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1. Uvod

Piedkladana habilita¢ni prace dle § 72 odst. 3 pismena b) zakona o vysokych
Skoléch je souhrnem studii a odbornych text vénujicich se aktudlnim
anesteziologickym tématiim v oblasti porodnické a pediatrické anestezie.

Pro rozsahlost souboru publikaci a jejich témat jsem ji rozdélila do tii celkd, které
koresponduji s hlavnimi cili mé klinicko-vyzkumné ¢innosti.

Nejkriti€téjsi momenty z pohledu potencialnich komplikaci jsou v ramci
podavani anestezie uvod a zotaveni z celkové anestezie. Rizikovost ivodni
a zavérecné Casti anestezie byva od devadesatych let minulého stoleti pfipodobiiovana
k rizikim v letectvi, kdy nejrizikovejsimi jsou vzlet a pristani letadla. Mezi prvnimi,
kdo spojil krizovy management v letectvi a v anesteziologii byl David M. Gaba (1).
Gaba jako prvni studoval vyznam situa¢niho povédomi mimo letecké prostiedi
a zah4jil tak novou éru pohledu na feseni krizovych situaci v anesteziologii. Jelikoz
majorita komplikaci nastava pravé v ivodu a zavéru celkové anestezie, zameéfila jsem
se V ramci své prace prave na tyto momenty, konkrétné na aplikaci a zvrat
nervosvalové blokady a management zajisténi dychacich cest.

Krom rizik plynoucich z anesteziologického vykonu, se 1ze podivat i na rizika
spojena s konkrétnim pacientem. Ve vSeobecné neselektované populaci pacientu lze
vyhledat potencialné rizikové skupiny. Mezi anesteziology empiricky obavanymi
a soucasné realné rizikovymi skupinami pacientti jSou i zdanlivé ,,zdravé™ déti a Zeny
V pokrocilém stadiu t€hotenstvi. Laiky o¢ekdvana vysoké bezpecnost anesteziologicke

péce v détském veku a t€hotenstvi se proto stava vyzvou pro kazdého anesteziologa.



a.  Kritické momenty v prithéhu porodnické anestezie
Za jednu z nejsledovangjsich rizikovych skupin pacientti podstupujicich
operacni vykony jsou povazovany Zeny v pokroc¢ilém stadiu té¢hotenstvi, u nichz jsou
rizika spojena jednak s patofyziologii t€hotenstvi jako takového, jednak s moznym

ohrozenim plodu ¢i novorozence V prubéhu vykonu (2,3).

i. Fyziologické zmény probihajici v téhotenstvi ve vztahu k anestezii

Rizika zajisténi dychacich cest orotrachealni intubaci k celkové anestezii
pacientek ve vyssim stadiu t€hotenstvi vychazi z fyziologickych zmeén v téhotenstvi
vedouci k ptizpiisobeni se rostoucimu plodu a vysokym metabolickym potiebam
matky i plodu. Vyskyt obtizného zajisténi dychacich cest je v pokrocilém stadiu
t€hotenstvi az 10x vyssi nez v bézné populaci (3,4). Vice nez tfetina zen je ve tietim
trimestru téhotenstvi v disledku fyziologickych zmén kvalifikovana jako Mallampati
IIT ¢i IV (3,5). Nutnost striktni preoxygenace (denitrogenace plic) pied podanim
celkové anestezie téhotné vychazi z fyziologického snizeni funkéni reziduélni kapacity
plic, ktera vede k rychlé desaturaci t€hotné v apnoi (3,6). V poslednich letech také
dochdzi k zvySovani télesné hmotnosti rodi¢ek. Nyni ¢ini primérny ptirtstek
hmotnosti v pribéhu té¢hotenstvi 12 kg. Nejvétsi piirustek hmotnosti nastava
ve druhém a tfetim trimestru té¢hotenstvi. Vyssi ¢etnost ukonceni t€hotenstvi cisarskym
fezem, a to zejména v hospodatsky rozvinutych zemich, byva casto davana
do souvislosti pravé s nartistem hmotnosti rodic¢ek (3,7). Z plicnich funkci
je v te€hotenstvi dominantné ovlivnéna predevsim funkéni rezidualni kapacita plic.
Dependentni partie plic jsou utlacovany branici, ktera je vytlatena kranidln€ rostouci
délohou (3,8). Motilita a vyprazdnovani zaludku ziistava v prub&hu téhotenstvi beze

zmény. T¢hotné déloha vSak dislokuje a rotuje zaludek v duting bfisni, ¢imz dochazi



ke snizeni tonu dolniho jicnového svérace (3,9,10). V peripartalnim obdobi mtize
nastat prodlouzené vyprazdiiovani zaludku. Cést téhotnych si v priibéhu t&hotenstvi
stézuje na obstipaci, ktera mize byt posilena systémovym podanim opioidnich
analgetik (3).

V téhotenstvi je také odliSna reakce organismu na bézné podavané l1éky v rdmci
porodnické anesteziologické péce. Minimalni alveolarni koncentrace (MAC)
inhala¢nich anestetik je snizena piiblizn€ o 40 %, thiopental mize byt diky zvysené
citlivosti t€hotné k jeho u¢inku redukovan o ptiblizn€ 35 %. Na druhou stranu tivodni
davka propofolu zistava nezménéna (3,11-13). Pokud se podivame na dvé slozky
celkové anestezie, intravendzni anestetikum a svalové relaxans, nenalezneme ani
V dnesni dobé€ jednoznacné doporuceni pro volbu agens. Porovnani moznych
intravenoznich anestetik volby bylo vénovano systematické review a meta-analyza
RCT (randomised controlled trials) porovnavajici podani thiopentalu a propofolu.

Ob¢ latky maji podobny vliv na matku i novorozence. Propofol vede k mensim
vzestuptm systolického krevniho tlaku rodicky v priabéhu tivodu do celkové anestezie,
jeho podani ale vede k niz§imu Apgar skore novorozence v 1. minuté. V dalSich
minutach je Apgar skore bez rozdilu mezi obéma anestetiky, stejné jako ostatni
parametry acidobazické rovnovahy pupecnikové krve (14). Snizeni plazmatické
hladiny pseudocholinesterazy nevede po jednotlivém podéni sukcinylcholinu

k prodlouZeni zotaveni z nervosvalové blokady. VéEtsi distribuéni objem
sukcinylcholinu u t€hotné vede k potencialnimu zkraceni doby trvani jeho ucinku
(3,15). T¢€hotné Zeny vykazuji zvysenou citlivost k aminosteroidnim nedepolarizujicim
svalovym relaxanciim (3,16). Molekularni vlastnosti (liposolubilita a molekulova
hmotnost) urcuji prostupnost 1é¢iva placentarni bariérou. Obecné ¢im je latka mensi

a liposolubilng;jsi, tim vice dochazi k jejimu ptestupu a potencidlnimu vlivu na plod,



potazmo novorozence (3,17). Zajimavym ptipadem transplacentarniho prechodu
rokuronia z plodu na matku pfinesla v roce 2019 kanadska kazuistika popisujici
navozeni nervosvalové blokady u rodicky, ktera podstupovala ambulantné
intrauterinni transfuzi. V ramci zamezeni pohybu plodu pfi intrauterinni transfuzi bylo
plodu podano titracné 19 mg rokuronia intramuskularn€. Po nechténém pohybu plodu
byl popsan nezadouci nastup svalové relaxace rodi¢ky s doprovodnou dusnosti,
hypotonii a dysfonii. Navozena svalova blokada rodicky byla zvracena podanim 100
mg sugammadexu intraven6zné rodic¢ce (18). Popsana kazuistika poukazuje

na obousmérny transplacentarni pienos 1éCiv, ktery v takto ojedinélych situacich mize

byt rizikovy i pro rodicku a je nutné jej mit na zieteli.

Ii. Anesteziologické techniky pri ukonceni tehotenstvi cisarskym rezem

Vzhledem k fyziologickym zménam rodicky probihajicim ve tfetim trimestru
provedeni cisafského fezu anestezie neuroaxialni. V ptipadé nutnosti provedeni
emergentniho cisafského fezu ¢i v pfipadé kontraindikace regionalnich forem
anestezie je indikovéana anestezie celkova. Guglielminotti provedl retrospektivni
analyzu 26 431 cisaiskych fezi vedenych v celkové anestezii bez zaznamenané
indikace k celkové anestezii ¢i kontraindikace anestezie neuroaxialni (44 % vsech
cisatskych fezii v celkové anestezii). U téchto neindikovanych celkovych anestezii
nalezl vys$i incidenci zadvaZznych 1 méné zavaznych komplikaci spojenych s anestezii
a vyssi incidenci zilnich trombembolickych udalosti ve srovnani s anestezii
neuroaxialni. Neshledal rozdil ve vyskytu srde¢ni zastavy a smrti (19). Prace
Guglielminottiho byla doprovéazena editorialem vyzdvihujici vyznam neuroaxialni

anestezie jako zlatého standardu anestezie pro cisafsky fez. Soucasné upozornuje



na riziko obtizného odliseni lidského faktoru, ovlivnéni operatérem ¢i anesteziologem
¢i anestezii samotnou (20). O vyznamnosti tématu volby anestezie na porodnim sale
sv&d¢i i nedavna publikace v Lancetu porovnavajici celkovou a neuroaxialni anestezii.
Vysledkem této studie na 181 rodickach je, Ze celkova i spindlni anestezie jsou
obdobné bezpecné, a to pii individudlnim piistupu k rodicce dle zvyklosti kazdé
nemocnice (21).

Na situaci na porodnim séle v Ceské republice jsme se podivali v Sekci
porodnické anestezie a analgezie pii Ceské spoleénosti anesteziologie, resuscitace
a intenzivni mediciny v letech 2011 a 2015, kdy prob¢hly studie OBAAMA-CZ
(OBstetric Anaesthesia and Analgesia Month Attributes in the Czech Republic)
a OBAAMA-INT (OBstetric Anaesthesia and Analgesia Month Attributes
INTernational) (22-24). Vysledky ze studie OBAAMA-INT, ktera byla realizovana
v listopadu 2015 na 105 ¢eskych a slovenskych pracovistich poskytujicich
anesteziologickou péci rodickam, stejné jako v roce 2011 ukazuji vyssi cetnost podani
celkové anestezie k cisatskému fezu v porovnani s ostatnimi zemémi. Neuroaxialni
anestezie k vedeni cisafského fezu byla ve sledovaném obdobi dominujici (62,5 %),
pii¢emz jasné pievazovala anestezie subarachnoidalni (87,5 %) (24). Zasadnim
zjisténim studie OBAAMA-INT je pouze Ctvrtinovy podil celkové anestezie
u elektivnich cisafskych fezt. Joy Hawkins v editorialu v Anesthesia and Analgesia
doprovazejici primarni publikaci studie OBAAMA-CZ neuvadi jako potencialni cil ke
zlepSeni zvyseni podilu uZiti neuroaxialni anestezie, ale bezpec¢nost pacientek jako
takovou. Zdliraziiuje nutnost fadného pouceni pacientek, aby nedochazelo k vysokému
procentu odmitani bezpecné neuroaxialni anestezie pro planovany cisafsky fez.
Odmitnuti neuroaxialni anestezie rodi¢kou bylo v Ceské republice v roce 2011 az v 64

% divodem k podani celkové anestezie u planovaného cisarského fezu. Hawkins
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soucasné upozoriiuje na nutnost vyuky a tréninku anesteziologii poskytujicich
porodnickou anestezii, aby nedochazelo k indikaci celkové anestezie z divodu obavy
ze selhani svodné anestezie (9 %) (3,22,25).

iii. Uvod do celkové anestezie

Uvod do celkové anestezie je jednim z kritickych momenti anestezie
z pohledu celého perioperacniho procesu. Znalost potencialnich rizik a pfipravenost
anesteziologa k feseni ptipadnych komplikaci vede bez pochyb ke zvySeni bezpecnosti
pacienta. Podivame-li se na moZzna rizika ivodu do celkové anestezie u zeny
ve 3. trimestru t¢hotenstvi, dominuje riziko obtizného zajisténi dychacich cest, které je
az 10x vyssi nez v bézné populaci (4). Vzhledem k nartstajicimu poc¢tu obéznich
rodicek roste i riziko vzniku situace ,,cannot intubate, cannot oxygenate*. Metodou
volby v dané situaci je invazivni zaji$téni dychacich cest protnutim cricothyroidni
memrany (CTM). Jeji nalezeni vSak u obéznich t€hotnych miize byt obtizné. Gadd
a kolektiv proto provedli studii, sledujici vztah mezi zavaznou obezitou (BMI > 45
kg/m2) a hloubkou CTM pomoci point-0f-care ultrasonografie. Zjisténa hloubka CTM
byla signifikantné vétsi u obéznich (18,0 mm) nez u neobéznich zen (10,6 mm, BMI
< 25 kg/m2) ve tretim trimestru t€hotenstvi. Tato znalost nam pfinasi moznost
ptipravy na potencialni chirurgické zajisténi dychacich cest a v¢etné adekvatniho
instrumentaria, umoznujici provedeni vykonu i u hloubg&ji uloZzenych struktur (26).
V roce 2015 pak bylo vydano prvni oficialni doporuceni pro obtizné ¢i nemozné
zajisténi dychacich cest v téhotenstvi. Doporuceni vzniklo ve spolupraci asociace
porodnickych anesteziologii (Obstetric Anaesthetists' Association) a spolecnosti pro
obtizné zajisténi dychacich cest (Difficult Airway Society). Doporuéené postupy,
veénujici se zajisténi dychacich cest v porodnické anestezii, jsou rozdéleny do tii

hlavnich ¢asti — doporuceny postup ,,zajisténi dychacich cest u t€hotnych®, postup pii
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,»can not intubate, can ventilate* a samoziejmeé postup pfi ,,can not intubate, can not
ventilate® (27).

Naopak riziko aspirace zalude¢niho obsahu bylo dle poslednich poznatkii
vyrazn¢ ptecetiovano. V poslednich letech ptibyva studii vyuzivajicich bedside
ultrazvukového vysetieni gastrického rezidua u t¢hotnych (28,29). Vysetfeni mnozstvi
gastrického rezidua, zejména pak zjisténi jeho absence, umoznuje rozsireni
bezpecnych anesteziologickych metod nejen v peripartalnim obdobi. Piesnost
identifikace prstencové chrupavky, a tim ur¢eni mista k provedeni Sellickova hmatu,
pomoci hmatnych povrchovych struktur krku, studovali Quasem a kol. v prospektivni
observacni studii. Z 60 rodicek byla spravna poloha prstencité chrupavky (ovéreno
ultrazvukem) identifikovana palpac¢né v pouhych 25 ptipadech (30).

S ohledem na vySe zminéné piibyva Vv poslednich letech praci publikujicich
bezpeéné uziti Supreme™ laryngealni masky (SLM) K zajisténi dychacich cest béhem
anestezie u cisaiského fezu (31). Metodou druhé volby v zajisténi dychacich cest
téhotné se tedy nyni stava SLM. Yao a kol. porovnal u 920 vybranych nerizikovych
rodiéek zajisténi dychacich cest SLM a endotrachealni intubaci. Usp&snost prvniho
pokusu, ventilaéni parametry, matei'sky a novorozenecky outcome i absence aspirace
Zalude¢niho obsahu byli shodné u obou metod. Uziti SLM vedlo k sniZeni ¢asu
do dosazeni efektivni ventilace v porovnani s endotrachealni intubaci (32). Tan a kol.
sledoval asociaci vy$siho Mallampati skore s obtiznosti a komplikacemi zavedeni
SLM. Vyssi hodnota Mallampati skoére neovliviiuje vysledek zavedeni SLM, bolest
v krku, chrapot, spokojenost matky ani outcome novorozence u cisaiského fezu
Vv celkové anestezii. Na druhou stranu vede k vyssimu vyskytu krve na povrchu SLM

po jejim vyjmuti (33).
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I pfes zminény pokrok v pohledu na rizika spojena s celkovou anestezii
Vv téhotenstvi zlistava nezastupitelné misto pro zajiSténi dychacich cest orotrachealni
intubaci, ktera i nadéle zlstava zlatym standardem V zajiSténi dychacich cest

v prubehu celkové anestezie u cisaiského fezu.

IV. Moderni trendy v celkové anestezii u cisarského rezu

Jak je z vysSe napsaného ziejmé, pohled na anestezii u cisafského fezu zaziva
po desetiletich neménného standardu zasadni zmény. Pul stoleti zazity standard
anesteziologického postupu u cisafského fezu, zavedeny do praxe Steptem a Safarem
Vv roce 1970, nyni podstupuje Gpravy dle principt evidence based medicine (34).
Plivodni Steptiv a Safartiv postup vychazel ze studie popisujici podani thiopentalu
a sukcinylcholinu v porodnické anestezii 264 pacientkam a prace Sellicka,
publikované v Lancetu v roce 1961, vénujici se modifikaci postupu rapid sequence
induction (RSI), tedy rychlého uvodu do celkové anestezie, ktera méla zamezit refluxu
zalude¢niho obsahu zejména pak nasledné aspiraci kyselého zalude¢niho obsahu
do plic (35,36).

Kromé dostupnosti novéjsich a bezpecnéjsich 1€¢iv pomohl vyznamnou mérou
Kk urychleni zmény v postupu i zakaz uzivani thiopentalu v USA ¢i doCasné preruseni
dodavky thiopentalu v Ceské republice a dalsich evropskych zemich. Zajimavému
shrnuti problematiky pouzivani thiopentalu na porodnim sale vénovali Lucas a Yentis
editorial v ¢asopisu Anaesthesia v roce 2015. Vyzyvaji zde mimo jiné z obavy z bd¢lé
anestezie (awareness), jedné z nejobavanéjsich a aktualné ¢asto diskutovanych
komplikaci celkové anestezie u cisarského fezu, ke zvadzeni nahrazeni thiopentalu
propofolem. Dtivodem k obavam nejsou vedlejsi nezadouci uéinky 1é€¢iva, tak jak

tomu ve vétSing pripadl nahrazeni 1éCiva za novéjsi byva. Je jim paradoxné fakt,
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Ze Vv ostatnich oborech anestezie byl thiopental jiZ v podstaté nahrazen propofolem,
a proto s nim zejména mladi 1ékafi maji jen minimalni, ¢i dokonce nulové zkuSenosti.
Casto tedy dochazi k neamyslnému poddavkovani ¢i dokonce zaméné za jiné 1é¢ivo
(3, 37). K zaméng¢ 1é¢iva pak dochazi zejména u akutniho cisaiského fezu, kdy na viné
je zvyseny stres personalu a neni tedy fixovany na zkuSenost ¢i v€k anesteziologa.
Dalsim rizikem thiopentalu souvisejicim s jeho Gstupem z kazdodenni praxe
na operacnim sale, je snizujici se zkuSenost persondlu s jeho davkovanim u rizikovych
pacientl. Pfikladem mohou byt rodi¢ky v septickém Soku, u kterych vyssi davka
thiopentalu mize vést ke zhorSeni jejich stavu a nasledné i morbidity a/¢i mortality.
Dalsi slozkou dopliiované anestezie u cisafského fezu je svalové relaxans.
Jedina dvé svalova relaxans, ktera spliiuji podminku rychlého néstupu uc¢inku a mohou
tedy byt uzita v ramci RSI jsou sukcinylcholin a rokuronium. Rokuronium se diky
svym vlastnostem, a aktudln€ i moznosti aktivniho zvratu rokuroniem navozené
nervosvalové blokady sugammadexem, stava silnou konkurenci pro diive prakticky
vyhradné¢ uzivany sukcinylcholin. Jednou z piekazek ve vyssi mife uziti alternativniho
rokuronia k navozeni nervosvalové blokady u cisaiského fezu mize byt absence
jasnych doporuceni pro davkovani rokuronia v indikaci bleskového tivodu
u cisafského fezu. Davkovani 1 mg/kg télesné hmotnosti vede u bézné populace
az v 96 % k adekvatnim intuba¢nim podminkam do 60 sekund od jeho podani.
Podivame-li se vSak do SPC na téhotenskou populaci, docteme se o absenci klinickych
studii pfi davkovani vy$§im, nez 0,6 mg/kg t€lesné hmotnosti. Z toho divodu velka
¢ast studii, sledujicich rokuronium podané pii cisaiském fezu, pracuje s davkou
0,6 mg/kg té€lesné hmotnosti (38, 39). S ohledem na skute¢nost, Ze nastup relaxace
navozené davkou rokuronia 0,6 mg/kg télesné hmotnosti, se nelisi u zen v tfetim

trimestru téhotenstvi v porovnani s neté¢hotnymi zenami, je vice nez ke zvazeni uziti
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vy$$i indukéni davky rokuronia k navozeni dobrych intuba¢nich podminek

ve srovnatelném case se sukcinylcholinem (38). Soucasné, podivame-li

se na chirurgické podminky navozené svalovym relaxans a tim usnadnéni vybaveni
plodu pfi cisafském fezu, jiz pti pouziti davky rokuronia 0,6 mg/kg dostavame

I pfes nesrovnateln¢ delsi ¢as do intubace v porovnani se sukcinylcholinem
srovnatelné Casy od indukce anestezie do vybaveni plodu. Podani rokuronia tedy vede
Kk usnadnéni vybaveni plodu a zkraceni ¢asu od incize do vybaveni plodu (39).

Tteti slozkou dopliiované anestezie, ne v§ak vzdy vyuzivanou v samotném
uvodu do celkové anestezie, je analgeticka slozka, v naSem ptipad¢ opioidni. Opioidy
v tvodu do celkové anestezie u cisaiského fezu nejsou vétSinou uzivané z divodu
obavy o nezadouci ovlivnéni novorozence po porodu. White a kolektiv proto provedli
systematické review a meta-analyzu RCT porovnavajicich vliv opioidu (remifentanil,
alfentanil a fentanyl) ve srovnani s placebem na novorozence. Vliv na Apgar skore
vSech tii sledovanych opioida byl shodny v 1. minuté po porodu, v 5. minuté
po porodu fentanyl vyrazné ovlivnil Apgar skore ve srovnani s ostatnimi opioidy.
Vsechny tii sledované opioidy vedly k statisticky vyznamnému ovlivnéni

hemodynamickych parametrii matky (40).
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b. Kritické momenty v pribéehu pediatrické anestezie

Anestezie u pediatrické populace je pro mnohé anesteziology vyzvou. Akutni
zévazné komplikace v pediatrické anestezii jsou velmi sporadicky a nekvalitné
publikovany. Vétsina studii z pediatrické populace vénujici se kritickym momentim
a souvisejicim komplikacim se potyka s nedostate¢nym reportingem, heterogenitou
a Spatn¢ definovanymi diagnostickymi kritérii popisovanych komplikaci (41, 42).

MozZnosti, jak minimalizovat vznik kritickych momenti v perioperacnim
obdobi je opakovany trénink, idedln€ bez rizika poskozeni pacienta. Tuto podminku
optimalné napliiuje simulacni medicina, kterd umoznuje jednak samotny trénink,
ale i systematické piezkouseni anesteziologti ve specializa¢nim vycviku.

Jiz v roce 2013 byla publikovana studie porovnavajici spolehlivost prichodu
simulacnimi scénafi krizovych situaci v pediatrické anestezii v Kanadé¢ a Velké
Britanii. Everett a kolektiv shledali simulované krizové scénate z prostiedi pediatrické
anestezie za dostate¢né spolehlivé k posouzeni piipravenosti 1ékaft v ptiprave
k ziskani kompetenci samostatné prace (43). | v Ceské republice nyni nastavé ,,boom*
simula¢ni mediciny. V roce 2015 vznikla Spole¢nost pro simulaci v medicing.

Jejim cilem je definovani pravidel vzniku i fungovani simula¢nich center a dalsi
rozvoj vysoce kvalitnich medicinskych simulaci, které umozni ti¢astnikiim zazit
skute¢né udalosti pro tcely praxe, vzdélavani, hodnoceni, testovani nebo ziskani
pochopeni fungovani systému ¢i jiné lidské ¢innosti. V roce 2019 byla do nového
vzdélavaciho programu specializaéniho oboru Anesteziologie a intenzivni medicina
zatazena i povinna ucast na kurzu Simulace kritickych stavii o minimalnim rozsahu
16 hodin. Soucasti povinného kurzu je jednak iivod do problematiky simulaci

Vv mediciné, obecny management krizovych situaci v AIM, tak krizové stavy

Vv anestezii dospélych a détskych pacientd a krizové stavy v intenzivni péci.
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Komplikace v pediatrické anestezii podle soucasné literatury nastavaji
nejcasteji v souvislosti se zajisténim dychacich cest a dychanim a az posléze
kardiovaskularnimi ptihodami. Mir Ghassemi a kol. provedl prvni systematické
review a meta-analyzu RCT sledujici nejcastéjsi komplikace v pribéhu pediatrické
anestezie (41). Dalsi studie z roku 2015 sledovala kritické incidenty spojené
S pediatrickou anestezii. AZ 46,5 % popsanych incidenti bylo ve spojeni s dychacim
systémem. Nejvyssi incidence nezddoucich udalosti je popisovana u déti mladSich
jednoho roku, déti s ASA skore Il a IV a u akutnich vykoni (42). De Graaff
a kolektiv ve své praci navrhl novy seznam vhodny pro vytvoireni databaze
pro kritické incidenty v pediatrické anestezii, prvni databéazi kritickych incidenti
specifickou pro détskou populaci. Mezi kritické udalosti spojené s respiracnim
systémem zafadili: odpojeni, zalomeni ¢i obstrukei kanyly, nahodnou extubaci,
neoc¢ekdvanou obtiznou intubaci, o¢ekavanou obtiznou intubaci, nemoznou intubaci,
selhani intubace, endobronchialni intubaci, re-intubaci, laryngospasmus,
bronchospasmus, aspiraci, hypoventilaci/ hypoxemii, plicni edém, selhani ventilace
laryngealni maskou, apneoe, stridor, plicni hypertenzi a dalsi (42). S ohledem na vyse
zminéné kritické momenty se nize zamétim predev§im na zajisténi dychacich cest

a otazku pouziti svalové relaxace v pediatrické populaci.

I. Zajisténi dychacich cest
Béhem anestezie dochazi ¢asto k potlaceni ochrannych reflexit dychacich cest
a k omezeni prichodnosti dychacich cest jednak polohou pacienta a zejména pak 1éky
indukovanym kématem. Uvedenim pacienta do celkové anestezie dochazi také
k potlaceni obranych reflexti dychacich cest, zvysuje riziko aspirace zalude¢niho

obsahu do dychacich cest a v neposlednim ptipad¢ také zvySené riziko hypoxie
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s naslednym hypoxickym postiZenim mozku v pfipadé neadekvatni oxygenace

a ventilace. Dalsim faktorem ovliviiujicim dychani je ovlivnéni dechového centra
sedativni a hypnotickou sloZkou anestezie. Schopnost zajisténi dychacich cest

Vv pritbéhu anestezie je esencialni dovednost kazdého anesteziologa vyplyvajici

Z nutnosti zachovani prichodnych dychacich cest v priabéhu celého perioperaéniho
procesu a tim umoznéni dychani, jedné ze zakladnich vitalnich funkci. Zajisténi
dychacich cest se tak stava jednoznaéné nejrizikovejsim momentem pediatrické
anestezie (41).

Rizikovost zajisténi dychacich cest a ¢asty vyskyt nezadoucich respiracnich
udalosti vyplyva jednak z anatomickych a soucasné také z fyziologickych specifik
jednotlivych vékovych kategorii. Vybér konkrétni pomicky k zajisténi dychacich cest
je nutné volit s ohledem na vyse zminéné pfisn¢ individudlné. K zédkladnim
fyziologickym a anatomickym rozdiliim pediatrické populace patii disproporéné velka
hlava kojenct, dlouha epiglottis tvaru U, velky jazyk a tthel mandibuly 140°.
Epiglottis je uzka, poddajna, relativné dlouha, ve tvaru pismene U a naklonéna dozadu
pod uhlem 45° (44).

Anesteziolog by proto mél byt schopen jednak vyhodnotit rizika spojena
se zajisténim dychacich cest s ohledem na konkrétniho pacienta, tak soucasné
optimalizovat postup zajisténi dychacich cest s ohledem na planovany opera¢ni vykon
¢i vySetteni. Pokazdé se tedy jedna o vysoce individualizovany postup voleny na miru
pacientovi od spontanni ventilace, pfes moZnost uziti supraglotickych pomucek
po zajisténi dychacich cest endotrachedlni intubaci. V optimalnim piipadé by mél byt
plan zajisténi dychacich cest stanoven jiz v pfedoperacnim obdobi. U planovanych
vykont k tomuto vyhodnoceni slouzi anesteziologickd ambulance, kterd kromé

samotného vyhodnoceni rizik slouzi i k pohovoru anesteziologa se zakonnym
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zastupcem pacienta a pacientem samotnym. Ve stejny okamzik by mél byt stanoven
| postup pro ptipad selhani piivodné planovaného zajisténi dychacich cest, pfi¢emz
pfednost by vZdy mély mit miniméln€ invazivni metody pfed t€mi invazivnimi.

Velka ¢ast malych zakroktli a diagnostickych vysetfeni probiha v détském véku
Vv celkové anestezii se zajiSténim priichodnosti dychacich cest supraglotickymi
pomuckami, nej¢astéji oblicejovou maskou ¢i laryngealni maskou. V roce 2019 byl
publikovan ptehledovy ¢lanek shrnujici vS§echny dostupné pomticky pro zajisténi
dychacich cest v pediatrické populaci (44). V poslednich letech se rozmaha vyuziti
supraglotickych pomiicek, zejména pak laryngealni masky, ve vSech vékovych
kategoriich. Pfevlada u vykont, kde neni jednozna¢n4 indikace pro orotracheéalni
intubaci. Uziti laryngealni masky v pediatrické anestezii vede K snizeni poctu
poanestetickych komplikaci jako desaturace, laryngospasmus, kasel ¢i apnoické pauzy,
ve srovnani s orotrachedlni intubaci. Laryngealni maska je proto vysoce cenénou
pomuckou v rukou détského anesteziologa (45). Pomysinym dals$im stupném
Vv zajisténi dychacich cest je pak infraglotické zajisténi dychacich cest orotrachealni

¢1 nasotrachealni intubaci.

Ii. Nervosvalova blokdda a jeji zvrat
Aplikace nervosvalové blokady v pediatrické anestezii zastava odlisné
postaveni nez v anestezii dospélych pacientti. Zakladni rozdil v uzivani nervosvalové
blokady je zejména zaloZen na skutecnosti, Ze do urcitého véku Ize provést
orotrachealni intubaci v tzv. inhala¢nim uvodu, tedy bez uZiti svalového relaxans.
Otazkou vsak ziistava, zda je tento postup v dnesni dobé nadale ospraveditelny.
Pfi inhala¢nim Gvodu do anestezie se vyuziva nejen sedativniho, ale i mirného

myorelaxaéniho G¢inku sevofluranu.
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Podivame-li se na intuba¢ni podminky za uZziti svalového relaxans, docilime
lepSich intuba¢nich podminek v porovnani s anestezii ¢isté¢ inhalacni.

Aplikace nervosvalové blokady by méla byt vzdy doprovazena monitoraci
hloubky nervosvalové blokady v celém prubéhu anestezie (3,46). Zamezeni zbytkové
(residualni) nervosvalové blokady by mélo predchazet vzniku neprichodnosti
dychacich cest s asfyxii, hypoventilaci s naslednou hypoxii, s moznym ob&hovym
selhanim a smrti, aspiraci zalude¢niho obsahu a dal$im poopera¢nim komplikacim,
jako jsou atelektazy ¢i pneumonie (3).

Vyznam monitorace hloubky nervosvalové blokady je zdiiraziiovan
jiz od 70. let, kdy byla publikovana prvni prace upozoriujici na nepfesnost vysetieni
klinickych znamek zotaveni z nervosvalové blokady po opera¢nim vykonu, jako
je zvednuti hlavy na 5 vtefin nad podlozku ¢i vyplazeni jazyka (3,47). Od roku 1975
je uzivana akcelerometrickda monitorace hloubky nervosvalové blokady v rezimu
Train-of-Four (TOF) (48). Rezim TOF je soucasné dodnes povazovan za jedinou
objektivni metodu meteni (TOF ratio vétsi nez 0,9 odpovida plnému zotaveni
z nervosvalové blokady) vhodnou k ur¢eni bezpeéného okamziku pro extubaci (3,49).
Vybor Ceské spolecnosti anesteziologie, resuscitace a intenzivni mediciny
se v poslednich letech vénuje zvySovani bezpecnosti pacienta v perioperacni procesu.
V roce 2017 proto vybor zvetejnil Stanovisko CSARIM k piistrojové monitoraci
hloubky nervosvalové blokady, kde poukazuje na rozpor mezi objektivnimi riziky
perioperaniho podavani svalovych relaxancii a v aktudlni Ceské praxi nedostate¢nym
hodnocenim jejich u¢inku a odeznéni (3,50). Vybor CSARIM proto doporuduje,
aby byl uc¢inek svalovych relaxancii pfistrojové monitorovan, umoziuje-li to

pristrojové vybaveni pracovisté. Pii nakupech ptistrojové techniky a zadavani
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specifikaci pro vybérova fizeni je proto nezbytné myslet i na objektivni a kvantitativni
hodnoceni hloubky nervosvalové blokady (3,46).

S ohledem na jiz vice nez 40letou znalost objektivnich metod monitorace
hloubky nervosvalové blokady je alarmujici, Ze i v dobé, kdy jsou snadno dostupné
nastroje k objektivizaci hloubky nervosvalové blokady, je dle dostupnych dat 20—40 %
pacientil na pooperacni pokoj uklddano s objektivnimi zndmkami rezidualni
nervosvalové blokady (3,47). Existuji ti kategorie hodnoceni hloubky nervosvalové
blokady: klinické, subjektivni a kvalitativni hodnoceni, a nakonec nejpiesnéjsi
objektivni a kvantitativni méteni hloubky nervosvalové blokady (3,49).

