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1 Uvod

Ptredkladana habilita¢ni prace dle § 72 odst. 3 pism. b) zakona o vysokych Skolach je
souborem uveiejnénych védeckych praci doplnény komentarem. Tato prace se vénuje
problematice anesteziologické péce pri operacich skoliotickych deformit u détskych paci-
entl. Konkrétné modernich anesteziologickych postup, které ovliviiuji perioperacni bez-
pecnost. Predkladana prace volné navazuje na moji diserta¢ni praci [1]. S ohledem na cel-
kovy pocet publikaci je prace rozdélena na tii tematické okruhy, které propojuji téma ha-
bilita¢ni prace.

Skoliotické deformity patere predstavuji zavazny medicinsky problém. V ramci po-
stizeni patere totiZ dochdazi nejen k postiZeni osového skeletu a ptilehlého svalového apa-
ratu, ale Casto také k ovlivnéni funkce kardiovaskularniho, respira¢niho ¢i gastrointesti-
nalniho systému. Alterace téchto organovych systémi mohou spolu s nepiiznivym kos-
metickym efektem c¢i bolesti vést k vyznamnému psychickému postiZeni jedince a celko-
vému zhorSeni kvality Zivota [1-5].

Klinika ortopedie a spondylochirurgie Fakultni nemocnice (FN) Brno a Lékarské fa-
kulty (LF) Masarykovy univerzity predstavuje tradi¢ni pracovisté, které se vénuje kom-
plexni péci o pacienty se skoliotickymi deformitami od roku 1978. FN Brno tak diky kom-
plexnimu interdisciplindrnimu tymu pfedstavuje v ramci Ceské republiky nejvétsi cen-
trum vénujici se problematice skoliotickych deformit.

Cilem této habilita¢ni prace je popsat a na zadkladé nékterych publikaci demonstrovat
vyznam interdisciplinarni spoluprace v péci o pacienty podstupujici korekci skoliotické

deformity v celkové anestezii.
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1.1 Definice a epidemiologie

Skoliotickou deformitu miizeme definovat jako nefyziologickou deviaci patete. Zpra-
vidla se jedna o trojdimenzionalni zakriveni patere, které kombinuje vychyleni ve fron-
talni roviné o vice nez 10°, dale v roviné sagitalni (hypo- ¢i hyperkyf6za, hypo- ¢i hyper-
lorddza) spolu s rotaci obratld, tedy i zaktiveni v transverzalni roviné [2-4].

Z hlediska epidemiologie jde o viibec nejcastéjsi deformitu patere u détskych paci-
entll. Celkové postihuje okolo 2-3 % populace. Dle dostupnych dat je popisovana rovno-
mérnd incidence mezi divkami a chlapci, nicméné v pribéhu kostniho riistu dochazi u di-
vek k signifikantni progresi skolioz, které jsou v pripadé idiopaticke skolidzy postiZeny az
osmkrat ¢astéji [3]. Tedy divky jsou daleko ¢astéji indikované k operacni 1éc¢bé. V détském
véku jsou skolidzy relativné flexibilni a u celé rady pacienti mohou byt zcela bezptizna-
kové, lze tak predpokladat vyssi redlnou incidenci v populaci. Postupna progrese zakfi-
veni patere spolu s jejim ,zatuhnutim® v nefyziologickém postaveni vede k vyznamnému
postiZeni jedincd vCetné rozvoje bolesti zad, sniZeni kvality Zivota ¢i invalidizaci. Okolo
10 % postiZenych jedincli vyzaduje konzervativni 1é¢bu a ptiblizné 0,1-0,3 % diagnosti-

kovanych ptipadl vyZaduje 1é¢bu operacni [2-5].
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1.2 Historie skolioz

Skoliéza predstavuje pravdépodobné jedno z nejstarSich poznanych onemocnéni,
predevsim z diivodu patrné zmény fyzického vzhledu. JiZ jeskynni malby z doby kamenné
naznacuji, Ze lidé trpéli skoliézou a vyuZzivali primitivni formy lé¢by. Prvni definici, véetné
terminu pro zakriveni patere v sagitalni roviné, ,ithiscolios”, popsal Hippokrates. Na jeho
praci, vénujici se definici a 1é¢bé, pozdéji navazuje Galén. V 7. stoleti se fecky 1ékar Pavel
z Aeginy pokusil o korekci deformity pomoci korek¢nich dlah. V roce 1582 Ambroise Paré
instruoval zbrojite k vyvoji Zeleznych korzeti, které byly specificky tvarovany podle za-
kriveni patere postizenych. Na konci 19. stoleti byly vyvinuty specifické korzety ke stabi-
lizaci deformit. Prvni operace skoliézy byla provedena roku 1914 v New Yorku. Pozdéji,
v roce 1946, byla vyvinuta ortéza Milwaukee, ktera byla po desetileti jednim ze zakladnich
pilift korzetoterapie, at uZ samostatné v ramci konzervativni 1é¢by, tak v kombinaci s chi-
rurgickymi postupy. Tyto postupy vychazely ze zakladni Harringtonovy techniky, ktera
vyuzivala distrakcni a kompresni systémy ke korekci skoliéz spolu s vloZenim autogenni
kostni tkané k dosaZeni fuze patere. Modernéjsi techniky pouzivaji transpedikuldrni seg-

mentalni instrumentaci k provedeni preciznéjsi trojrozmérné korekce skoliézy [6].

10



INOVACE V ANESTEZIOLOGICKE PECI U SPONDYLOCHIRURGICKYCH VYKONU PEDIATRICKYCH
PACIENTU: VLIV NA PERIOPERACNI PRUBEH A BEZPECNOST

1.3 Etiologie a klasifikace

Skoliotické deformity rozdélujeme v ramci etiologie na 3 majoritni typy, a to idiopa-
tickou, kongenitalni a neuromuskularni skoliézu. Minoritni typy jsou pak zastoupeny sko-
libzami, které se vyvijeji v souvislosti s nadorovym postiZenim patere, trazy patete ¢i sko-
libzami asociovanymi s néjakym vzacnym syndromem [3-5].

NejcastéjSim typem skoliozy je idiopaticka skolidza. Tento typ deformity predstavuje
vice nez 80 % vSech skolioz détského véku, pricemz jak vyplyva z nazvu, pricina skolioz
doposud nebyla jednoznacné stanovena. Velmi pravdépodobné se na jejim rozvoji podili
vice faktord, véetné genetické predispozice [3, 5]. Idiopaticka skoliéza se pak rozdéluje
na dalsi podtypy podle véku rozvoje deformity. Infantilni idiopaticka skoliéza byva dia-
gnostikovana do tfi let véku ditéte. Mezi tretim a desatym rokem zivota ditéte hovorime
o juvenilni idiopatické skoliéze. Idiopaticka skoli6za diagnostikovana po desatém roce Zi-
vota se oznacuje jako adolescentni [3-6].

vivs

Kongenitalni skoliézy jsou nejcastéjsi vrozenou vadou patere, ktera predstavuje asi
10 % vSech skoliotickych deformit, nicméné i toto ¢islo bude pravdépodobné vyssi, pro-
toZe kongenitalni skoli6za muize byt i zcela asymptomaticka [7]. Tyto vyvojové poruchy
pateie mohou byt spojeny s vyvojovymi poruchami dalSich orgdnovych systémi (srdce,
ledviny...). Kongenitalni skoliézy jsou asociovany s abnormalnim vyvojem obratli nebo
poruchami segmentace patere. V literature byvaji popisovany nalezy inkompletnich ob-

ratli (hemiverterba, motylovité obratle...) ¢i nesegmentované listy, v jejichZ iseku je nor-

malni rlist patefe narusen [3, 7, 8].

11
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Skoliotické deformity, které jsou spojeny s riznymi nervovymi ¢i svalovymi nemo-
cemi, jsou oznacovany jako neuromuskularni skoliozy [3]. Jejich vyskyt je v literature uva-
dén u méné nez 10 % pripadi skoliotickych deviaci, pric¢emzZ incidence u jednotlivych neu-
romuskularnich onemocnéni byva variabilni. V nékterych pripadech je vSak vyskyt skoli-
6zy znacny, napiiklad u témér 90 % pacientd s Duchennovou svalovou dystrofii byva po-
pisovana skolidza [3, 9]. Skoliotické postiZeni patefe u neuromuskularnich onemocnéni
predstavuje daleko komplexnéjsi problém, ktery se liSi od ,prosté” idiopatické skoliozy.
V tomto piipadé totiZ dochazi k signifikantni progresi skoliotické kiivky, ktera se dale
zhorsuje i po skonceni kostniho riistu. Takto progredujici zakiiveni patere ovliviiuje nejen
pohybovy aparat, ale mohou byt téZce postiZeny i respiracni ¢i kardiovaskularni funkce,
které u jinych typi skoli6z nebyvaji tak vyrazné alterovany. Typicky byva popisovana re-
striktivni plicni porucha, kterd sekundarné vede k rozvoji plicni hypertenze a cor pulmo-
nale chronicum. Vyznamné miiZe byt i naruseni sedu ¢i pohybového stereotypu, které
spolu s bolestmi zad komplikuje béZné denni ¢innosti ¢i oSetfovatelskou praxi. Z tohoto
pohledu predstavuji pacienti s neuromuskularnimi skoliézami nejvétsi vyzvu pro inter-
disciplinarni tym, protoZe konzervativni terapeutické postupy obvykle zpomaluji pro-
gresi kiivky, nicméné u vétSiny pacientli dochazi k dalsimu zhorseni nalezu. Stejné tak
chirurgické techniky jsou i pres znacny pokrok nadale spojeny s vysokou mirou kompli-
kaci [3, 9, 10].

Minoritni typy jsou vzacnéjsi skoliézy, které se rozvijeji sekundarné po draze nebo
v souvislosti s nddorovym postiZenim patere. Patfi sem i tzv. syndromové skoliézy, spo-
jené s nékterymi syndromy, které nejsou primarné neuromuskularni, napriklad v ramci

neurofibromatézy, osteogenesis imperfecta ¢i Marfanova syndromu [11].
12
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2 Lécebné postupy

Jak jiZ bylo uvedeno drive, péce o pacienty trpici skoli6zou by méla zahrnovat inter-
disciplinarni tym. Ten je zpravidla tvoren pediatry, ortopedy, neurology, radiology, psy-
choterapeuty, fyzioterapeuty ¢i protetiky. V dalSich fazich mohou byt souc¢asti multidisci-
plinarni péce také anesteziologické tymy, neurofyziologové, nutri¢ni specialisti ¢i farma-
ceuti, vZdy individualné dle potieb konkrétnich pacientti [3, 12, 13].

Samotna volba terapeutického postupu zavisi na vice faktorech. OSetrujici tym se
rozhoduje dle véku pacienta, velikosti Ci etiologie skoliotické deformity, respektive dle
predpokladu dalsiho zhorsSeni skoliotické deformity patere. Predpoklad nejvétsi progrese
deformity patete je dan obdobim rlistového spurtu, tedy obdobim nejrychlejSiho riistu
pacienta. Naopak v obdobi kostni zralosti, tedy po ukonceni kostniho ristu, jiz neptredpo-
kladame vyznamnou progresi kiivky, tento trend se pohybuje okolo 1 az 2 stupnli rocné.
Toto pravidlo vSak plati pro idiopatické skoliézy a u dalSich typi deformit se jim nelze
absolutné ridit [3, 15].

Ackoli je pristup ke konzervativni, respektive operac¢ni lécbé vzdy individualni a za-
lezi na vice hodnoticich faktorech, existuje vSeobecné uznavané pravidlo pro stanoveni
terapeutického pristupu. Toto pravidlo je ddno urcenim tiZe deformity podle tzv. Cobbova
uhlu a stanovuje -

- dispenzarizaci pacientl spolu s fyzioterapii u kiivek do 20 stupiid,

- fyzioterapii a korzetoterapii v piipadé deformit v rozsahu od 20 do 40 stupiid,

- operacni terapii u progredujicich deformit a deformit nad 40 stupni [3, 14, 15].

Jak vyplyva z vySe uvedeného, jednim z prvnich krokii je stanoveni Cobbova uhlu [3].

13
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2.1 Cobblv uhel

Jednim z nastrojii, pomoci kterého se urcuje tize deformity, respektive se posuzuje
dynamika ktivky v Case, je Cobbiiv dhel. Tato metoda byla poprvé pouZita v roce 1948,
pricemz od roku 1966 je méreni Cobbova thlu doporuceno spolec¢nosti Scoliosis Research
Society (SRS) jako standardni metoda pro kvantitativni analyzu ktivky [16]. Stanoveni
Cobbova uhlu je oproti jinym metoddm hodnoceni preferovano z divodu univerzalni apli-
kace a interpretace, v€etné jeho uziti u nejtézsich krivek [3, 16].

Tento thel je definovan jako dopliikovy tuhel, ktery mezi sebou sviraji dvé kolmice
na roviny prochazejici horni kryci plochou horniho koncového obratle, respektive dolni
kryci plochou dolniho koncového obratle [3]. Schéma stanoveni ukazuje obrazek 1.

Ackoli je tato metoda preferovana, ma své limitace, se kterymi musi pocitat nejen
ortopedicky tym. Zména Cobbova tthlu miiZe byt zpilisobena odliSnym postavenim paci-
enta pri skiagrafii. Stejné jsou popisovany limitace z diivodu chyb pti oznacovani konco-
vych obratl(, respektive rovin krycich ploch [16, 17]. Moderni poloautomatické a auto-
matické pocitacové softwary se snaZzi tyto limitace eliminovat [16].

Obrazek 1

Schéma stanoveni Cobbova tihlu:
Nejprve jsou stanoveny horni a dolni
koncovy obratel, jejichZz odlehlymi
krycimi plochami jsou vedeny roviny.
Na tyto roviny jsou vyvedeny kol-
mice, které mezi sebou sviraji Cob-
biiv tihel [2].

14



INOVACE V ANESTEZIOLOGICKE PECI U SPONDYLOCHIRURGICKYCH VYKONU PEDIATRICKYCH
PACIENTU: VLIV NA PERIOPERACNI PRUBEH A BEZPECNOST

2.2 Konzervativni léCba

Ze vsech diagnostikovanych pripadi skolidz, tedy 2-3 % populace, vyZaduje konzer-
vativni terapii pribliZzné 10 % pacientt. Cile konzervativni terapie vychazeji z ovliviiovani
morfologickych a funkcnich aspektd skoliézy [3, 5, 18]. Oba tyto aspekty cili na zlepSeni

kvality Zivota a jednotlivé dil¢i cile zahrnuji zejména -

zastavit (pripadné zmirnit) progresi kiivky,

1é¢it ¢i pusobit preventivné na alteraci respiracnich funkci,

1éCit Ci psobit preventivné na bolesti patefre,

zlepSit drzenti téla [5, 18].

Jednim z prvnich kroka v ramci aktivniho pristupu k pacientiim se skoliézou je pra-
videlna dispenzarizace. Intervaly, v ramci kterych jsou pacienti pravidelné klinicky sledo-
vani, jsou individualni a mohou se pohybovat okolo 2 az 3 mésicli u zavaznéjsich pripadi
az po intervaly v horizontu let u méné zavaznych a ,stabilnéjsich“ pripadl. V ramci dis-
penzarizace je individudlné dopliiovano skiagrafické vysetieni a dileZitou soucasti bé-
hem observaci je i dostatecna edukace pacientti a jejich zakonnych zastupcti o povaze one-
mocnéni a dynamice stavu [3, 5].

Fyzioterapie, respektive rehabilitacni péce, je dalSim dilezitym aspektem konzerva-
tivni terapie. V soucasné dobé existuji specificka cviceni zamérena na skoliotické defor-
mity, jejichZ cilem je ovlivnit svalové asymetrie. Tedy cviceni kombinujici protahovani
zkracenych svalovych skupin a posilovani ochablych svalii [3, 5]. V zavislosti na motivaci

pacienta a sloZitosti cvicicich pristupti mohou ambulantni fyzioterapeuticka sezeni probi-

hat dvakrat az Ctytrikrat tydné a jsou dopliiovana domacim cvicenim. Dale miize byt

15
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pacientiim nabidnuta intenzifikovana ltizZkova rehabilitace, ktera probiha nékolik tydni
ve specializovaném zdravotnickém zarizeni (rehabilitacni ustavy, sanatoria apod.). Tato
intenzifikovana rehabilitace probiha radoveé nékolik hodin denné. Moderni metody fyzio-
terapie navic vyuZzivaji neurofyziologické modality, které plisobi nejen na muskuloskele-
talni systém, ale také na centralni nervovy systém [3, 5, 18, 19].

Lécba korzetem, respektive ortézou, predstavuje dalSi moznost v ramci konzerva-
tivni terapie. Jejim cilem je zabranéni dalsi progrese deformity patete, tedy terapie ty-
picka pro obdobi kostniho spurtu aZ do dosaZeni kostni zralosti. Stejné tak slouzi korzety
k udrzZeni symetrického postaveni trupu [3, 5]. V soucasné dobé neexistuje standardizo-
vany lécebny protokol pro korzetoterapii. Jsou uzivany rtzné typy korzetd, individualné
dle zvyklosti pracovisté, etiologie Ci tiZe krivky. Mezi nejznaméjsi typy patti korzety Bos-
ton, Charleston, Cheneau, Rosenberger... Podle moznosti pracovisté jsou dnes vyrabény
Lhybridni“ korzety, které kombinuji vyhody jednotlivych vySe uvedenych typi. Nékteré
prace také popisuji moznosti individualné vyrabénych korzett, designovych korzetii po-
moci pocitaCového softwaru a tiSténych na 3D tiskarnach. Pro jejich globalnéjsi vyuziti je
vSak treba vice dat, ktera prokazuji jejich benefit [3, 5, 20-22]. Stejné jako jiné pristupy
konzervativni terapie vyzaduje noSeni korzetli spolupraci a motivaci pacienta. Korzety
totiZ mohou byt noSeny v noci v radu cca 8 az 12 hodin. Jednim z nejcast€ji pouzivanych
typi jsou nocni polohovaci korzety Caen. V indikovanych pripadech je vsak nutna kor-
zetoterapie aZ vreZzimu 23 hodin denné, kdy pacienti ortézu sundavaji prakticky jen
na zakladni hygienu a oSetieni kiiZe [3, 5].

Esencialnim prvkem vSech modalit konzervativni terapie jsou edukace, pravidelné

hodnoceni spoluprace pacientli a pripadné psychologickd podpora. Jejich spolecnym
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cilem je motivovat vSechny zuc¢astnéneé, tedy pacienty i jejich rodice, aby bylo dosazeno co

nejlepsich vysledkd [5, 23].
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2.3 Operacni lécba

Operacni 1é¢ba je vSeobecné indikovana u progredujicich, respektive tézsich kiivek
nad 40 stupni. Dale u deformit, kde je predpoklad dal$iho vyznamného zhorseni z dlivodu
neukonceného kostniho riistu. Ramcové se jedna o 0,1-0,3 % diagnostikovanych piipadi
skolioz [3, 5].

Volba operacni techniky, v€etné operacniho ptistupu, je v dikci ortopeda, ktery se
rozhoduje zejména podle typu a etiologie krivky a véku pacienta. V naprosté vétSiné pri-
padi se voli zadni pristup k pateri. Zadni pristup byva v ramci ranych idiopatickych sko-
li6z vyuZzivan k instrumentaci pomoci rostoucich ty¢i bez kosténé flize. Stejné tak je indi-
kovan u idiopatickych adolescentnich skoliéz ¢i neuromuskularnich skoliéz, kde byva ty-
picky pristupovano k tridimenzionalni korekci patere spolu s instrumentovanou kosté-
nou fuzi. V pripadé neuromuskuldrnich skoli6z ¢asto spolu se spinopelvickou fixaci [3, 24,
25]. V pripadé kongenitalnich skoliéz je zadni pristup volen ke kratké prosté kosténé fuzi
Ci k provedeni hemivertebrektomie s naslednou fuzi 3, 26].

Ptredni operac¢ni pristup je v souCasnosti volen predevsim u jednodussich hrudnich
kiivek, které byvaji oSetfovany modernimi instrumentacemi jako tzv. growth-friendly
metody. Jedna se o vykony z torakoskopického pristupu bez kosténé fuze. V ramci pred-
niho pristupu je typicky vyuzivana selektivni intubace s ventilaci jedné plice, ktera ope-
ra¢nimu tymu vyznamné zlepsuje operacni podminky. Méné Casto je predni pristup vyu-
zivan ke korekci bedernich kiivek ¢i jako sou¢ast kombinovaného zadopiedniho (transto-

rakoretroperitonealniho) pristupu pri korekci torakolumbalnich deformit [3, 24, 27].
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3 Anesteziologicka a pooperac€ni péce

Chirurgicka korekce skoliozy, respektive fuze skoliotické deformity, predstavuje vy-
zvu nejen pro chirurgicky tym, ale také pro anesteziologicky tym. Samotny vykon patri
mezi invazivni operace s vysokym opera¢nim rizikem, at’ uz kvili velkému operacnimu
rozsahu, tak kviili komorbiditdm pacientli nebo specifiklim anesteziologickych postupt
souvisejicich s intraoperacni neurofyziologickou monitoraci (IONM) [1, 28].

Typicky v ramci extenzivniho rozsahu dochazi béhem operace k vySSim krevnim
ztratam, obtiZné hodnotitelné evaporaci tekutin z operacni rany ci ztratam télesné tep-
loty. Komorbidity pacientii mohou byt spojeny se zakladnim onemocnénim, typicky v pri-
padé neuromuskularnich onemocnéni vedoucich ke skoli6ze. Nicméné nékteré komorbi-
dity, které predstavuji vyzvu pro anesteziologicky tym, mohou byt také dlisledkem pro-
grese samotné skolidzy. Pro perioperacni péci jsou vyznamné zejména alterace respirac-
nich funkci, typicky restriktivni plicni porucha, ptipadné z ni vyplyvajici alterace kardi-
ovaskularnich funkci véetné plicni hypertenze ¢i srdecniho selhani [28, 29]. Anesteziolo-
gicky management a specifika souvisejici s korekci skolidzy vyplyvaji zejména z nutnosti
intraoperac¢ni monitorace neurologickych funkci, zpravidla IONM. Anesteziologicky tym
musi ovladat postupy, které minimalizuji vliv anestezie na vybavnost a kvalitu IONM, aby
bylo dosazeno spravné interpretace neurofyziology, respektive opera¢nim tymem pii ne-
dostupnosti neurofyziologii [30, 31].

Na nasledujicich stranach bude anesteziologicky management rozdélen do tri zaklad-
nich etap, tedy predanestetického vySetreni a pripravy, anesteziologické péce a poope-
racni péce [1].
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3.1 Predanestetické vySetreni a optimalizace stavu

Predanestetické vySetreni u pacientli pred operacni korekci skoliotické deformity
vyzaduje komplexni piistup. Cilem je identifikace komorbidit, z nich vyplyvajicich poten-
cidlnich perioperacnich rizik, maximalni mozna optimalizace stavu pacientd, pouceni pa-
cientl a osob blizkych s naslednym ziskanim informovaného souhlasu. Podkladem pre-
danestetického vySetreni je interni predoperacni vysetieni od pediatra véetné klinického
vySetieni a zakladniho laboratorniho vySetteni, u sloZitéjsich pripadi ne starsi nez 14 dnii
pred planovanym terminem operace [32]. Rozsah vySetieni pred zakrokem je prisné in-
dividudlni, nicméné s ohledem na alteraci vice organovych systémi je vhodné zapojeni
tymu riznych zdravotnickych odbornosti. V zavislosti na komorbiditach, klinickém a la-
boratornim ndlezu dopliiujeme ptipravu o vysSetfeni kardiologli, pneumologii, neuro-
logti... [32, 33].

Z hlediska vysetreni organovych systémi, podle pristupu ABCDE, je nutné pii vyset-
reni prvniho systému, tedy dychacich cest (DC), identifikovat pacienty s predpokladem
obtiZzného zajisténi DC [1].Jednd se zejména o pacienty s téZkou deformitou znemozinujici
adekvatni polohovani pred ivodem do anestezie, deformitou zasahujici do oblasti kréni
patere, dale o pacienty s obli¢ejovymi abnormalitami ¢i pacienty s predoperacné nasaze-
nou ,halo-gravity“ trakci. U vSech téchto patologii musi anesteziologové predpokladat ob-
tizné zajisténi DC, které vyzaduje peclivé planovani, pripravu alternativnich pomitcek
k zajisténi DC nebo vyuziti pokrocilejSich postupti dle platnych doporuceni. V rdmci to-

hoto planovani miiZze byt vyuzit predoperacni rentgen patefe pro ziskani zakladnich
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informaci o anatomii DC. MozZnosti je i vyuZiti predoperacniho ultrazvuku k zobrazeni DC
[29, 34-36].

V rdmci systému ,B“ se snaZime ziskat informace o funkci a rezervach respira¢niho
traktu pacientt, které by mohly byt alterovany nejen skoliotickou deformitou, ale také
slabosti pri zakladnim onemocnéni v ramci tzv. syndromovych skolidz. Klicova je identi-
fikace pacientd, u kterych predpokladame problematické odpojeni od umélé plicni venti-
lace po korekci kiivky a zméné tlakovych poméra v hrudnim kosi [37, 38]. Zpravidla se
jedna o pacienty, ktefi jsou jiz pred operaci dependentni na néjaké formé ventilacni pod-
pory, nebo pacienty s nedostatecnou expektoraci, ale také o pacienty s téZkym restriktiv-
nim plicnim onemocnénim. Podle nékterych praci byva tato vyznamna restrikce dana
hodnotou forsirované vitalni kapacity pod 30 aZ 40 % nalezitych hodnot, u pacienti se
svalovou slabosti pak forsirovana vitalni kapacita jiZ pod 50 az 60 % nalezitych hodnot
[38, 39]. U pacientii pfed korekci skoliézy je tak indikovano piredoperac¢ni vySetireni plic-
nich funkci. V pripadé spolupracujicich pacientli idedlné spirometrické vysetieni, dle
mentalniho stavu eventudlné miZeme indikovat polysomnografii s no¢ni kapnografii,
analyzu arterialnich krevnich plynii ¢i vySetfeni maximalnich inspiracnich/expiracnich
tlakl [33, 37, 38, 40, 41]. Rizikovi pacienti jsou ideadlné indikovani k prehabilitaci. Mize
u nich byt zahajen nacvik prace s kaslacim asistentem ¢i neinvazivni ventilaci tak, aby byly
optimalizovany funkce respira¢niho traktu a byl usnadnén pooperacni weaning [1, 39, 41,
42].

Nemoci kardiovaskularniho systému, systému ,C“, mohou byt asociovany zejména
s tézkou plicni patologii ve smyslu restrikce, kdy dochazi sekundarné k rozvoji plicni hy-

pertenze, srdecniho selhani a chronického cor pulmonale. Poruchy srdec¢niho rytmu,
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kardiomyopatie ¢i vrozené vyvojové vady pak byvaji popisovany u pacientd s neuro-
muskularnimi nemocemi [38, 43]. NaSim cilem je identifikovat rizikové pacienty, u kte-
rych hrozi periopera¢ni dekompenzace jejich chronického kardiovaskularniho onemoc-
néni. Elektrokardiografie (EKG) je rutinné indikovana u vSech pacienti. Individualné pak
indikujeme kardiologické vySetreni spolu s transtorakalni echokardiografii, které nam
poskytuje cenné informace pro identifikaci rizikovych pacientli a planovani anesteziolo-
gické péce vcetné stanoveni hemodynamickych cilii [33, 38, 43].

VySetreni neurologem je vyzZadovano k exaktnimu popisu neurologickych funkci
pied kazdou korekci skolidzy. V indikovanych pripadech ndm miiZe navic prinést infor-
mace o samotném neuromuskularnim onemocnénti, v€etné patofyziologie, pripadné infor-
mace o potencialnim riziku rozvoje rhabdomyolyzy ¢i maligni hypertermické krize v pe-
rioperacnim obdobi. Neurologické vySetreni je rovnéz nutné k doporuceni managementu
antiepileptické terapie u pacientti, ktefi maji v ramci zdkladntho onemocnéni epilepsii
[38, 44].

V ramci posledniho kroku pri pismenu ,E = everything else” se zaméfujeme na dalsi
konziliarni a laboratorni vySetieni nad ramec standardniho predopera¢niho vysetieni,
kterd mohou byt zasadni pro pldnovani anesteziologické ¢i pooperacni péce. Patii sem
napriklad identifikace rizikovych pacientli k realimentaci cestou nutri¢nich specialisti
[39, 45]. Soucasti multidisciplinarniho pristupu miize byt i psychologicka podpora paci-
entl a jejich blizkych. Strukturované rozhovory by mély nasmérovat ocekavani ohledné
pribéhu vykonu ¢i pobytu na JIP, v€etné moznych periopera¢nich komplikaci [46].

Dilezitou soucasti predanestetického vySetreni je dlikladné pouceni pacienta, v pri-

padé détského pacienta také jeho zakonnych zastupct, ziskani informovaného souhlasu a
22



INOVACE V ANESTEZIOLOGICKE PECI U SPONDYLOCHIRURGICKYCH VYKONU PEDIATRICKYCH
PACIENTU: VLIV NA PERIOPERACNI PRUBEH A BEZPECNOST

predepsani premedikace s ohledem na zakladni onemocnéni, funk¢ni rezervy a komorbi-
dity pacienta [1, 47].

Jak naznacuji nékteré prace, predoperacni optimalizace rizikovych pacienti vyza-
duje pristup multidisciplindrniho tymu, ktery se snazi identifikovat rizikové faktory u kaz-
dého pacienta. Maximalné mozna kompenzace organovych dysfunkci pacientti se skolio-
tickymi deformitami spolu s prehabilitaci prokazatelné sniZuje incidenci perioperac¢nich
komplikaci [1, 39].

Na zakladé téchto dat vznikla ve FN Brno v roce 2025 multioborova komise pro de-
formity détské patere, kterd se pravidelné setkava u vybranych pripadid pacientd se sko-
liotickou deformitou. Multioborovy tym tvori zdravotnicti pracovnici z ortopedie, détské
neurologie, pediatrie, anesteziologie a radiologie. Tento tym individualné hodnoti rizi-
kové pacienty a zvaZuje rizika vyplyvajici z vykoni a komorbidit proti benefitim
z Uspésné operace. Na zakladé rozhodnuti a pouceni pacientdi, respektive jejich blizkych
¢i zdkonnych zastupct, jsou pacienti pripravovani k opera¢nimu vykonu prostrednictvim
dalsich odbornosti, véetné pneumologt, kardiologi, nutri¢nich specialistii a fyzioterape-

utd.
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3.2 Anesteziologicka péce

Anesteziologicky management je zcela zasadni pro bezpec¢ny priibéh celé operace,
vCetné nasledného pooperacniho obdobi. Pro anesteziologicky tym miiZe predstavovat
vyzvu z mnoha diivodi. Disledna priprava a planovani anestezie v tymu jsou nezbytné
pired kazdym vykonem [28, 38]. Uvod do anestezie se neli$i od jinych operaci, tedy prefe-
rujeme zajisténi intravenézniho vstupu pred samotnym dvodem, idealné v oblasti, kde
byla v ramci premedikace aplikovana topicka anestezie. Po kanylaci periferni Zilni kanyly
(PZK) je standardné preferovan intravenézni tivod do anestezie kombinaci opioidu, hyp-
notika a nedepolarizujiciho svalového relaxans k usnadnéni intuba¢nich podminek. Inha-
la¢ni anestetika se vyuZivaji vyjimecné u nespolupracujicich agitovanych pacientl
bez moZnosti zavedeni intraven6zniho vstupu. Soucasti ivodu do anestezie je i zajisténi
DC, typicky endotrachealni kanylou, v pripadé transthorakalniho pristupu kanylou s moz-
nosti selektivni ventilace jedné plice [28, 36, 38, 48, 49].

Po Uvodu je anestezie vedena v naprosté vétsiné pripadi jako totdlni intravendzni
anestezie (TIVA). Nejcastéji uzivame kombinaci opioidu a propofolu, coZ predstavuje zlaty
standard pti operacich s IONM. Naopak, dal$i davka svalového relaxans neni indikovana
z diivodu nemoznosti vybavit motorické evokované potencidly. Kombinace propofolu a
opioidu miiZe byt doplnéna o néktera koanalgetika, typicky ketamin [30, 31]. Nasledné
probiha standardni zajiSténi a monitorace pacienta. Standardni monitoraci tvoii pulzni
oxymetrie, EKG, neinvazivni monitorace krevniho tlaku. V ramci dal$iho zajisténi je nutna
kanylace druhé PZK s dostate¢nym priisvitem, pfipadné dle stavu periferniho Zilniho sys-

tému, predpokladu komplikovaného weaningu ¢i nutnosti vazopresorické podpory
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kanylujeme pod ,real-time“ ultrazvukovou kontrolou centralni Ziln{ katetr (CZK). U majo-
rity spondylochirurgickych operacnich vykoni je indikovano zavedeni arterialniho kate-
tru (AK) ke kontinualni monitoraci krevniho tlaku, zejména z divodu rizika obéhové ne-
stability ¢i vyznamnéjsi krevni ztraty, piripadné k odbériim v perioperacnim obdobi.
K monitoraci diurézy a hodnoceni tekutinového managementu je pri mnohahodinovém
vykonu doporuceno zavedeni permanentniho mocového katetru (PMK). Soucasti zajiSténi
a monitorace pacienta je i zavedeni teploméru [28, 29, 38]. V ramci rozsifené monitorace
u spondylochirurgickych vykoni vedenych TIVA je doporucovdna také monitorace
hloubky anestezie pomoci elektroencefalografie (EEG). Cilem monitorace EEG krivky je
vyvarovani se prilis hluboké anestezii, ale také minimalizace tzv. bdélé faze v priibéhu
opera¢niho vykonu. Ceska spole¢nost anesteziologie, resuscitace a intenzivni mediciny
(CSARIM) uvadi monitoraci hloubky anestezie u vykont v TIVA, zvla§té v kombinaci
se svalovou relaxaci, jako jeden z aspektii bezpe¢né anestezie [50-52].

Jak jiz bylo uvedeno vySe, propofol a opioid predstavuji zlaty standard pro vedeni
anestezie béhem operace s IONM. Propofol je intravendzni anestetikum, které byva
v ramci spondylochirurgie uzivano jak k uvodu, tak k vedeni celkové anestezie. Jedna se
0 agonistu receptori pro gama-aminomaselnou kyselinu (GABA), ¢imZ dochazi ke zvySeni
propustnosti pro chloridové ionty, nasledné hyperpolarizaci neuronii a itlumu central-
niho nervového systému (CNS) [38, 53]. Pro vykony ve spondylochirurgii je vyhodny ne-
jen z diivodu nejmensiho vlivu na IONM, ale i proto, Ze TIVA vedena s propofolem oproti
jinym zplisobiim anestezie snizuje krevni ztraty, ¢imZ zlepSuje opera¢ni podminky [54].
Farmakokineticky profil propofolu navic zkracuje ¢as do probuzeni a extubace, respektive

zrychluje probuzeni v pripadé tzv. ,wake-up“ testu, tedy perioperac¢niho probuzeni
25



INOVACE V ANESTEZIOLOGICKE PECI U SPONDYLOCHIRURGICKYCH VYKONU PEDIATRICKYCH
PACIENTU: VLIV NA PERIOPERACNI PRUBEH A BEZPECNOST

pacienta s cilem posouzeni motoriky po operaci patere. V neposledni radé sniZuje miru
pooperacni nevolnosti a zvraceni (PONV) [54-56].

Druhou nezbytnou komponentou TIVA je intravenézné podavany opioid. Jednotlivé
opioidy se lisi podle plisobeni na opioidni receptory, analgetického ucinku, ale i délky pti-
sobeni [57]. V soucasné dobé je pro korekci skolioz dominantné vyuZzivan remifentanil,
ktery lze aplikovat jak pro uvod, tak i pro vedeni celkové anestezie. Patfi mezi zastupce
agonistll p-opioidnich receptort s ultrakratkym dcinkem. Jeho dcinnost je srovnatelna
s fentanilem a je asi 100 aZ 200krat silnéjsi nezZ morfin. Jeho nespornou vyhodou, nejen
v oblasti spondylochirurgie, je pritomnost esterové vazby, ktera podléha hydrolyze ne-
specifickymi tkanovymi a plazmatickymi esterazami. Diky tomu neni farmakokinetika re-
mifentanilu zavisla na funkci jater ani ledvin. Tedy bez ohledu na délku infuze a davkovaci
schéma nedochazi k jeho kumulaci a jeho kontext senzitivni polocas je udavan v délce 3
minut [38, 58-60]. Tim je usnadnéno rychlé probouzeni pacientd po mnohahodinovém
operacnim vykonu i v ramci nutnosti provedeni wake-up testu. Remifentanil, stejné jako
ostatni opioidy, jen minimalné ovliviiuje IONM [61-63].

