia (MAC = 60-70%)

moze sposobit’ depresiu dychania az apnoe, hlavne pri koncentraciach
nad 70% - KVS- stabilny, kardioprotektivita pri ECC

CNS — zvySuje prietok krvi mozgom, ale ma zaroven neuroprotektivny
ucinok

nemetabolizuje sa a kompletne sa rychlo vylucuje pl'aicami



p—

S

USTAV
DETSKYCH
CHOROB

Z.aver

* vyber najvhodnejSej anestézie pre dany operacny vykon
* skliseny anesteziolog
* dostatoCne vybaven¢ pracovisko

* bezpeCnost’ dietat’a



Dakujem za pozornost’
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