Znalost uc¢inku depolarizujicich a nedepolarizujicich svalovych relaxancii
na nervosvalové ploténce, fyziologickych principti nervosvalového pienosu, stejné
jako znalost objektivnich metod méteni hloubky nervosvalové blokady je zakladem
Kk bezpecnému uzivani svalovych relaxans a vyvarovani se piipadnych perioperacnich

komplikaci.
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C. Tematické okruhy habilitacni prace

Prvnim tematickym okruhem této habilita¢ni prace jsou ¢lanky vzniklé
V souvislosti se zah4jenim podavani kombinace rokuronia a sugammadexu
u cisafského fezu. Cilem podavani této nové kombinace svalového relaxans a jeho
specifického antidota byla zména pohledu na vice nez 50 let stary postup
RSI (tzv. rychlého tivodu do anestezie) S uzitim thiopentalu a sukcinylcholinu. Prace
na tomto tématu byla zahéjena publikaci série kazuistik s uspéSnym s pouZzitim
rokuronia a sugammadexu v celkové anestezii u vysoce rizikovych rodicek. Jednalo
se o prvni publikaci uZiti této kombinace na porodnim séle u rizikovych rodicek
v Ceské republice (51). Tato kazuistické série nas inspirovala k provedeni
prospektivni randomizované studie sledujici bezpe€nost a kvalitu intubaénich
podminek pii podani rokuronia rodickam k provedeni cisatského fezu v celkové
anestezii s naslednou reverzi nervosvalové blokady sugammadexem. Vznikla tedy
multicentricka studie RocSuglO (Rocuronium and Sugammadex In Obstetrics), jejimz
hlavnim cilem bylo potvrzeni noninferiority rokuronia v ramci rychlého tivodu
do anestezie v porovnani se sukcinylcholinem (52). Prace publikovana v ¢asopise
Anesthesia and Analgesia byla ocenéna Dvorackovou cenou za nejleps$i praci v oblasti
anesteziologie a perioperacni mediciny publikovanou v roce 2016 udélovanou
CSARIM a cenou dékana Lékaiské fakulty Masarskovy univerzity za nejvyznamngjsi
pfinos pro rozvoj klinické mediciny. Po vyhodnoceni sekundarnich cili studie,
novorozeneckého outcomu v obou sledovanych skupinach, jsme se rozhodli zjistit, zda
jsou pozorovatelné rozdily v parametrech poporodni adaptace novorozence po podani
rokuronia a sukcinylcholinu v ramci rychlého uvodu do celkové anestezie k provedeni
cisafského fezu (53). Prace byla ocenéna Dvotrackovou cenou za nejlepsi praci

V oblasti anesteziologie a perioperacni mediciny publikovanou v roce 2017
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udélovanou CSARIM, Cenou Jiftho Macha za nejlepsi publikaci autora do 35 let

za rok 2017 udélovanou Nada¢nim fondem AKUTNE.CZ, Cenou d&kana Lékatské
fakulty Masarykovy univerzity za 1. misto v kategorii pro postgradualni studenty

za praci otiSténou v Casopise International Journal of Anesthesia. Dal§im ocenénim
byla cena ,,Best Paper Award* ¢asopisu International Journal of Obstetric Anesthesia
za rok 2017. Nase studie sledujici vliv relaxancii podanych matce na novorozence také
vyvolala rozsahlou diskusi v tomto casopise (54-56). Novy pracovni postup v ramci
rychlého uvodu do celkové anestezie k cisatskému fezu jsem méla v kratké dobé po
skonceni studie RocSuglO moznost aplikovat i u pacientky s vzacnym nervosvalovym
onemocnénim, u které bylo nemozné provedeni regionalni anestezie (57). Tato prace
byla ocenéna Cenou Jiftho Macha za nejlepsi publikaci autora do 35 let za rok 2016
udélovanou Nadaénim fondem AKUTNE.CZ. Po publikaci kazuistiky popisujici
anesteziologicky postup u pacientky trpici onemocnénim myotonia congenita Becker
v European Journal of Anaesthesiology v roce 2016 jsme byli osloveni k vytvoreni
obecného doporuceného postupu pro podavani anestezie u pacientd trpicich stejnym
onemocnénim pro projekt OrphanAnesthesia.eu. Nas§ doporuceny postup byl nasledné
v roce 2019 publikovan v némeckém ¢asopise Anasthesiologie & Intensivmedizin
(58).

Druhym tematickym okruhem mé habilitacni prace je mezinarodni studie
vénujici se anesteziologické praxi na porodnim sale OBstetric Anaesthesia and
Analgesia Months Attributes International (OBAAMA-INT), ktera prob¢hla
Vv listopadu roku 2015 na Ceskych a slovenskych anesteziologickych pracovistich
(24,59). Studie OBAAMA-INT navazovala na uspésny projekt OBstetric Anaesthesia
and Analgesia Months Attributes in Czech Republic (OBAAMA-CZ) z roku 2011,

realizovany na ¢eskych anesteziologickych pracovistich (22).
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Ttetim tematickym okruhem mé habilitacni prace jsou prace vénujici se détské
anestezii. V ramci pediatrické anestezie jsme se nejprve vénovali kontroverznimu
tématu zajisténi dychacich cest u déti se zamétenim na specifické aspekty détského
pacienta (60). Tato publikace obdrzela Cenu Jitiho Macha na VIII. konferenci
AKUTNE.CZ za nejlepsi publikaci autora do 35 let véku za rok 2015. Dale jsme nas
vyzkum zaméfili na pediatrické pacienty podstupujici vykon v celkové anestezii
s orotrachedlni intubaci a nutnosti svalové relaxace. Zaméfili jsme se na vyskyt
rezidualni nervosvalové blokady, a to jak na operacnim sale tésné pred extubaci,
tak zejména po ptijezdu na dospavaci pokoj. Vysledky nasi observacni studie
u détskych pacientd korelovaly s vyskytem rezidualni nervosvalové blokady
u dospélych pacienti (61-63). Tato publikace obdrzela Cenu Jifiho Macha na
XI. konferenci AKUTNE.CZ za nejlepsi publikaci autora do 35 let véku za rok 2018.
Posledni publikace ze souboru ptedkladanych praci se v ramci pediatrické anestezii
vénuje porovnani peropera¢nich chirurgickych podminek pii udrzovani melké
(TOF = 1) a hluboké nervosvalové blokady (Post Tetanic Count, PTC = 0-1)
rokuroniem. Pfi zatazeni 66 détskych pacientl jsme neshledali statisticky vyznamny

rozdil v chirurgickych podminkach pii melké a hluboké nervosvalové blokade (64).

Z osmnacti publikovanych praci na téma anestezie rodicky a ditéte, na nichz jsem se
autorsky podilela (u Sesti jsem byla prvni ¢i korespondujici autorkou), je do
predkladané prace zatazeno 11 nejvyznamnéjSich praci (U Sesti jsem byla prvni ¢i
korespondujici autorkou), z nichz tfi jsou randomizované studie, jedna je piechledovym
¢lankem, tfi jsou observacni studie, jedna korespondence, jedna je mezinarodni

doporuceni a dvé jsou kazuistikami &i kazuistickymi sériemi. Sest praci bylo
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publikovéno v casopisech evidovanych v databazi Web of Science v prvnim kvartilu

(Q1) prislusnych kategorii, tedy Anesthesiology a Gynecology.
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2. Prace vzniklé v souvislosti se zahajenim podavani kombinace
rokuronia a sugammadexu u cisaiského Fezu

Rokuronium jako alternativa sukcinylcholinu v ramci rychlého tivodu
do celkové anestezie je v poslednich letech ¢asto diskutovanym tématem. Zejména
Vv porodnictvi pak naléza své uplatnéni az v okamziku pfivedeni specifického antidota
sugammadexu do klinické praxe na operacnim sale. Diky jedine¢né moznosti
specifické antagonizace rokuronia v kterékoliv hloubce nervosvalové blokddy nastala
otazka bezpecnosti pouziti podani rokuronia a sugammadexu i na porodnim séle.

Z dtivodu az 10x vyssi incidence obtizné intubace rodicky ve 3. trimestru t¢hotenstvi
je zasadni rychly Givod do celkové anestezie zejména z obavy z rychlé desaturace
hrozici pro snizenou funkéni residudlni kapacitu rodic¢ky a potencialni ohrozeni jak
matky, tak i plodu (4).

Doposud byl v ramci RSI do celkové anestezie u cisafského fezu k navozeni
nervosvalové blokady uzivan sukcinylcholin. Existuje vSak nemala skupina pacientd,
u nichz je podani sukcinylcholinu kontraindikované ¢i vysoce rizikové, a pravé pro
tyto pacienty je existence alternativniho svalového relaxans pro podani v ramci RSI
k cisafskému fezu zasadni. Do rizikové skupiny pacientti patii naptiklad pacienti
s nervosvalovym onemocnénim, rozsahle popaleni pacienti, pacienti s transverzalni
1ézi mi¥ni, imobilni pacienti a mnoho dalsich. Uspé&sna aplikace alternativniho postupu
S uzitim rokuronia a sugammadexu skupin¢ rizikovych rodicek vedla na nasem
pracovisti k prohloubeni zajmu o tuto kombinaci 1€¢iv a iniciaci jedné ze zakladnich
studii, kterym se budu vénovat v této habilita¢ni praci (51-53, 56,57). Kromé otazek
tykajicich se délky trvani nervosvalového bloku, kvality intuba¢nich podminek a ¢asu
do dosazeni adekvatnich intuba¢nich podminek za uZiti riznych davkovacich schémat

se potykame na porodnim séle 1 S otdzkou transplacentarniho ptenosu 1éciva a jeho
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potencialniho vlivu na novorozence. Tuto otdzku jsme se snazili zodpovédét iniciaci
RocSuglO studie a jejim naslednym rozsitenim k potvrzeni vlivu volby svalového

relaxans na poporodni adaptaci novorozence (53).
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a. Aktivni reverze nervosvalové blokady rokuroniem podanim sugammadexu
u cisarského rezu v celkové anestezii — série kazuistik. Anesteziologie
a intenzivni medicina 2013

Prvni kazuisticka série popisujici ispé$né uZiti rokuronia a sugammadexu
u cisaiského fezu v celkové anestezii u vysoce rizikovych rodi¢ek v Ceské republice
pfinesla mimo jiné i postup s podanim jednotné davky sugammadexu 200 mg
(1 ampule) u vsech pacienti bez ohledu na hmotnost ¢i hloubku nervosvalové
blokady.

Publikovany postup vychazel z prace z roku 2010 publikované v British
Journal of Anaesthesia popisujici sérii 7 rodicek s uspéSnym zvratem nervosvalové
blokady sugammadexem po podani rokuronia v davce 0,6 mg/kg (3,65). V nasi praci
se sérii kazuistik jsme popsali postupu anestezie u vysoce rizikovych rodicek
a zdtivodnéni uziti kombinace rokuronia a sugammadexu v piipadé kontraindikace
neuroaxialni anestezie. Dalsi praxi, ze které jsme vychazeli pii podani anestezie, byla
prace popisujici podani rokuronia v davce 1,2 mg/kg 18 rodickam, kdy u vsech byla
prokédzana hluboka nervosvalova blokada v okamziku ukonceni cisafského fezu
a U vsech byla tato blokéda uspésné revertovana podanim sugammadexu v davce

4 mg/kg télesné hmotnosti (3,66).
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Aktivni reverze nervosvalové
blokady rokuroniem podanim
sugammadexu u cisarského rezu

v celkové anestezii — série kazuistik
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Sugammadex je lék, ktery zvrati rokuroniem vyvolanou
neuromuskuldrni blokadu bez ohledu na jeji hloubku.
Predkladame 3est pfipad( ukonceni téhotenstvi ci-
sarskym fezem v celkové anestezii, kdy byla indukce
anestezie provedena propofolem (1,6-2,3 mg/kg)
nebo thiopentalem (4,1-5,6 mg/kg) a navozeni ner-
vosvalové blokady rokuroniem (0,8-1,1 mg/kg) nebo
sukcinylcholinem (1, 0-1,5 mg/kg). Pro udrZeni svalové
blokady bylo pouZito rokuronium (0,4-0.5 mg/kg). Na
konci operace viechny pacientky vykazovaly vyznam-
ny stupen neuromuskuldrni blokady. U jedné nebyl za-
znamenan v rezimu TOF Zadny zadkub, tfi vykazovaly
znamky mélkého bloku (TOF > 1) a dvé z nich nemély
zadne klinicke pfiznaky obnoveni svaloveé sily (monito-
rovani TOF nebylo pouzito). Pacientkam byla podana
jednotna davka sugammadexu 200 mg (1,7-3.2mg/kg).
U viech pacientek doslo k rychlé a dostatecné obnové
plné svalové sily. Viechny pacientky byly pooperaéné
sledovany a v celém pooperaénim obdobi nejevily
Zadné znamky navratu svalové blokady &i rozvoje
svalové slabosti.

KLICOVA sLovA

- y fez - -
ae & blokada - bleskovy ivod
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ABSTRACT

Sugammadex for active reversal of neuromuscular
blockade induced by rocuronium for Caesarean sec-
tion in general anaesthesia - series of case reports
Sugammadex is a selective relaxant-binding agent,
which reverses rocuronium-induced neuromuscular
blocks of any depth. We reported six Caesarean sec-
tion cases undergoing general anaesthesia with propofol
(1.6-2.3 mag/kg) or thiopental (4.1-5.6 ma/ka)
and rocuronium (0.8-1.1 mg/kg) or sukcinylcholin
(1.0-1.5 mg/kg) for the induction of neuromuscular bloc-
kade. Rocuronium was used for the maintenance of
neromuscular blockade (0.4-0.5 mg/kg). At the end of
the procedure, all the patients had a significant degree
of neuromuscular block. In one patient, there was no
single twitch response and no TOF-ratio, three patients
had shallow neuromuscular blockade (TOF >1) and two
of them had no clinical signs of neuromuscular recovery
(TOF monitoring not used). The same single dose of
sugammadex 200 mg (1.7-3.2 mg/kg) was given. In all
patients, sugammadex provided rapid and sufficient
reversal to full muscle strenght. All patients were moni-
tored after the operation and no signs of recuranzation
or neuromuscular weakness were observed.

KEYWORDS

sugammdex ~ C tion - I hesia -
blockade - Rapid ducti
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Podil neuroaxidlnich blokad je u anestezie pro
cisarsky fez relativné vysoky (51,2%). 1 pfesto je
u téméf poloviny vykont z riznych indikaci poda-
na celkova anestezie [1]. Z divodu vyssi incidence
obtizné intubace v pozdnich fazich téhotenstvi je
indikovano zahajeni celkové anestezie bleskovym
uvodem (RSI- Rapid Sequence Induction). Klinicky
obavanou, avsak jasnou evidenci nepodloZenou,
komplikaci zlistava aspirace zalude¢niho obsahu
u rodic¢ek. Tradi¢ni postup definovany Safarem
a Steptem v 70. letech minulého stoleti je zalo-
Zen na péti zakladnich pravidlech, z nichZ jedno
predpoklada pouziti predem definované davky
thiopentalu a sukcinylcholinu. Vsouladu s posled-
nimi zpravami registru CEMACH [2] je duleZitou
soucasti bezpecné péce o rodic¢ku i dosazeni ade-
kvatni svalové sily na konci anestezie k udrzeni
prichodnosti dychacich cest. Novymi latkami
uzivanymi v celkové anestezii v porodnictvi se stalo
rokuronium a jeho selektivni antagonista sugam-
madex [3]. Velmi vyhodny se zda byt tento postup
u pacientek s poruchami nervosvalového prenosu
(napf. myastenia gravis), s hereditarnimi svalovy-
mi poruchami (napf. myotonie), s hereditarnimi
neurologickymi onemocnénimi (Huntingtonova
chorea), spastickou paraparézou ¢i kvadruplegii,
s anamnézou maligni hypertermie apod., u kte-
rych je podani dnes stale bézné pouzivaného suk-
cinylcholinu nevhodné [4-6). Zvlastni pozornost
je tfeba u pacientek s preeklampsii ¢i eklampsii,

Tab.1 Charakteristika souboru

kde podavani magnesium sulfitu mize vést ke
zvy$enému ucinku nedepolarizujicich svalovych
relaxancii.

Rokuronium (Esmeron™, Rokuronium B.Braun™)
je nedepolarizujici svalové relaxans ze skupiny
aminosteroidii. V davce 0,9-1,0 mg/kg poskyt-
ne u téhotnych identické intubaéni podminky
jako sukcinylcholin v davce1,0 mg/kg 3, 7]. Kmo-
nitorovani nastupu nervosvalové blokady je mozné
pouzit neurostimulator v rezimu SingleTwitch
(dobré intuba¢ni podminky lze ofekavat pfi po-
Kklesu pod 10 % tivodni intenzity). Nevyhodou ro-
kuronia v této davce je délka trvani nervosvalové
blokady, ktera pri relativné kratkém operacnim vy-
konu, jimz cisafsky fez je (25-40 min.), poskytuje
nepiimeérené dlouhou nervosvalovou blokadu [8].
Pii méfeni hloubky nervosvalové blokady v rezimu
TOF (Train of Four) byva na konci vykonu nejcastéji
zachycen 0-1zaskub, tedy pfechod mezi hlubokou
a mélkou nervosvalovou blokadou. Rokuronium
l1ze pouzit i pro pokracujici blokddu po indukci
sukcinylcholinem, poté byva na konci vykonu vét-
§inou zachycena mélka blokdda a i v tomto pfipadé
je v ramci prevence vyskytu rezidualni nervosva-
lové blokady vhodna aktivni reverze nervosvalové
blokady [9].

Sugammadex (Bridion™) je specifickym an-
tagonistou nervosvalové blokddy navozené ro-
kuroniem a vekuroniem. Chemicky se jedna
o cyklodextrin, ktery enkapsuluje molekulu ne-
depolarizujiciho myorelaxans aminosteroidniho

Udaje Pacientka 1 Pacientka 2 Pacientka 3 Pacientka 4 Pacientka S Pacientka 6
Vék (roky) 29 29 36 29 28 30
Hmotnost (kg) 76 62 66 75 121 67
ASA 3 2 2 3 2 2
Gestacni tyden 39 38 39 31 37 39
Propofol (ma/kg) 21 - 23 16 - 22
Thiopental (ma/kg) - 5,6 - - 4] -
Sukcinylcholin (mg/kg) - 13 15 - 1 -
Rokuronium ma/kg k RSI 09 - - 08 - R]
Rokuronium ma/kg - 0.5 045 - 04 -
k nasledné relaxaci
Délka operace (min.) 32 40 29 38 32 42
TOF na konci operace 25% = 2 2 - 0
Sugammadex (mg) 26 32 3 27 17 3
Cas do TOF 10 (s) 40 - 60 60 - 131
pH novorozence 733 6,98 = 7,26 722 7.32a731
Apgar skore 8-9-10 6-8-8 9-10-10 888 8-9-10 9-9-1029-9-10
OGIEA 2013,24,¢.3
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charakteru. Vznikly komplex sugammadex-roku-
ronium je velmi stabilni a vylucuje se ledvinami.
Pouziti sugammadexu pro zvrat nervosvalové
blokddy na konci cisafského fezu je bezpecné.
Expozice novorozence mateiskym mlékem je
minimalni [10]. Davkovani sugammadexu na
konci operaéniho vykonu: hluboka nervosvalova
blokada (TOF 0, PTC 0-1 (Post Tetanic Count) -
4 mg/kg, mélka nervosvalova blokada (TOF 1-2)
-2 mg/kg (10].

Cilem pfedkladaného sdéleni je popsat pribéh
aspésnych podani aktivni reverze nervosvalové
blokady navozené rokuroniem u cisafského fezu
v celkové anestezii sugammadexem u Sesti rizi-
kovych rodi¢ek ve Fakultni nemocnici Brno v ob-
dobi listopad 2010 aZ kvéten 2011. Charakteristika
souboru je uvedena v tabulce 1.

VYSLEDKY
Kazuistika 1 - probihajici antikoagulace
29letd Zena, hodnocend podle ASA III, byla
56 dni hospitalizovana na JIP porodniho salu.
V osobni anamnéze jsme zaznamenali chole-
cystolitidzu s opakovanymi pokusy o endoskopic-
ké feSeni, myopii, leidenskou mutacis opakova-
nou sukcesivni embolizaci do plic a probihajici
antikoagulaéni lé¢bou. Déle byla pacientka poly-
valentni alergi¢ka. Prubéh téhotenstvi byl zkom-
plikovan velmi bolestivou symfyzeolyzou, rozvo-
jem hydronefrézy a hypotyreézou. Po maturaci
plodu ve 39. tydnu bylo rozhodnuto k ukonceni
téhotenstvi cisafskym fezem. Pro probihajici
aktivni antikoagulaci se anesteziolog rozhodl pro
podani celkové anestezie. K indukci byl podan
propofol 2,1 mg/kg a rokuronium 0,9 mg/kg,
pii poklesu svalové sily (ST 12%) byla provede-
na orotrachealni intubace. Po 3 minutich byl
vybaven plod muZského pohlavi o hmotnosti
3140 g s pH7,33a Apgar skore 8-9-10. Délka trvani
operacnfho vykonu byla 32 minut. Vykon nebyl
komplikovany, peroperacni krevni ztrata byla
minimalni. Na konci operace byla svalova sila
zhodnocena v rezimu TOF 0,25, proto byl podan
sugammadex 200 mg (2,6 mg/kg). PIné svalové
sily (TOF 1,0) bylo dosaZeno za 40 s a pacientka
byla bez komplikaci extubovana.

Kazuistika 2 - HELLP syndrom

29letd pacientka hodnocena podle ASA I s pro-
bihajici akutni hepatitidou, tézkou hepatopa-
tif a HELLP syndromem. V 38. gestacnim tydnu
bylo pro hypoxii plodu rozhodnuto o ukonceni
téhotenstvi cisafskym fezem. Indukce celkové
anestezie byla provedena thiopentalem 5,6 mg/kg
asukcinylcholinem 1,3 mg/kg. Ve 4. minuté vyko-
nu byl vybaven plod muZského pohlavi o porodni
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hmotnosti 2 620 g s Apgar skére 6-8-8. Nasledna
nervosvalova blokdda byla zajiSténa rokuroniem
0,5 mg/kg. Na konci vykonu (40 min.) nebyly
zaznamenany zadné klinické znamky odeznivani
nervosvalové blokady, proto byla poddna aktiv-
ni reverze nervosvalové blokady sugammadexem
200mg (3,2 mg/kg). Po 3 minutdch byla pacientka
bez komplikaci s klinickymi zndmkami plné sva-
lové sily extubovana.

Kazuistika 3 - alergie na lokidlni anestetika

36letd Zena hodnocend podle ASA II s polyva-
lentnialergii na lokalni anestetika v anamnéze.
Potraumatickd degenerace sitnice matky by-
la indikaci k planovanému ukond¢eni téhoten-
stvi cisafskym fezem ve 39. tydnu téhotenstvi.
Alergickd anamnéza vedla ke kontraindikaci
neuraxialni blokady pro cisafsky fez. K indukci
jsme podali propofol 2,3 mg/kg a sukcinylcholin
1 mg/kg. Intubace byla zahdjena po odeznéni
fascikulaci. Za 3 minuty po zahajeni operace byl
vybaven plod muzského pohlavi o porodni hmot-
nosti 3510 g a s Apgar skére 9-10-10. Pro nasled-
nou svalovou relaxaci jsme podali rokuronium
0,45 mg/kg. Vykon byl ukonéen po 29 minutach
a v rezimu TOF jsme zachytili 2 zaSkuby. Po po-
dan{ sugammadexu 200 mg (3 mg/kg) doslo za
60 s k plnému obnoveni svalové sily a nasledné
nekomplikované extubaci.

Kazuistika 4 - trombocytopenie pri nefrotickém
syndromu

29leta Zena, hodnocena podle ASA III, byla
54 dni hospitalizovana na JIP porodniho silu.

Pfed téhotenstvim byla 13 let sledovana a 1écena
pro diabetes mellitus I. typu s organovymi kom-
plikacemi. V pribéhu téhotenstvi se u pacientky
rozvinul nefroticky syndrom s odpadem nékolika
desitek gramil bilkovin do mo¢i denné. Dal$imi
komplikacemi v pritbéhu téhotenstvi byly gestaéni
hypertenze, anémie, trombocytopenie a hypoty-
reéza. V prubéhu 31. gesta¢niho tydne se rozvinu-
la insuficience placenty a po maturaci plic plodu
bylo rozhodnuto o ukonéeni téhotenstvi cisafskym
fezem. Z dlivodu trombocytopenie pfi rozvinutém
nefrotickém syndromu jsme se rozhodli pro vykon
v celkové anestezii. K indukci jsme podali propofol
1,6 mg/kg arokuronium 0,8 mg/kg. Intubaéni po-
kus byl zahajen pfi poklesu ST na10%. Za 2 minuty
po intubaci byl vybaven plod Zenského pohlavi
o porodni hmotnosti 1190 g s pH pupecnikové krve
7,26 a Apgar skore 8-8-8. Délka trvani vykonu byla
38 minut. Na konci vykonu jsme v rezimu TOF
zachytili 2 ziSkuby a aktivni reverzi nervosvalové
blokady jsme provedli podinim sugammadexu
200mg (2,7 mg/kg). PIné svalové sily bylo dosaZzeno
za 60 sekund.

208,24,¢3 A
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Kazuistika 5 - akutni nefritida

28leta pacientka s aktualni hmotnosti 121 kg,
hodnocenda podle ASA II, s probihajici akutni
nefritidou. Pro hypoxii plodu byl indikovan
v 37. gesta¢nim tydnu emergentni cisafsky fez
v celkové anestezii. Indukce celkové anestezie
probéhla thiopentalem 4 mg/kg a sukcinylcho-
linem 1 mg/kg. Za S minut od zahajeni vykonu
byl vybaven plod muzského pohlavi o porodni
hmotnosti 2 850 g s Apgar skore 8-9-10. K na-
sledné svalové relaxaci bylo podano rokuronium
0,4 mg/kg. Na konci vykonu (32 min.) nebyly
zaznamenany klinické znamky obnoveni svalové
sily, proto byl podan sugammadex 200 mg (1,7 mg/
kg) a pacientka byla po 2 minutich bez kompli-
kaci extubovana bez patmnych klinickych znamek
rezidudlni kurarizace.

Kazuistika 6 - odmitnuti rodi¢ky

30leta druhorodi¢ka, hodnocena podle ASA1I,
s téhotenskym ikterem a koliznim postavenim
dvojcat pfisla ve 39. tydnu téhotenstvi s rozbiha-
jicim se porodem. U pacientky byl jiZ indikovan
planovany cisafsky fez v epiduralni anestezii,
indikace nyni zménéna na akutni. Pacientka
odmitla neuroaxialni blokadu, proto jsme pii-
stoupili k celkové anestezii. Celkova anestezie
byla indukovana podanim propofolu 2,2 mg/kg
arokuronial,1 mg/kg. Intuba¢ni pokus byl zaha-
jen pfi poklesu zaskubii vreZimu STna 11% za 40s.
Po 4 minutach vykonu byl vybaven plod muzského
pohlavi s hmotnosti 3340 g a Apgar skoére 9-10-10.
Minutu poté byl vybaven plod Zenského pohlavi
o porodni hmotnosti 2820 g s Apgar skére 9-10-10.
Délka vykonu byla 42 minut. V rezimu TOF jsme
stimulovali na konci vykonu 1 zaskub a rever-
zi nervosvalové blokady jsme provedli podanim
sugammadexu 200 mg (3 mg/kg). PInd svalova
sila byla obnovena za 131 sekund a nasledné byla
pacientka extubovana.

DISKUSE

Predlozenych Sest kazuistik poskytuje obraz
mozného pouziti kombinace rokuronium a su-
gammadex pro celkovou anestezii u cisaiského
fezu. PfestoZe rokuronium je akceptovanou al-
ternativou pro bleskovy tvod u cisafského fe-
zu [3], v porodnictvi stale vét§ina anesteziologil
preferuje pouziti sukcinylcholinu [1, 10]. I kdyz
neni vy$si vyskyt aspirace pfi iivodu do celkové
anestezie u cisafského fezu podloZen jasnou evi-
denci, zUistava stale uvadénou obavou. Bleskovy
avod do celkové anestezie je obecné uvadén jako
prevence aspirace. Vzhledem k predpoklidané
délce cisaiského fezu okolo 40 minut (1] se pfi dav-
kovéani rokuronia pro cisafsky fez (0,9-1,0 mg/kg)
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[3] neda na konci vykonu o¢ekavat spontannf zo-
taveni z nervosvalové blokddy k bezpe¢né arovni
TOF > 0,9. Vdavce 0,6 mg/kg, kterd je doporuce-
na vyrobci rokuronia pro cisafsky fez, poskytuje
rokuronium ve srovnani se sukcinylcholinem
horsi intuba¢ni podminky a myorelaxaéni G¢inek
nastupuje pozdéji [3]. Pro aktivni reverzi ner-
vosvalové blokady lze pouzit v piipadé mélkého
bloku inhibitor cholinesterdzy neostigmin nebo
v kterékoli fazi nedepolarizujiciho bloku rokuro-
niem sugammadex. Pro tento postup neexistuji
randomizované studie, jeho proveditelnost je
publikovana v ramci kazuistickych sdéleni ¢i série
kazuistik. Pfi pohledu do databaze ClinicalTrials.
gov je v soucasné dobé registrovana jen jedna
prospektivni intervenéni randomizovana studie
(NCT01718236) tykajici se nahrady sukcinylcho-
linu rokuroniem v tvodu do celkové anestezie
u cisafského fezu a nasledné aktivni reverze takto
navozené blokddy sugammadexem.

Piihringer et al. (8] pfedklada soubor 7 kazuis-
tik, kdy pro indukci nervosvalové blokady pouziva
rokuronium v davce 0,6 mg/kg. Suboptimalni
davku (3] pro bleskovy ivod kompenzuje zvysenou
davkou thiopentalu v ivodu do anestezie (5,0 aZ
7,0 mg/kg). Jen v jednom piipadé (délka operace
53 min.) doslo ke spontanni reverzi blokady do
trovné mélkého bloku (TOF 3 zaskuby).

Williamson et al. [11] podaval ve své prospek-
tivni neintervenéni studii (n = 18) rokuronium
v davce 1,2 mg/kg, coZ je davka doporucovand
pro bleskovy tivod netéhotnych. Nakonci vykonu
u viech rodicek detekoval hluboky nedepolarizuji-
ciblok, a proto jej zvratil divkou sugamamedexu
4 mg/kg. U 12 déd z jeho souboru bylo avodni
Apgar skére pod 7. V naSem souboru jsme zvolili
davku rokuronia 1,0 mg/kg, kterd je v SPC pri-
pravku doporucena pro bleskovy tivod, avsak neni
doporucena u téhotnych [12]. V naem souboru
bylo Givodni Apgar skére niz§i nez7 jen v jednom
piipadé, a to u probihajici hypoxie plodu.

Shibusawa et al. [13] uvadéji prehled 13 pa-
cientek, kterym podavali thiopental 3,5 mg/kg
a rokuronium v davce 0,9 mg/kg. K reverzi ner-
vosvalové blokady pouZzili sugammadex v davce
2 mg/kg bez ohledu na hloubku blokady, kterou
vSak opakovali kazdé 3 minuty do TOF > 0,9.
K opakovanému podani pfistoupili jen u jedné
pacientky s renalnim selhdnim, u které v§ak ne-
doslo k obnoveni svalové sily na TOF > 0,9 ani po
vice nez deseti minutdch a opakovanych davkich
sugammadexu 2 mg/kg.

Neuheimeretal. [14] se zaméfil ve své kazuistické
sérii10 pacientek na vyskyt nezadoucich u¢inkl po
myorelaxacivedené rokuroniem vdavcel,0 mg/kg
a nasledném zvratu hluboké blokidy podanim
sugammadexu 4 mg/kg. Pozoroval pouze malé



nezadouci u¢inky v podobé Skrabani v krku (30 %)
abolesti svalii (10 %), které jsme v nasem souboru
nezaznamenali.

V nasi praci jsme podali 3 pacientkdm v ivodu
do anestezie propofol namisto thiopentalu, ktery
je stale standardem [1]. Vét3i oblibu thiopentalu
krom tradice anesteziologové zduvodnuji obavou
z mélké anestezie ve fazi do vybaveni plodu [9].

V nasem souboru nedoslo po podani avodni
davky rokuronia k obnoveni svalové sily na uro-
veni mélkého bloku na konci vykonu jen u jedné
pacientky, které byla poddna davka 1,1 mg/kg.
U ostatnich jsme zachytili blokadu mélkou.
Pri pouziti rokuronia k ndsledné myorelaxaci
(0,4-0,5 mg/kg) po uvodni davce sukcinylcho-
linu (1,0-1,5 mg/kg) nebyly u dvou pacientek
zjistény klinické znamKky obnoveni svalové sily
au jedné byly v rezimu TOF zaznamendny 2 za-
Skuby. U vSech pacientek byl k udrZeni anestezie
podavan sevofluran, ktery mize prodlouzit délku
svalové blokady rokuroniem.

Oproti doporu¢enym davkam [10] jsme u na-
Seho souboru zvolili metodu pausdlniho podani
sugammadexu 200 mg bez ohledu na riiznou
hloubku nervosvalové blokddy. O optimalnim
davkovani sugammadexu se $iroce diskutuje [15].
Zasadnim tématem je davkovani vztazené k ak-
tualni ¢i idedlni predikované hmotnosti. Dal$im
velmi diskutovanym tématem je ekonomicka na-
ro¢nost podani sugammadexu. V soucasné dobé
neexistuje publikovana studie favorizujici ekono-
mickou vyhodnost podani sugammadexu k pau-
§alni reverzi nervosvalového bloku. Sugammadex
je v Ceské republice dostupny v podobé pfipravku
Bridion™, Kktery je distribuovan pouze ve formé
baleni po 5 ampulich s 200 mg u¢inné latky.
V nasem souboru podani 200 mg sugammadexu
odpovidalo davce 1,7-3,2 mg/kg pfepoctené na
aktudlni predporodni hmotnost. U vSech Zen byl
zaznamenan hmotnostni pfiristek v prubéhu
téhotenstvi, proto by davka prepoctena na idealni
predikovanou hmotnost byla vyssi. U tii pacien-
tek jsme doporucenou davku pro mélkou bloka-
du prekrocili (2,6-3,0 mg/kg). U dvou rodicek,
pii absenci monitorovani hloubky nervosvalové
blokady, nebylo mozné davku podat podle dopo-
ruceni v SPC [10]. Podani davek 1,7 a 3,2 mg/kg
vedlo k promptnimu klinickému zvratu ner-
vosvalové blokady. U kazuistiky ¢islo 6 byla na
konci vykonu prokdzana hluboka nedepolarizu-
jici blokdda, presto podanidavky sugammadexu
3 mg/kg aktudlni hmotnosti vedlo k bezpecné
reverzi nervosvalové blokddy za 131 sekund na
aroveri TOF 1,0. DiileZitou skuteénosti je, Ze ani
u jedné z rodi¢ek nemuselo byt poddni sugamma-
dexu opakovano pro znamky rezidudlni kurariza-
ce ¢i znovuobnoveni svalové blokady.