Po inicialnim zajisténi pacientli a nastaveni TIVA je nutné pacienta uvést do polohy
podle operacniho pristupu. Naprosta vétSina vykont se provadi v pronacni poloze z di-
vodu zadniho pristupu operacniho tymu k pateri [24, 25, 28]. Pronacni poloha miiZe byt
spojena s mnoha komplikacemi véetné extrakce zavedenych vstupt, proto je tieba ji vé-
novat adekvatni pozornost, zvlasté v pripadé mnohahodinového vykonu. Pacienti v pro-
naci jsou poloZeni na tzv. ¢tyibodové 1izko, které uvolnuje tlak na dutinu bri$ni a hrudni.
Tim dochazi k redukci tlakd v obou dutinach, coz je dilezité pro zlepSeni srde¢niho na-

vratu, snizeni krevnich ztrat pti sniZeni tlaku v epiduralnich Zilach a zlepSeni ventilac¢nich
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parametrii. Tedy spravna poloha je dtleZita pro obéhovou i ventila¢cni kompenzaci paci-
entli. Neutralni poloha kréni patefe, mirny naklon do ,antitrendelenburgovy” polohy
spolu s kontrolou tlaku na oc¢i jsou nezbytné pro sniZeni rizika poskozeni zraku a slepoty.
Specifické polohovaci pomiicky je nutné aplikovat pod predilekéni mista, zejména oblasti
kolen, nartt, loktd, cela... DileZitou soucasti anesteziologické péce v souvislosti s pronaci
je pravidelna kontrola pacienta, umisténi na ¢tyfbodovém liizku a vypodloZeni predilekc-
nich mist, protoZe v souvislosti s manipulaci operacniho tymu je zvysené riziko iatrogen-
niho poskozeni pacienti [1, 28, 38, 64-66].

V priibéhu anestezie jsou vitalni funkce udrzovany individualné, vzdy s ohledem
na komorbidity a vékovou kategorii pacienta. Nicméné pro zakladni strategii pri nastavo-
vani protektivnich parametri umélé plicni ventilace a pri udrzovani parametra kardi-
ovaskularnich funkci je vhodné vychazet z platnych doporuceni European Pediatric Ad-
vanced Life Support (EPALS) [28, 38, 67]. Obecné miiZzeme fict, Ze cilem by mélo byt do-
saZzeni normoxémie, normokapnie a udrZovani stfredniho arterialniho tlaku minimalné
na desatém percentilu pro prislusnou vékovou kategorii dle doporuceni EPALS [28, 67].
Naopak koncept permisivni hypotenze u skoliotickych vykoni je se zlepSujici operac¢ni
technikou a mensimi krevnimi ztratami opustén. Udrzovani stiedniho arterialniho tlaku
pod desatym percentilem prislusné vékové kategorie se jevi jako velmi rizikové pro po-
tencialni ischémii michy, tedy pod touto hodnotou bychom se dlouhodobé v priibéhu vy-
konu neméli pohybovat [68-70].

Perioperacni obdobi je spojeno s vy$simi krevnimi ztratami a asociovanou koagulo-
patii, predevsim v priibéhu operacniho vykonu. Krevni ztraty souviseji s velikosti ope-

racni rany, poctem operovanych segmentt, délkou operac¢niho vykonu, ale i typem a tizi
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deformity. Neuromuskularni skoliézy jsou prokazatelné spojeny s vy$Simi krevnimi ztra-
tami nejen z vySe uvedenych dlivodi, ale i z dlivodu ridsi kostni tkané [29, 38, 71]. Strate-
gie k redukci krevnich ztrat zahrnuji predoperacni korekci anémie po identifikaci jeji pri-
¢iny, odbér autologni krevni transftize a, dle moZnosti, realimentaci pacient s ipravou
malnutrice. Intraoperacni strategie zahrnuji prevenci a korekci hypotermie, udrZzovani
euvolémie, perioperacni rekuperaci krve s pouzitim , Cell-saveru®, ¢asné vyuziti viskoelas-
tickych metod s cilenou korekci koagulopatie ¢i intravenézni aplikaci antifibrinolytik.
Soucasné prace podporuji podavani kyseliny tranexamové, nicméné neexistuji jedno-
znacna data pro inicialni a naslednou udrzovaci davku [28, 29, 38, 71, 72]. Davkovani ky-
seliny tranexamové se podle dostupnych zdroji lisi, ale dvodni bolus se pohybuje v roz-
mezi 10-30 mg/kg intravendzné, pripadné doplnény o pokracujici kontinualni infuzi
vrozmezi 1-5 mg/kg/h [71, 73-76]. Transfizni trigger byva pro vétSinu pacienti uvadén
vrozmezi hemoglobinu 70-80 g/l, pokud neni nutné individualné posouvat trigger
k vys$$im hodnotam u pacientti s komorbiditami [29, 77].

Dalsi esencialni slozkou anesteziologického managementu je péce o télesnou teplotu
pacientli. Operacni rana predstavuje vyznamny zdroj aniku tepla. Rizikovymi faktory pro
rozvoj hypotermie jsou nizka télesna hmotnost, diagn6za neuromuskularni skoli6zy nebo
vétsi skolioticka krivka [78]. Hypotermie pacienti je asociovana s prodlouzenym meta-
bolismem 1ék{, vy$sSimi krevnimi ztratami, ale i dalSimi pooperacnimi komplikacemi.
U¢innymi postupy vedoucimi k prevenci hypotermie jsou ,prewarming®, aktivni zahtati
pacienta pied uvodem do celkové anestezie, poté aktivni zahfivani pacienta pomoci za-
hiivacich pomtcek aplikovanych na pacienta, ohiivacky tekutin i vyssi teplota operacniho

salu v pribéhu operace [78-80].
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Vyvedeni pacientd z celkové anestezie probiha v naprosté vétsiné pripadi na ope-
racnim sale po skonceni vykonu a nijak zasadné se nelisi od weaningu pacienti po jinych
operacich. Predpokladem je stabilizace respirac¢nich a kardiovaskularnich funkci a nor-
motermie pacienta. Jednim z diileZitych aspektli casného probuzeni pacienta po mnoha-
hodinové operaci je prevence hluboké anestezie prostrednictvim monitorace EEG. Stejné
tak je vhodné pro TIVA vyuzit systém ,Target Controlled Infusion® (TCI). Jedna se o soft-
ware pro cilenou fizenou infuzi ke stabilnimu podavani anestezie v operacnim obdobi a
udrZovani adekvatni hloubky anestezie, ktery tak urychluje vyvedeni z celkové anestezie
[1, 28, 29, 33, 38]. Problematika weaningu rizikovych pacientd, pacienti se svalovou sla-

bosti, je zminéna v kapitole vénujici se pooperacni péci a anestezii pacientli s neuro-

muskularnimi typy skoliéz.
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3.3 Pooperacni péce
Pooperacni péce pacientli po korekci skoliotické deformity je ve vétsiné pripadi,

s ohledem na rozsah, délku i invazivitu operace, smérovana na jednotku intenzivni péce
(JIp) [81].

Jednim z cilli pooperacni péce je bezpecné odpojeni rizikovych pacienti od umélé
plicni ventilace spolu s extubaci, ¢asna identifikace rizika respira¢niho selhani. Aplikace
lokalnich protokold pro weaning pacientli vyuZzivajicich intenzivni dechovou rehabilitaci
i neinvazivni ventilaci prokazatelné zkracuje délku pooperacni umélé plicni ventilace,
Cetnost reintubace ¢i riziko ventilatorové pneumonie [1, 82-85].

Stabilizace kardiovaskularnich funkci u nestabilnich pacienti je dalsim cilem péce,
ktera vyuziva kombinaci klinického vySetreni, EKG, invazivni monitoraci krevniho tlaku,
piripadné pokrocilejsi monitoraci hemodynamiky vcetné echokardiografie. Prostiednic-
tvim téchto modalit by mélo byt dosaZeno stavu euvolémie a adekvatni titrace vazopre-
sorické podpory, kterou se snazime dle vyvoje stavu Casné vysadit [28, 38, 86-88].

V radmci systému ,D = disability” jsou diileZitymi kroky zhodnoceni neurologickych
funkci a 1é¢ba akutni pooperaéni bolesti. Korekce skoliozy je vykon, pri kterém predpo-
kladame vysokou intenzitu bolesti, zejména v prvnich 48 aZ 72 hodinach po operaci.
Pro management akutni bolesti je klicovy koncept multimodalni analgezie, ktera kombi-
nuje nékteré fyzikalni techniky s farmakologickymi. V ramci farmakologickych modalit se
uplatiiuje kombinace neopioid{i, opioidni analgezie, koanalgetik (ketamin, dexmedeto-

midin) a v soucasnosti stale vice techniky regionalni analgezie, at uz ve formé intrathé-

kalni aplikace morfinu ¢i blokady erector spinae plane [38, 89-93].
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Reseni poopera¢nich komplikaci jiZz bylo ¢aste¢né zmin&no v piredchozim textu a
patii sem obtizZné odpojovani od umeélé plicni ventilace, obéhova nestabilita, pooperacni
anémie ¢i akutni bolest. Viibec nejcastéji komplikace v poopera¢nim pribéhu predstavuji
infekéni komplikace, poztratova anémie a poruchy traviciho traktu. OSetiujici tym by tak
mél pravidelné patrat po zndmkach infekce, v€etné rutinnich mikrobiologickych odbéri.
Zpravidla se jedna o infekce mocCového systému, zapaly plic ¢i rané infekce [1, 38, 94-96].
Z poruch traviciho traktu se nejcastéji mlizeme setkat s pooperacni nevolnosti, vomitem

Ci ile6znimi stavy, typicky v souvislosti se zménami nitrobtiSnich pomérii [97-98].
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4 Tematické okruhy habilitaéni prace

Prvni tematicky okruh mé habilitacni prace obsahuje soubor praci, které se vénuji
anesteziologickému managementu pacientli s neuromuskularni skoliézou. Anestezie pa-
cienti s neuromuskularnimi skoliézami predstavuje jeSté vétsi vyzvu nez u pacientl
se skoli6zami idiopatickymi [1, 3, 9, 10]. Kromé vSech drive uvedenych komorbidit a rizi-
kovych faktort spojenych se skoliotickou deformitou a opera¢nim vykonem, je u téchto
pacientii anesteziologicky management komplikovan zakladnim onemocnénim, tedy neu-
romuskularni nemoci [9, 10, 38]. Skolioticka zakriveni jsou u pacientli s neuromuskularni
skoliézou vétsiho rozsahu, tedy i postiZeni dalSich organovych systémi, zejména respi-
raCnitho a kardiovaskularniho, jsou zavaznéjsi. Operace jsou tedy daleko invazivnéjsi,
zpravidla doprovazeny vyznamnéjSimi krevnimi ztratami [33, 38]. V ramci prvniho tema-
tického okruhu byly pouzity prace zahrnujici prehledovy clanek, tri kazuistiky a dvé me-
zinarodni doporuceni vénujici se anesteziologickému managementu pacienttli s extrémné
vzacnymi syndromy.

Druhy tematicky okruh obsahuje soubor praci, které se vénuji anestezii k operacnim
vykonlim s IONM, konkrétné transkranidlnich motorickych evokovanych potencialt
(MEP). Cilem IONM je casna identifikace potencialné reverzibilniho poskozeni CNS, ale i
periferniho nervového systému (PNS). Casn4 identifikace takového poskozeni v priibéhu
operacniho vykonu umoZiiuje zménit operacni postup a tim minimalizovat riziko nevrat-
ného poSkozeni neurologickych struktur. IONM zahrnuje vice modalit, které lze vyuZivat
v pribéhu vykonil s rizikem iatrogenniho neurologického poskozeni, tedy i v pribéhu
operaci skoliotickych deformit. Anestezie miZe nékteré z téchto modalit ovliviiovat, proto
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je nutné u operaci s IONM prizpisobit anesteziologicky management s cilem minimalizo-
vat vliv na vybavnost a kvalitu IONM [30, 31, 99, 100]. Ve druhém tematickém okruhu
budou prezentovany jedna ptivodni prace, dopis redakci a prehledovy ¢lanek.

Treti tematicky okruh se vénuje ovliviiovani krevnich ztrat v periopera¢nim obdobi
prostirednictvim profylaktické aplikace fibrinogenu. Krevni ztraty v priibéhu operace ve-
dou k potrebé podani krevnich transfuzi. Podle zdroje je tato potfeba udavana v roz-
mezi 30-60 % pripadd [101, 102]. Strategie vedouci k redukci krevnich ztrat byly
popsany vyse v kapitole Anesteziologicky management. Nicméné profylaktické podavani
fibrinogenu, jakozto postupu vedouciho ke sniZeni krvaceni u pacientii podstupujicich ko-
rekci skolidzy, zatim nebylo popsano [28, 29, 38]. Treti tematicky okruh obsahuje praci
prezentujici studijni protokol a jednu ptivodni praci.

Predkladané prace predstavuji 10 prvoautorskych praci, respektive 1 praci s pozici
korespondencniho autora, které jsou publikovany v recenzovanych ¢asopisech evidova-

nych v databazi Web of Science (WoS).
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5 Prace vzniklé v souvislosti s anestezii pacientt
s neuromuskularnimi skoliézami

Jak jiz bylo uvedeno vyse, operacni vykon i samotna anestezie pacientd s neuro-
muskularni skoliotickou deformitou mohou predstavovat podstatné tézsi zkousSku
pro cely tym pecujici o tyto pacienty na sale [1, 33, 38]. Tato forma skoliézy vznika v sou-
vislosti s progredujici svalovou slabosti a ztratou svalové postury pri zakladnim onemoc-
néni, pricemz deformita progreduje i po ukonceni kostniho riistu [10, 33, 103].

Alterace vice organovych systémi typicka pro pacienty s neuromuskularni skoli6zou
ovliviiuje jejich management, a to od predoperacni pripravy pres anestezii aZ po poope-
raCni pécCi. Samotna priprava zahrnuje extenzivnéjsi prehabilitaci, v€etné nacviku uZiti ne-
invazivni ventilace, kaslaciho asistenta ¢i konzultace nutri¢nich specialistii. V ramci pre-
danestetického vysetieni je aplikovan komplexnéjsi multidisciplinarni ptistup. Podavani
sedativni premedikace je nutné volit prisné individualné dle organovych dysfunkci,
zejména z dlivodu zvysSené senzitivity viiCi sedaci s rizikem hypoventilace ¢i dechové za-
stavy [10, 21, 33, 38, 39, 46, 104]. Anestezie je zatiZzena vyssi Cetnosti komplikaci vyply-
vajicich z neuromuskuldarniho onemocnéni nebo z diisledki skoliézy. Nékteré syndromy
mohou byt asociovany s oblicejovymi deformitami a predpokladanym obtiZnym zajiSté-
nim DC [1, 10, 33, 38]. Anestezie a operacni vykon zpravidla trvaji déle z divodu delsi a
tézs8i deformity. To spolu s nizsi denzitou kosti u pacientli s omezenou hybnosti signifi-
kantné zvySuje krevni ztraty [29, 38, 71]. Navic celd fada neuromuskularnich onemocnéni
je spojena se zvySenym rizikem Zivot ohrozujicich stavii, maligni hypertermické krize ci

rhabdomyolyzy [105-108]. Stejné tak pooperacni péce je spojena s vyssi mirou infekénich
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komplikaci, prolongovanym a obtiZnym weaningem, obéhovou nestabilitou ¢i pooperacni
anémii s koagulopatii [1, 33, 38, 109].

Ackoliv predstavuje podil pacienti operovanych pro neuromuskularni skoli6zu
méné nez 10 %, jedna se o jednu z nejtéZsich anestezii viibec. Kromé relativné béZnych
neuromuskularnich onemocnéni, jako jsou détska mozkova obrna ¢i myastenia gravis, se
v nasi klinické praxi mizZeme setkat i s extrémné vzacnymi, doposud bliZze nepopsanymi
syndromy. Na zakladé téchto poznatkd a vyzev jsem se rozhodl vénovat problematice
anesteziologické péce pacientll podstupujicich operac¢ni korekci neuromuskularnich sko-
li6z podrobnéji. Jako anesteziolog jsem se i diky tomu v roce 2025 stal clenem tymu mul-

tioborové komise pro deformity détské patere FN Brno.
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5.1 Anesthesia of a patient with congenital cataract, facial dysmorphism,
and neuropathy syndrome for posterior scoliosis: A case report

Prvni kazuistické sdéleni pojednava o anestezii 13leté pacientky k operaci skolio-
tické deformity s extrémné vzacnym neuromuskuldrnim onemocnénim. Nase kazuistika
byla celosvétové teprve druhou kazuistikou popisujici anestezii u tohoto syndromu [1,
110]. Syndrom Congenital cataract, facial dysmorphism, and neuropathy (CCFDN) pred-
stavuje autozomalné recesivné dédi¢né onemocnéni zplisobené mutaci genu CTDP1, po-
prvé popsané vroce 1999 [110, 111].

Dominujici priznaky onemocnéni zahrnuji cetné oblicejové deformity, mentalni re-
tardaci a periferni neuropatii. V nasi publikaci jsme se podrobnéji vénovali provedené
anestezii vedené formou TIVA s bezpecnou kombinaci propofolu a remifentanilu. Dale
byla akcentovana problematika obtiZného zajisténi DC, omezené spoluprace pti opozdé-
ném psychomotorickém vyvoji ¢i specifika vedeni anestezie u syndromii s rizikem rozvoje
rhabdomyolyzy. S ohledem na omezena data jsme v sekci diskuze podrobnéji rozvedli ty-
pické priznaky onemocnéni a z nich vyplyvajici rizika a komplikace pro anesteziologicky
tym. Tato rizika byla porovnana s udaji zminénymi v doposud jediné publikované praci a
na jejich zakladé jsme vytvorili doporuceni pro optimdalni vedeni anestezie u pacientli
s CCFDN syndromem [110, 112].

Popis uspéSné a bezpecné anestezie byl publikovan v ¢asopise World Journal of Cli-
nical Cases (IF 1,1; Q4 v kategorii MEDICINE, GENERAL & INTERNAL dle WoS) v roce

2022 [1, 110].
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BACKGROUND

Congenital cataract, facial dysmorphism, and neuropathy (CCFDN) syndrome is
an extremely rare multiorgan disorder. Characteristics include congenital
cataracts, facial deformation, extremity deformities, and demyelinating neuro-
pathy. CCFDN syndrome is associated with increased risk during anesthesia
including rhabdomyolysis or epileptic seizures. There is a lack of published
information about difficult airways in these patients. Difficult airways during
intubation represent one of the most dreaded anesthesia complications: A "can not
intubate, can not oxygenate" scenario. Presented herein is the first described
successful endotracheal intubation of a CCFDN syndrome patient.

CASE SUMMARY

We report the anesthetic management of a 13-year-old girl with CCFDN
syndrome scheduled for posterior neuromuscular scoliosis correction surgery.
The patient suffered from extensive progressive neuromuscular scoliosis with a
Cobb angle of 83°. Her limitations included neuropathy and a scoliotic curve. This
condition negatively impacted her quality of life. This case reflects the potential
anesthetic complications for posterior scoliosis correction and CCFDN syndrome.
The challenge for our anesthetic team was the limited amount of data about
anesthetic management of this condition. In total, one case report without any

May6,2022 | Volume10 | Issue13 |
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Hudec | et al. Anesthetic management of CCFDN syndrome

data about endotracheal intubation of patients with this condition was available. Endotracheal
intubation in our case was uncomplicated. Another focus of our case was the prevention of
possible complications associated with this syndrome, including rhabdomyolysis and seizures.
Rhabdomyolysis can be triggered by some types of anesthetic agents like suxamethonium or
volatile anesthetics, especially in patients with certain types of myopathies.

CONCLUSION
Adequate understanding of the anesthetic management of CCFDN syndrome can reduce periop-
erative complications and improve patient outcome after surgery.

Key WOrdt CCFDN synd : Neur. 1 liosis; Anesthetic management; Total intravenous
- End heal intubation; Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We report on a rare case of anesthetic management of a patient with congenital cataract, facial
dysmorphism, and ncuropathy (CCFDN) syndrome for posterior neuromuscular scoliosis correction.
Additionally, this case report is unique as it for the first time presents successful endotracheal intubation in
a patient with CCFDN syndrome associated with facial dysmorphism.

Cmn Hudec J, Kosinova M, Prokopova T, hhp0\ ic M, Repko M, Stourac P. Ancsthesia of a patient with

| facial dy phism, and pathy synd for posterior scoliosis: A case report. World J
(‘lm Cases 2022; 10(13): 4207-4213
URL: https://www.wjgnet.com/2307-8960/full'v10/113/4207 htm
DON: https://dx.doi.org/10.12998/wjce.v10.113.4207
INTRODUCTION

Congenital cataract, facial dysmorphism, and neuropathy (CCFDN) syndrome is an extremely rare
multiorgan disorder. It is an autosomal recessive disease with unknown prevalence, described in Roma
ethnicity[1]. The diagnosis is based on clinical examination. Typical abnormalities include ophthalmic
problems like bilateral congenital cataracts, nystagmus, microphthalmia or microcorneae, facnal
dysmorphism with micrognathia, scoliosis or extremity deformities, hypo/demyeli
peripheral neuropathy, and developmental delay[2-6].

CCFDN syndrome is associated with increased risk during anesthesia. Rhabdomyolysis, pulmonary
oedema, inspiratory stridor after anesthesia, or epileptic seizures are described in the literature.
Although there is no literature about difficult airways in these patients, difficult airway management
(DAM) should be expected due to facial dysmorphism and irregular anatomy. There is no convincing
data about an association with malignant hvpcnhcrmia[ 38)

Only one case study was published regarding the thetic man. t of a patient with CCFDN
syndrome. That case inv olved a 9-year-old bov from the Czech Repubhc who underwent surgery at
Birmingham, UK and repeatedly at a younger age in Czech that was not published. In that case, a
laryngeal mask was used for airway management[s].

We report on the first orthopedic case of a 13-year-old girl with CCFDN syndrome for posterior
correction and fusion for neuromuscular scoliosis in which the first successful endotracheal intubation
and anesthesia by total intravenous anesthesia (TIVA) in a major orthopedic surgery on a patient
suffering from CCFDN syndrome is documented.

hno sy

CASE PRESENTATION

Chief complaints
Our patient is a 13-year-old Roma girl (ASA physical status Ill) prepared for T.-L, posterior scoliosis
correction and fusion.

History of present iliness

The patient suffered from mild mental retardation; however, ¢ ication was unhindered. She
walked without support for a distance of approximately 20 m, but had limitation in movement of the
upper extremities due to peripheral neuropathy. Facial dysmorphism was presented by prominent nasal
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philtrum and upper incisors.

The progressive curve of scoliosis limited the possibility of rehabilitation, therefore brace tr t
was not prescribed for our patient. The Cobb angle was 83°.

Previous general anesthesia for cataract operation at the University Hospital in Prague was
uncomplicated. We could not obtain more information about the course of anesthesia used.

History of past iliness
The patient was diagnosed with a patent fc ovale and pul v valve st is, both h dy-
namically insignificant without contraindication to the procedure in the prone position.

Personal and family history
The patient had no significant family history. Rhabdomyolysis, seizure, or CCFDN syndrome was not
present in her family relatives.

Physical examination

The patient's body weight was 45 kg and her height was 136 cm; however, the scoliosis curve reduced
her actual height. Her Mallampati score was 1. The cardiovascular system was not affected and valve
disease was insignificant. Her ASA score was Il

Laboratory examinations
On admission, laboratory test results were within normal limits. There was no abnormality in blood
count, biochemical tests, or coagulation.

Pulmonary functions were dominantly limited by restrictive lung disease (forced vital capacity, 54%;
forced expiratory volume in 15, 62%).

Imaging examinations
Chest X-ray was limited by chest scoliosis and revealed no abnormal lung and heart pathology. Echocar-
diography found hemodynamically insignificant valve di X-ray demonstrated a significant and

progressive scoliosis curve with a Cobb angle 83° (Figure 1).

FINAL DIAGNOSIS

The final diagnosis was extensive progressive neuromuscular scoliosis in a patient with CCFDN
syndrome indicated for surgical correction and fusion.

TREATMENT

Anesthetic management

Total intravenous anesthesia was the preferred anesthesia technique due to the possibility of motor
evoked p ial (MEP) itoring and to minimize the higher risk of rhabdomyolysis described in

these patients that is associated with other types of anesthesia. We prepared two infusion pumps, first
with 1% propofol and a second with remifentanil (4 mg/20 mL).

Along with standard vital sign monitoring, we monitored the bispectral index (BIS) to prevent
propofol overdosing as the patient presented with abnormal body proportions due to the disfigurement
of di We ¢ lated a peripheral IV line G20 before anesthesia induction through which we
performed the total IV anesthesia. For induction, we administered a bolus of 120 mg propofol followed
by the continuous infusion of 3 mg/kg IV after 2 min pre-oxygenation. We gave a single bolus dose of
0.6 mg/ kg rocuronium for intubation relaxation. For analgesia, a remifentanil infusion was used at a
dose of 0.1 pg/kg/min. The patient’s airway was evaluated as having a Cormack-Lehane score of 1
during direct laryngoscopy with a Macintosh blade size of 3. The airway was secured with a cuffed 6.5
mm endotracheal tube on the first attempt. No complications were experienced during either pre-
intubation mask ventilation or intubation.

Post intubation, we targeted the dose of prop and if il to a BIS value between 40-60.
Before MEP monitoring, the patient had no residual neuromuscular blockade (TOF ratio more than
90%). We cannulated a second peripheral IV line G18 and an arterial line G20 for invasive blood
pressure monitoring. A dose of 700 mg tranexamic acid was given IV before the start of the operation
for expected blood loss. The patient was pronated for surgery. Special gel pads were placed to position
the patient to prevent iatrogenic trauma since patients with CCFDN syndrome suffer from osteoporosis

)

and pose a higher risk of iatrogenic trauma. The body temp was maintained between 36.5-34.7 °C
with warming blankets applied on the upper and lower extremities. Total blood loss was 1600 mL (36
mL/kg). We administered blood derivatives based on the thromboel try Its and complete
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Figure 1 X-ray before surgery. Large curve imiting lung functions.

blood count. Perioperative fluid management, considering evaporation from the large wound, was
performed according to pulse pressure variation. The patient received 754 mL. of red blood cells, 200 mL
of purified plasma and 4000 mg of fibrinogen, 3500 mL of balanced crystalloids, and 500 mL of 4%
gelatine. We administered paracetamol 700 mg IV and piritramide 7.5 mg SC prior to the end of the
procedure. No fluctuation in MEP occurred during the duration of the procedure.

The propofol infusion was suspended approximately 30 min before the skin suture with continual BIS
monitoring. Remifentanil continued until positioning to the supine position. We extubated the patient 4
min after positioning. Perioperative rhabdomyolysis or seizures did not develop in our patient.

Postoperative care in the intensive care unit was without cardiorespiratory complications. The
patient’s rehabilitation was uneventful, the surgical wound healed *per primam intentionem". The spine
instrumentation was without dislocation on the control X-ray. The patient recovered without new
neurological deficit and was discharged home on the eleventh day post surgery.

OUTCOME AND FOLLOW-UP
The 6-mo outcome was favorable. The patient arrived with compensated scoliosis and a nearly immeas-
urable curve. The spine instrumentation was sufficient (I'igure 2). There was no new neurological deficit

present. The patient visits a physiotherapist regularly.

DISCUSSION

CCFDN syndrome is a rare multisystem disorder. The most typical abnormalities include ophthalmic
problems, facial dysmorphism, scoliosis, extremity deformities, and hypo/demyelinating symmetric
peripheral neuropathy (lable 1). This syndrome has similar clinical manifestations to Marinesco-Sjogren
syndrome. However, molecular testing revealed that these syndromes are genetically different. The
definitive diagnosis is confirmed by genetic testing. There is a mutation in the CTDP1 gene on
chromosome 18q23 with a homozygous mutation 863+389C>T. Today we know that the best prevention
of the repetition of the disease in affected families is molecular testing of all Roma children with
congenital cataracts[1].

Anesthesiologists usually ge these pati for corrections or ophthalmic operations of
the cataract and rarely for gonad abnormality correction[5]. Only one case report mentions anesthetic
manag, t of these patients for orchidopexy of the patient with CCFDN syndrome where a laryngeal
mask was used for airway management[:]. We report the first case of successful, uncomplicated
endotracheal intubation of a patient with CCFDN syndrome without need of using any special
equipment for DAM. Anesthesiologists should always anticipate possible difficult airway management
in patients with facial dysmorphism[?]. A clear plan for airway management is necessary, including
preparation of anticipated equipment in accordance with local or international guidelines for difficult
airway management. In this case, we managed to secure the airway with our first-choice device - a size
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Table 1 The most frequent clinical signs and symptoms of congenital cataract, facial dysmorphism, and neuropathy syndrome and
associated possible anesthetic complications

Clinical sign Possible anesthetic complication
Cataract latrogenic eye damage

Microcorneae latrogenic eye damage
Microphthalmia latrogenic eye damage

Malar proméinence Difficult airway management
Micrognathia Difficult airway management
Prominent upper incisars Difficult airway management
Prominent nasal philtrum Difficult airway management
Cervical spine abnormality Difficult airway management
Development delay Limited coop for invasive p d
Peripheral neuropathy Rhabdomyolysis

Scoliosis Restrictive lung discase
Osteoporasis latrogenic injury

DOI: 10.12998/wicc.v10.113.4207 Copyright ©The Author(s) 2022.

Figure 2 X-ray 6-mo after surgery. Instrumentation in correct position.
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6.5 mm cuffed endotracheal tube.

Scoliosis is one of the most frequent deformities in patients with neuromuscular disease. The effect of
scoliosis is complex with multiorgan involvement, greater than just the motor system of the patients
affecting daily care, walking, and sitting. Other systems have secondary involvement, dominantly the
cardiovascular and respiratory systems depending on the curve's severity and progression[-13].
Perioperative care during posterior scoliosis procedures is unique due to the patient’s prone positioning,
evoked potential monitoring[9], higher blood loss, body temperature loss, and increased evaporation
from the large wound[10). Positioning, especially in patients with CCFDN syndrome, is complicated
from peripheral neuropathy with osteoporosis. There is a higher risk of iatrogenic injury with these
patients, therefore the manipulation and positioning must be done with extreme care[11]). TIVA is the
preferred method for procedures with MEP monitoring[12]. Non-depolarising muscle relaxants should
be used only during intubation. Another dose of relaxant is contraindicated to enable MEP monitoring.
Neuromuscular blockade monitoring is strictly reccommended when non-depolarising muscle relaxants
are used. The blockade can be prolonged in patients with a neuromuscular disease like CCFDN
syndrome, therefore rocuronium is preferred as the antidote sugammadex can be used to suspend
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muscle relaxation to avoid prolonged ular blockade[13,14]. Evoked potentials can be altered,
and the amplitudes can be lower in CCFDN syndrome with progressive peripheral neuropathy. The
adequate depth of anesthesia excludes the adverse effect of deep anesthesia on MEP reproducibility
[15]. We decided to avoid volatile anesthetics as the risk of rhabdomyolysis and malignant
hyperthermia is elevated with those agents. The association with malignant hyperthermia is unlikely
from the different gene locations of CCFDN syndrome and malignant hyperthermia[5). Rhabdomy-
olysis presents an acute crisis associated with exposure to suxamethonium or volatile thetics and it
is known as “anesthesia-induced rhabdomyolysis.” Rhabdomyolysis may present as sudden
bradycardia with peaked T waves on ECG or cardiac arrest. Hyperkalemia and raised creatine kinase
levels are present, especially in patients with ular di [1]. Myoglobinuria monitoring is
used to detect rhabdomyolysis postoperatively. Controlled awakening, especially in patients with a
neuromuscular disorder, can reduce the length of mechanical ventilation required for anesthesia.
Managing the depth of anesthesia according to BIS value can shorten the awakening from general
anesthesia[5]. The dose of propofol and ify il was d b) targehng admnmstranon to BIS
values from 40 to 60. The patient was extubated 4 min after pc g Regional
analgesia in patients with CCFDN syndrome is described in lhe llleratum['«l. however, the mental status
of the patient is of grave concern during regional anesthesia of a developmentally delayed patient.
Regional blockade is preferably combined with general anesthesia, especially in children with
development delay[16]. There is no specific access or contraindications for regional anesthesia in
patients with CCFDN syndrome although there can be anatomical abnormalities due to peripheral
neuropathy and contractions. Ultrasound-guided regional anesthesia is the method of choice. In this
case, the large extent of the procedure from T to L, and the risk of local anesthetic toxicity prevented the
use of regional analgesia techniques. Postoperative care depends on the patient's comorbidities and the
type of surgery. There is a higher risk of postoperative complications as prolonged neuromuscular
blockade or respiratory insufficiency are potential complications. Intensive care of the patient is
indicated after prolonged or high-risk surgeries. These patients will profit from early mobilization and
rehabilitation[14].

Anesthesia for posterior scoliosis correction can be challenging for thesia and the orthopedic
team. In this case, the anesthesiologist should know specifics for posterior scoliosis correction and
CCFDN syndrome. TIVA and reported perioperative management with safety measures respecting the
specifics of both the patient and procedure helped reduce risks described in the CCFDN syndrome and
provided early recovery of our patient from the procedure.

CONCLUSION

A rare case of anesthetic management of a patient with CCFDN syndrome undergoing general
anesthesia for posterior neuromuscular scoliosis correction has been described. Understanding this
syndrome eliminates perioperative complications and enables excellent postoperative patient outcome.
The publication of the first successful endotracheal intubation and uncomplicated perioperative
period in major surgery in a patient with CCFDN syndrome is presented. Although airway
management was uncomplicated in the end, DAM should be expected in these patients. It is
recommended that DAM should be anticipated and advanced equip for DAM should be availabl
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5.2 Anesthesia of the Patient with Zhu-Tokita-Takenouchi-Kim (ZTTK)
Syndrome: A Case Report

Druhou kazuistikou z oblasti anestezie pacientli s neuromuskularni skoliézou je pti-
pad 7letého chlapce s extrémné vzacnym ZTTK syndromem [1, 113]. Tento syndrom patii
mezi autozomalné dominantné dédi¢na genetickd onemocnéni, zplisobena mutaci genu
SON, a poprvé byl popsan v roce 2015 [113, 114].

Podobné jako v prvni kazuistice jsme kromé samotného anesteziologického ma-
nagementu popsali a diskutovali typické rysy tohoto vzacného syndromu. Pro ZTTK syn-
drom jsou charakteristické oblicejové dysmorfie, které by mély zvySovat obezretnost
anesteziologického tymu v souvislosti s predpokladanym obtiZnym zajiSténim DC. Dal-
$imi typickymi znaky jsou vrozené vyvojové vady CNS, kardiovaskularniho, gastrointesti-
nalniho ¢i mocového systému. Konkrétné pacient v nasi kazuistice v mladsim véku pod-
stoupil operaci Fallotovy tetralogie, dale byly u pacienta diagnostikovany abnormality
mozku vedouci k mentalni retardaci a centralni hypotonii. VSechny tyto priznaky jsou dis-
kutovany vnaSi publikaci spolu se souvisejicimi anesteziologickymi komplikacemi,
vCetné opatreni k jejich minimalizaci [113, 115].

Popis anesteziologického managementu u pacientli se syndromem ZTTK byl publi-
kovan roku 2022 v ¢asopise Children (IF 2,4; Q2 v kategorii PEDIATRICS dle WoS) [1,

113].
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Abstract: Zhu-Tokita-Takenouchi-Kim (ZTTK) syndrome is an extremely rare multiorgan disorder,
first described in 2015. Nowadays, about 50 patients with ZTTK syndrome have been reported, but
there are no data about management during anesthesia. ZTTK syndrome patients can be indicated for
surgery of musculoskeletal deformations and corrections of cardiovascular or urogenital malforma-
tions. This syndrome can be challenging for the anesthetic team based on the clinical manifestation
of the syndrome. Because there are no recommendations for the management of these patients,
anesthesiologists have to study typical symptoms, anatomy and possible expected changes in patho-
physiology in perioperative period. One of the most dreaded anesthetic complications, the scenario
“can not intubate, can not ventilate” could occur in these patients. The goal of this publication is
to show options for anesthetic and perioperative management of this new rare syndrome with no
published studies about m. t and approach in the perioperative period. The anesthetic team
should choose the safest available approach. We present the first case report of anesthesia of a patient
with ZTTK syndrome, a 7-year-old boy indicated for posterior neuromuscular scoliosis correction
and fusion. This case describes the author’s experiences with anesthetic management and mentions
possible early postoperative complications. Adequate understanding of this syndrome can reduce
perioperative complications and improve patient outcomes after surgery.

