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Zaklady anestézie

Spanok

(BIS)

Spokojny:
pacient
operatér
anesteziolog

Relaxacia Analgézia

(Relaxometria) (Krvny tlak, pulzova frekvencia)




Kurare

* Prirodzena latka

e Vyskyt (juind amerika):

- rastliny (Chondrodendron tomentosum, ‘
Strychnos toxifera) i, o 0L
- zaby (Phyllobates terribilis)




Okienko do historie 1,2

* Pietro Martire d'Angiera: 1. eurdpan, €S
Co sa stretol s touto latkou. /"k

e Sir Walter Raleigh: prvy eurépan, ktory doniesol
na stary kontinent jej vzorku.

 1857: Claude Bernard publikuje experimenty s
kurare, jedna z prvych vedeckych studii vo
farmakologu

https://www.nvbg. org/blogs/saence talk/2015/01/curare-from-the-rain-forest-to-the-operating-room/



Okienko do historie 22

e 1942: Griffith a Johnsonova uviedli do klinickej
praxe d-tubokurarin (Intokostrin).

* 40. roky bola dobou, ked sa odporucalo opatrné
podavanie kurarimimetik pri anestézii, aby ich
predavkovanim nedoslo k ochrnutiu dychacieho
svalstva, resp. zastaveniu dychania.

 1957: Bovet ziskal nobelovu cenu za
medicinu (aj za syntetizovanie
suxametonia).




Nervovosvalova platnicka
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https://www.britannica.com/science/acetylcholine-receptor






Neuromuscular Blocking Agents
Warning Label

WARNING:
PARALYZING AGENT

Svalové relaxancia

RESPIRATORY
ARREST

PATIENT MUST
BE VENTILATED

Blokuju nervovosvalovy prevod vzruchu,
cim vyvolavaju relaxaciu kostrového svalstva, hladké
svaly neovplyvnuju.

Pouzivané v kazdodennej praxi.

Musime mat pomocky na priechodnost DC a UPV.

Do 50. rokov 20. storocCia namiesto nich pouzivané
prehlbovanie anestézie s neziaducou depresiou
kardiovaskularneho a respiracného systému.




Svaloveé relaxancia

. Classification- Chemist
Rozdelenie: =

.
| dePOIariZUjUCE, kt. VYVO|avaju Atracurium

predlZzenu depolarizaciu e =
n e rVOVO Sva I Ovej p | a t n i é ky z\t;:;u(r;;‘ooz) rapacuronium...historical interest

Gantacurium

H ! T ——— < Others-
( Su kC | ny I C h (0) I IN ) . e chlorofumarates
e

= nedepolarizujuce, kt. brania depolarizacii
nervovosvalovej platnicky.

dizka Gcinku:
- kratkodobé: mivakurium

- intermediarne: vekuronium, rokuronium
- dlhodobé: pankurénium

https://www.slideshare.net/jagadishjena9/neuromuscular-blocking-agents-64994888



Relaxancia v klinickej praxi

Vyhody Rizika
* lepsi pristup do * pooperacna rezidualna
operacného pola kurarizacia ako nezavisly
faktor rozvoja plucnych
komplikacii

* sprehladnenie pomerov pri
endotracheélnej intubacii  * alergicke reakcie

(bez nich az u 40% AR
pacientov zlé podmienky) | ,.
oeVVe (] A
* nizsia potreba prehlbovania
celkovej anestézie A B

A

ﬂ‘ j‘.;ﬁ‘_ _— LA -

Lundstrgm, L.H. et al.: Effects of avoidance or use of neuromuscular blocking agents on outcomes in tracheal intubation: a
Cochrane systematic review. In: British Journal of Anaesthesia, ro¢.120, 2018, ¢. 6, s. 1381-1393.

a znizenie spotreby liekov

B



Relaxancia a intenzivha medicina

* ,Znehybnenie” pacienta, potlacenie kicovej aktivity pri
status epilepticus. (Raritne v pripade spazmov pri tetane).

* Svalové relaxancia zlepsuju ukazovatele umelej plucnej
ventilacie, ak seddcia a analgézia nepostacuje (tazké ARDS).
znizenie spotreby O, u tazko hypoxemickych pacientov.

Now | K hy +hey cd I i+ I\,\J’
* Bezpecny transport a na ziskanie kvalitnych \
vysledkov zobrazovacich technik §
(napr. CT, MRI). o el G
* Prisne obmedzené na nevyhnutné situacie. )
S,
Murray MJ et al: Clinical practice guidelines for sustained neuromuscular blockade in the adult o g"-;\ ‘:g

critically ill patient. Crit Care Med 2002, 30, 1, 142-156. e J;* ~ '-\__ ‘} =N



Alergicke reakcie

Hypnotika Ostatné
2,9%
3,7% d i A . .r
Latex Reg‘;;c'a Rozdelenie alergii
12,1% £70 na svalové relaxancia

Opioidy

Vecuronium

1,4%
Antibiotika G Rocuronium
8,0% Pancuronium [_ 29.2%
6,0%
Koloidy Mivacurium
2,7% 2l
Atracurium_/
21,1%
j \_Sukcinylcholin
. . Cisatracurium 23,2%
Incidencia: 1:5 000 to 1:10 000 0.3% i

Mertes, PM. — Laxenaire, MC.: Allergic reactions occuring during anaesthsia. In: European Journal of Anaesthesiology,

roc. 19, 2002, ¢. 4, s. 240-262.
Barash, PG. — Cullen, BF. — Stoelting, RK. et al.: Chapter 20, Neurosmuscular Blocking Agents. In: Clinical Anesthesia.

7th Edition, Lippincott, Williams and Wilkins, 2013. Electronic version.



Pouzivanie svalovych relaxancii v presovskej

nemocnhici
ﬂ Pocet relaxovanych pacientov
2011 12817 5989 46,7
2012 13181 6201 47
2013 13565 6162 45,4
2014 13708 6 638 48,4

2015 13947 6 667 47,8



Current Anaesthesia and Critical Care (1996) 7, 289-1594
£ 1996 Pearson Professional Lid

Focus on: Controversies in anaesthesia

136/emermed-2012-201100.4

as effective as
ilitating laryngoscopy during
ition?

Is suxamethonium now obsolete?

Masui, 2008 Jul,57(7).850-8.

tablish whether rocuronium is as effiective as

opy during rapid sequence intubation (RSI1). A total of
1 search, of which seven representad the best

1. The author, date and country of publication, patient
omes, results and study weaknesses of these best

m line is that rocuronium is as effective as

opy during RSI.

R. P. Mahajan [Does rocuronium displace the position of suxamethonium?].

[Article in Japanese]
Sasakawa T', Iwasaki H.

Introduction g Author information

Since its introduci Abstract

and by Scurr, Bor )

suxamethonium 1 A full stomach patient oft
useful, and yet c IS the most common musi
thesia' It has an effects as a result of its
plications and son conditions similar to suxa
non-depolanizing  roeyronium in a large me

ned the place of . .
ened the place of v o0 o ninm and reverse |
of the anaesthetis

of suxamethonium in modern anaesthetic pri
addressing the following:

® Mechanism of action of suxamethonium

® Assoctated complications

® Specific clinical indications for suxameth
modern anaesthesia

® Newer neuromuscular blockers

Sultan Qaboos Univ Med J. 2011 Mow; 11({4); 524-526.
Published cnline 2011 Oct 25.

PMCID: PMC3206760

Is it not the time to stop the use of Scoline® (suxamethonium chloride)
for rapid sequence intubation?

