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Konflikt zajmu

prednaska je honorovana
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Co je low, minimal, metabolic flow?

technika inhalacni anestezie:

e polozavreny systém se zpétnym vdechovanim = 50 %
vydechovaného plynu po absorpci CO, (= 1 - FGF/MV)

- Baum JA, Aitkinhead AR: Low-flow anaesthesia.
Jan A. Baum Anaesthesia 1995;50(suppl.): 37-44

* absorpce CO,

* polootevreny: FGF > 2-3 x MV, > 6l/min * minimalni metabolismus:

* polozavieny: uptake < FGF < MV, 0,5-6 |/min e jsofluran 0,2 % davky

* zavreny: FGF =VO, + uptake + no leak e sevofluran 2-5 % davky
* nekvantitativni = konstantni objem plynu e desfluran 0,02 % davky

e kvantitativni = konstantni objem, slozeni * recyklace (CONTRAfluran AGCS)




Co je low, minimal, metabolic flow?

* polouzavreny systém se zpétnym vdechovanim 2 50 %
vydechovaného plynu po absorpci CO, (= 1 - FGF/MV)

Jan A. Baum

Baum JA, Aitkinhead AR: Low-flow anaesthesia.
Anaesthesia 1995;50(suppl.): 37-44

* Baker (modifikace dle Simionescu):

mira zpétného vdechovani:

low-flow:
=1-1000/(10x500) = 0,8 =80 %

* very high flow >4 |/min e minimal-flow:

* high flow 2-4 1/min =1- 500/(10x500) = 0,9 = 90 %
* medium flow 1-2 |/min

* low flow 500-1000 ml/min (F. Foldes 1952)

* minimal flow 250-500 ml/min (R. Virtue 1974)

* metabolic flow = VO, = 250 ml/min + uptake = 300-350 ml/min

Baxter AD: Low and minimal flow inhalational anaesthesia.

Can J Anaesth 1997;44(6):643-653




Metabolic flow

= spotreba O, ~= 300 ml + uptake + no leak

vypocet podle Brodyho: VO, = 10 x hmotnost*/* @

vedecké kalkulacky, Excel

napf. 84 kg: 10 x 8434 = 277,5 ml/min

vypocet podle MET:

1 MET (spotreba O, vsedé, v klidu) = 3,5 ml/kg/min

napf. 84 kg: 3,5 x 84 = 294 ml/min

evVvvV/

VO, v anestezii muze byt asi 0 10-20 % nizsi
umela plicni ventilace, svalova relaxace, nizsi teplota

uptake: V,\ = f x MAC x ag/; x Q x t¥/2 [ml/min]
f x MAC = pozadovana koncentrace, obv. 0,8 MAC,

UB/G rozdélovaci koeficient, Q = srdecCni vydej, t = Cas

https://www.draeger.com/Library/Content/low-minimal-flow-anaesthesie-bk-9067990.pdf

al uptake of volatile anesthetics [mL/min
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Vyhody
low, minimal, metabolic flow anestezie
* ekologicka

* pro pacienta: klimatizace vdechovanych plynu
| ztraty tepla a vody

* pro sal: snizeni poluce (napft. Rtg) Fure [ Uspora s FGF 0,5 proti 3 |/min

45 4

e pro zemékouli: w0 W soflurane

sevoflurane 37.47

 sklenikovy efekt 35 - Bl desflurane
e destrukce ozonové vrstvy u latek s ClI© |30 Isoflurane 250 mL € 32.73
o ’ .5 | Sevoflurane 250 mL €131.92 26.37
22.70
e ekonomicka Desflurane 250 mL € 81.16
20 - 17.69
7 329

16.15

* nizSi spotreba plynu a anestetika | *; oo
. 6.46
410 68 24
—

e vySsi spotreba pohlcovace
* recyklace | oss

0-—_

3 time [min]

https://www.draeger.com/Library/Content/low-minimal-flow-anaesthesie-bk-9067990.pdf



Idealni prikon plynu?

= s nejmensimi naklady

FN Motol

C anister cost Avent cost /

Fresh gas flow
i

) 3115/ 3216

Jan Hendrickx: HOW THE FRACTION OF REBREATHING DEFINES MACHINE, CO2ABSORBENT,
AND AGENT USE EFFICIENCY. Lectures 2015, dostupna na http://www.navat.org



http://www.navat.org/

ProC nepouzivame rutinné?

