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Friedrich Nietzsche

Pragne zlozy¢ najszczersze podziekowania

Panu dr hab. n. med. Krzysztofowi Kobylarzowi, prof. UJ

za poswiecony czas oraz cenne rady, a takze za wsparcie i wyrozumiatosc.

2



Spis tresci

L. WWPTOWAUZENIE ...ttt bbbt 5
2. OPIS PIOJEKEU ...ttt bbb bbbt 6
8 S AV 1< o PRSP UPROPPR 6
2.2.  Zalozenia i cele ProjeKiu ....cocciiiiiiiiiiiiiiiee s 11
20 T \V/ 1= (oo (o] (oo - WSS 12
2.3 L. ELYKA oo bbb 12
2.3.2.  Szacowanie WielKOSCI PIODY .......cccoiiiiiiiiiiieii e 13
2.3.3. GrUPY DAAANE .....cviciecieee e 13
T 0T 1410 (o] 1 Vo - F USSR 15
2.3.5.  Procedura pOStEPOWANIA .........eerviieiriieiiiiesii e e 15
2.3.5.1 Postepowanie STOAOPEIaACYJNC. ... .uuuentteneeit ettt et e e eaeans 15
2.3.5.2 POStepOWaNie POOPEIACYJNE. .. . ettt ettt et e e e 16
2.3.6.  Zastosowane metody DAdAWCZE ...........cccevveieiicii e 17
2.3.7. Badania laboratoryjne. ... .....c.ooviiinii i, 19
2.3.8. Analiza statyStYCZNA. .. ......iuuitit ittt 19
3. Podsumowanie WYNIKOW.............cccooiiiiiiiiiiii s 20
3L PUBIKACIA L ..ttt .20
I V1 o] 11 Vo] T USSR 21
V1V YT 1 OSSR 21
T 1 £ -1o7.{094] o[- OSSR 23
6. SUIMIMAIY ..o b e bt ettt ettt nnes 26
7. PodZIEKOWANIA ... 28
8. PISMECNIMICEWO ......cc.oeiiiiiiii e 30
9. ZARQCZNIKI........ooiiiii e .36


file:///C:/Users/user/Downloads/rozprawa%20doktorska_24.10_BK%20popr.docx%23_Toc22824165
file:///C:/Users/user/Downloads/rozprawa%20doktorska_24.10_BK%20popr.docx%23_Toc22824166
file:///C:/Users/user/Downloads/rozprawa%20doktorska_24.10_BK%20popr.docx%23_Toc22824167
file:///C:/Users/user/Downloads/rozprawa%20doktorska_24.10_BK%20popr.docx%23_Toc22824168
file:///C:/Users/user/Downloads/rozprawa%20doktorska_24.10_BK%20popr.docx%23_Toc22824169
file:///C:/Users/user/Downloads/rozprawa%20doktorska_24.10_BK%20popr.docx%23_Toc22824170
file:///C:/Users/user/Downloads/rozprawa%20doktorska_24.10_BK%20popr.docx%23_Toc22824171
file:///C:/Users/user/Downloads/rozprawa%20doktorska_24.10_BK%20popr.docx%23_Toc22824172
file:///C:/Users/user/Downloads/rozprawa%20doktorska_24.10_BK%20popr.docx%23_Toc22824173
file:///C:/Users/user/Downloads/rozprawa%20doktorska_24.10_BK%20popr.docx%23_Toc22824173
file:///C:/Users/user/Downloads/rozprawa%20doktorska_24.10_BK%20popr.docx%23_Toc22824173
file:///C:/Users/user/Downloads/rozprawa%20doktorska_24.10_BK%20popr.docx%23_Toc22824174
file:///C:/Users/user/Downloads/rozprawa%20doktorska_24.10_BK%20popr.docx%23_Toc22824175
file:///C:/Users/user/Downloads/rozprawa%20doktorska_24.10_BK%20popr.docx%23_Toc22824176
file:///C:/Users/user/Downloads/rozprawa%20doktorska_24.10_BK%20popr.docx%23_Toc22824179
file:///C:/Users/user/Downloads/rozprawa%20doktorska_24.10_BK%20popr.docx%23_Toc22824180
file:///C:/Users/user/Downloads/rozprawa%20doktorska_24.10_BK%20popr.docx%23_Toc22824181
file:///C:/Users/user/Downloads/rozprawa%20doktorska_24.10_BK%20popr.docx%23_Toc22824182
file:///C:/Users/user/Downloads/rozprawa%20doktorska_24.10_BK%20popr.docx%23_Toc22824183
file:///C:/Users/user/Downloads/rozprawa%20doktorska_24.10_BK%20popr.docx%23_Toc22824184

Wykaz stosowanych skrotow

ASA

ATP

HMGB1

NAE

NK-1

NMDA

NRS

oIT

PCA

PKC

PONV

RASS

SF-12

TOF

TRP

usb

VGSC

ZP

(ang. American Society of Anesthesiologists) Amerykanskie Towarzystwo
Anastezjologiczne

adenozynotrifosforan

(ang. high mobility group box 1 protein) bialko grupy 1 o wysokiej
mobilnos$ci

(fac. in venam) infuzja dozylna

N-acyloetanoloaminy

(ang. neurokinin 1) receptory neurokininowe

N-metylo D-asparaginian

(ang. Numerical Rating Scale) skala numeryczna

Oddzial IntensywnejTerapii

(ang. Patient Controlled Analgesia) analgezja kontrolowana przez pacjenta
(ang. protein kinase C) kinaza biatkowa C

(ang. postoperative nausea and vomiting) pooperacyjne nudno$ci i wymioty
(ang. the Richmond Agitation-Sedation Scale) skala pobudzenia i sedacji
Richmond

(ang. the Short Form 12) skrocony kwestionariusz do oceny jakos$ci zycia
(ang, the train-of-four) stymulacja serig czterech impulsow

(ang. transient receptor potential) receptory potencjatu przejsciowego
Uniwersytecki Szpital Dzieciecy

(ang. voltage-gated sodium channels) kanaty sodowe bramkowane
napieciem
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1. Wprowadzenie

Niniejsza rozprawa doktorska pt. ,,.Zastosowanie okolooperacyjnego wlewu dozylnego
lidokainy u dzieci poddanych rozleglym zabiegom chirurgicznym w obrebie kregostupa”,
powstala w oparciu o monotematyczny cykl dwoéch artykuldow opublikowanych
W mie¢dzynarodowych czasopismach naukowych indeksowanych w bazie PubMed oraz

znajdujacych si¢ na liscie Journal Citation Reports (Thomson Reuters).

Na prace doktorska sktadaja si¢ nastepujace publikacje:

1. Batko I, Koscielniak-Merak B, Tomasik P, Kobylarz K, Wordliczek J. Lidocaine as
an element of multimodal analgesic therapy in major spine surgical procedures in
children: a prospective, randomized, double-blind study. Pharmacological Reports
2020 Apr 15. doi: 10.1007/s43440-020-00100-7. (IF = 2,761; MNiSW = 70).

2. Batko 1, Koscielniak-Merak B, Tomasik P, Kobylarz K. Lidocaine reduces
sevoflurane consumption and improves recovery profile in children undergoing major
spine  surgery. Medical Science Monitor 2020 Mar 21;26:€919971.

doi: 10.12659/MSM.919971 (IF = 1,980; MNiSW = 70)

Powyzsze artykuty bedg cytowane w pracy jako publikacje 1, 2.