Keywords: ZTTK synd ; neuromuscular scoliosis; anesthesia; case report

1. Introduction

Zhu-Tokita-Takenouchi-Kim (ZTTK) syndrome is an extremely rare multiorgan dis-
order, first described in 2015. ZTTK syndrome represents a recent diagnosis, described in
about 50 patients up to this date. Just few articles about ZTTK syndrome were published
from 2015 to 2022, and most of them are focused on describing clinical and molecular
findings. The authors present a unique publication from clinical practice about a patient
suffering from ZTTK syndrome, because there are no published data about the periopera-
tive management of these patients including anesthesia management. It is an autosomal
dominant hereditary disorder, which affects manyorgan systems, caused by a heterozygous
mutation in the SON gene (21g22.11). This mutation leads to abnormal RNA splicing [1-3].
The typical symptoms include intellectual development disorders, seizures, and brain
malformation such ascortex malformation or corpus callosum abnormality. Facial dysmor-
phism includes facial asymmetry with macrocephaly, midface retrusion short philtrum,
or abnormality of the nasal bridge. Musculoskeletal abnormalities are represented by
hypotonia, short stature, skull abnormality, scoliosis or hemivertebrae, rib abnormalities
or joint hypermobility, and contractures. Typical visceral malformations are urogenital
abnormalities such as a horseshoe or unilateral kidney, cardiac abnormalities such as an
atrial or ventricular septal defect, and gastrointestinal abnormalities [4-6]. The occurrence

Children 2022, 9, 869. https:/ /doi.org/10.33%0/ children9060869
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of these symptoms can lead to possible difficulties during perioperative management (IV
line or arterial line cannulation and difficult airway management). Other rarer periop-
erative complications associated with this orphan disease can include the occurrence of
rhabdomyolysis with hyperkalemia. This potentially lethal complication triggered by
suxamethonium or volatile agents is described especially in patients with neuromuscular
diseases [7]. Anesthesiologists have to study and understand these specific problems prior
to any anesthesia performance.

The goal of this publication is to show possible options for anesthetic and perioperative
management of this new rare syndrome with no published studies about management
and approach in the perioperative period. The anesthetic team should choose the safest
available approach to prevent possible adverse events. We present the first case report
about the anesthesia of a patient suffering from ZTTK syndrome.

2. Case Presentations

Our patient is a 7-year-old boy admitted for Ty~Ls neuromuscular scoliosis surgery.
He weighed 14.5 kg, and he was 112 cm high, ASA physical status II1.

The boy was born at full term via Caesarean section due to intrauterine growth restric-
tion. He underwent surgery for Tetralogy of Fallot and another transventricular correction
ata younger age before the ZTTK syndrome diagnosis. Detailed information about past
anesthesia is not available. However, the mother did not mention significant complications.
He had a psychomotor development delay with the central hypotonic syndrome. Magnetic
resonance imaging showed an anomaly of the cortex and thin corpus callosum. He has
suffered from hypopituitarism with hypothyroidism and epileptic seizures since 2020. His
medication included levothyroxine and somatropin, as hormonal substitution, and vigaba-
trin was indicated due to the anamnesis of epileptic seizures. The differential diagnosis
focused on genetic examination with the result of ZTTK syndrome.

He was able to walk with support for a short distance before the surgery. His speech
was limited to a few words. Facial dysmorphism was presented by a small mouth, broad
nasal bridge, and strabismus. Pulmonary functions were limited by a progressive scoliosis
curve. The Cobb angle was 957 (Figure 1). Spirometry was not performed because of
insufficient cooperation. ECG, echocardiography (Normal systolic function with right heart
dilatation, pulmonary valve regurgitation grade III, and mild stenosis of the left branch of
the pulmonary artery), and other cardiovascular findings were without contraindication to
the surgery. According to the endocrinologist’s recommendation, hormone substitution
with hydrocortisone, levothyroxine, and somatropin was administered. The actual EEG
was without epileptic activity on the chronic medication.

In summary, our patient’s typical ZTTK syndrome abnormalities included development
delay, seizures, thin corpus callosum with cortex abnormality, central hypotonic syndrome,
and facial dysmorphism with a small mouth and a broad nasal bridge. Scoliosis was
presented from musculoskeletal abnormalities; heart abnormalities were represented by
Tetralogy of Fallot. Endocrine dysfunction included hypopituitarism with hypothyroidism.

We chose total intravenous anesthesia (TIVA) because of the monitoring of motor
evoked potentials (MEP), unconvincing data about malignant hyperthermia, and the
possible risk of rhabdomyolysis. We used propofol, remifentanil, and cisatracurium for
anesthesia induction. We continued with propofol and remifentanil infusion. Face mask
ventilation was without complications. We evaluated airways with a Cormack-Lehane
score of 1 and secured airways with a cuffed endotracheal tube, size 5.0 mm. There were no
complications with the intubation. After the intubation, we targeted the dose of propofol
(target dose between 5-7 mg/kg/h, respectively, 70-110 mg/h) and remifentanil (target
dose between 0.4-0.5 ug/kg/min, respectively, 360-450 ug/h) to a bispectral index (BIS)
value between 40-60. In addition, the accelerometer was used for neuromuscular blockade
monitoring before the MEP monitoring, and the patient had no residual blockade (TOF
ratio above 90 %).
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Figure 1. X-ray before surgery with progressive scoliosis, Cobb angle 95°.

We turned the patient to the prone position after arterial catheter and central venous
catheter cannulation. The cannulation was ultrasound-guided and uncomplicated. We used
specific gel pads to prevent iatrogenic trauma. Self-warming blankets with warming pads
were applied to upper and lower extremities to prevent hypothermia. Body temperature
was monitored with an esophageal thermometer regularly, and the temperature did not fall
below 35.9 °C. The surgery took 5.5 h. The total dose of propofol was 480 mg and the total
dose of remifentanil was 1350 ug. Total blood loss was about 200 mL (13.3 mL/kg).

We extubated the patient 10 min after turning him back to the supine position. The
inspiratory stridor and desaturation developed after extubation. We administered oxygen
via a face mask and 50 mg of hydrocortisone with sufficient reaction and further normal
peripheral oxygen saturation. The inspiratory stridor duration was about 10 min. Then, the
patient was admitted electively to the ICU. Early postoperative care was complicated by
metabolic alkalosis and hypokalemia due to compensation of the respiratory acidosis after
scoliosis correction. Potassium was substituted intravenously. This condition normalized
over 10 days. Other functions normalized spontaneously. Postoperative pain management
was administered with a combination of non-opioid painkillers, such as paracetamol and
metamizole with a dose of 15 mg/kg IV every 6 h, and opioid therapy with piritramide
with a dose of 0.1 mg/kg SC every 6 h. Regional anesthesia was not administered due
to the large scoliotic curve and the potential risk of local anesthetic toxicity. The rest of
the postoperative care was uncomplicated. Instrumentation was in the correct position
(Figure 2). The patient was discharged home 13 days after surgery.

The 5-month follow-up after the surgery was a favorable outcome for the patient. The
scoliosis was compensated with a nearly immeasurable curve. The spine instrumentation
was in the correct position and the patient was without a new neurological deficit.
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Figure 2. X-ray after surgery with instrumentation in the correct position.

3. Discussion

To the best of our knowledge, there are no data about anesthesia and possible perioper-
ative complications in patients suffering from ZTTK syndrome, a newly described orphan
disease. As this is a newly described rare disease, it is very unlikely that strong data exist
about the perioperative management of ZTTK patients due to the extremely low incidence
in the population. One of the possibilities is the presentation of a rare case report focused
on individual management highlighting the specifics associated with this syndrome. In
this article, we reported expected challenges for the anesthetic team on one case report.

ZTTK patients can be anesthetized for the corrections of the musculoskeletal, urogeni-
tal, or cardiovascular system. Brain abnormalities and psychomotor development delay are
described in most patients. Although there are no specific contraindications for regional
anesthesia, general anesthesia is a method of choice in patients with limited cooperation
and altered mental status [4,5].

There are no data about the risk of rhabdomyolysis or malignant hyperthermia. The
incidence of malignant hyperthermia is unlikely. These two syndromes have different gene
localization (chromosome 19 for malignant hyperthermia and chromosome 21 for ZTTK
syndrome) [8]. However, we decided to avoid volatile agents and succinylcholine. TIVA is
a safe method for the possible risk of rhabdomyolysis. Nondepolarising muscle relaxants
can be used safely. Rocuronium with the available antidote sugammadex is another safe
combination to avoid a prolonged neuromuscular blockade, especially in short surgeries [9].
Neuromuscular blockade monitoring is essential in patients with hypotonia, due to the
risk of residual neuromuscular blockade. Urine myoglobin level monitoring can be used to
diagnose rhabdomyolysis postoperatively [7,10].

Depth of anesthesia monitoring is recommended for TIVA. It shortens the time of
awakening from anesthesia and reduces the risk of sedative overdosing [11]. We targeted
the dose of sedative and opioid to a BIS value of 50 = 10 to prevent overdosing. Due to
proper dosing, we managed to extubate the patient 10 min after positioning him back to
the supine position.

Patients with ZTTK syndrome are of short stature with small hands and short feet. Joint
hypermobility, scoliosis, or contractures are described in these patients [6]. Abnormal body
proportions associated with this syndrome can lead to difficult invasive access cannulation.
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Ultrasound-guided insertion can be helpful, especially if any anatomical deformity is
present. It reduces the incidence of insertion failure [12]. In addition, body disfigurement,
skull abnormalities, and hypotonia can be associated with osteoporosis. The positioning
must be performed extremely carefully because of the higher risk of iatrogenic injury [13].

Mild or moderate facial dysmorphism is presented in all patients. The signs include
facial asymmetry, midface retraction, short philtrum, broad nasal bridge, or small mouth
with a high-arched palate. Dental abnormalities are described in the literature [4]. Although
airway management was not described in the literature, these factors should lead to an
expectation of difficult airway management (DAM). However, we did not have a problem
with face mask ventilation and intubation. Special equipment for DAM should be prepared
before every airway securing [14].

Postoperative care can be burdened by the risk of life-threatening complications in
patients with neuromuscular disease, especially after major or high-risk surgery [15,16].
There is a risk of respiratory insufficiency, prolonged muscle blockade, or a potential risk of
rhabdomyolysis. Vital signs in patients with ZTTK syndrome should be monitored until
stabilization after surgery.

Adequate preparation and understanding of this syndrome can eliminate possible com-
plications and improve postoperative patient outcomes. Possible anesthetic complications
are mentioned in Table 1.

Table 1. The frequent clinical signs and symptoms of Zhu-Tokita-Takenouchi-Kim syndrome and
associated possible anesthetic complications.

Clinical Sign Possible Anesthetic Complication
Facial asymmetry Difficult airway management
Midface retrusion Difficult airway management
Abnormality of the nasal bridge Difficult airway management
Intellectual disability Limited cooperation for invasive procedures
Development delay Limited cooperation for invasive procedures
Neurological abnormality, hypotonia Rhabdomyolysis
Scoliosis Restrictive lung disease
Skull abnormality, contractures Difficult invasive access
Contractures, joint hypermobility Difficult positioning, iatrogenic trauma

4. Conclusions

We describe the first case of anesthetic management of apatient with ZTTK syndrome.
Our patient underwent total intravenous anesthesia for posterior neuromuscular scoliosis
correction and fusion with no major complications. Describing this case and understanding
this syndrome can help anesthetic teams to improve the perioperative management of
these patients.
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5.3 OrphanAnesthesia — doporuceni pro anestezii pacientd s vzacnym
onemocnénim

Vyznamnost naSich dvou kazuistickych sdéleni doklada spoluprace s redaktory pro-
jektu OrphanAnesthesia. Tento ambiciézni projekt byl zaloZen v roce 2005 a v soucasné
dobé se jedna o spoleCnou iniciativu skupiny pro détskou anestezii v ramci Némecké spo-
le¢nosti anesteziologie a intenzivni mediciny, projektu Orphanet a Evropské spolecnosti
pro pediatrickou anestezii (European Society for Paediatric Anaesthesia). Cilem tohoto
projektu je vytvoreni strukturovanych, recenzovanych mezinarodnich doporuceni
pro perioperacni péci pacientti se vzacnymi onemocnénimi. Tato stru¢na doporuceni maji
za cil zvysit perioperacni bezpecnost u pacientli a odrazeji nejlepsi dostupnou evidenci.
VSechna tato doporuceni jsou volné pristupna vanglickém jazyce na webu
https://www.orphananesthesia.eu/en/ a dale jsou publikovana také v casopise Andsthe-
siologie & Intensivmedizin [116].

VySe uvedené dvé kazuistiky byly zpracovany dle struktury OrphanAnesthesia a
v roce 2023 publikovany v ¢asopise Anasthesiologie & Intensivmedizin (IF 0,5; Q4 v kate-

gorii ANESTHESIOLOGY dle WoS) [1,117, 118].
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5.3.1 Anaesthesia recommendations for Congenital cataracts, facial
dysmorphism and neuropathy syndrome
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5.3.2 Anaesthesia recommendations for Zhu-Tokita-Takenouchi-Kim
syndrome
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Anaesthesia recommendations for
Zhu-Tokita-Takenouchi-Kim syndrome

Disease name: Zhu-Tokita-Takenouchi-Kim syndrome
ICD 10: Q87.8
Sy ZTTK sy

Disease summary: Zhu-Tokita-T: Kim (ZTTK) sy is a rare
disease. First cases were mentioned in 2015. mwmhwhmmdhm
Mmmmam)mbmbymmmh
MSONgm(ZIqZZH)Mmuothsm | RNA splic

which are anmmmi\d.xﬂ\gmed
igr andlonow‘

This can be d growth ZTTK
mwmamagm brain lities like
corpus alities, bell alities, seizures, and
gamalhodhypouuFadaldyvmrpmmb by short phil i h
wide nasal bridge, and lities include scoliosis, joint and
muscle contractures, joint hypermobility, visceral mm:m«w

kidney, gastrointestinal malformations, or cardiac disorders like an atrial or ventricular septal
defect.

Patients suffering from ZTTK sy can be for corrections of cardiovascular or
urogenital abnormalities in addition to surgery for musculoskeletal deformations.

MmmnMoﬂmedmwmwmd
mmmmhdﬂwlm g (DAM),
rhabdomyolysis (AIR), or inspiratory stridor Rh
Mmm«:mmlmlm Mhmmsmﬂuhgﬁuna
g should prefer total intravenous anaesthesia
(TIVA), y with nond g my and, avoid volatile anaesthetics and
succinyicholine.
Medicine is in progress
Perhaps new knowledge
a
ry patient is unique
Perhaps the diagnosis is wrong
cFlndmon f i its of ref and patient
olwﬂutlmonOmh:ml m

P Citation: Hudec |, Kosinovd M: Zhu-Tokita-Tak hi-Kit
Aniisth Intensivimed 2023;64:5332-5339. DOI: 10. 19224111101).5132 1

© Anisth Intensivmed 2023;64:5332-5339 Aktiv Druck & Verlag GmbH

60



INOVACE V ANESTEZIOLOGICKE PECI U SPONDYLOCHIRURGICKYCH VYKONU PEDIATRICKYCH
PACIENTU: VLIV NA PERIOPERACNI PRUBEH A BEZPECNOST

www.orphananesthesia.eu

Typical surgery
Typical procedures include musculoskeletal correctk for or ities
deformations, invasive and minimally invasiy cti of cardic slar defects, or
surgical repair of visceral malformations. Patients with develop delay require sedation
for a central venous access or MRI.

Type of anaesthesia

Anaesthesia of patients suffering from Zhu-Tokita-Takenouchi-Kim (ZTTK) syndrome can be
asalmghgfo(almomborsdap«bparmmam Theoretically, general and regional
, only general anaesthesia has been described in the
ltoratumsofar Mommmmmmdwmhmmm

Regional anaesthesia in patients with ZTTK syndrome has no specific contraindications.

Cardiovascular abnormalities can be contraindications when it comes to a neuraxial

blockade. The same applies to mummmmmmwu

madylodealvﬂmﬂn&ﬁteacooporaﬁondpaﬁmtsmﬁu‘ {

‘blocksmalsobednﬂmglngduelo

mmloskmmmwons Ullrasound-navigabd
can imp the rate.

t

General anaesthesia, mﬂdytoulhmmanaesﬂnslaﬁNA)isamemoddm
lnpaoenlswlh,,‘ de delay. Volatile anaesthetics as well as

shaldbaavo‘dedbeauseolmmmblnskdmmabdomyotyﬂsor
WTN&mhmmmmW\gmw&mm has been
described in the literature. The benefit of bination with sug dex in
patbnmmnwanuswlarmhasbemdm This combination allows a
complete recovery from muscle relaxation. The data about the risk of malignant hyperthermia
are not available, however, the association between these syndromes is unlikely. They have
different gene localization (SON gene located on chromosome 21).

Analgosedation has no specific contraindications to this syndrome. This anaesthetic
approach should be considered individually by all members of the perioperative team. The
sedation is unsultable for patients with a lung di due to is, mental
retar or X with the risk of hypoventilation. But then, the potential
benefits must be weighed against the risk of difficult airway management, espedcially in
patients with facial dysmorphism.

N y additional preoperatiy ting (beside standard care)

Trnpabmscasehtstayandmrypedm«ym tial for d g the

of preoperative ily -aladwlhmll—orgm
involvement and anaesthesiok -stsmust 10 mmmMmm
Mvidwlyloidemﬂywdovaswbrpumonaryorvisoeral ders and
deficits.

N ination is a ity, eventually including dewoeneophalogmphyarua
mmmdumwmmm any
specnclherapyneedodtorpatbmssuﬁuhgm”lepﬂcsdmms In addition,
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A i tiin ot Vo Co Weeme

neurological examination can be helpful for juridical reasons in patients with neurological
deficits before surgery.

Electrocardiography is a standard part of the preoperative assessment. Patients with ZTTK
syndrome can suffer from heart disease. Cardiologist examination with echocardiography
should be indicated in patients with heart disease symptoms before high-risk surgery or, in
case of doubts, e.g., a large scoliotic curve with possible pulmonary hypertension.

The evaluation of respiratory functions includes arterial blood-gas analysis by spirometry.
This examination should be considered in patients with altered respiratory functions, for
axamph mmmmmhmmdmwmﬂum

On the other hand, this examination will not be helpful in case
olnomompuampaﬂem&

mwmmmwmmmnmmammmmamm
recommendation of hormone substitution by an endocrinol Magnetic imaging
(ml)mwmmmmnmmumsmmnmme

ventilation. There were no complications with any airway securing method mentioned.

There is no more data about airway securing. Anaesthesiologists must expect possible
difficult airway management (DAM) due to facial dysmorphism in patients with ZTTK
syndrome. Authors recommend preparing the equipment for DAM and devising more
alternative plans for airway securing before every anaesthetic care.

Particular preparation for transfusion or administration of blood products

One case report indicated a relatively high blood loss, about 20% of the total blood volume
during long-time and extensive surgery. No other data about the administration of blood
products are available. Some studies presented a higher blood loss in patients with
neuromuscular disease compared to patients without these . Hence
anaesthesiologists must expect higher blood losses in patients from ZTTK
syndrome with limited mobility and general hypotonia.

Particular preparation for anticoagulation

There are no data on thromboti and the administration of anticoagulation
therapy in the literature. HoweverpmmZTTszdmeoﬁonhavombdmwty
Therefore, the perioperative team should expect a higher risk of thrombotic complications
during the perioperative period and individually consider the potential risk-benefit ratio of
anticoagulation therapy with higher blood loss as compared to thrombosis in low-mobility
patients.
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Particular precautions for positioning, transportation and mobilisation

Pwm&mZﬁKsynamwnmﬁomaMMInymedwm\amumuswhr
disorder, endocri ion, and/or dary osteoporosis. There is often an abnormal
Mymmmawmmhhmmmmmmmmmma
higher risk of iatrogenic damage. We recommend using specific positioning pads and careful,
coordinated positioning of patients with ZTTK syndrome.

Interactions of chronic disease and anaesthesia medications

wnuu\gamumbglsbrphannacdogktwpla\mmmaaugsmsug«y
and in the postoperative period.

Anaesthetic procedure

G | thes lly total in IS sthesia, is the preferred method for a
pauemmammmam The combination of propofol, opioid, and non-

rishgmusdordaxanuwasmdsafdyhapaﬂenthTTKsynGmme Incased
need for muscle relaxation, rocuronium is a preferred rel a pr ]
neuromuscular blockade can be reversed by sugammadex.

On the contrary, depolarising muscle relaxants or volatie anaesthetics should be avoided
due to the potential risk of rhabdomyolysis and hyperkalemia.

There are no specific contraindications for any type of regional anaesthesia. An anaesthetic
team must ider a limited ion in patients with altered mental status. The usual
placas!auwaswoaeoessmbemodfbddmtomed:angodbodypmpomms.pﬂ
contractures, or soouosls l.mrasound-gulded cannulation can significantly reduce

of i access |

Particular or additional monitoring

There is a potential risk of prolonged muscle relaxation in patients with general hypotonia.
The anaesthetic team should always monitor the depth of a neuromuscular blockade.

ive h d) g should be considered in high-risk or more extensive
mmmmumwhmdm&mmﬁnu\d«mmm

TIVA should be administered according to the depth of anaesthesia monitoring. Standard
mamwmbmammupmummmmm
in patients with an ab M g the depth of anaesthesia is helpful, and it
mmmmmdmmla
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Possible complications

Difficult airway management should be expected in patients with facial abnormalities. The
anaesthetic team has to be prepared for this life-threatening complication and have
alternative plans for airway securing, e.g., awake fibre-optic intubation, or have a prepared kit
with invasive techniques ready for securing the airways, such as bougie-assisted
cricothyrotomy.

The inspiratory stridor with desaturation after extubation has been described in the literature.
This complication has been treated as a standard.

There is a potential risk of rhabdomyolysis as well as other neuromuscular disorders,
especially during long-time surgical procedures with a risk of muscle damage. Volatile
anaesthetics or depolarising muscle relaxants should be avoided. Stress factors, like pain,
should be eliminated. The rhabdomyolysis can be detected postoperatively by plasma
creatine kinase and myoglobinuria monitoring.

perative care

Patients suffering from ZTTK syndrome will profit from monitoring in ICUs after surgery,
especially in cases of high-risk or extensive surgery.

Rhabdomyolysis, as a possible postoperative complication, can be diagnosed by dinical
examination in combination with the laboratory results.

Disease-related acute problems and effect on anaesthesia and recovery

Thsraisnodataabomtmridcolmalgnamhypemm There are different gene
localisations in these two d iation b ZTTK syndrome and
malmamhypeﬂhennhlsmlkdy

Other complications and problems are mentioned above.

Ambulatory anaesthesia

Ambulatory anaesthetic care has not been reported. The anaesthetic team should consider
the potentially higher risk in ambulatory care settings for these patients.

Obstetrical anaesthesia

© Anisth Intensivmed 2023;64:5332-S339 Aktiv Druck & Verlag GmbH

64



INOVACE V ANESTEZIOLOGICKE PECI U SPONDYLOCHIRURGICKYCH VYKONU PEDIATRICKYCH
PACIENTU: VLIV NA PERIOPERACNI PRUBEH A BEZPECNOST

www.orphananesthesia.eu

orphananesthe3|a

8t e e ooy
WA st ey U

12

13.

14.

15.

16.

References

Hudec J, Kosinova M. Anesthesia of the Patient with Zhu-Tokita-Takenouchi-Kim (ZTTK)
Syndrome: A Case Report. Children. 2022:9:869. mmmmuyw:mwa-umwsom

Yang Y, Xu L, Yu Z, Huang H, Yang L. Clinical and geneti is of ZTTK synd
caused by SON heterozygous mutation c.394C>T. MolGuntGenormcMsdmIO79951
DOI: 10.1002/mgg3.953. Epub 2019 Sep 26. PMID: 31557424; PMCID: PMC6825855

Kui\aryST Revah-Politi A, Barua S, Ganapathi M, Accogli A, et al. ZTTK syndrome: Clinical

and molecular findings of 15 cases and a review of the literature. Am J Med Genet A.
2021;185:3740-3753. DOI: 10.1002/ajmg.a.62445. Epub 2021 Jul 31. PMID: 34331327;
PMCID: PMC8595531

Dingemans AJM, Truijen KMG, KmJH AbqamZ.FaNmLetal Eshbisrmgmemnaypuc
of ZTTK by of 52 i in SON. E

Human Genet 2022;30:271-281. DOI: 10. 1owu1431-021-oooeo4 Epcb2021$op15

PMID: 34521999; PMCID: PMC8904542

Slezak R, Smigiel R, Rydzanicz M, Pollak A, Kosinska J, et. al. Ph i ion in Zhu-

Tdh—T&umdi&nstmedbydemvmmnMSONm.MdGem

Genomic Med. 2020;8:e1432. DOI: 10.1002/mgg3.1432. Epub 2020 Jul 24. PMID: 32705777,
PMCID: PMC7549597

Yang L, Yang F. AdomvohmrozmunMMmmSONm-mmmzm

Tokita-T Mol Genet G ic Med. 2020;8:1496. DOI:
10.1002/mgg3.1496. EpwzomSep 14. PMID: 32926520; PMCID: PMC7667370
Qui C LS Orta A, M. Pedrero R, Santos Simarro F, Palomares

Bralo M, et. al. Skin and nails abnormalities in a patient with ZTTK syndrome and a de novo
mutation in SON. Pediatr Dermatol 2020;37:517-519. DOI: 10.1111/pde.14113. Epub 2020
Feb 11. PMID: 32045494

Katz JA, M Anesthetk di Curr Opin
Mmdm1730435440 DOI: 10. |097lA000000000000000466 PMID: 28448298
RmF hbnquWoMerA.leoA.OwamRa.u ions for

i Minerva

2013.79 :419-433. Ept.b2013 18 PMID: 23419834

Toll BJ, Samdani AF, Janjua MB, Gandhi S, Pahys JM, Hwang SW. Perioperative
complications and risk factors in neuromuscular scoliosis surgery. J Neurosurg Pediatr
2018;22:207-213. DOI: 10.3171/2018.2.PEDS17724. Epub 2018 May 11. PMID: 20749884

.vaerM BMLKOMmanCmmC'mlm Di

iagnosis,
and Ti P Rep 2017;15:271-282. DOI: 10.1007/511914-
017-0371-2. PMID: 2aszossa

Edler A, Murray DJ, Forbes RB. Blood loss during posterior spinal fusion surgery in patients
with neuromuscular disease: is there an increased risk? Paediatr Anaesth 2003;13:818-22.
DOI: 10.1046/].1460-9592.2003.01171.x. PMID: 14617124

Toll BJ, Samdani AF, Janjua MB, Gandhi S, Pahys JM, Hwang SW. Perioperative
complications and risk factors in neuromuscular scoliosis surgery. J Neurosurg Pediatr
2018;22:207-213. DOI: 10.3171/2018.2.PEDS17724. Epub 2018 May 11. PMID: 20749884

Romero A, Joshi GP. N ! and ia. Muscle Nerve 2013;48:451-60.
DOI: 10.1002/mus.23817. Epub 2013 Jul 27. PMID: 23424048

Gurunathan U, Kunju SM, Stanton LML. Use of sug: in pati with
disorders: a systematic review of case reports. BMC Anesthesiol 2019;19:190-213. DOI:
10.1186/512871-019-0887-3. PMID: 31744470; PMCID: PMC6862738

g GM. A Review of lar Blockade R al. Drugs.
2018.78 1041-1052. DOI: 10.1007/540265-016-0604-1. PMID: 27324403

© Andisth Intensivmed 2023;64:5332-5339 Aktiv Druck & Verlag GmbH

65



INOVACE V ANESTEZIOLOGICKE PECI U SPONDYLOCHIRURGICKYCH VYKONU PEDIATRICKYCH
PACIENTU: VLIV NA PERIOPERACNI PRUBEH A BEZPECNOST

(J .
OrphananestheSIa www.orphananesthesia.eu

S ieiia vt e Caw Mo me

17. Cammu G. Residual Neuromuscular Blockade and P ive P y C i
WMMMRWEWDMM?MNMMMZH-G DOI:
10.1007/s40140-020-00388-4. PMID: 32421054; PMCID: PMC7222856

18. Punj g Y. Phongchi A, B o] gkol N. Bisp | index for improving
amumdaimymd recovery. Coch D Syst Rev 2014;
17:CD003843.D0i: 10.1002/14651858.CD003843.pub3. Update in: Cochrane Database Syst
Rev. 2019; 26;9:CD003843. PMID: 24937564; PMCID: PMC6483694.

© Anasth Intensivmed 2023;64:5332-5339 Aktiv Druck & Verlag GmbH

66



INOVACE V ANESTEZIOLOGICKE PECI U SPONDYLOCHIRURGICKYCH VYKONU PEDIATRICKYCH
PACIENTU: VLIV NA PERIOPERACNI PRUBEH A BEZPECNOST

orphananestheSIa

www.orphananesthesia.eu

Date last modified: November 2022

Authors:

Jan Hudec, Anesthesiologist, Department of Anaesthesiology, Intensive Care Medicine,
University Hospital Brno, Faculty of Medicine, Masaryk University, Brno, Czech Republic

Jan.Hudec@fnbmo.cz
Martina Kosinova, Anesth of Paediatric Anaesthesiology and
Intensive Care Medicine, Uniy Hospltalam Faculty of Medicine, Masaryk University,

Bmo, Czech Republic and Dopanmenl of Simulation Medicine, Faculty of Medicine, Masaryk
University, Brno, Czech Republic

Disclosure The authors have no financial or other competing interest to disclose. This

recommendation was unfunded.
Reviewers:
Petr Stouraé, Anaesthesiologist, Depar of Paediatric Anaesthesiology and Intensive

Care Medicine, University Hospital Brno, Faculty of Medicine, Masaryk University, Brmo,
Czech Republic and Department of Simulation Medicine, Faculty of Medicine, Masaryk
University, Brno, Czech Republic

Sulagna Tina Kushary, Department of Medicine, Columbia University Irving Medical Center,
Vagelos College of Physicians & Surgeons, New York, USA
tiniakushary@gmail.com

Disclosure The reviewers have no financial or other peting interest to discl

© Andisth Intensivmed 2023;64:5332-5339 Aktiv Druck & Verlag GmbH

67



INOVACE V ANESTEZIOLOGICKE PECI U SPONDYLOCHIRURGICKYCH VYKONU PEDIATRICKYCH
PACIENTU: VLIV NA PERIOPERACNI PRUBEH A BEZPECNOST

5.4 Perioperative Management of the Patient With Chromosome 6p
Duplication: A Case Report And a Narrative Review of Literature

Posledni z kazuistik pacientli s neuromuskularni skoliézou pojednava o 9leté divce
s vzacnym genetickym onemocnénim, syndromem duplikace chromozomu 6p [119].
Jedna se o vzacné onemocnéni poprvé popsané v 70. letech 20. stoleti. Doposud bylo u
tohoto syndromu popsano priblizné u 50 pacientii [119, 120].

Mezi typické priznaky tohoto onemocnéni patii nizka porodni hmotnost, mentalni
retardace, obli¢ejové abnormality, vrozené vyvojové vady srdce, mocovych cest nebo sva-
lova hypotonie [119, 121]. V této publikaci jsme se, kromé samotného popisu anestezio-
logického pripadu, zamérili na podrobnou revizi literatury, na jejimz zakladé jsme akcen-
tovali typické priznaky i ndvrh na optimalizaci perioperacni péce o pacienty se syndro-
mem duplikace chromozomu 6p [119]. Oproti vySe zminénym kazuistikdm je tato prace
pojata komplexnéji, véetné pristupu ortopedi, fyzioterapeutli a dalSich zdravotnickych
odbornosti. Na zakladé reSersSe literatury byl rovnéz vytvoren doporuceny postup v ramci
projektu OrphanAnesthesia, nicméné tento postup prochazi recenznim rizenim a v dobé
tvorby habilita¢ni prace nebyl prijat k dalsi publikaci.

Tato kazuistika byla publikovana v ¢asopise Bratislava Medical Journal (IF 1,1; Q2

v kategorii MEDICINE, GENERAL & INTERNAL dle WoS) v roce 2025 [119].
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Abstract

Chromosome 6p duplication syndrome represents a rare genetic disorder. About 50 patients have been described till now. The
syndrome is also called trisomy 6p, and it is clinically characterized by short stature with microcephaly, mental retardation,
congenital heart defects, or kidney tract anomalies. Epileptic seizures and spine deviations have also been described in a few
children. Perioperative management of patients with chromosome 6p duplication can be challenging for all healthcare provid-
ers due to the multiorgan disability of the patients. To our knowledge, we report the first case of comprehensive perioperative
management of patients with chromosome 6p duplication. Our case report is about a 9-year-old girl scheduled for scoliosis
surgery. It discusses individual steps in the preoperative examination, surgery, and postoperative care, including preventing
possible complications. This publication aims to show possible options for comprehensive perioperative management of
patients with extremely rare syndrome because there are no published studies about perioperative management. Understand-
ing the 6p duplication syndrome may improve the patient's outcome in the perioperative period.

Keywords 6p duplication syndrome - Perioperative management - Total intravenous anaesthesia - Scoliosis - Case report

1 Introduction

6p duplication syndrome, also called trisomy 6p, is an
extremely rare genetic disorder. It was first described in the
1970s, and to date, about 50 patients have been reported
worldwide. The actual incidence is unknown [1, 2]. As the
name indicates, this chromosomal aberration is characterised
by an extra genetic material on the short arm of chromosome
6. The duplication usually arises as a balanced translocation,
insertion, or de novo mutation [1-3]. The clinical signs are
variable and depend on the duplicated segment of chromo-
some 6. The typical symptoms include low birth weight,
short stature with disproportionate extremities, microceph-
aly. intellectual disability with speech delay, congenital heart
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defects, or kidney tract anomalies with renal complications.
A prominent forehead and nose bridge. microstomia, thin
lips, small eyes, or ear anomalies characterise microcephaly.
Epileptic seizures, spine deviations, or minor genital anoma-
lies have been described in several children [1-4]. To our
knowledge, about 50 cases of 6p duplication syndrome have
been published. We summarized these cases, clinical find-
ings including, in Table 1.

Perioperative management can be highly challenging
for all multidisciplinary team members who take care of
patients with chromosome 6p duplication. We report the
first comprehensive perioperative management of a patient
with this rare disorder and discuss possibilities for improv-
ing patients” outcomes.

2 Case Report

A 9-year-old girl was admitted to our hospital for elective
scoliosis surgery. She weighed 29 kg, and she was 128 cm
tall. The baby girl was born at 34 weeks gestation via spon-
taneous labour. The pregnancy was complicated by intrauter-
ine growth restriction, the girl weighed only 1795 g. Apgar's
score was 8-9-10. However, she required CPAP for 15 h
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Table 1 Reported cases of 6p duplication syndrome with clinical features (from 1971 to 2023)

Casc  Author Year Phenotypic features

1 Therkelsen et al. [S] 1971 Not applicable

2 Chiyo etal. [6] 1975 Low birth weight, short stature, blepharoptosi bi short bulbous nose, hearing loss,
syndactyly

3 Breuning ct al. [7] 1977 Low birth weight, psych dation, blepharoptosis, small kidncys

4 Cé ctal. [8] 1978 Low birth weight, p, dation, feeding probl micrognathia, cataracts, p ia

5 Bernheim et al. [9] 1979 Psych d. blepharoptosis, high nasal bridge, nystagmus, small mouth, systolic
murmur

6 Rosi ct al. [10] 1979 Low birth weight, psych dation, blepharoptosis, micrognathi

7 Pagano ctal. [11] 1980 Not applicable

8 Ferrando ct al. [12] 1981 Low birth weight, psychomotor retardation, low-set cars, blepharoptosis, high forchead, clinodac-
tyly

9 Edenctal. [13] 1985 Low birth weight, psych dati i phaly. bleph

10 Smithetal [14]) 1985 Low birth weight, small brain, no olfactory bulbs, interventricular scpul defect, no uterus and
vagina

11 Scarbrough ct al. [15] 1986 Mi phaly, blepharoptosis, mild hypertelorism, holosystolic murmur, syndactyly

12 Burdetal [16] 1988 Low birth weight, psych dation, promi forchead, low-set cars, prominent nasal
bridge

13 Lytleetal [17] 1989 Low birth weight, microcephaly, low-set cars, pulmonary stenosis, ventriculoseptal defect, patent
ductus arteriosus

14 Nakajima ct al. [18] 1995 Low birth weight, mi phaly, broad forchead, blepharoptosis, small mouth, atrial septal defect,

15 Rudnik-Schoncborn et al. [19] 1997 Low birth weight, psychomotor retardation, small moulh, low-set cars, muscular hypotonia

16  Rothlisberger et al. [20] 1999 Low birth weight, psydnomo(or retardation, microcephaly, blepharoptosis, abnormal cars

17 Villaetal. [21] 2000 Low birth weight, psych d . sei. microcephaly. narrow forchead. low-ser cars

18 Ngetal [22 2001 Low birth weight, psych dation, promi forchead, mi ia, low-sct cars

19  Giardino et al. [23] 2002 Low birth weight, psychomotor retardation, hypertrophy, strabi proteinuria, reduced b
of glomeruli

20  Dominguez ctal. [2] 2003 Low birth weight, hypotrophy, microcephaly, promi forchead, blepharoptosis, small mouth,
low-set cars

21 Stohler ct al. [24] 2007 Hcaring loss, low-set cars, pulmomry stenosis, atrial septal defect, hydronephrosis

22 Andricux ct al. [25] 2008 Low birth \umghL psych j; y. epicanthus, hypcnclonsrn

23 Bartetal [26] 2011 Psych trach lacia, micrognathia, macrogk ding probl

24 Bernerctal. [27] 2013 Low birth weight, psych dation, blepharoptosis, proteinuria

25  Castiglione ct al. [28] 2013 Psychomotor rcmdanom hcanng loss, heart dcfccts renal dysfunction

26 Varvagiannis ct al. [29] 2013 Psych d. p forchead, micrognathi bi li

27  Yoshimura-Furuhatactal. [4] 2015 Psych dation, hydronephrosis, proteinuria, gl lar sclerosi

28 Jankauskicné ctal. [1] 2016 Lowbinh weight, ys)chomotor retardation, hearing loss, hypotonia, hydrocephal

Y P ia

29  Sivasankaran et al. [30] 2016 Lmvbmh weight, psychomotor rcurdauon. low-set cars, macrocephaly

30  Morinagact al. [31] 2017 Short stature, psych d: pul y is, atrial scptal defect

31  Petermanctal. [3] 2020 Psych dati i i phaly, hydrocephalus, corpus call 2
scoliosis

32 Turkyilmaz et al. [32] 2023 Low birth weight, psychomotor retardation, hearing loss, structural brain anomalies, prominent

forchead, blepharoptosis, low-sct cars, hypothyroidism

due to the grunting and an incubator for eight days dur-  differential diagnosis included magnetic resonance imag-
ing postpartum adaptation. Furthermore, she remained in  ing and endocrinologic examination, which were negative.
the hospital for a feeding disorder with the need for enteral ~ However, genetic testing diagnosed chromosome 6p duplica-
nutrition through a nasogastric tube. tion. Except for the symptoms described above, her clinical

Neurologists have dispensed the patient because of psy-  manifestations were short stature, microcephaly with facial
chomotor development delay. especially gross motor skills, ~ dysmorphism, specifically hypertelorism, a broad nasal
affected speech, and epilepsy treated with valproic acid. The  bridge, a small mouth, and scoliosis with the Cobb angle of
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105° (Fig. 1). Early-onset scoliosis (EOS) is a special group
of spinal deformities, including patients who developed the
deformity before 10 years of age. EOS involves the whole
etiological spectrum of deformities, from idiopathic, con-
genital, and syndromic to neuromuscular curves [33].