* nevhodné vybaveni vetsinou jiz mame
* nedostatek znalosti navat.org, youtube, clanky vC. AIM
* strach:

* hypoxie pulzni oxymetrie

* hyperkapnie pohlcovace CO,, analyza plynu

* nedostatecné vyrazeni vedomi pEEG, MAC,,. 0,7-1,0

e akumulace cizich sloucenin a plynu
* slouc. A, etyl, CO, metan, aceton aj.  nehrozi s vyjimkou intoxikace CO

[ &4 V 4 A\ 4 \'4 [ ] o rNv V4 [ [ ll
»LFA (< 1 1/min) lze pouzit témér u vSech pacientl bez zvyseného rizika!
Boldt J: LFA does it have potential pharmacoeconomic consequences? Pharmacoeconomics 2000;17:585-590
Hendrickx JFA: Automated gas control with the Maquet FLOW-i. J. Clin. Monit. Comput. 2016;30:341-346
Colak YZ: Feasibility, safety, and economic consequences of using minimal flow anaesthesia by Maquet FLOW-i equipped
with automated gas control. Sci Rep 2021 Oct 8;11(1):20074. doi: 10.1038/s41598-021-99648-4.



Rucné nebo automaticky?
pristroje pro low-flow/minimal flow

klasicka ,,rucni” technika
e znalost farmakokinetiky

* rucni prace s ovladanim

moderni technika (autopilot): jesté nizsi FGF

* napf. Low/Minimal Flow Wizzard (Drager), Automatic
Gas Control (Gettinge), Navigator (GE), Flow-i
(Maguet), EtControl (GE Aisys) aj.

Minimizing sevoflurane wastage by sensible use of automated
gas control technology in the flow-i workstation: an economic

and ecological assessment  journal of Clinical Monitoring and Computing

Kalmar AF et al. https://doi.org/10.1007/s10877-021-00803-z

Routine clinical practice using what historically 1s called “low flow”
anaesthesia (e.g. 2 L/min FGF) should be abandoned,

and all anaesthesia machines should be upgraded as soon as possible
with automatic delivery technology to minimize atmospheric
pollution with volatile anaesthetics. 27 December 2021




Pouzit, nebo nepouzit N,O?

E 2015

EJA

Ewr J Anaesthesrof 2015; 32:51 7 —520

The current place of nitrous oxide in clinical practice

An expert oprinion-based ftask force consensus statement of the
European Socrety of Anaesthesiology

The European Society of Anaesthesiology task force on the use of nitrous oxide in clinical
anaesthetic practice™

»h0 reason not to use N,O when not specifically contraindicated”




Nepouzivat N,O, neni-li indikace

ES

European Society of Anaesthesiology Task Force on
Nitrous Oxide: a narrative review of its role in clinical

praCtlce Brit J Anaesth 2019;122 (5): 587-604 exaggerated or misplaced. There is good reason to maintain
interest in the contribution of N;0 to general anaesthesia and
itz use as a sedative and analgesic. Rather than jettisoning N;O

entirely, a more rational approach is its targeted use consid-

Sk/en[,kovy plyn, ahest. (Jc\'llnek maly ering its risk/benefit ratio in any given patient, as should be
, . , applied to any drug. We recommend that the supply of N0 in
prOblemy S denltrogenaCI a Uptake NZO /huspita]s be maintained while encouraging its economic use
, , ve. s v vs . . employing modern low flow delivery systems. Future research
Cllene pOUZItI pOdle ,DOIT)EI’U pI’InOS/I’IZIkCI into its potential novel applications in prevention or treatment
of chronic conditions in specific subpopulations should be

EkOHOMiCké pouzltl’ S IOW'flOW pursued in the developing era of precision medicine.




Idealni sekvence nastaveni prikonu

* spotreba anestetika nejvice zalezi na prvnich 15 minutach,

tj. faze nasyceni (wash-in)
uvod do anestezie i. v. anestetikem
* cil: plynuly uvod,

co nejkratsi nasycovaci faze,

bez hemodynamickych problému

a bez ,udoli bez anestezie”

udrzovani anestezie inhalacné sevofluranem

el

prah , probouzeni”

hloubka anestezie

,udoli bez anestezie”




Idealni sekvence nastaveni prikonu

rada riznych doporucenych schémat:

* s promeéenlivym nastavenim * s pevnym nastavenim
prikonu Cerstvych plynu prikonu Cerstvych plyna
a odparovace a odparovace

* prechod na low-flow/min. flow
— podle ¢asu (20, 15, 10 min aj.)