Sangeet Narang

Author information » Article notes » Copyright and License information =

Sir.
In 1992 the USA Food and Dmug Admmistration (FDA) 1ssued a warning in the Scoline® (suxamethonium

chloride, GlaxoSmithi line, USA) package insert after receiving reports of intractable cardiac arrests_ 1 It
stated: “Simce there mav be no signs or symptoms to alert the practitioner as to which patients are at sk, it 1s

ramrmsrT atdard hat tha 11ee af cneriairlclialisne 91 claldese chanld be secam-ad Fae aamaraada et ifinhatioe o



Indikacie pouzitia

e trachealna intubacia pacientov:

— srizikom aspiracie (RSI)

— s predpokladom obtiaznej intubacie

— neplanovana pri akutnej obstrukcii dychacich ciest a nutnosti
svalovej ralaxacie

e laryngospazmus, bronchoskopia, elektrokonvulzivna liecba

e podavanie suxametonia sa neodporuca pacientom podstupujucim
planovany vykon s nizkym rizikom aspiracie, kde nepredpokladame
tazké zabezpecenie dychacich ciest

e odporuca sa davka suxametonia 0,5 — 0,6 mg/kg i.v., ktora je

povazovana za bezpecnejsiu z pohladu kratsej doby obnovenia
spontdnnej ventilacie v porovnani s davkou 1 mg/kg

Naguib, M. et al: Optimal Dose of Succinylcholine Revisited. In: Anesthesiology, roc. 99, 2003, ¢. 5, s. 1045-9.



Kontinualna infuzia SCH

Uvadza sa ako mozny postup:

-odporucania FDA

-vyucbové internetové portdly (medscape)
-pribalové letaky
-odborné ucebnice (Miller 2009)

Total Infusion Time
of Phase | block

Sample Total Infusion Time of i Infusion Rate of Incidence of | Incidence that the Time of recovery
Studies P - : i (min) _ Succinylcholine Phase Il | from Phase Il block is comparable to
Number Succinylcholine (min) | Total Infusion Time ka/mi Block that from Ph | block
of Phase Il block (ug/kg/min) oc at from Phase | bloc
(min)
111 +/- 9* (86 — 34
Ramsey's [14] 187 +/- 15 155) 86 +/-5 o
(1980) 32 (86 - 365) 187 +1- 15 *(87 (32-175) o °0%
— 365)
Brandom's [15] EE1+-70 886 +/-104 316
(1989) 16 (14 -111) N/A (40 — 165) (3 out of 16) N/A
Chen'’s [16] 15 50.74 +/- 18.06 4850 +/- 8.08 835+-214 113 100%
(1993) (28 - 93) 51.86 +/- 29.87 {45 — 117) (5 out of 15)
MASSACHUSETTS

GENERAL HOSPITAL

wexor PARTNERS HARVARD MEDICAL SCHOOL
TEACHING HOSPITAL “v

www.drugs.com/pro/anectine.html (FDA)
http://reference.medscape.com/drug/anectine-quelicin-succinylcholine-343102
https://www.adc.sk/databazy/produkty/spc/suxamethonium-chlorid-vuab-100-mg 779501.html
http://www.medsafe.govt.nz/Profs/datasheet/s/SuxamethoniumChlorideinj.pdf

Li, G. — Wang, J.: Residual Muscle Weakness after Succinylcholine Infusion: Clinical Presentation, Diagnosis and Treatment.

In: Austin Journal of Anesthesia and Analgesia, ro€. 2, 2014, ¢. 4, : 1022.



Dualna blokada

Depolarizing Block

[ VZ n i ka’ p rl o pa k‘ b ing Nondepolarizing

Block Phase | Phase Il
7 7
p O d ava n | S C H . Train-of-four Fade Constant but Fade
diminished
TOF-R = TOF-R = TOF-R = TOF-R =
1.0 0.4 1.0 0.4
[ ] V 4
* kontinualne, nc | ||

depolarizaciu st

Double burst Fade No fade Fade

intaktnou, svala
pretrvava ako | ‘ | | ‘ ‘ ‘ |
relaxanciach.
Postte?ar_}ic « PTC= Present Absent Present
potennatlon = *

PTC=3 |

|1

>6 PTC=3

IN

*

°* Mma charakteristl |_I

L]

http://basicmedicalkey.com/skeletal-muscle-relaxants



Dualna blokada - riesenie

* najdblezitejsie je jej rozpoznanie S g | S

* cerstva zmrazena plazma, UPV, dekurarizacia (nie vzdy
ucinna, ak sa da skor ako je SCH zmetabolizované—>
predlzenie blokady)

e 20 minut po ukonceni infuzie by malo byt podanie
anticholinesteraz ucinné

,,,,,,
a
uuuuuuuuuuuuuuuuuuu

 ak TOF pod 0,4 taktiez mozna antagonizacia

Miller, RD. - Eriksson, LI. - Fleisher, LA.: Pharmacology of Muscle Relaxants and Their Antagonists. In: Miller's Anesthesia
7th Edition, Churchill Livingstone, 2009. Electronic version.



Nedepolarizujuce SR

Table 1. Pharmacokinetics of Neuromuscular Blockers

Time to Duration of Side
e Vecy " Dosing Peak (min) Action (min) Metabolism Effects C h | 0O
NONDEPOLARIZING
Sa rr Aminosterolds
Pancuranium  0.05-0.1 mg/kg bolus:  2-3 60-100 Renal Tachycardia, hypotension,
0.8-1.7 meg/kg/min and increased cardiac
¢ At ra infusion output 3
h g - Vecuronium 0.08-0.1 mg/kg bolus, 34 20-45 (profonged Hepatic via hydrolysis,  Hemodynamic instability 4
I StC 0.8-1.7 meg/kg/min a5 active melabolite  then bile; metabolites J re n |
. infusion builds up) excreted renally
O b | | ( Rocuronium 0.6-1 makg bolus; 1-2 20-35 for bolus Hepatic; no active A
8-12 mog o/kg/min dose; 60-80 for metabolites
infusion; RSI: 1-1.2 R51 dosa
* Roclt mokg bols
7 Ve Benzylisoquinoliniums
u C I n Afracurivm 0.4-0.5 mg/kg bolus; 3-4 20-35 Hoffmann Seizures associated with
. 5-20 mcg g/kg/min reaction neurotoxic metabolite .
| n t u | infusion (laudanasing), hypotension j | e
(histamine release)
ku k| Catracunum — 0.1-0.2 mgg bolus; -3 30-60 Hoffmann Bronchospasm
3 meg g/kg/min initial reaction
infusion; 1-2 meg ;
g/ka/min maintenance g
infusion Fa
DEPOLARIZING : _,d
Succinylcholine 1 mg'kg bolus; <1 5-10 Plasma Bradycardia, malignant .
infusions rarely used cholinesterase hyperthermia, and
hyperkalemia

roiies meinete; INA: nor applicable: RS- rapid sequence intubation,

Fowrce: References 5-7, 12 25, 31, 32

n






Zavadzanie NMBA do praxe
e 1949 sukcinylcholin vytvoreny dr. Danielom Bovetom
* 1964 uvedené pankurénium

e 1979 vekurdonium v klinickej praxi = = eedensioes T\Iw
y 2\ o //jl
e 1980 atrakurim D 5 A

e 1985 mivakurium
e 1994 rokuronium
e 1995 cisatrakurium

e 2008: do klinickej praxe sa dostava 1. selektivny
viazac NMBA sugammadex (v USA az 2015 16.12.)

https://www.slideshare.net/sureshpdrn/nondepolarizing-muscle-relaxants



Nove svaloveé relaxancia a antagonisti

NEW
DRUGS

* 20 rokov bez nového NMBA v praxi »
e V skusani: ,W,M’
- Derivaty dekametodnia, ktoré obsahuju karboranovu zluceninu

v metylénovom retazci medzi dvoma kvartérnymi amaoniovymi
skupinami.

- Enancioméry gantakurium a tzv. CW002, ktoré su fumaraty
diesteru izochinolinu a kalabidion 1, resp. 2. Ich vyhodou je
ultrarychla reverzia blokady pomocou podavania cysteinu

a minimalne systémové hemodynamické efekty priich
administracii.

e V predklinickych a klinickych studiach su novi antagonisti
aminosteroidov a benzylizochinolinov.

Prabhakar, A. — Kaye, AD. — Wyche, MQ. Et al.: Novel drug development for neuromuscular blockade. In: Journal of
Anaesthesiology Clinical Pharmacology, roc. 32, 2016, ¢. 3, s. 376-378.