33

ANESTEZIOLOGIE

ZAVER

PiedloZeny soubor kazuistik podporuje pou-
Ziti rokuronia v ramci bleskového tvodu i pro
néslednou svalovou relaxaci v pritbéhu celkové
anestezie u cisafského fezu. Ddle upozoriu-
je na spolehlivou a bezpe¢nou aktivni reverzi
nervosvalové blokddy navozené rokuroniem
podanim sugammadexu na konci vykonu bez
ohledu na riiznou hloubku nedepolarizujiciho
bloku, a to zejména u pacientek s pfitomnymi
zavaznymi komorbiditami, které mohou kon-
traindikovat podani neuroaxidlni blokady ¢i
aktivni reverzi nervosvalové blokady inhibitory
cholinesterazy.
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b. Low-dose or high-dose rocuronium reversed with neostigmine
or sugammadex for cesarean delivery anesthesia: A randomized controlled
non-inferiority trial of time to tracheal intubation and extubation.
Anesthesia and Analgesia 2016

Bezpecné uziti kombinace rokuronia a sugammadexu u nékolika rizikovych
rodi¢ek v dobé porodu nas inspirovalo k vytvoreni prospektivni randomizované studie
sledujici bezpe¢nost podani této kombinace rodi¢kam k provedeni cisatského fezu
v celkové anestezii (3,51). VySe uvedeny ¢lanek byl primarnim vysledkem studie
RocSuglO, jez vznikla za podpory grantu IGA NT13906-4/2012. Tato multicentricka,
prospektivni studie vznikla v rdmeci projektu ,,Moderni postup myorelaxace a zvratu
nervosvalové blokady pfi celkové anestezii u cisatského fezu® a byla registrovana
Vv databdzi Clinicaltrials.gov pod identifika¢nim ¢islem NCT01718236.

Jak jsem jiz zminovala vyse, v nasi studii jsme porovnavali v podstaté jedina
dvé vhodna svalova relaxans, ktera Ize podat v ramci rychlého tivodu do celkové
anestezie. Sukcinylcholin, jak vime, ma své mnohé limitace, proto moznost podani
alternativniho 1éku, pfinasi jakousi volnost do rukou anesteziologa na porodnim séle
u rodicek, kterym nelze, jiz pies 50 let v této indikaci uzivany, sukcinylcholin podat.
Rokuronium na rozdil od sukcinylcholinu nema zadnou kontraindikaci kromé
ptitomné hypersenzitivity na rokuronium-bromid ¢i na pomocné latky (67). Lucas s
Yentisem v editorialu ¢asopisu Anaesthesia v roce 2015 zminili slibnou variantou
pro sukcinylcholin, kterou se v poslednich letech zda byt rokuronium. Ve vyssim
davkovani (2 — 3x ED95) ma totiz rokuronium srovnatelny ¢as nastupu adekvatnich
intubaénich podminek se sukcinylcholinem (3,37). Dle SPC u bézné populace vede
podani rokuronia v davce 1 mg/kg té€lesné hmotnosti az v 96 % k adekvatnim

intuba¢nim podminkdm do 60 sekund od jeho podéani. Bohuzel se vSak v SPC stéle
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docteme, Ze Gidaje o podavani rokuronia rodickdm jsou omezené a doporucené
davkovani u cisaiského fezu je v davee 0,6 mg /kg télesné hmotnosti (66). Tato situace
je v8ak alarmujici zejména z diivodu, Ze podani doporu¢ené¢ho davkovani rokuronia
vyznamné prodlouZi ¢as do dosaZeni optimalnich intuba¢nich podminek a tim zvysi
riziko vzniku komplikaci v pribéhu tvodu do celkové anestezie U cisatského fezu.
Pritom jiz v roce 2007 publikovali Abu-Halaweh a nasledné i Sharp v roce 2009 prace
uvadéjici davkovani 0,9-1,0 mg/kg rokuronia, které poskytuje u t€hotnych srovnatelné
intuba¢ni podminky jako tradi¢né uzivany sukcinylcholin v davce 1,0 mg/kg télesné
hmotnosti (68,69).

Uziti monitorace hloubky nervosvalové blokady je zasadnim bezpecnostnim
prvkem u pacientt s navozenou nervosvalovou blokadou. Neurostimulace v ramci
uvodu do celkové anestezie S uzitim rezimu Single Twich se zda byt idealni
k monitorovani nastupu nervosvalové blokady. Dobré intubacni podminky by mély
nastat pii poklesu Single Twich pod 10 % uvodni intenzity.

Vétsina odpurct rokuronia v podani u cisafského fezu uziva jako hlavni
argument neadekvatni délku navozené nervosvalové blokady v porovnéni s délkou
nekomplikovaného cisatfského fezu, ktera se pohybuje v rozmezi 25-40 minut (62).

Pfi méteni hloubky nervosvalové blokady po celou dobu cisaiského fezu ziskame

po podani intuba¢ni davky rokuronia 1 mg/kg télesné hmotnosti s koncem
nekomplikovaného cisafského fezu vétsinou TOF = 0 ¢i maximaln¢ TOF = 1. Hloubka
nervosvalové blokady pii zméfeném TOF 0-1 odpovida odeznivajici hluboké
nervosvalové blokadé. Aktivni reverze nervosvalové blokady je nezbytna u vSech
pacientd, kteti nedosahli TOF ratio vice nez 0,9, coz odpovida dostatecnému
spontannimu zotaveni z nervosvalové blokady a umoznuje bezpe¢nou extubaci

pii plné svalové sile. V piipadé nedostateéného spontanniho zotaveni z nervosvalové
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blokady, pouziti rokuronia pfinasi moznost aplikace specifického antagonisty
sugammadexu. Sugammadex je modifikovany gama-cyklodextrin, coz je latka
selektivné vazajici svalova relaxancia rokuronium a vekuronium. Vytvati s nimi
Vv plazmé komplex, a tim redukuje mnozstvi neuromuskularné blokujici latky dostupné
pro vazbu na nikotinové receptory v neuromuskularnim spojeni. Velmi stabilni
komplex sugammadex-rokuronium je vyluc¢ovan ledvinami. Vysledkem toho
je zruseni neuromuskularni blokady vyvolané rokuroniem nebo vekuroniem (3,70).
Pouziti sugammadexu pro zvrat nervosvalové blokady na konci cisafského fezu
je povazovano za bezpecné. Studie RocSuglO byla prvni prospektivni
randomizovanou studii porovnavajici praveé rokuronium se sukcinylcholinem v podani
pfi cisaiském fezu.

Ve vySe uvedené praci jsme ovetovali non-inferioritu rokuronia v davce
1,0 mg/kg oproti sukcinylcholinu v davce 1,0 mg/kg télesné hmotnosti v rychlosti
nastupu svalové relaxace umoznujici intubaci (pokles ST pod 10 %) a v intubaénich
podminkach hodnocenych dle modifikovaného Viby-Mogensen skore (3,71). Dalsim
cilem bylo zjisténi, zda podani sugammadexu ve skuping¢ s rokuroniem povede
ke srovnatelné rychlému zotaveni z nervosvalové blokady po ukonceni cisafského
fezu, jako u sukcinylcholinu a ndsledném podani rokuronia v davce 0,3 mg/kg.
Z dalsich sledovanych parametrti jsme hodnotili rozdil ve vyskytu perioperacnich
anesteziologickych komplikaci a parametry poporodni adaptace novorozence (3).

Pocet rodicek potiebny k potvrzeni hypotézy byl ,,power analyzou* stanoven
na 240. Pii sou¢asném zastoupeni celkové anestezie u cisaiského fezu v Ceské
republice jsme proto zvolili multicentricky charakter studie a zapojili jsme do studie
dvé velka fakultni perinatologicka centra v Brn¢ a v Olomouci. Pro randomizaci

rodi¢ek do obou vétvi studie, interven¢ni s rokuroniem a kontrolni
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se sukcinylcholinem, byla zvolena metoda blokové stratifikované randomizace
zohlednujici jednak charakter zastoupenych center, tak i vék (nad a pod 30 let), typ
vykonu (planovany a akutni) a Body Mass Index (nad a pod 30). Zvolili jsme
jednoduse zaslepeny design, zaslepeny pouze vici rodicce, a to ptredevsim z divodu
realné nemoznosti zaslepit obé vétve vici anesteziologovi pfi odlisné farmakologické
charakteristice obou pouzitych myorelaxans. Postup vlastni randomizace:

1. Pacientka byla posouzena stran splnéni vstupnich kritérii, v pfipad¢ splnéni
kritérii byly pacientce podany informace o moZnosti zatazeni do klinické
studie RocSuglO.

2. Podepsani informovaného souhlasu.

3. Provedeni vlastni randomizace — zhodnoceni 3 parametrti (v€k, BMI a akutnost
vykonu), jejichz kombinaci vznikne jedna z 8§ moznych variant kombinaci —
stratum

4. Po zvoleni strata anesteziolog oteviel pfislusny box, oteviel vrchni obalku, kde
byl vysledek randomizace (rokuronium ¢i sukcinylcholin).

Casové znacky byly zaznamenavany prepisem z monitoru vitalnich funkei
do papirového CRF. Hloubka nervosvalové blokady byla métena ptistrojem TOF
Watch SX (Organon, Nizozemi) pfipojenym na volarni stranu piedlokti nad musculus
adductor pollicis I. sin (stimulace nervus ulnaris), ktery je standardem pro jeji
stanoveni (3).

Do studie bylo v obdobi prosinec 2012 — prosinec 2013 zafazeno 240 rodicek,
a to do kazdé vétve 120. Primarnim vystupem studie bylo zji§téni, Ze rokuronium
v davce 1,0 mg/kg je non-inferioritni v ¢ase do intubace ve srovnani
se sukcinylcholinem v davce 1,0 mg/kg télesné hmotnosti. Ve skupiné s rokuronium

byl primérny ¢as do trachealni intubace o 2,9 vtefin delsi (95% interval spolehlivosti,
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-5,3 az 11,2 vtefin) nez ve skupiné se sukcinylcholinem. Vymizeni odporu
k laryngoskopii bylo ve skuping s rokuroniem ¢ast&jsi ve srovnani se skupinou
se sukcinylcholinem (rokuronium 87,5 %; sukcinylcholin 74,2 %; p = 0,019).
Na druhou stranu v pozici hlasovych vazi a reakce na intubaci jsme neshledali
statisticky vyznamny rozdil mezi obéma skupinami. Lepsi intubaéni podminky a nizsi
rezistence k laryngoskopii byli pozorovany ve skupin€ s rokuroniem. Incidence
komplikaci spojenych s anestezii ¢i novorozenecka poporodni adaptace (Apgar skore
Vv 10. minuté nizsi nez 7, p = 0,07; pH pupecnikové arterialni krve, p = 0,43) byly
taktéz bez statisticky vyznamného rozdilu. Incidence poporodni myalgie byla dle
o¢ekavani vyssi ve skupiné se sukcinylcholinem (rokuronium 0 %; sukcinylcholin 6,7
%; p = 0,007). Incidence subjektivnich steskil byla nizsi ve skupiné s rokuroniem
(rokuronium 21,4 %; sukcinylcholin 37,5 %; p = 0,007) (3).

Studie RocSuglO je prvni publikovanou randomizovanou studii potvrzujici
Vv ramci bleskového tvodu do celkové anestezie u cisafského fezu rokuronium jako
svalové relaxans srovnatelné se sukcinylcholinem. Ve studie RocSuglO u 53 %
vykontl nebylo dosazeno na konci operacniho vykonu ani hodnoty PTC 1, tedy zvratu
nervosvalové blokady nebylo mozno dosédhnout jinak nez nové dostupnym
sugammadexem pii kontraindikaci inhibitort cholinesterazy. Toto zjiSténi potvrdilo
potiebu zavedeni nové uzivaného antagonisty rokuronia sugammadexu do klinické
praxe na porodnim sale. Srovnanim parametra acidobazické rovnovahy z pupecnikové
arterialni krve a Apgar skore asociovaného s dobrou poporodni adaptaci novorozence
(Apgar skore 7 a vice) v 10. minuté jsme potvrdili absenci rozdilu vlivu volby
relaxanciana na novorozence. Pii dalsim zkoumani vysledkt vénujicich se poporodni

adaptaci novorozence, jsme po vylou¢eni novorozenct narozenych pii akutnim
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cisafském fezu, neshledali statisticky vyznamny rozdil v Apgar skore v 1., 5. a 10.
minuté ani v acidobazické rovnovaze arterialni pupecnikové krve (3).

Rokuronium v indikaci rychlého ivodu do celkové anestezie u cisaiského fezu
je non inferiorni v ¢ase do trachealni intubace a je doprovazeno mensim vyskytem
odporu k neptimé laryngoskopii a niz$i incidenci myalgii ve srovnani
se sukcinylcholinem.

Tato prace byla publikovana v casopise Anesthesia and Analgesia (IF 4,014,
Q1 v kategorii Anesthesiology dle WoS). Publikace byla ocenéna Dvotackovou cenou
za nejlepsi praci v oblasti anesteziologie a perioperani mediciny publikovanou v roce
2016 udélovanou CSARIM a cenou dékana Lékaiské fakulty Masarykovy univerzity

za nejvyznamnéjsi piinos pro rozvoj klinické mediciny.
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Low-Dose or High-Dose Rocuronium Reversed with
Neostigmine or Sugammadex for Cesarean Delivery
Anesthesia: A Randomized Controlled Noninferiority
Trial of Time to Tracheal Intubation and Extubation

Petr Stourac, MD, PhD,* Milan Adamus, MD, PhD,t Dagmar Seidlova, MD, PhD,+

Tomas Pavlik, MSc, PhD,§ Petr Janku, MD, PhD,I Ivo Krikava, MD, PhD,{ Zdenek Mrozek, MD, PhD, t
Martin Prochazka, MD, PhD,# Jozef Klucka, MD,* Roman Stoudek, MD,* lvana Bartikova, MD,
Martina Kosinova, MD,{ Hana Harazim, MD,q Hana Robotkova, MD,+ Karel Hejduk, MSc,§

Zuzana Hodicka, MD, PhD,I Martina Kirchnerova, MD,+ Jana Francakova, MD,t

Lenka Obare Pyszkova, MD,T Jarmila Hlozkova, MD,1 and Pavel Sevcik, MD, PhD**

BACKGROUND: Rocuronium for cesarean delivery under general anesthesia is an alternative to
succinylcholine for rapid-sequence induction of anesthesia because of the availability of sugam-
madex for reversal of neuromuscular blockacle. However, there are no large well-controlled studies
in women undergoing general anesthesia for cesarean delivery. The aim of this noninferiority trial
was to determine whether rocuronium and sugammacdex confer benefit in time to tracheal intuba-
tion {primary outcome) and other neuromuscular blockade outcomes compared with succinylcho-
line, rocuronium, and neostigmine in women undergoing general anesthesia for cesarean delivery.
METHODS: We aimed to enroll all women undergoing general anesthesia for cesarean delivery
in the 2 participating university hospitals (Brno, Olomoug, Czech Republic) in this single-blinded,
randomized, controlled study. Women were randomly assigned to the ROC group (muscle relax-
ation induced with rocuronium 1 mg/kg and reversed with sugammadex 2-4 mg/kg) or the
SUX group (succinylcholine 1 mg/kg for induction, rocuronium 0.3 mg/kg for maintenance, and
neostigmine 0.03 mg/ kg for reversal of the neuromuscular blockade). The interval from the end
of propofol administration to tracheal intubation was the primary enc point with a noninferiority
margin of 20 seconds. We recorded intubating conditions (medified Viby-Mogensen score), neo-
natal outcome (Apgar score <7; umbilical artery pH), anesthesia complications, and subjective
patient complaints 24 hours after surgery.

RESULTS: We enrolled 240 parturients. The mean time to tracheal intubation was 2.9 seconds
longer in the ROC group (95% confidence interval, —5.3 to 11.2 seconds), noninferior compared
with the SUX group. Absence of laryngoscopy resistance was greater in the ROC than in the
SUX groups (ROC, 87.5%; SUX, 74.2%; P = 0.019), but there were no differences in vocal cord
position (P = 0.45) or intubation response (P = 0.31) between groups. No statistically signifi-
cant differences in incidence of anesthesia complications or in neonatal outcome were found
{10-minute Apgar score <7, P = 0.07; umbilical artery pH, P = 0.43). The incidence of postpar-
tum myalgia was greater in the SUX group (ROC 0%; SUX 6.7%; P = 0.007). The incidence of
subjective complaints was lower in the ROC group (ROC, 21.4%; SUX, 37.5%; P = 0.007).
CONCLUSIONS: We conclude that rocuronium for rapid-sequence induction is noninferior for
time to tracheal intubation and is accompanied by more frequent absence of laryngoscopy resis-
tance and lower inciclence of myalgia in comparison with succinylcholine for cesarean delivery

under general anesthesia.

ation failure remains one of the most serious compli-

The risk of failed intubation, ventilation, and oxygen-
cations of general anesthesia for cesarean delivery:!

(Anesth Analg 2016;XXX:00-00)

In the general population, the risk of difficult intubation is
approximately 1:2500; in term pregnancy, the incidence is
5 to 10 times greater (1:224-1:533).1% A 2015 meta-analysis
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Rocuronium and Sugammadex for Cesarean Delivery Anesthesia

of risk of failed intubation reported an incidence of 1:442 in
general anesthesia for cesarean delivery* An additional con-
cern is that intubating conditions change during the course
of delivery; the Mallampati classification can increase by 1
to 2 grades, often to grades Il and IV.* Development of criti-
cal hypoxia can occur in both mother and fetus faster than
in nonpregnant patients.®

According to the recent reports of the Confidential
Enquiry into Maternal and Child Death registry, an impor-
tant aspect of safe care for the mother is to achieve adecquate
muscle strength at the end of general anesthesia to maintain
a patent airway.” Although rocuronium is an accepted alter-
native for rapid-sequence induction for cesarean delivery®
most anesthesiologists in the Czech Republic prefer succi-
nylcholine followed by a nondepolarizing muscle relaxant
(rocuronium, atracurium, cisatracurium, and vecuronium),
although pharmacologically induced intraoperative muscle
relaxation is often unnecessary for abdominal wall closure
given the abdominal wall distension associated with preg-
nancy'% A dose of rocuronium 0.6 mg/kg during induction
of anesthesia for cesarean delivery, as recommended by the
manufacturer, provides inferior intubating conditions and
delayed onset of neuromuscular relaxation compared with
succinylcholine ™ However, we cannot expect safe recovery
from neuromuscular blockade (train-of-four [TOF] ratio
of »0.9) at the end of surgery after neuromuscular block-
ade with rocuronium 0.9 to 1.0 mg/kg, even after reversal
with neostigmine!*** In contrast, no matter the degree
of a rocuronium- or vecuroniumrinduced neurcblock-
ade, sugammadex can be used in a dose of 2 to 16 mg/kg
to reverse blockade. Its feasibility for cesarean delivery
has been reported in case series, case reports,**¢ and case
studies of high-risk mothers in whom succinylcholine was
contraindicated 7

To the best of our knowledge, there are few published
studies on the benefits to mother and/or newborn of
rocuronium administration in a dose of 1 mg/kg compared
with succinylcholine 1 mg/kg for rapid-sequence induction
of general anesthesia for cesarean delivery, and no pub-
lished studies report the possible benefit of sugammadex
for active reversal of neuromuscular blockade after high-
dose rocuronium for cesarean delivery.

The aim of this study was to determine whether the abil-
ity to reverse deep neuromuscular blockade with sugamma-
dex would allow for a sufficiently high dose of rocuronium
to achieve comparable intubating conditions with succi-
nylcholine in parturients undergoing general anesthesia
for cesarean delivery, while ensuring comparable recovery
at the end of surgery. We hypothesized that rocuronium
1 mg/kg would be noninferior to succinylcholine 1 mg/kg
for time to tracheal intubation. Secondary outcomes were
differences in intubating conditions, incidence of anesthe-
sia perioperative complications, necnatal outcome, and the
time from surgical skin closure to tracheal extubation.

METHODS

Study Oversight

Two university hospitals participated in this randomized,
single-blinded (parturient), parallel-group, controlled study
to compare the effect of rocuronium and succinylcholine
during rapid-sequence induction for cesarean delivery. The
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trial was designed by the principal academic investiga-
tor in cooperation with members of the study group. The
study is reported according to the Consolidated Standards
of Reporting Trials  (http:/ /www.consort-statement.
org/) statement.*** Before patient enrollment, it was reg-
istered in ClinicalTrials.gov database with the identifier:
NCT01718236, October 30, 2012. The study was approved
by the institutional ethics committees of both centers
(University Hospital Brno, Brno, Czech Republic; and
University Hospital, Olomouc, Czech Republic).

The University Hospital in Brno is a perinatal center
for the region of South Moravia with the population of
almost 1.2 million people and >6000 deliveries per year
(rate of cesarean delivery 22%; 30% of these under general
anesthesia). The University Hospital in Olomouc is a peri-
natal center for the Olomouc region with an approximate
population of 650,000 people and »2600 deliveries per year
(rate of cesarean delivery 31%; 55% of these under general
anesthesia).

Inclusion and Exclusion Criteria

All women aged 14 to 60 years admitted to the obstetric
ward in Brno or Olomouc University Hospital for delivery
were eligible to participate in the study. Inclusion criterion
for enrollment was cesarean delivery scheduled under
general anesthesia. The exclusion criteria were as follows:
indicated and performed neuraxial blockade, anesthesiolo-
gist or obstetrician opposition to patient inclusion, allergy
or intolerance to 21 of the study drugs or known allergies
or reactions to iodine, and patient refusal or no written
informed consent. Discontinuation criterion was failure of
TOF Watch SX (Organon, Oss, The Netherlands) measure-
ments during the induction of general anesthesia.

Each parturient who met the inclusion criteria was
approached for study participation on admission to the
delivery ward. All participating women provided informed
consent on the day of cesarean delivery (intrapartum
cesarean delivery) or on the day before (scheduled cesar-
ean delivery). After written informed consent, they were
stratified into 8 groups defined by center, type of cesarean
delivery, age, and body mass index. Randomization to the
intervention (ROC) or control (SUX) group was performed
after the decision was made for cesarean delivery by the
anesthesiologist according to the study randomization
scheme (see below).

Observed Parameters

Demographic details of the parturient and newborn, medi-
cal history, indication for cesarean delivery, preanesthetic
examination, important event times, total procedure time
(end of administration of the propofol to tracheal extuba-
tion), surgery duration time (skin incision to last stitch),
intubating conditions assessed using the modified Viby-
Mogensen Scale” (resistance to laryngoscopy, position of
vocal cords, laryngoscopic view, and response to intuba-
tion attempt; rated by the attending anesthesiologist), and
intraoperative complications (including regurgitation, aspi-
ration, vomiting, difficult airways, oxygen desaturation,
tachycardia, bradycardia, hypertension, and hypotension,
among others) were recorded on the case report formby the
15 anesthesiologists involved in the study (12 fully certified
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and 3 trainees). Each parturient was also evaluated after
24 hours for subjective complaints (sore throat, impaired
phonation, myalgia, inability to expectorate, weakness,
awareness, shortness of breath, diplopia, and postoperative
pain) during a follow-up interview by the anesthesiologist.
Each parturient was directly asked about individual com-
plaints (yes/no) and also asked by the anesthesiologist if
she had any other current complaint.

Anonymized data were recorded in electronic case report
form of the study database (RocSuglO.registry.cz; TrialDB,
Yale University, New Haven, CT).

Anesthesia Protocol

The anesthesia protocols for both groups are detailed in
Figure 1. The standard protocol for airway management
consisted of direct laryngoscopy with a Macintosh blade

ROC Estimated Sux
timelline i
Written Patient Informed Consent Written Patient Informed Consent
Randomization ———— Randomization
TOF-Watch SX preparation ———— TOF-Watch SX preparation
Rapid Sequence Induction preparation ————— Rapid Sequence Induction preparation
Preoxygenation 100% 6 L/min O, 3 min ————— Preoxygenation 100% 6 L/min O, 3 min
Propofol 2 mg/kg IV adsrlninislration Time|0 Propofol 2 mg/kg IV administration
—— st
in10's (record of 1 snapshot) Time | 10s in 10 s (record of 1 snapshot)
TOF-Watch SX calibration in mode 2 (10s) TOF-Watch SX calibration in mode 2 (10s)
Rocuronium 1 mg/kg Time|15s  Succinylcholine 1 mg/kg
IV administration (5s) 1V administration (5s)
Single Twitch drop under 10% or absence Time|60s Single Twitch drop under 10% or absence
of visible finger moverTem during ——1—">  of visible finger movement during
stimulation (record of 2 snapshot) stimulation (record of 2 snapshot)
. rd - Time [90s . rd S
Intubation (3 snapshot — first visible etCO2 Intubation (3 snapshot - first visible et(:O2
¢‘:”urve wave) Time|100s curve wav:)
Incision (4 snapshot) Incision (4 snapshot)
Attainment of Single Twitch %0-30%
. rocuronium 0.3 mg/kg IV (4a snapshot)
% Time | 300s -
Umbilical cord cut (5 snapshot) Umbilical cord cut (5 snapshot)
Sufentanil 15 mcg IV administration ————— Sufentanil 15 mcg IV administration
Maintaining anesthesia with sevoflurane and 50% Maintaining anesthesia with sevoflurane
N,0 and relaxation with rocuronium up to Trainof —{_ and 50% N,O and relaxation with
Four (TOF) count 1 rocuronium up to TOF count 1
Attainment of Post-Tetanic Count (PTC) 1 Time | 30min Attainment of PTC 1
(6 snapshot) (6 snapshot)
- Time|35min -
Attainment of TOF Count 1 (7 snapshot) — Attainment of TOF Count 1 (7 snapshot)
G Time | 40min -
Surgical skin closure (8 snapshot) Surgical skin closure (8 snapshot)
Active reversal of neuromuscular blockade if level
of neuromuscular blockade is min. PTC 1. If PTC In case of TOF count 1 attainment atropine
1=sugammadex 4 mgkg IVor TOFcount1= ___{  0.01 mgkg IV followed with neostigmine 0.03
sugammadex 2 mg/kg IV (9 snapshot) mg/kg IV (9' snapshot)
h th
Attainment of TOF ratio 0.9 (10‘ snapshot) — Attainment of TOF ratio 0.9 (10 snapshot)
th Time|45min th
Extubation (11 snapshot) Extubation (11 snapshot)
In cases of being unable to intubate, ventilate | f CICV o= thsert f
(CICV) scenario = insertion of laryngeal mask and In caseol « s:\:;nanol- Biseftion o |
active reversal of neuromuscular blockade with ———— afryngea mas Ia bl sp'?n daneous revessa
sugammadex 16 mg/kg IV of neuromuscular blockade
In case of desaturation under 90% in both
groups before ST 10% or absence of
— 1 visible finger movement during stimulation
— start of intubation attempt
4

Figure 1. Anesthesia protocol with estimated time line. CICV = cannot intubate, cannot ventilate; etCO,

end tidal carbon dioxide;

N,O = nitrous oxide; PTC = post-tetanic count; ROC = rocuronium; ST = single twitch; SUX = succinylcholine; TOF = train-of-four.
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Rocuronium and Sugammadex for Cesarean Delivery Anesthesia

size 3 or 4 and tracheal intubation with an orotracheal tube
(7.0-7.5) without a stylet. During anesthesia, electrocardi-
ography, heart rate, SpO,, noninvasive blood pressure, and
end tidal carbon dioxide (ETco,) values were monitored and
recorded in the anesthesia record.

Neuromuscular blockade depth was measured using
TOF Watch SX device {Organon) stimulating the ulnar nerve
on the left distal forearm; the response of adductor pollicis
muscle was evaluated using accelerometry. The calibration
was performed under IV anesthesia before muscle relax-
ant administration and lasted 10 seconds. The single-twitch
(ST) 1-Hz mode was used during induction of neuromuscu-
lar blockade with standardized amplitude for both groups.
Intubation was attempted when the ST was 10% (ST 10%,.
The level of deep nondepolarizing neuromuscular blockade
was measured by the post-tetanic count (PTC) mode and shal-
low and recovering nondepolarizing blockade by TOF count
or ratio mode. In the ROC group, sugammadex reversal was
administered when the PTC was 21. Low-dose sugammadex
(2 mg/kg) was administered if the TOF count was 21 and
high-dose (4 mg/kg) was used for deeper neuromuscu-
lar blockade (PTC z1). We used an Aespire S/5 anesthesia
machine (GE Healthcare, Madison, WI). Intraoperative event
times were recorded by a nurse by pressing the Snapshot
button on Datex Chmeda $/5 Monitor (Datex Ohmeda,
Madison, WI) and then written into the case report form.

Obstetric Protocol

Pfannenstiel supracervical laparotomy and Geppert uterot-
omy were used in all cases. Abdominal wall closure was pro-
vided in 5 layers, and skin closure was performed with suture.

Statistical Analysis

Outcome Measures

The primary end point of this study was the time from induc-
tion of anesthesia to tracheal intubation. The interval was
measured fromthe end of administration of the propofol (the
syringe was emptied) to the first wave of ETco, appearance
after successful tracheal intubation. All drugs were admin-
istered through the catheter hub of the rapidly running
18-gauge IV catheter inserted in the upper arm. The primary
hypothesis of this study was that rapid-sequence induction
of general anesthesia using propofol and rocuronium for
cesarean delivery is noninferior to the combination of pro-
pofol and succinylcholine. Secondary outcomes were differ-
ences in intubating conditions, incidence of intraoperative
anesthesia complications, neonatal outcomes, and the time
from the completion of surgical skin closure to tracheal extu-
bation. Intubating conditions were assessed using, resistance
to laryngoscopy (none, slight, and severe), position of vocal
cords (medial, paramedial, partially abducted, and fully
abducted), laryngoscopic view (Cormack-Lehane), response
to intubation attempt (none, cardiovascular-blood pressure
and/or pulse increase of 20% from baseline, and movement
of limbs). Complications during anesthesia and the periop-
erative period (regurgitation, aspiration, vomiting, diffi-
cult airway, oxygen desaturation, tachycardia, bradycardia,
hypertension, hypotension, pulmonary embolistm, amniotic
fluid embolism, hysterectomy, bronchospasm, laryngospasm,
shortness of breath, pulmonary edema, and others) were
recorded. Neonatal outcome was evaluated using Apgar

www.aneasthesia-analgesia.org

44

scores at 1, 5, and 10 minutes assessed by an experienced neo-
natologist and umbilical artery blood gas analysis.

Randomization

Stratified block randomization was used for generating the
subject allocation sequence. Stratification was performed
on the basis of participating center, type of cesarean deliv-
ery (intrapartum or scheduled), age (<30 or 230 years), and
body mass index (<30 or 230 kg/m?). For each stratum, the
statistician generated the random allocation sequence for the
2 treatment groups. A computer random number generator
was used to randomly select permuted blocks of 4 patients
and an equal allocation ratio. Sequentially numbered con-
tainers were used for individual strata and group assign-
ments were concealed in sequentially numbered, opaque,
and sealed envelopes. Each envelope was opened imme-
diately before the induction of general anesthesia, and the
patient was assigned to either the ROC or the SUX group.

Statistical Methods
The criterion for noninferiority with respect to time needed
to tracheal intubation was considered to have been met if
the upper limit of a 2-sided 95% confidence interval (CI) for
the absolute difference between groups was not >20 seconds
(assumed to be approximately one-third of the expected
interval for intubation attempt start after administration of
the neuromuscular-blocking agent). For this setting, a popu-
lation of 214 patients was required for 90% certainty that the
higher limit would be below the noninferiority margin of 20
seconds. The sample size estimation was performed accord-
ing to Julious.® We decided to include 240 patients to take
into account patients who could not be evaluated.
Standard frequency tables and summary statistics
(means, SD, median, minimum, and maximum) were used
to describe the baseline demographic and clinical character-
istics. The Fisher exact test was used for analysis of intubat-
ing conditions and complications during anesthesia, during
the perioperative period and for neonatal outcome evalu-
ation. Differences in the procedure times were assessed
using, the Mann-Whitney test. All analyses were performed
according to the intention-to-treat principle. To examine
the influence of intrapartum cesarean delivery, the neona-
tal outcomes of ROC versus SUX groups were evaluated
separately in the scheduled cesarean deliveries. For second-
ary outcomes, a P value <0.05 was considered statistically
significant. All statistical analyses were performed with
R software for Windows (version 2.13.0; R Development
Core Team, Statistics Department, University of Auckland,
Auckland, New Zealand, http:/ /www.r-project.org/).

RESULTS

We enrolled 240 parturients (ROC, n = 120; SUX, n = 120)
during the study period from December 2012 to December
2013. The Consolidated Standards of Reporting Trials dia-
gram for the study is shown in Figure 2. Basic demographic
characteristics of parturients are shown in Table 1. There
were no significant differences between groups at baseline.

Outcome Measures Assessment

The primary end point, the time from anesthesia induc-
tion to tracheal intubation, and other procedure times
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are summarized in Table 2. The mean time to tracheal
intubation was 2.9 seconds longer in those receiving
rocuronium compared with succinylcholine (95% CI, -5.3 to
11.2 seconds). The upper limit of the 95% CI was below the
noninferiority margin of 20 seconds and, therefore, propofol
and rocuronium can be regarded as noninferior to the com-
bination of propofol and succinylcholine with respect to the
time from induction to tracheal intubation.

Intubating condition data are shown in Table3. Intubating
conditions were comparable although the ROC group had
less resistance to laryngoscopy than the SUX group; there
were no differences in Cormack-Lehane score, limb move-
ment, or cough. All parturients were successfully intubated.

Assessed for eligibility
(n=8.765)

Excluded (n=8,525)

* Not meeting inclusion
criteria (n=7,846)

*Declined to participate
(n=679)

Randomized
(n=240)

I

Allocated to rocuronium

+ sugammadex (n=120)

+ Received allocated
intervention (n=120)

« Did not receive allocated « Did not receive allocated
intervention (n=0) intervention (n=0)

+Lostto follow up (n=0 )
+ Discontinued intervention

(n=0)
I

Intention -to-treat analysis
(n=120)

1

Allocated to suxamethonium

+ neostigmine (n=120)

+ Received allocated
intervention (n=120)

*Lostto follow up (n=0)
+ Discontinued intervention

(n=0)
l

Intention -to-treat analysis
(n=120)

Figure 2. Consclidated Standards of Reporting Trials flow chart
diagram.