Our patient was diagnosed with EOS at six months of
age. The treatment started conservatively, so a brace was
prescribed. The patient tolerated and wore the brace for 15 h
daily: however, a significant progression of the curve was
observed. At the time of surgery, our patient was classified
as 9S4 + p2 according to the Classification of Early Onset
Scoliosis introduced by Williams et al. Considering the
patient’s young age and further predictable progression of
the curve based on the natural history of EOS, surgical treat-
ment was indicated. The goal of the surgery in these patients
is not only to restore normal alignment of the spine but also
to prevent patients from developing Thoracic Insufficiency
Syndrome, which is associated with increased morbidity
and mortality due to cardiovascular deterioration. Most
significant lung and alveolar development occur in the first
ten years of life and is dependent, among other factors, on
the dimensions of thorax cavities, which can be consider-
ably affected by spine and trunk deformity [34). Therefore,
so-called growth-friendly techniques are used at this age.
Non-fusion surgical procedures allow for deformity cor-
rection and, at the same time, further growth of the spine
and trunk, which is crucial for preventing thoracic insuffi-
ciency syndrome. In this case, orthopaedists performed the
modified Shilla technique [35]. If no complications during
growth occur, this patient will undergo just one more sur-
gery after reaching skeletal maturity, which is convenient in

Fig. 1 X-ray before scoliosis surgery, Cobb angle of 105°

@ Springer

comparison to the traditional growing rods technique that
requires multiple surgeries and repetitive general anaesthesia
during childhood.

The preoperative examination included paediatric, cardio-
logic, neurologic, and anaesthetic evaluation. The 12-lead
electrocardiography (ECG) and echocardiography revealed
no structural or functional heart pathology. Spirometry
yielded minimally due to limited cooperation. The chest
X-ray showed no significant pathology on chest organs,
except for the spine deviation. Neurologist examination,
electroencephalography (EEG) included, recommended
the standard administration of the antiepileptic medication
before the surgery because the last focal seizures were three
months ago, and the blood level of acid valproic was in the
recommended range. Lab results were without significant
deviation, liver enzymes and renal functions included. The
previous anaesthesia was uncomplicated, ASA physical sta-
tus was IlI, and the Mallampati score was evaluated as 2.
Atropine, midazolam, and promethazine were administered
PO before surgery as a premedication.

The girl was indicated for scoliosis surgery in the prone
position. We chose total intravenous anaesthesia (TIVA) in
a combination of propofol and remifentanil because of the
motor evoked potentials (MEP) monitoring. Rocuronium,
the non-depolarising muscle relaxant, was administered to
facilitate the intubation. Bag-mask ventilation and endotra-
cheal intubation via direct laryngoscopy were uncompli-
cated, and the anaesthesiologist evaluated airways with a
Cormack-Lehane score of IL. The arterial line for invasive
blood monitoring was cannulated like two IV lines. The
bispectral index (BIS) for depth of anaesthesia monitor-
ing extended the standard vital function monitoring during
anaesthesia, such as ECG, invasive blood pressure, pulse
oximetry, capnography, and body temperature. The anaes-
thesiologist targeted the doses of propofol and remifentanil
to a recommended range of depth of anaesthesia measured
by BIS. The surgeons performed T - Ls scoliosis correc-
tion from the posterior approach. The surgery time was
420 min, and it was successful, without complications. She
received 2000 ml of balanced crystalloids, and the urine
output was 700 ml. The blood loss was 450 ml (15.5 ml/
kg). Tranexamic acid was administered before skin incision
at a dose of 15 mg/kg IV, and red blood cells with fibrino-
gen were administered based on blood count and coagula-
tion test. The MEP monitoring was not suggestive of new
neurological injury development. The acetaminophen was
administered before the end of the surgery. The anaesthe-
siologist weaned from artificial ventilation and extubated
the patient 15 min after the end of surgery. The patient was
admitted to the intensive care unit (ICU), and the respiratory
and cardiovascular functions were stable during admission.

The postoperative care was favourable. No new neuro-
logical deficit was observed postoperatively. The pain was
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well controlled with a combination of opioids and non-
opioid pain medication so the patient could start rehabili-
tating on the first postoperative day. New organ dysfunc-
tion, kidney disease development, seizures, significant lab
results deviation, or infections did not develop. The patient
was transferred to a standard ward on the third postopera-
tive day. Further postoperative care was uncomplicated. The
instrumentation was in the correct position, and the wound
healed per primam intentionem. The patient was discharged
on the seventh postoperative day. The six-month outcome
was favourable, without any complications.

3 Discussion

Chromosome 6p duplication syndrome is a sporadic genetic
disorder. Clinically severe organ disorders associated with
this syndrome can significantly affect the perioperative
period and postoperative outcomes. Due to the lack of
patients, there is no robust data on perioperative manage-
ment. One way to improve these patients' outcomes is to
present case reports. In this article, we describe the first
comprehensive perioperative management and discuss the
challenges expected from this syndrome. The article may
help all members of a perioperative multidisciplinary team
caring for patients with chromosome 6p duplication.

The preoperative assessment should focus on identify-
ing and optimising potential organ dysfunctions. Congenital
heart disease, such as atrial or ventricular septal defects, and
pulmonary stenosis with right ventricular hypertrophy are
some of the common disorders associated with 6p duplica-
tion syndrome. Cardiologists should perform 12-lead ECG
and echocardiography to diagnose potential heart pathol-
ogy [13, 31]. Neurologist examination with EEG should be
indicated in patients with a history of epilepsy to recom-
mend antiepileptics perioperative administration. However,
the neurological exam and other examinations required can
yield minimally due to developmental delay [25]. Renal
involvement, such as glomerulopathy, proteinuria, hydrone-
phrosis, or other congenital urinary tract abnormalities, has
been described in most patients. The monitoring of kidney
functions should be recommended as a standard part of the
preoperative assessment [1, 4].

General anaesthesia with volatile anaesthetics was
described in the literature [31]. We report another possibil-
ity of anaesthesia maintenance, TIVA, possibly with non-
depolarising muscle relaxants administration. Of the most
dreaded complications in anaesthesiology is the scenario
“cannot intubate, cannot oxygenate™. Although uncompli-
cated bag-mask ventilation, successful nasotracheal, and,
at this point, orotracheal intubations have been reported,
the authors recommend being prepared for difficult airway

management due to facial dysmorphism and dental abnor-
malities [31, 36]. Vital function monitoring should be
extended compared to health patients because the anaes-
thetic drugs can significantly affect cardiovascular func-
tions in patients with heart pathology [31]. The authors
recommend invasive blood pressure and BIS monitoring
to titrate the anaesthetics more easily, especially in high-
risk surgeries.

Except for the standard postoperative approach, post-
operative care should closely monitor 6p duplication syn-
drome-associated complications. These complications
include especially a new kidney disease development
or seizure exacerbation. The authors recommend regu-
lar monitoring of renal functions and antiepileptic drug
administration as soon as possible after the surgery [1,
4, 25).

4 Conclusion

We describe the first case of comprehensive perioperative
management of a patient with chromosome 6p duplication.
Our patient underwent posterior scoliosis correction under
total intravenous anaesthesia. In this case, we report the
multidisciplinary approach to managing these patients and
minimizing the complications of the perioperative period.
Describing this case and understanding the syndrome
can help all care team members improve the outcome of
patients with chromosome 6p duplication.
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5.5 Anesthesia and Perioperative Management for Surgical Correction
of Neuromuscular Scoliosis in Children: A Narrative Review

Posledni praci, ktera vznikla v ramci tématu anestezie u pacientii podstupujicich ope-
racni vykon pro neuromuskularni skoliézu, je prehledovy clanek vénujici se komplexné
celé anesteziologické problematice [1, 38].

Jak jiz bylo zminéno vySe, pacienti s neuromuskularnimi syndromy tvori vyznamné
heterogenni skupinu, a to od relativné béznych nemoci aZ po extrémné vzacné syndromy,
perioperacni péce. Interdisciplinarni pristup by mél byt aplikovan jizZ od faze indikace
k opera¢nimu vykonu az do propusténi pacientti domti [1, 33, 38]. V nasi pirehledové praci
se vénujeme jednotlivym etapam anesteziologické péce. Tedy piredoperacni optimalizaci
stavu a pripraveé pacientli s neuromuskularnimi syndromy. Dale samotnému anesteziolo-
gickému managementu. V posledni ¢asti publikace pak identifikujeme specifika a vyzvy,
na které je potieba se zamérit v pribéhu pooperacni péce [1, 38].

Ackoli se jedna o relativné okrajové téma v ramci anesteziologické péce, naSe prace
byla v roce 2023 publikovana v ¢asopise Journal of Clinical Medicine (IF 3,0, Q1 v kategorii
MEDICINE, GENERAL & INTERNAL dle WoS). O prinosu nasi publikace pro klinickou praxi
svédcii pomérné velky pocet citaci, konkrétné v dobé psani této habilitacni prace byl pre-

hledovy ¢lanek citovan jiz 16krat dle databaze WoS [1, 38].
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Abstract: Scoliosis is the most frequent spinal deformity in children. It is defined as a spine deviation
of more than 10” in the frontal plane. Neuromuscular scoliosis is associated with a heterogeneous
spectrum of muscular or neurological symptoms. Anesthesia and surgery for neuromuscular scoliosis
have a higher risk of perioperative complications than for idiopathic scoliosis. However, patients
and their relatives report improved quality of life after the surgery. The challenges for the thetic

team result from the specifics of the anesthesia, the scoliosis surgery itself, or factors associated with
neuromuscular disorders. This article includes details of p thetic evaluation, intraoperative
management, and postoperative care in the intensive care unit from an anesthetic view. In summary,
adequate care for patients who have neuromuscular scoliosis requires interdisciplinary cooperation.
This comprehensive review covers information about the perioperative management of neuromus-
cular scoliosis for all healthcare providers who take care of these patients during the perioperative
period, with an emphasis on anesthesia management.

Keywords: neuromuscular scoliosis; anesthesia; total intravenous anesthesia; children; spondylo-
surgery; spine

1. Introduction

Scoliosis is the most common spinal deformity in children. It is an abnormal lat-
eral deviation of the spine, greater than 10° in the frontal plane. The lateral curvature
is typically in combination with deviation in the sagittal plane (hyper/hypokyphosis or
hyper/hypolordosis) and vertebral rotation [1,2]. The pathophysiological effect of scol-
iosis is complex and multiorgan. Besides musculoskeletal disturbances, cardiovascular,
pulmonary, or psychosocial effects are described [1-4]. Scoliosis is categorized according to
the etiology. The most frequent types include idiopathic (80%), congenital, and neuromus-
cular scoliosis [1,3]. Neuromuscular scoliosis, scoliosis associated with any neuromuscular
syndrome, can be followed by alterations of vital functions by underlying diseases. Pa-
tients are at higher risk of curve progression to a significant deviation, which can lead to
ventilation/ perfusion (V/Q) mismatching, respiratory failure, and cor pulmonale [3,5-7].
The surgical correction of any scoliosis is indicated to prevent curve progression or the
progression of restrictive lung disease. Other indications, espedially in neuromuscular
scoliosis, include improving posture and nursing care. Although there is a higher rate of
perioperative complications in neuromuscular scoliosis surgery, patients and their relatives
report improvements in quality of life after the surgery [7-9].

J- Clin. Med. 2023, 12, 3651. https:/ /doi.ong/10.3390/jem12113651
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Scoliosis surgery is a major surgery associated with a high possibility of serious compli-
cations, particularly in patients with neuromuscular scoliosis. According to our experience,
the management of patients undergoing surgery for idiopathic scoliosis is well described in
many articles. This narrative review is focused on the differences and specifics of pediatric
patients with neuromuscular scoliosis. Our goal is to bring relevant and comprehensive
information to all perioperative team members, such as anesthesiologists, pediatricians,
surgeons, or neurophysiologists, since interdisciplinary cooperation could be crucial for
the patient outcome. We highlight the challenges both in the perioperative management
of scoliosis surgery itself and in high-risk anesthesia for patients with neuromuscular
disease [9-11].

2. Methods

The main limitation for the research was the diversity and rareness of some neuromus-
cular syndromes and the fact that neuromuscular scoliosis correction is a serious surgery but
also a marginal topic requiring specialized care. For this reason, we choose an extended time
frame of 1995-2022. The Google Scholar (https:/ /scholar.google.com, Access time: 1-31
August 2022) [12], PubMed (https:/ /pubmed.ncbinlm.nih.gov/, Access time: 1-31 August
2022) [13], Embase (https:/ /www.embase.com/, Access time: 1-31 August 2022 [14] and
Web of Science databases (https:/ / www.webofscience.com/wos/author/search, Access
time: 1-31 August 2022) [15] were used to search the literature. The aim was to map the
whole perioperative process (preanesthetic assessment, anesthesia, and postoperative care).

We used a combination of terms, such as “anesthesia”, “anesthetic management”, “neu-
romuscular disease”, neuromuscular disorders”, “neuromuscular scoliosis”, “pediatric”.
Besides this, we focus on specific issues in each section of this article.

Preanesthetic assessment Medical Subject Headings (MeSH) terms: “airway manage-
ment”, “respiratory functions examination”, “cardiovascular examination”, “neurological
examination”, invasive access”, “nutrition”, “prehabilitation”.

Anesthesia and intraoperative MeSH terms: “air embolism”, “blood management”,
“intraoperative neurophysiological monitoring”, “malignant hyperthermia”, “orphananes-
thesia”, “perioperative monitoring”, “prone position”, “rhabdomyolysis”, “temperature
management”, “total intravenous anesthesia”, “vital functions monitoring”.

Postoperative care MeSH terms: “intensive care unit”, “postoperative care”, “res-
piratory insufficiency”, “ventilator weaning”, “hemodynamic monitoring”, “emergence
delirium”, “pain management”, “postoperative pain”, “fluid therapy”, “acute kidney in-
jury”, “nutritional support”, “postoperative hemorrhage”, “postoperative complication”,
“postoperative wound infection”, “rehabilitation”.

3. Results
3.1. Preanesthetic Assessment

The preanesthetic evaluation requires a multidisciplinary approach. An integral part
of this assessment is the identification of decompensated functions or organ reserves that
could bring possible perioperative complications and its maximal preoperative optimiza-
tion [9,10]. Anesthesiologists should individually consider the extent of preoperative testing
according to the risks and benefits, scoliotic curvature severity, mental state or physical
status with comorbidities, and type of planned surgical technique. The administration of
pharmaceutical premedication has to be considered individually in patients with neuromus-
cular disorders. There are no precise data about dose restriction; it should be decided with
respect to the neurological status and other associated aspects, such as the vagus stimulator,
Lioresal pump, or severity of lung disease [10,16-18]. We list the specifics of preanesthetic
assessment divided according to the ABCDE approach. This represents a widely respected
approach to seriously ill patients, including the pediatric population. This approach could
be used to anticipate and systematically prevent life-threatening complications [19].
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3.1.1. Airways

Difficult airway management should be expected with a higher rate in patients with
neuromuscular disorders as some syndromes are associated with facial dysmorphism,
abnormal habitus, or limited mobility, especially limited neck mobility [17,19]. Anes-
thesiologists should search for risk factors for difficult airway management during the
preanesthesia visit and prepare for airway securing, including advanced airway techniques
such as video laryngoscopy or awake fiber optic intubation [20-22].

3.1.2. Breathing

The evaluation of respiratory function should be extended to chest X-radiation (X-ray),
peripheral capillary oxygen saturation (SpO;) measurement, and pulmonary function tests
such as spirometry. Chest X-ray can provide information about airway deviations or signs
of recurrent gastric content aspiration [10,18]. Spirometry quantifies the type and severity
of lung dysfunction, typically restrictive lung disease. However, a development delay may
impair the feasibility of spirometry. Severe restrictive lung disease (forced vital capacity
<50% of normal values in patients with muscle weakness and symptoms of hypoventilation,
or forced vital capacity <30% of normal values without muscle weakness) predicts a higher
risk of respiratory complications such as pneumonia or prolonged weaning from ventilatory
support [10,23]. Another method to determine high-risk patients (when spirometry is not
available) is carbon dioxide monitoring during sleeping. However, this method is unreliable
to detect hypoventilation and it is not preferred nowadays. Non-invasive bioelectrical
impedance is available for clinicians. These monitors measure the tidal volume, minute
ventilation, or respiratory rate to detect hypoventilation. It is essential to reduce the risk
of perioperative complications and respiratory failure by optimizing respiratory function.
Prehabilitation in cooperation with physiotherapists and pneumologists can improve
patients” outcomes. This prehabilitation includes preoperative training in non-invasive
ventilation or assisted coughing [23-25].

3.1.3. Circulation

Electrocardiography (ECG) is a standard part of preoperative assessment that can
detect arrhythmias potentially associated with autonomic dysfunction [9-11]. Careful car-
diologist examination with echocardiography is recommended in patients with myocardial
dysfunction, because many neuromuscular syndromes are associated with heart disease,
such as cardiomyopathy, valve disease, congenital heart disease, or limited stress tolerance.
Preoperative cardiologic evaluation should be suggested in patients without myocardial
dysfunction if pulmonary hypertension is suspected [10,20,26,27].

3.1.4. Disability (Neurology)

The neurological examination must provide a precise diagnosis with the known
pathophysiology of a neuromuscular disorder. It helps with individualized anesthesia
planning, which should reduce the risk of many anesthetic complications (see below). Exact
neurological status description is suitable for juridical reasons, in case of postoperative
neurological deficit development [27]. In addition, neurological deficit description helps
with physiotherapy planning [26,27]. Epilepsy is diagnosed more frequently in patients
with neuromuscular disorders [28]. Actual electroencephalography (EEG) should be con-
sidered, and perioperative antiepileptic drug administration must respect neurologist
recommendations, taking into account possible interactions with anesthetic drugs [26,27].

3.1.5. Exposure (Environment)

Signs of difficult invasive access and suitable places for cannulation should be actively
searched for. The signs of difficult access include muscle contractures or abnormal body
proportions [27]. Other specific examinations should be indicated individually, e.g., nutri-
tionists” recommendations in patients with signs of malnutrition [9,29]. Except for standard
blood tests, plasma levels of myoglobin or creatine kinase should be obtained. These
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markers are often altered in patients with neuromuscular disease. However, plasma levels
before surgery are helpful to determine the baseline and monitor these levels” dynamics
after surgery when suspecting rhabdomyolysis development [27,30,31].

3.2. Anesthesia and Intraoperative Management

Anesthesia for neuromuscular scoliosis is a challenge for the anesthetic team. Intraop-
erative management is specific and unique due to neuromuscular disease in children with
its possible associated complications, such as intraoperative neurophysiological monitor-
ing (IONM), high blood loss, patient positioning—typically pronation—fluid shift, long
surgical times, and body temperature loss [10,27,31].

3.2.1. Anesthetic Management

Anesthesia and the choice of anesthetic drugs have to respect the pathophysiological
category of the syndrome. Data on orphan syndromes are scarce. However, anesthesiolo-
gists can obtain information about the syndromes and anesthetic management from internet
sources, e.g., published unique case reports, Orphananesthesia [32]. Total intravenous
anesthesia (TIVA), most often the combination of propofol and remifentanil, is the most
suitable and safe method, especially in the case of IONM. It requires a sufficient intravenous
(IV) line. However, cannulation can be difficult due the joint contractures or abnormal
habitus [33,34]. The indication of a central venous catheter should be considered individu-
ally according to the comorbidities and expectation of the need for vasopressors [10,27].
Ultrasound-guided cannulation can reduce the incidence of unsuccessful attempts and
also increases the safety of the procedure [10,20]. Depth of anesthesia monitoring is rec-
ommended for TIVA to prevent overdosing and shorten the time of awakening after the
surgery [10,18,27].

Non-depolarizing muscle relaxants can be administered safely. The effect of these
drugs is variable, typically prolonged in patients suffering from neuromuscular disorders.
Therefore, any administration of neuromuscular blocking agents should be followed by
monitoring of the depth of neuromuscular blockade [26,27,32]. Rocuronium with available
antagonist sugammadex represents a safe combination to provide complete recovery after
the blockade and allow reliable IONM [35).

Anesthesia and vital functions should be managed individually with consideration
of the age and comorbidities of each patient. The aim of ventilation and oxygenation
is normoxia and normocapnia [9,10]. Anesthesiologists can manage perioperative vital
functions according to vital function levels mentioned in the European Pediatric Advanced
Life Support (EPALS) Guidelines 2021 [36]. The target blood pressure is not strongly
recommended in children during scoliosis surgery. However, some data recommend
maintaining a mean arterial blood pressure (MAP) near 65 mmHg, but approximately
the fifth percentile of the mean and systolic arterial blood pressure for the relevant age
group can be used safely. Transesophageal echocardiography should be considered in
high-risk patients, e.g., patients with myocardial dysfunction or pulmonary hypertension.
In addition, intraoperative transesophageal echocardiography helps to evaluate the volume
status and manage goal-directed fluid therapy [10,33,37].

3.2.2. Neuromuscular Disease and Associated Complications—Malignant Hyperthermia
and Rhabdomyolysis

Perioperative complications in patients with neuromuscular syndrome are observed
at a higher rate compared to patients without neuromuscular disorders [9]. The most
severe complications are malignant hyperthermia (MH) and rhabdomyolysis. Their devel-
opment depends on the pathophysiology category of concrete neuromuscular disease, e.g.,
myopathies represent a high risk for MH or rhabdomyolysis [35].

MH is a syndrome caused by the hypermetabolic response with increased carbon
dioxide production to suxamethonium or volatile anesthetics exposure. Early diagnosis
and treatment with cooling of the patient are essential. It is recommended to use local pro-
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tocols (personalized guidelines with particular locations of, e.g., dantrolene and emergency
numbers) for the treatment of malignant hyperthermia. These protocols should be available
in the operation room, where surgeries for high-risk patients are performed. To manage
the crisis, the elimination of triggers (mentioned anesthetic drugs), hyperventilation with
100% oxygen, treatment of hyperkalemia (calcium administration for membrane stabiliza-
tion, salbutamol, and insulin/glucose administration for kalemia reduction) are necessary.
Dantrolene administration and symptomatic therapy, such as arrhythmia treatment, should
be managed according to the actual guidelines [38-40].

Rhabdomyolysis is a condition associated with muscle damage. Myoglobin, potas-
sium, and creatine kinase are released from the intracellular space [41]. Rhabdomyolysis
was described after succinylcholine or volatile anesthetics exposure as anesthesia-induced
rhabdomyolysis. Moreover, it was reported after muscle injury during a long surgery with
inadequate patient positioning [38,42]. The differential diagnosis of MH can be complicated,
and both syndromes can initially present with similar clinical signs. Rhabdomyolysis is
typical of hyperkalemia, creatine kinase elevation, or myoglobinuria with “cola-colored
urine”. Myoglobinuria can be monitored postoperatively. Therapy has to focus on hyper-
kalemia treatment, hyperventilation with 100% oxygen, the prevention of acute kidney
injury development, volume therapy, and the elimination of triggers [38,41,42].

3.2.3. Intraoperative Neurophysiological Monitoring

IONM represents an important and, in recent years, rising method for neural structure
injury monitoring. Anesthetic management, including oxygenation, ventilation, massive
blood loss, or hypotension, can influence the IONM reproducibility. IONM reproducibility
can be limited in patients with neuromuscular disorders. The anesthetic team has to
create the best conditions for IONM. The most common anesthetic technique is TIVA,
typically in a combination of propofol and remifentanil. This combination is suitable for
patients with neuromuscular disorders and allows early awakening from anesthesia if
surgeons require the wake-up test. Other intravenous agents can be applied considering
their adverse effect profiles and contraindications. Modern trends show the use of ketamine
in combination as a co-analgesic, which reduces the total dose of propofol and remifentanil.
All neuromuscular relaxants interfere with motor evoked potential (MEP) monitoring.
They are administered in the phase of induction to the anesthesia to facilitate airway
securing. Other anesthesiological aspects include maintaining normoxia with normocapnia,
preventing severe hypothermia (more than 2.5 °C from the baseline), and ensuring adequate
blood flow to the spinal cord. This means maintaining normotension during surgery (see
above), namely increasing MAP above 85 mmHg when MEP is decreased. Anesthesiologists
must consider the transfusion trigger to ensure adequate perfusion and oxygenation (see
below) [43,44).

3.2.4. Positioning and Associated Complications

The prone position is the most frequent position for scoliosis surgery to facilitate
access to the spine. This position is associated with several complications caused by raised
intra-abdominal or thoracic pressure. In addition, prone positioning is associated with a
higher risk of postoperative visual loss [45-48].

Patients with neuromuscular disorders can suffer from joint and muscle contractures,
and some syndromes can be associated with low bone density. There is a potential risk
of iatrogenic injury. These conditions represent increased demands for exact positioning.
Correct but considerate prone positioning, respecting joint mobility, and the pressure
distribution on the chest and pelvis decrease the rate of complications. Aside from careful
positioning on the operating room table, the aesthesia team should elevate the upper part
of the body to decrease the intraocular pressure and reduce the risk of visual loss. Other
factors in reducing the risk of postoperative visual loss are avoiding anemia, hypotension
(see above), and preventing venous return obstruction due to malpositioning. Besides
ensuring appropriate positioning before surgery, the anesthetic team should control the
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body position during surgery. The patient may be harmed by manipulation by the operating
team during surgery [45,46].

Advanced cardiopulmonary resuscitation with chest compressions is possible in a
prone position. External cardiac massage may be performed with the palms placed over
the patient’s scapulae. Internal cardiac massage and direct defibrillation were performed
successfully via left posterior thoracotomy in a patient with Duchenne’s muscular dystro-
phy during scoliosis correction in a prone position [48]. However, anesthesiologists should
consider turning the patient to a supine position in the case of a stabilized spine without
prominent orthopedic tools for manipulation with instrumentation (rod pushers, connect
ratchets, downtubes, etc.) [10,47,48).

3.2.5. Blood Loss and Patient Blood Management

Patients with neuromuscular disease are at a high risk of extensive blood loss because
of prolonged and extensive procedures or bones with lower density. Strategies to reduce
blood loss are still being discussed. Antifibrinolytics” effect in reducing blood loss and trans-
fusion administration has been described in scoliosis surgery, especially in patients with
neuromuscular disorders. Tranexamic acid is one of the most widely used antifibrinolytics.
The recommended prophylactic dose is about 15 mg/kg IV. The optimal maintenance dose
is unclear; current data mention infusions of 1-20 mg/kg/h. The risk of adverse events,
thromboembolism included, has not been increased in prophylactic administration during
scoliosis surgery [49-51].

Another means to reduce allogeneic blood transfusion is intraoperative cell salvage
(Cell Saver). The blood is collected from the wound into a reservoir. Red blood cells can be
re-infused to the patient after purification of the collected blood. It is a preferred method,
especially in high-risk patients with neuromuscular disorders and a presumed low bone
density [52,53].

Desmopressin increases von Willebrand factor and factor VIII levels. However, it
does not have an effect in reducing blood loss. Prophylactic administration is not recom-
mended [54].

Protocols for red blood cell transfusion triggers describe the administration of Red
Blood Cells (RBC) at levels between 7 and 8 g Hb/dL. Other coagulation factors should be
administered according to the laboratory or viscoelastic hemostatic assays ideally [54,55).

Patients with neuromuscular disorders or immobilization after extensive surgery, in
combination with a post-surgical inflammatory state, are at a higher risk of deep vein
thrombosis and pulmonary embolism. Early mobilization and mechanical prevention are
recommended. Data on pharmacological prophylaxis are scarce. Low-molecular-weight
heparin administration in the perioperative period until the normalization of the patient’s
condition should be considered after the validation of risk factors [56].

3.2.6. Body Temperature Management

As mentioned above, severe hypothermia, with a decrease in temperature of more
than 2.5 °C from the baseline, interferes with IONM. Patients with neuromuscular disease,
a lower body mass index, or a larger Cobb angle (the angle between the extension line of
the upper and lower end plate of the most inclined vertebral bodies) are at a higher risk of
hypothermia [5]. Other adverse effects include prolonged metabolism of anesthetic agents,
coagulopathy with higher blood loss, and wound or respiratory infections. Preoperative
and intraoperative active warming, or prewarming before surgery, is recommended to
prevent hypothermia in patients with neuromuscular disorders [57,58].

3.3. Postoperative Care
3.3.1. Admission to Intensive Care Unit (ICU)

According to studies, most of the patients require admission to the ICU or pediatric
ICU. However, the decision should be made individually, e.g., the recovery after surgeries
with a duration under 4 h can be, in some cases, manageable at a postanesthesia care
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unit. The possible predicting factors for ICU admission are a low weight, neuromuscular
scoliosis, pre-existing respiratory pathology, and other comorbidities. A higher number
of operated segments or a higher degree of spine curvature is not associated with ICU
admission [59,60].

3.3.2. Airway and Breathing

Patients with neuromuscular scoliosis often suffer from preexisting respiratory dis-
eases such as muscle weakness (e.g., Duchenne’s muscular dystrophy) or restrictive dis-
orders, most often caused by chest deformities, which leads to a risk of postoperative
respiratory failure [61,62]. Facial dysmorphism in some syndromes is associated with
difficult airways. Proper equipment for difficult airway management should be available at
the ICU in case of the need for emergent reintubation. Reintubation or prolonged weaning
is associated with a risk of ventilator-associated pneumonia or tracheal stenosis, so early
successful weaning should be one of the main goals [63]. Bulbar weakness can also be part
of some syndromes and lead to dysphagia, gastric regurgitation, dysphonia, or difficult
expectoration [62]. Protocols for weaning and monitoring diaphragm function can help to
achieve early extubation, leading to better patient outcomes [64,65]. Implementing non-
invasive ventilation into weaning processes in high-risk patients can prevent prolonged
intubation and tracheostomy [62,66-68].

3.3.3. Circulation

Early after the operation, at least ECG, non-invasive blood pressure, and peripheral
oxygen saturation should be monitored. For patients without signs of hemodynamic
instability (hypotension, arrhythmias, altered mental status, low diuresis, etc.), standard
monitoring is sufficient. In cases of hemodynamically unstable patients, invasive blood
pressure should be monitored. Hypotension should be treated with volumotherapy and
vasopressors according to its severity. For the prediction of volume responsiveness in
hemodynamically unstable children, unresponsive to initial fluid therapy, cardiac output
monitoring with echocardiography is recommended if available. Cardiac output could be
monitored also with non-invasive or invasive pulse waveform analysis, although the data
on the use of these methods in children are limited. Central venous pressure monitoring
and central venous oxygen saturation monitoring could provide a more complex view
of the patient’s status and its trend, but these types of monitoring should not be used as
the sole method [69]. In children with pre-existing cardiac disease, transesophageal or
transthoracic echocardiography could be helpful to determine the cardiac contractility,
preload, signs of pulmonary hypertension, or a possible worsening of valvular diseases.
The sources for this topic are rare, and the authors highlight the potential for further
research in this area [9,36].

3.3.4. Disability (Neurology, Analgosedation)

Dexmedetomidine sedation, in patients who require sedation after surgery, decreases
the use of opioids and the risk of postoperative delirium when compared to midazolam [70].

Scoliosis correction is a type of surgery with an anticipated high postoperative pain
level [70-72]. Patients with neuromuscular diseases are at a greater risk of undertreated
pain [71,72]. Undertreated pain could lead to prolonged hospitalization, patient psycholog-
ical trauma, and persistent postoperative pain [71]. The location of the most intense pain
is the surgical wound. For most patients, it becomes tolerable after four days [71-73). For
this time period, the patient should be actively screened for their pain level and sufficiently
treated. Multimodal analgesia should be chosen and started already during surgery to
decrease opioid use. The most frequent opioid during surgery is remifentanil. Remifen-
tanil’s conversion to longer-acting opioids, such as sufentanil or piritramide, is necessary
before the end of the surgery. Postoperative continuous opioid administration by a patient-
controlled analgesia (PCA) pump is the gold standard for patients after idiopathic scoliosis
correction. Neuromuscular scoliosis is sometimes associated with syndromes characteristic
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of mental or severe physical impairments. Depending on the pain severity, the safe and
effective use of PCA delivery may require the assistance of the pediatric patient’s parents
and/or a nurse. Epidural analgesia and regional analgesia (bilateral erector spinae plane
block) initiated at the operating theater reduce postoperative opioid use [71-76]. Epidural
analgesia could achieve better analgesia than PCA. The patient’s neurologic status should
be assessed before the administration bolus of local anesthetics because a sensory or motor
blockade could occur. The risks associated with epidural analgesia do not differ from those
of other surgery types [71,72]. For patients with idiopathic scoliosis, the intrathecal opioid
(most often morphine or sufentanil) administration at the operation theater before the skin
incision is associated with reduced intravenous opioid use during anesthesia and sufficient
postoperative analgesia for the first 24 h. If morphine is lower than 20 ug/kg, the risk
of respiratory depression is not higher than in the intravenous PCA method. Data on in-
trathecal morphine administration are limited in patients with neuromuscular scoliosis [71].
The bilateral erector spinae block in both the single-shot and catheter techniques has been
successfully performed. The maximum dose of local anesthetic per 24 h needs to be re-
spected to avoid systemic toxicity. Continuous wound infiltration seems to be an option for
postoperative analgesia, but more research on this topic is required. Regional analgesia is
often combined with non-steroidal anti-inflammatory drugs (NSAIDs) if needed [70-72,77].
Perioperative and postoperative low-dose ketamine infusion can also be an efficient part
of multimodal pain management [77,78]. The intravenous use of local anesthetics (e.g.,
lidocaine) or gabapentinoids is controversial [70,77]. The indication, timing, and dosing
scheme should undergo further research. The use of glucocorticoids should be explored
more, but a single dose of dexamethasone after surgery seems to reduce the pain level
without a higher risk of infection [70,77].

3.35. Electrolytes

The syndrome of inappropriate antidiuretic hormone secretion (SIADH) can occur
after spinal fusion in neuromuscular and idiopathic scoliosis. The therapy is not different
compared to that for patients without neuromuscular disorders [79].

3.3.6. Fluids (Kidneys)

Acute kidney injury (AKI) was detected in children after spine surgery. Different
stages of AKI were diagnosed in 17% (35 of 208) of patients. The risk factors include
nephrotoxic medications (e.g., aminoglycosides, NSAIDs) and a low amount of fluids
intraoperatively. The management of NSAIDs is often needed in the postoperative period.
However, their administration should be reconsidered daily because NSAIDs reduce
prostaglandin synthesis. This can lead to kidney hypoperfusion or nephritis. Moreover,
other nephrotoxic medication administration risks versus benefits should be reevaluated
every day [80].