Laczna warto§¢ wspotczynnika oddziatywania (Impact Factor (IF)) wedlug Thomson
Reuters Journal Citation Reports 2019 dla wymienionych czasopism wynosi 4,741 oraz
140 punktéw wedlug wykazu czasopism naukowych Ministerstwa Nauki i Szkolnictwa
Wyzszego za 2020 rok. Teksty artykulow 1,2 wraz z tabelami i rycinami zamieszczone sg

W niniejszej rozprawie w wersjach opublikowanych w czasopismach.


https://dx.doi.org/10.12659%2FMSM.919971

2. Opis projektu

2.1. Wstep

Zabieg operacyjny jest zrodtem nasilonego stresu dla organizmu. Im rozleglejsza
interwencja chirurgiczna, tym wyzsze prawdopodobienstwo wystapienia powaznych zaburzen
homeostazy. W wyniku operacyjnego uszkodzenia tkanek do krwioobiegu uwalniane
sg mediatory zapalne, ktore inicjujac reakcje kaskadowe, prowadza do ogdlnoustrojowe]
odpowiedzi zapalnej, dysfunkcji narzadoéw i bolu [1,2]. Silny bol zaburza proces zdrowienia
pacjenta, powoduje problemy emocjonalne, opoznia rozpoczecie rehabilitacji, wydtuza czas
hospitalizacji oraz podnosi koszty jego leczenia [3]. Do u$mierzania Silnego bolu
okotooperacyjnego najczes$ciej wykorzystywane sg dozylne (IV) opioidy, zazwyczaj
podawane w wysokich dawkach. Leki te wywotujg liczne efekty niepozadane, takie jak
sedacje, depresje oddechows, hiperalgezje pooopioidows, uposledzenie odpornosci, zaparcia,
nudnos$ci, wymioty, zaburzenia mikcji, $wiad skory, ktore jako niezalezny czynnik wptywaja
negatywnie na stan og6lny chorego, jego rekonwalescencj¢, samopoczucie oraz czas pobytu
w szpitalu [3]. Aktualna, optymalna strategia uSmierzania silnego bolu pooperacyjnego opiera
si¢ na zalozeniach tzw. terapii multimodalnej, czyli taczeniu réznych technik i metod
leczniczych, dzigki ktorym uzyskuje si¢ mozliwos¢ wielokierunkowego hamowania procesu
nocycepcji i modulacji przeptywu informacji o bolu [4]. Takie postepowanie optymalizuje
kontrole pooperacyjnej analgezji, zmniejsza zapotrzebowanie na leki opioidowe, ogranicza
reakcje zapalng oraz obniza ryzyko rozwinigcia si¢ przetrwatego bolu przewlektego [4].

Ze wzgledu na zakres anatomiczny korekcji chirurgicznej oraz czas wykonywania
procedury, rozlegle zabiegi operacyjne w obrebie kregostupa tacza si¢ ze szczegdlnie

wysokim ryzykiem rozwinigcia si¢ silnego bolu ostrego. Przeprowadzono wiele badan



poszukujac  skutecznego i bezpiecznego schematu postgpowania  analgetycznego
dla pacjentow zakwalifikowanych do tego rodzaju zabiegow chirurgicznych, jak dotad jednak
nie opracowano w pelni satysfakcjonujacej strategii terapeutycznej [5-8]. Nieprawidlowa
anatomia krggostupa oraz rozlegly zakres cigcia chirurgicznego wigza si¢ z trudno$ciami
z wprowadzeniem do przestrzeni przykregowej, epiduralnej, podpajeczynowkowej
I dooptucnowej cewnika do ciaglej blokady oraz z wysokim ryzykiem powiklan jego
utrzymania 1 stosowania, a wywotana znieczuleniem centralnym blokada motoryczna
w zakresie dolnej czeSci ciata, utrudnia niezbedng okotooperacyjng oceng¢ stanu
neurologicznego pacjenta [9].

We wczesnym okresie pooperacyjnym istotnym zrédlem bolu i dyskomfortu dla chorego
poddanego rozlegtemu zabiegowi chirurgicznemu w obrebie kregostupa, moga by¢ rowniez
dolegliwosci ze strony jamy brzusznej. Wynikaja one z przej$ciowej niedroznosci przewodu
pokarmowego, objawiajacej si¢ wzdgciami, nudno$ciami i wymiotami. Ich przyczyna sa
zarowno manipulacje chirurgiczne, jak réwniez leczenie wysokimi dawkami lekow
opioidowych [1]. Innym powodem cierpienia w tej grupie pacjentow, moze staé sie¢
przetrwaly bol pooperacyjny. Szacuje si¢, ze u ok. 40% pacjentéw bol przewlekly w miejscu
operowanym utrzymuje si¢ dtuzej niz 3 miesigce, a u potowy z tej grupy ponad rok [2].
Za czynniki ryzyka jego powstania uznaje si¢ nieprawidlowe leczenie bolu ostrego, osobnicze
sktonnosci 1 farmakologiczng opornos¢ na leki analgetyczne [2].

Idealnym elementem skutecznej strategii terapeutycznej dla chorych poddanych
rozleglym zabiegom operacyjnym w obrebie kregostupa bylby lek, ktory wzmacniatby efekt
standardowych  analgetykéw, miatby dziatanie przeciwbolowe, przeciwzapalne,
antyhiperalgetyczne, tatwg form¢ aplikacji i niski odsetek objawéw ubocznych.
Dotychczas w chirurgii  kregostupa obnizone zapotrzebowania na leki opioidowe

obserwowano po wprowadzeniu skojarzonej terapii z uzyciem gabapentyny, pregabaliny,



ketaminy, siarczanu magnezu, deksametazonu i konidyny [5,10-12]. W chirurgii krggostupa
0sob  dorostych wstepne doniesienia potwierdzajg roéwniez zalety zastosowania
okotooperacyjnego dozylnego wlewu lidokainy [13,14,15]. Niestety w pediatrii wiele lekow,
w tym koanalgetykéw, jest wcigz stosowanych off — label. Fakt ten utrudnia wlaczenie
w standardowe schematy terapeutyczne uznanych adjuwantéw leczenia bolu, mimo
wieloletnich obserwacji ich skuteczno$ci dzialania i bezpieczenstwa stosowania.

Lidokaina to amidowy lokalny anestetyk, zalecany jako koanalgetyk w leczeniu bolu
okotooperacyjnego u o0sob dorostych [3]. Jej korzystne dzialanie przeciwzapalne,
analgetyczne i antyhiperalgetyczne udowodniono w chirurgii jamy brzusznej, miednicy
i klatki piersiowej [16-22]. Badania kliniczne wykazaly, ze dozylny $réd- i pooperacyjny
wlew lidokainy znacznie obniza pooperacyjne zapotrzebowanie na opioidy, korzystnie
wptywa  na funkcje motoryczng pecherza moczowego po zabiegach radykalnej
prostatektomii, znamiennie zmniejsza odsetek atonii i niedroznos$ci pooperacyjnej jelit
po operacjach w obrgbie jamy brzusznej, zapobiega rozwojowi przewleklego bolu
pooperacyjnego [16-23].

Efekt analgetyczny lidokainy jest wielokierunkowy. Dotychczas ustalono, ze lek wptywa
na of$rodkowy 1 obwodowy uklad nerwowy poprzez: blokade kanatow sodowych
regulowanych napigciem (VGSC - voltage-gated sodium channels), dziatanie glicynergiczne,
blokade receptorow N-metylo D-asparaginianu (NMDA) i redukcje uwalniania substancji P
oraz przez blokade kanaléw jonowych potasowych i wapniowych [24,25]. Stwierdzono,
ze stezenia <5 ug/ml lidokainy hamujga nieprawidlowag aktywnos$¢ pierwszych aferentnych
neurondw, tzw. neurondOw nocyceptorowych, zwitaszcza C-witokien, powodujac blokade
wspolczulng, wazodylatacje¢, oraz przerywajac ,,bledne koto” utrzymujacej si¢ nadmiernej
i dlugotrwalej odpowiedzi bolowej [26,27]. Lidokaina prawdopodobnie przez hamowanie

wszystkich izoform kanatow Na, a takze receptorow sprz¢zonych z NMDA 1 biatkiem G,



ttumi spontaniczne impulsy generowane z uszkodzonych witdkien nerwowych i zwojow
korzenia grzbietowego [28]. Sprzyja ograniczeniu aktywnos$ci neuronéow rdzenia kregowego
przez redukcje postsynaptycznych pobudzen wywotywanych przez NMDA i receptory
neurokininowe NK-1, skutkujacych zmniejszeniem aktywnosci glutaminianu w rogach
tylnych rdzenia kregowego [29]. W literaturze pojawita si¢ hipoteza, ze lidokaina poprzez
hamowanie kinazy biatkowej C (PKC) i bezposrednig blokade receptorow NMDA,
zmniejsza roéwniez pooperacyjna hyperalgezje i tolerancje na opioidy [26].

Lidokaina podawana dozylnie moduluje odpowiedz zapalng - zmniejsza odpowiedz
organizmu na stres zwigzany z duzg traumatyzacjg tkanek. Ogranicza neurogenny stany
zapalny w miejscu uszkodzenia tkanki hamujac migracje granulocytow 1 zmniejszajac
uwalnianie enzymo6w lizosomalnych, a tym samym cytokin pro- i przeciwzapalnych [30-32].
Efekt ten prawdopodobnie jest osiggany przez blokowanie receptorow VGSC,
receptorow sprzezonych z bialkiem G 1 kanalow potasowych wrazliwych na ATP
(adenozynotrifosforan) [30,31].