There was no desaturation under 90% before ST 10%
during induction of anesthesia or absence of visible finger
movement during nerve stimulator stimulation, even in
cases in which the time to achieve ST 10% was long. No can-
not intubate, cannot ventilate scenario was recorded during
the study period.

Neonatal outcome characteristics are shown in Table 4.
There were no differences between groups in the incidence
of 10-minute Apgar score of <7 although the incidence of
low Apgar scores was greater in the ROC than in SUX group
at 1 and 5 minutes. There were no significant differences in
any neonatal outcome among subjects undergoing sched-
uled cesarean delivery (ROC, n = 59; SUX, n = 62) (Table 4).

We identified no differences in the incidence of intraop-
erative anesthesia complications. In contrast, we found a
statistically significant difference in the incidence of myalgia
in the 24-hour postoperative period (ROC, n=0; SUX, n=18;
P = 0.007), but no difference in the incidence of sore throat
(ROC, n =18, SUX n = 29; 95% CI for difference: -19.1%
to 0.8%; P = 0.10). There were no differences in any other
evaluated complications in the 24-hour follow-up. Data are
shown in the Supplemental Digital Content (Supplemental
Table 1, http:/ /links.Iww.com/AA /B366).

There were no significant differences between groups or
participating centers in anesthetic dosage (Supplemental
Digital Content, Supplemental Table 2, http://links.Iww.
com/AA/B366) or between participating centers in mea-
sured times for either group (data not shown).

A significant difference between the ROC group and
the SUX group in the total procedure time (end of propo-
fol administration to tracheal extubation) was found. In
patients receiving rocuronium and sugammadex, the total
procedure time was approximately 7 minutes longer than
that in patients receiving succinylcholine, rocuronium, and
neostigmine (P < 0.001; Table 2). Median time from surgjical
skin closure to extubation was 10 minutes in the ROC group
and 8 minutes in the SUX group (P < 0.001; Table 2).

The evaluation of the neuromuscular blockade level at
the end of surgery showed no PTC count (PTC 0} in the
56.6% of the ROC group (n = 68) and a TOF count >1 in
the 81.6% of the SUX group ( = 98). In the case of PTC 0
(n = 68), the waiting time from surgical skin closure to PTC 1
achievement in the ROC group was a median of 10 minutes.

Table 1. Cesarean Delivery Patient Characteristics

ROC group (n = 120)

SUX group (n = 120}

Mean Median Mean Median
(SD) {minimum-maximum) (SD) (minimum-maximum})
Age (y) 31 (5) 31 (18-45) 31 (5) 31 (18-42)
BMI at delivery (kg/m? 30 (6) 29 (19-51) 30 (6) 29 (20-59)
Gestational age (wk) 37 (3) 38 (26-41) 38 (2) 39 (29-41)
i % i %
ASA PS score
land Il 105 88 113 94
llland IV 15 13 7 6
Mallampati score
land Il 106 88 108 90
llland IV 14 12 12 10
Type of cesarean delivery
Intrapartum 64 B3 62 B2

BMI = body mass index; PS = physical status; ROC = rocuronium; SUX = succinylcholine.
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Rocuronium and Sugammadex for Cesarean Delivery Anesthesia

Table 2. Evaluation of Times Recorded During the Procedure According to Intention to Treat

ROC group (n = 120) SUX group (n = 120)
Median Median Difference
{minimum- {minimum- in means
Mean (SD) maximum) Mean (SD) maximumy {95% CI) pi
Time from induction to first wave on 760, BT (28) 85 (34-200) 84 (36) 78 (33-284) 29(-531t011.2)
curve (s)
Time from induction® to ST 10% (s) 65 (25) 59 (22-170) 61 (29) 56 (20-258) 4.1 {-2.81t011.0) 0.05
Time from ST 10% to ETco, 22(17) 18 (1-150) 23 (25) 19 (0-248) -1.0{(-6.410 4.4) 0.88
Time from induction® to clamping the 347 (116) 318 (178-878) 321 (7€) 304 (187-604) 26.1 (1.1 10 51.2) 0.17
umbilical cord (s)
Time from incision to delivery (s) 256 (113) 234 (77-770) 232 (71) 211 (109-498) 23.6{(-0.5t0 47.6) 0.21
Time from induction® to PTC 1 (min) A43(17) 40 (10-129) — — —
Time from surgical skin closure to 14 (10) 10 (2-45) Q&) 8 (0-35) 4.8(2.7 10 6.9 <(0.001
tracheal extubation (min}
Time from neuromuscular blockade 104 (63) 86 (10-322) 420 (689) 254 (50-4156) —316 (—489 to —144) <0.001
reversal to TOF ratio >0.9 (s)
Surgery duration (min} 36 (10) 35 (20-78) 35 (10) 34 (18-94) 1.2{-1.31t 3.7) 0.45
Total procedure time {min}) 53 (16) 50 (29-133) 46 (14) 44 (29-163) 6.5(2.610 10.3) <0.001

The Cls for the differences in mean times may be inaccurate for several of the end points {e.g., ime from end of skin closure to extubation) because of non-
normal probability distributions and heterogeneity of variances between groups, see Supplemental Digital Content (Supplemental Table 2, http://links. lww.com/
MA/B366).

Cl = confidence interval; eTco, = end tidal carbon dioxide; PTC 1 = posttetanic count 1; ROC = rocuronium; ST 10% = single twitch 10%; surgery duration = skin
incision to last stitch; SUX = succinylcholine; TOF = train-of-four; total procedure ime = end of administration of the propofol to extubation.

=95% 2-sided CI.

*Mann-Whithey U test.

<End of propofol injection.

Table 3. Evaluation of Intubating Conditions

ROC group {n = 120) SUX group (n = 120)
n % n % P
Resistance to laryngoscopy 0.019
None 105 88 89 74
Mild (slight) 14 12 25 21
Severe (active) 1 1 (5] 5
Position of vocal cords 0.48
Medial 38 32 47 39
Paramedial 11 o] B 7
Partially abducted 12 10 15 12
Fully abducted jote] 49 5O 42
Laryngoscopic view (Cormack-Lehane)} 0.30
land Il 116 a7 110 92
IlIA and greater 4 3 10 8
Response to intubation attempt 0.26
None 71 59 70 58
Cardiovascular® 42 35 36 30
Limb movement or cough 7 (5] 14 12

ROC = rocuronium; SUX = succinylcholine.
“Fisher exact test.
*Blood pressure and/or pulse increase of 20% from baseline.

DISCUSSION reported longer onset time of rocuronium (98 seconds)
In this study, we present the first randomized controlled trial ~ than succinylcholine (60 seconds). They also reported good
comparing a combination of rocuronium 1 mg/kg and subse- intubating conditions in 90% of cases 80 seconds after

quent reversal by sugammadex to succinylcholine 1 mg/kg, rocuronium 0.6 mg/kg administration. In another study,
rocuronium, andneostigmine in general anesthesia for cesarean Abu-Halaweh et al® reported good/excellent intubating
delivery. The most important finding was the noninferiority of conditions in 95% of patients 60 seconds after rocuronium 1
rocuronium 1 mg/kg for rapid-sequence induction compared mg/kg and in 97% of patients after succinylcholine 1 mg/kg
with succinylcholine 1 mg/kg; however, rocuronium was administration. We opted to use 3 times the EDy dose
associated with a brief delay in the time from end of surgery (1 mg/kg) to shorten the rocuronium onset time in accor-
to tracheal extubation. The mean time to achieve the first wave dance with the results of the study by Magorian et al?*
on ETCo, curve was 3 seconds longer in the ROC group, a dif- We found a shorter mean onset time than that found by
ference that likely has no clinical significance. Abouleish et al.!! for the ROC group (59 seconds) and good

Abouleish et al. first described the use of rocuronium  intubating conditions in both groups, comparable to that
for cesarean delivery using a standard dose of 2 times the reported by Abu-Halaweh et al.® These results support the
50% effective dose (EDg) dose (0.6 mg/kg). These authors view that rocuronium 1 mg/kg is superior in this setting to
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Table 4. Newborn Characteristics

ROC group {n = 131%)

SUX group {n = 127%)

Median Median
Mean (SD) (minimum-maximum} Mean (SD) (minimum-maximumy) 24
Weight (g) 2864 (823) 3010 (560-4280) 3082 (741} 3125 (900-5140) 0.07
Umbilical artery pH 7.28 (0.06} 7.28 (7.08-7.45) 7.28(0.10) 7.29 (6.31-7.41) 0.36
i % i % P
1-min Apgar 0.007
<7 30 23 13 10
5-min Apgar 0.005
<7 17 13 4 3
10-min Apgar 0.07
<7 T 5 1 1
ROC (r = 59) SUX (n = 62)
Scheduled cesarean Median Median
delivery subgroup Mean (SD) {minimum-maximum} Mean (SD) {minimum-maximum} p?
Weight (g) 3159 (685} 3300 (1180-4280) 3178 (729} 3210 (900-5140) 0.76
Umbilical artery pH 7.28(0.06) T.28(7.12-7.45) 7.29(0.04) .28 (7.20-7.40) 0.90
n % n % P
1-min Apgar 0.23
<7 8 14 4 (53
E-min Apgar 0.43
<7 4 7 2 3
10-min Apgar 1.00
<7 1 2 1 2

ROC = rocuronium; SUX = succinylcholine.

214 twin pairs in the ROC group and 7 twin pairs in the SUX group.
Mann-Whitney test.

Fisher exact test.

rocuronium 0.6 mg/kg and noninferior to succinylcholine
1mg/kg. The slightly higher incidence of resistance to laryn-
goscopy in the SUX group was not significantly higher than
that in the study by Abu-Halaweh et al.® However, this crite-
rion is influenced by the attending anesthesiologist, because
evaluation of resistance to laryngoscopy is subjective.

In comparison to the recent study by Sakurai et al.®, we
achieved the ST 10% later in the ROC than in the SUX group
(59 vs 42 seconds), but there was a substantial difference in
the time evaluation. Sakurai et al. measured the time from
the administration of rocuronium to loss of visible twitch,
whereas we measured time from end of propofol adminis-
tration to ST 10%, including the time needed for calibration
of TOF Watch SX (10 seconds). This contributed to a longer
meastred onset time. Based on a study by Baraka,® time to
oxygen desaturation <95% during late pregnancy after pre-
oxygenation in the supine position is almost 3 minutes. For
this reason, a 10-second delay has limited clinical relevance.
This may explain the absence of severe oxygen desaturation
<90%, even in cases in which the time to achieve ST 10%
was long (maximum was 258 seconds in SUX group).

There was a significant difference in the incidence of low
1- and 5-minute Apgar scores, but not 10-minute scores.
However, if intrapartum cesarean deliveries are excluded
from the analysis, where nonhomogenous signs of fetal
hypoxemia between groups were observed (more frequent in
the ROC group), no differences in necnatal outcome (Apgar
score, umbilical blood pH) between groups were found.
Williamson et al.** reported a 66% incidence of initial Apgar
score <7, whereas, in our ROC group, this was far less fre-
quent (22.9%). Rocuronium has been demonstrated to have
a16% rate of placental transfer, which might be significant if
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the mother received 3 times the ED,; dose.!! A future study is
needed to correlate cord blood concentrations of rocuronium
with Apgar scores and neonatal twitch monitoring.

We found a longer total procedure time in the ROC group
compared with the SUX group. However, the surgery time
was comparable between groups. The explanation for this
may be because of the strict study protocol that precluded
administration of sugammadex until a PTC count of >0 was
detected. More than 56% cases in the ROC group did not
achieve a PTC count of >0 at the end of surgery. Another
finding was that >85% cases in the ROC group did not
achieve a TOF count of >0, that is, the neuromuscular block-
ade would not be reversible with cholinesterase inhibitors
in these cases. Rocuronium administered at 3 times the EDyg
produced deep neuromuscular blockade that was longer
than the surgery time. This is in agreement with the results
by Pithringer et al.®® and Williamson et al.'* case series in
which just 1 parturient of 25 had 23 twitches on the TOF at
the end of the surgical procedure. The clinical implication is
that sugammadex may be a necessary part of rocuronium
use if 1 mg/kg is used for cesarean delivery.

The optimal dose of rocuronium and sugammadex has
been discussed extensively for the nonpregnant popula-
tion.” For simplicity, and also in accordance with manufac-
turer recommendations, we chose a dose per actual body
weight resulting in a median sugammadex dose of 4 mg/ kg.
An important finding was that sugammadex did not need
to be administered in repeated doses because of signs of
residual curarization or reoccurrence of muscular blockade
in any of the parturients.

Williamson et al.'* reported a prospective noninterven-
tional study (» = 18) with rocuronium administered in a
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dose of 1.2 mg/kg, which is the dose recommended for
rapid-sequence induction in nonpregnant patients. This
protocol resulted in deep neuromuscular blockade at the
end of the procedure in all parturients, which was therefore
reversed by sugammadex 4 mg/kg.

Shibusawa et al.”® presented a series of 13 female patients
who were given thiopental 3.5 mg/kg and rocuronium
0.9 mg/kg. The reversal of neuromuscular blockade was
achieved with sugammadex 2 mg/kg irrespective of the
depth of neuromuscular blockade, followed by repeated
administration every 3 minutes until a TOF ratio of >0.9
was reached. Repeated administration was chosen only in
1 patient with renal failure, who did not achieve reversal of
muscle power to TOF ratio of »0.9, even after >10 minutes
and after repeated doses of sugammadex 2 mg/kg. Stourat
et all? presented 6 cases of high-risk parturients whe
received rocuronium and sugammadex. They also reported
a single sugammadex dose of 200 mg, despite varying depth
of neuromuscular blockade.

There was a significant difference in myalgia incidence
between groups; this is not surprising because myalgia is
a well-described complication of succinylcholine admin-
istration.” Nauheimer et al.,'® in a case series of 10 female
patients, investigated adverse events after rocuronium-
induced neuromuscular blockade in a dose of 1.0 mg/kg
and subsequent reversal using sugammadex 4 mg/kg.
These authors observed only insignificant adverse events,
such as sore throat (30%) and myalgia (10%), similar to the
results of our study.

An advantage of our study is the randomized design
using stratified block randomization. The study groups
were homogeneous, and adherence to study protocol was
strict, as shown in Figure 1. Another advantage is the inclu-
sion of both intrapartum and scheduled cesarean deliver-
ies. This is important because general anesthesia is reserved
mainly for emergency cesarean delivery.

The firm protocol precluding sugammadex administra-
tion during deep neuromuscular blockade (PTC 0) is the main
limitation of the study; however, this is standard procedure
in routine clinical practice. We waited until PTC 1 appearance
in »56% of cases (median 10 minutes) in the ROC group. This
explains the longer duration of procedure in the ROC group.
This limitation can be overcome by using the approach by
Shibusawa et al.’> with the administration of sugammadex 2
mg/kg every 3 minutes until adequate reversal of neuromts-
cular blockade, irrespective of the depth of blockade.

Generalizability may also be limited for practices that do
not maintain neuromuscular blockade with a nondepolar-
izing muscle relaxant after recovery from succinylcholine.
But in some countries, such as the Czech Republi, it is com-
mon to ensure good conditions for surgical fascia and skin
closure.”® An additional major limitation is that the study
was not double blinded. This is important for evaluation
of subjective complaints after 24 hours. In reality, a double-
blinded study design in these settings and real clinical con-
ditions is very difficult to ensure. We aimed to enroll both
scheduled and intrapartum cesarean deliveries regardless of
time of day. During the night shift, only 1 anesthesia team
was in attendance in the delivery suite in both centers. We
also considered that the limitations of a double-blinded
design in these settings would be visible fasciculation after
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succinylcholine administration and rapid recovery from suc-
cinylcholine-induced neuromuscular blockade. For these rea-
sons, we decided to use a single-blinded design. To mitigate
the effect of anesthesia provider awareness of group assign-
ment, all times were recorded by a research nurse, and man-
agement followed a strict protocol directed by accelerometry
measurement.

In conclusion, rocuronium for rapid-sequence ind uction
was found to be noninferior to succinylcholine with respect
to the time to tracheal intubation but was accompanied
by more frequent absence of laryngoscopy resistance and
lower incidence of myalgia than succinylcholine for cesar-
ean delivery under general anesthesia. §&
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V priméarni publikaci RocSuglO jsme pfii analyze ziskanych dat z parametrti
poporodni adaptace novorozence (parametry acidobazické rovnovahy z pupecnikové
arterialni krve a hodnoty Apgar skoére v 1., 5., a 10. minuté po porodu) neshledali
po vylouceni novorozencl narozenych akutnim cisatskym fezem statisticky vyznamny
rozdil ve studovanych skupinach (52). Hodnoty v prvni minuté vsak byly na hranici
statistické vyznamnosti. Protoze power analyza pivodni studie RocSuglO nebyla
provedena s ohledem na poporodni adaptaci novorozence, ale na non-inferioritu
podani rokuronia oproti sukcinylcholinu pfi rychlém tvodu do celkové anestezie,
rozsifili jsme studii na vétsi pocet pacientek k potvrzeni vlivu volby relaxancia
na ¢asnou poporodni adaptaci hovorozence.

Cilem rozsiteni piivodni studie tedy bylo zjistit, zda jsou parametry ¢asné
poporodni adaptace novorozence rozdilné v zavislosti na volbé typu svalového
relaxans podaného rodicce v tivodu do celkové anestezie u cisarského fezu.

Do studie jsme v souctu s pivodni studii v obdobi od prosince 2012 do ledna
2015 zaradili 488 rodicek a jejich 525 novorozencti. Cela studie pokracovala
dle shodného protokolu véetné randomizace do dvou skupin dle aplikovaného
svalového relaxans (rokuronium, n=245; sukcinylcholin, n=243). Uvod do celkové
anestezie byl proveden podanim propofolu v davce 2 mg/kg télesné hmotnosti
a nasledovan svalovym relaxans dle randomizace (rokuronium ¢i sukcinylcholin),
vzdy v davce 1 mg/kg télesné hmotnosti. Anestezie byla vedena nosnou smési kysliku

s 50 % oxidu dusného a inhala¢ni anestezii sevofluranem do maximaln¢ 1 MAC pied
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prestfizenim pupecniku. Sledovali jsme demograficka data matky i novorozence,
parametry poporodni adaptace novorozence (pH, pO2, pCO2, BE v arterialni
pupecnikové krvi, Apgar skére v 1., 5. a 10. minut€), vysledek prenatalniho
monitoringu pied provedenim cisafského fezu a charakter plodové vody (Cird/
zakalena) (3).

Na rozsifeném vzorku rodi¢ek a novorozencu jsme shledali statisticky
signifikantni rozdil v hodnotach Apgar skoére asociovanych se Spatnou poporodni
adaptaci novorozence, tedy Apgar skore nizsi nez 7, pouze v 1. minuté po porodu
(rokuronium 17,5 %, sukcinylcholin 10,3 %, p=0,023). V ostatnich sledovanych
parametrech jsme neshledali statisticky vyznamny rozdil (3).

Rokuronium v dévce 0,6 mg/kg piestupuje placentarni bariéru v poméru
0,16 (pupecni zila/zila rodi¢ky) v okamziku porodu (72). Realna expozice tkani plodu
prostoupenému rokuroniu je vSak vyrazné nizsi diky jeho expozici ,,first pass*
metabolismu v jatrech plodu a nafedéni v cirkulaci novorozence. Jelikoz
ptedpokladame stejny placentarni pfestup i pii nami pouzitém davkovani rokuronia
1 mg/kg, vysvétlujeme tim rozdil ve sledovanych skupinach v Apgar skoére
v 1. a 5. minuté (73). K potvrzeni naseho zavéru jsou vsak nutna dalsi zkoumani
véetné monitorace koncentrace rokuronia v novorozenecké krvi, ktera nebyla v nasi
studii mozna (3). Nase studie porovnavajici vliv volby svalového relaxans
na poporodni adaptaci novorozence byla jednak prvni publikovanou studii na dané
téma, a i pfes mnohé limitace byla unikatni dosazenymi vysledky i mnozstvim
zafazenych rodicek a novorozenci.

Vyznam nasi studie sledujici poporodni adaptaci novorozence po podani
rozli¢nych svalovych relaxans rodi¢ce je zjevny i z mezinarodniho ohlasu na nasi

publikaci. Prace byla ocenéna Dvotackovou cenou za nejlepsi praci v oblasti
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anesteziologie a perioperacni mediciny publikovanou v roce 2017 udélovanou
CSARIM, Cenou Jifiho Macha za nejlepsi publikaci autora do 35 let za rok 2017
udélovanou Nadaénim fondem AKUTNE.CZ, Cenou dékana Lékatské fakulty
Masarykovy univerzity za 1. misto v kategorii pro postgradualni studenty za praci
otisténou v casopise International Journal of Anesthesia a v neposledni fadé sklidila
vyznamny mezinarodni Gspéch v podobé ziskani ceny ,,Best Paper Award* v casopise

International Journal of Obstetric Anesthesia za rok 2017 za nejlepsi publikaci roku.
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ABSTRACT

Background: In a previous study we compared rocuronium and suxamethonium for rapid-sequence induction of general anaesthe-
sia for caesarean section and found no difference in maternal outcome. There was however, a significant difference in Apgar scores.
As this was a secondary outcome, we extended the study to explore this finding on a larger sample.

Methods: We included 488 parturients of whom 240 were women from the original study. Women were randomly assigned to
receive either rocuronium I mg/kg (ROC n=245) or suxamethonium 1 mg/kg (SUX n=243) after propofol 2 mg/kg. Anaesthesia
was maintained with up to 50% nitrous oxide and up to one minimum alveolar concentration of sevoflurane until the umbilical
cord was clamped. We compared neonatal outcome using Apgar scores and umbilical cord blood gases.

Results: Data were analysed for 525 newborns (ROC n=263 vs. SUX n=262). There was a statistically significant difference in the
proportion of Apgar scores <7 at I min (ROC 17.5% vs. SUX 10.3%, P=0.023) but no difference at 5 min (ROC 8% vs. SUX 4.2%,
P=0.1) or 10 min (ROC 3.0% vs. SUX 1.9%, P=0.58). There was no difference between groups in other measured outcomes.
Conclusion: The use of rocuronium was associated with lower Apgar scores at 1 min compared with suxamethonium. The clinical
significance of this is unclear and warrants further investigation.
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Introduction

In recent years, rocuronium has been described as an
alternative to suxamethonium for rapid-sequence induc-
tion of general anaesthesia (GA) for caesarean section
(CS). However, although some maternal outcomes have
been investigated,' there are no large randomised trials
of the influence of rocuronium on neonates.

The possible neonatal effects of transfer of neuromus-
cular blocking agents from the maternal to the fetal cir-
culation is an important consideration. Suxamethonium
has been the first-line agent for over 40 years.” Guay
et al. reported no partial curarisation of neonates at clin-
ical doses of suxamethonium (1 mg/kg), apart from neo-
nates born to mothers with atypical plasma
pseudocholinesterase.” Abouleish et al. published the
first prospective study on the use of rocuronium in CS
more than 20 years ago.® They measured plasma con-
centrations of rocuronium and reported an umbilical
vein:maternal vein ratio of 0.16 at the time of delivery,
after when rocuronium was administered in a dose of
0.6 mg/kg. There are no data on transplacental transfer
of rocuronium given in the higher doses which are nec-
essary to obtain optimal intubation conditions at a com-
parable time of onset to suxamethonium."’ However,
placental transfer proportional to the maternal dose is
expected.®

In a previous study, we investigated time to tracheal
intubation following rocuronium or suxamethonium in
240 women undergoing CS under GA.! In that study,
Apgar scores of neonates of women administered
rocuronium were significantly lower at 1min and
5 min; however, this was a secondary outcome for which
the study was not powered. In the present investigation,
we sought to confirm these findings by expanding the
patient sample to 488 women.

Methods

In total, 488 parturients (525 newborns) were evaluated
in this follow-up study. Data from our initial study were
collected from December 2012 to December 2013. Fol-
lowing a one-month gap in January 2014 while awaiting
ethics committee approval for continuation of the orig-
inal study, data from a second cohort of patients was
collected up to January 2015 and added to the original
data for pooled analysis. Two university hospitals par-
ticipated in this randomized, single-blinded (parturient),
parallel-group, controlled trial: the Department of
Anesthesiology and Intensive Care Medicine and 2nd
Anesthesiological Department at the University Hospi-
tal, Brno, Czech Republic and the Department of Anes-
thesiology and Intensive Care Medicine, the University
Hospital, Olomouc, Czech Republic. The allocation
ratio into study groups was 1:1. The study was approved
by the institutional ethics committees of both centres.

The University Hospital in Brno is a perinatal centre
for the region of South Moravia, with a population of
almost 1.2 million and more than 6000 deliveries per
year (CS rate 22% with 30% under GA). The Univer-
sity Hospital in Olomouc is the perinatal centre for
the Olomouc region with an approximate population
of 650 000 and more than 2600 deliveries per year
(CS rate 31% with 55% under GA). Inclusion criteria
in the original study were: age 14-60 years and CS per-
formed under GA. Exclusion criteria were: anaesthesi-
ologist or obstetrician opposition to patient inclusion,
allergy or intolerance to one or more of the study
drugs, allergies or reactions to iodine and patient refu-
sal or no written informed consent. Patients were
excluded from analysis if data for Apgar scores were
missing or if there was failure of the neuromuscular
blockade monitor.

Each patient was randomized to either the rocurc-
nium (ROC) group or suxamethonium (SUX) group.
Stratified block randomization was used for generating
the subject allocation sequence. Stratification took into
account four variables: participating centre, type of CS
(scheduled or unscheduled), age (<30 or >30 years),
and body mass index (BMI) (<30 or >30 kg/m®). For
cach stratum, the statistician generated the random allo-
cation sequence for the two treatment groups. A com-
puter random number generator was used to randomly
select permuted blocks of four patients and an equal
allocation ratio. Sequentially numbered containers were
used for individual strata and group assighments were
concealed in sequentially numbered, opaque, sealed
envelopes. Each envelope was opened immediately
before the induction of general anaesthesia, and the
patient was assigned to either the ROC or the SUX
group.

The anaesthesiologist was not blinded. From entry to
the operating room until the skin incision, the patient
was kept in a 15 degree left lateral tilt position. During
three minutes of preoxygenation with 100% oxygen at
6 L/min, a TOF WATCH SX (Organon, The
Netherlands) was fixed on the left forearm for monitor-
ing of neuromuscular block (modes: single twitch, train-
of-four (TOF) or post-tetanic count (PTC}). Anaesthe-
sia was induced with propofol 2mg/kg followed by
either rocuronium 1 mg/kg or suxamethonium 1 mg/kg.
No opioids were given before delivery. Tracheal
intubation was performed when single twitch decreased
to 10% or when visible twitches disappeared. Until the
umbilical cord was clamped, nitrous oxide up to 50%
and sevoflurane up to one minimum alveolar concentra-
tion (MAC) was used for anaesthesia maintenance.

The anaesthesiologist recorded maternal characteris-
tics (age, weight before pregnancy, weight at delivery,
change in weight, height, BMI at delivery, gravidity,
parity, American Society of Anesthesiologists physical
status score, Mallampati score, singleton or multiple
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birth, planning of CS} and newborn characteristics (ges-
tational age, weight, Apgar scores at 1, 5 and 10 min as
assessed by an experienced neonatologist who was
blinded to patient group), prenatal monitoring including
cardiotocograph (CTG) or ST analysis (STAN) monitor
and amniotic fluid turbidity, in a paper case report form.
Umbilical cord blood gas results were collected by the
research team who also entered any missing data in
the paper case report. Members of the research team
were not blinded to the study group. Anonymized data
were recorded in electronic case report form of the study
database (RocSuglO.registry.cz; TrialDB, USA).

Statistical analysis

The primary endpoint was neonatal outcome, which was
evaluated using Apgar scores and umbilical arterial
blood gas parameters. The Apgar score was assessed
as categorized (<7 or >7). No a priori sample size esti-
mation was performed for neonatal outcome evaluation
(sample size estimation in the original study was based
on time needed to tracheal intubation of the parturi-
ent).! However, the final sample size of 488 parturients
enabled us to identify a 10% difference in the incidence
of 1-min Apgar scores <7 with 80% power, given that
the incidence of 1-min Apgar scores <7 was no more
than 15% in the reference (SUX) group).

We analyzed the data of all newborns collectively and
separately, after excluding those with fetal pathology or
signs of fetal hypoxia (leaving only those with clear
amniotic fluid, physiological CTG, gestational age
>37 weeks), in both unscheduled and scheduled CS.
Finally, we evaluated only neonates from women who
underwent scheduled CS with no fetal compromise
(clear amniotic fluid, physiological CTG, gestational
age >37 weeks) to eliminate possible confounding fac-
tors on Apgar score.

Standard frequency tables and summary statistics
{mean, standard deviation (SD), median, range) were
used to describe the baseline demographic and clinical
characteristics. The Fisher exact test was used for anal-
ysis of the categorized 1-, 5- and 10-min Apgar scores.
The Mann-Whitney test was used to assess differences
in continuous variables. All analyses were performed
according to the intention-to-treat principle. To examine
the influence of unscheduled CS, neonatal outcomes of
ROC versus SUX groups were evaluated separately for
scheduled CS. For the primary outcome, a P value
<0.05 was considered statistically significant. All analy-
ses were performed with R software for Windows (ver-
sion 2.13.0; R Development Core Team, Statistics
Department (http://www.r-project.org/).

Results

We enrolled 488 parturients (ROC: n=245, SUX:
n=243) and 525 newborns (ROC: n=263, SUX:

n=262). The inclusion rate was 27%, as 1773 parturients
met the inclusion criteria in total. The Consolidated
Standards of Reporting Trials (CONSORT) diagram
for the study is shown in Fig. 1. Characteristics of
parturients and newborns are shown in Tables 1 and
2. There were no significant differences in demographic
characteristics between groups. There was a statistically
significant difference between groups in the incidence of
Apgar scores <7 at l-min (ROC: n=46 (17.5%) vs. SUX:
n=27 (10.3%}, P=0.023) but no difference at 5-min and
10-min. There was no difference between groups in
umbilical arterial blood gases.

When we excluded from analysis newborns with fetal
pathology or signs of fetal hypoxia (turbid ammniotic
fluid, suspect or pathologic CTG, gestational age
<37 weeks), we confirmed the results for the 1-min
Apgar scores in the ROC group. When we evaluated
only neonates from scheduled CS with gestational age
>37 weeks, physiological CTG and clear amniotic fluid,
the significant difference in 1-min Apgar scores <7
remained (ROC: n=10 (10.5%) vs. SUX: n=2 (2.3%);
P=0.035). All other parameters of neonatal outcome
{5-min and 10-min Apgar scores and umbilical arterial
cord blood gases) remained non-significant after sample
adjustment (Table 3).

Assessed for eligibility

{n=17274)
Excluded (n=16766)
= Not meeting inclusion
criteria (n=15501}
* Dedlined to participate
(N=1285)
randomised
{n=488)

!
| |
Allocated to rocuronium Allocated to suxamethonium
(n=245%) n=243)
+ Received allocated +Received allocated
intervention (n=245) intervention (n=243)
+ Did not receive allocated +Did not receive allocated
intervention (n=0) intervention (n=0}

+ Lost to follow up (n=0} - Lost to follow up (n=0)
« Discontinued intervention +Discontinued intervention

{n=0} (=0}

Intention-to-treat analysis
(n=243 parturients,
262 neonatesy

Intention-to-treat analysis
(n=245 parturients,
n=263 neonates)

Fig. 1 CONSORT flow chart diagram
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Table 1 Patient characteristics
Rocuronium Suxamethonium
(n=245) (n=243)
Age (years) 31+53 31452
31 [18-45] 31 [18-45]
Weight: pre pregnancy (kg) 70+17.7 69 +15.9
65 [37-137] 65 [42-142]
Weight: delivery (kg) 83+17.3 82 £ 164
80 [47-150] 80 [52-151]
Weight gain (kg) 13+£57 14+ 6.1
13 [-10-33] 13 [-13-33]
Height (cm) 166 + 6.4 165+7.1
168 [150-183] 165 [120-185]
BMI: delivery (kg/m?) 0£56 30459
28 [19-51] 29 [20-59]
Gestation (weeks) 38+2.7 38+24
38 [25-41] 38 [28-41]

Gestation <36 weeks
Gravidity

>4
ASA physical status
1
2
3
4
Number of fetuses
Single
Twin
Triplet
Category of CS
Unscheduled
Scheduled

51 (20.8%) 49 (20.2%)
111 (45.3%)
67 (27.3%)
36 (14.7%)
31 (12.79%)

100 (41.2%)
69 (28.4%)
42 (17.3%)
31 (12.8%)

135 (55.1%)

77 (31.4%)

25 (10.2%)
8 (3.3%)

132 (54.3%)

77 (31.7%)
24 (9.9%)
9 (3.7%)

118 (42.2%)
105 (42.9%)

116 (47.7%)
109 (44.9%)

14 (5.7%) 12 (4.9%)
8 (33%) 6 (2.5%)
225 (91.8%) 222 (91.4%)
19 (7.8%) 20 (8.2%)
1 (04%) 1(0.4%)

139 (56.7%)
106 (43.3%)

136 (56.0%)
107 (44.0%)

Data are mean + SD, median [range] or number {%). BMI: body mass index; ASA: American Society of Anesthesiologists; CS: caesarean section.