3.3.7. Gastrointestinal Tract (GIT) and Nutrition

Preexisting dysphagia or gastroesophageal reflux can be worsened in patients with
neuromuscular diseases. Tests and monitoring of dysphagia before postoperative reali-
mentation can be helpful. Early postoperative nutrition should be started in malnourished
patients prior to surgery. A good nutritional status can reduce the risk of postoperative
infection [81]. Neuromuscular disease is also the leading risk factor for postoperative ileus,
which is more likely in patients with extended bed rest. Monitoring symptoms of ileus (e.g.,
nausea, vomiting, abdomen distension) and early interventions can shorten the length of
the hospital stay [81,82]. The risk of pancreatitis rises in cases of prolonged postoperative
fasting. No cases of pancreatitis with organ failure, shock, or death have been reported.
The impaired mental status or diminished pain due to high doses of analgesics and atypical
clinical symptoms can make diagnostics difficult. Liver enzymes, amylase, and lipase
measurement can help in obtaining a diagnosis. If pancreatitis develops, the standard
treatment should be started immediately [82].
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3.3.8. Hematology

The more significant depletion of coagulation factors is present in patients suffering
from neuromuscular disorders. Routine control of the thrombin time, prothrombin time,
partial thromboplastin time, and fibrinogen in combination with viscoelastic hemostatic
assays should be done in postoperative care. In prolonged postoperative bleeding, ex-
tended tests should be considered (e.g., factor XIII level), and the standard treatment for
coagulopathy should be started [83].

3.3.9. Infections

Infection is a leading complication in postoperative care after scoliosis surgery, with
higher incidence in patients with neuromuscular disease. Urinary infection and pneumonia
are the most frequent infections. The most common causes of urinary infections in hospitals
are urinary catheters. Indications for the insertion and maintenance of urinary catheters
should be reconsidered every day. Proper insertion techniques and maintenance care are a
solution to reduce the risk of urinary infection [84]. The prevention of pneumonia is mostly
the same as in other patients in the ICU. The specifics for patients with neuromuscular
diseases are described above. Patients should also be routinely monitored for signs of
wound infection [85,86]. The prevention of postoperative wound infection does not differ
from standard care for wounds after spinal surgery.

3.3.10. Rehabilitation

Patients with neuromuscular diseases are supposed to have complex physiotherapy.
A very important part of rehabilitation is breathing and coughing exercises because of
the high incidence of preoperative respiratory complications and weak cough. The pre-
rehabilitation should start prior to the surgery to train high-risk patients to breathe with
NIV or use a cough assistant. Chest physiotherapy should be maximized one week prior to
surgery [24].

4. Conclusions

Anesthesia and the perioperative management of pediatric patients for neuromus-
cular scoliosis surgery represent a significant challenge for all healthcare providers. This
heterogeneous team involves surgeons, anesthesiologists, neurophysiologists, pediatri-
cians, nurses, nutritionists, and physiotherapists. Every part of the management should be
adequately planned because of the higher risk of perioperative complications compared
to idiopathic scoliosis. Healthcare providers have to consider all risks arising from the
surgery, anesthesia, and the nature of the disease as a multidisciplinary and individual
approach to each patient can improve the postoperative outcome. Firstly, mentioned data
focus on the maximal optimization of altered functions before surgery and patients " com-
plex multidisciplinary prehabilitation. Secondly, adequate preparation of the anesthetic
management regarding the specifics of neuromuscular syndromes, surgery, or anesthesia
is essential for safety in the perioperative period. Thirdly, postoperative care in the ICU
with adequate prevention, early identification, and treatment of possible complications can
improve the postoperative outcome. All the described steps can lead to improved quality
of life in patients with neuromuscular scoliosis.
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6 Prace vzniklé v souvislosti s anestezii u operacnich
vykonu s MEP

Motorické evokované potencidly predstavuji jednu z modalit IONM. IONM zahrnuje
soubor technik, mezi které radime kromé MEP také EEG, elektromyografii (EMG) a soma-
tosenzorické evokované potencialy (SSEP), respektive zrakoveé i sluchové evokované po-
tencialy (VEP, BAEP). Cilem IONM je posouzeni zachovani integrity CNS ¢i PNS, respektive
Casna diagnostika jejich potencialné reverzibilniho poskozeni béhem operac¢niho vykonu.
Diky c¢asné diagnostice tak minimalizujeme riziko ireverzibilniho poskozeni neurologic-
kych struktur [1, 100]. Kombinace vice technik IONM se vyuziva jako tzv. multimodalni
neuromonitorace. Vramci spondylochirurgie je to zpravidla kombinace SSEP a MEP.
Z dalsich rizikovych vykonti, kromé operaci patere, kde je IONM vyuzZivan, jsou napiiklad
operace aorty. [1, 100, 122, 123].

IONM ve spondylochirurgii, respektive u korekce skoli6z u détskych pacientti, dnes
predstavuje zlaty standard tak, jak jej doporucuje spole¢nost Scoliosis Research Society
(SRS) [124]. Pted rutinni implementaci IONM do klinické praxe byl vyuzivan test probu-
zeni pacienta, tzv. ,wake-up“, ktery vSak neumozZzniuje realné v ¢ase identifikovat neurolo-
gické postizeni, navic vyZaduje spolupraci pacientti a je spojen s rizikem extrakce invaziv-
nich vstupli v pronacni poloze. Proto je dnes vyuzivan pouze v ptipadé, kdy intraoperacni
nalez nekoreluje s nalezem na IONM [125-127].

Multimodalni neuromonitorace, tedy aplikace vice modalit v priibéhu vykonu, je tou
nejlepsi variantou IONM. VyZaduje vSak erudované neurofyziology, kteti jsou celosvétové

velmi omezené dostupni, a proto ne vzdy lze vyuzit vyhody multimodalniho monitoringu.
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[ z tohoto diivodu jsou akceptovatelné jednodussi varianty neuromonitorace, napt. ope-
raCnim tymem rizend monitorace MEP, jak ji pripousti SRS. V tomto pripadé vSak musi byt
neurofyziolog dostupny ke konzultaci pro reSeni perioperac¢nich nejasnosti [1, 124, 128,
129].

Anesteziologicky tym poskytujici anestezii pacientlim v priibéhu operacnich vykonti
s monitoraci MEP musi ovladat anesteziologické techniky, respektive disponovat zna-
lostmi, jak vytvorit optimalni podminky pro monitoraci MEP. Cela rada patofyziologic-
kych vlivii ¢i anestetik totiZ mlZe negativnim zplisobem vyznamné ovlivnit kvalitu snima-
nych MEP, a tim i komfort opera¢niho tymu a v neposledni radé pak bezpecnost pacienta
[1,30,31,100].

Zakladnimi fyziologickymi aspekty, kterymi se ve spondylochirurgii snazime optima-
lizovat podminky pro monitoraci MEP, jsou udrzeni normalni saturace hemoglobinu kys-
likem, respektive normoxémie, a dale normalni ventilace, tedy normoxémie. Dale bychom
méli udrzovat fyziologické funkce pacienta v adekvatnim rozmezi, tedy je treba se vy-
hnout vyznamné hypotenzi, anémii ¢i hypotermii. VSechny tyto aspekty mohou ovliviiovat
perfuzi michy, tedy sekundarné i vybavnost MEP, aniZ by doslo k iatrogennimu poskozeni
neurologickych struktur [1, 30, 31, 130]. Pokud jde o zplisob vedeni anestezie, zlatym
standardem pro vykony s monitoraci MEP je TIVA kombinujici propofol a opioid, typicky
remifentanil. Propofol ze vSech béZné dostupnych anestetik vede k nejmensimu poklesu
amplitudy MEP. To z néj €ini nejrozsirenéjsi anestetikum pro vykony s MEP. Druhou esen-
cidlni sloZzkou TIVA jsou opioidy, které maji jen nevyznamny vliv na kvalitu MEP. Naopak
benzodiazepiny, podobné jako thiopental, vedou k signifikantnimu poklesu amplitudy a

prodlouZeni latence MEP. V kombinaci s prodlouzenym metabolismem tak nejsou
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preferovany pro vykony vyZadujici monitoraci MEP. Ketamin je anestetikum se zcela od-
liSnym mechanismem ucinku, které bylo tisp€Sné uzivano v anestetické davce i jako koa-
nalgetikum s mensim efektem na kvalitu MEP a je tedy vhodnou soucasti TIVA pro vykony

v

s touto monitoraci. Dalsi 1éCiva, ktera nejsou vhodna béhem operacnich vykont s MEP,
jsou inhalacni anestetika a svalova relaxancia. Tato léciva svym myorelaxacnim u¢inkem
vyznamné ovliviiuji kvalitu MEP. Svalova relaxancia je vSak moZné pouZit v ramci ivodu
do celkové anestezie k usnadnéni intuba¢nich podminek, nicméné dalsi davka by neméla
byt podana. Inhala¢ni anestetika by pro sviij silny inhibi¢ni i¢inek na amplitudu MEP ne-
méla byt viibec uzita [1, 30, 31, 130, 131].

Remimazolam je nové 1éc¢ivo ze skupiny benzodiazepinti s ultrakratkym ucinkem. Po-
prvé byl schvalen a ispésné pouzit pro celkovou anestezii v roce 2020 v Japonsku. Vyzna-
Cuje se vysokou afinitou k receptortim pro kyselinu gama-aminomaselnou typu A (GABA-
A), kde vede k hyperpolarizaci membrany [132, 133]. Jednim z prvnich pracovist v Ev-
ropé€, kde byl remimazolam pouzit v ramci celkové anestezie, se stala FN Brno. Do bu-
doucna by remimazolam mohl predstavovat bezpecnou alternativu k ostatnim sedati-
vliim/anestetikiim, ktera kombinuje vyhody farmakodynamickych vlastnosti benzodiaze-
pini a farmakokinetickych vlastnosti remifentanilu. Tedy diky pritomnosti esterové
vazby ve své strukture je rychle hydrolyzovan plazmatickymi esterazami. Od svého schva-
leni byl Uspésné aplikovan jako sedativum ¢i anestetikum, zejména v asijskych zemich.
V Evropé byl schvalovaci proces zpomalen béhem pandemie COVID-19 a jesté nedavno

byl dostupny pouze jako sedativum, v souCasnosti vSak jiz jako anestetikum k celkové

anestezii [132-134].
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Uspésné pouziti remimazolamu u pacientfi podstupujicich operaéni korekci skolio-
tické deformity jsme vroce 2025 prezentovali formou posteru na kongresu CSARIM.
Tento poster ziskal ocenéni za nejlepsi poster v kategorii kazuistik. Nase kazuisticka série
korespondovala se zavéry praci z asijskych zemi, kde byl remimazolam tspésné apliko-
van v ramci vykoni s IONM, vcetné détskych pacientii. Remimazolam tak velmi pravdeé-
podobné poskytuje vhodné podminky pro IONM [135, 136].

Uspésné pouziti remimazolamu, bezpeény a nekomplikovany periopera¢ni priibéh
s Uspésnou monitoraci MEP jsme publikovali v ¢asopise Biomedical Papers-Olomouc (IF
0,8; Q4 v kategorii MEDICINE, RESEARCH & EXPERIMENTAL) v roce 2026. Tato prace

vSak t. ¢. prochazi formalnimi Upravami a autorskou korekturou, z tohoto diivodu nemiize

byt citovana ani dale prezentovana.
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6.1 Zakladni principy anesteziologické péce k perioperacni monitoraci
transkranialnich motorickych evokovanych potencialu

Jednim z prvnich projektii, na ktery jsme se zamérili pri optimalizaci péce o pediat-
rické pacienty podstupujici korekci skoliézy, byla prace vénujici se jednotlivym aspektim
anesteziologické péce a jejich vlivu na kvalitu a vybavnost IONM, respektive MEP [1, 131].
Jak jiz bylo vySe zminéno, spravné vedend anestezie mize zasadnim zplisobem ovlivnit
podminky pro IONM. Erudovany anesteziologicky tym tak diky znalosti této problematiky
vytvari bezpecné prostiedi nejen pro pacienta, ale také pro operacni tym, ¢cimz zvySuje
pocit jistoty tohoto tymu béhem operace. To vSe vyznamné zlepSuje pooperacni outcome
nasich pacientti [1, 30, 31, 131].

V rdmci pochopeni specifik anesteziologické péce jsme se rozhodli pro hlubsi prostu-
dovani této problematiky. V nasi prehledové praci jsme analyzovali jednotlivé typy anes-
tetik a jejich vliv na kvalitu parametriit MEP. Druha ¢ast prehledového ¢lanku se pak véno-
vala aspektiim vnitiniho prostiedi, kterym je pti vykonech s monitoraci MEP tieba véno-
vat zvySenou pozornost. Z analyzy vyplynulo obecné doporuceni o nutnosti vedeni anes-
tezie formou TIVA, kombinaci propofolu a remifentanilu, s pé¢i o vnitini prostiedi
ve smyslu normoxémie, normokapnie, normotermie, euvolémie, bez téZké anémie ¢i hy-
potenze [1, 31, 131]. Na zakladé tohoto clanku byl vytvoren lokalni protokol pro vedeni
anestezie béhem vykonti s IONM.

Piehledovy ¢lanek byl publikovan v ¢asopise Ceska a Slovenska Neurologie a Neu-

rochirurgie (IF 0,5; Q4 v kategorii NEUROSCIENCES dle WoS) v roce 2022 [1, 131].
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Zakladni principy anesteziologické péce
k perioperani monitoraci transkranialnich

motorickych evokovanych potenci

Basic principles of anaesthetic care
for intraoperative transcranial motor evoked
potentials monitoring

Souhmn

Intraoperaéni sledovani evokovanych potencidld pfedstavuje v souéasnosti vyznamnou
neurofyziologickou metodu pouzivanou v ramci operaénich vykond, u kterych hrozi riziko naruseni
funkéni integrity CNS. Jednou z nejvyznamnéjich monitorovacich modalit jsou transkranialni
motorické evokované potencidly (MEP), které mohou byt efektivné sledovany proskolenym
operaénim tymem pod dohledem neurofyziologa. Pro spravny neuromonitoring je potieba
efektivni spoluprace mezi operaénim tymem, anesteziologickym tymem a neurofyziologem.
Cilem tohoto élanku je vytvofit uceleny piehled viech potencidlnich faktord, jez mohou oviivnit
vybavnost MEP v intraoperacnim obdobi. Autofi se zaméfuji nejen na vliv jednotlivych lé&iv
pouzivanych v rdmci anestezie, ale i na samotnou formu anestezie ¢i nefarmakologické faktory
s moznym vlivemn na vybavnost MEP. Tento piehledovy &lanek poskytuje zakladni informace viem,
ktefi se podileji na perioperaéni pééi o pacienty podstupujici vykony s monitoraci MEP, a miZe tak
usnadnit spolupraci a zefektivnit komunikaci napfi¢ zainteresovanymi obory.

Abstract

Intraoperative evoked potentials monitoring is an essential neurophysiological modality used in
surgeries with a risk of ONS functional integrity damage. Transcranial motor evoked potentials
(MEPs) are one of the most important modalities. Trained surgeons can effectively monitor MEPs
under the supervision of a neurophysiologist. Effective cooperation among all operating team
members, anaesthesiologists, and neurophysiologist is essential for proper neuromonitoring.
The aim of this article is to comprehensively summarize all possible factors that can affect the
quality of intraoperative MEPs monitoring. The authors focus on the effect of anaesthetic drugs
and anaesthetic management, including anaesthesia maintenance or non-pharmacological
factors, which can affect the MEPs’ reproducibility. This review provides essential information to all
members of a perioperative team that take care for patients during surgery with MEPs monitoring.
This information can facilitate cooperation and streamline communication across all related
disciplines.
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Uvod

Intraoperadni monitorace transkranidlnich
motorickych evokovanych potencidla (MEP)
v soucasné dobé piedstavuje standardni
soulast operadnich vykond, u kterych hrozi
riziko peroperadniho neurologického defi-

citu. Jednd se zejména o vykony v neurochi-
rurgii, spondylochirurgii, pfipadné o operace
aorty, kreré mohou byt spojeny s mechanic-
kym &i ischemickym podkozenim michy ve-
doucim k iatrogennimu podkozeni pacientd.
Monitorace MEP poskytuje velmi cenné in-

formace opera¢nimu tymu o zachovéni
funkeni integrity v operované oblasti a z4-
sadné tak pfispivd ke zvydeni bezpednosti
pacientil Soucasné s tim vede ke zvyseni jis-
toty celého tymu [1-3]. Transkranidini elek-
trickd stimulace vedouci k vybaveni MEP na-
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ZAKLADNI PRINCIPY ANESTEZIOLOGICKE PECE K PERIOPERACNI MONITORACI MEP

hradila diive béné uZivany wake-up test.
Diky tomu neni nutné rutinni probouzeni pa-
cientd v pribéhu operadniho vykonu se zvy-
denym rizikem selfextubace, poskozeni inva-
zivnich vstupd ¢i narudeni operacni polohy
spojené s motorickym neklidem pacienta.
Daldi nevyhodou je nemaZnost stanoveni
porudeni integrity nervového systému rediné
v lase, ale aZ s latendi, v dobé probuzeni [4,5).

K adekvatni neurofyziologické monitoraci
je klicova tymova spoluprace mezi operac-
nim tymem, neurofyziologem a anestezio-
logickym tymem. Peroperalni anesteziolo-
gické postupy mohou mit zasadni viiv na
vybavnost MEP a nepiimo omivnit vysledny
neurologicky stav operovanych pacientd.
Anesteziologicky tym tak musi zviddat man-
agement vykon( s neurofyziologickou mo-
nitoraci, nebof je 2ndmo, Ze farmaka uZivand
v anestezii vice ¢i méné ovlivituji vybavnost
MEP. Stejné tak musi byt zajidtény stabilita
wnitiniho prostiedi, adekvatni oxygenace,
ventilace ¢i teplotni komfort pacienta [6,7).
V piipadé jakychkoli pochybnosti pfi ome-
2ené vybavnosti MEP musi byt anesteziolog

béhu celkové anestezie. Sled kratkych stimu-
laénich pulzd umoZiuje vybavit a snimat MEP
2e svall hornich i dolnich koncetin s uZitim
povrchovych nebo jehlovych elektrod [10,11).

V souvislosti s aplikaci elektrického im-
pulzu panuji obavy ohledné rizika vyvolani
epileptickych zdchvatd, popdlenin hlavy &i
srdednich arytmii. V nékterych pracich bylo
popsano snadné vyvoldni zéchvatd po konti-
nudlni, nékolik vtefin trvajici stimulaci mozku
o frekvenci 50-60 Hz [10). Nicméné pfi stan-
dardnim pouZiti v prabéhu operace nebylo
prokazéno, Ze by transkranidini stimulace
vedla k vyvoldni zachvatis Z tohoto hlediska
je pouziti MEP bezpednou metodou [12).

Interpretace MEP je obtiZnd a vyZaduje
zkudenosti. Nékteré studie prokazuji vyskyt
motorického deficitu navzdory 24dné i ne-
signifikantni zméné v parametrech MEP. To
miZe byt zpasobeno podkozenim jednot-
livého nervového koiene, které se nepro-
jevi zménou neurofyziologické monitorace.
V nékterych piipadech byla naopak popsdna
alterace MEP, ackoli nebyl pozorovdn moto-
ricky deficit [13,14).

pfipraven vyloudit potencidini iolo-
gické vlivy. Proto je nezbytné vybudovani
davéry mezi jednotlivymi cleny opera¢niho
tymu a adekvatni komunikace, kterd proka-
2atelné Zlepiuje pooperadni vysledny stav
pacientl [89).

Tento piehledovy ¢ldnek je zaméien na
24kladni aspekty anesteziologické péce,
kterd miZe ovlivnit vybavnost peroperatni
monitorace MEP. Zaméfime se na vytvoieni
adekvatnich podminek sprévnou volbou an-
estetik, monitoraci hloubky anestezie a péci
o stabilitu vnitinibo prostiedi.

Transkranidlni motorické
evokované potencialy
Motorické evokované potencidly jsou pou-
Zivany pii posuzovani funkeni integrity mo-
torického systému. Tyto potencidly jsou
vybaveny prostiednictvim elektrické stimu-
lace s uZitim podkonich elektrod v pozici
C1 a C2, resp. €3 a (4, které jsou umisténé
na skalpu podle standardniho systému EEG
10/20, piicemZ stimulovany kortex se typicky
nachdzi pod anodou v disledku vy33i stimu-
lagni Binnosti ve srovndni s katodou [10).
Plvodné bylo v pribéhu celkové aneste-
Zie obtiZné vybavit a sprévné reprodukovat
MEP, 2vIadteé pii uZiti inhaladnich anestetik.
Nicméné novejii anesteziologické postupy s
uZitim totdini intravendézni anestezie (TIVA),
stejné tak jako vyvoj stimuladnich metod,
vedly k rozdifeni této metody do praxe i v pra-

Pii interpretaci MEP se jako signifikantni
zména povaluje jejich ztrdta (vymizeni,
absence), kterd znamend pooperalni pa-
rézu. Nékteré retrospektivni studie viak za
tzv. cut-off, vy2adujici zvyienou obeziet-
nost a komunikaci mezi cleny tymu, pova-
2uji kombinaci poklesu amplitudy o vice neZ
70 % a prodiouZeni latence o vice neZ 10 %.
Pro tyto arbitrdrni hranice je viak potieba
vice studii [15,16).

Inhalaéni anestezie

Inhaladni anestetika prokazatelné vedou ke
sniZeni excitability motorickych neurond.
Uziti volatilnich anestetik mazZe byt kontra-

Pouziti oxidu dusného (N,O) do nosné
smési vedlo u zdravych dobrovolnikl ke
snizeni amplitudy MEP [20). Expozice N.O
u dlouhych vykonl (operace aorty, sko-
liéz, ...) navic vyznamné zvyluje riziko
pooperalni nevolnosti a zvraceni (PONV),
neni tedy vhodnou souddsti celkové aneste-
Zie pro diouhé vykony s monitoraci MEP [21).

Zlatym standardem pro operace s mo-
nitoraci MEP je TIVA, dle moZnosti s pouZi-
tim rezimu Target Controlled Infusion (TCI)
a s monitoraci hloubky anestezie [10).

Totélni intravendzni anestezie

Totélni intravendzni anestezie je definovana
jako forma celkové anestezie s aplikaci jed-
notlivych sloZek anestezie vyhradné intra-
vendzni cestou, tedy bez uZiti inhalacnich
anestetik. Ve srovnani s doplfiovanou inha-
lacni anestezii se jednd o méné pouZivanou
techniku, nicméné anesteziologové by tuto
techniku méli rutinné oviddat, protoZe ne
viichni pacienti mohou byt exponovani in-
hala¢nim anestetikim (maligni hypertermie,
thabdomylyza). U nékterych pacientd je pak
TIVA preferovanou metodou (nitrolebni hy-
pertenze, hypovolémie, vysoké riziko PONV).
TIVA piin&$i vyhody v podobé redukce PONV
nebo pravé u vykond s monitoraci MEP. Pfi
této monitoraci je viak vhodné minimalizo-
vat podavéni bolusi anestetik. Pokud mu-
sime aplikovat bolus anestetik, napi. z dd-
vodu rizika podkozeni pacienta, je nutné
o této skutednosti informovat viechny leny
tymu na operalnim sdle. Standardni sou-
Casti TIVA, 2viaste pii soudasném pouliti sva-
lovych relaxancii, by méla byt monitorace
hloubky anestezie pro vy3si riziko periope-
racni bdélosti ve srovndni s anestezii vede-
nou inhala¢nimi anestetiky. Ceskd spoled-

indikovano u pacientd s urditym p istu-
jicim neurologickym onemocnénim pro ri-
ziko maligni hypertermie ¢i rhabdomyolyzy,
jakou jsou napi. myopatie [17]. Mechaniz-
mus Uinku inhalacnich anestetik neni do-
posud 2cela jasny. Pledpokldda se oviivnéni
propustnosti bun&nych membrdn &i pa-
sobeni na nékterych iontovych kandlech.
Poutiti sevofluranu i desfluranu vede v 24-
vislosti na davce k poklesu amplitudy a pro-
dlouZeni latence MEP, podle nékterych praci
md desfluran silnégi inhibidni efekt oproti se-
vofluranu. Akoli lze zvylenim stimulaéniho
impulzu dosdhnout alespon parcidini vybav-
nosti MEP v pribéhu vykonu, inhaladni an-
estetika vedou k faledné pozitivnim zméndm
ve vybavnosti MEP. Z toho divodu neni je-
jich uziti vhodné (18,19).

nost ar iologie, resuscitace a intenzivni
mediciny (CSARIM) doporutuje monitoraci
hloubky anestezie vedené prostiednictvim
TIVA [22,23).

Propofol

Propofol piedstavuje v soudasnosti nejrozsi-
fendjdi intravendzni anestetikum pouZivané
jak k vodu, tak vedeni anestezie. Mechaniz-
mus anestetického udinku spodivé v aktivaci
receptor A proy-aminomdselnou kyselinu
(receptor GABAA). Vyhodou uZiti je rychld eli-
minace piedeviim v jatrech i pii kontinudl-
nim poddvani. Jeho neZddouci Glinky jsou
alterace kardiovaskuldrnich funkci s arte-
ridini hypotenzi, Gtlum dechového centra
¢i tzv. syndrom propofolové infuze (PRIS),
ktery zpravidla vanika pii aplikaci davky vy33i
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neZ Smg/kg/h po dobu deli ne2 48 h. Ope-
radni vykony takové délky byvaji popisovany
vzacng, nicméné je potfeba s touto kompli-
kaci poditat pfi pokraduijici sedaci po operac-
nim vykonu na JIP [24]). Propofol v zavislosti
na dévce snizuje amplitudu MEP, mechaniz-
mus tohoto poklesu neni dosud zndmy. Po-
kles amplitudy je viak ve srovndni s inha-
ladnimi anestetiky ni2si a anestezie vedend
kontinudini infuzi propofolu je vhodnou me-
todou k monitoraci MEP [25).

Benzodiazepiny

Benzodiazepiny pasobi rovné2 prostiednic-
tvim aktivace receptorl GABAA. Délka plso-
beni benzodiazepind je piimo Gmérnd délce
jejich podavani, nicméné délka jejich paso-
beni i po jednordzovém podani anestetické
dévky je podstatné deldi oproti vyse zminé-
nému propofolu. Proto miZe byt u delSich
vykond prolongované vyvedeni z celkové
anestezie, 2vlaité u pacientd s alteraci ja-
temich ¢i rendinich funkei. Benzodiazepiny
jsou tudi2 v rdmci Gvodu a vedeni aneste-
Zie uZivény v monoterapii spide ziidka [26].
Podobné jako u propofolu dochdzi v zdvis-
losti na dévce k poklesu amplitudy MEP, nic-
méné nizké davky benzodiazeping, t. & nej-
Castdji zastoupenych midazolamem, slouZici
k premedikaci ¢i anxiolyze neovliviuji signi-
fikatné MEP [27]).

Etomidat

Daldim intravenéznim hypnotikem je eto-
middt, ktery pasobi jako modulator recep-
torl GABAA a tim zesiluje inhibicni (inek
GABA. Jeho vyhodou je, 2e mez ostatnimi
hypnotiky vyvoldvd nejmensi kardiovasku-
lémi a respiradni depresi. Z tohoto divodu je
preferovdn u kardidiné kompromitovanych
pacientd. Stdle diskutovanym tématem je
viiv etomiddtu na inhibici syntézy kortizolu.
Etomidat je rychle metabolizovan jaternimi
esterazami, piedpoklada se i viiv metaboli-
2ace plazmatickymi esterdzami, diky cemu2
mdZe byt alternativou pro vedeni anestezie
pfi kontraindikaci propofolu [28). Limitace
praci zkoumajici viiv etomidatu na vybav-
nost MEP jsou ddny niZ8im poctem pacientd.
Nicméné etomiddt byl Gspéiné aplikovdn
u vykond s neurofyziologickou monitoraci.
Parametry MEP byly velmi variabilni od vze-
stupl amplitud aZ po nevyznamny pokles.
Signifikantni pokles amplitudy byl zazname-
nan jen ojedinéle, po aplikaci bolusu. Navic
podie nékterych praci byly pooperané mo-
nitorované hladiny kortizolu po kontinudini
infuzi etomidétu v normé [29,30).

Ketamin

Ketamin piedstavuje 2cela unikatni aneste-
tikum, které plsobi dominantné jako anta-
gonista receptoru N-methyl-D-asparagové
(NMDA) kyseliny a tim navozuje tzv. disocia-
tivni anestezii. Mez jeho vyhody patii sym-
patomimeticky Gcinek a minimdini viiv na
dechové centrum. Pro jeho analgeticky Gci-
nek je ketamin v souasnosti stdle vice vy-
uZivany anesteziology k terapii jak akutni,
tak i chronické bolesti. Pro analgeticky i~
nek byvaji aplikovany ni2di, subaneste-
tické ddvky [31). Viiv ketaminu na vybavnost
MEP byl zkoumdn jak v anestetickych, tak
v subanestetickych dévkach. Soucasnd lite-
ratura uvadi, Ze ketamin ma pfiznivé Glinky
a miZe byt bezpedné aplikovan u operaci
s monitoraci MEP. V subanestetickych dév-
kich byly dokonce naméfeny vy3sdi ampli-
tudy MEP bez vlivu na latenci (32,33).

Thiopental

Thiopental patii mezi nejdéle pouZivané
barbiturdty. Mechanizmus Gdinku spocivad
rownéZ v aktivaci receptord GABAA. Jeho 24-
sadni nevyhodou je prodiouZena eliminace
po kontinudlnim podavani, nicméné konti-
nudini infuze thiopentalu neni v rdmci an-
estezie bé2nou praxi. Alkoli thiopental ne-
gativné oviivituje vybavnost MEP, miZe byt
bezpedné pouZit k ivodu do celkové anes-
tezie, nebot jednordzova dévka k ivodu ne-
piedstavuje problém pii daldi monitoraci
MEP [34,35].

Dexmedetomidin

Dexmedetomidin patii do skupiny vysoce
selektivnich a-2 agonistd, ktery snadno pie-
stupuje do CNS a tam inhibuje uvolnéni ze-
jména noradrenalinu, méné pak acetylcho-
linu ¢i serotoninu. Dominantné je uZivan
k sedaci pacientd na JIP. Nicméné v posled-
nich letech je stdle vice zkouman jeho viiv
v perioperacnim obdobi pro jeho moZny
koanalgeticky efekt, dale sniZuje vyskyt
pooperalniho tiesu. Pouliti dexmedeto-
midinu k vedeni anestezie u intubovanych
zatim nemd schvélenou indikaci, a tudiz
se jednd o podani off-label. Jeho aplikace
v kombinaci s daBimi anestetiky viak umoz-
fuje sniZit celkové davky opioidd i anestetik.
2 nezddoucich Gtinkd, jaké jsou popisovany
v prabéhu tzv. bdélé sedace neintubova-
nych pacientd, je tieba poditat s rizikem ar-
teridIni hypotenze a bradykardie [36,37]. Ve
studiich zkoumajicich viiv dexmedetomi-
dinu na MEP byl dexmedetomidin aplikovan
ke standardni kombinaci propofol/opioid za

monitorace hloubky anestezie. Dexmede-
tomidin v zdvislosti na davce signifikantné
ovliviiuje amplitudu MEP a podle soucas-
nych dat nelze jeho uiti v pribéhu celkové
anestezie u operaci s neurofyziologickou
monitoraci MEP doporudit [38,39]).

Opioidy

Opioidy zajidtuji analgezii prostiednic-
tvim opioidnich receptorl v CNS a perifer-
nim nervovém systému (PNS). Jsou dileZi-
tou soulasti doplfiované anestezie, tlumi
adrenergni autonomni reakci na chirurgic-
kou stimuladi. V soutasné dobé je u dlou-
hych vykon( preferovana kontinudini infuze
remifentanilu. Jedna se o silny opioid, ktery
je metabolizovan tkdnovymi a plazmatic-
kymi esterdzami. Bez ohledu na délku trvani
infuze ¢i farmakokinetickou variabilitu na-
3ich pacientd je jeho kontext senzitivni po-
lo¢as 3 min. Je mo2né poulit i daldi opioidy
se stejnym mechanizmem Gcinku, napi. su-
fentanil, nicméné je nutné znét farmakokine-
tické viastnosti jednotlivych opioidl. PouZiti
opioid md jen nesignifikantni viiv na vybav-
nost MEP v priibéhu operace [2740,41).

Svalova relaxancia

Periferni myorelaxancia navozuji svalovou
relaxaci obsazenim nikotinového receptoru
nervosvalové ploténky. V anestezii jsou vy-
uZivana piedeviim pro usnadnéni endotra-
chedini intubace ¢i optimalizaci operatnich
podminek. V zavislosti na davce sniZuji vy-
bavnost MEP a2 po dplnou absenci jejich
vybaveni, ¢im2 mohou zasadné ovlivnit a2
2nemo’nit neurofyziologickou monitoraci.
Proto je doporuceno aplikovat svalova rela-
xancia s krdtko- i stiednédobym Gdinkem,
ato pii ivodu do anestezie k zajidténi dycha-
cich cest, bez daldi aplikace v pribéhu ope-
race. Monitorace rezidudini svalové blokady
pomoci akcelerometrie zvyluje bezpednost
pacientl. Obnoveni plné svalové sily (TOFr
nad 90 %) umoZnuje ziskat vychozi parame-
try MEP pied zalitkem operace bez viivu
myorelaxancii. Daléi moZnosti je aplikace su-
gammadexu, kterym Ize béhem 3 min zvra-
tit viiv rezidudini nervosvalové blokady na-
vozené rocuroniem Ci vekuroniem [2742,43).

Vniténi prostiedi a fyziologické
z

Péce o vnitini prostiedi v rdmci vykond s mo-
nitoraci MEP musi cilit na zajisténi adekvatni
doddvky kysliku do michy, kterd ma vysoké
ndroky na pfivod kysliku a daich metabo-
litd potiebnych pro spravnou funkci nervové
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Tab. 1. Anesteziologické kroky pii signifikantni zméné motorickych evokovanych

potenciald.
Vedeni Vnitini prostiedi
Uprava hloubky anestezie optimalizace oxygenace, ventilace
vyména anestetik korekce volémie, anemie
piidani adjuvandii (ketamin, ...) korekce hypotermie pfi zméné o min. 2,5 °C
vyloutit viiv svalové relaxace korekce arteridlni hypotenze

tkdné. Idedini anesteziologickd péce tak cili
na optimalizaci oxygenace, ventilace, per-
fuze michy a teplotniho managementu [27).

Extrémni hypoxémie ¢i hyperoxémie,
stejné tak jako hypokapnie, respektive hy-
perkapnie vedou k alteraci MEP. Mirné vy-
chyleni téchto fyziologickych funkci nepo-
vedé ke zméné amplitudy ¢i latence [44,45).

Adekvatni dodévka kysliku do tkdni sou-
visi § hrazenim krevnich 2trét a respektova-
nim transfuzniho triggeru dle aktudinich do-
porudeni. V soudasné dobé je preferovan
restriktivni pfistup s indikaci transfuze pii
hladiné hemoglobinu mezi 70-80g/1 (27.46).

Perfuze michy je zajidfovana prostied-
nictvim autoregulaénich mechanizmd, ale
i u 2dravych jedinc pii bé2ném rozmezi
stiedniho arteridiniho tlaku (MAP) je tieba
poditat s rizikem ischémie michy zpisobené
lokdlnimi faktory, a tim se zménami v neuro-
monitoringu. Preventivni aplikace permisivni
hypotenze proto neni doporucovana. Na-
opak nékdy miZe byt nutné zvysit MAP k za-
jiténi adekvatni perfuze michy na podkladé
zhordeni neuromonitorace. Navic je tieba
respektovat vék pacienta, komorbidity, jako
jsou arteridini hypertenze ¢i diabetes melli-
tus, které mohou ddle posouvat autoregu-
la¢ni prah smérem nahoru [2744).

S doddvkou kysliku do michy také souvisi
adekvétni napln céwniho fecisté. Hypovolé-
mie miZe vést k arteridini hypotenzi a nedo-
statecné perfuzi michy, hypervolémie miZe
zpUsobit otok nervovych oball, piipadné
otok skalpu, kde jsou umistény stimuladni
elektrody. ProdluZuje se tak dréha nutnd ke
stimulaci, coZ se projevi sniZenou vybavnosti
MEP [45).

Teplotni management hraje zdsadni roli
nejen v rdmci peroperadnich komplikaci,
jako jsou ranné infekce, prodlouZend elimi-
nace léki s prolongovanym probouzenim ¢i
rozvoj koagulopatie [47]. Hypotermie vede
k poruse axondiniho vedeni ve smyslu sni-
2eni rychlosti, hypertermie ma opadny efekt.
Zmény v monitoraci MEP byly prokazany

pii zméné télesné teploty o vice ne2 2,5 °C
oproti vychoz télesné teploté. V tomto roz-
mezi bychom se tak méli pohybovat péi mo-
nitoraci MEP [27.44,45).

Anesteziologické kroky pFi
alteraci MEP

V piipadé signifikantnich zmén MEP je
nutnd vzdjemnd spoluprace a komuni-
kace mezi anesteziologickym tymem, ope-
ratnim tymem a neurofyziologem s cilem
veasné identifikace problému. Pii téchto si-
tuacich je vhodné piechodné pierusit ope-
rativu a ovéit funkZnost a spravné nastaveni
neurofyziologické monitorace. V piipadé,
Ze se jednd o zmény MEP pod neurotopic-
kou drovni chirurgické manipulace, se za-
chovanim vybavnosti MEP nad touto drowni,
bude se jednat pravdépodobné o piicinu
chirurgickou [27).