O bezpieczenstwie stosowania okotooperacyjnego wlewu lidokainy IV $wiadczy analiza
16 badan randomizowanych, podwojnie zaSlepionych, kontrolowanych z placebo,
gdzie ujednolicono dozylne dawkowanie lidokainy (30 min przed operacja bolus 1,5 mg/kg,
w trakcie zabiegu operacyjnego wlew ciagty 1,5 — 3 mg/kg/h, kontynuowany pooperacyjnie
1-3 mg/kg/h), w ktorych nie obserwowano powaznych dziatan niepozadanych i powiktan
zastosowanej terapii [3]. Wykazano rowniez, iz w powyzszym schemacie podazy,
lidokaina nie osigga toksycznego stezenia, tzn. >5 ug/ml [3,27]. Optymalne st¢zenie lidokainy
W 0soczu i czas trwania infuzji wymagane do uzyskania najlepszego efektu przeciwbolowego,
nie sg znane. Uwaza si¢, ze najlepszy efekt analgetyczny osiggany jest przy stezeniu w osoczu
1,1 — 4,2 ug/ml [3,27]. Nie jest rowniez pewne, czy poziom lidokainy we krwi w sposob

zalezny od dawki koreluje z efektem przeciwbolowym, poniewaz rézne receptory i kanaty



jonowe sg modulowane przy roéznych stezeniach leku w osoczu [30,31]. Udowodniono,
ze efekt analgetyczny po wlewie lidokainy IV utrzymuje si¢ dluzej niz czas jej podazy
I okres pottrwania. Wecigz jednak trwaja badania majace zdefiniowad t¢ zaleznos$¢ [27].
Dhugotrwate  dziatanie przeciwbdlowe lidokainy tlumaczy si¢ jej dziataniem
desensytyzujacym na kanaty TRP (transient receptor potential) [31,33]. Ostatnie publikacje
naukowe sugeruja, ze efekt ten moze mie¢ réwniez zwigzek z oddziatywaniem lidokainy
na pézne markery stanu zapalnego, np. na biatko grupy 1 o wysokiej mobilnosci HMGB1
(ang. high mobility group box 1 protein) [32].

W dostepnej literaturze niewiele jest pozycji opisujacych zastosowanie lidokainy IV jako
koanalgetyku w populacji pediatrycznej. Pierwsza publikacja pochodzi 1997 roku.
Zesp6ot Wallace, przeprowadzit badanie otwarte na 5 dzieciach z neuroblastomg i udowodnit
mniejsze zapotrzebowanie na morfing u dzieci otrzymujacych lidokaine IV [37]. W 2013 roku
El-Deeb i wspotpracownicy opublikowali wyniki badania randomizowanego z podwojnie
Slepa proba, w ktorym wykazali, ze okolooperacyjna podaz lidokainy IV zmniejsza st¢zenie
kortyzolu we krwi w odpowiedzi na stres operacyjny, przyspiesza powr6ot prawidtowej funkcji
przewodu pokarmowego, zmniejsza w oKresie pooperacyjnym zapotrzebowanie na leki
opioidowe i skraca czas hospitalizacji [38].

Jak dotad brak badan oceniajacych uzycie lidokainy jako elementu multimodalnej terapii
przeciwbolowej w rozleglych zabiegach operacyjnych w obrebie kregostupa u dzieci.

Podsumowujac - lidokaina ogranicza sensytyzacj¢ obwodowa 1 osrodkowa.
Wynika to z thumienia neurozapalnej odpowiedzi na bol, blokowania transmisji nerwowej,
hamowania receptora NMDA i modulacji uktadu glicynergicznego [24-33]. Ostatnie badania
sugeruja, ze okotooperacyjny wlew lidokainy moze mie¢ réwniez dzialanie przeciwbdlowe,
dzieki oddzialywaniu leku na osoczowe stezenie endokannabinoidow, N-acyloetanoloamin

(NAE) 1 endogennych opioidow: p-endorfin, enkefalin i dynorfin [34,35].
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Lidokaina ma réwniez dziatanie antyarytmiczne, neuroprotekcyjne, przeciwkrzepliwe -
zmniejsza ryzyko zespotu zakrzepowego; umozliwia szybsze rozpoczgcie rehabilitacii,
przez co skraca czas hospitalizacji oraz poprawia komfort zycia pacjenta po opuszczeniu

szpitala [26,27,36].

2.2 Zalozenia i cele projektu

Hipoteza badawcza 1: Okotooperacyjnie, dozylnie podawana lidokaina zmniejsza
zapotrzebowanie na leki opioidowe u dzieci poddanych rozleglym zabiegom w obrgbie
kregostupa.

Hipoteza badawcza 2: Lidokaina stosowana w cigglym wlewie dozylnym w okresie
okotooperacyjnym przyspiesza proces zdrowienia, powrdt prawidlowej funkcji przewodu
pokarmowego, rozpoczgcie rehabilitacji i skraca czas hospitalizacji dzieci po rozlegltych
zabiegach chirurgicznych.

Hipoteza badawcza 3: Dozylnie podawana lidokaina $ro6d- i pooperacyjnie wptywa korzystnie
na pooperacyjng jako$¢ zycia dzieci poddanych rozleglym zabiegom chirurgicznym w obrgbie
kregostupa.

Cel 1: Ocena wplywu lidokainy na okotooperacyjne zapotrzebowanie na leki opioidowe
oraz na intensywnos¢ bolu odczuwanego przez pacjenta w okresie pooperacyjnym.

Cel 2: Ocena wptywu lidokainy na pooperacyjny poziom sedacji, nasilenie nudnosci
I wymiotow, dlugo$¢ pooperacyjnej karencji zywieniowej, rozpoczecie pionizacji pacjenta
oraz czas hospitalizacji.

Cel 3: Ocena jakosci zycia i obecnosci bolu przewleklego w stopniu istotnym
uposledzajagcym zwykta aktywnos$¢ zyciowa dzieci w odleglym czasie (rok i 4 lata)
od zabiegu chirurgicznego i odniesienie uzyskanych wynikow do danych zebranych przed

operacja.
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Nowatorski charakter projektu opieral si¢ na analizie okolooperacyjnego
zastosowania ustalonego multimodalnego schematu terapii przeciwbolowej u dzieci
I mlodziezy, u ktérych przeprowadzono rozlegly zabieg chirurgiczny. Wiele lekow
w pediatrii, w tym koanalgetykow, jest stosowana off — label. W pi$miennictwie naukowym
liczba dostepnych opracowan poswigconych uzyciu takich adjuwantow leczenia bolu u dzieci
jak gabapentyna czy deksametazon jest ograniczona. Potaczenie trzech koanalgetykow,
takich jak gabapentyna, deksametazon 1 lidokaina, z nowoczesnymi metodami
terapeutycznymi (morfina podawana w formie PCA - Patient Controlled Analgesia)
oraz nieopioidowymi lekami przeciwbolowymi (paracetamol i metamizol), nadaje nowy
kierunek w terapii bolu ostrego u dzieci. Przeprowadzone badanie w dtuzszej perspektywie
ma szans¢ przyczyni¢ si¢ do rozwoju bardziej skutecznych metod terapeutycznych

usmierzania intensywnego bolu pooperacyjnego u pacjentow pediatrycznych.

2.3 Metodologia

Projekt zostal przeprowadzony w Uniwersyteckim Szpitalu Dziecigcym (USD)

w Krakowie, we wspotpracy z Zaktadem Biochemii Kliniczne;j.

2.3.1 Etyka

Badanie uzyskatlo pozytywna opini¢ Komisji Bioetycznej  Uniwersytetu
Jagiellonskiego (nr 122.6120.89.2015) i zostalo przeprowadzone zgodnie z wytycznymi

Deklaracji Helsinskiej wraz z jej pdzniejszymi poprawkami.
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2.3.2 Szacowanie wielkosci proby

Wielkos$¢ proby badania obliczono na podstawie danych uzyskanych z dokumentacji
szpitalnej, ktora wykazata, ze ilo§¢ przeprowadzonych zabiegéw chirurgicznych w obrebie
kregostupa w USD w ciggu jednego roku wynosita 60 - 90, a podczas hospitalizacji, w okresie
pooperacyjnym, srednie zapotrzebowanie na morfing u pacjentow poddanych operacji byto
okoto 2 mg/kg. Na podstawie badania pilotazowego, w ktorym uczestniczylo 10 losowo
wybranych dzieci, zaobserwowano, ze $rednie zuzycie morfiny w ciagu pierwszych 24 godzin
po operacji wynosito 0,6 mg/kg, z odchyleniem standardowym 0,2 mg/kg.
W projekcie przyjeto, ze okotooperacyjna podaz lidokainy doprowadzi do obnizenia
sredniego, dziennego zapotrzebowania na morfing 0 30%. Na podstawie powyzszych zatozen
obliczono, ze minimalna wymagana wielko$¢ proby to 19 pacjentow w kazdej grupie,
Z warto$cig alfa ustawiong na 5% i1 mocg testu 80%. Ostateczna wielkos¢ proby wynosita

22 dzieci w grupie lidokainy i 19 w grupie kontrolnej.