Goswami, LN. - Olds, TJ. - Monk, TG. Et al.: Isomeric Carborane Neuromuscular Blocking Agents. In: ChemMedChem, roc.
14,2019, ¢. 11,s.1108-1114.



Idealne kurarimimetikum

Nedepolarizacny * Rychle vyluCovanie z tela
U EW LTSNS * Eliminacia nezavisla na
Rychly nastup rendlnych a hepatdlnych
Kratke trvanie ucinku funkciach

Rychle zotavenie .

Bez aktinych metabolitov
Nekumulativne

Bez vedlajsich
kardiovaskularnych ucinkov
Bez uvolnovania histaminu

 U¢inok l'ahko a rychlo
antagonizovatelny

* Lacné, dlha expiracia,
nenarocné na skladovanie




Typy nervovosvalovych blokov

Depolarizacny blok

Fascikulacie

Bez tetanickej unavy

Nepritomnost
tetanickej facil

Potencovany
anticholinester

Antagonizovan
nedepolarizacr

Potencovany d
depolarizacnyr

MOoze sa vyvint

Depo anzing
block

Non-
depolarizing
block

fh

Nedepolarizacny blok
Nepritomnost fascikulacii
Tetanicka Gnava

] 1
Face

| r"-\.?l'- 2

_— R 11 R

TOF% = 12 % 1009

P

e R
& =

= A%

Stimulus

< TOF Count =3



Pooperacna rezidualna kurarizacia
(PORC)

" Neziaduce pretrvavanie svalovej relaxacie po
ukonceni celkovej anestézie, kedy sa este svalova sila
neobnovi na predoperacnu Uroven

" Prejavy:

» Subjektivne: dychova nudza, svalova slabost,
diplopia z obrny okohybnych svalov,
az horror mortis

» Objektivne: pritomna znizena svalova sila
a znizenie obrannych reflexov dychacich svalov




Incidencia rezidualnej neurosvalovej
blokady (PORC)

Pocet extubovanych testovanych pac
po pouzivani nedepol NMBA: 157 = 100%

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

TOF <70%

TOF 270% a <90%

TOF 290% Extubovani pacienti 5 1% l
e

Firment P, Kovacikova M, 2010

Rocne ohrozenych 80 921 pacientov v SR

Pocet vSetkych anestéziiv SRvr. 2013 337 594 (okrem VN RK a DFN BA)

http://www.nczisk.sk/



NMBA, neuromuscular blocking agent; TOF, train-of-four.

Incidencia rezidualnej nervovosvalovej blokady v literature

Rezidualny blok Incidencia Incidencia
$tudia NMBA Y PORC PORC
(TOF) .

n %
Murphy et al. Rocuronium <0.7 2/34 6
Kim et al. Rocuronium <0.7 35/203 15
MY Rocuronium <0.7 14/39 36
Bevan et al. Vecuronium <0.7 5/57 9
Kim et al. Vecuronium <0.7 70/274 25
Baillard et al. Vecuronium <0.7 239/568 42
MY Vecuronium <0.7 6/38 16
Bevan et al. Atracurium <0.7 2/46 4
MY Atracurium <0.7 23/55 42
Debaene et al. Inte_:rmedlate <0.7 85/526 16

acting agents
Debaene et al. Intgrmedlate <0.9 237/526 45
acting agents

MY Vecuronium <0.9 16/38 42
MY Rocuronium <0.9 25/39 64
MY Atracurium <0.9 36/55 66

Murphy GS et al. Minerva Anestesiol. 2006;72:97-109.



Smrt alebo permanentné Tiret et al.
mozgové poskodenie

Lunn et al.
bronc Cooper et al.
N IV.

Da SIS Arbous et al.
pri dy
Plicne komplikacie Berg et al.

Obstrukcia hornych dychacich  J\{Vds])VA=I3| B

O ne5| ciest, zadvaina hypoxémia (SpO,

p re pl < 90%), alebo respiracné

zlyhanie vyZzadujuce urgentnu
a Z nE trachealnu reintubaciu

Typ komplikacie Referencia Kldcova informacia

Poanesteticka respiracna
depresia je najcastejSou
pricinou smrti pripisovanej
anestézii. Uloha NMBA nembze
byt stanovena pre absenciu
nervovosvalového monitoringu

Zmienka o moznom vztahu
medzi depresiou dychania po
anestézii a nervovosvalovou
blokadou

Vyskyt umrti bol 10-krat
castejsi, ked nebola aplikovand
dekurarizacia

3-nasobné zvysenie vyskytu
atelektaz u pacientov, ktorym
boli podavané dlhodobo
posobiace NMBA, teda s PORC
po anestézii

Nekompletné nervovosvalové
zotavenie je vyznamnym
faktorom podielajucim sa na
rozvoji neziaducich respirac¢nych
prihod na zotavovacej izbe

dual Paralysis after Emergence from Anesthesia. In: Anesthesiology, ro¢. 112, 2010, ¢. 4,



Kritické respiracné komplikacie (CRE)

g o =~
o O O
J

10

Relative Frequency (%)
D
o

spojené s rezidualnou n-m blokadou

NajcastejsSie prihody pozorované na PACU

(N=61)
] 34,4
- I 5
Severe Upper Airway |\/|I|d Hypoxemia  Multiple CREs
Hypoxemia Obstruction
Type of CRE

Murphy GS et al. Anesth Analg. 2008;107:130-137



Faktory ovplyvnujliice neurosvalovu
blokadu

teplota

vek

organove dysfunkcie (pecen a oblicky)
neuromuskularne ochorenia

poruchy ABR a ionové dysbalancie

farmakogenetické faktory

interakcie liekov ﬁgf %éﬁ_{f@o

nnnnnnnnnnnnn




Lieky ovplyviujuce NMBA

Latky zosilnujuce blokadu |antibiotika,
antiestrogénne latky,
dantrolén, furosemid,
inhalacné anestetika,

kalciové blokatory, litium,
lokalne anestetika,
magnézium,
metoklopramid
L L BTNy (o] &8 antikonvulziva, kalcium,
svalovych relaxancii kortikoidy

Jung, KT. - An, T.: Updated review of resistance to neuromuscular blocking agents. In: Anesthesia and Pain Medicine, ro¢. 13, 2018, €. 2,
s.122-127.10.17085/apm.2018.13.2.122.



Inhalacné anestetika

* |[ahka redukcia v nervovomuskularnej transmisii -
potenciacia ucinku svalovych relaxancii

* ide o farmakodynamicky efekt

* potencia: desfluran > sevofluran > isofluran > halothan >

N,O —barbituraty — opioidy il S
’ o _cc_a | Sevoflurane
alebo propofolova anestézia 2 _ o5 fournee
o O
=
% 5 80-
2% 50
Iz |
- 204
: : : ) I ‘ [ [ |
Miller, RD. - Eriksson, LI. - Fleisher, LA.: Pharmacology of Muscle Relaxants 64 R i

and Their Antagonists. In: Miller's Anesthesia. 7th Edition, 2009. Rocuronium (mg/kg)



Magnézium

vyssie davky magnéziumsulfatu potencuju nedepolarizujuce NMBA
(davka 40 mg/kg MgSO,, spbdsobuje skoro o 1/2 rychlejsi nastup ucinku vekurdnia
a Cas zotavenia z kurarizacie sa takmer 2x predlzuje)

Mg inhibuje Ca kanaly na nervovych zakoncéeniach ({, uvolfiovanie
acetylcholinu), {, excitabilitu bunkovych membran postjunkéne
a pravdepodobne tiez antagonizuje ucinok SCH

po zotaveni z nervomuskularnej blokady, je mozné ju podanim I\/Ig
opat navodit

J, fascikulacie po SCH -—

24.3050

zlepsSuje pomery pri intubacii a zabranuje pri nej negativnym
hemodynamickym reakciam

podobny klinicky efekt na nervovosvalovu blokadu ma aj litium

, GA. et al: Intravenous magnesium re-establishes neuromuscular block after spontaneous recovery from an intubating dose of rocuronium: a randomised
controlled trial. In: European journal of anaesthesiology, roc. 29, 2012, ¢. 2, s. 95-99.