Pii globdlni alteraci MEP je tieba hledat
piitinu systémovou, respektive anesteziolo-
gickou. Anesteziologicky tym by se mél za-
méfit na vedeni anestezie, kontrolu polohy
pacienta a korekci vnitiniho prostiedi (tab. 1).
Pii piilid hluboké anestezii je nutné upravit
hloubku anestezie. Piipadné Ize 2vaZit pii-
dani ketaminu do kombinace s cilem sni-
Zeni davky ostatnich anestetik a s tim spo-
jeného zlepieni vybavnosti MEP. Po Gvodu
do anestezie je v neposiedni fadé nezbytné
vyloudit viiv neuromuskuldrni blokddy a pfi-
padné zvaZit farmakologickou antagonizaci
i vyekani spontdnnibo zotaveni 2 nervosva-
lové blokady. Kontrola polohy pacienta je
nutnd jednak z divodu moZného pohybu
pacienta pii praci operacniho tymu, jednak
2 davodu zmény polohy pii motorické od-
povédi na transkranidini stimulaci. Zména
polohy pacienta maZe ovlivnit prokrveni
operované oblasti a tim miZe byt zménéna
vybavnost MEP. Dle potieby je vhodné ko-
rigovat krevni tlak k 2ajisténi adekvatni per-
fuze michy a podat krewvni derivaty pii hla-
diné hemoglobinu pod 70g/l. DileZitou
souddsti anesteziologické péce je zajistit vy-

hiivani pacienta s cilem prevence hypoter-
mie z divodu vyde zminénych nezddoucich
Gdinkd. V rdmci monitorace MEP je dostadu-
jici zabednit vykyvim télesné teploty o vice
nez 2,5 °C oproti vychozi teploté. Poslednim
krokem pii selhani téchto postupd je prove-
deni wake-up testu k posouzeni motorické
deficitu u bdélého pacienta [2744,45,48].

Zavér

S piibyvajicim podtem operaci s moZnosti
monitorace zachovani funkeni integrity ner-
vové tkané (operace mozku, pdtefe i aorty)
stoupaji ndroky na viechny cleny tymu pe-
Lujici 0 pacienta na operalnim sdle. Vyho-
dou této monitorace je vysdi bezpednost
pro pacienty, ale i vy33ijistota pro operatéry.
MEP piedstavuji v soudasnosti nejvyznam-
néjdi metodu intraoperani neurofyziolo-
gické monitorace. Pro sprévnou a kvalitni
monitoradi je nezbytnd spoluprace operad-
niho tymu, neurofyziologa a anesteziologic-
kého tymu.

Tento piehledovy ¢lanek se zaméfuje na
2zakladni principy, ze kterych by mél kazdy
anesteziologicky tym vychdzet, aby byl
schopen zajistit co nejlepsi podminky pro
monitoraci MEP. Soutasné podavd infor-
mace o anesteziologickych krocich, které
jsou nezbytné pii signifikantni porule vy-
bavnosti MEP.
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6.2 Challenging anesthesia of the patient on ketogenic diet therapy
scheduled for scoliosis surgery under motor evoked potentials
monitoring: a case report

Nase dalsi prace byla publikovana jako dopis redakci, jedna se vSak o dalsi kazuistiku
prezentujici pomérné vzacné metabolické onemocnéni, které vyZadovalo komplexni in-
terdisciplinarni pristup. Popsali jsme pripad 19leté pacientky trpici syndromem GLUT-1
deficience (Glutl-DS), onemocnénim charakterizovanym poruchou prijmu glukézy
v mozku v dlisledku postiZeni glukézového transportéru 1 [1, 132, 138].

Pacienti s timto onemocnénim trpi ¢astymi epileptickymi zachvaty, typicky rezis-
tentnimi k farmakologické terapii. Jednou z terapeutickych moZnosti vedoucich k signifi-
kantni redukci zachvatii je ketogenni dieta s cilem tvorby ketolatek jako alternativniho
zdroje energie pro mozek [137, 138]. Problémem periopera¢niho managementu pacientli
na ketogenni dieté je progrese acidozy s poruchou vnitiniho prostredi ¢i tzv. ztrata ket6zy
s naslednou exacerbaci epileptickych zachvati. Cilem interdisciplinarni péce je minimali-
zovat vliv perioperacniho la¢néni a vyhnout se prolongované infuzi propofolu, jejiz délka
vSak neni jasné stanovena ani doporucena [137, 139].

V nasi praci popisujeme proces predoperacni pripravy, od konzultace détskych epi-
leptologt, kteri se specializuji na ketogenni diety, aZ po samotnou anestezii a pooperacni
péci. Epileptologové pacientce rozepsali parenteralni nutrici o presné definovaném po-
méru tukové a netukové energie, ktera byla pacientce aplikovana ve fazi predoperacniho
i pooperaéniho laénéni cestou CZK. Anestezie byla vedena formou TIVA, nicméné namisto
propofolu byl pouZzit midazolam v redukované davce. Naopak byla signifikantné navySena

davka remifentaniluy, to vSe za prisné monitorace indexu hloubky anestezie a frontalniho
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EEG. Vyssi intenzita transkranialni stimulace umoznila detekci kvalitnich MEP pfti aplikaci
nizsich davek midazolamu a vysSich davek remifentanilu. Pooperacni péce byla kompli-
kovana poklesem ketolatek v krvi, nicméné bez rozvoje epileptogenni aktivity. Po opé-
tovné konzultaci s détskymi neurology byla prerusena parenteralni alimentace pacientky
a zahajeno cilené hladovéni, v ramci kterého doslo opét k zahajeni ketogeneze a tpravé
stavu. Popis tohoto specifického anesteziologického pristupu ukazal alternativni moz-
nosti vedeni anestezie v pripadé nemoZnosti pouZzit propofol [1, 137].

Dopis redakci byl publikovan v ¢asopise Journal of Anesthesia (IF 2,8; Q2 v kategorii

ANESTHESIOLOGY dle WoS) vroce 2023 [1, 137].
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To the Editor:

Although propofol represents a “gold standard™ from anes-
thetic drugs for total intravenous anesthesia (TIVA) with
intraoperative neurophysiological monitoring (IONM), the
anesthetic team should have an alternative plan in rare cases
when the propofol is contraindicated, and remimazolam, a
new ultra-short-acting benzodiazepine, is not available [1,
2]. We describe a patient suffering from glucose transporter
type 1 deficiency syndrome (Glut1DS) with the history of
epilepsy treated by ketogenic diet therapy (KDT) scheduled
for scoliosis surgery under IONM. The prolonged propo-
fol administration was contraindicated due to high doses of
carbohydrates contained in propofol that may worsen epi-
lepsy. In rare cases, prolonged propofol infusion can lead
to propofol infusion syndrome (PRIS) in patients on KDT,
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and that is why anesthetic team has to prepare an alternative
management to allow quality IONM [3].

The patient provided informed consent for this case. A
19-year-old girl (height 160 cm, weight 52 kg) was sched-
uled for progressive T3-L2 scoliosis surgery, ASA physical
status III. The girl was born at full term, and the adaptation
in the postpartum period was without problems. She has suf-
fered from hypopituitarism and Glut1DS on KDT, diagnosed
at age six after a series of epileptic seizures. The KDT ratio
was 3:1, which means 3 g of fat to I g of carbohydrate plus
protein. Most of the calorie intake was delivered from fats,
specifically 216 g of fats per day, and other calorie intake
was delivered from 30 g of carbohydrates and 42 g of pro-
teins. Total energy intake was 2233 kcal per day.

The patient has been observed with scoliosis from
13 years. The deformity worsened after growth hormone
substitution. Back pain worsened the quality of life. Finally,
she was indicated for surgical correction. The Cobb angle
was 83°. Except for standard pr hetic the
neurological examination from Children’s University Hos-
pital was indicated to recommend KDT administration in
the perioperative period. Specific preoperative measures
included central venous line insertion a day before surgery
to administer 1/3 of the calculated daily energy intake in the
morning before the surgery and the remaining 2/3 after the
surgery in the intensive care unit (ICU).

We chose TIVA for intraoperative monitoring of motor
evoked potentials (MEP). However, propofol should be
avoided because carbohydrates in its solvent may induce loss
of ketosis and increase the risk of postoperative seizures
[3]. We administered 1.5 mg/kg of ketamine, 0.1 mg/kg of
midazolam, and 1 pg/kg of remifentanil for anesthesia induc-
tion. The depth of anesthesia was monitored by the bispec-
tral index (BIS). We administered remifentanil 0.4-0.5 pg/
kg/min and midazolam 0.2 mg/kg/h for maintaining BIS

Q) springer
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between 50 and 60 after tracheal intubation. MEP were
reproducible before skin incision with the application of
increased stimulation intensity. The higher doses of remifen-
tanil without hemodynamic deterioration during the surgery
allowed reduce the total dose of midazolam. Lower doses of
midazolam and anesthesia maintained to higher BIS levels
(50-60) allowed sufficient MEP monitoring. MEP latency
and amplitude were reproducible during the whole surgery.
The surgery was uncomplicated, and MEP parameters were
without significant alteration. After the surgery, we admin-
istered 10 pg of sufentanil and transferred the patient to
the ICU. The patient was extubated about 30 min after the
admission to ICU.

Postoperative care was complicated by excessive stress
response associated with high-extensive surgery. It led to
low serum ketone levels, specifically B-hydroxybutyrate
serum level. However, epileptic seizures did not occur. We
did not administer parenteral nutrition in the first two post-
operative days to start ketogenesis. On the 3rd postopera-
tive day, the patient started with PO nutrition after fasting
when the ketone level rose. Further postoperative care was
uneventful, and the patient was discharged home 11 days
after the surgery without a new neurological deficit. The
4-month follow-up was a favorable outcome for the patient
without a new neurological deficit or seizures.

Perioperative management of children on KDT is a chal-
lenge for all healthcare providers in the perioperative period.
KDT is indicated in children with drug-resistant epilepsy
and other metabolic or neurological disorders, such as
Glut1DS. The basic principle is ketone production, an alter-
native energy source for the brain. It is assumed that ketone
(B-hydroxybutyrate, acetoacetate, and acetone) production
and caloric restriction probably decrease cerebral glucose
utilization and reduce neuronal excitability. These metabolic
changes reduce the incidence of seizures, although the exact
mechanism remains unknown. However, KDT has many
adverse effects, and the perioperative period can be associ-
ated with a higher risk of metabolic complications, such as
worsening acidosis or loss of ketosis and exacerbating sei-
zures. Complex preoperative planning is essential for a good
postoperative outcome. Unfortunately, the recommendations
for anesthetic management are based on a low number of
patients. In addition, these recommendations include avoid-
ing high doses of propofol for a prolonged period due to the
risk of PRIS [3].

Propofol is the dominant anesthetic drug for TIVA
with IONM. However, all anesthetists should be prepared
for “plan B” in rare cases when the propofol is contrain-
dicated [2, 4]. Benzodiazepines were routinely used for
TIVA before the propofol era. However, benzodiazepine
perioperative administration was reduced significantly. In
addition, higher doses of benzodiazepines can lead to a
significant decrease in MEP amplitude. This side effect

@ Springer

can be reduced by increased MEP stimulation intensity
and benzodiazepine administration in a low doses, as pos-
sible, e.g., with a combination of ultra-short-acting opioid,
remifentanil, in higher doses [2, 4]. Short-acting benzo-
diazepines, such as midazolam in our case, can be con-
sidered in case of propofol contraindication. The authors
recommend a depth of anesthesia monitoring, an essential
condition to avoid overdosing with a negative influence
on MEP monitoring and on the other hand the periods of
awareness.

Remimazolam is a promising new ultra-short-acting
benzodiazepine that could reduce anesthesiologists’ con-
cerns associated with the side effects of benzodiazepines.
Remimazolam-based anesthesia was described during sur-
gery with IONM and in pediatric surgery with MEP moni-
toring. However, remimazolam was approved for clinical
use recently, and it is not available worldwide [1, 5, 6]. Its
administration for TIVA with IONM needs further studies
to confirm its promising profile. It could extend the spec-
trum of safe anesthetic drugs used for TIVA.
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6.3 The influence of depth sedation on motor evoked potentials
monitoring in youth from 4 to 23 years old: preliminary data
from a prospective observational study

Hlavni ¢ast vyzkumu v oblasti anestezie u operacnich vykonii s monitoraci MEP jsme
zamértili na posouzeni vlivu hloubky anestezie na vybavnost, kvalitu a interpretaci MEP
operacnim tymem, to vSe u déti a mladistvych. Jak jiZ bylo uvedeno drive, vliv jednotlivych
anestetik na kvalitu MEP byl dobf'e popsan, nicméné jasna data o vlivu hloubky anestezie
stale chybi. Designovali jsme tedy prospektivni observacni studii (SCOL studie), v ramci
které byl zkouman vliv hloubky anestezie, definované indexem hloubky anestezie, na
MEP. Dilezitym aspektem byla interpretace MEP opera¢nim tymem, nikoliv neurofyzio-
logy, aby byl akcentovan klinicky vyznam pri prakticky celosvétovém nedostatku neuro-
fyziologti [1, 124, 128, 140].

Nase studie byla schvalena etickou komisi FN Brno a po registraci na Clinical-
Trials.gov byla zahajena v zaii 2020. Hlavnim cilem studie SCOL bylo testovat hypotézu,
zda rizné urovné hloubky anestezie, podle indexu hloubky anestezie méreného bispek-
tralnim indexem (BIS), ovliviiuji vybavnost MEP a jejich interpretaci operatéry. V ramci
sekundarnich cilli jsme pak popsali dil¢i parametry MEP, tedy latenci a amplitudu, pii riz-
nych drovnich hloubky anestezie [1, 140].

Pocet pacientii nutny k potvrzeni hypotézy byl stanoven ,power analyzou“ na 150.
Zarazovani byli déti a mladistvi (biologicky vék byl stanoven nejen datem narozeni, ale i
kostnim vékem z RTG panve) indikovani k operaci skoliotické deformity v TIVA (propofol
a remifentanil) s opera¢nim tymem monitorovanymi MEP. Naopak, vyirazovacimi kritérii

byli pacienti s kontraindikaci podavani propofolu ¢i remifentanilu, pacienti bez moznosti
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umisténi elektrod k monitoraci MEP ¢i BIS do standardni pozice nebo pacienti podstupu-
jici korekci skoliézy s MEP monitorovanymi neurofyziology. Prvni MEP byly monitoro-
vany dle lokalniho protokolu pri ,mél¢i“ anestezii (BIS 55-65) po uspani, zajisténi paci-
enta a otoceni do pronace. Tyto MEP byly nastaveny jako vychozi a slouzily k porovnani s
dalSimi MEP mérenymi v pozdéjsich fazich. Pred koZni incizi byla prohloubena anestezie
k BIS 35-45 a byly zaznamenany druhé MEP. V pribéhu vykonu byla hloubka anestezie
udrZovana v rozmez{ BIS 35-65 dle lokalniho protokolu pro anestezii pii operacich sko-
liéz. MEP byly vZdy monitorovany dle lokalniho protokolu pro monitoraci MEP opera¢nim
tymem po instrumentaci Sroubi, ty¢i a korekci krivky [1, 140].

S ohledem na omezeni operativy v dlisledku pandemie COVID-19 jsme se rozhodli
zpracovat predbézna data prvnich 50 pacientd. JiZ tento pocet pacienti je v celosvétovém
ohledu u studif skoliotickych deformit détskych pacientli unikatni. MEP byly Gspésné vy-
baveny u vSech 50 pacienti pti obou trovnich hloubky anestezie. Amplitudy MEP pfti BIS
35-45 dosahovaly primérné 84,5 % velikosti vychozich amplitud pti BIS 55-65. Latence
MEP pii BIS 35-45 dosahovaly priimérné 104 % doby vychozich latenci pti BIS 55-65.
Tyto alterace byly hodnoceny jako statisticky vyznamné, nicméné Zadna z nich nebyla dle
lokalniho protokolu klinicky vyznamna. Tedy tyto zmény neovliviiovaly interpretaci MEP
operac¢nim tymem [1, 140].

Ackoli bylo inicidlné prezentovano 50 pacientt, ziskané vysledky naznacuji, ze pri
hlubsi Grovni anestezie dochazi k poklesu amplitudy a prodlouZeni latence ve srovnani s
,mél¢i anestezii“, tedy pri BIS 55-65. Alterace parametriit MEP vSak nebyla klinicky rele-
vantni, a tedy vedeni hloubky anestezie v doporuceném rozmezi pro index hloubky anes-

tezie pravdépodobné neovliviiuje interpretaci MEP operatéry. UdrZovani anestezie
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v doporuc¢eném rozmezi indexu hloubky anestezie je tak pravdépodobné optimalnim zpi-
sobem vedeni anestezie u operaci détskych pacienti s IONM [1, 140].

Hlavni limitaci nasi prace byla prezentace predbéznych vysledkd, tedy 50 pacienti.
Nicméné v tuto chvili miizeme konstatovat, Ze v srpnu roku 2024 bylo ispésné zatrazeno
vSech 150 pacientti tak, jak bylo stanoveno ,power analyzou“. Po zpracovani dat byla pfi-
pravena ptvodni prace, jejiz vysledky definitivné potvrzuji a koresponduji s daty z pt-
vodni prace s tietinovym poctem pacientti [1, 140]. Tato prace byla v dobé psani této ha-
bilitacni prace prijata v roce 2026 do ¢asopisu Anesthesia & Analgesia (IF 4,7; Q1 v kate-
gorii ANESTHESIOLOGY dle WoS). T. ¢. prochazi formalnimi ipravami a autorskou korek-
turou, z tohoto diivodu nemtiZe byt citovana ani podrobnéji prezentovana [1].

Plivodni prace s predbéznymi vysledky byla publikovana v ¢asopise Frontiers in Me-

dicine (IF 3,0; Q1 v kategorii MEDICINE, GENERAL & INTERNAL) v roce 2024 [1, 140].
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The influence of depth of
sedation on motor evoked
potentials monitoring in youth
from 4 to 23 years old:
preliminary data from a
prospective observational study

Jan Hudec**, Martina Kosinova®*', Tereza Prokopova'?*,
Hana Zelinkova*, Kamil Hudacek®, Martin Repko®, Roman Gal*
and Petr Stoura¢®*

Departm

Medicine

iversity Hospital Beno and Fac
Czechia

Introduction: The influence of various levels of sedation depth on motor evoked
potentials (MEP) reproducibility in youth is still unclear because of a lack of data.
We tested the hypothesis that a deeper level of total intravenous anesthesia
(TIVA) [bispectral index (BIS) 40 +5 compared to 60 + 5] can affect surgeon-
directed MEP and their interpretation in youths.

Methods: All patients received TIVA combined with propofol and remifentanil.
TIVA was initially maintained at a BIS level of 60 + 5. The sedation anesthesia was
deepened to BIS level 40 + 5 before the skin incision. MEP were recorded and
interpreted at both BIS levels. The primary endpoint was to evaluate the effect
of the depth of sedation on the MEP reproducibility directed and interpreted by
the surgical team in each patient separately. The secondary endpoint was to
compare the relativized MEP parameters (amplitude and latency) in percentage
at various levels of sedation in each patient separately. We planned to enroll 150
patients. Due to the COVID-19 pandemic, we decided to analyze the results of
the first 50 patients.

Results: The surgical team successfully recorded and interpreted MEP in all 50
enrolled patients in both levels of sedation depth without any clinical doubts. The
MEP parameters at BIS level 40 + 5, proportionally compared with the baseline,
were latency 104% (97-110%) and the MEP amplitudes 84.5% (51-109%).

Conclusion: Preliminary data predict that deeper sedation (BIS 40 +5) does
not affect the surgical team’s interpretation of MEP in youth patients. These
results support that surgeon-directed MEP may be an alternative when
neurophysiologists are unavailable.

KEYWORDS

bispectral index, pera! neurophy gical ing, motor evoked
potentials, remifentanil, scoliosis surgery, total intravenous anesthesia
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1 Introduction

The § i hysiological ing (IONM)
technique has b«ome a standard in many surgical fields. This
commonly used method enables high-risk surgeries by decreasing the
potential risk of neurological injury. IONM includes motor evoked
potentials (MEP), y evoked potentials (SSEP),
brainstem auditory evoked p ials (BAEP), elec
(EMG), and electroencephalography (EEG) (1-3).

The application of IONM has increased in the pediatric

popmniom e.g., in scoliosis surgery, which is challenging for the

perative team, especially for the risk of neurological injury
( 1-8). IONM is indicated to dc:mse the risk of new neurological
deficit development. The Scoliosis Research Society strongly
recommends its use during spinal deformity surgery (9). MEP and
SSEP are IONM modalities ¢ ly used in pediatric scoliosis
surgery (10), and their monitoring replaced the i perative clinical
examination, the wake-up test (11). The great advantage of IONM is
that it detects possible nerve injuries during the instrumentation in
time, which could more efficiently prevent them. Additionally, the
wake-up test can be performed on a limited basis in pediatric
patients. There is generally more difficulty in cooperation with
pediatric patients, especially with developmental delays or
neuromuscular disorders (10, 12).

Mulumodal monitoring (SSEP and MEP) directed by
iologists is an optimal way to detect neurological injury
dunng suxgenes (9, 13). It decreases the incidence of false-negative
reports. Furthermore, the apphcanm of SSEP with MEP allows some
Ic\'clof physiological g even in cases when one of the

d modalities is not '“or pended for different
reasons (e.g., MEP may not be suitable for patients with severe motor
deficit; in contrast, SSEP could provide at least information about

v
b

10.3389/fmed 2024.1471450

2 Materials and methods
2.1 Study design

The Scoliosis (SCOL) study was designed as a prospective,
monocentric before-after-trial. It was approved by the Ethics
Committee of the University Hospital Brno, Czech Republic, on 24th
June 2020 (No. 90/20, chair PharmD. Sarka Kozakova). We registered
the study on the CilinicalTrials gov registry (NCT04423146) on 5th
June 2020. The project was managed according to international

lati and guidelines (Helsinki Declarati We used the
SmOBEchukhslwpuNuh(humlde(’l) According to the power
analysis, the planned sample size was 150 patients. Power analysis was
created with the following settings. We evaluated the width of the 95%
confidence interval (CI) for the endpoint occurrence
(non-reproducibility of MEP). The expected occurrence of the

dpoint was 10%. Hi due to the prolonged recrui during
the COVID-19 pandemic, we decided to perform a post-hoc power
analysis and publish the results of the first 50 patients. The sample size
of 50 produces a two-sided 95% confidence interval with a width equal
10 0.185 when the sample proportion is 0.100.

2.2 Participants

The inclusion criteria were all children and youth diagnosed with
ital R S T e o T

dol idiopathic, or other syndromic scoliosis scheduled for
elective scoliosis surgery in TIVA with surgeon-directed MEP
monitoring. We determined childhood and teenage age according to
orthopedic diagnostic criteria for not adult scoliosis surgery, according
loskelculmalumy speaﬁcal.lylhemskrslgn because bone age

better i y than ch logical age (22). All

sensory pathways) (14, 15). On the other hand, surg directed
transcranial MEP i P a possible and safe
alternative in cases when hysiologists are ilabl
However, the final decision foupnmcuhnypeof monitoring should
be made individually for each patient (14, 16).

Dunng anesa.hesn. anesthetic agents and  several

h ! 1 ditions (severe h ia, hypercapnia, or
hypounsion) can significantly affect the lONM (17). The anesthetic

«

pmidpantsorkgll P could withdraw from the SCOL
study at any time without giving any reason. Exclusion criteria were
scoliosis surg:ry without surgeon-directed MEP itoring, known

for propofol of remi iministration (eg.

wyegglecnhm,upanmalkrgy) and inability to attach BIS or MEP
electrodes to the standard positions. We excluded patients with known
motor disease with no possibility of provoking MEP. All enrolled

team should ensure the conditions for optimal MEP itoring.
Total intravenous anesthesia (TIVA) witha bination of p fol

were aged according to the anesthesia and MEP

¥

and opioids represents the “gold standard” for IONM. The lnﬁucnce
of anesthetic or analgesic agents on MEP was studied in several
smdxes (18-20). However, the overall influence of the depth of TIVA

g local protocols (see below). The influence of depth of
sedation on MEP was evaluated for each patient separately.

intained at rec ded levels is still unclear, especially 2.3 Anesthesia protocol
in pediatric patients (2, 17).
This study aims to evaluate and describe the influence of the Before surgery, all lled pati were evaluated and
sedation depth guided by bispectral index (BIS) and wgtltd to prenwdnmttd with 0. l—Onglkg of midazolam per os (PO),
mcunwndedkwls(ﬂlSW:Svmusth)onMEP e y in combi with hazine PO or pine PO

P
by and (amplitude and latency) in
youth. \\k aimed to assess (hc hypothesis that a deeper level of TIVA
can affect surgeon-directed MEP and their interpretations by a
surgical team. This hypothesis includes prolonged MEP latencies
and decreased MEP amplitudes on a deeper level of sedation,
BIS40+5.

Frontiers in Medicine

¥

admlmskred about 60 min before surgery. An intravenous (IV) bolus
of propofol in dose 1.5-3 mg/kg, remifentanil in dose 1-2 pg/kg, and
0.6mg/kg of rocuronium (or other intermediate-acting

ular agents in appropriate dosing in case of rocuronium
outage) were administered for the induction to anesthesia.
Sevoflurane was administered for induction to anesthesia in case of

frontiersin.org
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a patient’s limited cooperation and the impossibility of IV line
cannulation. Muscle rdann(s could only be admuus(emd to facilitate
dotracheal intub The e was performed

10.3389/fmed.2024.1471450

depth of sedation in children and youth (29, 30). Other MEP were
recorded after screws insertion, rods insertion, and spine correction
(contraction, distraction). Surgeons’ interpretation was based on the

with TIVA: propofol and remifentanil. The initial if il
infusion rate was about 0.1-0.2 pg/kg/min, and the initial propofol
infusion rate started at about 4-5mg/kg/h with titrating to BIS level
60+5. The second IV line, arterial line, and permanent urine catheter
were inserted after endotracheal intubation. In case of peripheral
venous system insufficiency, the central venous catheter was
administered. Also, surgeons applied electrodes for MEP monitoring
after the anesthesia induction and airway securement. We used a BIS
with stz.ndud frontotemporal EEG electrodes for depth of sedation

local p L. The p | defines a significant change in MEP
monitoring as MEP absence after stimulation. The absence of MEP is
a warning criterion that informs about the possible risk of new

logical deficit develop We relativized all MEP parameters
in pexenugc for the lnlenndiwdual variability in MEP parameters
among § The b litudes and latencies (BIS level
60 +5) were determined as lm Other amplitudes and latencies
during the surgery were counted as percentages from the baselines.
Figure | shows the MEP recording timeline. It is a graphical

ing (BIS™ complete 2-channel M

of the electronic case report form (CRF).

Covidien/Medtronic GmbH, Germany) The adequale level of

sedation for surgery was d with BIS in combi with
monitoring signs of light sedation (patients’ increased
heart rate and blood pressure or interference with artificial

ilation). The q of ular

blockade, particularly Train-of-four ratio, was used to determine
residual blockade (23). Alltheabovemapplud before turning the
patient to the prone p The il infusion rate was
raised to 0.5-0.6 pg/kg/min, and the propofol infusion rate was raised
to 5-7 mg/kg/h with titrating to BIS level 40£ 5 before skin incision.
The dosages of pmpofol and rumfenum! were chosen according to
the rec d and } studies (24-26).
We titrated the TIVA bclw«n the BIS levels 40-60 during the
surgery. The depth of the sedation and blood loss influence panents
cardi ular stability. Children’s vital functions, such as

4

2.5 Study objectives

The study’s primary objective was to evaluate the influence of the
depth of sedation on the MEP reproducibility and interpretation by
the surgical team in each patient separately. The secondary goal was
to the relativized MEP p in percentage, latency,
and arnphmdc at different levels of depth of sedation. These
parameters were monitored in defined surgery phases. The initial
MEP parameters were set as a baseline (100%), and other parameters
were expressed as percentages. We evaluated MEP parameters and
interpretations by surgeons for each patient separately. We did not
compare the results of individual patients with those of other patients.
So, the influence of diff age groups on BIS varying values was

end-tidal CO;, heart rate, invasive blood pressure, and body

were i d and d (eg.
vasoptem fluid therapy, blood products, coagulmon factors.. )lo
maintain the values recommended in European Pediatric Advanced

Life Support (EPALS) guidelines and EBM (27, 28).

S .

2.4 Motor evoked potentials monitoring

Surgeon-directed MEP were monitored according to the local
protocol. Transcranial electric stimulation was achieved and
itored using the Med ic NIM-ECLIPSE (NIM-ECLIPSE®
IONM system, Medtronic, MN, USA, Minneapolis). The MEP were
evoked using needle electrodes placed in position C3/C4, and the
stimulated cortex was below the anode. This positioning was
according to the EEG standards, the international 10/20 system. A
train of 5 pulses, with a duration of 0.20-1.00 ms, amplitude of max.
2x100 mA and an interstimulus interval of 2-3ms with a frequency
of 1 Hz were applied for stimulation. MEP were recorded with surface
electrodes placed according to the standard approach muscle/tendon
from both lower extremities (m. tibialis anterior and m. abductor
hallucis). The correct placement of electrodes for MEP was checked
in the prone position. The essential condition for MEP monitoring
was recovery from neuromuscular blockade. First, baseline MEP
parameters were recorded on the BIS level of 60+ 5 and a train-of-
four ratio of more than 90% before the commencement of surgery.
The second MEP p were ded when we deepened the
sedation anesthesia to the BIS level of 4015 just before the skin
incision. These two points were based on the recommended

excluded. We measured the incidence of new neurological deficits
after surgery.

2.6 Statistical analysis

Standard descriptive statistics were applied in the analysis:
absdulc frequencies for categorical variables and mean, median,
and i for ¢ variables. We used the

Statistica 13.5 software (STATISTICA software TIBCO Software, OK,
USA, Tulsa). A non-parametric Wilcoxon Signed Ranks Test was

performed to compare MEP p ' dependence on the BIS level
60 vs. 40.
3 Results

We started recruiting patients in September 2020. H , the

recruitment was prolonged by a limited number of elective surgeries
during the COVID-19 pandemic. The most frequent type of scoliosis
was idiopathic scoliosis in 62% (n=31) patients. Demographic and
epidemiologic data are shown in Table 1. We achieved the appropriate
depths of sedation in all children and youth before the skin incision.

Surgeons successfully recorded MEP in all patients during all
phases of the surgery. The influence of a deeper level of sedation was
not clinically significant, and MEP interpretation by a surgical team
was not affected as a primary outcome.

The MEP parameters at BIS level 40+ 5, proportionally compared
vmh thebuehnt.wmpmlongcd latencies 104% (97-110%), median

boundaries of a range of BIS index values to achieve an adeq

Frontiers in Medicine

- i ). and decreased amplitudes 84.5% (51-109%).
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FIGURE 1
TABLE 1 Patient’s char; . and data. the patients. MEP parameters in all phases of surgery are illustrated in

Patient's characteristics

Age, years, median (min-max) 15(4-23)
‘ Sex F n(%) . 37 (74%)
} Weight, kg, median (min-max) . 50 (12-94)

Height, cm, median (min-max) 160 (97-18%)
I ASA* physical status:
| ASAL (%) [ 20 (40%)
| Asam % 18 (36%)
’ ASA IIL n (%) | 12 (24%)
[ Scoliosis type:

Idiopathic ;m’lL.ms n(%) 31 (62%)
’ Neuromuscular scoliosts, n (%) | 11 (2%)
: Congenital scoliosis, n (%) 4(8%)

Other scoliosis, n (%) | 4(8%)

Cobb's angle, %, medun, (min-max) 52 (0-109)
r Operated segments, n, median, (min-max) | 11(3-18)

*ASA, American Society of Anesthesiodogists.

The absence of MEP was not observed at any level of sedation, BIS
40+ 5 included. New neurological deficits did not develop in any of

Frontiers in Medicine

Table 2. We proved the statistically significant difference in latency and
plitude in dependence on the sedation depth. Results are presented
in Table 3.

4 Discussion

This prospective study describes the influence of sedation depth
on MEP. To the best of our knowledge, this is one the largest and
most significant sample of MEP parameters recorded in youth, so
we decided to share these exciting data from the first 50 patients.
Very few studies were completed on the influence of sedation depth
on MEP. In the adult population, mostly during brain surgeries, the
difference in sedation levels also resulted in MEP alteration.
However, the number of studies and patient cohorts is very small,
and further research should be performed to verify these results.
Moreover, based on post-hoc power analysis, the data provided
clinically significant results (31). In add our study is i

8
because of the enrollment of all scoliosis types, not only the
idiopathic, which is studied the most. The results apply to other
types of scoliosis.

Although we described the statistically significant difference in
MEP parameters in dependence on the sedation depth, the
statistical alteration does not correlate with clinical alteration. These
results imply that sedation depth in the recommended BIS range
(40-60) £ 5 does not interfere with MEP interpretation by the

04 frontiersin.org
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surgical team, which is our most clinically significant finding. It

pports the that

and relatively simple method wuh high sensmv:ty and sp«nﬁdty

directed MEP are safe, feasible,

ey

dal

10.3389/fmed 2024.1471450

range (60-40)+5 on the MEP amplitude and latency. The SCOL
study’s strength is that it was designed to MEP in optimal
conditions without significant influence of other variables, such as

(13, 16, 32). Although

monitoring is the safest and p

Py
P 4

ted

thereisali

a need for more skilled staff responsible for overseeing IONM. Many
centers worldwide support the MEP monitoring certification not

only for neurophysiologists but also for

hysiological or vital function status and surgical instrumentation.
'lhe only ugmﬁanl variables are the researched ones, e.g., defined
doses of propofol and remifentanil, which affect the depth of sedation
(17,28, 35). The patients enrolled for the SCOL study were monitored

spinal surgeons. The advantage is that a skilled surgeon can recotd

it alone without significant engagement during surgery (32-34). For
these reasons, we consider this finding as the most

clinically important.

h or as ioned above. Appropri P hemo/
volume substitution, and body temp 5 according
to EBM were maintained within the normal values of vital function
during the surgery (28).

Another clinically exciting result is that we could not prove the

significant infh of the

e,

depth in the

ded BIS

TABLE 2 Motor evoked

recorded in all phases of the surgery.

Motor evoked potentials

n =50

and latency)

As previous studies describe, most drugs used during anesthesia
in children affect the IONM. Neuromuscular blocking agents should
not be used during IONM except for the initial dose for intubation.
Other unucommendcd drugs are volatile anesthetics,

di or thiopental. These drugs in anesthetic doses
ugnlﬁcandy impair IONM (14, 36). A gold standard for maintaining
general anesthesia during operations with IONM is considered a
combination of propofol and opioids, which in clinically relevant
doses reduce MEP amplitude and prolong the latency of SSEP. both

Baseline (BIS* 60 + 5) insignificantly (19, 20). Although we have sufficient information
e prpmeces about the influence of anesthetic agents on IONM, the exact effect of
- lhe depth of TIVA sedation on MEP is still unclear. BIS monitoring
Amplitude, %, median (min-max) 108 (300-308) result from using referential data from adult patients, and
Latency. %, median (min-max) 100 (100-100) the suitability of EEG monitoring in pediatrics needs to be better
Before incision (BIS 40+5) described. However, when we set our research, we followed the most
ey pre relevant studies at that time describing the influence of propofol on
F_EGdungamdmdnn These changes were described as age
Amplitude, %, median (min-max) 845 (51-109) pendent. H the oscillations in the propofol-induced EEG
Latency. %, median (min-max) 104 (57-110) were litatively similar among patients from lyear old till
Screws (BIS (60-40)+5) adullhood. and BIS monitoring was commonly used off-label in
ey 20 (100%) Men lnl addition, some studies founfi no significant dnl?’mncu
in BIS ing practice b pedi and adult p In
Asmplitnde. % oo (mler-sncz) HEeh contrast, applying these devices to children younger than 1 year is not
Latency. %. median (min-max) 103 (85-109) recommended (37-41). As scoliosis surgery is not indicated in
Rods (BIS (60-40)+5) children under 1 year, the most probl ic group in BIS g
we decided to use BIS in the same way as in adults. We decided to
e ke address the topic about the influence of depth of TIVA sedation on
Aumpliade, % sl (pula-snet) 96 a6 MEP in the SCOL study. As our findings show, the decrease of the
Latency. %. median (min-max) 100(73-108) plitude was, on average, 15.5% (~9-49%), and the latency delay
Dis/contraction (BIS (60-40)+5) was, on average, 4.0% (—3-10%) at BIS level 40+ 5. These results
R n (%) 50 (100%) imply a minimal clinically significant influence on MEP amplitude
and latency of sedation depth in the rec ded range of BIS value
Amplitude, %, median (min-max) | 96 (61-659) 40-60 in youth. As BIS storing Is considered 2 dasd i
Latency. . median (min-max) 100 (81-110) surgeries under TIVA, and BIS in the range of 40-60 should
*BIS, Bispectral index. be maintained, the effect of sedation probably should not be the
TABLE3 S in motor evoked in on the ion depth.
BIS* 60 BIS 40 BIS 40 x 60 difference p-values
Amplitade (V) 53222 (345.37) 439.34 (290.45) ~92.88 (130.64) <0.001
Amplitude (%) 100 (0) 8296 (14.28) ~17.04 (1428) <0001
Latency (ms) 3106 (8.91) 3224 (10.05) 1.18(1.49) <0.001
Latency (%) 100 (0) 103.52 (3.49) 352 (3.49) <0001
Mean (SD).
*BIS, Bispectral index.
Frontiers in Medicine 05 frontiersin.org
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leading cause of a sudden drop in amplitude or latency of MEP. On
the other hand, as sedation levels of BIS under 40 are not
recommended, these levels of sedation were not i igated. From
other studies, we can assume that deeper sedation could significantly
decrease amplitudes and prolonged latencies (31).