Szczegotowo opisana metoda ustalania wielko$ci proby zostala przedstawiona

w publikacji 1.

2.3.3 Grupy badane
Wszystkie dzieci zakwalifikowane do wielopoziomowej korekcji chirurgicznej w obrebie
kregostupa miedzy majem 2015 a czerwcem 2016 roku, zostaty ocenione pod katem mozliwej
rekrutacji do projektu. W trakcie wizyty w Poradni Anestezjologicznej USD w Krakowie
opiekunowi prawnemu i dziecku przedstawiono sens planowanego badania.
Po uzyskaniu swiadomej, pisemnej zgody opiekunow prawnych i pacjentow powyzej 16 roku
zycia, grupa dzieci z przedzialu wiekowego 8 -18 lat zostala podzielona w sposob

randomizowany na 2 grupy:
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e grupa badana (n=22) - pacjenci znieczulani ogoélnie z zastosowaniem

okolooperacyjnego wlewu dozylnego lidokainy,

e grupa kontrolna (n=19) - pacjenci znieczulani ogélnie bez lidokainy.

Kryteria wlaczenia do badania:

1.

2.

Swiadoma, pisemna zgoda opiekunéw prawnych i pacjentdéw powyzej 16 roku zycia.
Dzieci i mlodziez pici zenskiej 1 meskiej migdzy 8 a 18 rokiem zycia.

Kwalifikacja do rozlegtego zabiegu chirurgicznego w obrebie kregostupa.

Skala oceny stanu ogdlnego pacjenta wedlug skali American Society

of Anesthesiologists (ASA) 1 - 2.

Kryteria wykluczenia z badania:

1.

2.

8.

9.

ASA >3,

Alergia na $rodki znieczulenia miejscowego,

Choroby serca wptywajace na wydolno$¢ hemodynamiczng pacjenta w wywiadzie,
Zaburzenia rytmu serca,

Zespot wydtuzonego QT,

Choroby nerek i watroby ograniczajace funkcje narzadow,

Padaczka,

Planowana przedtuzona sztuczna wentylacja w okresie pooperacyjnym,

Wywiad chorobowy obcigzony przewlekla terapig opioidami,

10. Przeszczep narzadow w wywiadzie,

11. Percentyl BMI > 95.

14



Szczegdtowa  charakterystyka  uczestnikow  projektu  zostala  przedstawiona
w publikacjach 11 2.

2.3.4 Randomizacja

Przeprowadzone  badanie  bylo  randomizowane, podwoéjnie  zaslepione,
kontrolowane placebo. Po wstepnej rekrutacji do projektu, pacjenci zostali losowo
przydzieleni do grupy lidokainy lub grupy kontrolnej przy uzyciu komputerowej tabeli
losowej. Sekwencja randomizacji byla wygenerowana przez farmaceute szpitalnego,
ktory nie byl zaangazowany w badanie. Przed zabiegiem operacyjnym farmaceuta szpitalny
przygotowywal odpowiednio zakodowang strzykawke zawierajacg zakodowany preparat
(ZP): lidokaing 20 mg/ml lub placebo - ptyn wieloelektrolitowy. ZP podawano dozylnie,
przed nacigciem skory, w postaci potgodzinnego bolusa z predkoscig 0,075 ml/kg/30 min,
a nastepnie kontynuowano $rédoperacyjnie i do 6 godzin po operacji w przeplywie
0,05 ml/kg/h. Personel medyczny odpowiedzialny za okotooperacyjng opieke nad pacjentem
oraz sam pacjent i jego opiekunowie prawni, nie byli poinformowani co zawieral ZP.
Koordynator badania nadzorowal przebieg badania. Szczegdétowa metodyke procesu

randomizacji przedstawiono w publikacjach 11 2.

2.3.5 Procedura postepowania

2.3.5.1 Postepowanie srodoperacyjne

Postepowanie okotooperacyjne oraz znieczulenie ogdélne do rozlegltych zabiegow
operacyjnych w obrebie kregostupa, przeprowadzone byto wedlug ustalonego wczesniej

schematu, takiego samego dla obu grup.

Pierwsza dawke doustnej gabapentyny 15 mg/kg (maksymalnie 600 mg) podano

cztery godziny przed zabiegiem chirurgicznym.
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W indukcji znieczulenia ogo6lnego uzyto w formie 1V: fentanyl 1 pg/kg,
propofol 2 mg/kg i rokuronium 0,6 mg/kg. Znieczulenie ogdlne utrzymywano za pomoca
podazy wziewnej sewofluranu, tlenu i powietrza. Trzydziesci minut przed nacigciem skory
podano IV paracetamol 15 mg/kg, deksametazon 0,1 mg/kg i ZP (lidokaina 1,5 mg/kg/30min

lub placebo).

Podczas zabiegu chirurgicznego analgezj¢ zapewniono frakcjonowanymi dawkami
fentanylu. Po indukcji i przed koncem znieczulenia ogodlnego zastosowano pierwsze dwie

dawki morfiny po 0,1 mg/kg IV na dawke oraz metamizol (0,5 - 1g V).

Dozylny wlew ZP (lidokaina 1 mg/kg/h lub placebo) byt kontynuowany podczas catej

procedury i przez 6 godzin po operacji.

Podczas zabiegu operacyjnego zespot anestezjologiczny regularnie oceniat stan ogélny
dziecka dzicki badaniu fizykalnemu, monitorowaniu parametréw wentylacyjnych
I hemodynamicznych, poziomu glebokosci snu, koncowowydechowego stezenia sewofluranu,

temperatury ciata i diurezy oraz oznaczaniu rutynowych badan laboratoryjnych.

Blokada nerwowo-mig$niowa oceniana byla za pomocg TOF (the train-of-four)

I w razie konieczno$ci odwracana przez sugammadeks - 2 mg/kg.

Po zakofczeniu procedury chirurgicznej pacjent standardowo byt wybudzany
i ekstubowany na stole operacyjnym, a nastgpnie transportowany do Oddziatu Intensywnej
Terapii (OIT), gdzie pozostawal do ustabilizowania stanu ogolnego. Dalsze leczenie

kontynuowano w oddziale ortopedycznym.

2.3.5.2 Postepowanie pooperacyjne

W  leczeniu bolu pooperacyjnego zastosowano morfing i1 nieopioidowe leki

przeciwbolowe oraz koanalgetyki. Przez pierwsze dwie doby po zabiegu morfina byla
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podawana dozylnie w formie PCA w stezeniu 1 mg/ml, w bolusie podawanym
przez pacjenta- 1 mg, z okresem Kkarencji - 15 minut i maksymalng dawka -
0,3 mg/kg/4 godziny. Podczas pierwszych 16 godzin po operacji, ze wzgledu na bezposredni
czas pooperacyjny i okres wieczorno — nocny, stosowano wlew podstawowy morfiny
ok. 20 ug/kg/h (0,5 mg/h - pacjenci wazacy mniej niz 40 kg lub 1 mg/h - pacjenci wazacy
wigcej niz 40 kg). Przy bolu zglaszanym powyzej 3 w skali NRS (Numerical Rating Scale),
pielegniarka podawata dodatkowa dawke morfiny - 1 mg IV. W kolejnych dobach morfina
byla aplikowana przez podskérny wenflon - 0,1 mgkg na dawke, w zaleznoS$ci
od zapotrzebowania. Zuzycie morfiny rejestrowano raz dziennie i przeliczano na mg/kg/24h.
Pierwszy 24-godzinny pomiar morfiny obejmowat ilo$¢ podana na sali operacyjnej i z pompy

PCA.

Terapi¢ nieopioidowymi lekami przeciwbolowymi rozpoczynano $rodoperacyjnie:
metamizol 0,5 - 1 g IV co 8 godzin i paracetamol 15 mg/kg 1V co 6 godzin. Dawkowanie
metamizolu bylo zgodne z zasadami obowigzujacymi w USD: dzieci ponizej 40 kg —
250 mg/10 kg co 8 godzin, dzieci powyzej 40 kg - 1 g co 8 godzin, dawka maksymalna

5 g/dzien.