— podle doby ekvilibrace
Fet/Fi=0,8 =MACO,8

— doba do ekvilibrace sevo v mozku +3,3 min
Hendrickx 2016



Modifikovana technika podle Bauma
s promeéenlivym nastavenim

prof. Jan A. Baum  premedikace, i. v. uvod, intubace, Ci laryngealni maska
(+2009) , : N
* nasyceni:110,+ 2| Air + sevo|2,5 % 10-15 min, ¢ci MACO0,8
e vedeni: | 13xMAC=13x2%=2,5% |

— po 10 min. FGF 1 I/min, FiO2 > 0,4, sevo 3 %
— po 15 min. FGF 0,5 I/min, FiO2 > 0,5, sevo 3,5 %
e ukonceni: coasting (,,pristavani, jizda na neutral®)
— V z trvani anestezie v minutach (napf. 60 min. = 7-8 min, 82 = 64)
— po skonceni operace vyplachnout okruh, prevést na spont. vent.

J. A. Baum: Low-flow anesthesia: Theory, practice, technical preconditions,
advantages, and foreign gas accumulation. J Anesth 1999;13:166-174
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Are high fresh gas flow rates necessary during the wash-in

iod i - ia? . .
period in low-flow anesthesia: Kaohsiung J Med Sci.2020;36:834-840.
Mahmut Arslan | Gokce Gisi | Gozen Oksiiz | Hafize Oksiiz | Bora Bilal |
Omer Faruk Boran | Feyza Cahsir

* Drager Primus, propofol + FNT + rocuronium, OTI, remiFNT infuze

desfluran: 18 % + FGF 1 |/min, nebo 6 % + 4 |/min

MAC 0,6-0,8 béhem vykonu

cas do MACO,7: 160 s [135-181] s des 18 % x 288 s [240-500] s des 6 %, P< .001
spotreba: 1. hod 23 ml (21,3-24,8) x 27 ml (26-28) P <0,001

celkova spotreba 34 ml (24.3-45) x 41 ml (34-50) P 0,012

Zavér: FGF 1 L/min vc. obdobi wash-in ,,is safe, effective, and more efficient” nez 4 |/min.



Technika s pevnym nastavenim
plynu a odparovace v tvodu

* 50 pacientu ASA 1-2 20-65 let k laparoskopii

Jan Jakobsson * i.v. Uvod propofol 2,5 mg/kg, remifnt 0,5 ug/kg/min,

Ezrn";igf’ykj'”“' intubace po 3 min. preoxygenace, rocuronium

* nasycovaci faze:
— 0,5 -1/min | FGF (FiO, 0,5)
— sevofluran 6 % (3 x MAC)

— doba do dosazeni 1 MAC s FGF 1 I/min: 6,2 £ 1,3 min
s FGF 0,5 I/min: 15,2 + 2,4 min

Horwitz M, Jakobsson JG: Desflurane and sevoflurane use during low- and minimal-flow
anesthesia at fixed vaporizer settings. Minerva Anestesiol. 2016 Feb;82(2):180-5.



Modifikovana technika s pevnym nastavenim
plynu a odparovace v Uvodu

muz, 71 let, BMI 26,5 k OPCABG 23.9.2016
uvod: Hypnomidate + SFNT + rocuronium, po intubaci

nasyceni: 11! FGF (FiO, 0,5), sevo 8 %, MAC0,8
MAC 40 vék . . —

Zaznam entropie
Prabéh hodnoty MAC bez korekce k véku




Vysledek low-flow/minimal-flow anestezie

uvod s pevnym nastavenim
muz, 71 let, BMI 26,5, OPCABG 3x




Zmeny , hloubky” anestezie

* ,pacient neni ponorka!“ — ,hloubka“? primerenost lepsi

* hypnoticka slozka I v lantinocicepce

stimulacel

e casova konstanta systému (okruh + FRC) dlouha
t=Vs/FGF T1/2=0,693xTt

e dostatek ¢asu: zménit nastaveni odparovace

* nedostatek casu:

inhalacni bolus: sevo 3 MAC =6 % + FGF 4 |/min po 30 s
zvysSit pozadované MAC, odparovac pak otevrit vice
opioid, nebo propofol 10-20 mg



Ukonceni - ,,coasting”

,pristavani, ,jizda na neutral”

pred koncem operace se vypne odparovac, snizi se prikon cerstvych plyna (FGF)
na uzavreny okruh, tj. ustane eliminace anestetika pri 100% zpétném vdechovani,
jeho koncentraci v CNS udrzuje redistribuce v organismu (Hendrickx 2000)

trvani coastingu:

— roste s délkou anestezie (V (min))

— roste s klesajici rozpustnosti inhalacniho anestetika

konec operace:

— FGF 4 |/min, vyplachnout okruh,
FiO, dle potreby




Does Equi-Minimum Alveolar Concentration Value
Ensure Equivalent Analgesic or Hypnotic Potency?