TOF Ratio

TOF Ratio

Rezidualna neuromuskularna blokada
po jedinej intubacnej davke NMBA

B: rocuronium (n = 402)

1=
.91
.8
7
.64
.54
A4 -
.3
2
1

A: all patients (n = 526)

0

1=
.9+
.81
7
.6
.5
A=
.31
2
1

0

0
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C: atracurium (n =77)
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D: vecuronium (n = 47)
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Debaene B, Plaud B, Dilly MP, et al. Residual Paralysis in the PACU after a Single Intubating Dose of Nondepolarizing Muscle
Relaxant with an Intermediate Duration of Action. Anesthesiology 98;2003:1042-1048.
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Hodnotenie navratu
svalovej sily

Klinicke testy:
spolahlivé znamky — udrzanie hlavy nad podlozku po dobu 5 s....
nespolahlivé znamky — vyplazenie jazyka, otvorenie oci

Meratelné testy:

semikvantitativne — vizudlne a taktilné hodnotenie
kvantitativhe — MMG, ACC, EMG, PhMG




Hodnotenie svalovej sily — klinickeé
testy:

> spolahlivé priznaky:

® Prijatelna minutova
ventilacia

e 5-sekundové zovretie paste

e Maximalna inspiracna sila
>30 cm H,O

e Zodvihnutie hlavy >5 s
e Zodvihnutie hlavy >10 s

Stupajuca
senzitivita

» nespolahlivé priznaky:

Udrzanie otvorenych oci
Plazenie jazyka

Zdvihnutie paze ku
kontralateralnemu ramenu

Normalna alebo takmer
normalna vitalna kapacita

Maximalny inspiracny tlak < -
25cm H,0

Murphy GS. Minerva Anestesiol. 2006;72:97-109.



Klinické testy nenahradzaju
objektivhe monitorovanie

R —0,52
test

Hand grip, 5 s

General weakness

Smile, swallow, or —0’47
speak

Positive Predictive Value

Cammu G et al. Anesth Analg. 2006;102:426-429.



Meratel'né testy: relaxometria

* je potrebné objektivizovat uroven svalovej blokady

* semikvantitativne (kvalitativhe) a kvantitativne
relaxometre

e pri nedostupnosti monitorovania relaxacie,

zvazit pausalnu dekurarizaciu
N\ . !\ F,
. W ?

* PORC ako ,tichy zabijak“?

Naguib M et al. Br J Anaesth. 2007;98:302-316



Pulse patterns

Twitch
 Single taitch
¢ Used with depolarizing blockade

Objektivne monitorovanie nervosvaloy o ==
Typy nervovej stimulacie L

95 us

Typ Popis { Train of four

* Four single pulses at 2 Hz

* Shows fade

* Ratio of first to fourth twitch used to calculate level
of blockade

Single twitch  Supramaximalny stimul Vyska zasklb
(ST) aplikovany 0,1 az 0,3 ms bazdlnou ho ﬁmﬂ FILFL

Tetanus
4 supramaximalne stimuly - . [Pl
0 . ) N aJ Ca SteJ S l e * Used to ‘kick start’ the nerve under deep paralysis
frekvenciou 2 Hz aplikované v 2-

. operacnych ¢ ||||||||||||||
s intervaloch P y

Train-of-four
(TOF)

50;—;6m9
100 Hz 10 ms
: : . . Bolestivé (ne
Posttetanic Stimulacia motorickych nervov Scientoy pp e
count (PTC) frekvenciou >30 Hz pacientovp 3E‘f?g"f?iiiiimbyzpmeeﬂszz)orsfamedby
p O u Z Iva n e V( . fliea )under light paralysis where train of four ratio is difficult
to distinguish
A y Vyvinuté pre
Double-burst 2 kratke impulzy tetanickych y p J'|_|'|_|'|_,,_|'L|'|_|'|_
. : : , hodnotenia | Home " om
stimulation stimulov (50 Hz) oddelenych ,
1 daVOk NMB | Post-tetanic count
(DBS) 750 ms Intervalom * 5 s tetanus followed by 20 pulses at 2 Hz

. 7 .
V I Z U a | n eJ /ta I< * Shows fade response earlier than train of four

* Used under deep paralysis to estimate time to recovery

Murphy GS et al. |||||I"IIII|||| | I I I
Pollard BJ. Curi —
Tetanus 58 Recovery 3s 20 single twitches

Viby-Mogensen J et 18 apart



Train of four

e Zlaty standard
monitorovania NMT

Train of four
¢ Four single pulses at 2 Hz

* Tl - percentUéIne :22?;‘2:2?; to fourth twitch used to calculate level
znizenie odpovedi na prvy o blockacl
stimul zo Styroch oproti
nerelaxovanému stavu —

* TOF ratio: T4/T1, Nie je Stimulation:

potreba kalibracie u l""l" I“l”” """" “I"I" ”""ll I"”"I
nerelaxovaného pacienta IuUoL Ll

a pre depolarizacnu 1.5sec  12sec
, Response:
blokadu TOF=1

e Ul
. L, Il. ° 'l

* TOF count: 0,1,2,3,4 sl cak

Adamus, M.: Monitorovani nervosvalového prenosu v anesteziologii. Univerzita Palackého v Olomouci, 2007, 83 s. ISBN 978-80-244-1718-9

100%




Post tetanic count

e Sluzi na blizSie ur€enie
stupna vel'mi hlbokej
relaxacie
nedepolarizacného typu
TOF=0

Post-tetanic count

* 5 s tetanus fallowed by 20 pulses at 2 Hz

* Shows fade response earlier than train of four

¢ Usad under deep paralysis to estimate time to recovery

* Fenomen [T

posttetanickej -

Tetanus 58 Recovery 3s 20 single tvitches

facilitacie T8 woe

* Nie Castejsie ako raz za
6 minut

Adamus, M.: Monitorovani nervosvalového prenosu v anesteziologii. Univerzita Palackého v Olomouci, 2007, 83 s. ISBN 978-80-244-1718-9



Depolarizing Block

Normal Evoked Stimulus Phase | Phase Il Nondepolarizing Block

DO u I Train-of-four Constant but diminished Fade Fade

02 ms ‘ ‘

H Tetany Constant but diminished Fade Fade
i)
Double-burst stimulation Constant but diminished Fade Fade
(DBS;,)
| Ny —

20 ms Posttetanic potentiation Absent Present Present

Nl RN

Source: 1.F. Butterworth IV, D.C. Mackey, 1. 0. Wasnick:
Maorgan & Mikhail's Clinical Anesthesiology, 6th Edition.
Copyright © MeGraw-Hill Education, All rights reserved.




Principy merania nervovosvalovej
blokady

* Mechanomyografia
* Elektromyografia

* Fonomyografia

* Akcelerometria

* Kinemyografia

Naguib, M. - Brull, SJ. - Kopman, AF. Et al.: Consensus Statement on Perioperative Use of Neuromuscular Monitoring. In:
Anesthesia & Analgesia, ro¢. 127., 2018, ¢. 1, s. 71-80.