Discussion

We present the results of a randomised controlled trial
which was extended for one year to verify neonatal out-
come of after using either rocuronium or suxametho-
nium for rapid-sequence induction in CS under GA.!
To the best of our knowledge, this is the first trial to
investigate neonatal outcome following maternal admin-
istration of either rocuronium or suxamethonium for
induction of neuromuscular blockade at GA for CS.
As an Apgar score >7 is considered to represent good
neonatal outcome, we divided data into two categories:
Apgar score <7 and >7.7 Using this cut-off value we
found a statistically significant difference between
groups, although there was no difference in other
measures of neonatal outcome. Even after exclusion of

possible confounding factors, the significant difference
in 1-min Apgar scores remained. However, analysis of
neonatal outcomes in the subgroup defined by women
undergoing scheduled CS with no fetal compromise is
underpowered because of the limited sample size; there-
fore these results should be interpreted with caution.
The Apgar score as an indicator of neonatal outcome
has limitations because it depends on the experience of
the assessor and is to an extent subjective; however, it
is the most common approach to evaluate neonatal out-
come in the Czech Republic and worldwide. Bashambu
et al. reported an almost perfect agreement among 335
neonatologists evaluating 1- and 5-min Apgar scores in
the full-term infant. Disagreement was found only in
preterm infants, unless infants were apnoeic and limp.*
We used the Apgar score because it is standardized,
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Table 2 Neonatal data

R ocuronium Suxamethonium P value
(n=263) (n=262)
Gestation (weeks) 37+28 3825 .99
38 [25-41] 38 [28-41]
Birthweight (g) 2982 + 794 30336 £ 782 0.48
3120 [560-4600] 3125 [490-5140]
Umbilical artery” pH 728 £0.08 728 +£0.08 0.76
7.29 [6.73-7.45] 7.29 [6.31-7.42]
PCO; (kPa) 69+14 67+£1.0 0.24
6.9 [3.7-18.9] 6.8 [3.1-9.8]
PO, (kPa) 39423 39+18 0.45
3.5[0.5-21.7 3.6 [0.7-21.5]
Base excess (mEqg/L) —34+£40 —35£28 042
—2.8[-23.3-12.7] —3.1[-142-7.7]
Induction to cord clamping time’ (s) 331+ 111 315+ 87 0.18
312 [150-878] 296 [180-720]
Apgar score <7
1-min 46 (17.5%) 27 (10.3%) 0.023
5-min 21 (8.0%) 11 (4.2%6) 0.1
10-min 8 (3.0%) 5(1.9%) 0.58
Fetal heart monitoring 258 (98%) 254 (97%)
Fetal heart trace 0.52
Normal 175 (67.8%) 160 (63.0%)
Suspicious 32(12.4%) 36 (14.2%)
Pathological 51 (19.8%) 38 (22.8%)
Amniotic fluid 0.59
Clear 230 (87.5%) 234 (89.3%)
Turbid 33 (12.5%) 28 (10.7%)

Data are mean + SD, median [range] or number (%). Data included for individual neonates in multiple pregnancy.
“Missing data on 11 neonates in rocuronium group and 13 neonates in suxamethonium group.

#Time from completion of propofol injection.

Table 3 Neonatal outcome in those babies with clear amniotic fluid, normal fetal heart rate and gestation >37 weeks

Rocuronium Suxamethonium P value
(n=135) (h=114)
Birthweight (g) 3271 £ 532 3345 £ 576 0.30
3300 [1700-4600] 3340 [1800-5140]
Umbilical artery pH 7.30 £ 0.04 7.29 4+ 0.04 0.55
7.30 [7.08-7.45) 7.29 [7.13-7.37]
Apgar score <7
1 min 15 (11.1%) 3 (2.6%) 0.013
5 min 6 (4.4%) 1 (0.9%) 0.13
10 min 1 (0.7%) 0 1
Scheduled deliveries n=95 n=87
Birthweight 3312 £ 476 3367 £ 595 043
3320 [2120-4600] 3375 [1800-5140]
Umbilical artery pH 7.29 £0.04 729 + 0.04 0.43
7.30 [7.20-7.45] 7.29 [7.22-7.37]
Apgar score <7
1 min 10 (10.5%) 2 (2.3%) 0.035
5 min 3(3.2%) 1 (1.1%) 0.62
10 min 0 0

Data are mean + SD, median [range] or number (%).

well-established in our hospital and is always evaluated  blinded to the muscle relaxant used. Since neonatal out-
by experienced neonatologists, who in this case were  come was not the primary endpoint of our original
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study, we were not able to retrospectively analyze the
individual components of each Apgar score because that
was not a part of the case report form; thus, it is not pos-
sible to identify which components of the Apgar score
were specifically influenced by the muscle relaxant
selection.

Neonates were assessed and treated in accordance
with the 2010 European Resuscitation Council (ERC)
guidelines.” Despite the well-established practice of
Apgar scoring, it may not be as objective as other vari-
ables such as umbilical arterial blood gases. Recent stud-
ies have demonstrated the importance of obtaining the
umbilical cord blood sample for detecting fetal, and sub-
sequently neonatal acidaemia which is associated with
higher rates of adverse outcomes.”'® Sabol et al. found
that neonatal acidaemia may occur even when the 5-
min Apgar score is >7 and that these neonates are at
higher risk of adverse outcome; the severity of acidaemia
increasing the risk.” This shows the importance of
umbilical artery acid-base status, which can be consid-
ered an objective marker of neonatal outcome.

The difference in 1-min Apgar scores in our study
could be explained by the pharmacodynamics of rocuro-
nium and suxamethonium.'"'? Adamus et al.'' com-
pared the effect of age and sex on the
pharmacodynamic parameters of rocuronium and found
shorter duration in younger people and in males. These
authors did not include patients aged <20 years but we
assume that in children the duration of rocuronium-
induced neuromuscular block is as short as in young
adults and may be even shorter.!’ Although rocuronium
in a dose of 0.6 mg/kg has been shown to cross the pla-
centa with an umbilical vein:maternal ratio of 0.16 at the
time of delivery,® the tissue exposure of the neonate to
rocuronium is much lower because of the exposure of
rocurenium te first pass metabolism in the neonatal
liver and further dilution in the neonatal circulation.
It is possible that the finding of our study could be
explained by the dose-dependent duration characteris-
tics of rocuronium.'” If we assume that the duration
of possible neuromuscular blockade in the neonate is
<5 min after delivery, this may explain why the 5-min
Apgar scores were relatively unaffected. To ascertain
the precise duration of blockade and to know if there
is any clinically significant neuromuscular blockade in
the neonate after maternal administration of rocuro-
nium at CS in dose of 1 mg/kg, there is a need for fur-
ther investigation. This should include measurement of
the rocuronium concentration in neonatal blood and
its decrease in the minutes after delivery. In compar-
ison to rocuronium, suxamethonium does not cross
the placenta in demonstrable quantities and neonates
are not affected.’

If neonates demonstrated clinical signs of neuromus-
cular blockade during the study, we were prepared to
administer sugammadex. However, our neonatologists

did not report any clinical signs of residual neuromuscu-
lar blockade in any neonate during the study period.
There are reports of neonatal administration of sugam-
madex for rocuronium reversal.'*!” However, to the
best of our knowledge, there are no reports in the setting
of maternal administration of rocuronium at CS. There
is one case of successful use of sugammadex to reverse
both peripheral and central effects of rocuronium in a
neonate."”

There are a number of limitations to this study. The
endpoint presented in this paper was not the primary
endpoint of our initial study." An important limitation
is that we performed a follow-up investigation of a sec-
ondary outcome of our initial study on an extended
sample without an a priori power analysis. Because of
the absence of a prospective power analysis we cannot
exclude the possibility of a type-1 statistical error. How-
ever, in studies where safety is the primary focus, type-2
error is usually of more concern and we wanted to
emphasize the potential association between the rocuro-
nium group and lower Apgar scores. The absence of
individual components of the Apgar score was another
limitation, as was absence of stratified randomization
according to the neonate (stratification of parturients).
However, no statistically significant differences in char-
acteristics or demographic data of the newborns were
found. Further, we did not exclude parturients with
twins. There were also some deliveries where we did
not manage to obtain the umbilical cord blood sample.
Eleven samples in the ROC and 13 samples in the SUX
group are missing from the data.

In conclusion, rocuronium 1.0 mg/kg for rapid
sequence induction at GA for CS was associated with
lower 1-min Apgar scores compared with suxametho-
nium 1 mg/kg. However, since there was no difference
in 5-min and 10-min Apgar scores and no difference in
umbilical cord arterial blood gases, the clinical relevance
of our results is uncertain. Further investigation of the
possible neonatal effects of maternally-administered
rocuronium is required.
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d. Re: Influence on neonatal outcomes of rocuronium for rapid sequence
induction of general anaesthesia for caesarean section. International Journal
of Obstetric Anesthesia 2018
Mezi ohlasy na nasi publikaci vénujici se ovlivnéni novorozeneckého outcome
volbou svalového relaxans podaného rodicce v pribéhu cisaiského fezu patii i n€kolik
korespondenci zaslanych do redakce International Journal of Obstetric Anesthesia (53-
56). Prvnim diskutovanym tématem byl samotny transplacentarni ptenos rokuronia
a jeho potencialni vliv na novorozence (54). Druhou stézejni otazkou zaslané
korespondence byla absence power analyzy zamétené na novorozenecky outcome,
ktera nebyla provedena pravé z diivodu charakteru studie, tedy pokra¢ovani
jiz zapocaté studie s odliSnym priméarnim cilem. Zde je ale nezbytné zminit, Ze pokud
bychom stavéli podobnou studii na power analyze s cilem zjisténi rozdilu ve volbé
nervosvalového relaxans na novorozence, bylo by nutné do studie zatadit okolo
15000 rodicek. To je vSak v dnesni dob¢, kdy je v nékterych zemich celkova anestezie
podana v méné nez 5 % vsech cisafskych fezii v podstaté nemozné. I proto Halepern
upozoriuje, Ze neni nutné se dale timto tématem zaobirat a vysledky nasi studie
mohou byt povazovany za dostate¢né pro tvrzeni, ze je podani rokuronia v davce 1,0

mg/kg v ramci tivodu do cisafského fezu bezpecné pro novorozence (55).
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may explain why the 5-min Apgar scores were relatively
unaffected”.' We believe that the pharmacokinetic com-
plexity imposed by the age does not support this expla-
nation for the findings.
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In reply \g’
We appreciate Carlos et al.’s interest in and comments
about our study."” We would like to comment on the
issue raised in the letter. We agree with the statement
that our suggested explanation of lower 1-min Apgar
scores is not conclusive — and that there are alternative
possibilities, given the absence of data on transplacental
transfer of rocuronium 1 mg/kg. Although interesting,
due to a lack of evidence-based pharmacokinetic data

our conclusion was only a postulated explanation for
the differences we found. In our opinion, at the time
of delivery there was an undetermined reduction in the
plasma level of rocuronium, associated with transpla-
cental transfer of the maternal drug that had been
administered according to the study protocol. The
amount of the rocuronium transferred into the fetal
circulation is also influenced by the interval between
drug administration and clamping of the umbilical
cord.

It is recommended that the dose of rocuronium for
neuromuscular blockade in newborns and infants is
reduced.” However there are conflicting data regarding
the duration of action of rocuronium in different age
cohorts, with some showing no difference in duration
in infants compared to adults.” There is also high vari-
ability in the duration of neuromuscular blockade
reported in pediatric patients, especially in neonates
and small children, after typical induction doses of
0.6 and 0.45 mg/kg.” The duration of the (presumably
low) dose of rocuronium transmitted to the neonate in
our study was not predictable in our neonatal cohort.
In contrast, there is no doubt that the efficacy and dura-
tion of rocuronium is dose-dependent. And since it is
likely that the dose transferred to the fetus is low, the
explanation for a difference in Apgar score might be
that a subclinical percentage of drug binds at the nico-
tinic acetylcholine receptor, resulting in either no or a
short duration of action. Irrespective of these complexi-
ties, the main difference between our study groups was
the choice of drug for neuromuscular blockade, so it is
possible that rocuronium was the principal reason for
the lower initial Apgar scores.

Taking into consideration Carlos et al.’s comments
about the duration of rocuronium-induced neuromuscu-
lar block in infants, we would like to reformulate our
statement and suggest that in newborns after delivery,
the duration of rocuronium-induced neuromuscular
blockade, if any, is likely to be both short and variable.

Finally, we believe our study reminds us that obstet-
ric general anesthesia may affect both the mother and
the child. Our duty is to optimize the outcomes of both.”

M. Kosinova

Department of Anesthesiology and Intensive Care
Medicine, University Hospital Brno

Faculty of Medicine, Masaryk University

Brno, Czech Republic
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I read the article by Kosinova et al.' with interest. How-
ever, I take issue with the statement “Further investiga-
tion of the possible neonatal effects of maternally-
administered rocuronium is required”. In their first
paper,” the authors found a statistically significant dif-
ference between patients who received rocuronium and
succinylcholine in the one- and five-minute Apgar
scores, but no difference in neonatal acid base status.
The authors rightly concluded that this was an interest-
ing finding, but it was a secondary outcome of a study
with very different aims. For this reason, the Apgar out-
comes may not have been gathered in a meticulous fash-
ion, or the groups may have been unbalanced in an
important demographic concerning the Apgar score
(e.g. gestational age), but not important for the primary
outcome of maternal intubation conditions. For that
reason, the results from the previous study should not
have been included in this study, rather a fresh random-
ization (with a power analysis) should have been per-
formed. By looking only at the new patients in the
current study, we can now determine the difference in
the incidence of low Apgar scores in a properly random-
ized sample. There were 16/132 (12%) neonates in the
rocuronium group and 14/135 (10%) in the succinyl-
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choline group. If one does a power determination on
these numbers, you would need about 15000 patients
per group to demonstrate a difference. Without other
evidence of physiologic or pharmacologic harm to the
neonate, I would argue that we should direct our inves-
tigations elsewhere.

S.H. Halpern

Department of Anesthesia, Sunnybrook Health Sciences
Centre and the University of Toronto, Toronto, Canada
E-mail address: Stephen.halpern@sunnybrook.ca
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Re: Caesarean birth — what’s in a @
name? =
We read with interest the recent article by Ni et al.'
about the nomenclature of caesarean section versus cae-
sarean/cesarean delivery, birth, operation or C-section.
It is quite surprising that although the technique of cae-
sarean section is globally highly standardised, and that
for example in the United States caesarean section — par-
don, actually cesarean delivery in the US — is the most
commonly performed surgical procedure,” we are not
able to agree on a single name for it. Explanation of this
is well discussed in the editorial by Popham and Paech.”
Nevertheless, we believe that one more reason why this
is so today is that we are overwhelmed with data from
thousands of studies with often conflicting results, and
as a consequence, unfortunately, we are losing sight of
the full historical context. The terminology and history
of the caesarean section may be a typical example: we
can still hold the mythical view that caesarean section
owes its name to Julius Caesar, who is still often falsely
claimed to have been the first baby born via caesarean
section. And the same goes for the history of caesarean
section itself. We would, therefore, like to draw atten-
tion to some new historical data that should enrich the
historical context of the caesarean section.

Prior to the 19th century, a caesarean section meant
almost certain death for the mother. If the woman did



e. Anaesthesia and Orphan Disease: Rocuronium and Sugammadex
in the Anaesthetic Management of a Parturient with Becker's Myotonia
Congenita. European Journal of Anaesthesiology. 2016

Vyznamnym aspektem studie RocSuglO je z mého pohledu jeji realny vyznam
pro klinickou praxi. To I1ze mimo jiné snadno dolozit publikaci kazuistiky rodicky
trpici vzacnym nervosvalovym onemocnénim, Myotonia Congenita Becker.
Onemocnénim, kde je s vyhodou uziti nedepolarizujiciho svalového relaxans
rokuronia s moznosti aplikace specifického antidota sugammadexu. Podani
sugammadexu ndm umoziuje plné zotaveni z nervosvalové blokady a casnou extubaci
na operac¢nim sale s naslednou standardni pooperacni péci o rodicku a jeji brzky
kontakt s novorozencem. Uziti protokolizovaného postupu s mirnou modifikaci pro
totalni intravendzni anestezii, vyZadovanou oSetiujicim neurologem pacientky, ndm
umoznilo jednak vyrazné zvySeni komfortu pfitomného persondlu pii znalosti
pouzitého protokolu a zejména pak usnadnilo naslednou publikaci kazuistického
sd¢leni v European Journal of Anaesthesiology (IF 3,57, Q1 v kategorii
Anesthesiology dle WoS) v roce 2016 (57). Pro totalni intravenozni anestezii jsme
Vv tomto piipadé pouzili rezim TCI (target controlled infusion) propofolu, ¢im jsme
optimalizovali davku podaného celkového anestetika a minimalizovali tak mozné
nezadouci ucinky a zvysili bezpecnost nasi rodicky.

Prvni zminka o onemocnéni Myotonia Congenita Becker, autozomalné
recesivné dédicné, nedystrofické myotonii, byla v 70. letech 20. stoleti. Myotonia
Congenita Becker vznika na podkladé mutace genu CLCN; kodujiciho chloridovy
kanal skeletalniho svalstva. V nasi kazuistice popisujeme rizika plynouci z redukce
proudu chloridovych iontii béhem repolarizace na membrané skeletalniho svalstva

pro vedeni celkové anestezie. JelikoZ nase pacientka kromé nervosvalového
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onemocnéni v minulosti prodélala operacni stabilizaci hrudni patete s naslednou
poruchou citlivosti v oblasti trupu znemoziujici vykon ve svodné anestezii, byla
pro nas celkova anestezie i pies zminéna rizika jedinou volbou.

Tato prace byla ocenéna Cenou Jifitho Macha za nejlepsi publikaci autora do

35 let za rok 2016 udélovanou Nada¢nim fondem AKUTNE.CZ.
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Editor,

Becker’s disease is an autosomal recessive type of myo-
tonia congenita, non-dystrophic myotonia, first described
in the 1970s by Peter Emil Becker.! The worldwide
prevalence of myotonia congenita is about 1:100,000
while in some countries (eg. Norway) the incidence
may be 10 times higher.”? It is linked to mutations in
CLCNI1 (the same as the autosomal dominant in "T"hom-
sen’s disease), the gene encoding the skeletal muscle
chloride channel. The mutation in Becker’s disease, leads
to reduced flow of chloride ions during repolarisation
leading to sustained muscle contraction.' The reduced
chloride conductance of the mutated chloride channels in
Becker’s myotonia causes hyper-excitability of the
muscle fibre membrane leading to bursts of aberrant
action potentials. The clinical picture is characterised
by slowed relaxation following forceful voluntary con-
tractions (myotonic stiffness). Myotonia tends to improve
with exercise, the so-called ‘warm-up’ phenomenon.
It usually presents during the second decade of life with
slow progression in later decades. Symptoms are more
severe than in Thomsen’s disease, and usually involve
the lower limbs first. Muscle hypertrophy is a common
symptom. Sometimes it is accompanied by gradually
progressive weakness, and by peculiar transient episodes
of proximal weakness, involving the hands and arm
muscles, in particular, which is connected to specific
types of mutations.

Anaesthesiologists should be aware of the risk of using
suxamethonium in partients with chloride channel

0265-0215 Copyright © 2016 Europ

Society of hy

All rights reserved.

myotonia in whom administration of suxamethonium
can cause sustained total body rigidity and subsequent
difficulty in airway management.®” Patients with myo-
tonic dystrophy also have myotonic response to neostig-
mine and increased sensitivity to non-depolarising
neuromuscular blocking agents." ' In such cases rocur-
onium for neuromuscular blockade with active reversal
using sugammadex is preferable.

We report the case of a 27-year-old woman who was
diagnosed with Becker type myotonia congenita at the
age of 22. She gave written consent for the report to
be published. The parturient had a homozygote recessive
mutation in the skeletal muscle chloride channel gene
CLCNI (c.1437_1450del, p.480HfsX24) on both alleles
because of consanguinity in the family (father and mother
were cousins). Her neurological problem began in early
childhood (at 4 years of age). She had problems with
relaxation which had become rather pronounced with
typical warm-up (repeated movements). She had appar-
ent muscular hypertrophy. Her lower limbs were most
affected but upper limbs and face were also involved.
‘T'here were no paretic symptoms and all her difficulties
were because of myotonia. Her vital capacity was normal.
As is common in patients with this disease, she had
adapted to her restrictions. Medication (carbamazepine,
baclofen) was only of marginal effect and the patient
decided notto take them. The parturient was a primipara,
primigravida without any complications during preg-
nancy. At the time of delivery, her weight was 90kg.
In the medical history, there was transthoracic correction
and stabilisation of the thoracic vertebra to the extent of
the 5th to 11th vertebra because of scoliosis at the age of
18 and hypothyroidism with pharmacological hormonal
substitution.

In 2015, she underwent a scheduled caesarean section at
the gestational age of 39 weeks and 4 days for muscular
weakness and as a result, an inability to control labour
naturally. Owing to the risk of difficultaccess to the spinal
space and parturient refusal of neuroaxial anaesthesia, we
decided on general anaesthesia.

During the 3 min pre-oxygenation and 15 tilt table to the
left, we prepared a TOF Watch SX device (Organon, Oss,
Nederland) for neuromuscular blockade monitoring and
an infusion pump Space (BBraun, Germany) with avail-
ability of target controlled infusion (T'CI) mode. We
began to administer propofol IV using T'CI [Schnider
model, €. (effective concentration) =5 pg ml™ '] via the
cubital vein. When the patient lost consciousness, we
proceeded with the calibration of the TOF Watch SX

DOI:10.1097/EJA.0000000000000442
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monitor and administered an intubating dose of rocur-
onium in a dose 1 mgkg~". Using the single twich mode
we attempted orotracheal intubation while applying the
Sellick manoeuvre when the single twich decreased to
10%. 'The intubation conditions were excellent (modified
Viby-Mogensen score) with no resistance to laryngoscopy
and partial abduction of the vocal cords. The Cormack—
Lehane score was 2. There was no cardiovascular or
movement response to intubation. After the initial dose
of propofol, we terminated the infusion of propofol but
resumed it during the birth. A newborn male infant was
delivered 5 min and 8s after the beginning of a TCI of
propofol. At the same time, we set the C, of propofol to
Spgml~', administered sufentanil 15meg 1V, 51U of
oxytocine bolus IV, 101U of oxytocine in infusion and
cephazoline 2g IV. The newborn was assessed by an
experienced neonatologist, given an Apgar score in the
1st, 5th and 10th minute (9-10-10), acid—base balance
values from the umbilical artery gave no cause for concern
(pH 7.28, pco, 7.8, po, 3.6, BE — 1.4). We stopped the
propofol infusion after the completion of peritoneal
suturing. Before the end of surgery, we administered
piriramide 15 mgs.c., sufentanil 5 meg IV and paraceta-
mol 1 g IV. There were no surgical complications. Blood
loss during the procedure was 500 ml. When the €. of
propofol decreased to 1pgkg™', deep neuromuscular
blockade was indicated by TOF 0, PTC 0. For this
reason, we administered sugammadex 4mgkg ' IV.
After 2min and 15s, we measured the TOF ratio at
98%. 'The patient was conscious and ready to be extu-
bated. After extubation, the parturient was breathing
adequately, communicative, and the postoperative pain
visual analogue scale (VAS) score was 3. The total volume
of propofol administered during T'CI was 53 m1 (530 mg).
It took 40 min from induction of anaesthesia to extuba-
don. The patient was transferred to the recovery room,
where she remained with no respiratory problems, no
signs of residual neuromuscular blockade or worsening of
pain. After 2 h, she was transferred back to the gynaeco-
logical ward to the monitored in the postoperative room.
We performed the post-anaesthesiological check-up of
the patient at 24h and 3 days after the caesarean section
for subjective complaints. The only complaint after the
surgery was pain in the wound (VAS 2). On the fourth day
after surgery, the patient was discharged.

To the best of our knowledge, this is the first report of the
anaesthetic management of a parturient with Becker’s
myotonia congenita who had undergone a caesarean
section under general anaesthesia. We decided to per-
form the anaesthesia with respect to Becker’s myotonia
congenita pathophysiology and to prevent possible com-
plications of the anaesthetic management of this high-
risk patient. There are some concerns about the risk of
malignant hyperthermia in patients with myotonia con-
genita, and therefore, tendencies to administer only
malignant  hyperthermia non-triggering anaesthetic

Eur J Anaesthesiol 2016; 33:1-3
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agents. However, Parness o al>'" drew attention to
the fact that myotonic patients with malignant hyperther-
mia crisis can have mutations at two distinct genetic loci,
one for myotonia and one for malignant hyperthermia
susceptibility. For this reason, we decided on the anaes-
thesia using non-triggering anaesthetics (propofol, rocur-
onium and sufentanil), although the association with
malignant hyperthermia is regarded as highly unlikely
according to a recent review.'? For propofol adminis-
tration, we used the target-controlled infusion (TCI,
Schnider model) because of good control of the plasma/
effective concentration. As an anaesthetic agent in a
patient with chloride channel myotonia, propofol appears
to be the ideal drug, given its antimyotonic effect as a
result of modulations of voltage-gated sodium channels
within the sarcolemma membrane of the skeletal muscle.
The propofol should be administered via the large fore-
arm vein as this reduces the incidence of pain and thus
also prevents a possible myotonic reaction.'? For neuro-
muscular blockade, we used rocuronium with the avail-
ability of the selective relaxant-binding agent,
sugammadex at the end of the surgery at any level of
neuromuscular blockade. This approach to caesarean
section in a myotonic patient has been published by
Stourac ¢ al."* in a case report of successful use of the
combination of rocuronium and sugammadex in a
parturient with myotonic dystrophy who had undergone
a caesarean section a few years previously without sugam-
madex and who had prolonged neuromuscular blockade
with the need for mechanical ventilation.

There are published studies confirming the safety of
neostigmine in malignant hyperthermia-susceptible
patients.'"* On the other hand, anticholinesterase drugs
may precipitate myotonia because of increased sensitivity
to the stimulatory effects of acetylcholine. Given the
physiology of Becker’s myotonia congenita and eventual-
ity of active reversal of a non-depolarising block using
sugammadex, we opted for sugammadex over neostig-
mine. In addition, early reversal using neostigmine, even
in a healthy population, can lead to a longer period of
‘blind paralysis’.'® With respect to the ‘Summary of
Product’ for sugammadex (Bridion), we chose a dose
4mgkg " in which the median time to recovery of the
T4/T'1 ratio to 90% is described as around 3 min. The
‘Summary of Product’ allows re-administration of sugam-
madex in the situaton of recurrence of neuromuscular
blockade postoperatively after an initial dose of 4mgkg ™'
sugammadex. A repeat dose of 4 mgkg ' sugammadex is
recommended with monitoring of depth of residual neu-
romuscular blockade.'” The risk of reintubation because
of muscle weakness or myotonic reaction was obviated
using sugammadex and monitoring in the recovery room
for the first 2 h postoperatively.

In this report, our patient with myotonia congenita
Becker showed normal recovery of the TOF ratio to
more than 90% after the administration of sugammadex
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(4mg kgfl) from deep blockade (TOF 0) in 2 min. She
had normal sensitivity to rocuronium at induction
(decrease to single twich 10% in 32 s) and showed normal
response to sugammadex.'®!”

In conclusion, this case shows the possibility of using
rocuronium as part of a rapid sequence induction of
general anaesthesia for caesarean section in a parturient
with Becker’s myotonia congenita with effective use of
sugammadex as an active reversal agent providing well
tolerated and rapid reversal of neuromuscular blockade.
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f.  Anaesthesia recommendations for Recessive myotonia congenita (Becker's
disease). Andsthesiologie & Intensivmedizin. 2019

Kratce po publikovani kazuistiky rodi¢ky s Myotonia Congenita Becker
v European Journal of Anaesthesiology jsme byli osloveni redaktory projektu
OrphanAnesthesia.eu, projektu skupiny pediatrické anestezie Némecké spolec¢nosti
anesteziologie a intenzivni mediciny, Orphanetu (Evropsky projekt poskytujici
informace o vzacnych onemocnénich) a Evropské spolecnosti pro pediatrickou
anestezii (European Society for Paediatric Anaesthesia) k vytvofeni obecného
doporuceného postupu k podani anestezie pacientim s Myotonia Congenita Becker.
Na webu projektu OrphanAnaesthesia.eu je zvetejnéno velké mnozstvi doporu¢enych
postupti pro pacienty trpici vzacnym onemocnénim s cilem zvySovani jejich
bezpecnosti V priubéhu celého perioperacniho procesu. Publikované doporucené
postupy prochazeji recenznim fizenim a reflektuji nejlepsi dostupnou evidenci.
Recenzentem je pro kazdy doporuceny postup vzdy minimalné jeden anesteziolog
a jeden specialista pro dané onemocnéni. Po online publikaci jsou v§echny doporucené
postupy pro vzacna onemocnéni publikovany v ¢asopise Anésthesiologie &
Intensivmedizin (3).

Doporuceny postup ,,Recessive myotonia congenita (Becker’s disease) byl
vydan online na webu http://www.orphananesthesia.eu/ v listopadu 2016 a nasledné
publikovan v ¢asopise A&I (Anésthesiologie & Intensivmedizin) ve 14. supplementu

v roce 2019 (58).
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Anaesthesia recommendations for
Recessive myotonia congenita

(Becker’s disease)

Disease name: Recessive myotonia congenita
ICD 10: G71.1
Synonyms: Becker's disease

Disease summary: Becker's disease is an autosomal recessive type of myotonia con-
genita, non-dystrophic myotonia, first described in the 1970s by Peter Emil Becker [1]. The
worldwide prevalence of myotonia congenita is about 1:100,000 while in some countries (e.g.
Norway) the incidence may be 10 times higher [2,3]. It is linked to mutations in CLCN1 (the
same as the autosomal dominant in Thomsen’s disease), the gene encoding the skeletal
muscle chloride channel. The mutation in Becker's disease leads to a reduced flow of
chloride ions during repolarisation leading to sustained muscle contraction [4]. The reduced
chloride conductance of the mutated chloride channels in Becker's myotonia causes hyper-
excitability of the muscle fibore membrane leading to bursts of aberrant action potentials.

The clinical picture is characterised by slowed relaxation following forceful voluntary contrac-
tions (myotonic stiffness). Myotonia tends to improve with exercise, the so-called ‘warm-up’
phenomenon. It usually presents during the first or second decade of life with slow pro-
gression in later decades.

Symptoms are more severe than in Thomsen's disease and usually involve the lower limbs
first. Muscle hypertrophy is a common symptom. Sometimes it is accompanied by gradually
progressive weakness and by peculiar transient episodes of proximal weakness, involving
the hands and arm muscles in particular, and is connected to specific types of mutations [5].

More than 150 different mutations of the CLCN1 gene have been reported, some of them are
associated with Becker's disease (recessive form, more severe) and others to Thomsen's
disease (dominant form, milder). Laboratory diagnostics of myotonia congenita is based on
sequencing the CLCN1 gene. |dentification of mutations in the CLCN1 gene in the patient
and parents differentiate between the two clinical forms of the di Since the di
shares symptoms with paramyotonia congenita and other di with myotonia, the pool of
genes involved in the differential diagnosis is large enough to sequence all of them at the
same time, currently by the new techniques of sequencing (NGS).

In addition to searching for a diagnosis based on NGS sequencing, some of the genes
related to malignant hyperthermia (mainly RYR1 and CACNA1S genes) should be analysed
if patients with myotonia congenita or any other of myopathy who are facing surgery.

Medicine is in progress

P Citation: Stourac P, Kosinova M: Recessive myotonia congenita (Becker's disease). An sth Intensivmed
2019;60:5545-5535. DOI: 10.19224/ai2019.5545

© An sth Intensivmed 2019;60:5545-5553 Aktiv Druck & Verlag GmbH
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Perhaps new knowledge

A Every patient is unique

Perhaps the diagnosis is wrong

Find more information on the disease, its centres of reference and patient

organisations on Orphanet: www.orpha.net

www.orphananesthesia.eu 2
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Typical surgery

There is no typical surgery, unlike in patients suffering from other neuromuscular disorders
like myotonic dystrophy. Possible complications of recessive myotonia congenita (rMC) are
joint problems and frequent falls with injury which both can result in orthopaedic/traumatic
surgery.

Type of anaesthesia

There is no definite recommendation for either general or regional anaesthesia.

If the procedure enables using neuroaxial anaesthesia (spinal/epidural/combined spinal-
epidural) or peripheral nerve blockade, it should be considered as first choice of anaesthesia
in indicated cases considering the pathophysiology of myotonia congenita and possible
malignant hyperthermia (MH) susceptibility [6].

There are some concerns about the risk of malignant hyperthermia in patients with myotonia
congenita and thus tendencies to administer only malignant hyperthermia non-triggering
anaesthetic agents for general anaesthesia. However, latest research shows that myotonic
patients with a malignant hyperthemia crisis can have mutations at two distinct genetic loci,
one for myotonia and one for malignant hyperthermia susceptibility [5,7]. Based on this
knowledge, we recommend using non-triggering anaesthetics if general anaesthesia is
necessary, although the association with malignant hyperthermia is regarded as highly
unlikely according to a recent review [8].

There is only one published case report advocating the use of midazolam for the sedation of
a rMC patient without signs of an adverse effect [6]. However, there is no evidence that an
administration of benzodiazepines to produce sedation is safe. Therefore, we recommend
the use of target-controlled infusions (TCl) of propofol or short-acting opioids for sedation.

Necessary additional pre-operative testing (beside standard care)

Because individuals with myotonia congenita Becker may be at increased risk for adverse
anaesthesia-related events, testing of at-risk individuals during childhood to clarify their
genetic status is appropriate [9]. Every patient with rMC should have neurological
examination before anaesthesia, especially before neuroaxial techniques of peripheral nerve
blocks.

Particular preparation for airway management

Monitoring the depth of the neuromuscular blockade is strongly recommended when
inducting general anaesthesia. Avoidance of succinylcholine is essential to avoid all possible
complications including muscle rigidity and subsequent “can't-intubate-can't-ventilate”
scenarios [10,11].

www.orphananesthesia.eu 3
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Particular preparation for transfusion or administration of blood products

None.

Particular preparation for anticoagulation

None.

Particular precautions for positioning, transportation and mobilisation

There are no specific precautions necessary for the post-operative positioning, transport or
mobilisation of rMC patients. Early post-operative mobilisation benefits MC patients.
Physiotherapists should also take into account the so-called “warm-up” phenomenon typical
for rMC patients.

Interactions of chronic disease and anaesthesia medications

There are no interactions between anaesthetic agents administered for GA and mexiletine or
acetazolamide. Carb pine may antagonise the effects of non-depolarising muscle
relaxants (e.g. pancuronium). Their dosage should be raised and patients monitored closely
for a more rapid recovery from a neuromuscular blockade than expected. Benzodiazepines
may increase phenytoin serum levels. Quinine enhances the neuromuscular effects of
suxamethonium. Administration of dantrolene may potentiate a vecuronium-induced neuro-
muscular block.

Anaesthetic procedure

General anaesthesia has to be performed as total intravenous anaesthesia. \We recommend
a target-controlled infusion for eligible drugs because of good control of the plasmaleffective
concentration. For a patient with chloride-channel myotonia, propofol appears to be the ideal
anaesthetic agent, given its antimyotonic effect resulting from modulations of voltage-gated
sodium channels within the sarcolemma membrane of the skeletal muscle. Propofol should
be administered via the large forearm vein as this reduces the incidence of pain [8]. For
neuromuscular blockade, rocuronium seems to be the ideal drug owing to the availability of
the selectively relaxant-binding agent sugammadex at the end of surgery at any level of
neuromuscular blockade [12,13,14].