Sevofluran, nebo desfluran? grymmrrrrm—

sevoflurane in 89 patients

* ,KaZzdé anestetikum ma své specifické spektrum ucinku.” I Stimulus: Standard tetanic stimulation

Antkowiak B: How do general anaesthetics work? Naturwissenschaften 2001;88:201-13 Analgesic estimate: Surgical pleth index (SPI)
|m Hypnotic estimate: Bispectral index (BIS)
s

Potassium channels Glutamat
Two Inwardly ‘U’nlta%e Nicotinic Muscarinic ) ) . .
GABA, NMDA pore rectifying gated Glycine Ach Ach  Serotonin AMPA Kainate Poststimulation SPI values
- (mean % SD) at 1.0 MAC spl
Sevoflurane 0 O ° - - Desflurane: 49 + 10
Desflurane J O I Sevoflurane: 64 + 14
Difference: 15 [95% Cl, 10 to 20], P<0.001

@ Maijor potentiation © Minor potentiation ' Major inhibition Minor inhibition © Biphasic No effect

Poststimulation BIS values,
median [interquartile range]

Desflurane: 36 [31 to 41]
Sevoflurane: 41 [38 to 47]
Difference: 6 [95% Cl, 2 to 9], P=0.001

Alkire MT et al.: Consciousness and Anesthesia. Science. 2008; 322(5903): 876—-80
 MAC:sevo2%,des6% B/G: sevo 0,65, des 0,42

Ryu KH et al.: Does Equi-Minimum Alveolar Concentration Value Ensure Equivalent

Analgesic or Hypnotic Potency?: A Comparison between Desflurane and Sevoflurane REETEEEEIR R VIS MEIERIEERTH IS
showed different surgical pleth index and BIS values

AﬂQSthESiOlOgy. 2018 Jun;128(6):1092'1098. dOi: 10.1097/ALN.0000000000002158. under a standardized nociceptive stimulus.

Ryu et al. Does Equi-Minimum Alveolar Concentration Value Ensure

Ryu KH et al.: Desflurane reduces intraoperative remifentanil requirements Equivalent Analgesic or Hypnotic Potency? ANESTHESIOLOGY. June 2018.
more than sevoflurane: comparison using surgical pleth index-guided analgesia. \ \ pﬂg | | | | “g | ( )| ( )( \
Brit J Anaesth 2018 Nov;121(5):1115-1122 I




GE Avance CS2, zapnuté alarmy na monitoru
modifikovana technika dle Horwitz & Jacobsson

SFNT, lido, i. v. propofol, ev. relax, LM nebo OTI, sevo
UPV 10 x 7 ml/kg, 1:2, Peep 5, normoventilace!

FGF 0,5-1 I/min, sevofluran 6-8 %, FiO, 0,4-0,5
alarm FiO, < 0,3, MAC,_,,, alarm Fi__, 3 %

age’ sevo

kontrola PIP, vydechoveé krivky
funkce absorberu: FiCO, < 0,4 kPa
dostatek plynu v systému

hloubka anestezie dle MAC,,, a ev. pEEG
ev. coasting

konec: FGF 4 |/min, prevést na spont. vent.



Tak ?

> 7211=1,7 |/min
108 ml = 15,4 ml/h



... nebo tak?
muz, 30 let, 65 kg

Doba spusténi 16:21
ventilace 7 zari 2022

Spotrebovany plyn 02 204,75 |
Vzduch 456,40 |
N20 0,00 |
Spotreba anestetik Sev 108 ml
Des 0 ml
Enf 0 mi

Y 7211=1,7 |/min
108 ml = 15,4 ml/h

8.9.2022
muz, 33 let, 63 kg
aorto-bifemoralni

bypass
kombin. anestezie

—
=
|
‘\5 5 'l
S0 Lt R ] 4 0,1
Respiice  Vyp.Wyp. @ Anest % Wp.035 |4 Pymy%
14 Bt i Bt
RR /min
s 0,5 0’1“02 28

Compl
mifcmH20 6 ::A:!Af 0 ,2

Doba spusteni  08:24
ventilace 8 1ar20

pofrebovanj plyn 0?2
Vaduch
N20

Spotreba anestetik Sev

De

-1‘1',44 =200 min

53101 } 97,5 |, tj.
7 0,5 I/min

0,001

0 20 ml, tj.

6 ml/hod
0 mi

0 ml
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