Gabapentyn¢ w formie doustnej - 5 mg/kg (maks. 300 mg na dawke) podawano co 8 godzin

przez trzy kolejne dni.

Szczegotowa metodyke procedury postepowania okotooperacyjnego przedstawiono

w publikacjach 1 2.

2.3.6 Zastosowane metody badawcze
Podczas przedoperacyjnej wizyty w Poradni Anestezjologicznej pacjenci zostali pouczeni

jak ocenia¢ intensywnos$¢ bolu uzywajac 11-punktowej skali numerycznej NRS (0 = brak
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bolu, 10 = najgorszy mozliwy bol) i jak korzysta¢ z pompy PCA. Bezposrednio po zabiegu

oraz po 2, 6, 9, 15, 24, 30, 40, 48 godzinach po operacji oceniano:

X/
°e

Stopien nasilenia bolu - uzywajac skali NRS. Szczegdtowa metodyka oceny bolu zostata

przedstawiona w publikacji 1,

X/
°e

Stopien sedacji pacjenta - uzywajac skalg RASS (the Richmond Agitation-Sedation Scale).

Szczegdtowa metodyka oceny poziomu sedacji zostata przedstawiona w publikacji 2.

X/
°e

Intensywnos$¢ pooperacyjnych nudnosci - uzywajac skali NRS (0 = brak nudnosci,

10 = nudnosci o najwigkszym natezeniu).

W projekcie odnotowywano zapotrzebowanie na opioidowe leki przeciwbolowe.

Rejestrowano czas rozpoczgcia karmienia doustnego i pionizacji pacjenta.

Restrykcyjnie oceniano i odnotowywano w dokumentacji powiktania zastosowanej terapii.

Jakos$¢ zycia pacjenta w kategorii fizycznej i psychicznej oceniono za pomocg zwalidowanej
ankiety Acute Short-form (SF-12), skroconej wersji kwestionariusza SF-36. Szczegotowa

metodyka oceny jako$ci zycia zostala przedstawiona w publikacji 1.

Po spelieniu warunkdéw wypisu, pacjent opuszczat szpital. Warunkami wypisu byty:
dobry stan ogodlny dziecka, brak infekcji, brak krwawienia i cech zakazenia rany
chirurgicznej, prawidlowy wynik kontroli radiologicznej operowanego odcinka kregostupa,
niewielki bol pooperacyjny mozliwy do opanowania lekami doustnymi, samodzielne

chodzenie, prawidtowa mikcja i wyproznienie si¢. Odnotowywano czas hospitalizacji.
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2.3.7 Badania laboratoryjne

Aby przeprowadzi¢ analizy laboratoryjne przedstawione w publikacjach 11 2, cztery
razy pobierano krew z linii tetniczej pacjentéw (rutynowo zakladanej do tego rodzaju

zabiegdw operacyjnych):

. po podaniu 30 - minutowego wlewu poczatkowego ZP (przed nacigciem skory),
. po zakonczeniu znieczulenia ogdlnego,

. po zakonczeniu podazy ZP, tzn. 6 godzin po zakonczeniu znieczulenia ogélnego,
. na drugi dzien rano, tzn. 12-16 godzin po zakonczeniu znieczulenia ogolnego.

Stezenie lidokainy mierzono zmodyfikowana metoda immunoenzymatyczng.

Szczegotowa metodyke oraz rodzaje wykonanych  rutynowych oznaczen

laboratoryjnych przedstawiono w publikacjach 1i 2.

2.3.8 Analiza statystyczna

Dane kliniczne pacjentoéw oraz wyniki laboratoryjne zostaly wprowadzone do arkusza
kalkulacyjnego Microsoft Office Excel, a nastgpnie opracowane statystycznie przy uzyciu
programu Statistica v 13 (StatSoft Tulsa, OK, USA). Wyniki analiz statystycznych zostaly
przedstawione w publikacjach wedlug obowigzujacego kanonu prezentacji wynikow
statystycznych przy zastosowaniu protokolu EQUATOR (Enhancing the QUAlity and

Transparency Of health Research).
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3. Podsumowanie wynikow

3.1. Publikacja 1

W pierwszej publikacji zaprezentowano wptyw lidokainy, jako elementu multimodalnej
terapii przeciwbolowej, na zapotrzebowanie na leki opioidowe po rozlegtych zabiegach
chirurgicznych w obrgbie kregostupa u dzieci. Wykazano, ze okotooperacyjny wlew
lidokainy IV ograniczyt 0 ok. 30% zuzycie opiodow w pierwszych 48 godzinach po zabiegu,
a 0 ok. 35%. w ciggu catego pobytu w szpitalu. Poddano analizie zaleznosci mig¢dzy
zapotrzebowaniem na morfing a uplywem czasu od zabiegu, masg ciala 1 picig dziecka.
Zwtaszcza W pierwszej dobie po operacji dzieci z grupy badanej wymagaty mniej morfiny
nizw grupie kontrolnej. W ciggu pierwszych 24 godzin po zabiegu w grupie lidokainy
pacjenci 0 wigkszej masie ciata wymagali mniej opioidéow niz Ci 0 mniejszej masie ciata;
w tym samym czasie dziewczynki miaty wigeksze zapotrzebowanie na morfing niz chtopcy.
Intensywnos$¢ odczuwanego bolu byla istotnie mniejsza u pacjentéw otrzymujacych lidokaine,
szczegollnie w bezposrednim okresie pooperacyjnym, gdy stezenie lidokainy w surowicy krwi

utrzymywato si¢ miedzy 2 - 3 ug/ml.

Efektem naukowym pracy byly rowniez obserwacje dotyczace wplywu podawanej
systemowo lidokainy na pooperacyjng funkcje przewodu pokarmowego, czas rozpoczgcia
rehabilitacji i czas hospitalizacji. Karencja zywieniowa 0raz czgsto$¢ i nasilenie PONV
byty istotnie mniejsze u dzieci z grupy lidokainy. Pacjenci z tej grupy byli szybciej
pionizowani i $rednio o 2 dni krocej przebywali w szpitalu, jakkolwiek dlugo$¢ hospitalizacji

nie roznita sig statystycznie migdzy grupami.
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W publikacji poddano analizie rowniez jakos¢ zycia dzieci. Dane z kwestionariusza
wypetnionego przez opiekunow prawnych dzieci z grupy badanej i kontrolnej 2 miesigce
i 4 lata po operacji, odniesiono do wynikoéw uzyskanych przedoperacyjnie. Nie stwierdzono
miedzy grupami istotnych réznic W ocenie jako$ci zycia pacjentow. Analizujac piaty punkt
skali SF-12, oceniono w jakim stopniu bdl ograniczal codzienne czynnosci dzieci.
Wykazano, ze w okresie przedoperacyjnym bol w stopniu umiarkowanym lub wyzszym
uposledzat zwykla aktywnos¢ ok. 41% wszystkich badanych, po 2 miesigcach od zabiegu -
ok. 45%, a po roku i po 4 latach — ok. 36% ocenianych dzieci . Réwniez i w tym punkcie

nie stwierdzono statystycznych réznic migdzy badanymi grupami.

Szczegotowe wyniki przeprowadzonych badan wraz z rycinami oraz tabelami zostaly

zaprezentowane w publikacji.

3.2. Publikacja 2

W drugim artykule skoncentrowano si¢ na bezpieczenstwie stosowania i wplywie
jaki lidokaina wywiera na $rodoperacyjne zuzycie sewofluranu i pooperacyjne zaburzenia

$wiadomosci u dzieci poddanych zabiegom chirurgicznym w obrebie kregostupa.

Wykazano, ze okotooperacyjny wlew IV lidokainy zmniejszyt 0 15% $rodoperacyjne zuzycie
sewofluranu, nie powodujac zaburzen hemodynamicznych i nie wplywajac na odpowiednia
glebokos¢ znieczulenia ogdlnego. Ponadto pacjenci, u ktorych zastosowano lidokaing,
po zakonczeniu  znieczulenia ogolnego szybciej odzyskiwali prawidtowy poziom
$wiadomosci. Udowodniono, ze w zastosowanym schemacie podazy, lidokaina nie osigga
poziomu toksycznego we krwi dzieci, czyli wartosci powyzej 5 ug/ml. Nie odnotowano
zadnych powaznych efektow ubocznych stosowania tego leku. Jedyne niekorzystne dziatania

jakie zaobserwowano, to przemijajace zaburzenia czucia skory w miejscu podazy lidokainy
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I pooperacyjng depresj¢ oddechowa, wywotang zawyzong podaza morfiny we wlewie
cigglym, w nocy bezposrednio po zabiegu operacyjnym. Catkowita liczba powiktan
okotooperacyjnych byla nizsza, cho¢ statystycznie nieistotna, w grupie badanej, co dowodzi,
ze lidokaina jest bezpiecznym lekiem.