Salminen, J., van Gils, M., Paloheimo, M. et al. J Clin Monit Comput (2016) 30: 295. https://doi.org/10.1007/s10877-015-
9717-4



Objektivhe monitorovanie nervosvalovej blokady:
Kvalitativne a kvantitativne techniky

Technika Popis Komentar

Vizualne hodnotenie

(kvalitativne) Semikvantitativne techniky nedostatoc¢né: TOF

> 0,4 -0.5 nehodnotitelné

Taktilné hodnotenie
(kvalitativne)

Mechanomyografia Meranie mechanickej sily Najpresnejsie, ale zariadenie
(kvantitativne) kontrakcie svalov je velké a zlozité je napajanie
a pouZzivanie

Elektromyografia (EMG) Meranie elektrickej aktivity EMG signdl moze byt

(kvantitativne) stimulovanych svalov kompromisom s vonkajSimi
faktormi
Akcelerometria Meranie akceleracie Vyvinuté pre rutinne klinické
(kvantitativne) pohybov stimulovanych pouZivanie na operacnej sale
svalov

Murphy GS et al. Minerva Anestesiol. 2006;72:97-109.
Pollard BJ. Curr Anaesth Crit Care. 2004;15:383-391



Akcelerometria

* F=mx a
 Jednoduchost, pohotovost

Stimulation:
1.5 sec 12 sec
Response:

100%

A
I B
Adamus, M.: Monitorovani nervosvalového pienosu v anesteziologii. Univerz 1. l 1

978-80-244-1718-9 B/A = TOF ratio




TOF Ratio

Porovnanie semikvantitativheho monitoringu
a akcelerometrie

1.40 -

1.204

1.00 T % .

0.80 - l
s

0.60 -

0.40 -

0.20 -

0.00

Signifikantny rozdiel v TOF ratio <0.9
semikvantitativny monitoring vs.
akceleromyografia: 30% versus 4.5%
(P <0.01)

TOF <0.7: 13.3% versus 0%, (P <0.001)

Semikvantitativny monitoring Acceleromyografia

Murphy GS et al. Anesthesiology. 2008;109:389-398.




Zaklady monitorovania

e Sledovanie svalovej odpovede na elektricku
stimulaciu prislusného motorického nervu

* Najcastejsie pouzivany n.ulnaris
a odpoved m.adductor pollicis

* Najvernejsie kopiruje svalstvo
hrtanu m. corrugator supercilii,
resp. m. orbicularis oculi

Glenn Murphy: Neuromuscular Monitoring in the Perioperative Period.
Anesthesia & Analgesia. 126(2):464—-468, 2018

S

*
- x

Common Monitoring Sites

Adductor pollicis
« Adducts thumb

Facial nerve (CN VII)
Orbicularis occuli

+ Closes eyelid
Corrugator supercilii

. FLHIDWS [}er

Posterior tibial nerve
Flexor hallucis breuvis

+ Flexes l}|g toe



Na operacnej sale

13:58

l‘ \1 “‘ ‘ , '
g M 54 E.

e Tl 11
: ‘l'ﬁ‘ |\‘ b "‘I‘t“ Sl :

A NN 99

Napojenie

(supramaximalny prud, - i _NaVaVAVAUAE

e v - . EAEETXTEIT e
pouzivanie pocas celej * o
anestézie)

Meranie (intervaly 20s,



Postup napojenia relaxometra

 Odmastit kozu

e Distalna elektrada (Cierna) — 1 cm nad

zapastie na radialny okraj slachy m.flexor carpi
ulnaris

* Proximalna elektroda (biela) —2 az 3 cm
smerom k laktu




UNDERNEATH | | #

THIS SHIRT
ISA: fi/k

~ SIX PACK /
OF

SUPER

N
A

E 3

“\

Rozne stupne bloku

®  RELAXED Posttetanic Twitch
M USCFE _ count response
I I iy
I\ J \ AN J
Y Y

Level of block Intense block Deep block Moderate block

Response to TOF TOF count 0 TOF count 0 TOF count 1-3

Response to PTC L PTC 21

Level of Block Depth of Block
Level 5 Complete block
Level 4 Deep block

Level 3 Moderate block
Level 2b Shallow block

Level 2a Minimal block

Level 1 Acceptable recovery

Subjective Evaluation (PNS) at the Adductor

Objective Measurement (Quantitative Monitor) at the
Pollicis Muscle®

Adductor Pollicis Muscle

F"TC = ﬂ F'TE = G

PTIC=1, TOFC=0 PTCz1,TOFC =0

TOFC =1-3 TOFC = 1-3

TOFR < 0.4 TOFC = 4; TOF fade is present

TOFR =0.4-09 TOFC = 4; TOF fade is not detectable
Cannot be determined

TOFR = 0.9

Fuchs-Buder T et al. Acta Anaesthesiol Scand. 2007;51:789-808.
Brull, S.J. — Kopman, A.F.: Current Status of Neuromuscular Reversal and Monitoring: Challenges and Opportunities. In:

Anesthesiology, roc¢. 126, 2017, ¢. 1, s. 173-190.



Nervovosvalova blokada (NBS) pocas
operacného vykonu

Hlboka NSB je potrebna pre endotrachealnu intubaciu
a inicialne uvolnenie pre operacny vykon.

Chirurgické stadium — TOF 1 az 2 staci pre
vacsinu chirurgickych zakrokov, ale neda sa
vylucit zakaslanie, alebo napinanie pri
plytkej anestézii.

Pri PTOF poddvame 20 az 25% davku
inicialne;.

Obdobie zotavovania sa z relaxacie : "WELL, FIRST, | THINK WELL CUT BACK
’ / e . . ON THOSE MUSCLE RELAXANTS!

nepodavat dekurarizaciu, ak nie je TOF

aspon 3, dostatocna svalova sila, ak je TOF >90%,



Adamus, M.: Monitorovani nervosvalového prenosu v anesteziologii. Univerzita
Palackého v Olomouci, 2007, 83 s. ISBN 978-80-244-1718-9

Kritérium dostatocnej dekurarizacie

V minulosti TOF > 71 2 fo- -
Be 0 0 0 00 00 0 oO— A V l 7 . l 74 I /4 . I

i¢asnost TOF > <[ TTRMT
Sucasnost =

TOFR<0.7 0.7 <TOFR < 0.9 TOFR = 0.9
Iy - . 55 em Hy MIP>50 cm HIO
Pri nizSich hodnotach j @ i (i
o 51 eye-openi Tongue-depressor test available to date
na hypoxiu a dyskoord I3 Hondip

pazeraku s naslednymi
morbidita pacientov.

C Qualitative detection of fade and measured TOFR

Tetanus 10057 55 = 0.85 No qualitative
instrumental test
available to date

Murp hy et aI ZiStiI, ze p Plaud, B. - Debaene, B. — Donati, F. et al.: Residual Paralysis after Emergence from

Anesthesia. In: Anesthesiology, roc. 112, 2010, ¢. 4, s. 1013-1022.

- 58% patientov TOF pomer <0.7
- 88% patient TOF pomer <0.9

Murphy GS et al. Anesth Analg. 2005;100:1840-1845.



Patients (%)

Vysoka incidencia rezidualnej blokady
v Case extubacie

TOF bezprostredne pred odstranenim
trachealnej rarky (N = 120)

100 +
90 +
80 -
70 A
60 -
50 A
40 -
30 -
20 A
10 -

88

<0.7 <0.9 20.9
TOF Ratio

Murphy GS et al. Anesth Analg. 2005;100:1840-1845.



Klinicka korelacia parametru TOF

" TOF < 0,4 pacient nie je schopny zdvihnut pazu ani hlavu,
dychovy objem moze byt sice normalny, ale vitdlna kapacita a sila
inspiracnych svalov su este znizené.

= TOF > 0,7-0,75 pacient je schopny $iroko otvorit o¢i, vyplazit
jazyk, zdvihnut hlavu a udrzat ju min 5 sekind a dostato¢ne kaslat.

" TOF > 0,9 funkcie svalov hrtanu st plne obnovené.

= Stddie u dobrovolnikov (TOF 0,7 aZ 0,9):
— narusenim obrannych reflexov dychacich ciest
— obstrukciou hornych dychacich ciest
— zniZzenim ventilacného usilia pri hypoxii
— neprijenymi priznakmi slabosti svalov

Larsen, R.: Svalova relaxancia. In: Anestezie. Grada 2004, s. 122-160. ISBN 80-247-0476-5
Viby-Mogensen J. Br J Anesth. 2000;84:301-303. Murphy GS. Minerva Anestesiol. 2006;72:97-109.