Neuroaxial techniques need no specific approach to rMC patients.

Particular or additional monitoring

Standard monitoring of vital signs should be performed in all types of anaesthesia including
sedation. Monitoring of the depth of the neuromuscular blockade is strongly recommended
for induction to general ar thesia, maint e of anaesthesia and after the end of
surgery to avoid residual neuromuscular blockade. If any depth level of a neuromuscular

www.orphananesthesia.eu 4
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blockade induced by rocuronium is measured at the end of surgery, sugammadex should be
administered in an appropriate dosage. For longer procedures, there is a need of proper
temperature measurement and maintenance of normothermia since low temperature can
worsen myotonia in rMC patients [9].

Possible complications

Anaesthesiologists should be aware of the risk of using suxamethonium in patients with
chloride-channel myotonia in whom administration of suxamethonium can cause sustained
total body rigidity and subsequent difficulty in airway management [10,11]. Patients with
myotonic dystrophy also have myotonic response to neostigmine and increased sensitivity to
non-depolarising neuromuscular blocking agents [15-20]. In such cases, rocuronium for a
neuromuscular blockade with an active reversal by means of sugammadex is preferable.

In rare cases, injections of adrenaline or selective beta-adrenergic agonists in high doses
may aggravate myotonia [9].

Post-operative care

The risk of reintubation because of muscle weakness or myotonic reaction can be obviated
by using sugammadex and monitoring in the recovery room including monitoring of the depth
of the residual neuromuscular blockade for at least 2 hours post-operatively. Normothermia
should be maintained.

Disease-related acute problems and effect on anaesthesia and recovery

Total Body Rigidity
Triggers: succinylcholine
Prevention: avoidance of succinylcholine administration

Total Body Rigidity is characterised by generalised contraction of skeletal muscles.
Spontaneous and controlled ventilation can be compromised. Treatment consists in the
administration of the neuromuscular blockade and securing the airways by orotracheal
intubation and continuation of mechanical ventilation [21].

Situations that should be considered for differential diagnosis:

Malignant hyperthermia may be characterised in terms of a dangerous, sudden
hyperthermia, stiffness of skeletal muscles, hypotension, arrhythmias, and/or other
complications, requiring immediate emergency intervention. There should be a standardised
protocol for the appearance of malignant hypertermia in every hospital administering
anaesthesia to the patient. Basic treatment involves the administration of dantrolen IV and
symptomatic therapy. It is described in detail in European Malignant Hyperthermia Group
guideline from the year 2010 [25].

Opioid-induced muscle rigidity is characterised by increased muscle tonus sometimes
progressing to severe stiffness. Rigidity can decrease pulmonary compliance and functional

www.orphananesthesia.eu 5
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residual capacity, may diminish or preclude adequate ventilation, and may cause
hypercarbia, hypoxia, and an elevated ICP. Opioid-induced rigidity also increases pulmonary
artery and central venous pressures and pulmonary vascular resistance. It has been demon-
strated that vocal cord closure is primarily responsible for difficult ventilation with bag and
mask that follows opioid administration. It can be also treated by administration of a neuro-
muscular blockade and ensuring the airways by orotracheal intubation and proceeding
mechanical ventilation [22].

Ambulatory anaesthesia

We cannot recommend ambulatory anaesthesia. Due to the risk of a myotonic crisis, post-
operative monitoring of vital signs, appropriate analgesia and normothermia is required.
However, one-day surgery is acceptable in our opinion.

Obstetrical anaesthesia

The most common type of obstetrical procedure with the need of anaesthesia is caesarean
section. First choice for most of obstetrical procedures should be any kind of neuroaxial
anaesthesia: epidural/spinal/spinal-epidural. In case of contraindication for neuroaxial tech-
niques, general anaesthesia is possible regarding the above mentioned pathophysiology of
rMC. According to recent literature and available drugs, the use of a combination of TCI
propofol, rocuronium and sugammadex in appropriate dosages is optional [23,24].

It is important to avoid excessive and prolonged pain perception during vaginal delivery.
Therefore any kind of analgesia should be administered for delivery: neuroaxial (epidural)
analgesia, remifentanil in PCA mode, nitrous oxide (Entonox®) and/or other systemic or
established analgesic approach in every obstetrical ward.

www.orphananesthesia.eu 6
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3. Mezinarodni studie anesteziologické praxe na porodnim sile OBAAMA-INT

Prvni redlny pohled na anesteziologickou praxi na ¢eském porodnim séle
pfinesla narodni studie ,,Obstetric Anaesthesia and Analgesia Month Attributes
in the Czech Republic“ (OBAAMA-CZ, obaama.registry.cz), ktera probihala
v listopadu roku 2011. Autorsky kolektiv studie OBAAMA-CZ, Expertni skupina
pro porodnickou anestezii a analgezii pti Ceské spole¢nosti anesteziologie, resuscitace
a intenzivni mediciny, od roku 2014 transformovana v Sekci porodnické anestezie
a analgezie CSARIM (SPAA CSARIM), si stanovila cil zlepseni anesteziologické
praxe na porodnim sale. Ke splnéni téchto cilti provedla vyse zminénou narodni studii
OBAAMA-CZ, ktera se stala pomyslnym odrazovym miustkem pro zlepSeni nasi
dosavadni praxe. Primarni publikaci studie byla prace publikovana v ¢asopise
Anesthesia and Analgesia a vénovala se anestezii u cisaiského fezu, nejcastéjSimu
vykonu s pfitomnosti anesteziologa na porodnim sale (22).

Zasadni informaci studie OBAAMA-CZ byla relativné nizka incidence
neuroaxialni anestezie u cisafského fezu, ktera byla sice nadpolovi¢ni (55,6 %),
nicméné nekorelujici s celosvétovym trendem (22). Joy Hawkins v editorialu
doprovazejicim primarni publikaci OBAAMA-CZ vsak neuvadi jako potencialni
cil ke zlepSeni zvySeni podilu uziti neuroaxialni anestezie S cilem vyrovnani
se pomyslnému svétovému pruméru, ale bezpecnost pacientek jako takovou.
Zduraznuje nutnost eliminace vysokého procenta odmitani bezpeéné neuroaxialni
anestezie pro planovany cisafsky fez samotnou t&hotnou. V Ceské republice
je az v 64 % dtivodem k indikaci celkové anestezie k planovanému cisafskému fezu
praveé obava z anestezie neuroaxialni (25).

Po provedeni studie OBAAMA-CZ néasledovala v letech 2013 az 2015 série

prehledovych ¢lanka s tématem aktualnich postupli v porodnické anestezii zaméeienych
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Na anestezii u cisafského fezu: Soucasné postupy v porodnické anestezii |-V (74-78).
Publikovana série praci po ukonéeni studie OBAAMA 2011 méla za cil zlepSeni
povédomi o modernich anesteziologickych postupech na porodnim sale. K zjisténi
trendu byla po 4 letech studie OBAAMA-CZ zopakovana, tentokrate vSak
v mezindrodnim méfitku. V roce 2015 byla tedy SPAA pti CSARIM uspotadéna
druha observacni studie, OBAAMA-INT (OBstetric Anaesthesia and Analgesia Month
Attributes INTernational), ktera probéhla na 105 ¢eskych a slovenskych pracovistich.
Studie OBAAMA-INT byla zastiténa Ceskou spolecnosti anesteziologie,
resuscitace a intenzivni mediciny a Slovenskou spolecnosti anesteziologie a intenzivni
mediciny a byla zaregistrovana v mezinarodni databazi klinickych studii
ClinicalTrials.gov pod identifika¢nim ¢islem NCT02380586. Cilem této observacni
prospektivni studie bylo popsat stavajici anesteziologickou praxi na porodnim sale
v Ceské republice a na Slovensku. Oslovena k participaci byla viechna pracovistd
poskytujici porodnickou anestezii v obou zemich (15 fakultnich, 13 krajskych,
121 lokélnich). Centra se dle zajmu nasledné registrovala prostfednictvim formulare
na internetovych strankach projektu (obaama.registry.cz).
Strukturovany dotaznik byl vytvoren fidicim vyborem studie OBAAMA—INT
(Steering Committee). On-line databaze byla vytvorena Institutem biostatistiky
a analyz Lékatské fakulty Masarykovy univerzity na zakladé software CLADE-IS
(Clinical Data Warehousing Information System, Masarykova Univerzita, CR)
a je dostupna na adrese obaama.registry.cz. Prvni ¢ast elektronického studijniho
zdznamu (eCRF) byla tvofena demografickymi a souhrnnymi tdaji pro zicastnéna
porodnicka pracovisté za rok 2014, ktera jsme nasledné porovnali s daty ze studijniho
mésice listopadu 2015 pro kontrolu reprezentativnosti dat. Prospektivni, druha, ¢ast

studie byla ur¢ena pro vSechny konsekutivni pfipady podani porodnické anestezie
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a analgezie na zucastnénych pracovistich v listopadu 2015. Zaznam anesteziologické
péce v peripartalnim obdobi obsahoval nasledujici ¢asti:
e demografické udaje
e anamnézu rodicky
¢ informace o zplsobu porodu a piipadné poporodni anesteziologické péci
(v€etné indikace vykonu, ¢asu operace, typu anestezie a podrobnych

informaci o zptusobu provedeni a ptipadnych komplikacich).
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a. Changes in caesarean section anaesthesia between 2011 and 2015: Czech
and Slovak national surveys. European Journal of Anaesthesiology. 2019

Publikace studie OBAAMA-INT vénujici se anestezii u cisafského fezu
se zaméfila dominantné na zmény oproti studii OBAAMA-CZ, tedy o0 4lety vyvoj
anesteziologického piistupu na porodnim sale v Ceské republice. Soucasné jsme diky
rozsifeni studie na Slovensko mohli porovnat nase data s daty ze slovenskych
porodnich sali (24,79).

Mezi hlavni zjisténi nasi studie patii snizeni v po¢tu podanych celkovych
anestezii v Ceské republice z 36 % na 26 % u planovanych cisaiskych fezii a z 58 %
na 50 % u akutnich cisatskych fezl. Zajimavym zjisténim bylo 1 vyssi zastoupeni
regionalnich forem anestezie na Slovensku (67 %) ve srovnani s Ceskou republikou
(60 %). I presto se vSak jedna v obou zemich o nizké uziti regionalni anestezie

ve srovnani se zahrani¢im (80,81).
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Edirtor,

The aim of OBAAMA-IN'T" survey (Obstetric Anaesthe-
sia and Analgesia Month Attributes — International) was

to audit the current practices in obstetric anaesthesia in
the Czech Republic (CZE) and Slovakia (SVK). We also
wanted to assess the potential benefit of education of
healthcare providers in obstetric anaesthesia during the
last4 years. We already published data aboutanalgesia for
labour gathered from OBAAMA-IN'T survey in Interna-
tional Journal of Obstetric Anesthesia.'

A particularly high proportion of general anaesthesia for
caesarean section compared with regional techniques was
described in OBAAMA-CZ study in 2011.% Therefore,
the Section of Obstetric Anaesthesia and Analgesia of the
Czech Society of Anaesthesiology and Intensive Care
Medicine (SPAA) prepared an educational program (lec-
tures, workshops, national recommendations) for anaes-
thesia for caesarean section. After 4 years SPAA decided
to review the situation and, due to good cooperation with
Slovak colleagues, expanded the survey to SVK.

All centres providing obstetric anaesthesia care in CZE
and SVK were personally (or by phone) contacted per-
sonally (or by phone) by one of the steering committee
with a request to participate in the 1-month study moni-
toring anaesthetic practices, delivered by anaesthesiolo-
gists, in the peripartum period. The centres participated
in the project via an electronic application form on the
study website (obaama.registry.cz). Records from differ-
ent types of participating centres (university, regional and
local) were weighted based on population data. Detailed
methods are described in the article published in Inter-
national Journal of Obstetric Anesthesia.’

The study response rate was 74% (70 of 95 centres) in
CZE and 65% (35 of 54 centres) in SVK; participating
centres represented 87.7% of all births in CZE (7256
births from 8275) and 66.4% of all births in SVK (2863
births from 4311) during the study period. We enrolled
78.6% (1689 from 2150) of all caesarean section in CZE
and 64.2% (859 from 1339) of all caesarcan section in
SVK. Representation of participating centres were as
follows in CZE: 11 university hospital (15.78%; all), six
regional (8.6%; all) and 53 local centres (75.7%, 53 of 78
local obstetric centres). In SVK, four university hospitals
(11.4%, all), five regional (14.3%; five of seven regional
obstetric centres) and 26 local (74.3%, 26 of 43 local
obstetric centres) centres participated in the study.
T'he demographic characteristics of the parturients at
the time of caesarean section are shown in Supplemental
‘T'ables, htep://links.Ilww.com/EJA/A214.

The overall caesarean section rate was 24.4% (CZE
23.3%, SVK 30%). 56.8% of these were nonelective
caesarean section. T'able 1 show an overview of the type
of anaesthesia for caesarean section and indications for
general anaesthesia. Regional anaesthesia was used in
60.8% (95% confidence interval (CI), 58.5 to 63.1) of cases
in CZE which is 5.2% more than in OBAAMA-CZ study
(55.6% incidence of regional anaesthesia in 201 1)? and in
67.0% of cases in SVK (95% CI, 63.8 to 70.1). The overall
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section during study period in Czech Republic (2011

Table 1 Types and indications of anaesthesia for elective and
and 2015) and in Slovakia (2015)

Elective

Caesarean section

SVK

Nonelective Elective Nonelective

2011 2015 2015
N 504 716 973 392 467
GA 170 (34) 186 (26) 383 (58) 486 (49.9) 81(20.7) 203 (43.5)
Indications for general anaesthesia
Urgency NA 1(05) 256 (67) 343 (70.6) 4 (4.9) 149 (73.4)
Preferences® 109 (64) 125 (67.2) 57 (15) 59 (12.1) 46 (56.8) 20 (9.9)
LMWH® 4(2) 3(1.6) 11 (3) 11 (2.3) 3(3.7) 5 (2.5)
Bleeding 5 (3) 0 (0.0) 13 (2.7) 4 (4.9) 3 (1.5)
RA failure 16 (9) 30 (16.1) 16 (4) 18 (3.7) 11 (13.6) 11 (5.4)
Placentation® 2 (1) 3(1.6) 4 (08) 2 (2.5) 4 (2.0)
Others 34 (21) 24 (12.9) 35 (9) 38 (7.8) 11 (13.6) 11 (5.4)
RA 334 (66) 530 (74) 279 (42) 487 (50.1) 311 (79.3) 264 (56.5)
Spinal 269 (81) 472 (89.1) 198 (71) 374 (76.8) 307 (98.7) 240 (90.9)
Epidural® 65 (19) 56 (10.6) 37 (13) 35 (7.2) 2 (0.6) 15 (6.7)
Epidural® 0 0 44 (18) 77 (15.8) 0 8 (3)
CSE 0 2 (0.4) 1(0.2) 2(0.6) 1(04)
Parameters are described as absolute (relative) incidence and tested using Fisher exact test. Data are presented as n (%). CSE, combined spinal-epidural; CZE, Czech
Republlc GA, general anaesthesia; N, number of parturient; NA, not avail 1 RA, regional hesia; SVK, Slovakia. *Preferences of parturient. ® Pre-operative
ion of LMWH (I lecul ight heparln) less than 10 to 12h before caesarean section. ® Abnormal placentation. ¢ Epidural ‘de novo'. ©Epidural top-up
ia is ing labour epidural for section.

rate of regional anaesthesia in university hospitals in-
creased in CZE from 55.6% (95% CI, 51.5 to 59.6) to
60.2% (95% CI, 56.4 to 63.9), in regional hospitals from
32.4% (95% CI, 26.4 t 39.0) to 41.0% (95% CI, 34.2 to
47.7) and in local hospitals from previous 60.7% (95% CI,
55.2 to 66.0) to 65.0% (95% CI, 61.8 to 68.2) in 2015.
Derailed characteristics of general and regional anaesthe-
sia for caesarean section are shown in Supplemental
Tables, htep://links.lww.com/EJA/A214.

The main finding in our survey was the change of
anaesthesiologic approach to the parturient in CZE most
likely influenced by focused education with emphasis on
latest trends in obstetric anaesthesia topics. We observed
a decrease in the number of general anaesthetics in CZE
(26 vs. 34% in elective and 50 vs. 58% in nonelective
caesarean section). T'his change was identical for all types
of centres except regional hospitals, where the proportion
of general anaesthetics was still significantly higher com-
pared with other centres (59 vs. 39%). In contrast, the
lowest general anaesthesia rate in the SVK was university
hospitals (28%) and even in regional centres, the highest
proportion of general anaesthesia for caesarean section
was 39% lower than in the CZE. Higher rate of regional
anaesthesia for caesarean section in SVK compared with
CZE (60 vs. 67%) is surprising if we consider the common
history. Anaesthesia practice varies from country to coun-

3 Significantly, close to both countries, according to
the survey from 2017, Austrian anaesthesiologists use
spinal anaesthesia for routine caesarean section in almost
100% of cases.” The use of epidural or spinal analgesia/
anaesthesia in France increased progressively, from
53.9% in 1995 to 83.8% in 2016 and at the same time,
the frcqur:nu‘ of general anaesthesia decreased from 5.3
0 1.2%.> On the contrary, in Greece in 2016 average use
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of regional anaesthesia was 69.2% of all caesarean section
(Athens 77.1%, other cities 64.5%).°

The main limitation of our study is noncoverage of 100%
of the population accompanied by random participation
of different types of centres. On the other hand, the 2015
participation is 20% higher than in 2011 in CZE. Most of
missing centres are local hospitals with the possible
potential for ‘old-fashioned’ anaesthetic practice. Anoth-
er limitation is missing data from SVK from year 2011 and
thus is not possible to compare the improvement in both
countries over the 4 years.

In conclusion, regular national and international audits
of obstetric anaesthesia practices in Central European
countries allowed the focusing of scientific education
with an emphasis on the latest trends in obstetric
anaesthesia. The increase in use of regional anaesthesia
for caesarean section over 4 years in CZE and the
higher rate of regional anaesthesia as a starting position
in SVK can be explained by the pursuit of joint educa-
tion of Czech and Slovak anaesthesiologists in topics of
obstetric anaesthesia by both national anaesthesiology
societies.
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b. Casnd poporodni anestezie v Ceské a Slovenské republice z pohledu studie
OBAAMA-INT — prospektivni observacni studie (Anaesthesia for minor
surgery in the early postpartum period — Czech and Slovak prospective
national surveys). Anesteziologie a intenzivni medicina 2019

Druhym ¢lankem vénujicim se anestezii v prub&hu peripartalniho obdobi byla

prace vénujici se ¢asné poporodni anestezii v Ceské republice a na Slovensku. Cilem
bylo zachytit vSechny piipady podani anestezie v peripartalnim obdobi v listopadu
2015. V ¢asném poporodnim obdobi bylo celkem 181 vykonli: manuélni lyza (108,
59,7 %), revize dutiny délozni (61, 33,7 %) a oSetieni rozsahlého porodniho poranéni
(58, 32 %). U vsech vykont dominovalo podani celkové anestezie (168, 92,8 %),
nasledované anestezii epiduralni (13, 7,2 %), a to u pacientek s jiz zavedenym
epiduralnim katétrem. Dale jsme sledovali zptisob zajisténi dychacich cest:
obli¢ejovou maskou (117, 64,6 %) ¢i orotrachealni intubaci (32, 17,7 %) s bleskovym
uvodem. Sukcinylcholin byl uzit v 27 ptipadech (84,4 %) a Sellickiiv hmat

v 8 pripadech (29,6 %). Z anestetik byl v itvodu pouzit propofol (147, 81,2 %),
ketamin (29, 16,0 %) nebo thiopental (8, 4,4 %). Analgezie byla zajistovana
sufentanilem (78, 43 %) nebo alfentanilem (51, 28,2 %).

Pievazujici formou anestezie v ¢asném poporodnim obdobi v obou zemich je

anestezie celkova s ventilaci oblicejovou maskou a podanim propofolu jako
induk¢niho anestetika (59). Prace je ojedinéla i v ramci mezinarodniho pisemnictvi,

predev§im moznosti srovnani s daty z ptedchozi studie OBAAMA-CZ.
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Cil studie: Zjistit aktualni anesteziologickou praxi pro vykony v ¢asném poporodnim obdobi v Ceské republice (CR)
ana Slovensku (SR).

Typ studie: Prospektivni observacni mezinarodni.

Pracovisté: Sto pét pracovist v CR a SR poskytujicich anestezii v peripartalnim obdobi.

Materidl a metoda: Se souhlasem Etické komise jsme oslovili vSech 149 pracovist poskytujicich anestezii v peripar-
talnim obdobi v CR i SR s cilem zachytit vSechny pripady podani anestezie v peripartalnim obdobi v listopadu 2015.
Data byla zadavana elektronickym zdznamem se dvéma castmi (Demografie 2014 a Podani anestezie) do databaze
vytvorené v systému CLADE-IS. Soubor dat byl analyzovén deskriptivné s pouzitim softwaru SPSS24. 5
Vysledky: Do studie bylo zafazeno 105 center (70,5 % v CR a SR), kterd reprezentovala 87,7 % ze véech porod( v CR
(7 256 ze 8 275) a 66,4 % v SR (2 863 ze 4 311). Bylo zafazeno 3 523 pripadl anesteziologické péce v peripartalnim
obdobi, z ¢ehoz v ¢asném poporodnim obdobi to bylo 181 (5,1 %): manualni lyza (108, 59,7 %), revize dutiny délozni
(61, 33,7 %) a oSetieni rozsahlého porodniho poranéni (58, 32 %). Anestezie byla poddna celkova (168, 92,8 %) nebo
epidurdlni (13, 7,2 %) u pacientek s jiz zavedenym epiduralnim katétrem. Zajisténi dychacich cest bylo obli¢ejovou
maskou (117, 64,6 %) nebo orotrachealni intubaci (32, 17,7 %) s bleskovym Gvodem s uzitim sukcinilcholinu (27, 84,4 %)
s aplikaci Sellickova hmatu (8, 29,6 %). V Uvodu byl pouZit propofol (147, 81,2 %), ketamin (29, 16,0 %) nebo thiopental
(8, 4.4 %). Analgezie byla zajiStovana sufentanilem (78, 43 %) nebo alfentanilem (51, 28,2 %).

Zavér. Vf obou zemich prevlada uziti celkové anestezie u vykonl v asném poporodnim obdobi s obli¢ejovou maskou
a propofolem.

KLiCOVA sLovA
poporodni anestezie - zajisténi dychacich cest - anestetika

84 ANESTEZIOLOGIE A INTENZIVNIMEDICINA 2019, 30,¢.2
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ABSTRACT

Stouraé P, Bldha J., Noskova P., Klozova R., Seidlova D., Grochova M., Kosinova M., Jarkovsky J., Zelinkova H.,
Schwarz D., Svoboda M., Richterova S., Smékalova 0., Zaoralova B., Mrozek Z., Krupkova Z., Vecera L., Ivankova
H., Magyarova A., Simonova J., Firment J.: Anaesthesia for minor surgery in the early postpartum period - Czech
and Slovak prospective national surveys

Objectives: To determine the anaesthesia practice for early postpartum procedures in the Czech Republic (CZE) and
Slovakia (SK).

Design: International, prospective, observational

Departments: 105 departments providing obstetric anaesthesia in CZE and SK

Methods: With Ethical Committee approval we aimed to enrol all the 149 obstetric departments in CZE and SK and
to monitor every case of anaesthetic care in the peripartum period during November 2015. The data were recorded
into CLADE-IS database through a Case Report Form consisting of two parts (Demography 2014 and Case Report).
The database was analysed descriptively with SPSS24 software.

Results: We enrolled 105 centres (70.5%) representing 87.7% of all births in the CZE (7256 out of 8275) and 66.4%
in the SK (2863 out of 4311). There were 3523 cases of anaesthetic care in the peripartum period, of which 181 (5.1%)
were in the early postpartum period: manual lysis (108, 59.7%), postpartum uterine cavity revision (61, 33.7%) and
sewing of extensive birth injuries (58, 32.0%). The mode of anaesthesia was general (168, 92.8%), or epidural (13, 7.2%)
in parturients with an epidural catheter in-situ. The airway was secured with face mask (117, 64.6%) or orotracheal
intubation (32, 17.7%). Rapid Sequence Induction and succinylcholine (27, 84.4%) with cricoid pressure (8, 29.6%)
were used for intubation. The anaesthetic agent used for induction was propofol (147, 81.2%), ketamine (29, 16.0%) or
thiopental (8.44%). Analgesia was provided with sufentanil (78, 43.0%) and alfentanil (51, 28.2%).

Conclusion: Anaesthetistsin the Czech Republic and Slovakia prefer general anaesthesia with face mask and propofol

for minor surgery in the postpartum period.
KEYWORDS

uvob

Samostatnou a velice specifickou oblasti porod-
nické anestezie je podavani anestezie matce v bez-
prostfednim poporodnim obdobi. Nezodpovézenou
otazkou zuistava, zda vSechna dobfe znama rizika
anestezie téhotné v pokrocilé fazi téhotenstvi pie-
trvavajiido ¢asného poporodniho obdobi [1].

Ackoli aktudlné neexistuje evidence pro jasné
doporuceny anesteziologicky postup v ¢asném po-
porodnim obdobi, byva zdurazriovana preference
neuroaxialni blokady u téchto vykonu oproti cel-
kové anestezii, ktera by méla zistat vyhrazena
vykonim s probihajici ¢i ocekavanou velkou krevni
ztratou. V téchto piipadech je pak doporucova-
na celkova anestezie s orotrachedlni intubaci [2].
Pfesto studie OBAAMA-CZ ukazala, ze pfevlada
anestezie se zajisténim ventilace prostfednictvim
oblicejové masky a pouziti neuroaxialni blokady
bylo vyhrazeno pro situace, kdy jiz byla aplikovana
pro analgezii u porodu ¢i cisatsky fez [3].

Pravidelny monitoring vykonnosti a zptiso-
bl anestezie a analgezie v peripartdlnim obdobi
byl zahajen v roce 1993 diky usili prof. Antonina
Parfizka. Takto byla a jsou shromazdovana zdkladni
data o mnozZstvi a zplisobech poskytované aneste-
ziologické i porodnické péce. Tyto retrospektivni
dotaznikové studie poskytuji urcity obraz o tren-
dech v porodnické anestezii a analgezii v Ceské
republice v poslednich dvou dekadach [4]. Nebyly
vSak nikdy zaméfeny na anestezii v bezprostied-
nim poporodnim obdobi. Tuto mezeru zaplnila

ic agents - airway management

az studie OBAAMA-CZ z roku 2011, kterd poprvé
popsala detailné aktualni praxi u téchto vykonu.

Sekce pro porodnickou anestezii a analgezii
CSARIM (SPAA) si vytycila jako svilj hlavni cil zlep-
Seni anesteziologické praxe na porodnim sile. Jiz
v prvnim roce své ¢innosti, v roce 2011, vytvorila
projekt, ktery si kladl za cil pomoci narodni stu-
die Obstetric Anesthesia and Analgesia Month
Attributes in the Czech Republic (OBAAMA-CZ)
zmapovat aktudlni stav anesteziologické praxe na
Ceském porodnim sdle, na ktery navazala v roce
2015 ve spolupraci se slovenskymi kolegy mezina-
rodni studii Obstetric Anesthesia and Analgesia
Month Attributes International (OBAAMA-INT) [5].

Pro obsahlost dat ziskanych studii OBAMA-INT
jsme zavérecnou praci rozdélili na vice publikaci,
z nichz aktualné predkladana si klade za cil po-
drobné popsat anesteziologickou praxi v asném
poporodnim obdobi veetné vyskytu komplikaci
anestezie.

SOUBOR A METODA

Projekt byl schvalen Etickou komisi pro multi-
centrické studie Fakultni nemocnice Brno (pfed-
sedkyné PharmDr. Sirka Kozakovd, MBA; 18. 3.
2015) pro Ceskou republiku a Etickou komisi pro
multicentrické studie Univerzitni nemocnice
Kosice (pfedseda MUDr. Peter Jonas; 23. 3. 2015)
pro Slovensko. Vzhledem k charakteru studie ne-
byl od pacientek vyzadovan informovany souhlas
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se zafazenim do studie, jen s anonymnim zpra-
covanim dat. Studie byla zastiténa Ceskou spo-
lecnosti anesteziologie, resuscitace a intenzivni
mediciny a Slovenskou spolecnosti anesteziologie
a intenzivni mediciny. Jednomési¢ni studie byla
realizovana v listopadu 2015 (1.-30. 11.) Studie byla
zaregistrovana v mezindrodni databazi klinickych
studii ClinicalTrials.gov pod identifika¢nim ¢islem
NCT02380586. Cilem této observacni prospektiv-
ni studie bylo popsat stavajici anesteziologickou
praxi na porodnim séle v Ceské republice (CR) a na
Slovensku (SR). Pfedkladana ¢ast je zameéfena na
Casnou poporodni anestezii. Clanek byl napsan
v souladu s doporucenimi STROBE pro reportovani
observacnich studii.

Cleny fidici komise projektu byla osobné &i te-
lefonicky oslovena v§echna pracovisté poskytujici
porodnickou anestezii v CR i SR (15 fakultnich, 13
krajskych, 1211okalnich) s pozadavkem na ucast ve
studii. Centra se nasledné registrovala prostied-
nictvim formuldfe na internetovych strankach
projektu (obaama.registry.cz).

Studijni databdze byla zaloZena na strukturo-
vaném dotazniku vytvofeném fidicim vyborem
studie OBAAMA-INT (Steering Committee). On-
line databaze byla vytvofena v on-line prostie-
di systému pro elektronicky sbér dat CLADE-IS
(Clinical Data Warehousing Information System,
Institut biostatistiky a analyz, CR) a je dostupna na
adrese obaama.registry.cz. Elektronicky studijni
zaznam (eCRF) se skladal ze dvou ¢asti. Prvni ¢ast
byla tvofena demografickymi a souhrnnymi idaji
pro kazdé ze zicastnénych porodnickych pracovist
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za 1ok 2014. Tyto polozky byly nasledné porovna-
ny s daty ze studijniho mésice listopadu 2015 pro
kontrolu reprezentativnosti dat. Prospektivni cast
studie byla ur¢ena pro vSechny konsekutivni pfi-
pady podani porodnické anestezie a analgezie na
zucastnénych pracovistich vlistopadu 2015. Kazdy
zaznam anesteziologické péce v peripartalnim ob-
dobi obsahoval nasledujici ¢asti: demografické
udaje, anamnézu rodic¢ky, informace o zpusobu
porodu a pfipadné poporodni anesteziologické péci
(v€etné indikace vykonu, ¢asu operace, typu anes-
tezie a podrobnych informaci o zpiisobu provedeni
a ptipadnych komplikacich).

STATISTICKA ANALYZA

Data byla popsana standardnimi popisnymi sta-
tistickymi metodami; absolutni a relativni cetnost
pro data kategorialni a pramér, median, rozsah,
cetnost a smérodatna odchylka pro data spojita.
Analyza byla provedena pomoci software SPSS 24
software (IBM Corporation, Armonk, NY).

VYSLEDKY

Studie se zi¢astnilo 70 z 95 center (74 %) v CR
a 35z 54 center (65 %) v SR poskytujicich anestezii
a analgezii v obou zemich (obr. 1). Zafastnéna
centra reprezentovala 87,7 % ze viech porodii v CR
(7 256 z 8 275; 4 787 v 2011) a 66,4 % v SR (2 863 ze
4 311) ve studijnim obdobi. V CR se zuéastnilo 100
% univerzitnich a krajskych pracovist (80 % a 100
% v 2011) a 75 % lokalnich (42 % v 2011). V SR se
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zapojilo 100 % univerzitnich, 71 % krajskych a 60
% lokdlnich pracovi§t. Anesteziologické sluzby
(anestezie u cisafského fezu, porodni analgezie,
Casnd poporodni anestezie) byly podavany v reZimu
24/7v 92,9 % centerv CRav 91,4 % center v SR (83,7
v CR2011). Anesteziologicky tym vyhrazeny jen pro
pozadavky porodniho salu byl k dispozicina 57,1 %
center v CRa v 91,4 % center v SR (44,9 % v CR 2011).

Ve studijnim obdobi (listopad 2015) bylo na za-
¢astménych pracovistich 10 119 porodi (4 787 v CR
2011), z nichZ u 3 523 (1 940 v CR 2011) byly podany
anesteziologické sluzby (34,8 %; 40,5 % v CR 2011).
Nejcastéjsim divodem byl cisaisky fez (70,0 %)
a aplikace epiduralni analgezie u porodu (31,7 %).

V ¢asném poporodnim obdobi byla anestezie
podana u 181 (5,1 %; 7,3 % v 2011). V ramci univer-
zitnich center bylo zaznamenano 34,8 % (40,1 %
v 2011), v regionalnich 17,1 % (25,4 %) a v lokalnich
48,1% (34,5 %) vykonu v asném poporodnim obdo-
bi. Ve tfech (¢tyfech v 2011) pfipadech nasledovaly
po predchozim cisafském fezu (1,7 % vs. 2,8 %),
ve 36 (26 v 2011) po predchozi aplikaci epiduralni
analgezie pro tlumeni porodni bolesti (19,9 % vs.
18,3 %).

V tab. 1 jsou uvedeny zdkladni indikace pro
operaci v ¢asném poporodnim obdobi a typy anes-
tezie pouzité pro tento vykon. V tab. 2 je uvedena
zakladni demograficka charakteristika souboru
pacientek.