We could find a congruence for alarm points if we compare our
results with studies by Benuska et al. and Kobayashi et al. The minor

alarm points could be defined as a combination of an amplitud;
decrease of 270% and a latency delay of >210% from the baseline
(42, 43). Although combined alterations of MEP p can

reduce false positive values, these studies’ results are based on a
small number of patients. A recent study by Magampa and Dunn
and Polly et al. still recommend comparing amplitudes from legs
and hands. It seems the loss of signal from the lower extremities and
maintenance of signal from the upper ities rep the

10.3389/fmed.2024.1471450

Our results did not show a significant drop in MEP, when the drop
in BIS from 60 to 40 by deepening the sedation was performed.
These results imply that drops in BIS in the reccommended range
should not clinically influence the MEP. The effect of the level of
sedation which causes the burst suppression pattern on EEG was
not part of this study, as this level of sedation is considered too
deep and not ded for g | hesia. The more
accurate ing of sedation levels in relation to MEP for
example analysis of raw EEG or density spectral array analysis
could be the theme for further research.

In conclusion, based on our preliminary data, it seems reasonable
that surgeon-directed MEP may probably represent a promising way
of neuromonitoring during scoliosis surgery in youth between the
agaoﬂ and 23 years. This method probably allows simple IONM
i when traditional neurophysiologist-led IONM is

most reliable method (13, 44). This claim is in consensus with the
recommendation of the Scoliosis Research Society for IONM. The
absence of signal both from the upper and lower extremities is likely
due to technical issues or anesthetic implications. However, we did
not measure this ratio because it was not our study outcome (9). If

heti intain TIVA b the rec ded range for
sedation depth, the sudden drop in signal is more likely to be a
technical issue and can be solved sooner to maintain patient
safety (17).

A major study limitation was the ber of lled
The COVID 19 pandemic limited elective xurgery and mmllmenl
of p The ber of 50 patients from a p samplc siu

of 150 reduces the statistical analysus power.

ilable. H our preliminary results should be interpreted
cautiously because only a third of the patients were enrolled from the
planned sample size, and we will continue with recruitment. The
surgical team should always consider the pros and cons of the
possibilities of IONM recording, especially in more complex cases
with severe deformities, and choose the best option individually to
maximize patient outcomes.
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7 Prace vzniklé v souvislosti s managementem
krevnich ztrat béhem operaci skoliotickych deformit

Jak jsem jiZ popisoval v kapitole vénujici se anesteziologické péci, korekce skoliotic-
kych deformit jsou zpravidla spojeny s vy$$imi krevnimi ztratami, eventuelné koagulopa-
tif v perioperatnim obdobi [29, 38]. Nékteré zdroje uvadéji nutnost podani krevnich de-
rivatl a transfuznich pripravki v priblizné 30-60 % pripada [101, 102]. Krvacivé kom-
plikace, stejné jako komplikace spojené s podavanim transfdznich piipravkia a krevnich
derivatl, prokazatelné zvysSuji morbiditu i mortalitu pacientii a celkové naklady na hospi-
talizaci [142]. Mezi prokazané strategie vedouci k redukci ztrat patii predoperacni opti-
malizace hemokoagulace, tedy korekce anémie, zajisténi autologni krevni transfiaze ci
adekvatni alimentace pacienti. Z perioperacnich kroki jsou to udrzovani normovolémie
a normotermie, uZiti ,Cell-saveru“, intravendézni podavani antifibrinolytik a cilena ko-
rekce koagulopatie dle viskoelastickych metod [29, 38, 71, 72].

DalSi védecko-vyzkumna ¢innost bude vénovana pravé problematice redukce krev-

nich ztrat v priibéhu operac¢ni korekce skoliozy.
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7.1 Effect of Prophylactic Fibrinogen Concentrate In Scoliosis Surgery
(EFISS)

Podani kyseliny tranexamové je dnes jiZ rutinni praxi u fady vykon s predpoklada-
nymi velkymi krevnimi ztratami, tedy v¢etné oblasti spondylochirurgie. V. mnoha operac-
nich oborech je tak soucasti doporuceni jiz v ramci profylaktického podani, nicméné mo-
hou se lisit pohledy na davkovaci schémata pro uvodni bolus a naslednou pokracujici in-
fazi. V ramci davkovani nejsou data jednotna [1, 71, 73-76, 141, 142].

Fibrinogen (faktor I) je jednim ze zakladnich faktori krevniho srazeni. Nékteré stu-
die vénujici se problematice fibrinogenu naznacuji vyssi krevni ztraty perioperacné u pa-
cientl se vstupni hypofibrinogenémii ¢i dysfibrinogenémii, a to i ve spondylochirurgii.
Stejné tak nékteré prace popisuji nizsi krevni ztraty u pacientii s predoperacné vyssi hla-
dinou fibrinogenu [143-145]. Profylaktické podavani fibrinogenu je v soucasnosti hojné
diskutovanym tématem. Jeho dc¢innost byla studovana u mensiho poc¢tu pacientii v oblasti
kardiovaskularni chirurgie ¢i transuretralni resekce prostaty. Diskutovana byla i proble-
matika podavani fibrinogenu v pediatrii. V jedné studii vedl liberalni pristup pti podavani
fibrinogenu k redukci krevnich ztrat béhem operaci kraniosynostézy. Nicméné data jed-
noznacné prokazujici d¢innost profylaktického podani fibrinogenu, které by vedlo k sig-
nifikantni redukci krevnich ztrat, jsou velmi omezena. V budoucnu tak bude potreba
v této oblasti provést dalsi vyzkumy [146-148].

Studie EFISS byla navrZena jako prospektivni randomizovana studie, v ramci které
jsme chtéli zhodnotit proveditelnost a bezpec¢nost profylaktického podavani fibrinogenu

u détskych pacientli podstupujicich operacni korekci skoliotické deformity [149, 150].
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Do nasi pilotni studie bylo zatazeno celkem 32 pacientli mladSich 18 let, ktefi byli
indikovani k operaci skoliozy. Vyrazovacimi kritérii byly antikoagulacni farmakoterapie,
preexistujici koagulopatie, anamnéza hluboké Zilni trombozy ¢i plicni embolie, precitlivé-
lost na fibrinogen a nesouhlas zakonnych zastupct, kteri tak nepodepsali informovany
souhlas s ucasti ve studii [149, 150].

Kromeé standardni perioperacni péce pro pacienty podstupujici operaci skoliézy dle
lokalniho protokolu bylo pacientim randomizovanym do intervencni skupiny intra-
vendzné podano 20-30 mg/kg fibrinogenu. Primarnim cilem bylo posouzeni bezpec¢nosti,
tedy zkoumana byla cetnost a typ nezadoucich ucinki a reakci v€etné velmi zavaznych
reakci a amrti v souvislosti s ucasti ve studii. V ramci sekundarnich cilti jsme se vénovali
posouzeni proveditelnosti a ucinnosti [149, 150].

Pfi porovnani intervenc¢ni skupiny a skupiny se standardni péci nebyl pozorovan sta-
tisticky vyznamny rozdil v incidenci ¢i zdvaznosti neZadoucich uc¢inki. RovnéZ nebyly po-
zorovany statisticky vyznamné rozdily v aplikaci krevnich derivati ¢i transfiznich pfti-
pravki. Vysledky nasi studie naznacuji, Ze profylaktické podani fibrinogenu u détskych
pacientli podstupujicich korekci skoliézy je proveditelné a jevi se jako bezpecné. Zavéry
ohledné klinického ucinku vsak nelze pii poctu 32 pacientii vyvodit [149, 150].

Nase prace byla prijata v podobé protokolu studie v ¢asopise BM] Open (IF 2,4; Q1
v kategorii MEDICINE, GENERAL & INTERNAL) v roce 2023. Ukoncena pilotni studie byla
pak publikovana ve stejném casopise (IF 2,3; Q2 v kategorii MEDICINE, GENERAL & IN-

TERNAL) v roce 2025 [149, 150].
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ABSTRACT

Introduction Fibrinogen is one of the essential
coagulation factors. Preoperative lower plasma
fibrinogen level has been associated with higher blood
loss. Scoliosis surgery presents a challenge for the
anaesthetic team, one of the reasons being blood loss
and transfusion management. Recently, the prophylactic
fibrinogen administration has been a debated topic in
various indications. It has been described for example,

in urological or cardiovascular surgery, as well as in
paediatrics. This pilot study is focused on verifying the
feasibility of potential large randomised trial and verifying
the safety of prophylactic fibrinogen administration in
paediatric scoliosis surgery.

Methods and analysis A total of 32 paediatric

patients indicated for scoliosis surgery will be recruited.
Participants will be randomised into study groups in a
1:1 allocation ratio. Patients in the intervention group will
receive prophylactic single dose of fibrinogen, in addition
to standard of care. Patients in the control group will
receive standard of care without study medication prior
to skin incision. The primary aim is to assess the safety
of prophylactic fibrinogen administration during scoliosis
surgery in children, the incidence of any adverse events
(AEs) and jons will be moni during participati
in the study. The ) istoi gate the
additional safety information, feasibility and efficacy of a
prophylactic fibrinogen administration. The incidence of
AEs and reactions according to selected adverse events
of special interest will be monitored. All collected data will
be subjected to statistical analysis according to a separate
statistical analysis pian.

Ethics and dissemination This trial follows the

i legislation and requirements for good clinical

© Authoris) (o their
employer(s)) 2023. Re-use
permitted under CC BY-NC. No

practice according to the International Conference on
Harmonisation E6(R2). All essential trial documents were
approved by the relevant ethics committee and national
regulatory authority (State Institute for Drug Control) and
their potential amendments will be submitted for approval.
Trial registration number NCT05391412.

® ,° Martin Repko,**

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Results of this study might improve knowledge
about prophylactic fibrinogen administration in the
paediatric population during scoliosis surgery.

= The results of this feasibility study will provide data
to plan a fully powered randomised trial.

= Results of this study might support the claim about
the safety of the fibrinogen administration before
surgery.

= The participants are younger than 18 years at the
time of recruitment, according to national legisia-
tion, the informed consent must be signed by both
parents or legal guardians.

= The feasibility assessment may indicate a lack of
data to determine the influence on blood loss and

bleeding management.

plane, with deviation in the sagital plane
and vertebral rotation. It is one of the most
common spinal deformities in children.'”
The approach to the treatment is multidis-
ciplinary and depends on the scoliotic curve
severity and pmgrcssiun.' The surgery is
commonly indicated in patients with progres-
sive curves and Cobb angle >10° to stop
further progression of the curve and prevent
the development of multiple organ disease.
Except for musculoskeletal  disorders,
cardiovascular, respiratory, gastrointestinal
or psychosocial problems are described in
patients with scoliosis.” Anaesthesia for scoli-
osis surgery is a highly challenging task for the
whole team. The specifics of such anaesthesia
include long operation time, body tempera-
ture decrease, high blood losses, positioning
or intraoperative neurophysiological moni-

For numbered affiliations see toring.*”

end of article. During scoliosis surgery, high blood loss
m‘ﬁ BACKGROUND and the necessity of blood transfusions are
Dr Jan Hudec: Scoliosis is defined as an abnormal lateral  described, while allogeneic derivatives are
hudeja@gmail.com deviation of the spine of >10° in the frontal  necessary in the perioperative period in about
BMJ Vrbica K, et al. BMJ Open 2023;13:6071547. doi:10.1138/bmjopen-2022-071547 1
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30%~60% of cases.” Bleeding complications and adverse
events (AEs) associated with blood transfusions prolong
and increase the cost of hospitalisation and increase
the morality.” Wellknown and commonly applied
approaches to reduce blood loss include antifibrinolytics,
such as tranexamic acid, which can be administered
before surgery,'’ "' permissive hypotension, which can be
used to reduce blood loss. Prevention of hypothermia is
another way to reduce bleeding, and cell selvage, espe-
cially in high-risk patients, where it is preferred to mini-
mise allogeneic blood transfusions.'*

Fibrinogen is essential for clot formation and stop-
ping bleeding." - Hypofibrinogenaemia or dysfibrin-
ogenaemia leads to more severe bleeding during
high-extensive surgery.">'?  Moreover, studies
describe less blood loss in patients with higher preoper-
ative fibrinogen levels." Prophylactic administration of
fibrinogen is a widely discussed theme, but to date, the
data are limited." Some studies described a significant

some

reduction in blood loss and a secondary reduction in
allogeneic derivatives administration. Prophylactic fibrin-
ogen administration has been described in cardiovascular
or urological surgery.™® Additionally, early adminis-
tration has been reported to be safe in the paediatric
population.™

However, the effect of prophylactic fibrinogen admin-
istration in paediatric scoliosis surgery remains unclear.
We designed this study to verify the feasibility of prophy-
lactic fibrinogen administration in paediatric scoliosis
surgery. The results will be used to plan a sufficiently
large randomised trial with the aim to clarify the impact
of prophylactic fibrinogen application on the magni-
tude of blood loss and the need for wransfusion. This
study is focused on the safety, efficacy and feasibility
of prophylactic administration of fibrinogen in scoli-
osis surgery. The clinical outcome of each participant
is studied, particularly the incidence of potential AEs
such as thromboembolism, allergic reactions or fevers.
The results of this study may improve knowledge about
prophylactic fibrinogen application. All participants
in this study will contribute to this socially beneficial
knowledge.

METHODS AND ANALYSIS

Study design

The setting of the study is two-arm, prospective, mono-
centric, randomised, double-blind pilot trial with a 1:1
allocation ratio testing safety, eflicacy and feasibility of
prophylactic fibrinogen administration during scoliosis
surgery in the paediatric population. The pilot study
started on 1 June 2022 and the estimated end of the study
is planned on 30 September 2023. The study protocol
is compiled according to the Standard Protocol Items:
Recommendations for Interventional Trals (SPIRIT)
checklist.™

Aims and objectives

This pilot study is conducted before designing a fully
powered study and it aims to assess the safety, feasibility
and eflicacy of prophylactic fibrinogen administration
during scoliosis surgery in the paediatric population.
Results will be used to optimise the fully powered study
design and determine the final sample size.

The primary aim of a pilot study is to assess the safety
of perioperative infusion of fibrinogen during scoliosis
surgery in children. The incidence of any AEs, adverse
drug reactions, serious AEs, serious adverse reactions,

unexpected adverse reactions and suspected unexpected
serious adverse reactions will be monitored during partic-
ipation in the study. These primary outcomes monitoring
respects European directive 2001/20/E(C >

The secondary aim is to investigate the additional
safety information, feasibility and efficacy of a prophy-
lactic administration of fibrinogen. The incidence of AEs
and reactions according to the following adverse events
of special interest (AESI) will be monitored. Monitored
AESlinclude deep vein thrombosis verified on ultrasound
imaging, pulmonary embolism confirmed on CT scan
and infection or healing disorder requiring resurgery
and/or the initiation of antibiotic therapy. Additional
safety information include intensive care unit (ICU) and
hospital length of stay (days) and 28-day mortality.

Other end points and monitored parameters, such
as additional safety information, demographic charac-
teristics, laboratory values, comparison of blood loss or
feasibility assessment, are mentioned in the section ‘Data
collection’.

Participants

Eligibility criteria

All patients admitted to the hospital for scoliosis surgery
will be screened for inclusion criteria. When inclusion
criteria will be met, the exclusion criteria will be checked.
Only patients with fulfilled all inclusion criteria and
without all exclusion criteria will be considered for partic-
ipation in the study.

Inclusion criteria

» Elective scoliosis surgery.

Age <18 years at the time of enrolment.

Signed the relevant informed consent form (ICF).

Sexually active participants (aged 215 years) must

agree to the use of following methods of contracep-

tion for the duration of this clinical wrial:

- Women—proper use of a highly reliable method
of contraception, that is, combined hormonal con-
traception (oral, vaginal or transdermal form),
gestagen hormonal contraceptives associated with
ovulation inhibition (oral or injectable form) or
sexual abstinence.

- Men—sexual abstinence or the use of an adequate
contraceptive method (ie, condom) in case of sex-
ual intercourse.

Yy
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Exclusion criteria

» Diagnosed congenital or acquired coagulopathy.

» Use of anticoagulants with the exception of periop-
erative prophylactic administration of low molecular
weight heparin to prevent venous thromboembolism.

» Known hypersensitivity to the active substance or to
any of the excipients of investigational medicinal
product (IMP).

» History of deep vein thrombosis or pulmonary
embolism.

» Pregnancy and lactation.

Recruitment and withdrawal

The study is conducted at University Hospital Brno, Czech
Republic, in cooperation with the Department of Anaes-
thesiology and Intensive Care Medicine and the Depart-
ment of Orthopaedic Surgery. The study is controlled by
research infrastructure CZECRIN. All patients eligible for
the study and the patient’s parents/legal guardians will be
asked to participate in the Effect of Prophylactic Fibrin-
ogen Concentrate In Scoliosis Surgery (EFISS) study.
The informed consent has to be signed by both parents
or legal guardians. For patients who reach the age of 12
years at the time of enrolment, adapted written informa-
tion and an informed consent is prepared considering
the level of knowledge and the age of patients. All partic-
ipants or their parents/legal guardians can withdraw at
any time without giving any reason, but they must notify
the investigator.

Sample size

Since thisis a pilot study, a power calculation to determine
sample size is not required. The sample size was defined
in consensus by the State Institute of Drug Control of
the Czech Republic, statisticians and investigators. Thirty
participants (15 in both arms) were defined as a sample
size according to standard guidelines for pilot studies and
recommendation of good pmclicc.*"“’" Considering a 5%
dropout rate, 32 participants will be recruited.

Randomisation and blinding

Patients will be randomised in a 1:1 ratio to receive fibrin-
ogen or standard of care without further study medica-
tion. Randomisation will be performed electronically in
the electronic case report form (eCRF) Research Elec-
tronic Data Capture (REDCap) database. This eCRF was
created by study statisticians and study data managers
and contains a randomisation list. Unblinded person
will perform the randomisation after controlling all
inclusions and exclusions criteria before induction to
the anaesthesia. Based on the randomisation process,
an unblinded person indicates IMP application/non-
application before skin incision.

The study medication will be prepared by the
unblinded study nurse outside the operating theatre. It
will be administered after induction of anaesthesia before
the beginning of surgery under the supervision of an
unblinded investigator. The study nurse and investigator

will be unblinded for the duration of this study and will
not be part of the operating team. The blinded surgical
team (orthopaedist, anaesthesiologist and anaesthesi-
ology nurse) will be outside the theatre during the IMP
application/non-application. The unblinded study team
maintains the anaesthesia respecting local protocol for
paediatric scoliosis anaesthesia during the IMP appli-
cation/non-application. After IMP application/non-
application, unblinded study nurse and unblinded
investigator will leave the operating room, and the
blinded operating team will enter back to the theatre.
Based on these blinding measures, we are able to ensure
absolute blinding of the surgical team.

The data management group and statisticians will
work with a pseudo-anonymised data set. Emergency
unblinding before the end of the study should occur only
in exceptional circumstances when knowledge of the
actual treatment is necessary for further management of
the patient’s wreatment. This activity can be performed
directly in the REDCap electronic database. The investi-
gator must report all unblindings (with reason) as they
occur on the corresponding eCRF page.

Intervention

Choice of comparators

Bleeding and coagulopathy are present during scoliosis
surgery, and lack of fibrinogen plays a crucial role in it
We decided to reduce blood loss and coagulopathy devel-
opment, the fibrinogen will be administered preventively
in the intervention arm. The standard of care presents
respecting local protocol based on international guide-
lines (see section ‘Standard of care’). This standard
approach will be compared with the intervention.

Standard of care

All study participants will receive standard of care in
blood and coagulation management for scoliosis surgery.
Blood tests including haemoglobin (Hb), haematocrit
(Hre), platelet count (Plt), fibrinogen level (Fbg), act-
vated partial thrombin time (aPTT), prothrombin time
(PT) and thrombin time (TT) will be performed before
the surgery. Values will be checked before surgery, and in
case of significant pathology, the surgery will be delayed
and the haematologist will be invited. Tranexamic acid
will be administered to all patients before the skin inci-
sion in a dose of 10-15mg/kg. The standard of care
includes the restrictive administration of blood transfu-
sion, plasma derivative and fluids during the periopera-
tive period. The anaesthesiologist or attending physician
in the ICU will administer fluids, blood transfusions
and derivatives depending on clinical judgement, blood
loss, blood count, coagulation tests and vital signs. This
administration is directed by the local protocol of the
investigator’s hospital which respects international guide-
lines. ‘Goal-directed therapy’ approach is preferred
in case of bleeding in perioperative period. When the
blood loss exceeds about 25% of estimated total blood
volume of the patient, blood samples (blood count,

Vrbica K, et al. BMJ Open 2023;13:¢071547. 6oi:10.1136/bmjopen-2022-071547

3

dny wouy popeoumoq "£Z0Z AeW 9z uo LpSL L0-2Z0Z-uedofwa/gel L'0L se peysiignd sy :uedo rWE

'se|Bojouyoe) sejwis pue ‘Bujuien |y ‘Bujujw ejep pue 1xe) 0) pejejes sesn 1oy Buipniou) YyBiuAdos Aq peroajoid

*owg uj Aysseaun yhiesep je 920z ‘L Aew uo woofwqg uedofwqy,



INOVACE V ANESTEZIOLOGICKE PECI U SPONDYLOCHIRURGICKYCH VYKONU PEDIATRICKYCH
PACIENTU: VLIV NA PERIOPERACNI PRUBEH A BEZPECNOST

coagulation status and/or viscoelastic haemostatic assay)
are performed and blood transfusions and derivatives
are managed according to the results. The goals during
bleeding are Hb 70-90g/L, fibrinogen >2 g/L, platelets
>50x107/L. and normalisation of coagulation status. In
case of life-threatening bleeding, the transfusion strategy
of fibrinogen concentrate with red blood cells or fresh
frozen plasma with red blood cells in ratio of at least 1:2
is performed. The local protocol respects international
guidelines.”

Intervention description

Participants in the intervention group will receive the stan-
dard of care, and in addition, a single dose of fibrinogen
prior to the skin incision. IMP is administered intrave-
nously and is immediately available at a plasma concentra-
tion corresponding to the dose. Itis in a powder form ina
vial, and it is necessary to solve this powder carefully. The
reconstitution procedure should follow the instructions
in the package leaflet. Patients in the intervention group
e asingle dose of IMP intravenously, 20-30 mg/
kg. This dose range is based on the package leaflet and
investigators will administer IMP in doses of hundreds
of mg in this range (rounded to closest hundred in dose
range). The medicinal product will be diluted ina 100 mL
infusion bag and will be administered after induction to
anaesthesia before surgery. The infusion rate should not
exceed approximately 5mL/min. The IMP will be admin-
istered according to the above study blinding rules.

will recei

Comparison

Participants in the intervention group will receive stan-
dard of care and IMP before skin incision. Participants
in the control group will receive standard of care without
study medication before skin incision. In the control
group, the placebo will not be administered. It is caused
by the requirements of the national regulatory authority
(State Institute of Drug Control of the Czech Republic),
which does not allow the administration of a placebo in
the paediatric population unless it has therapeutic or
preventive effect.

The blinded operating team will manage both groups
according to the standard of care after the initial inter-
vention/non-intervention. Therefore, fibrinogen can
be administered to all patients if indicated in perioper-
ative period according to the local protocol for bleeding
management (see section Standard of care).

Primary and secondary outcomes will be compared
between intervention and control groups to assess the
potential feasibility of a large-scale study.

Trial feasibility

The trial feasibility assessment is one of the secondary
aims of this study. We will monitor the recruitment rate
of eligible patients who will be approached for consent to
participate. The feasibility criterion is >75% of enrolled
participants. We will also evaluate the percentage of
missing outcomes and clinical data. The goal is to have

<10% missing outcome data, including ICU and hospital
length of stay (LOS) and survival, and <10% missing clin-
ical data obtained from clinical medical notes and elec-
tronic patient records.

Clinical outcomes

The clinical outcome focuses on reducing blood loss
and wransfusions in paediatric patients after prophylactic
fibrinogen administration during scoliosis surgery. Blood
loss and plasma derivatives management will be reported
for each participant. Blood count and coagulation param-
eters will be monitored before surgery, in the end and 24
hours after the surgery. All parameters will be recorded in
the eCRF database.

Data collection

During the course of the trial, subjects will be monitored
during hospitalisation and after discharge. According to
medical records, all data will be collected in an eCRF. Data
of blood count (Hb, Het, Plt) and coagulation status (PT,
aPTT, TT, Fbg) will be filled in eCRF before surgery, after
surgery and 24 hours after surgery. Information about
inclusion and exclusion criteria, informed consent and
demographic data will be obtained on the day of enrol-
ment. Collected participant demographic data will be age
(years), sex (male, female), weight (kg) and Cobb’s angle
(°). Blood samples will be taken before surgery according
to standard of care, postoperative blood samples will
be taken immediately after surgery and 24 hours after
surgery. We will record operative time, blood loss, the
volume of blood loss for the surgical segment of the spine
and urinary output during surgery and 24 hours after
surgery. We will rack the number, type and volume of
administered transfusion products, plasma derivatives,
crystalloid solutions and colloid solutions during surgery
and in 24 hours postoperative period. The critical part
of monitored data will be the incidence of AEs and reac-
tions according to the following AESIL. These reactions
will include deep vein thrombosis verified on ultrasound
imaging, pulmonary embolism confirmed on CT, infec-
tion or healing disorder requiring resurgery and/or the
initiation of antibiotic therapy. Ultrasound imaging or CT
scan will be indicated individually, only in patients with
suspicion of AESI according to the clinical condition.

Other monitored additional safety information will be:
» Hospital LOS.

» ICU LOS (day of admission and day of discharge will
be counted as 1day).

» Twenty-eight-day mortality (number of patients who
are not alive 28 days after randomisation).

According to the SPIRIT checklist, the schedule of
enrolment, interventions and assessments is summarised
in table 1.%

All study-related information will be stored securely at
the study site. All participant information will be stored in
locked file cabinets in areas with limited access. All local
databases will be secured with password-protected access
systems. Forms, lists, logbooks, appointment books and

4
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Table 1 Clinical trial schedule

Study period

Timepoint D, Do

Enrolment
Inclusion/Exclusion criteria X
Informed consent
Pregnancy testing* X
Randomisation X
Intervention
Study medication applicationt
Assessments
Demographic datat X
Adverse events
Laboratory testing§
Blood lossY|
Urinary output**
Transfusion products
consumptiontt
Fluid therapytt
ICU LOS (days)
LOS (days)
28-day mortality

Reason for premature
termination

x

*Urine pregnancy testing.

tFibrinogen infusion or standard of care.

$Age, sex, weight, Cobb's angle.

§Haemoglobin, haematocrit, platelet count, fibrinogen, aPTT, PT, TT.

X X X X X

x

X X X X X

YVolume (mL) during surgery and in the 24-hour postoperative period and volume (mL) related to the surgical segment of the spine.

**Volume (mL) in the 24-hour postoperative period.

11Type and volume (mL) during surgery and in the 24-hour postoperative period.
aPTT, activated partial thrombin time; ICU, intensive care unit; LOS, length of stay; PT, prothrombin time; TT, thrombin time.

other listings that link participant ID numbers to addi-
tional identifying information will be stored in a locked
file in an area with limited access. No later than 3years
after the collection of the l-year postrandomisation, we
will deliver a completely blinded data set to an appro-
priate data repository for sharing purposes. Statistical
codes will be archived in accordance with standard oper-
ating procedures.

Statistical analysis

A separate statistical analysis plan (SAP) will be prepared
to provide details on the approach to analyses. The SAP
will be finalised before the database lock. All eventual
deviations from the SAP will be described and justified in
the relevant part of the Clinical Trial Report. As a general
approach for the descriptive analysis, the following statis-
tics will be provided for continuous variables: the number
of subjects with available data (n), mean, SD, median,

minimum and maximum. The number and percentage
of patients will be provided for categorical variables. For
a comparison of continuous variables between treatment
groups, twosample ttest or its non-parametric alter-
native Mann-Whitmey U test will be used, where appro-
priate. Pearson’s %" test or Fisher's exact test will be used
to compare categorical variables, where appropriate. All
statistical tests will be twossided. P values <0.05will consti-
tute statistically significant differences. During the pilot
study, the interim analysis is not planned.

Protocol non-adherence will be assessed by the prin-
cipal investigator case by case. Patients with major devi-
ations from the study protocol will be excluded from the
analysis. Missing data are not planned to be imputed.
However, in the event of substantial missing data for
any parameter, a sensitivity analysis using any method of
imputation could also be used.

Vrbica K, et al. BMJ Open 2023;13:0071547. doi-10.1136/bmjopen-2022-071547

'se|Bojouyoe) Jejjwis pue ‘Bujuies |v ‘Bujujw ejep pue 3xe) o} pajejes sesn 10) Buipnioul JyBiiAdod Aq peyoejoid
- owg ul Aysoaiun yhsesey je 9Z0Z ‘L Aey uo /wod fwq uedofwq dny woy pepeojumoq "£Z0Z AeW 9Z U0 LpSLL0-ZZ0Z-uedofwq/9eLL 0L se poysignd isiy :uedo rweg



INOVACE V ANESTEZIOLOGICKE PECI U SPONDYLOCHIRURGICKYCH VYKONU PEDIATRICKYCH
PACIENTU: VLIV NA PERIOPERACNI PRUBEH A BEZPECNOST

Open access

Patient and public involvement

Patients or the public will not be involved in the study
development. This EFISS study was proposed and
designed by an expert team of University Hospital Brno
and the Faculty of Medicine, Masaryk University Brno in
the Czech Republic.

Monitoring and auditing

The trial centre will be monitored according to the
monitoring plan provided by research infrastructure
CZECRIN. The objectives of the monitoring are to ensure
that the trial participant’s safety and rights are respected,
that accurate, valid and complete data are collected and
that the wial is conducted in accordance with the trial
protocol, the principles of good clinical practice (GCP)
and national legislation. Sponsor, regulatory authority
and ethics committees have the right to inspect/audit the
trial site.

ETHICS AND DISSEMINATION

This wrial follows the applicable legislation and require-
ments for GCP according to the ICH E6(R2). Compli-
ance with this standard provides public assurance that
the rights, safety and well-being of trial participants are
protected and that the clinical trial data are credible.

All essential trial documents were approved by the rele-
vant ethics committee and national regulatory authority
(State Institute for Drug Control) and their potential
amendments will be submitted for approval. The study
was approved by University Hospital Brno’s Ethics
Committee (No.: 24/22MONO) and by State Institute for
Drug Control (No.: sukls11048/2022). This clinical study
includes patients belonging to the category of vulnerable
subjects, namely children and adolescents under 18 years
of age.

Informed consent procedure

The parents/legal guardians will receive written infor-
mation and an ICF. The investigator will inform in a
comprehensible manner about the nature, purpose
and significance of the clinical trial simultaneously. This
procedure will take place before enrolling the child in
the study. Parents/Legal guardians will also be informed
of the measures to protect personal data. That liability
insurance has been arranged for investigators and spon-
sors in the event of health damage due to a clinical
rial, including possible compensation for trial subjects.
Paediatric patients will receive from the investigator
information on the clinical trial adapted to their level
of knowledge and intellectual abilities, including details
on the benefits and risks of participating in this clinical
wrial. The explicit wish of instructed paediatric patients
to refuse to participate or to withdraw from a clinical trial
at any time is always respected. Written information and
an informed assent form are prepared for patients who
reach the age of 12 years at the time of enrolment. Paedi-
atric patients and their parents/legal guardians will get

sufficient time to study the written information and the
ICF carefully and will ask additional questions to which
the investigator must respond satisfactorily. All legal
representatives (both parents) must sign the ICF at the
end of the process.

Supervision of the informed consent procedure

The process of obtaining informed consent from the
patient’s parents/legal guardians, or patients, must always
be adequately documented by the investigator using valid
forms and the patient’s medical records. The clinical trial
monitor will check the process during monitoring visits.
Significant deviations in the process will lead to the termi-
nation of the patient’s participation in the trial.

DISCUSSION

Prophylactic fibrinogen administration before high-risk
surgeries is a widely discussed topic across medical fields.
Preoperative lower levels of fibrinogen are associated
with higher blood loss in adolescent idiopathic scoliosis
surgery. However, if the effect of prophylactic fibrinogen
administration will lead to blood loss reduction in these
patients is unclear.'* 7%

The safety of fibrinogen administration in the paedi-
atric p(_x‘pulalim\ has been demonstrated in several
studies.” *' However, in these studies, fibrinogen was
substituted during the surgery according to the visco-
elastic haemostatic assays, the substitution was not
prophylactic. In addition, the number of participants was
low. In summary, data on prophylactic administration in
children and adolescents are insufficient, more studies

are needed.

We can see some similarity with tranexamic acid admin-
istration. In recent years, tranexamic acid has been
commonly used in scoliosis surgery to reduce blood
loss.™ ™ The efficacy of ranexamic acid is unambiguous,
it reduces blood loss, the need for blood transfusions and
the length of hospitalisation.” The use of tranexamic
acid is incorporated in orthopaedic recommendations
for blood management.® However, some studies have
provided evidence of the thromboembolic potential of
wranexamic acid.* ¥ In contrast, fibrinogen is not asso-
ciated with higher thromboembolic risk repeatedly.™ It
is appropriate to study fibrinogen concentrate to see if
it has the same positive properties as tranexamic acid
without possible side effects.

This pilot study also has some limitations. The sample
size is designed according to standard guidelines for pilot
studies, so it is limited to 32 patients. Participants are
under the age of 18 years, so informed consent has to be
signed by both parents or legal guardians, which may lead
to limited enrolment. Data are collected 28 days after
randomisation, which may not be an adequate interval to
evaluate safety and feasibility. And final limitation is the
absence of placebo administration in the standard of care
group. This absence is mainly caused by the requirements
of the national regulatory authority, which does not allow
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the administration of a placebo without a therapeutic or
preventive effect in the paediatric population.

CONCLUSION

This pilot study should demonstrate the safety and feasi-
bility of the intended intervention and form the basis
for a later large study which could have extensive impact
in scoliosis surgery and bleeding management. But the
results will not prove most likely the efficacy of prophy-
lactic administration of fibrinogen in scoliosis surgery.
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ABSTRACT
Objectives The goal of this study is to assess the safety,
feasibility and clinical outcomes of prophylactic fibrinogen
administration in paediatric scoliosis surgery.
Design Prospective, two-arm, randomised, double-blind
pilot trial.
Setting Single-centre study conducted at a tertiary care
hospital specialising in scoliosis surgery.
Participants 32 children undergoing scoliosis surgery
entered and completed the study. The inclusion criteria
were elective scoliosis surgery, age <18 years, provision
of a signed informed consent form by both parents and
consent to ion use for the duration of this
dinical trial among sexually active (215 years of age)
participants. The exclusion criteria were diagnosed
congenital or acquired coagulopathy, use of anticoagulants
other than perioperative prophylactic administration
of low molecular weight heparin to prevent venous
thromboembolism, known hypersensitivity to the active
substance or any excipients in the investigated medicinal
product, history of deep vein thrombosis or pulmonary
embolism, pregnancy and lactation.
Interventions Participants were randomised 1:1to a
standard group, receiving standard blood and coagulation
or a fibri group, iving a single
prophylactic dose of fibri in addition to
standard care.
Primary and secondary outcome measures Safety,
the primary objective, was assessed according to
adverse events, serious adverse events and other safety
y objectives i feasibility and

dinical outcomes.
Results In the fibrinogen group, 101 adverse events
across 19 types were observed, whereas in the standard
group, 95 adverse events across 21 types (p>0.9999) and
one serious adverse event were observed. No adverse
events of special interest or deaths occurred in either
group. Blood loss did not significantly differ between

the fibrinogen (1021.88 mL (SD 473.63)) and standard
(859.38 mL (SD 713.03)) groups (p=0.1677). The mean
length of hospital stay was 8.88 (SD 0.81) days in the
fibrinogen group and 9.25 (SD 1.88) days in the standard
group (p=0.9210). No statistically significant differences
in the use of blood transfusions, blood derivatives,
crystalloids or colloids were observed between groups.
Conclusions This study demonstrates that the
prophylactic administration of fibrinogen during scoliosis
surgery in children is feasible and appears to be safe.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study was designed as a two-arm, single-
centre, randomised, double-blind trial.