Znizuje monitorovanie incidenciu
rezidualnej n-m blokady?
Celkové vysledky: Meta-analyza (Naguib et al)

B Monitored M Not monitored
P=0.745

0,8 1

Pooled Rate of Residual
NMB

LAMR (TOF <0.7) IAMR (TOF <0.7) LAMR (TOF <0.9) IAMR (TOF <0.9)
Type of Agent and TOF Ratio

Naguib M et al. Br J Anaesth. 2007;98:302-316.
Brull, S.J. — Kopman, A.F.: Current Status of Neuromuscular Reversal and

Monitoring: Challenges and Opportunities. In: Anesthesiology, ro¢. 126, 2017, €. 1,
s. 173-190.

IAMR, intermediate-acting muscle-relaxant;
LAMR, long-acting muscle-relaxant;
NMB, neuromuscular blockade; TOF, train-of-four.



Zriedkavé pouzivanie kvantitativheho
monitorovania vo svete (UK)

Respondenti (%)

Prilezitostne Nikdy

Pouzivanie monitorov NMB

Grayling M, Sweeney BP. Anaesthesia. 2007;62:806-809. NMB, United Kingdom.



Nové moznosti pristrojov

e TOFcuff

e TOFscan

e Stimpod

Krijtenburg, P. et al.: Comparison of the TOF-Cuff® monitor with electromyography and acceleromyography during
recovery from neuromuscular block. In: British Journal of Anaesthesia, roc¢. 122, 2019, ¢. 2, s. 22-24.
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Postup lege artis

* Zakon o zdravotnich suzbach 372/2011 ust. S 4 odsek 5:
Nalezitou odbornou urovni se rozumi poskytovani zdravotnich
sluzeb podle pravidel védy a uznavanych medicinskych postupd,

pri respektovani individuality pacienta, s ohledem na konkrétni
podminky a objektivnhi moznosti.

e Situaciu, ked sa bezdovodne nepouzue na danom

pracowsku dostupny pristroj na meranie hibky svalovej
relaxacie pri podavani nedepolarizujucich NMBA, mozno
povazovat za konanie hraniciace s postupom non lege
artis s naslednou pravnou zodpovednostou



MINIMALNE STANDARDY PRE MONITOROVANIE
POCAS ANESTEZIE (SSAIM 2005)

. = S
o O 4 S 3 (2|3
©
5 sl 2.1 512,181 RIE|s]8]5]|0
~ Qo o > — 3 (0] N ) N
- JHEHH BEEEEHEHEIEREEEEE
o = = BB |V |3|=z|B
- ® = D 5 |o|&
5| |@ 3
Standby| 1 | 1 4 14

Bloky| 1] 1 4 14 3

Neuraxialna| 1 | 1 4 1(3 3

l.v. analgosedacial 1 | 1 3 1(3 4
TVASOTIO,/Vzd| 4 (2 [2 (2|33 |3[2(1 3141414 [([3/4|14)14] 2 2
Inhalaénd/rektalna/IM| 1 |1 |1 (1 |31[(1|31(1|3([4|2|4 2|1 2|2
InhalaénasOTI| 1 |1 |1 (11|11 (/1|1 [4[2[3|4|4|3|4[4[4|2|2]|2
lnhallow-flow| 1 |1 [ 1|11 |31 (31 (1 (1|1 |2 |3|4|4|3|4[4[4a]|2]|2]|2
Kombin.inhal.sOTI{ 1 |1 |11 |1 |1(31[1[1|3|2|3|4|4|3|4|4a[4a]|l2]|2]|2
Kardiohrudndapod.| 1 |1 (1|1 (1111|3132 [3|4[4]3|4]|13|3]|2]|2]2

Nevyhnutné -1 Aplikacia sa vyzaduje vZdy, nepouzitie nie je postupom "lege artis"
Odporiéa sa dérazne - 2 Aplikacia sa odporuca velmi dérazne (nepouzitie sa musi zdévodnit)
Odporuéasa-3 Aplikaciasa odporuca
Na zvazenie - 4 Aplikacia je na zvazenie, podla vybavenia oddelenia a stavu pacienta

Zelené

http://www.ssaim.sk/postupy_a_podmienky pre_anesteziu.doc 1.11.2009

Firment



Citlivost svalov na kurarimimetika

najcitlivejsie Svaly koncatin

Zuvacie svaly

Brusné svaly (mimo brénice)
Svaly hornych ciest dychacich

Intermediarna citlivost Tvarové svaly
Svaly hrtanu
Dychacie svaly

najodolnejsie Branica

* Vo svaloch koné€atin potrebuje byt aktivovanych priblizne 30%
ACh receptorov nervovosvalovej platnicky k vyvolaniu
akéného potencialu, kym v diafragme je k aktivacii potrebnych
menej ako 10% tychto receptorov.

* Vo vSeobecnosti musi byt obsadenych 75% ACh receptorov na
zacCatie efektu paralyzy — redundancia, bezpecnostna rezerva).

Fuchs-Buder, T.: Neuromuscular Monitoring in Clinical Practice and Research. Heidelberg: Springer Verlag GmbH, 2010. 209 s.
ISBN — 13 978-3-642-13476-0



Branica vs. nervus ulnaris

e Branica mozZe byt nedostatocne relaxovana aj pri TOF
stimulacii ulnarneho nervu = 0.

* Branica potrebuje 1,5 az dvojnasobok davky svalového
relaxancia na svoju uplnu paralyzu v porovnani s m. adductor
pollicis (zotavenie trva cca o 30 % kratsie).

100

« Casto potrebna hlbokd nervovo-svalc Diaphragm }d”fmfm""ﬂi
PTC len niekolko odpovedi), najma pr - =

0/0)

* Chirurg moze objektivne potrebovat
pacienta aj pri hodnote TOF=0.

\_:50_

T

25 A

0 10 20 30 40 50
Time (min)

Fuchs-Buder, T. - De Robertis, E. — Brunaud, L.: Neuromuscular block in laparoscopic surgery. In: Minerva
Anestesiology, ro€. 84, 2018, €. 4, s. 509-14.



Podmienky, za ktorych je monitoring
nevyhnutny

Po dlhodobej infazii
svalovych relaxancii

Pouzitie dlhodobo
posobiacich kuraromimetik

Ak chirurgicky zakrok alebo
anestézia trva dlhsiu
dobu(>90 minut)

Nutnost okamzitého
pooperacného obnovenia
max. svalove;j sily: napr.:
zavazneé respiracné
ochorenie, morbidna
obezita

Adamus, M.: Monitorovani nervosvalového pfenosu V anesteziologii. Univerzita
Palackého v Olomouci, 2007, 83 s. ISBN 978-80-244-1718-9

Podanie antagonistu NMBA
moZe mat negativny ucinok
(napr.: tachyarytmia,
kardialne zlyhanie)

Abnormalna
farmakokinetika NMBA:
dysfunkcia pecene alebo
obliCiek

Abnormalna
farmakodynamika NMBA:
Neuromuskularne
ochorenia (myasthenia
gravis, Eaton — Lambertov
syndrom)



Laparoskopia a svaloveé relaxancia

« Otdazka adekvétnej hibky relaxacie pacienta pocas laparoskopickych
zakrokowv.

* Vseobecne donedavna prijimany pristup s pouzitim nizSej davky NMBA.

* Po prehibeni svalového bloku pri LSK:

- znizenie pooperacnej bolesti (Specidlne typickej bolesti ramena)

- menej negativnych hemodynamickych a respiracnych nasledkov pri
potrebe | insuflacnych tlakoch

- hlboka relaxacia umoznuje lepSie chirurgické podmienky a { riziko tvorby
komplikacii (adhézie a infekcie rany) (idealny insuflacny tlak 8 az 12

Hg). D\ 3
mmHg) x>

Bruintjes, M.H. et al.: Deep neuromuscular block to optimize surgical space conditions during laparoscopic surgery: a systematic
review and meta-analysis. In: British Journal of Anaesthesia, roc. 118, 2017, €. 6, s. 834-842.

Fuchs-Buder, T. - De Robertis, E. — Brunaud, L.: Neuromuscular block in laparoscopic surgery. In: Minerva Anestesiology, roc. 84,
2018, €. 4, s. 509-14.