Szczegolowe wyniki przeprowadzonych badan wraz z rycinami oraz tabelami zostaty

zaprezentowane w publikacji.
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4. \WnioskKi

Whioski wysunigte z przedstawionej dysertacji s nastepujace:

a. Wprowadzenie zasad multimodalnej terapii przeciwbdlowej jest konieczne,
aby zapewni¢ odpowiedni komfort pacjenta w bezposrednim i odleglym czasie
po duzym zabiegu operacyjnym.

b. Okotooperacyjna dozylna podaz lidokainy w sposob wielokierunkowy przyspiesza
rekonwalescencje dzieci poddanych rozlegtym zabiegom chirurgicznym w obrgbie
kregostupa:

e zmniejsza S$rodoperacyjne zapotrzebowanie na anestetyki wziewne,
Co przyczynia si¢ do Szybszego powrotu prawidlowego poziomu
swiadomosci po zakonczeniu znieczulenia ogélnego,

e zmniejsza intensywno$¢ odczuwanego bolu, a dzigki temu obniza
zapotrzebowanie na opioidy,

e przyspiesza powr6t prawidlowej funkcji przewodu pokarmowego,

e przyspiesza rozpoczecie rehabilitacji pooperacyjne;.

c. Lidokaina w zastosowanym schemacie podazy, nie osigga toksycznych stezen
w surowicy krwi dzieci i jest lekiem bezpiecznym, o tatwej formie aplikacji.

d. Zabieg chirurgiczny z wdrozeniem zasad multimodalnej terapii przeciwbolowej,
nie wptywa w istotny sposob na jako$¢ zycia operowanych dzieci.

e. BOl uposledzajacy w stopniu umiarkowanym i wysokim codzienng aktywnos$¢ dzieci,
utrzymuje si¢ po 4 latach u ponad jednej trzeciej pacjentdow operowanych z powodu

patologii w obregbie kregostupa.

23



5. Streszczenie

Cele

Gtownym celem projektu byla ocena zastosowania dozylnego, okotooperacyjnego wlewu
lidokainy na pooperacyjne zapotrzebowanie na leki opioidowe i na proces zdrowienia dzieci
poddanych rozleglym zabiegom chirurgicznym w obrebie kr¢gostupa. Dodatkowo w badaniu
oceniono jakos$¢ zycia dzieci w okresie pooperaCyjnym poprzez poréwnanie jej Z wartosciami
przedoperacyjnymi, okreslenie czgstoSci wystapienia przewlektego bolu pooperacyjnego
I ocen¢ bezpieczenstwa stosowania lidokainy.

Metody i wyniki

Glownym punktem koncowym publikacji 1: Batko I, Koscielniak-Merak B, Tomasik P,
Kobylarz K, Wordliczek J. “Lidocaine as an element of multimodal analgesic therapy
in major spine surgical procedures in children: a prospective, randomized, double-blind
study” Pharmacological Reports 2020 Apr 15, doi: 10.1007/s43440-020-00100-7, byta ocena
wptywu lidokainy bedacej elementem multimodalnej terapii przeciwbdlowej na dzienne
zuzycie morfiny. Wynikiem wtornym byla ocena wplywu lidokainy na proces
rekonwalescencji i czas hospitalizacji badanych dzieci. Wykazano, ze lidokaina zmniejsza
zapotrzebowanie na morfing, przyspiesza powrdt prawidlowej funkcji przewodu
pokarmowego 1 rozpoczecie rehabilitacji. Nie udowodniono zaleznosci migdzy podaza
lidokainy a czasem hospitalizacji 1 pooperacyjng jakosScig zycia pacjentow.
Zaobserwowano, ze przewlekly bol pooperacyjny moze by¢ duzym problemem w odlegtym
czasie po rozleglym zabiegu operacyjnym w obrgbie kregostupa u dzieci.

W publikacji 2: Batko I, Koscielniak-Merak B, Tomasik P, Kobylarz K.” Lidocaine reduces
sevoflurane consumption and improves recovery profile in children undergoing major spine

surgery” Medical Science Monitor 2020 Mar 21;26:€919971, doi: 10.12659/MSM.919971,

porownano S$rodoperacyjne zuzycie sewofluranu 1 nasilenie pooperacyjnych zaburzen
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$wiadomosci u dzieci poddanych rozleglym zabiegom chirurgicznym w obrebie kregostupa,
bedacych w grupie lidokainy i w grupie kontrolnej. Odnotowano istotne mniejsze
zapotrzebowanie na anestetyki wziewne 1 szybszy powr6t prawidlowego poziomu
Swiadomos$ci u pacjentow, u ktorych zastosowano dozylny wlew lidokainy.
Okreslono réwniez w jakim schemacie podazy leku, osiggane jest terapeutyczne stezenie
lidokainy we krwi badanych dzieci. W pracy wykazano bezpieczenstwo stosowania lidokainy.
Whioski

Lidokaina bedaca elementem multimodalnej terapii przeciwbdlowej, wdrozonej
w okolooperacyjny protokot postepowania przy rozleglych zabiegach chirurgicznych
w obrgbie krggostupa u dzieci, jest obiecujagcym lekiem wykazujacym skutecznosé
analgetyczng i bezpieczenstwo stosowania. Przeprowadzone badanie rozszerza wiedze
na temat prawidlowego leczenia bolu ostrego u dzieci, a w dluzszej perspektywie moze
przyczyni¢ si¢ do rozwoju bardziej skutecznych metod u$mierzania silnego bdlu
okotooperacyjnego 1 =zapobiegania rozwinigcia si¢ bolu przewlektego u pacjentow

pediatrycznych.
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6. Summary

Objectives

The main objectives of the project were evaluating the influence of perioperative intravenous
lidocaine infusion on postoperative morphine requirements and the recovery profile
of children undergoing extensive spinal surgery. Additional purposes were to assess
the quality of life of children during the postoperative period and to compare it
with preoperative values, to determine the frequency of chronic postoperative pain,
and to assess the safety of lidocaine use.

Methods and results

The main endpoint of publication 1: Batko I, Koscielniak-Merak B, Tomasik P, Kobylarz K,
Wordliczek J. Lidocaine as an element of multimodal analgesic therapy in major spine
surgical procedures in children: a prospective, randomized, double-blind study.
Pharmacological Reports 2020 Apr 15. doi: 10.1007/s43440-020-00100-7, was the evaluation
of the impact of lidocaine, as part of multimodal analgesic therapy, on daily morphine
consumption. Secondary outcome measures were an assessment of the effect of lidocaine
on the recovery profile and patient hospitalization. Lidocaine has been shown to reduce
the requirement for morphine, accelerate restoring normal gastrointestinal function and allow
earlier rehabilitation. The relationship between lidocaine supply and the time
of hospitalization and the postoperative quality of life of patients has not been proven.
It has been observed that chronic postoperative pain can be a serious problem in the long term
after extensive spine surgery in children.

In publication 2: Batko I, Koscielniak-Merak B, Tomasik P, Kobylarz K. Lidocaine reduces
sevoflurane consumption and improves recovery profile in children undergoing major spine

surgery. Medical Science Monitor 2020 Mar 21;26:€919971. doi: 10.12659/MSM.919971,
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intraoperative consumption of sevoflurane and the severity of postoperative consciousness
disorders in children undergoing extensive spine surgery in the lidocaine group
and the control group were compared. Patients receiving intravenous lidocaine infusion
had significantly lower volatile anesthetics requirements and faster postoperative recovery.
It was also determined at what doses the therapeutic concentration of lidocaine in the blood
of examined children is achieved. The safety of lidocaine has been proven.

Conclusions

Lidocaine, as an element of a multimodal analgesic therapy, implemented in the perioperative
protocol for the management of extensive surgical procedures in the spinal area of children,
isa promising drug demonstrating analgesic effectiveness and safety of use. The study
extends knowledge about the proper treatment of acute pain in children, and in the long term
may contribute to the development of more effective methods of alleviating severe

perioperative pain and preventing the development of chronic pain in pediatric patients.