= This study focuses on paediatrics, a population that
remains relatively under-researched.

= The requirement for informed consent from both
parents limited participant enrolment and may have
introduced selection bias.

= The intervention study was designed without place-
bo administration in order to avoid the risk of po-
tential adverse events associated with placebo use.

= The study limitation is its short 28-day follow-up
period.

Due to the limited sample size, no conclusions can be
drawn regarding the efficacy of pre-emptive fibrinogen
administration on clinical outcomes. However, the results
provide valuable data to inform sample size calculation for
a future full-scale randomised controlled frial.

Trial registration number CliniacalTrials.gov
NCT05391412.

BACKGROUND

Scoliosis, one of the most common spinal
deformities in paediatrics, has an average
prevalence of 2-3% worldwide." * Scoliosis
is usually defined as a lateral curvature of
the spine measuring >10° in the coronal
plane on an X-ray. However, this condition
is a complex multidimensional structural
spine deformity resulting from rotation,
angulation and curvature abnormalities
in all three axes.”™ The progression of
the scoliotic curve over time, particularly
during rapid growth periods, changes the
shape and size of the rib cage and thorax,
thus leading to respiratory, cardiovascular,

gastrointestinal and psychosocial disorders
affecting multiple organs. Scoliotic curve
progression is also associated with back
pain.” Scoliosis treatments are aimed at
stopping the progression of curve deviation
and thus preventing the development of
multiple-organ diseases.” Treatment options
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Open access

for scoliosis include observation, physiotherapy, bracing
and surgery. The choice of treatment method depends
on the severity and progression of the scoliotic curve.
A common indication for surgical treatment is progres-
sive deviation of the scoliotic curve and a Cobb angle
>40°.

Scoliosis surgery is challenging because of long opera-
tion times, body temperature management, positioning,
intraoperative neurophysiological monitoring and high
blood losses.” ? Blood transfusions in the periopera-
tive period are required in approximately 30%-60% of
cases and are associated with prolonged hospital stays,
increased costs and munali(y.l" " Strategies to decrease
blood loss and the need for transfusions are therefore
warranted; these strategies include antifibrinolytic treat-
ment (eg, tranexamic acid), hypothermia prevention and
cell salvage.'*"!

Recently, attention has been paid to fibrinogen, a
coagulation fa(‘l()r essential for clot formation during
H\po/(l\\hblumgcnaunu can lead 10
severe bleeding during high-risk surgeries. ol
some studies have reported less blood loss in patients
with higher preoperative fibrinogen levels * The
effects of prophylactic fibrinogen administration have
been reported in cardiovascular or urological surgery,
and decreased blood loss and transfusion requirements
have been observed. ™™ Early intraoperative fibrinogen
administration, compared with late administration, has
been found to decrease transfusion volume and blood
loss in children undergoing surgery for craniosynostosis
but not for scoliosis. However, the scoliotic population
in the trial was small.* The effects of prophylactic fibrin-
ogen administration in the paediatric population under-
going scoliosis surgery, particularly regarding safety and
the magnitude of blood loss, remain unclear. This study
was aimed at assessing the safety, efficacy and feasibility
of pmph\lacuc fibrinogen administration in paediatric
scoliosis surgery

. 15
haemostasis.
" Moreover,

2] X

25

METHODS

Study design and participants

This two-arm, singlecentre, randomised, double-blind
trial was conducted between June 2022 and October 2023
at a tertary teaching hospital in the Czech Republic.
All patients admitted for elective scoliosis surgery were
screened for eligibility. The inclusion criteria were elec-
tive scoliosis surgery, age <18 years at the time of enrol-
ment, provision of a signed informed consent form by
both parents and consent to contraception use for the
duration of this clinical trial among sexually active (215
years of age) participants.

The exclusion criteria were diagnosed congen-
ital or acquired coagulopathy, use of anticoagulants
other than perioperative prophylactic administration
of low molecular weight heparin to prevent venous
thromboembolism, known hypersensitivity to the
active substance or any excipients in the investigated

medicinal product, history of deep vein thrombosis
or pulmonary embolism, pregnancy and lactation.
After provision of informed consent, each patient was
randomised to one of the trial arms. The randomisa-
tion procedure was implemented in an electronic case
report form with a randomisation ratio of 1:1. The study
statistician generated the randomisation list, which the
study data manager implemented in the electronic
case report form. Allocation concealment was ensured
with a web-based randomisation system. The genera-

tion of the allocation sequence was embedded in the
trial website. The study investigator enrolled partici-
pants and randomised them with the web-based rando-
misation system. The patient and treating physicians
and nurses were blinded to the study intervention.
An unblinded investigator performed the randomi-
sation before induction to the anaesthesia, and the
study medication was prepared by the unblinded study
nurse outside the operating theatre. It was adminis-
tered/non-administered after induction of anaesthesia
before the beginning of surgery under the supervision
of an unblinded investigator. The blinded surgical and
anaesthesia team was outside of the operating theatre
during the administration/non-administration of
fibrinogen. The data management group and statis
cians worked with a pseudo-anonymised data set. The
detailed methods of this study have been published as
a protocol.'® No interim safety analysis was conducted,
as the study was designed to explor
reported according to CONSORT guidelines.

safety. Thc study is

Interventions

Standard of care

In one arm of the study (STANDARD), all partici-
pants received standard of care blood and coagulation
management for scoliosis surgery according to the Iucal

protocol, which adheres to international guidelines.”
Standard blood and coagulation tests were performed
before the surgery. Tranexamic acid was administered
intravenously before the skin incision at a dose of
10-15mg/kg. A restrictive approach was used to admin-
ister blood transfusions, plasma derivatives and fluids.
The indications for administration depended on clin-
ical judgement, according to assessment of blood loss,
blood test results and vital signs. The thresholds were set
to Hb at 70-90g/L, fibrinogen at >2g/L and platelets
at >50x109 /L. In the event of life-threatening bleeding,
the transfusion strategy of fibrinogen concentrates and
red blood cells or fresh frozen plasma in a ratio of at
least 1:2 was used.

Intervention group

Participants randomised to the second arm (FIBRIN-
OGEN) received the standard of care. In addition, a
single dose of 20-30mg/kg of fibrinogen was adminis-
tered intravenously before the skin incision.

2
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Table 1 Demographic characteristics

Characteristic Statistic FIBRINOGEN STANDARD P value
Sex
Male n (%) 5(31.3) 4 (25) >0.9999
Female n (%) 11 (68.7) 12 (75)
Age (years) Mean (SD) 14.06 (1.61) 13.56 (2.76) 0.8926
Median (min,max) 15 (11,16) 14 (6,17)
ASA score Mean (SD) 1.63 (0.62) 1.25 (0.45) 0.0688
Median (min,max) 2(1,3) 1(1,2)
Weight (kg) Mean (SD) 50.53 (11.6) 51.51 (13.45) 0.8082
Median (min,max) 48.5 (34.4,75) 55 (20,77)
Height (cm) Mean (SD) 164.38 (10.73) 158.06 (16.27) 0.3956
Median (min,max) 162 (143,192) 162 (110,179)
Fused levels (N) Mean (SD) 10.44 (2.56) 10.75 (2.57) 0.7325
Median (min,max) 10 (6,15) 11.5 (6,15)
Cobb angle (°) Mean (SD) 56.81(14.42) 58.63 (15.76) 0.8800
Median (min,max) 54 (39,90) 51 (44,91)
ASA, American Society of Anesthesiologi
Outcome measures level, number of patients receiving transfusion products
Primary outcome or blood derivatives, number of administered transfusions

The primary outcome of the study was the safety assess-
ment of prophylactic fibrinogen administration in scoli-
osis surgery in children.

This primary outcome monitoring followed European
directive 2001/20/EC.* According to this directive,
the safety assessment included the incidence of adverse
events (AEs), adverse drug reactions, serious AEs, serious
adverse reactions, unexpected adverse reactions and
suspected unexpected serious adverse reactions, which
were compared between study groups.

Secondary outcomes

Additional safety information

AEs of special interest (AESI), including deep vein
thrombosis verified on ultrasound imaging, pulmo-
nary embolism confirmed on CT scan and infection or
healing disorder requiring re-surgery and/or the initia-
tion of antibiotic therapy, were monitored. Intensive care
unit (ICU) and hospital length of stay (LOS) and 28-day
mortality were also assessed.

Feasibility

The following parameters were analysed in the study
feasibility assessment: the recruitment rate of eligible
patients approached for consent to participate (with a
feasibility criterion of >75% of enrolled participants), the
percentage of missing outcomes and clinical data (with
an aim of <10% missing outcome data and <10% missing
clinical data obtained from patient records).

Clinical outcomes
The analysed clinical outcomes included demographic
data, total volume blood loss, blood loss per one fused

and blood derivatives (red blood cells, thrombocytes of
apheresis, fresh frozen plasma, fibrinogen concentrate,
prothrombin complex concentrate), volume of adminis-
tered fluids (crystalloid or colloids), urine output within
the 24 hours after the surgery, blood counts (haemo-
globin, haematocrit and platelets) and coagulation
parameters (fibrinogen, activated partial thromboplastin
time (aPTT), prothrombin time (PT) and thrombin time
(TT)) before surgery, at the end of surgery and 24 hours
after surgery.

Sample size and power considerations

Because this study was a pilot study, a power calculation
to determine sample size was not required. By consid-
ering pilot study standards and guidelines, we set the
sample size to 30 participants, with 15 per study arm.***
According to the expectation of a 5% dropout rate, the
final sample size was set to 32 participants (16 per arm).’“

Statistics

The statistical analyses were performed according to a
previously published prulocul.“’ Categorical data are
presented as numbers and percentages. For continuous
data, the mean, SD, median, minimum and maximum
were calculated. Test for normality (Shapiro-Wilk test)
vas used together with visual inspection of data (histo-
grams and Q-Q plots were used) for continuous param-
eters. For comparison of continuous variables between
treatment groups, the twosample ttest or its non-
parametric alternative, the Mann-Whitney U test, was
used, as appropriate. For categorical parameters, Fisher's
exact test was used when assumptions for Pearson'’s 32 test

Hudec J, et al. BMJ Open 2025;15:¢100137. doi:10.1136/bmjopen-2025-100137
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Table 2 Adverse events '6
Total FIBRINOGEN STANDARD 3
(N=32) (N=16) (N=16) 5_-
AE n % AE n % AE n % P value ~
Number of patients with at least one AE 32 100 16 100 16 100 >0.9999 E
Total number of AEs 196 101 95 g
General disorders 57 32 100 29 16 100 28 16 100 >0.9999 §
Pain 32 32 100 16 16 100 16 16 100 >0.9999 3:
Fever 25 25 78.13 13 13 8125 12 12 75.00 >0.9999 g 3
Surgical disorders 2 2 6.25 - - - 2 2 1250 >0.9999 § @
Drain self-extraction 1 1 3.13 - - - 1 6.25 >0.9999 o §
Re-surgery 1 1 313 - =2 s 1 1 625  >09999 ;g
Gastrointestinal disorders 42 23 7188 25 1 68.75 17 12 75.00 >0.9999 § ':“
Flatulence 4 4 12.50 2 2 1250 2 2 12.50 >0.9999 gg
Nausea 16 16  50.00 9 9 56.25 7 7 43.75 0.7244 ;: N
Vomiting 9 9 28.13 6 6 3750 3 3 18.75 0.4331 g §
Diarrhoea 1 1 313 1 1 625 - - - >00000 %
Constipation 12 12 3750 7 7 4375 5 5 3125 0.7160 '.;. :
Blood and haemostasis disorders 80 32 100 41 16 100 39 16 100 >0.9999 E g
Anaemia 31 31 9688 15 15 9375 16 16 100 >0.9999 ] %
Coagulopathy 32 32 100 16 16 100 16 16 100 >0.9999 g
Leucocytosis 10 10 3125 5 5 3125 5 5 3125 >0.9999 § g
Thrombocytopenia 7 7 21.88 5 5 3125 2 2 12.50 0.3944 3 '
Skin and soft tissue disorders 2 1 3.13 - - - 2 1 6.25 >0.9999 g g
Face oedema 1 1 3.13 - - - 1 1 6.25 >0.9999 8 g
Soft tissue oedema 1 1313 - - - 1 1 625  >0.9999 a
Urogenital disorders 2 2 6.25 1 1 625 1 1 6.25 >0.9999 E =
Urinary infection 2 2 6.25 1 1 625 1 1 6.25 >0.9999 3 g
Homeostasis and metabolism disorders 4 4 12.50 2 2 1250 2 2 12.50 >0.9999 ;:é
Hypokalaemia 2 2 6.25 1 1 6.25 1 1 6.25 >0.9999 '2 =
Hyponatraemia 1 1 3.13 - - - 1 1 6.25 >0.9999 i%
Loss of appetite 1 1 3.13 1 1 625 -~ - - >0.9999 % §
Nervous system disorders 6 6 18.75 3 3 1875 3 3 18.75 >0.9999 « g
Paraesthesia 1 1 313 1 1 625 - - - 09999 32
Vertigo 5 5 1563 2 2 1250 3 3 18.75  >0.9999 °g_‘.§
Respiratory disorders 1 1 3.13 - - 1 1 6.25 >0.9999 f )
Cough 1 1 3.13 - - - 1 1 6.25 >0.9999 -
%, percentage of patients with at least one adverse event in the category; AE, adverse events; n, number of patients with at least one adverse g’i
event in the category; P value, p value of Fisher exact test. 5"3
32
were not met (ie, at least one expected frequency was <5 Ethical considerations and data protection f
in contingency table). All statistical tests were twosided,  The study was approved by University Hospital Brno's 5
and p values<0.05 were considered to indicate statisti- Elhi('? Committee (No 24/22MONO) and by State Insti- :
cally significant differences. Analyses were conducted  tute for l)l:ug Control (No suklsl 10‘18/‘.’02‘2) , and was %
on an intention-to-treat basis and missing data were not con(lucu-(l in accordance with the principles of the Decla- 3
imputed. The statistical analyses were performed in SAS 'l“f“_i(’" of H'»'l-"‘".‘kh The study was "“K'L"“'"“‘! at Clinical- F
version 9.4. The study statistical analysis plan is available Irials.gov (NCT05391412, date of approval 6 May 2022). s
in online supplemental file 1. No later than 3 years after the collection of the l-year @
3
°

4
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Screening

Screened prior 1o eligibility
assessment (n=157)

Excluded (n=121)

*  Notmeeting inclusion criteria (n=24)

Both parents were not present 10 sign
ICF (n=96)

* Meeting exclusion criteria (n=1)

[ Enrotment |

[ Assessedrtor e

ligibility (n=36)

Excluded (n=4)
* Declined to participate (n=4)

Randomized (n=32)

Allocated to FIBRINOGEN group (n=16)
* Received int ion (n=16)

Allocated to STANDARD group (n=16)
* Received allocated intervention (n=16)

Lost to follow-up (n=0)

Analyzed (n=16)

Figure 1 Flowchart diagram. ICF, Informed Consent Form.

post-randomisation, a completely blinded data set will be
delivered to an appropriate data repository for sharing
purposes.

Patient and public involvement

Patients and/or the public were not involved in the
design, or conduct, or reporting or dissemination plans
of this research.

RESULTS

Characteristics of the study sample

Between 8 June 2022 and 14 June 2023, a total of 32 chil-
dren with adolescent idiopathic scoliosis undergoing
scoliosis surgery were enrolled in this study. The mean
age was 13.8 years, and nine (28.1%) participants were
boys. The demographic characteristics between groups
were comparable, except for the American Society of
Anesthesiologists (ASA) score, which showed a difference
that was not statistically significant, as demonstrated in
table 1.

Primary outcome

Regarding the primary outcome, safety, all patients in
both groups showed some AEs. A total of 101 AEs of 19
types were observed in the FIBRINOGEN group. In the
STANDARD group, 95 AEs of 21 types were observed.
These AEs were of grades 1-3, whereas no AEs of grades

Lost to follow-up (n=0)

Analyzed (n=16)

4 and 5 were observed. In the STANDARD group, one
serious AE occurred, which required reoperation because
of breakage of the implanted rod. Throughout the study,
we observed no adverse drug reactions, serious adverse
reactions, unexpected adverse reactions or suspected
unexpected serious adverse reactions. The detailed list of
individual AEs is presented in table 2. The difference in
AEs between groups was not statistically significant.

Secondary outcomes

No AESI were observed in both groups. The mean LOS
was 8.88 (SD 0.81) days in the FIBRINOGEN group
and 9.25 (SD 1.88) days in the STANDARD group
(p=0.9210). The mean ICU LOS was 3.38 (SD 1.09) days
in the FIBRINOGEN group and 3.63 (SD 1.63) days in
the STANDARD group (p=0.9069). No significant differ-
ences were observed between groups in either measure.
No patients died during the 28-day observation period.

Feasibility

The patient enrolment process is shown in figure 1. Ult-
mately, 32 participants were enrolled, and the recruit-
ment rate of eligible patients approached for consent was
88.9%, exceeding the required threshold of 75%. The
percentage of missing outcome data (LOS, ICU LOS and
28-day survival) was 0%, a value well below the required
threshold of 10%. The percentage of missing clinical data

Hudec J, ef al. BMJ Open 2025:15:¢100137. doi:10.1136/bmjopen-2025-100137

5

uedo rng

dny wouy popeojumoq "SZ0Z 40Go0 L UO LEL00L-§Z0Z-uodofwq /9 L1 °0) se peysiqnd 3suy :

‘se|Bojouyde) sejjwis pue ‘Bujuies v ‘Bujujw elep pue 3xe} o} pejejes sesn o) Bupnjou) ‘JybiiAdod Aq perdeold

*ouug uy Qysieaiun yAiesep je 920z ‘L Aew uo wodfwq uedofwaqy



INOVACE V ANESTEZIOLOGICKE PECI U SPONDYLOCHIRURGICKYCH VYKONU PEDIATRICKYCH
PACIENTU: VLIV NA PERIOPERACNI PRUBEH A BEZPECNOST

Table 3 Haematological parameters and blood loss

N  Time Mean SD Median Minimum  Maximum P value
Haemoglobin (g/L)
FIBRINOGEN 16  Beforesurgery 13275  9.14 135.5 118 147 0.5849
STANDARD 16 13469 1065 135 115 155
FIBRINOGEN 16 Endofsurgery 103.24 135 104 76 121 0.6452
STANDARD 16 10539 1271 109 79.3 127
FIBRINOGEN 16  24hoursafter 100 5.91 1015 93 113 0.7877
STANDARD 16  Surgery 100.81 10.37 98.5 88 127
Haematocrit (%)
FIBRINOGEN 16  Beforesurgery 39.56 273 395 35 43 0.6843
STANDARD 16 39.99 3.1 405 34 46
FIBRINOGEN 16  Endofsurgery 29.69 3.84 30 22 36 0.4029
STANDARD 16 30.81 3.66 315 23 37
FIBRINOGEN 16  24hoursafter  29.13 1.78 29 26 33 0.8362
STANDARD 16  Surgery 29.31 3.11 285 26 37
Platelets (10°/L)
FIBRINOGEN 16  Beforesurgery 27169  60.52 254 165 396 0.115
STANDARD 16 30494 5524 305 190 440
FIBRINOGEN 16  Endof surgery 184.5 46.75 174 105 284 0.0379
STANDARD 16 22288  53.03 220 117 304
FIBRINOGEN 16 24hours after  170.5 32.56 168 116 236 0.0251
STANDARD 16  Surgery 202.44 43.31 198 121 289
Fibrinogen (g/L)
FIBRINOGEN 16  Beforesurgery 2.77 0.51 268 2.12 3.89 0.5097
STANDARD 16 2.67 0.31 268 217 3.1
FIBRINOGEN 16 Endofsurgery 2.56 0.39 2.46 1.89 3.48 0.2336
STANDARD 16 2.39 0.41 2.42 1.44 3.03
FIBRINOGEN 16 24hoursafter  4.01 0.58 3.97 3.35 5.6 0.3034
STANDARD 16  Surgery 4.19 0.38 421 3.53 4.98
aPTT (s)
FIBRINOGEN 16  Beforesurgery 34.14 2.59 349 30.4 39.2 0.8723
STANDARD 16 34.28 2.42 343 30.1 395
FIBRINOGEN 16 End of surgery 41.14 47 40.8 31.8 50.2 0.2767
STANDARD 16 39.38 4.29 39.1 332 49
FIBRINOGEN 16 24hours after  37.16 2.98 36.8 33.1 438 0.8913
STANDARD 16  Surgery 37.02 2.66 38.1 313 40.8
PT (s)
FIBRINOGEN 16  Before surgery 15.33 1.3 15.1 136 17.9 0.1161
STANDARD 16 14.69 0.86 14.6 13.3 15.9
FIBRINOGEN 16  End of surgery 19.38 217 19.6 15.1 24.4 0.0371
STANDARD 15 17.83 1.73 17.6 15 20.6
FIBRINOGEN 16  24hoursafter 21.2 2.04 214 17.8 252 0.1348
STANDARD 16  Surgery 19.89 274 20 16.2 276
TT(s)
FIBRINOGEN 16 Beforesurgery 17.67 1.30 175 14.9 213 0.6401
STANDARD 16 17.49 0.7 17.4 16.5 192
Continued
6 Hudec J, et al BMJ Open 2025;15:¢100137. doi:10.1136/bmjopen-2025-100137
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Table 3 Continued

N Time Mean SD Median Minimum  Maximum P value

FIBRINOGEN 16  Endofsurgery 18.78 0.81 18.7 176 20.2 0.1778
STANDARD 16 18.39 0.75 18.3 17.3 19.9
FIBRINOGEN 16  24hours after  15.95 0.8 15.8 14.9 17.7 0.076
STANDARD 16  surgery 15.45 0.73 15.6 13.4 16.7

Total blood loss (mL)
FIBRINOGEN 16  Duringsurgery 1021.88  473.63 1000 200 2100 0.1677
STANDARD 16 859.38 713.03 675 200 2600
FIBRINOGEN 15  24hoursafter 290 79.55 300 120 420 0.4983
STANDARD 14  surgery 326.43 93.86 290 230 510

Blood loss per one fused level (mL/fused level)
FIBRINOGEN 16  During surgery 98.16 38.49 111.11 26.67 150 0.1008
STANDARD 16 76.61 52.03 64.58 21.43 191.67
FIBRINOGEN 15  24hours after  28.01 9.47 30 13.33 51.25 0.5948
STANDARD 14  surgery 29.77 7.98 28.08 17.86 40

aPTT, activated partial in time; PT, prothrombin time; TT, tt in time.

(clinical medical notes and electronic patient records)
was 0.0047% (7 of 1504), a value also below the required
threshold of 10%.

Clinical outcomes

Another aspect of the secondary outcomes was the
haematological parameters
before, during and 24 hours after surgery, and the
comparison of blood loss during and 24 hours after
surgery between groups (table 3). A statistically signifi-
cant difference was observed in platelet count, which was
higher in the STANDARD group at the end of surgery
(mean 222 88 (SD 53.03) vs 184.50 (SD 46.75); p=0.0379)
and 24 hours after surgery (mean 202.44 (SD 43.31) vs
170.50 (SD 32.56); p=0.0251). Another statistically signif-
icant difference was observed in PT at the end of surgery:
in the STANDARD group (mean 17.83s (SD 1.73) vs
19.38s (SD 2.17); p=0.0371), PT was shorter than the
standard range of 11.0-17.0s. Blood loss did not differ
significantly between the FIBRINOGEN and STANDARD
groups during surgery (mean 1021.88mlL (SD 473.63)
vs 859.38 mL (SD 713.03); p=0.1677) and 24 hours after
surgery (mean 290.0mL (SD 79.55) vs 326.43mL (SD
93.86): p=0.4983). The administration of blood transfu-
sions, blood derivatives, crystalloids and colloids showed
no statistically significant differences between groups
(table 4).

comparison of selected

DISCUSSION

Here, we present the results of a pilot study exploring
the safety and feasibility of prophylactic fibrinogen
administration in paediatric scoliosis surgery. Supple-
mentation with fibrinogen, an essential coagulation
factor, is currently a discussed topic. However, the

influence of prophylactic administration, particu-
larly in the paediatric population before high-risk
surgery, remains unclear. To our knowledge, this
study is the first trial examining the safety and feasi-
bility of prophylactic fibrinogen administration in this
population. Regarding safety, the incidence of AEs
of grades 1-3 was comparable and showed no statis-
tically significant differences between groups. Most
monitored AEs, such as anaemia, leukocytopenia,
tachycardia or high body temperature, were compli-
cations of the major surgery with blood loss and are
part of postoperative systemic inflammatory response
syndrome, as previously described.*™ No AEs of
grades 4 or 5 occurred in either group. A compar-
ison of the incidence of serious AEs in both groups
revealed only one case of a patient with a prolonged
hospital stay and need for reoperation in the STAN-
DARD group. However, a second surgery was indi-
cated for rod breakage, a surgical complication. The
observed need for reoperation in 1 of 16 patients
was comparable to that in the most extensive study
published in 2022, in which the reoperation rate was
6.0%." Thus, the authors did not assume a signifi-
cant effect of fibrinogen on the occurrence of AEs,
as confirmed by our findings of no AESI in either the
FIBRINOGEN STANDARD group. The differences
in ICU LOS and hospital LOS were not statistically
significant in both groups. Our hospital LOS findings
were comparable to those in a study from Syracuse,
USA, in which the average hospital LOS between 1997
and 2012 was 8days.”™ Another study from Denmark
has reported a mean LOS of 8 days in more than 1300
pa(iunls.“ In contrast, other studies have described
shorter hospital LOS of 4.9 days and 5.4 days." " The

Hudec J, et al BMU Open 2025;15:¢100137. doi:10.1136/bmjopen-2025-100137
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Table 4 Total of blood transfusions, blood derivatives and fluids during surgery and 24 hours after surgery

24 hours after surgery

During surgery

ST
(N=16)

FIBRINOGEN
IN=16)

Pvalue n (%)
>09999

ST
(N=16)

(N=16)
Pvalue n (%)

N STANDARD
(N=16)
0.6851

(N=16)

P value

n (%)
>0.9999

Total

n (%) Total

Total

Total

n (%)

n (%)

13 81.25)

13 8125)

63750

6B750

11 $68.75)

13 (81.25)

Blood transfusions
and/or blood
derivatives

>0.9999

6483 mL  >0.9999

13 81.25)
13 81.25)
11 68.75)

13 81.25)
13 81.25)
13 81.25)
13 8125)

1(6.25)

>09999
>09999

6 37 .50
1558 ml. 6 @B750)

6 @750
6 @750

0.4331
0.4331
0.6851
0.6851

10 62.50)

13 (81.25)
13 (81.25)
13 (81.25)

Blood transfusions

8331 mL

1474 mL

10 62.50) 5009 mL

6773 mL

Erythocytes (ml)
Blood derivatives

Fibrinogen{g)
PIP(n)

0.6851
0.6851

11 88.75)

349

2

11 $68.75)
2 (12.50)
10§6250) 5000mL 7(43.75) 3400mL 0.4795

329

349

2

10(62.50) S000mL 6 (37.50) 3000mL  0.2890
16 (100.00) 37100mL 16 (100.00) 40000 mL

11 §68.75)
2(12.50)

13(81.25 329

1(625)

>09999

>0.9999

1

>09999
>09999

400 mL

1625)
>0.9999 16 (100.00) 37760mL 16 (100.00) 36650mL

Colloids

16 (100.00) 74860mL 16 (10000) 76650mL >0.9999

Crystaliokis

PIP, pathogen inactivated plasma.

variations among studies are likely to be due to the
different surgical approaches, healthcare systems or
methods for counting days of hospitalisation. There-
fore, we conclude that the prophylactic fibrinogen
administration appears safe and to have no effect on
LOS. Our study demonstrated 0% mortality in both
groups at 28 days. This finding is in accordance with
those from prior studies, although the number of
patients included in our study did not allow for a rele-
vant comparison.®™ * Thus, the prophylactic fibrin-
ogen administration before scoliosis surgery is likely
to be safe.

In terms of feasibility, most patients met the inclusion
criteria, and fibrinogen was able to be administered. The
main challenge arose from national legislation requiring
both parents of each patient to provide signed informed
consent in studies of paediatric patients. Because Univer-
sity Hospital Brno is one of the largest scoliotic centres in
Central Europe, the travel distance to Brno is long, and
both parents are often unable to travel with their children
to admission. However, the requirement to obtain the
signatures of both parents ended after the enforcement
of EU Regulation 536/2014." We therefore assume that
easier patient recruitment in the future will enable more
extensive studies to be conducted. The missing outcomes
and clinical data percentages were both below the pre-set
threshold of 10%. Therefore, on the basis of the above
considerations, we conclude that a future large study
would be feasible.

Regarding clinical outcomes, the measured blood
loss during surgery was higher in the FIBRINOGEN
group than in the standard group, but the difference
was not statistically significant. The blood loss was
comparable to that in a study by Wang et al in 765
adolescent patients with idiopathic scoliosis under-
going posterior spinal fusion surgery, in which the
measured blood loss reached 926.8 +521.1 mL."* Our
study population showed variability in blood loss, with
a minimum value as much as 10 times lower than the
maximum. Therefore, we adjusted the measurements
by converting absolute blood loss to relative blood loss
per fused level. Although higher mean blood losses
per fused level were observed in the FIBRINOGEN
group than the STANDARD group during surgery, the
differences were not statistically significant. The mean
blood loss in both groups in the present study was
lower than the reported mean blood loss of 123.9mL
per fused level in a study by Modi et al, which used
a similar normalisation method.** Blood loss may be
influenced by several external factors. Differences in
bone age, bone density and intraoperative haemody-
namic parameters contribute to patient variability."*
The surgeon’s experience also plays a role, and inac-
curacies in measuring blood loss may exist.” We note
the nearly significant difference in ASA scores between
the groups, with a mean of 1.63 in the FIBRINOGEN
group vs 1.25 in the STANDARD group (p=0.068). The
monitored haematological parameters revealed that

Hudec J, ef al BMJ Open 2025;15:¢100137. doi:10.1136/bmjopen-2025-100137
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the platelet count was statistically significantly higher
in the STANDARD group than the FIBRINOGEN
group at the end of surgery and 24 hours postoper-
atively. Studies focused on preoperative prophylactic
administration of fibrinogen have often not reported
platelet count dynamics. However, a study by Kwapisz
el al, which focused on high-risk cardiac surgery, did
not demonstrate this phcnomenun."’ In a study by
Karlsson et al, platelet aggregability increased in the
group that received prophylactic fibrinogen before
cardiac surgery, but no trend toward a platelet count
decrease was observed in this group.” This finding
might potentially explain our findings; however,
further research is required to comprehensively eluci-
date this phenomenon.

Like any clinical study, this research has certain limita-
tions that must be acknowledged for accurate interpreta-
tion of the results. First, the inability to include children
without both parents present to provide informed consent
substantially restricted patient enrolment and might
potentially have exacerbated selection bias. This limita-
tion might have been further accentuated by the small
sample size, which was nevertheless expected, given the
pilot study context. Second, AEs were not specifically
predefined but were recorded at the discretion of the
investigators: consequently, either an overestimation or
underestimation of the reported number of AEs might
have resulted. Another limitation of this study was the
short 28-day follow-up, as some thromboembolic events or
wound complications can emerge after 4 weeks. Further-
more, clinical outcomes, including laboratory values
and blood loss, can be influenced by multiple factors. A
notable strength of this study is that all participants had
idiopathic scoliosis, and the demographics were largely
uniform across groups (except for ASA scores, which
present an additional limitation). The authors assume
that our sample is worldwide representative as scoliosis
surgery is primarily focused in a limited number of hospi-
tals. Specifically, there are only two centres in the Czech
Republic. In addition, our centre, with almost 300 scoli-
osis surgeries per year, is one of the largest centres in
Europe. From this perspective, our sample is assumed to
be demographically and characteristically representative.
Although the single-centre design ensured strong adher-
ence to protocols and standardised procedures, it could
not completely eliminate interindividual differences
among the attending anaesthesiologists and attending
surgeons.

CONCLUSIONS

In conclusion, this study demonstrates that the prophy-
lactic administration of fibrinogen during scoliosis
surgery in children is feasible and appears to be safe.
Due to the limited sample size, no conclusions can be
drawn regarding the efficacy of pre-emptive fibrinogen
administration on clinical outcomes. However, the results
provide valuable data to inform sample size calculation

and feasibility considerations for a fuwre full-scale
randomised controlled trial.
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LF - Lékarska fakulta
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MU - Masarykova univerzita

MUDr. - Medicinae universae doctor

Ph.D. - Philosophiae doctor
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PNS - periferni nervovy systém

prof. — profesor
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Tzv. - takzvany

VEP - visual evoked potentials, zrakové evokované potencialy
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13 Komentar

Nazev prace: Inovace v anesteziologické péci u spondylochirurgickych vykont pedi-

atrickych pacienti: vliv na perioperacni priibéh a bezpecnost

Habilita¢ni prace je predkladana jako komentovany soubor vybranych publikaci roz-

déleny na tri tematické okruhy.

Prvnim tematickym okruhem je anesteziologicka péce o pacienty podstupujici ko-
rekci neuromuskularni skoliézy. Publikace v tomto okruhu tvori soubor tfi kazuistickych
sdéleni zamérenych na anestezii raritnich syndromii a onemocnéni, z nichz u nékterych
byl anesteziologicky management v celosvétovém méritku popsan viibec poprvé. Vyznam
téchto kazuistik doklada navazujici tvorba dvou mezinarodnich doporuceni v ramci pro-
jektu OrphanAnesthesia, ktera popisuji nejen moznosti bezpetné perioperacni péce u pa-
cientl s extrémné vzacnymi syndromy. Prehledovy ¢lanek vénujici se anestezii pacientii
podstupujicich operace neuromuskularnich skoliéz je mnohonasobné citovany i v data-
bazi WoS. Vyznamnym klinickym dopadem tohoto okruhu je vznik multioborové komise
pro deformity détské patere ve FN Brno.

Ve druhém tematickém okruhu se vénuji problematice anestezie a intraoperacni
neurofyziologické monitorace, konkrétné motorickym evokovanym potencidlim. Speci-

fika anestezie jsou popsana v prehledovém clanku, nicméné hlavni ¢ast tohoto okruhu je

zamétena na vliv hloubky anestezie na kvalitu a vybavnost motorickych evokovanych
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potenciali. Vysledky nasi prospektivni observacni studie rozsiruji pohled na mozZnosti
anesteziologického managementu u vykoni s neurofyziologickou monitoraci u déti.
Tento tematicky okruh navic rozsiruje prace popisujici interdisciplinarni pristup k paci-
entce se syndromem GLUT-1 deficience.

Treti tematicky okruh mé habilitacni prace se vénuje profylaktickému podani fib-
rinogenu u détskych pacientli podstupujicich operacni korekci skoliotické deformity. Nos-
nou oblasti tohoto okruhu byla bezpec¢nost a proveditelnost takové studie. Vysledky nasi
pilotni prace u 32 pacientli naznacuji, Ze profylakticka aplikace fibrinogenu je bezpecna a

proveditelnd, nicméné jakékoli klinické disledky jsme z této studie vyvodit nemohli.
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14 Habilitation Thesis Abstract

Title: Innovations in anaesthesia for paediatric spinal surgery: the impact on peri-

operative outcomes and safety

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

scholarly works. It is divided into three separate parts.

The first part of the habilitation thesis focuses on the anaesthesia for patients under-
going surgery for neuromuscular scoliosis. The publications in this area comprise three
case reports describing anaesthesia for rare syndromes and diseases, some of which have
been reported worldwide for the first time. The significance of these case reports is un-
derscored by the subsequent publication of two international recommendations, as part
of the OrphanAnesthesia project, that describe options for safe perioperative care for pa-
tients with extremely rare syndromes. A review article on the anaesthesia of patients un-
dergoing surgery for neuromuscular scoliosis has been cited numerous times in the Web
of Science database. A significant clinical outcome of this work is the establishment of a
multidisciplinary committee for paediatric spinal deformities at Brno University Hospital.

In the second part of the habilitation thesis, I address the issue of anaesthesia and
intraoperative neurophysiological monitoring, specifically motor evoked potentials. The
specifics of anaesthesia are described in a review article. However, the main focus of this
section is the effect of anaesthesia depth on the quality and reproducibility of motor

evoked potentials. The results of our prospective observational study broaden the
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perspective on the possibilities of anaesthesia during surgeries with neurophysiological
monitoring in children. Furthermore, the second part brings a unique interdisciplinary
approach to the patient with GLUT-1 deficiency syndrome.

The third part is dedicated to the prophylactic administration of fibrinogen in paedi-
atric patients undergoing scoliosis surgery. The main focus of this section was the study's
safety and feasibility. The results of our pilot study involving 32 patients suggest that
prophylactic fibrinogen administration is safe and feasible. However, we were unable to

conclude any clinical implications from this study.
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