Moznost znizenia rizika PONV

Akupresoricky bod P6:
mechanicka alebo elektricka stimulacia

Levin D, Cohen S, Mellender S, et al. Effectiveness of P6 Stimulation for Reduction of Nausea and Vomiting
During Caesarean Section Under Combined Spinal-Epidural Anaesthesia: A Randomised Controlled

Trial. Turk J Anaesthesiol Reanim. 2019;47(2):120-127. doi:10.5152/TJAR.2019.08830



Terapia PORC

Zavisi na zavaznosti
Zakladné priority su:
udrzat priechodnost dychacich ciest,
. zabezpecit ventilaciu a oxygenaciu
pri zavaznejSej PORC vyradit vedomie
. dekurarizovat

Standardné odporuéanie dekurarizacie:

Atropin 1,0 mg (0.015 mg/kg) a Neostigmin 2,5 mg (0,035
mg/kg). (pripadne glykopyronium 0,01 mg/kg).

Ucinok steroidnych kurarimimetik je mozné odblokovat
pomocou Sugammadexu - 2 mg/kg (az 16 mg/kg).

.
A
"3 %

bridion

100 mg/ml
injection







Neostigmin (50 pg/kg) nedostatocne zvrati 95%
depresiu zasklbov

Protoe)] org Vot

T,=100%
Srafovana
plocha=T,
T,=50% T
[ wypiens
plocha=T,
Podany 10 min 20 min 30 min
neostigmin
Proie ol org Fedtiran]ts)
5 min 10 min 15 min 20 min
ROC os TOF pomer 0.33+0.13 0.57£0.11 0.70+0.12 0.79+£0.12
mg/kg
=20 ToF<09 100% (20) 100% (20) 95% (19) 85% (17)

Kopman AF et al. J Clin Anesth. 2005;17:30-35.
Meyer Matthew J, Bateman Brian T, Kurth Tobias, Eikermann Matthias. Neostigmine reversal doesn’t improve postoperative respiratory safety BMJ 2013; 346 :f1460



Stropovy efekt inhibitorov Cholinesterazy preukazany
na diafragme u potkanov

Podanie pri 95% utlme zasklbov

1.0
— 0.8
)
T oo™
Ny 0.67 ‘—’
o
CBD 0.4
= ' @eostigmine
Pyridostigmine
5] AEdrophonium
% o a
0.0 T T T T T
0.001 0.01 0.1 1 10 100

koncentracia (um)

Schopnost inhibitorov cholinesteraz zvratit blokadu na adekvatne hodnoty TOF je
vnutorne limitovana kvoli stropovému efektu, ktory existuje pri hlbsich
neuromuskularnych blokadach.

ChE, cholinesterase; TOF, train-of-four.

Bartkowski RR. Anesth Analg. 1987;66:594-598.



Vedlajsie ucinky standardnych -
liekov pouzivanych na reverziu N\ f

Inhibitory cholinesterazy pri Antimuskariné latky
reverzii NMBA mozu (atropin, glykopyronium)
sposobit’ pomahaju predist

cholinergnym ucCinkom, ale
moze vyvolat’

*Bradykardiu *Tachykardiu

*Hypersalivaciu *Suchost’ v ustach a v nose
*Bronchospazmus *Mydriazu

*\/zostup bronchialnej *Retenciu moca

sekrécie

«Zvysit frekvenciu mocenia

eNauzeu a zvracanie Neostigmine Methylsulfate Injection [package insert]; 2002.

Atropine Sulfate Injection, USP [package insert]; 2003.
Glycopyrrolate Injection, USP [package insert]; 2006.




Sugammadex

Vyhoda:
rychla reverzia steroidnych svalovych relaxancii

vhodné vyuzitie aj tam, kde nie je mozné pouzit
klasicku dekurarizaciu

minimalne neziaduce ucinky

Nevyhoda: CENA!!! 84 € / 200 mg
(patentova ochrana 20 rokov) | -



Charakteristika sugammadexu

e y-cyklodextrin Fipg
* Lipofilna kavita g~

* Hydrofilny exteriér

* Tieto charakteristiky umoznuju tvorbu vo
vode rozpustnych komplexov

Negativne nabité karboxylové skupiny
pripojené k pozitivhe nabitému dusiku

Ledowski, T. — Falke, L. — Johnston, F. et al.: Retrospective
investigation of postoperative outcome after reversal of residual
neuromuscular blockade: Sugammadex, neostigmine or no
reversal. In: European Journal of Anesthesiology, ro¢. 31, 2014, ¢.
8,s.423-429.
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Scene 4

* Acetylcholine
»

ﬁ Cholinesterase
=/

Rocuronium

v
“»
%s. Bridion®




Bridion umoznuje vacsiu flexibilitu
pri roznej hibke bloku

* Bezprostredna reverzia*

- Ak je potreba bezprostrednej reverzie
po 3 min od podania rokuronia,
odporuca sa davka Bridionu 16 mg/kg

N

* Bezna reverzia D)

- Odporuca sa dédvka Bridionu 4 mg/kg, ak sa po podani
rokurdnia alebo vekurodnia vykonava reverzia pri PTC 1-2
(hIboky blok)

- Odporuca sa dédvka Bridionu 2 mg/kg, ak sa po podani
rokuronia alebo vekurénia spontanne dosiahol ustup
relaxacie na T, (mierny blok)

de Boer HD et al.: Reversal of Rocuronium-induced (1.2

Data on file.
mg/kg) Profound Neuromuscular Block by Sugammadex. 1 ot .
Anesthesiology 2007; 107:239-44 Bridion® [summary of product characteristics]. Organon; 2008.



Bridion® (sugammadex)

BRIDION sa neodporuca pacientom s tazkym
poskodenim obliciek (vratane pacientom
vyzadujucim dialyzu [CrCl <30 ml/min]).

WwnIiuoInNd0y

Studie u pacientov s poskodenim pecene neboli
vykonané, preto pacienti s poSkodenim pecene by
mali byt lie€eni s velkou opatrnostou.
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Pozornost musi byt zvySend pri podavani BRIDIONu
tarchavym Zenam, preto, Ze neexistuju udaje o
jeho vplyve u gravidnych.

Ak je potrebné pouzit svalovu relaxaciu v priebehu
nasledujucich 24 hodin po podani BRIDIONu, je
potrebné namiesto rokurdnia alebo vekurdénia podat
nesteroidné svalové relaxans.




Predvidatelnost a jednotnost reverzie hlbokého

bloku Sugammadexom

Reverzia PTC z 1 na 2 po podani Rokurénia 0.6 mg/kg
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NEO, neostigmine; PTC, posttetanic count; TOF, train-of-four.

¢as (min)

Jones RK et al. Anesthesiology. 2008;109:816-824.



Predvidatelnost a jednotnost reverzie mierneho
bloku Sugammadexom

Reverzia z T, po podani Rokurénia 0.6 mg/kg

o e,
C}/ 100 - ——
(@)} _.I .
o -
L 80 A -~
O I
= -1
-
% 60 - ,’ Sugammadex 2 mg/kg (n = 48)
= :"I — — NEO 50 pg/kg (n = 48)
o
< 40 - (
- /
= I
Q dl 1
S 20 ’
o (
I
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 30 69 90 120 150
Cas (min)

NEO, neostigmine; TOF, train-of-four. Udaje zo $tudie Auroral



Rychlejsia reverzia z T2
Bridionom vs Neostigminom

Zotavenie TOF na 0.9
Rokurénium 0.6 mg/kg Vekurénium 0.1 mg/kg
20 1 20 - 18.9

18 17.6 184
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> 14 S 14 -

> >

8 12 - 8 12 -

x x

o 107 s 107

g s 2 8-

S £

< 6 - % 6 -

S 4 A S 4 A

= - 2.13

o N 7 |
Bridion 2 mg/kg NEO 50 ug/kg Bridion 2 mg/kg NEO 50 ug/kg
n =48 n =48 n=48 n=45
95% CI (1.2-1.5 min) 95% CI (12.7-26.4 min) 95% CI (1.9-3.0 min) 95% CI (12.2-25.5 min)

Cl, confidence interval, NEO, neostigmine; TOF, train-of-four. Data from Aurora trial.