27



/. Podzi¢ckowania

Pragne wyrazi¢ moja wdzigczno$¢ wszystkim, ktorzy wspierali mnie podczas

przygotowywania niniejszej pracy. W sposob szczegdlny dzickuje:

Prof. dr hab. n. med. Jerzemu Wordliczkowi, kierownikowi Klinicznego Oddziatu
Anestezjologii i Intensywnej Terapii nr 1 Szpitala Uniwersyteckiego w Krakowie,
kierownikowi Kliniki Leczenia Bolu i Opieki Paliatywnej w Katedrze Chorob Wewnetrznych
i Gerontologii Uniwersytetu Jagiellonskiego Collegium Medicum, za pomoc merytoryczng

I wsparcie w trudnych chwilach.

Dr hab. n. med. Przemystawowi Tomasikowi, prof. UJ, pracownikowi Zaktadu Biochemii
Klinicznej Instytutu Pediatrii Uniwersytetu Jagiellonskiego Collegium Medicum,
za mozliwo$¢ wspoOlpracy, wsparcie merytoryczne, a przede wszystkim za motywowanie

w momentach zwatpienia.

Mgr Barbarze Koscielniak- Merak, pracownikowi Zaktadu Biochemii Klinicznej Instytutu
Pediatrii Uniwersytetu Jagiellonskiego Collegium Medicum, za wsparcie merytoryczne,
przeprowadzenie mnie przez skomplikowane meandry $wiata statystki, a przede wszystkim

za nadanie kierunku i pomoc na kazdym etapie realizacji przewodu doktorskiego.

Kolezankom 1 Kolegom, moim wspotpracownikom, za dobre rady i organizacyjne

umozliwienie mi przeprowadzenia badania klinicznego.

Rodzicom i rodzinie za wyrozumiato$¢ i cierpliwos$¢.

Moim dzieciom, Ewie i Olkowi, za ten bezcenny, wspolny czas wolny od pracy zawodowe;j,

ktory zabralam im jako matka, i poswiecitam pracy naukowey.

28



Niniejsza prace dedykuje Grzegorzowi, mojemu kochanemu Mezowi, ktory byt
przy mnie przez caly czas: pocieszal i motywowal przy kazdym niepowodzeniu, cieszyt si¢
ze mng kazdym sukcesem. Dzigkuje Ci za pomoc naukowa, organizacyjng i rodzicielska,

ale przede wszystkim za wyrozumiato$¢ i nigdy niegasnaca wiar¢ w moje mozliwosci.

29



8. PiSmiennictwo

[1]

[2]

[3]

[4]

[5]

[6]

Shapiro G, Green DW, Fatica NS, Boachie-Adjei O. Medical complications
in scoliosis surgery. Curr Opin Pediatr 2001(13):36-41

Wong GTC, Yuen VMY, Chow BFM, Irwin MG. Persistent pain in patients
following scoliosis surgery. Eur Spine J 2007 Oct; 16(10): 1551-1556.
doi: 10.1007/s00586-007-0361-7

Wordliczek J, Zajaczkowska R, Dziki A, Jackowski M, Richter P, Woron J,
Misiotek H, Dobrogowski J, Pasnik K, Wallner G, Malec-Milewska M.
Postoperative  pain relief in general surgery - recommendations
of the Association of Polish Surgeons, Polish Society of Anaesthesiology
and Intensive Therapy, Polish Association for the Study of Pain and Polish
Association of Regional Anaesthesia and Pain Treatment. Pol Przegl Chir.
2019 Feb 28;91(1):47-68. doi: 10.5604/01.3001.0013.1088.

Rosero EB, Joshi GP. Preemptive, preventive, multimodal analgesia:
what do they really mean? Plast Reconstr Surg. 2014 Oct;134(4 Suppl 2):
85S-93S. doi: 10.1097/PRS.0000000000000671.

Choudhry DK, Brenn BR, Sacks K, Shah S. Evaluation of Gabapentin and
Clonidine Use in Children Following Spinal Fusion Surgery for Idiopathic
Scoliosis: A Retrospective Review. J Pediatr Orthop. 2017 Apr 10.
doi: 10.1097/BP0O.0000000000000989

Hong RA, Gibbons KM, Li GY, Holman A, Voepel-Lewis T. A retrospective
comparison of intrathecal morphine and epidural hydromorphone for analgesia
following posterior spinal fusion in adolescents with idiopathic scoliosis.

Paediatr Anaesth. 2017 Jan;27(1):91-97. doi: 10.1111/pan.13037

30



[7]

[8]

[9]

[10]

[11]

[12]

[13]

Ross PA, Smith BM, Tolo VT, Khemani RG. Continuous infusion
of bupivacaine reduces postoperative morphine use in adolescent idiopathic
scoliosis  after posterior spine fusion. Spine. 2011;36:1478-1483.
doi: 10.1097/BRS.0b013e3181f352d1.

Milbrandt TA, Singhal M, Minter C, McClung A, Talwalkar VR, Iwinski HJ,
Walker J, Beimesch C, Montgomery C, Sucato DJ. A comparison of three
methods of pain control for posterior spinal fusions in adolescent idiopathic
scoliosis. Spine. 2009;34:1499-1503. doi: 10.1097/BRS.0b013e3181a90ceb.
Mergeay M, Verster A, Van Aken D, Vercauteren M. Regional versus general
anesthesia for spine surgery. A comprehensive review. Acta Anaesthesiol Belg.
2015;66(1):1-9.

Rusy LM, Hainsworth KR, Nelson TJ, Czarnecki ML, Tassone JC, Thometz JG,
Lyon RM, Berens RJ, Weisman SJ. Gabapentin use in pediatric spinal fusion
patients: a randomized, double-blind, controlled trial. Anesth Analg.
2010 May 1;110(5):1393-8. doi: 10.1213/ANE.0b013e3181d41dc2.

Jabbour HJ, Naccache NM, Jawish RJ, Abou Zeid HA, Jabbour KB, Rabbaa-
Khabbaz LG, Ghanem IB, Yazbeck PH. Ketamine and magnesium association
reduces morphine consumption after scoliosis surgery: prospective randomised
double-blind study. Acta Anaesthesiol Scand. 2014 May;58(5):572-9.
doi: 10.1111/aas.12304.

Choi YS, Shim JK, Song JW, Kim JC, Yoo YC, Kwak YL. Combination
of pregabalin and dexamethasone for postoperative pain and functional outcome
in patients undergoing lumbar spinal surgery: a randomized placebo-controlled
trial. Clin J Pain. 2013 Jan;29(1):9-14. doi: 10.1097/AJP.0b013e318246d1a9.

Farag E, Ghobrial M, Sessler DI, Dalton JE, Liu J, Lee JH, Zaky S, Benzel E,

31



[14]

[15]

[16]

[17]

[18]

[19]

Bingaman W, Kurz A. Effect of perioperative intravenous lidocaine
administration on pain, opioid consumption, and quality of life after complex
spine surgery. Anesthesiology. 2013 Oct;119(4):932-40.
doi: 10.1097/ALN.0b013e318297d4a5.

Kim KT, Cho DC, Sung JK, Kim YB, Kang H, Song KS, Choi GJ.
Intraoperative systemic infusion of lidocaine reduces postoperative pain
after lumbar surgery: a double-blinded, randomized, placebo-controlled clinical
trial. Spine J. 2014 Aug 1;14(8):1559-66. doi: 10.1016/j.spinee.2013.09.031.
Ibrahim A, Aly M, Farrag W. Effect of intravenous lidocaine infusion on long-
term postoperative pain after spinal fusion surgery. Medicine (Baltimore). 2018
Mar;97(13):0229. doi: 10.1097/MD.0000000000010229.

Kranke P, Jokinen J, Pace NL, Schnabel A, Hollmann MW, Hahnenkamp K,
Eberhart LH, Poepping DM, Weibel S. Continuous intravenous perioperative
lidocaine infusion for postoperative pain and recovery. Cochrane Database Syst
Rev. 2015 Jul 16;(7):CD009642. doi: 10.1002/14651858.CD009642.pub2.