Tab.1 Pouzitd anestezie a typy vykoni v ¢asném poporodnim
obdobi

PUVODNIi CLANEK

Tab. 2 Zakladni charakteristika pacientek

N =181 CR SR
N =147 N=34
ASA
1 100 (68,0 %) 22(64,7 %)
2 40 (272 %) 12 (35,3 %)
3 5 (3.4 %) 0 (0,0 %)
4 0(0,0 %) 0 (0,0 %)
5: 2(1,4 %) 0 (0,0 %)
Mallampatiho
skore
| 58 (39,5 %) 20 (58,8 %)
] 60 (40,8 %) 11(32,4 %)
n 6 (4] %) 1(29 %)
1\ 1(0,7 %) 0(0,0 %)
Gravidita
1 73 (49,7 %) 16 (471 %)
2 45 (30,6 %) 10 (29,4 %)
>2 29 (19,7 %) 8 (235 %)
ek N =145; 31,2(20,9; | N =34; 311 (21,
374)/30,4 (54) 376)/30,7 (51)
=25 26 (17,7 %) 5(14,7 %)
26-30 39 (26,5 %) 9 (26,5%)
31-35 49 (33,3 %) 10 (29,4 %)
36-40 29 (19,7 %) 10 (29,4 %)
>40 2(14 %) 0(0,0 %)
N =145; 40,0 N =34; 40,0

Tyden gestace*

(35,0 42,0)/39,0
(3.0)

(32,0, 41,0)/39,2
(28)

24-36 12(82%) 3 (8,8 %)

37-40 99 (67,3 %) 23(67,6 %)

>40 34.(231 %) 8 (23,5 %)
N =147, 79,0

Hmotnost aktudini

(58,0,103,0)/79.4

N =34; 74,0 (56,0,

¢rR SR

N =181 N =147 N =34
Celkova 136 (925%) | 32 (94]%)
Epidurdini 1(7,5 %) 2(59 %)
Manualni lyza 87 (59,2 %) 21 (61,8 %)
Revize dutiny délozni po porodu | 54 (36,7 %) 7 (20,6 %)
Siti poporodniho poranéni 45 (30,6 %) 13(38,2%)
Bakriho katétr 2(1,4 %) 0(0,0%)
Devaskularizace 1(0,7 %) 0 (0,0 %)
Jiny vykon 5(3.4 %) 2(59 %)

N - pocet pacientek, CR - Ceské republika, SR - Slovenska republika

(ka) a47) 96,0)/75,3 (12,7)
N=137; N =34;

Vyska (cm)* 168,0 (156,0; 168,0 (155,0;
178,0)/167,9 (6,5) 178,0)/166.9 (8,9)

BMI* N =137,278 (21,9, N =34; 26,4 (20,8;
36.9)/28]1(4.8) 391)/272 (51

<18,5 2(14 %) 0(0,0 %)

185-24,9 36 (24,5 %) 14 (412 %)

25,0-299 61 (41,5 %) 13 (38,2 %)

30,0-34,9 29 (19,7 %) 5 (14,7 %)

=350 9(6.1 %) 2(59%)

* Popsano pomocl validniho N, medianu (5. 95. percentilu)/priiméru (SO)

N - podet pacientek, CR - Ceska republika, SR - Slovensks republika, ASA - American

Society of Anesthesiology, BMI - body mass index
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CELKOVA ANESTEZIE U VYKONU
Vv EASNEM POPORODNIM OBDOBI

Z celkového poctu 181 byla celkova anestezie po-
dana u 168 (131 ve 2011) vykonu v ¢asném poporod-
nim obdobi (92,8 % vs. 92,3 % v 2011). Podrobnosti
o0 zpusobu vedeni celkové anestezie v casném po-
porodnim obdobi jsou uvedeny v tab. 3.

Tab. 3

Charakteristiky celkové anestezie

NEUROAXIALNI ANESTEZIE U VYKONU
Vv CASNEM POPORODNIM OBDOBI

Z technik regiondlni anestezie byla v casném
poporodnim obdobi ve studii OBAAMA-INT podana
pouze blokada epidurdlni, a to ve 13 ptipadech (7,2
% Vs. 7,7 % v 2011). Vzdy to bylo v piipadé jiz zave-
deného epiduralniho katétru pro porod (9; 81,8 %)
nebo pro cisafsky fez (2; 18,2 %). Blokada byla rea-
lizovana v tirovni meziobratlového prostoru TH12/
L1 - L3/4 ptfedevsim metodou ztraty odporu (10;
76,9 % Vs. 63,6 % v 2011). Dominantnim lokalnim
anestetikem byl 2% lidokain s pfidavkem sufenta-

Zajisténi DC nilu a adrenalinu.
obliéejova maska 97 (71,3 %) 20 (62,5 %)
ol 29213 %) 3(94 %) ANESTEZIOLOGICKE KOMPLIKACE U VYKONU
laryngeaini maska 8(59%) 131%) Vv EASNEM POPORODNIM OBDOBI
Pfitivodu do celkové anestezie ani pii aplikaci
e . 5
Eezobuins 205 o) epiduralni blokidy nebyla zaznamenana 7idna
Bleskovy vod 25 (18,4 %) 2(63 %) komplikace.
Sellicktly hmat 8(59%) 000%) Podl:obne 1nfqmace o vykonech v ¢asném po-
porodnim obdobi jsou uvedeny v tab. 4.
Hypnotika
propofol 120 (88,2 %) 27 (84,4 %) Tab.4 Charakteristika vykoni v ¢asném poporodnim obdobi
ketamin 28 (20,6 %) 1(31%) 81 CR
midazolam 19 (14,0 %) 2(63%) NSta/
o . N =147; 25,0
thiopental 5(3.7 %) 3(94 %) Trvani vykonu (min) (5.0: 2100 (10,0:70,0)
; N=147,4000 | N=34;300,0
Analgetika i ztrd * \ A A g
3 ganien (00:30000) | (250:10000)
i 0, 0,
sufentanil 52 (38.2%) 26 (813 %) Erytrocytovy koncentrat | 10 (6,8 %) 2(59%)
alfentanil 51 (375%) 0 (0,0 %) Davka (TU)* g;)]o; 2500 :\10=) 21000;
0 L
e 255 QO0% ¢zp 5 (3.4 %) 2(59%)
remifentanil 1(0,7 %) 0 (0,0 %) =5 - =2 -
6 6 Dévia (TUy* N=530(20; | N=21500;
Myorelaxans k intubaci 6.0) 20)
Tonizace délohy 99 (67,3%) 22 (64,7 %)
suxametonium 25 (18,4 %) 2(6,3 %)
Oxytocin 74 (50,3 %) 19 (55,9 %)
rocuronium 5(3,7 %) 0 (0,0 %) =
Metylegometrin 40 (27,2%) 0(0,0%)
Myorelaxans pro pokracujici myorelaxaci Cabotoch 153102 %) 0(0.0%)
suxametonium 0(0,0 %) 1(31 %) Pooperaéni analgezie
T 5 Tz — —
rocuronium 2(1,5%) (31 %) systlemova neopioidni 94 (63.9%) 1(324%)
atracurium 2(0,5%) 0(0.0%) -analiede
= - systémové opioidy 14 (95 %) 1(2,9 %)
e niENes ey epidurdini katétr 6(41%) 3(88%)
sevoflurane 39 (28,7 %) 3(94 %) o g
ooperacni péce
N0 32 (235 %) 1G51%) standardni oddéleni 102(694%) | 21(618%)
isoflurane 9(6.6%) 131%) dospavaci pokoj 28 (19,0 %) 10 (29,4 %)
Reverze Jip 14.(9,5 %) 3(8,8 %)
neostigmin 2(1,5%) 0(0,0%) ARO 3(20%) 0(0,0%)

N - pocet pacientek, CR - Ceska republika, SR Slovenska republika, DC - dychaci
cesty, OTI - orotrachedlnl intubace
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DISKUSE

Hlavni vyhodou publikované prace je fakt, ze
jde o opakovany pohled na anesteziiv poporodnim
obdobi. Touto skutecnosti je prace unikatni nejen
v narodnim méfitku. Pokryti ¢eskych (74 %) i slo-
venskych pracovist (65 %) je dalsi silnou strankou
studie, protoze vysledky lze povazZovat za vysoce
reprezentativni pro obé zemé. Tato skutecnost
vynikne zejména ve srovnani s jinymi narodnimi
studiemi [6, 7].

Na Ceském i slovenském porodnim séle i nadale
naprosto prevlada pro vykony v ¢asném poporod-
nim obdobi celkova anestezie. Nepochybné jednim
z faktorQ, které limituji pouziti neuroaxialnich
blokad, je nizké vyuziti epidurdlni blokady u po-
rodu v obou zemich (< 15 %) [8]. Dalsimi duvody
mohou byt pfedpoklad kratkého trvani vykonu
a hrozici ¢i probihajici Zivot ohrozujici krvaceni,
kdy neuroaxialni blokdda neni preferovana.

Dychaci cesty a nasledna ventilace jsou u téchto
vykont zajistovany nejcastéji obli¢ejovou maskou.
Jde o potvrzeni skutecnosti identifikované ve studii
OBAAMA-CZ v roce 2011. Obava z aspirace kyselého
Zaludec¢niho obsahu je mezi ¢eskymi a slovenskymi
anesteziology mald. Jde vSak o dobfe dokumen-
tovany fakt i v mezinarodnim kontextu [9, 10].
ZvySené riziko aspirace v peripartidlnim obdobi
nepotvrdila ani prace Ezriho et al. [11].

Sellickiv hmat jako soucast bleskového tvodu
do celkové anestezie byl aplikovan jen v necelé
tfetiné pfipadl. Potvrdila se tak zjisténi z do-
taznikového Setfeni z roku 2016, kdy realizace
bleskového tvodu v jednotlivych skupinach pa-
cientl vyznamné variuje [12]. Podle nékterych ak-
tualnich praci je navic aplikace Sellickova hmatu
kontroverzni a miZe zvySovat incidenci regurgi-
tace zalude¢niho obsahu a zhorSovat intubacéni
podminky [13].

Zajimavym zjiSténim této studie je absence vy-
skytu komplikaci spojenych s podanim anestezie.
Pii Cetnosti incidence obtizné intubace udavané
pro téhotnou populaci 1 : 250 a skutecnosti, Ze po
porodu se toto riziko sniZuje, je pravdépodobnost
vyskytu této komplikace v nasem souboru mini-
malni [14].

Stupném IIl nebo IV podle Mallampattiho skére
bylo hodnoceno osm rodicek zafazenych do studie,
coz tvoii necelych 5 % v CR, respektive 3 % v SR
(1,7 % v roce 2011). To je stile mnohonasobné méné,
nez uvadi ve své studii Boutonnet et al. [14]. V ni
jsou v ruznych fazich peripartalniho obdobi stupni
I1I a IV klasifikovany Zeny v mnohondasobné vys$si
mife (8. mésic téhotenstvi, 10,3 %; 1. doba porodni,
36,8 %; 20 minut po porodu, 51,7 %; 48 hodin po
porodu, 20,7 %). Moznym vysvétlenim muze byt
kvalitni screening rodicek v obou zemich a ¢asnd
1é¢ba komplikaci spojenych s téhotenstvim.
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Preference propofolu v ramci tvodu do celkové
anestezie je pfekvapiva snad jen v kontextu skutec-
nosti, Ze u cisafského fezu byl iv roce 2015 nadale
preferovan thiopental. Nedostupnost thiopentalu
na evropském trhu od poloviny roku 2018 tuto di-
chotomii nejspiSe rozhodne. V ramci bleskového
uvodu je v této indikaci doposud standardni podani
sukcinylcholinu, coz potvrzuje i nase studie.

Alarmujici skutecnosti je, Ze oproti doporuceni
akredita¢nich standardi mezinarodnich spole¢-
nostii CSARIM je po anestezii v ¢asném poporod-
nim obdobi poskytovana bezprostiedni pooperacni
péce prevazné na standardnim oddéleni [15, 16].

Pfestoze indikaci pro vét§inu vykonu v asném
poporodnim obdobi bylo probihajici nebo hrozici
peripartdlni krvaceni, byla nutnost podani krve
a krevnich derivata pfekvapivé mald, a to pouze
ve dvanacti pifipadech. Davka se li§ila od jedné
transfuzni jednotky, coz je v literatufe povazo-
vano za §patnou indikaci, az po Sest jednotek.
Zachytili jsme i jeden piipad peripartalniho, Zivot
ohrozujiciho krvaceni s krevni ztratou 3 000 ml.
Medikamentézni tonizace délohy jako prevence pe-
ripartalniho krvaceni byla poddna takika ve vSech
pripadech, a to dominantné tradi¢nimi ptfipravky
oxytocinem a metylergometrinem. Na Slovensku
byl podavan oxytocin vyhradné. Oproti OBAAMA-
CZ studii doslo k vy$§imu podavani carbetocinu ve
vice nez 10 % pfipadl. Jeho uloha je zdtiraznéna
iv recentni revizi mezioborového doporuceni pro
terapii peripartalnho, zivot ohrozujiciho krvaceni
[17].

Za limitaci studie lze povazovat pocet zafaze-
nych pacientek. Pfi pokryti takika 90 % porodl
v CR a dvoutfetinovém v SR lze vSak vysledky po-
vazovat za vysoce reprezentativni a vypovidajici
o anesteziologické praxi v ¢asném poporodnim
obdobi. I v porovnani s jinymi publikovanymi pra-
cemineni tato limitace pfili§ vjznamna (9, 18, 19].

PRILOHA 1

Clenové studijni skupiny OBAAMA-INT:

Vladimir Zemanek (Boskovice, CR), Vladimir
Hluchy (Bfeclav, CR), EliSka Hamfikovd, Hana
Harazim, Ondfej Hrliza, Jifi Jarkovsky, Martina
Kosinova, Jifi Libra, Lucia Mackova, Hana
Robotkova, Dagmar Seidlova, Daniel Schwarz,
Olga Smékalova, Michal Svoboda, Petr Stourac,
Katefina Vaj¢nerova, Hana Zelinkova (Brno,
CR), Jan Cepak (Ceské Budéjovice, CR), Nikola
Benes$ova (Dé&¢in, CR), Vladislav Cerny (DomaZlice,
CR), Robert Bocek (Havifov, CR), Jitka Mannova
(Havlickav Brod, CR), Jifi Steinbach (Hofovice,
CR), Xénia Silova (Hradec Kralové, CR), Jan Némec
(Chomutov, CR), Martin Zemanek (Chrudim, CR),
Petr Kudrna (Jesenik, CR), Petr Horacek, Bohdan
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Trnka (Jihlava, CR), Gabriela Pohotala (Jilemnice,
CR), Ladislav Rychtarik (Jindfichtiv Hradec,
CR), Zdenék Kos (Karlovy Vary, CR), Radmila
Vojkiivkova (Karvind, CR), Kamil Kodras (Kladno,
CR), Miriam Gredova (Klatovy, CR), Jifi Blazek
(Kolin, CR), Slavka Stajan¢ova (Kmov, CR), Elena
Kratka (Kyjov, CR), Alena Podlipna (Liberec, CR),
Ludmila Kesslerova (Litoméfice, CR), Petra Preisova
(Mé&lnik, CR), Pavel Kettner (Mladi Boleslav,
CR), Martin Segovia (Most, CR), Petr Stépanek
(Né4chod, CR), Marek Pospisil (Neratovice, CR),
Petr Kozar (Nové Mésto na Moravé, CR), Petr Uhlig
(Novy Ji¢in, CR), Martina Kirchnerova, Zdenék
Mrozek (Olomouc, CR), BoZena Jezova (Opava,
CR), Hana Durdova, Christian Kufa, BlaZena
Zaoralova (Ostrava, CR), Jana Sutikova (Ostrov,
CR), FrantiSek Barta (Pelhfimov, CR), Tomas
Piksa (Pisek, CR), Roman Bosman, Roman Svitdk
(Plzeni, CR), Jan Bldha, Radka Klozova, Markéta
Kopecka, Zdenka Krupkova, Pavlina Noskova, Jifi
Roskot, Jaroslava S¢amburova, Valter Zenkner,
(Praha, CR), Petr Rfizicka (Prachatice, CR), Gréta
Smésna (Prosté&jov, CR), Petr Dusek (Pierov, CR),
Jana Popieluchova (Pfibram, CR), Pavel Padrta
(Rakovnik, CR), Pavel Fiala (Roudnice nad
Labem, CR), Jan Bé&li¢ (Rumburk, CR), Ale§ Vicek
(Rychnov nad Knéznou, CR), Jifi Dvofak (Slany,
CR), Alexandr Abosi (Sokolov, CR), Vladislav Kiiz
(Stod, CR), Marek Zbofil (Strakonice, CR), Radovan
Prchlik (Tabor, CR), Barbora Némcova (Teplice,
CR), Simona Hnatova (Tfebi¢, CR), Irena Snajdrova
(Uherské Hradisté, CR), Pavel Neumann (Usti nad
Labem, CR), Michal Zapletal (Usti nad Orlici, CR),
Marie Vopelkova (VySkov, CR), Lubomir Velefa
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4. Prace vénujici se détské anestezii

V ramci mé Klinicko-vyzkumné praxe jsem po ukonéeni doktorandského studia
zménila plisobisté na Kliniku détské anesteziologie a resuscitace Fakultni nemocnice
Brno a Lékatské Fakulty Masarykovy Univerzity. Proto se ma dalsi védecko-

vyzkumna ¢innost presunula prave ke specifikiim détské anestezie.
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a. Controversies in Pediatric Perioperative Airways. Biomed Res Int. 2015

V ramci pediatrické anestezie jsme se nejprve vénovali kontroverznimu tématu
zajisténi dychacich cest u déti se zaméetenim na specifické aspekty détského pacienta
(60).

Clanek je komponovan dle ¢asové souslednosti pii zajistovani dychacich cest.
Postupné se tedy vénuje moznostem predikce obtiznych dychacich cest
u pediatrickych pacientii, doporuc¢enim pro ocekavané a neocekdvané obtizné zajisténi
dychacich cest, volbé balonkovych versus bezbalonkovych kanyl, provedeni RSI
u détskych pacientli, moznosti zajisténi dychacich cest pomoci laryngedlni masky
a doporuceni pro management a nacasovani extubace détského pacienta. Z vyse
dychacich cest. Soucasné¢ je jeji vyskyt v détské pupulaci Iépe predikovatelny diky
Casté asociaci s fadou klinickych syndromt (82-84). Détsky vek piinasi mnohé
limitace. Pocinaje nedostatkem dat zalozenych na ditkazech, nedostatkem pomucek
pro vSechny vékové / vahové kategorie, 1 leckdy omezenou ¢i zcela chybéjici
spolupraci détského pacienta.

Z toho divodu je naptiklad pro pfedpokladanou obtiznou intubaci, narozdil
od dospélé fibrooptické intubace pii védomi, uzivan modifikovany postup fibrooptické
intubace ptes oblicejovou ¢i laryngealni masku pii jisté mife sedace a zachované
spontanni ventilaci (85).

Dalsim casto diskutovanym tématem zminovanym v nasi praci je moznost uZziti
balonkovych endotracheélnich kanyl ve vSech vékovych kategoriich. Logicka vyssi
tésnost kanyly, dosazeni niz§iho uniku anestetické smési a presnéjsi monitorace EtCO;

jsou pii uziti balonkovych endotrachealnich kanyl vykoupeny nutnosti spravného
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managementu jejich uZiti, zejména pak monitorace tlaku v obtura¢ni manzeté
Vv pravidelnych intervalech ¢i idedln€ kontinudlné.

S trachedlni intubaci souvisi 1 jeji spravna indikace. Je-1i détsky pacient la¢ny,
jedna se o planovany operacni vykon a nejsou piitomné zadné rizikové faktory,
je ke zvazeni pouziti supraglotickych pomucek, které ve srovnani s orotrachealni
intubaci vedou Kk redukci kasle, apnoickych pauz, laryngospasmu a pooperac¢niho
inspira¢niho stridoru (86).

Aktualnost tématu této prace publikované v ¢asopise Biomedical Research
International (IF 2,134) v roce 2015 doklada jednak hojna citovanost ¢lanku
a soucasné udéleni ceny Jitiho Macha za nejlepsi publikovanou praci autora do 35 let
za rok 2015 Nadaénim fondem AKUTNE.CZ. Clanek se také stal soucasti

francouzskych narodnich doporuceni (87).

97



Hindawi Publishing Corporation
BioMed Research International

Volume 2015, Article ID 368761, 11 pages
hittp://dx.doi.org/10.1155/2015/368761

Review Article

Hindawi

Controversies in Pediatric Perioperative Airways

Jozef Klucka,' Petr Stourad,' Roman Stoudek,’
Michaela Toukélkové,! Hana Harazim,? and Martina Kosinova®

! Department of Pediatric Anesthesiology and Intensive Care Medicine, Medical Faculty of Masaryk University and
University Hospital Brno, Cernopolni 9, 613 00 Brno, Czech Republic

“Department of Anesthesiology and Intensive Care Medicine, Medical Faculty of Masaryk University and
University Hospital Brno, Jihlavska 20, 625 00 Brno, Czech Republic

Correspondence should be addressed to Petr Stoura¢; petr.stourac@gmail.com
Received 24 July 2015; Revised 9 October 2015; Accepted 11 October 2015
Academic Editor: Makoto Ozaki

Copyright ©@ 2015 Jozef Klu¢ka et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Pediatric airway management is a challenge in routine anesthesia practice. Any airway-related complication due to improper
procedure can have catastrophic consequences in pediatric patients. The authors reviewed the current relevant literature using
the following data bases: Google Scholar, PubMed, Medline (OVID SP), and Dynamed, and the following keywords: Airway/s,
Children, Pediatric, Difficult Airways, and Controversies. From a summary of the data, we identified several controversies: difficult
airway prediction, difficult airway management, cuffed versus uncuffed endotracheal tubes for securing pediatric airways, rapid
sequence induction (RSI), laryngeal mask versus endotracheal tube, and extubation timing. The data show that pediatric anesthesia
practice in perioperative airway management is currently lacking the strong evidence-based medicine (EBM) data that is available
for adult subpopulations. A number of procedural steps in airway management are derived only from adult populations. However,

the objective is the same irrespective of patient age: proper securing of the airway and oxygenation of the patient.

1. Introduction

Managing the airway is crucial and the cornerstone of
pediatric anesthesia. Airways in children are developing and
changing during growth. They differ from adult airways in
several aspects: they are narrower and the risk of swelling
is greater and this can lead to increased airway resistance
and breathing in a spontaneously breathing child in the
postoperative period. The narrowest part of the airway is
located at the level of cricoid cartilage in contrast to adults
where we can choose the ETT (endotracheal tube) depending
on the space between the vocal cords. The results of several
MRI (magnetic resonance imaging) studies however indicate
that the narrowest part can be the glottis [1]. To the best of
our knowledge, this is the first airway management review

article which summarizes all current controversies related to
pediatric airway management.

2. Methods

We searched https://scholar.google.com, http://www.ncbi
.nlm.nih.gov/pubmed/, Medline (OVID SP), and Dynamed
for keywords: Airway/s, Children, Pediatric, Difficult Air-
ways, and Controversies. We searched for data published
between 2000 and 6/2015. After data collection, we identified
several controversies related to pediatric airway manage-
ment: difficult airway prediction, difficult airway manage-
ment, cuffed versus uncuffed endotracheal tubes for securing
pediatric airway, RSI (rapid sequence induction) in pediatric
anesthesia, laryngeal mask (LM) versus endotracheal tube,
and extubation timing.
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3. Results and Discussion

The review is derived from the data of review articles (n = 35),
prospective trials (n = 6), guidelines (n = 3), retrospective
trials (12 1), and meta-analysis (n 1). The paucity of
randomized controlled trials and meta-analyses included are
a limitation of the paper but this is due to the lower number
of randomized controlled trials (RCTs) related to the topic.

3.1. Difficult Airway Prediction. The airway management
should be planned and the anesthesiologist should have a
back-up plan for the scenario “when things can go wrong”
‘The airway evaluation needs to include the patient’s medical
history: birth complications, history of trauma, previous
surgery, and airway management during previous anesthesia.
During the clinical examination, the anesthesiologist should
seek for signs of stridor, dysphonia, swallowing disorders,
difficulty in breathing, difficulty in speaking, and hoarseness.
There are currently a number of difficult airway predictors,
but their sensitivity and specificity vary in clinical practice.
The predictors with good performance are mandibular pro-
trusion, Mallampati’s classification, movement of atlantooc-
cipital joint [2], reduced mandibular space, and increased
tongue thickness [3]. Other published risk factors are age less
than one year, ASA (American Society of Anesthesiologists)
status 11T and IV, obesity (BMI, body mass index, >35),
and patients undergoing oromaxillofacial, ENT (ear, nose,
and throat), and cardiac surgery [4, 5]. The thyromental
distance can be used for difficult airway prediction: the
normal value should be at least 3 finger breadths (patient’s 3
finger breadths) [6]. The reported incidence of difficult airway
in pediatric population however is lower than that for adults
and predictable in the majority [7]. Unexpected difficult face
mask ventilation (inadequate mask seal, excessive gas leak,
or excessive resistance) in children varies from 2.8 to 6.6%
[8] and the incidence of difficult endotracheal intubation
(defined as Cormack and Lehane greater than grade 3) varies
between 0.06% and 1.34% [4, 9, 10]. Difficult airway should
be anticipated in several congenital syndromes: Pierre robin
sequence, Goldenhar syndrome, Treacher Collins syndrome,
Apart syndrome, Hunter and Hurlet syndrome, Backwith-
Wiedermann syndrome, Freeman-Sheldon syndrome, Down
syndrome, Klippel-Fail syndrome, Hallermann-Streiff syn-
drome, Arthrogryposis, Cri-du-chat syndrome, Edwards
syndrome, and Fibrodysplasia ossificans progressiva [11-13].

Perioperative respiratory complications still remain one
of the main causes of pediatric perioperative morbidity [14]
and are the second most common cause of perioperative car-
diac arrest in children [15]. In clinical practice, it is advisable
to combine predictors with good performance and clinical
examination to predict possible difficult airway. The best way
to avoid airway-related complications is regular training for
the cannot intubate cannot ventilate (CICV) scenario and
stepwise difficult airway protocol implementation in routine
clinical practice [7].

3.2. Expected Difficult Airway. In case of elective surgery,
the pediatric patient with known or expected difficult airway
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should be treated in a tertiary center [7]. Currently, there are
no guidelines on how to proceed in this scenario and the
majority of anesthesiologists attempt to preserve the patient’s
spontaneous ventilation during the period of airway securing
[8]. In adulthood, the recommended clinical practice is
relatively clear and the fibreoptic awake intubation with
spontaneous ventilation under local anesthesia or under mild
sedation can be considered as a golden standard in case of
expected difficult airway [9]. This is not easy to adopt in
children due to lack of cooperation of pediatric patients and,
in the vast majority of pediatric patients, the airways can
be managed only after anesthesia induction or under deep
sedation [16]. There are conflicting data on the role of muscle
relaxants in the case of expected difficult airway in children.
Some authors permit their use in case of possible facemask or
supraglottic device ventilation with the exception of a patient
with anterior mediastinal mass [17, 18]. Flexible fiberscopic
intubation can be performed directly, using the special
designed face mask [19] or supraglottic device as a conduit
for flexible intubation [20]. It seems reasonable to preserve
the spontaneous ventilation in patients with expected difficult
airway. Supraglottic airway devices can resolve the situation
or can be helpful as a route for fiberscopic intubation.

3.3. Unexpected Difficult Airway. There are currently pub-
lished guidelines and reviews that summarize the recom-
mendations in clinical situations of difficult mask ventilation,
difficult tracheal intubation, and the cannot intubate cannot
ventilate scenario in pediatric population [7, 10, 21]. Anatom-
ically based problems can arise due to inadequate head posi-
tion, airway collapse, inappropriate face mask handling, large
tonsils, and/or adenoids. This can be overcome with proper
positioning of the head, chin lift, jaw thrust, and two-hand
manual ventilation via facemask [22]. However, functional
airway obstructions are far more frequent and these can be
caused by inadequate depth of anesthesia, laryngospasm, and
opioid-induced glottic closure [14, 23, 24]. Laryngospasm is
often treated with deepening the level of anesthesia although
this may lead to significant hypotension in pediatric patients
[25, 26]. Muscle paralysis for treating functional airway
obstruction especially in case of cardiovascular instability is
a more appropriate option [27]. The Difficult Airway Society
(DAS) published guidelines for proceeding in emergency
situations: unexpected difficult intubation during routine
induction, difficult mask ventilation, and the cannot intu-
bate cannot ventilate scenario in pediatric patients aged
between 1 and 8 years (Figures 1-3) [28]. This stepwise
protocol is demonstrative and provides the proper directions
for proceeding in life-threatening situations: difficult mask
ventilation, unexpected difficult tracheal intubation, and the
cannot intubate cannot ventilate scenario.

3.4. Cuffed or Uncuffed ETT? Historically, uncuffed ETTs
were used in pediatric patients under 8 years, to achieve a
larger internal diameter of the tube, reducing flow resistance
[29], and to minimalize possible oedema formation due to
cuft caused mucosal damage. Currently, it is well documented
that the narrowest part of the airway at the level of cricoid
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AP A Difficult mask ventilation (MV)—during routine a0
induction of anaesthesia in a child aged 1 to 8 years NBA
Difficult MV - Give 100% oxygen - Call for help
Step A. Optimise head position Check equipment Depth of anaesthesia
(Consider the following: Consider changing:
(i) Adjusting chin lift/jaw thrust (i) Circuit
(ii) Inserting shoulder roll if <2 years (ii) Mask

(iii) Neutral head position if >2 years (iii) Connectors
(iv) Adjusting cricoid pressure if used
(v) Ventilating using two-person bag

mask technique promptly

If equipment failure is suspected, change to
self-inflating bag and change to x machine

Consider deepening anaesthesia
Use CPAP

Step B. Insert oropharyngeal airway

Assess for cause of difficult mask ventilation |
(i) Light anaesthesia

Call for help again if not arrived

Maintain anaesthesia/ CPAP
Deepen anaesthesia (propofol first line)

(ii) Laryngospasm
(iii) Gastric distension—pass OG/NG tube

Step C. Second-line: insert SAD (e.g., LMA)

ii) If intubation is not successful, go to unanticipated

((i) If relaxant is given, intubate
L difficult tracheal intubation algorithm

(i) Insert SAD (e.g., LMA)—not
>3 attempts
(ii) Consider nasopharyngeal airway|
(iii) Release cricoid pressure

Good airway)

SAD = supraglottic airway device

blockage
(ii) Equipment malfunction

Continue
‘Wake up patient
Proceed

onsider:
(i) SAD (e.g., LMA) malposition/|

(iii) Bronchospasm
(iv) Pneumothorax

Attempt intubation
(i) Consider paralysis

Go to scenario cannot
Fail intubate cannot ve:
(CICV)

F1GURE 1: Guidelines for the management of difficult mask ventilation in children aged 1-8 years, published by DAS (Difficult Airway Society)
at http://www.das.uk.com/guidelines/paediatric-difficult-airway-guidelines.

cartilage is elliptical. For this reason, there is the possibility
of causing airway trauma also if the uncuffed tube with an
acceptable leak pressure was used [12]. A higher incidence
of laryngospasm with the use of uncuffed tubes has also
been reported [12, 30]. The size of ETTs remains age-related
[31]. It can be estimated using Cole’s formula for uncuffed
tube selection [32]: inner diameter (mm) = (16 + age)/4,
although it has been reported that it can overestimate the
actual tube size [33]. For cuffed tubes, Cole’s formula results
can be used, reduced by 0.5 or LOmm [29], or another
formula [34]: inner diameter (mm) = (age in years/4) + 3.
The data show that accurately chosen and properly placed
newly designed cuffed tubes (Microcuff) do not result in
more airway-related complications than uncuffed ETT [34,
35] and can be used in infants [30]. One of the largest
advantages of cuffed tubes is that they significantly reduce
the exchange rate (from 25% to 2%) of ETTs after intubation
in pediatric anesthesia [34]. No increase in morbidity has
been reported with the latest cuffed ETT use in pediatric
intensive care unit (ICU) patients [36] and according to the
ILCOR (International Liaison Committee on Resuscitation)
guidelines (2005), cuffed tubes are accepted as an alternative

to uncuffed tubes [37]. Improper placement or excessive cuff
pressure can lead to mucosal damage. It is highly recom-
mended to periodically, ideally continuously monitor the cuff
pressure to avoid potentially damaging pressures [38]. Newly
designed (Microcuft) pediatric cuffed tubes are considered
safe and effective in perioperative care for pediatric patient.

3.5. Rapid Sequence Induction (RSI). RSI in adults is a
standard procedure in patients with high risk of gastric
aspiration (unfasted, trauma, GERD, gastroesophageal reflux,
etc.). The most frequently used neuromuscular blocking
agent during RSI is suxamethonium. The cricoid pressure
(known as Sellick’s Maneuver, SM) was subsequently added
to the sequence to prevent gastric aspiration [39]. The cricoid
pressure can also be effective in pediatric patients [40], but
it can worsen intubation conditions [41-44]. Tt can also lead
to a fall in lower esophageal sphincter tone [45]. The efficacy
of this maneuver has been widely discussed over the past 20
years, with conflicting results. Another question is the proper
performance of SM and the pressure that should be applied
to the cricoid cartilage [43, 46, 47]. The data analysis showed
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APA

Unanticipated difficult tracheal intubation—during routine
induction of anaesthesia in a child aged 1 to 8 years

Lr

SLTa,
@
- A
®arst

Difficult direct laryngoscopy

[E—

Step A. Initial tracheal intubation plan when mask ventilation'is sai

Direct laryngoscopy—not >4 attempts
Check the following:

Give 100% oxygen and
maintain anaesthesia

)

Ensure: oxygenation, anaesthesia, CPAP, management of gastric
distension with OG/NG tube

'Verify ETT position
(i) Capnography

Call for help

(i) Neck flexion and head extension ( Succeed ) : ; | (ii) Visual if possible

(i) Laryngoscopy technique ’&ed) Tracheal intubation) (iii) Auscultation

IfETT is too small consider|
using throat pack and tie

to ETT

E
If in doubt, take ETT out

(iii) External laryngeal manipulation—remove or adjust
(iv) Vocal cords open and immobile (adequate paralysis)
If poor view, consider bougie, straight blade laryngoscope™
and/or smaller ETT

N
@:alled intubation with good nygenaliolD
|

Step B. Secondary tracheal intubation plan

Call for help again if not arrived

(i) Insert SAD (e.g., LMA)—not >3 attempts
(ii) Oxygenate and ventilate
(iii) Consider increasing size of SAD (e.g., LMA)

o

(i) Consider lmodifying anaesthesia and
surgery plan

Assess safety of proceeding with
surgery using a SAD (e.g., LMA)

Postpone surgery
Wake up patient

once if ventilation is inadequate

Proceed with surgery

at FOI via
(e.g,, LMA)

@ailed oxygenation, e.g., 5p0; <90% with FiO, l@ (i) Consider 1 attempt (ii) Verify intubation, leave
I via SAD SAD(

e.g., LMA) in place,
and proceed with surgery,

Succeed

(i) Convert to face mask

(i) Optimise head position
(iii) Oxygenate and ventilate

(Falled intubation via SAD (e.g., LMA))

Postpone surgery
‘Wake up patient

(iv) Ventilate using two-person bag1 mask technique; —)@
CPAP, and oro/nasopharyngeal airw:

a
(v) Manage gastric distension with OG[NYG tube
(vi) Reverse nondepolarisating relaxant

B rantilation - I——— Go to scenario cannot intubate
H@:aﬂed ventilation and oxygenatm@—)[ cannot ventilate (CICV) J

Following intubation attempts, consider|
(i) Trauma to the airway
(i) Extubation in a controlled setting

* Consider using indirect laryngoscope if experienced in their use

SAD = supraglottic airway device

FIGURE 2: Guidelines for the management of unexpected difficult tracheal intubation in children aged 1-8 years, published by DAS (Difficult
Airway Society) at http://www.das.uk.com/guidelines/paediatric-difficult-airway-guidelines.

that sufficient pressure to prevent aspiration is 10 N in awake
patients and after induction the pressure should be raised to
30N [48]. However, these data are derived from the adult
population. During the past decade, SM has gradually been
vanishing from routine anesthesiology practice. The results
of its efficacy remain conflicting. It should be noticed that in
Germany the routine use of SM in case of RSI in pediatric
patients is no longer recommended [49] and in 2010 only
1.1% of pediatric anesthesiologists reported that they use SM
during RS in pediatric anesthesia [50].