Dalsia studia: Zotavovanie sa

nervovosvalového bloku po rekuroniu
* Sledovany ¢as do dosiahnutia TOF 90%

« Vysledky: Cas zotavenia bol signifikantne kratsi pri pouZiti
sugammadexu (2,7 min) (3233
v porovnani s neostigminom (17,9 min) (131-24.3)

e Zaver: Sugammadex spésobuje signifikantne rychlejsiu

reverziu vekuroniom navodeného neuromuskularneho bloku
V porovnani s neostigminom.

Sugammadex Neostigmine P
Recovery of TOF ratio to 0.9
N 46% 34° <2 0.0001
Geometric mean 27 179
Median (range) 2.1(1.2-64.2) 219(29-76.2)
Recovery of TOF ratio to 0.8
N 46% 49¢ <2 0.0001
Geometric mean 19 10.8
Median (range) 1.7(1.0-4.3) 136 (2.2-59.1)
Recovery of TOF ratio to 0.7
N 46% 434 < 0.0001
Geometric mean 1.6 6.4
Median (range) 1.4(0.7-3.4) 52{(19-543)

Sugammadex Provides Faster Reversal of Vecuronium-Induced Neuromuscular Blockade Compared with Neostigmine: A Multicenter, Randomized, Controlled Trial
Karin Khuenl-Brady;Magnus Wattwil;Bernard Vanacker;José Lora-Tamayo;Henk Rietbergen;José Alvarez-Gémez, Anesthesia & Analgesia. 110(1):64-73, JANUARY 2010
EVALUATION OF SUGAMMADEX VS NEOSTIGMINE IN THE REVERSAL OF NEUROMUSCULAR BLOCKADE, BAILEY, JANAY et al., CHEST, Volume 154, Issue 4, 890A, 2018



Rocuronium v davke 1,2 mg/kg porovnatelné
podmienky na intubaciu, co do kvality i casu ako

SCH

Is Succinylcholine Really Superior for RSI? http://www.medscape.com/viewarticle/748860

Mydhili, K. - Padma, T. - Sreenivasa Rao, S.: A comparative study in intubating conditions between rocuronium bromide and
suxamethonium for intubation in general anaesthesia. In: Journal of Evidence based Medicine and Healthcare, roc¢. 2, 2015, €. 29,

s.4237-4247.
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*P <0.0001 versus succinylcholine treatment group;
results based on intent-to-treat population.
SEM, standard error of mean. Data from Spectrum trial.



Odporucania pre dekurarizaciu

Situacia, ak bolo podané vekuronium alebo rokurénium

sugammadex (8:16 na TOF stimuldciuna

mg/kg), udinnosl do 3 adductor pollicis
5 min (TOF20,9) (Polet odpovedi: 0-4)

0 odpovedi: pomeraj

PTC na adductor mg/kg), idinnosl do 3

pollicis 5 min (TOF20,9)

=1 a1 .
sugammadex (4
mg/kg), udinnost do 3
S min (TOF20,9)

PTC=0: Polkaj, udriuj
‘anestéziu a opitovne
pomeraj PTC neskor

Plaud, B. - Debaene, B. — Donati, F. et al.: Residual Paralysis after Emergence from Anesthesia. In: Anesthesiology, ro¢. 112, 2010, ¢. 4, s. 1013-1022.



(ESA

Nedavna studia Popular

l:ﬁt_
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* Post-anaesthesia pulmonary complications after use of muscle

relaxants.
. Fostoperative pulmonary complications OR,_, (95% C1) pvalues
Key factor does not apply  Key factor applies
| ——
i of amy NMLEA 13174001 (3 3%) 1537/17 693 (B-6%) R85 (153-2:26) 00001
High dose of KMBA * 03613 647 [-8%) LOL'3453 (14 5%) 103 (0-88-1-20) 075
° MMM used bFE/99I7 (B-B%) 77213 (10-6%) 1-31 (1-15-1-49) o O-O0E0
Rewersal agent given b45FEI2T (7-8%) 7Oa/ BT (B-9%) 1-23 (1-07-1-41) 0028
Cuantitative 1932685 (10:9%) 447 4187 (10-5%) 1-07 (0-90-1-19) 44
[ve gualiative] MMM
° Extubabed ak TOFR 209 15771343 (117%) B4 7839 (10-0%) 103 (0-E2-1-31) D78
Sugammadex CE7/a80%5 (8-3%) 21371500 (10-7 %) 103 (0-85-1.35) 074
[v= neastigmiine)
Civta are nfM (%), unless otheraise specified. OF j=adprsted odds atio. MM EBA=neuromuscular blocking agent
MAMM= nevromuscular monitonng. TOR=train-of -four mtio. * Defined 2= a dose of an expected duration of 155 min or
° maone {5th quintle of dose]).
Tabde 3: Incidences and ORs_, of postoperative pulmonary complications according to seven key factors
in neuromuscular management
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Kirmeier, E. - Eriksson, LI. - Lewald, H. et al.: Post-anaesthesia pulmonary complications after use of muscle relaxants
(POPULAR): a multicentre, prospective observational study. In: Lancet Respiratory Medicine, ro€. 7, 2019, €. 2, s. 129-140.



PREVENTION
IS BETTER

SRR Prevencia PORC

* Objektivny monitoring svalovej blokady, ak podavame
nedepolarizujuce kurarimimetikum.

o Zvaiit vObec pouzitie NMBA. Relaxacia ma urobit nemozné
mozZnym a nie obtiazne [ahkym — zvazit prospech vs. riziko
(PORC).

* Preferujeme moderné intermediarne pdsobiace relaxancia.

* Nevykonavat reverziu NMB s inhibitormi cholinesterazy skor
ako spontanne zotavenie n-m prevodu dosiahne TOF 23.

» Vykonat dekurarizaciu, ak uz nie je potrebna relaxacia svaloy,

nie az pri zasivani koze.
Bissinger U. Physiol Res.2000;49:455-462. Murphy GS. Minerva Anestesiol. 2006;72:97-109. Naguib M et al. Br J Anaesth. 2007;98:302-
316.
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Co je potrebné dosiahnut?

* Vhodné na jednotlivych pracoviskach zvysit
informovanost anestéziologov a sestier o PORC,
farmakologii NMBA a ich antagonistov.

* Lokdlne, ¢i narodné guidelines. *

=
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 Edukacia v ovladani stimulatorov.
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Batistaki C, Vagdatli K, Tsiotou A, Papaioannou A, Pandazi A, Matsota P. A multicenter survey on the use of
neuromuscular blockade in Greece. Does the real-world clinical practice indicate the necessity of guidelines? J
Anaesthesiol Clin Pharmacol. 2019 Apr-Jun;35(2):202-214. doi: 10.4103/joacp.JOACP_195 18. PMID: 31303710;
PMCID: PMC6598579.



Zaver

e Uvedomit si casty vyskyt PORC a zavaznost tohto stavu

» Ostrazitost hlavne pri:
» brusnych operaciach
» pacientoch vo vyssom veku (>65 rokov),
» dlhotrvajucich operacnych vykonoch
» pacientoch s narusenou funkciou pecene a obliciek
» pacientoch s neuromuskuldrnym ochorenim

* Najoptimalnejsim sposobom identifikacie stupna svalovej relaxacie
je relaxometria s kvantitativnym vyhodnocovanim svalovej
odpovede, dblezité je jej rutinné pouzivanie

» Zvaiit dekurarizaciu pri kazdom vykone s pouzitim
nedepolarizujiceho myorelaxans, ak nemame moznost
relaxometrie

* Je vobec svalové relaxans potrebné?

Murphy, G.S. — Kopman, A.F.: “To Reverse or Not To Reverse?” The Answer Is Clear! In: Anesthesiology, roC. 125,
2016, €. 4,s. 611-614.



Dakujem za pozornost

EVIDENCE
BASED MEDKIN