Another conflicting issue is the use of suxamethonium
in childhood. According to the Food and Drug Admin-
istration (FDA) recommendations, suxamethonium should
be reserved only for emergency situations due to published
adverse events and even deaths both in pediatric patients
[51-53] and in adults [54-57]. Should we all abandon sux-
amethonium in pediatric anesthesia as it can be seen in

some centers [58]7 The authors recommend the well-known
strategy “always have it (suxamethonium), never use it”
We can look at RSI from different points of view: do we
need RSI? And do we have any alternative? The reported
aspiration incidence in pediatric patients is low (0.4-1 per
1000), with a very low rate of serious complications [59, 60],
and also we are able to measure gastric volume by ultrasound
imaging [61, 62]. We definitely need to perform RSI in bowel
obstruction or posttonsillectomy bleeding. However, some
conditions routinely considered to be indications for RSI are
today questionable as can be seen in a recent publication on
gas induction in pyloromyotomy [63].

Do we have any alternative to suxamethonium? Rocuro-
nium is the only neuromuscular blocking agent with compa-
rable onset rapidity to suxamethonium. It provides good intu-
bation conditions at 60 seconds [64]. The major break was
the introduction of sugammadex, a chelating agent with high
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Cannot intubate and cannot ventilate (CICV) in a
paralysed anaesthetised child aged 1 to 8 years
, Failed mtubat‘lon‘ ‘ Give 100% oxygen # Call for help
inadequate ventilation !
Step A. Continue to attempt oxygenation and ventilation
(i) FiO, 1.0
(i) Optimise head position and chin lift/jaw thrust
(iii) Insert oropharyngeal airway or SAD (e.g., IMA) | o - - —m - ——m—mm e
(iv) Ventilate using two-person bag mask technique {Cannula cricothyroidotomy |

(v) Manage gastric distension with an OG/NG tube

Step B. Attempt wake-up if maintaining SpO, >80%

If rocuronium or vecuronium is used, consider sugammad
(16 mg/kg) for full reversal

(Prepare for rescue techniques in case child deteriorates J

Step C. Airway rescue techniques for CICV (SpO; <80% and Fg[RtIaNas
falling) and/or heart rate decreasing

ENT available
Call for specialist
ENT assistance

ENT not available

Succeed

Percutaneous cannula
cricothyroidotomy/

transtracheal jet
ventilation
(presstire limited)

*Note: cricothyroidotomy techniques can have serious complications
and training is required—only use in life-threatening situations and
convert to a definitive airway as soon as possible

SAD = supraglottic airway device

again if not arrived

Consider:
(i) Surgical tracheostomy
(ii) Rigid bronchoscopy + ventilation/

(i) Extend the neck (shoulder roll);
(ii) Stabilise ‘larynﬁ wi
nondominant han
(iii) Access the cricothyroidotomy
membrane with a dedicated
114/16-gauge cannula
(iv) Aim in a caudad direction
(v) Confirm position by air
aspiration using a syringe with:
saline !

(a) adjustable pressure
limiting device, set to lowest
or delivery pressure

jet ventilation (pressure limited)

(b) 4Bar O, source with a

flowmeter (match flow l/min
to childs age) and Y connector!
(vii) Cautiously increase inflation !
pressure/flow rate to achieve |

Continue jet ventilation set to

lowest delivery pressure until

wake-up or definitive airway
established

(i) Perform surgical cricothyroidotomy/

|
|
|
|
|
|
|
I
|
|
i
|
I
|
I
|
|
i (vi) Connect to either
|
I
|
|
I
|
I
I
|
I
|
|
|
|
| adequate chest expansion; waif]
! for full expiration before next !

transtracheal and insertion of ! inflation

ETT/tracheostomy tube™ [P ) H
i) Ccmsiider passive g insufflation (viii) Maintain upper airway patency}
while preparing : \___toaidexpiration /

F1GURE 3: Guidelines for the management of CICV scenario in children aged 1-8 years, published by DAS (Difficult Airway Society) at
http://www.das.uk.com/guidelines/paediatric-difficult-airway-guidelines.

specificity for rocuronium reversal. Sugammadex is currently
licensed in children over 2 years [65] but still not registered
by the FDA (concerns about possible allergic reactions).
Rocuronium and sugammadex can be used in difficult airway
scenarios [66]; however, it should be noticed that successful
reversal of neuromuscular blockade does not always lead toa
successful end [67, 68], while the reason for CICV (cannot
intubate cannot ventilate) can be multifactorial. The main
RSI principle is the absence of manual hand-bag ventilation
during the induction. The majority of children cannot be
sufficiently preoxygenated before the induction and due to
their low functional residual capacity and higher oxygen
consumption, they will desaturate much faster than adults
in the absence of ventilation and oxygenation. The classic-
adult RSI will lead to hypoxia, bradycardia, and hypotension
during induction [69]. Therefore, many authors recommend
RSI adapted for childhood or “controlled RSI” [70] with deep
anesthesia, muscle relaxation, and intermittent face mask
ventilation [71-73].

3.6. Tracheal Intubation versus Laryngeal Mask. Laryngeal
masks (LMs) are today commonly used in routine pediatric
anesthesia practice in a whole spectrum of surgical proce-
dures [74-76]. Laryngeal mask can be effectively used in
difficult airway management [77] and also in a large number
of elective procedures [78, 79]. The LM use can lead to
significant reduction of postoperative desaturation, laryn-
gospasm, and cough and reduction in postanesthetic unit stay
compared to ETTs [80]. The reason for the widespread use
and high popularity of LMs by anesthesiologists may be the
low failure rate and rapid learning curve [78, 79]. In case
of insufficient seal, reposition, reinsertion or head flection,
and rotation can lead to minimizing the air leak [81, 82].
However, even achieving a good seal does not guarantee
the proper position of the LM [83]. For this reason, it is
highly recommended to monitor cuff pressure during the
anesthesia [84]. Possible gastric acid reflux is a question when
using LM. The rate of reported aspiration appears to be very
low although silent gastroesophageal reflux can often occur.
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Step 1

Plan
Plan extubation

Assess airway and general risk factors

Step 2 Prepare

DAS extubation guidelines: basic algorithm }
Airway risk factors | General risk factors
Known difficult airway | Cardiovascular
Airway deterioration | Respiratory
(trauma, oedema, or bleeding) Neurological

Restricted airway access
Obesity/OSA
Aspiration risk

| Metabolic
1 Special surgical requirements
| Special medical conditions

Optimise other factors
L

Optimise patient factors i
. o . Cardiovascular | Location
Prepare for Optimise patient and other factors Respiratory ! Skilled help/assistance
extubation Metabolic/temperature | Monitoring
Risk stratify Neuromuscular | Equipment
Low risk “At risk”
Fasted Ability to oxygenate uncertain

Uncomplicated airway

reintubation potentially difficult

No general risk factors J{and/or general risk factors present)

Step 3

Perform
extubation

,,,,,,,,,,,,,,,,,,,,,,,,,, £

Low risk algorithm

“At risk” algorithm

Step 4

Recovery or HDU/ICU

Postextubation ‘
care

~>@%. Difficult airway society extubation algorithm 2011

Safe transfer 1 Analgesia
Handover/communication | Staffing

0, and airway management | Equipment
Observation and monitoring I Documentation
General medical and surgical nt

FIGURE 4: Guidelines for the management of tracheal extubation, basic algorithm, published by DAS (Difficult Airway Society) at
http://www.das.uk.com/guidelines/paediatric-difficult-airway-guidelines.

It appears that, in reported cases, the diagnosis of reflux
had no clinical consequences and compared to facemask
ventilation and anesthesia with intubation, the incidence was
similar [85, 86]. Laryngeal masks have been used for airway
management during adenotonsillectomy, tonsillectomy, and
adenoidectomy [87], laparoscopic surgeries (with compara-
ble intragastric pressure to ETT [88]), during fibreoptic bron-
choscopy [89, 90], eye surgery [91], during difficult airway
management as a conduit for ETT placement [92, 93], and
during resuscitation (also in neonates) with no documented
difference in outcome compared to ETT use. LMs have
earned their reputation for superior performance, simplicity,
and low rate of failure also in pediatric anesthesia. Limitation
of LMs can be seen in conditions such as Pulmonary alveolar
Proteinosis (PaP) where the lung separation for invasive
treatment is inevitable [94]. LMs have saved many lives
and anesthesiologists” careers. We must also bear in mind,
however, the limitations of this device (leak pressure, failure
rate, and regurgitation risk) and the risk versus benefit ratio
should always be considered in deciding between ETT and
LM for pediatric patient’s airway management. These data
should not be interpreted as the uselessness of ETT and RSI in

patients with high risk of aspiration (unfasted, major trauma,
etc.), because in light of current EBM data it would be non
lege artis practice.

3.7. When to Extubate the Pediatric Patient? The emergence
from anesthesia is another risky situation during the periop-
erative period. The anesthesiologist should decide whether to
extubate the child in deep anesthesia or awake with sufficient
spontaneous ventilation or whether to proceed with the
mechanical ventilation in ICU because of surgery duration,
hypothermia, hemodynamic instability, respiratory distress,
massive blood loss, and other conditions should be consid-
ered prior to extubation. The operator must consider two
questions: intubation conditions and the risk of aspiration.
In the case of difficult airway and in patients with high
risk of aspiration, it is generally recommended to extubate
them when awake with sufficient spontaneous ventilation
with appropriate protective airway reflexes. In pediatric
patients, it has been reported that the routine practice is
extubation during deep anesthesia [95]. This can lead to
minimizing cardiovascular system stimulation and reducing
the incidence of cough; however, some data reported a higher
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| |
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Deep extubation

I
Advanced technique
Experience essential
Vigilance until fully awake

Step 3
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extubation

Awale extubation

DAS extubation guidelines: low risk algorithm

Low risk extubation
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Uncomplicated airway
No general risk factors

Optimise patient factors ! Optimise other factors
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Respiratory | Skilled help/assistance
Metabolic/temperature | Monitoring
Neuromuscular | Equipment

(Perform awake extubation
Preoxygenate with 100% oxygen

Suction as appropriate

Inserta bite%ll)oc (e.g., rolled gauze)
Position the patient appropriatel
Antagonise neuromuscular blockade
Establish regular breathing

Ensure adequate spontaneous ventilation
Minimise head and neck movements
Wait until awake (eye opening/obeying commands)
Apply positive pressure, deflate the cuff, and remove tube|
Provide 100% oxygen

Check airway patency and adequacy of breathing
\Continue oxygen supplementation

Step 4

Postextubation Recovery and follow-up

care

Safe transfer | Analgesia
Handover/communication i Staffing

0, and airway m ! Equip
Observation and monitoring 1 Documentation

General medical and surgical management

GSLT 4,

The technique described for awake extubation is a suggested approach
Practice may vary in experienced hands

N 2
@ Difficult airway society extubation algorithm 2011

&)

FIGURE 5: Guidelines for the management of tracheal extubation, low risk algorithm, published by DAS (Difficult Airway Society) at
http://www.das.uk.com/guidelines/paediatric-difficult-airway-guidelines.

incidence of respiratory complications with this practice [96].
Extubation at the moment of end-inspiration can minimize
the risk of laryngospasm [97] and experienced anesthesi-
ologist is associated with lower risk of laryngospasm [98].
In conclusion, the difference in both practices (awake or in
deep anesthesia intubation) is not associated with impact
on outcome [99]. The main exception is the child with
difficult airway and the child with high risk of aspiration,
where the consensus is clear, extubating them awake with
sufficient spontaneous ventilation. Compendious extubation
guidelines have been published by DAS (Figures 4-6) [28].
The guideline is primarily for adult patients; however, with
respect to differences in pediatric anesthesia, they could be
implemented in pediatric extubation management.

4. Conclusion

The majority of difficult airway in childhood can be predicted
and the best method for prediction seems to be the com-
bination of clinical examination with predictors with good
performance: mandibular protrusion, Mallampati’s classifi-
cation, movement of atlantooccipital joint, and thyromental

distance. In case of anticipated difficult airway, it is advisable
to preserve spontaneous ventilation. The classic RSI is not
suitable for children and the mild (airway pressures under
20 cm H, O) hand-bag ventilation is considered a safe method
during pediatric RSI that provides oxygenation and mini-
mizes possible hypoxia. Although we can see an increasing
number of RCTs dedicated to pediatric airway management,
there is still need to perform well designed large RCTs in
pediatric subpopulation to formulate the airway management
guidelines based on pediatric EBM data.
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Step 3
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Jak zminuji vyse v této habilitacni préaci, fddna monitorace hloubky
nervosvalové blokady a nasledny aktivni zvrat pfipadné rezidualni nervosvalové
blokady jsou esencialni k poskytovani bezpecné perioperacni péce jak o rodicku, dité,
tak o jakéhokoliv jiného pacienta.

Eticka komise Fakultni nemocnice Brno schvalila prospektivni studii s cilem
zjisténi vyskytu rezidualni blokddy na operac¢nim sale a dospavacim pokoji
u pediatrickych pacientd. Studie byla registrovana na ClinicalTrials.gov
(NCT02939911). Méteni byla provedena u pediatrickych pacientii s periopera¢ni
aplikaci svalovych relaxancii na Klinice détské anesteziologie a resuscitace méfena
hloubka svalové blokady na konci operace, té€sné pied extubaci a po piijmu
na dospavaci pokoj v obdobi leden 2017 — prosinec 2017. Celkem jsme do studie
zaradili 291 pacientd, z toho na operacnim sale jsme zméfili hloubku nervosvalové
blokady u 96,9 % pacientl a na dospavacim pokoji u 72,6 % pacientt. Vyskyt
rezidualni nervosvalové blokady byl na opera¢nim sale pied extubaci 48,2 % a po
prijezdu na dospavaci pokoj 26,9 %. Ackoliv by se nase vysledky mohli zdat
ptekvapujici a jisté s ohledem na vysokou incidenci rezidualni nervosvalové blokady
I alarmujici, koreluji tyto vysledky od détskych pacientt s vyskytem rezidualni
nervosvalové blokady u dospélych (61-63).

Vyse jmenovana prace, publikovana v British Journal of Anaesthesia (IF 6,199,
Q1 v kategorii Anesthesiology dle WoS), vedla k vytvoieni Stanoviska CSARIM
k pfistrojové monitoraci hloubky nervosvalové blokady 2017, tedy dal§imu kroku

k zvyseni perioperaéni bezpeénosti nejen détskych pacientii na uzemi Ceské republiky
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Residual neuromuscular block in paediatric anaesthesia
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Editor—Neuromuscular blocking agents (NMBAs) are used
during anaesthesia for airway management and to improve
surgical conditions,’ although the surgical procedures that
necessitate neuromuscular block in children are less
common than in adult patients.” It is recommended that the
train-of-four ratio (TOFR) should recover to >0.9 before
tracheal extubation when measured by accelerometry. There
is increasing evidence in adults that residual neuromuscular
block (RNB) in the postoperative period with a TOFR <0.9
increases morbidity and mortality.®> Nevertheless, RNB
remains common in the postoperative period (26—88%)." ©
We designed a trial in paediatric patients with the primary
outcome as the incidence of RNB measured just before extu-
bation in the operating room (OR). The secondary cutcome
was the incidence of the RNB in the PACU. The trial was
designed as a monocentric prospective observational cohort
trial, registered at www.clinicaltrials.gov (NCT02939911), and
approved by the local ethics committee (etickakomise@
fnbrno.cz, 10/2016). All patients >29 weeks and <19 yr of age
undergoing surgery in a tertiary paediatric anaesthesia centre
involving NMBA use between January 1, 2017 and December
31, 2017 were eligible for inclusion. Patients were excluded for
weight <3000 g neuromuscular disease, haemodynamic
impairment, planned/unplanned postoperative mechanical
ventilation, continuous perioperative neuromuscular block
measurement, or when succinylcholine was the only NMBA
used during surgery. The NMBAs available for use during
enrolment were rocuronium, mivacurium, cisatracurium,
atracurium, and succinylcholine. The level of neuromuscular
block was measured just before tracheal extubation on the
decision of the anaesthetist in the OR and after arrival in the
PACU using accelerometry (TOF-Watch®SX; Organon, Inc.,
West Orange, NJ, USA). Accelerometry was carried out using
ulnar nerve stimulation with measurement of contraction of
the adductor pollicis muscle. The train-of-four (TOF) count,
TOFR, and in the case of deep neuromuscular block, post-
tetanic count (PTC) were measured twice just before

extubation in the OR and in the PACU. RNB was defined as a
TOFR of <0.9 on the first measurement in the OR and PACU.
The timing of the second measurement in the OR depended on
the anaesthetist, allowing the clinician to possibly administer
pharmacological reversal of RNB after recording the TOFR. In
the PACU, the TOF or TOFR was measured immediately after
arrival (first and second measurement). Data were described
using descriptive analytic methods [mean, standard deviation
(sp), median]. The incidence of RNB was described as the ab-
solute and relative incidence with the 95% confidence in-
tervals (CI). The relationship between RNB and the measured
variables was described using logistic regression calculated
odds ratio with the 95% CI and the P-value for the specific
regression model with statistical significance defined as
P<0.05.

For the 291 patients included in the study. the NMBAs used
were rocuronium (49%), cisatracurium (27%), mivacurium
(22%), and atracurium (2%). The primary outcome was
measured in 96.9% (282/291) and the secondary outcome in
72.6% (119/164) of patients. The incidence of RNB in the OR was
48.2% and that in the PACU 26.9% (Table 1). In the majority of
patients with RNB, muscle relaxation was induced with
rocuronium (OR 53%, n=72; PACU 38%, n=12) followed by cis-
atracurium (OR 32%, n=44; PACU 31%, n=10). Pharmacological
reversal of neuromuscular block was administered in 23.3%
(n=68) of patients. A reversal agent was administered in 41%
(n=28) of patients after the first TOF measurement in the OR.
Risk factors for RNB in the OR included the interval between
NMBA administration and TOF measurement and the NMBA
used. With every 10 min since administration of an NMBA,
there was a 19% risk reduction for RNB (odds ratio=0.81; 95%
CI, 0.75—0.88; P<0.001). Use of mivacurium was associated with
a 63% risk reduction for RNB in the OR compared with
rocuronium (odds ratio=0.37; 95% CI, 0.19-0.71; P=0.003). Age
was also related to incidence of RNB in the PACU. With every
year of increasing age, there was an 8% risk reduction in the
incidence of RNB (odds ratio=0.91; 95% CI, 0.84—1.00; P=0.046).

© 2018 British Journal of Anaesthesia. Published by Elsevier Ltd. All rights reserved.
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Table 1 Residual neuromuscular block (RNB) incidence in OR and PACU. CI, confidence interval; OR, operating room; TOF, train-of-four

count

RNB incidence Patients measured in OR (n=282)

Patients measured in PACU (n=119)

n % 95% Clin % n % 95% Clin %
TOF > 0.9 146 51.8 45.9-57.6 87 731 64.7—80.5
TOF < 0.9 (RNB) 136 482 424-541 32 269 19.5-35.3

RNB is still an important clinical problem and is correlated
with morbidity and mortality in the postoperative period.” ®
The incidence of RNB in the OR of 48.2% and in the PACU of
26.9% is unacceptably high. However, these results are iden-
tical to those in the adult population.®> Defined by accel-
erometry with a TOFR<0.9, RNB is a potential complication
that cannot be ruled out by physical examination such as grip
strength test or elevation of the head.” In the majority of pa-
tients at risk in our study, muscle relaxation was produced by
rocuronium. However, even mivacurium was responsible for
13% of patients with a TOFR of <0.9 in the OR and for 28% of
those in the PACU. Limitations of the study are the relative low
inclusion rate (27.6% of patients), the observational design,
and the fact that only two TOF measurements were made in
the OR and PACU.

The results of this trial highlight the fact that without
quantitative monitoring RNB cannot be excluded in paediatric
patients. Accelerometry or other forms of quantitative moni-
toring of the depth of neuromuscular block should be imple-
mented as a minimum monitoring requirement for safe
anaesthesiain all patients (adult and paediatric) when NMBAs
are administered.’” Pharmacological reversal of neuromus-
cular block was administered in 41% of patients after the TOF
measurement in the OR in this study because of detection of
undiagnosed RNB.
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c. Depth of neuromuscular blockade and the perioperative conditions in
laparoscopic surgery in pediatric population: Randomized controlled pilot
trial. Journal of Clinical Anesthesia 2019
Navozeni nervosvalové blokady zlepsuje nejen intubaéni podminky (60).
Vétsina dat z dospelé populace ukazuje na lepsi chirurgické podminky pii udrzovani
hluboké nervosvalové blokady (88-91). Nase studie byla schvalena Etickou komisi
Fakultni nemocnice Brno a byla registrovana na clinicaltrials.gov pod ¢islem
NCT02546843. Cilem pilotni studie bylo porovnani peroperacnich chirurgickych
podminek pti udrzovani mélké (TOF = 1) a hluboké nervosvalové blokady (Post
Tetanic Count, PTC = 0-1) po podani rokuronia pfi laparoskopickych vykonech
u détskych pacientti. V obdobi od ledna 2016 do ¢ervna 2018 jsme zatadili 66
détskych pacientil. V této prospektivni, randomizované, jednoduse zaslepené pilotni
studii jsme hodnotili kvalitu chirurgickych podminek hodnocenim SSS skore (Surgical
scoring system) a intraperitonealniho tlaku. Neshledali jsme statisticky vyznamny
rozdil v chirurgickych podminkéch a hodnotach intraperitonealniho tlaku pii mélké
a hluboké nervosvalové blokadé (64). Prace, publikovana v ¢asopise Journal of
Clinical Anesthesia (IF 3,542, Q1 dle WoS v kategorii Anesthesiology), je jednou

z prvnich publikovanych v této oblasti na svété v pediatrické anestezii.

113



Joumal of Clinical Anesthesia xxx (xxxx) xxxx

Contents lists available at ScienceDirect

Journal of Clinical Anesthesia

journal homepage: www.elsevier.com/locate/jclinane

Correspondence

Depth of neuromuscular blockade and the perioperative conditions in laparoscopic surgery in

pediatric population: Randomized controlled pilot trial*

ARTICLE INFO

Keywords:
Neuromuscular blockade
Surgical conditions
Laparoscopy

Surgery

Pediatric patient

Editor,

Neuromuscular blockade (NMB) can facilitate intubation and lead
to better intubation and surgical conditions. Preliminary data from the
adult population favors the deep NMB for better surgical conditions
[1-3], but they are still limited [4]. The primary aim of our trial was to
compare surgical conditions during pediatric laparoscopic surgery in
subgroups of patients with deep and moderate NMB. The secondary aim
was to compare the incidence of complications between the groups. The
primary hypothesis was that the deep NMB would lead to superior
surgical conditions graded by the surgical scoring system and by the
intraperitoneal pressure (lower pressure). This prospective randomized
controlled single-blinded pilot study was conducted at a tertiary pe-
diatric anesthesia center after Ethics committee approval (University
Hospital in Brno, Czech Republic) and registered at clinicaltrials.gov
(NCT02546843). Inclusion criteria included elective patients between 2
and 18 years, ASA (American Society of Anesthesiology) status I-II,
laparoscopic surgery under general anesthesia. Exclusion criteria renal
and/or hepatic dysfunction. We compared surgical conditions between
the intermediate NMB and deep NMB group by Surgical scoring system
(Grade 1-5, 1 - optimal, 5 - insufficient, graded by blinded head sur-
geon and surgical assistant) and by intraperitoneal pressure after CO»
insufflation (mmHg). Secondary aim was to compare the incidence of
complications between the groups. We randomized patients into deep
NMB - D and intermediate NMB - I in form of sealed envelopes after
written informed consent completion. Induction to anesthesia in group
D was performed by propofol, sufentanil, and rocuronium. NMB was
monitored by accelerometry (TOF-Watch®SX). Intubation was per-
formed after single twitch decreased to =<10%. Anesthesia was main-

tained with sevoflurane. NMB was maintained in the range of PTC (Post
tetanic count) 0-1. In I group, propofol, sufentanil, and cisatracurium
were used for induction. The NMB in group I was maintained at the
level of TOF (Train of Four) 1. NMB was reverted with sugammadex
(2mg/kg TOF = 1; 4 mg/kg PTC 0-1) in group D and with neostigmine
0.03 mg/kg in group I. We included 66 patients in the study period from
1/2016 to 6/2018. Sixty patients were eligible for analysis. No statis-
tically significant differences in demography and surgery characteristics
were detected between the groups. There was no statistically significant
difference between the Group D and Group I considering the primary
outcome (see Table 1). There were no documented complications
during perioperative period. The time to first end-tidal CO, wave, time
from surgery ending to extubation, time to single twitch drop to =10%,
time to PTC 1-2 and time from surgery ending to TOF 0.9 were sig-
nificantly shorter in group D (see Table 1). Our trial is the first trial
comparing surgical conditions between deep and moderate NMB during
laparoscopic surgery in pediatric patients graded by SSS and in-
traperitoneal pressure. Results of the trial did not confirm the hypoth-
esis that deep NMB can facilitate the surgical conditions during pe-
diatric laparoscopic surgery. Majority of trials with documented
superior effect of deep NMB, were comparing deep NMB versus none or
shallow NMB [5]. Another possible explanation was failure to improve
otherwise optimal conditions (90%). The optimal intraperitoneal pres-
sure during pediatric laparoscopy is not clearly defined but should not
exceed 15 mmHg. The median intraperitoneal pressure in our cohort
was 10 mmHg which can be considered low. The proportion of patients
with low or very low intraperitoneal pressure was 81.6% (n = 49). In
conclusion, deep NMB was not associated with superior surgical con-
ditions graded by surgical scoring system and intraperitoneal pressure.

* Public clinical trial registration: www.clinicaltrials.gov, ClinicalTrials.gov Identifier NCT02546843.

https://doi.org/10.1016/j.jclinane.2019.109659
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10. Komentar

Nazev prace: Kritické momenty anestezie rizikovych pacientii v détském veéku a t€hotenstvi

Habilita¢ni je predkladana jako komentovany soubor vybranych publikaci.

Prvnim tematickym okruhem této habilita¢ni prace jsou ¢lanky vzniklé v souvislosti
se zahdjenim podavani kombinace rokuronia a sugammadexu u cisafského fezu. Prace
na tomto tématu byla zahajena publikaci série kazuistik s uspésnym s pouzitim rokuronia
a sugammadexu v celkové anestezii u vysoce rizikovych rodic¢ek. Tato kazuisticka série nas
inspirovala k provedeni prospektivni randomizované studie sledujici bezpecnost a kvalitu
intuba¢nich podminek pfi podani rokuronia rodickdm k provedeni cisafského fezu v celkové
anestezii s naslednou reverzi nervosvalové blokady sugammadexem. Vysledkem studie
RocSuglO (Rocuronium and Sugammadex In Obstetrics) bylo potvrzeni noninferiority
rokuronia v rdmeci rychlého tivodu do anestezie v porovnani se sukcinylcholinem a jeji
vysledek byl publikovan v ¢asopise Anesthesia and Analgesia. Po vyhodnoceni sekundarnich
cila studie, novorozeneckého outcomu v obou sledovanych skupinach, jsme se rozhodli zjistit,
zda jsou pozorovatelné rozdily v parametrech poporodni adaptace novorozence po podani
rokuronia a sukcinylcholinu v ramci rychlého tvodu do celkové anestezie k provedeni
cisatfského fezu. Publikace, pojednavajici o vlivu volby relaxace podané rodicce
na novorozenecky outcome, byla mnohonasobn¢ ocenéna jednak v ramci LF MU,
tak i na narodni a mezinarodni Grovni. Novy pracovni postup v ramei rychlého tivodu
do celkové anestezie k cisaiskému fezu jsem méla v kratké dobé po skonceni studie
RocSuglO moznost aplikovat 1 u pacientky s vzacnym nervosvalovym onemocnénim, u které
bylo nemoZné provedeni regiondlni anestezie. Po publikaci kazuistiky popisujici

anesteziologicky postup u pacientky trpici onemocnénim myotonia congenita Becker
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v European Journal of Anaesthesiology v roce 2016 jsme byli osloveni k vytvoieni obecného
doporuceného postupu pro podavani anestezie u pacienti trpicich stejnym onemocnénim

pro projekt OrphanAnesthesia.eu. Na§ doporuceny postup byl nasledné v roce 2019
publikovan v némeckém Casopise Andsthesiologie & Intensivmedizin.

Druhym tematickym okruhem mé habilita¢ni prace je mezinarodni studie vénujici
se anesteziologické praxi na porodnim sale OBstetric Anaesthesia and Analgesia Months
Attributes International (OBAAMA-INT), ktera prob¢hla v listopadu roku 2015 na ¢eskych
a slovenskych anesteziologickych pracovistich.

Ttetim tematickym okruhem mé habilitacni prace jsou prace vénujici se détské
anestezii, dominantn¢ pak zajisténi dychacich cest a aplikaci a zvratu nervosvalové blokady.
Nejprve jsme se vénovali kontroverznimu tématu zajisténi dychacich cest u déti se zaméfenim
na specifické aspekty détského véku. Dale jsme na§ vyzkum zaméfili na pediatrické pacienty
podstupujici vykon v celkové anestezii s orotrachealni intubaci a nutnosti svalové relaxace.
Zam¢tili jsme se prvné na vyskyt rezidualni nervosvalové blokady, a to jak na opera¢nim sale
po extubaci, tak zejména po piijezdu na dospavaci pokoj. Vysledky nasi observacni studie
u détskych pacientd korelovaly s vyskytem rezidudlni nervosvalové blokady u dospélych
pacientdl. Posledni publikace ze souboru predkladanych praci se v ramci pediatrické anestezii
vénuje porovnani peropera¢nich chirurgickych podminek pii udrzovani mélké (Train of Four,
TOF = 1) a hluboké nervosvalové blokady (PTC = 0-1) rokuroniem. Pti zatazeni 66 détskych
pacientdl jsme neshledali statisticky vyznamny rozdil v chirurgickych podminkéch a

V hodnotach intraperitonedlniho tlaku pfi mélké a hluboké nervosvalové blokade.
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11. Habilitation Thesis Abstract

Title: Critical moments of anaesthesia of high-risk patients in childhood and pregnancy

This habilitation thesis is being presented as a synthesis of previously published

scholarly works.

The first thematic area of this habilitation thesis includes the articles connected with
the administration of combination of rocuronium and sugammadex at caesarean section.
The concern based on this topic began with the publication of a series of case reports with
the successful use of rocuronium and sugammadex in caesarean section under general
anaesthesia in high-risk parturients. This inspired us to conduct a prospective randomised
study of the safety and quality of intubation conditions when rocuronium was administered
to parturients undergoing the caesarean section under general anaesthesia followed
by the reversal of neuromuscular blockade at the end of procedure by specific antagonist
sugammadex. The primary outcome of the RocSuglO study (Rocuronium and Sugammadex
In Obstetrics) was published in Anaesthesia and Analgesia and determined the non-inferiority
of rocuronium in rapid sequence induction compared to succinylcholine. After evaluating
the secondary outcome of the study, the neonatal outcome in both groups, we decided
to confirm, whether there are any differences in neonatal outcome after the administration
of rocuronium or succinylcholine for rapid sequence introduction to general anaesthesia
for caesarean section. The publication that describes the influence of the choice
of neuromuscular blocking agent given to the mother on the neonatal outcome has been
awarded many times within the Faculty of Medicine at Masaryk University and on
the national and international level. Shortly after the end of the RocSuglO study, I had

the opportunity to apply the new approach to the general anaesthesia for caesarean section
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in a patient with rare neuromuscular disease, myotonia congenita Becker, where the regional
anaesthesia was not feasible. After the publication of this case report in the European Journal
of Anesthesiology in 2016, we were asked for creating a guideline regarding the anaesthetic
approach to the patients with this neuromuscular disease for the project OrphanAnesthesia.eu.
These guidelines were published in the German journal Anésthesiologie & Intensivmedizin
in 2019.

The second theme of my habilitation thesis is an international study the OBstetric
Anaesthesia and Analgesia Months Attributes — International (OBAAMA-INT), devoted
to anaesthesiology practice at the delivery room, which took place in November 2015
at Czech and Slovak anaesthesiology departments.

The third thematic area of my habilitation thesis is focused on paediatric anaesthesia,
dominantly the airway management and application and reversal of neuromuscular blockade.
First of all, we have discussed the controversial topic of airway management in children while
taking into account the specific aspects of the paediatric population. Then we have focused
our research on paediatric patients undergoing general anaesthesia with the need
for orotracheal intubation and neuromuscular blockade. We wanted to determine
the incidence of residual neuromuscular relaxation after extubation at the operating theatre
and also in the recovery room. The results of our observational study in paediatric patients
correlated with the ones from the adult population. The latest publication presented
in paediatric anaesthesia is based on the comparison of the perioperative surgical conditions
while maintaining the moderate (Train of Four, TOF = 1) and deep (Post Tetanic Count,
PTC = 0-1) neuromuscular blockade with rocuronium. We enrolled 66 patients in this study
and we did not find a statistically significant difference in the surgical conditions

in the moderate and deep neuromuscular blockade and intraperitoneal pressure.
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