Khan JS, Yousuf M, Victor JC, Sharma A, Siddiqui N. An estimation for
an appropriate end time for an intraoperative intravenous lidocaine infusion
in bowel surgery: a comparative meta-analysis. J Clin Anesth. 2016 Feb;28:95-
104. doi: 10.1016/}.jclinane.2015.07.007

Jendoubi A, Naceur 1B, Bouzouita A, Trifa M, Ghedira S, Chebil M, Houissa
M. A comparison between intravenous lidocaine and ketamine on acute
and chronic pain after open nephrectomy: A prospective, double-blind,
randomized, placebo-controlled study. Saudi J Anaesth. 2017;11:177-184.
doi: 10.4103/1658-354X.203027.

Weibel S, Jokinen J, Pace NL, Schnabel A, Hollmann MW, Hahnenkamp K,

32



[20]

[21]

[22]

[23]

[24]

[25]

[26]

Eberhart LH, Poepping DM, Afshari A, Kranke P. Efficacy and safety
of intravenous lidocaine for postoperative analgesia and recovery after surgery:
a systematic review with trial sequential analysis. Br J Anaesth.
2016 Jun;116(6):770-83. doi: 10.1093/bja/aew101.

Gonzalez MM, Altermatt F. Is intravenous lidocaine effective for decreasing
pain and speeding up recovery after surgery? Medwave. 2017 Dec 29;
17(9):e7121. doi: 10.5867/medwave.2017.09.7121.

Tauzin-Fin P, Bernard O, Sesay M, Biais M, Richebe P, Quinart A, Revel P,
Sztark F. Benefits of intravenous lidocaine on post-operative pain and acute
rehabilitation after laparoscopic nephrectomy. J Anaesthesiol Clin Pharmacol.
2014 Jul;30(3):366-72. doi: 10.4103/0970-9185.137269.

De Oliveira GS Jr, Fitzgerald P, Streicher LF, Marcus RJ, McCarthy RJ.
Systemic lidocaine to improve postoperative quality of recovery after
ambulatory laparoscopic surgery Anesth Analg. 2012 Aug;115(2):262-7.
doi: 10.1213/ANE.0b013e318257a380.

Yousefshahi F, Predescu O, Francisco Asenjo J. The Efficacy of Systemic
Lidocaine in the Management of Chronic Pain: A Literature Review. Anesth
Pain Med. 2017 Apr 22;7(3):e44732. doi: 10.5812/aapm.44732.

Lauretti GR. Mechanisms of analgesia of intravenous lidocaine. Rev Bras
Anestesiol 2008;58:280-6. DOI:10.1590/s0034-70942008000300011.
Nishizawa N, Shirasaki T, Nakao S, Matsuda H, Shingu K. The inhibition of the
N-methyl-d-aspartate receptor channel by local anesthetics in mouse CAl
pyramidal neurons. Anesth Analg 2002;94:325-30. doi:10.1097/00000539-
200202000-00017.

de Oliveira CM1, Issy AM, Sakata RK. Intraoperative Intravenous Lidocaine.

33



[27]

[28]

[29]

[30]

[31]

[32]

[33]

Rev Bras Anestesiol. 2010 May-Jun;60(3):325-33.

Gillian R. Lauder. A. Review of Intravenous Lidocaine Infusion Therapy
for Paediatric Acute and Chronic Pain Management. Open access peer-reviewed
chapter. Published: May 24th 2017.

Tanelian DL, Maclver MB. Analgesic concentrations of lidocaine suppress tonic
A-delta and C fiber discharges produced by acute injury. Anesthesiology.
1991 May;74(5):934-6. DOI:10.1097/00000542-199105000-00020.

Sotgiu ML, Biella G, Castagna A, Lacerenza M, Marchettini P. Different time-
courses of i.v. lidocaine effect on ganglionic and spinal units in neuropathic rats.
Neuroreport. 1994 Apr 14;5(8):873-6. DOI: 10.1097/00001756-199404000-
00005.

Lahav M, Levite M, Bassani L, Lang A, Fidder H, Tal R, Bar-Meir S, Mayer L,
Chowers Y. Lidocaine inhibits secretion of IL-8 and IL-1beta and stimulates
secretion of IL-1 receptor antagonist by epithelial cells. Clin Exp Immunol.
2002;127(2):226-33. DOI:10.1046/].1365-2249.2002.01747.x

van der Wal SE, van den Heuvel SA, Radema SA, van Berkum BF, Vaneker M,
Steegers MA, Scheffer GJ, Vissers KC. The in vitro mechanisms and in vivo
efficacy of intravenous lidocaine on the neuroinflammatory response in acute
and chronic pain. Eur J Pain. 2016 May;20(5):655-74. doi: 10.1002/ejp.794.
Koscielniak-Merak B, Batko I, Kobylarz K, Sztefko K, Tomasik PJ.
Intravenous, Perioperatively Administered Lidocaine Regulates Serum Pain
Modulators' Concentrations in Children Undergoing Spinal Surgery. Pain Med.
2019 Aug 29. pii: pnz212. doi: 10.1093/pm/pnz212.

Docherty RJ, Ginsberg L, Jadoon S, Orrell RW, Bhattacharjee A. TRPA1

insensitivity of human sural nerve axons after exposure to lidocaine. Pain.

34



[34]

[35]

[36]

[37]

[38]

2013;154(9):1569—77. doi: 10.1016/j.pain.2013.04.030.

Koscielniak-Merak B, Batko I, Fleszar M, Kocot-Kepska M, Gamian A,
Kobylarz K, et al. Effect of intravenous, perioperative-administrated lidocaine
on serum levels of endocannabinoids and related N-acylethanolamines
in children. Minerva Anestesiol. 2019 Oct 14. doi: 10.23736/S0375-
9393.19.13703-0.

Koscielniak-Merak B, Batko I, Kobylarz K, Sztefko K, Kocot-Kepska M,
Tomasik PJ. Impact of Intravenous, Perioperative-Administrated Lidocaine
on Postoperative Serum Levels of Endogenous Opioids in Children Curr Pharm
Des. 2019;25(30):3209-3215. doi: 10.2174/1381612825666190718153209.
Habibi MR, Habibi V, Habibi A, Soleimani A. Lidocaine dose-response effect
on postoperative cognitive deficit: Meta-analysis and metaregression. Expert
Rev Clin Pharmacol. 2018 Apr;11(4):361-371.
doi: 10.1080/17512433.2018.1425614.

Wallace MS, Lee J, Sorkin L, Dunn JS, Yaksh T, Yu A. Intravenous lidocaine:
effects on controlling pain after anti-GD2 antibody therapy in children with
neuroblastoma — a report of a series. Anesth Analg 1997;85:794-6.
DOI:10.1097/00000539-199710000-00014.

El-Deeb A, ElI-Morsy GZ , Ghanem AAA, Elsharkawy AA, Elmetwally AS.
The effects of intravenous lidocaine infusion on hospital stay after major
abdominal pediatric surgery. A randomized double-blinded study. Egyptian

Journal of Anaesthesia 2013 July;29(3):225-230.

35



9. Zalaczniki

e Publikacja 1
a. Skan opublikowanej w czasopiémie Pharmacological Reports publikacji
pt. Lidocaine as an element of multimodal analgesic therapy in major spine
surgical procedures in children: a prospective, randomized, double-blind
study.
b. O$wiadczenia wspotautorow okreslajace indywidualny wktad kazdego z nich
w powstanie w/w publikaciji.
e Publikacja 2
a. Skan opublikowanej w czasopi$mie Medical Science Monitor publikacji pt.
Lidocaine reduces sevoflurane consumption and improves recovery profile
in children undergoing major spine surgery.
b. Oswiadczenia wspotautorow okreslajace indywidualny wktad kazdego z nich

w powstanie w/w publikacji.

e Zgoda Komisji Bioetycznej Uniwersytetu Jagiellonskiego na przeprowadzenie badania
klinicznego:

a. nr122.6120.89.2015

36



Publikacja 1

Batko I, Ko$cielniak-Merak B, Tomasik P, Kobylarz K, Wordliczek J.

Lidocaine as an element of multimodal analgesic therapy in major spine
surgical procedures in children: a prospective, randomized, double-blind

study.
Pharmacological Reports 2020 Apr 15. doi: 10.1007/s43440-020-00100-7.



Pharmacological Reports
https://doi.org/10.1007/543440-020-00100-7

ARTICLE 4')

Check for
updates

Lidocaine as an element of multimodal analgesic therapy in major
spine surgical procedures in children: a prospective, randomized,
double-blind study

llona Batko' - Barbara Koscielniak-Merak? - Przemystaw J. Tomasik? - Krzysztof Kobylarz'> - Jerzy Wordliczek®*

Received: 12 October 2019 / Revised: 27 February 2020 / Accepted: 19 March 2020
© The Author(s) 2020

Abstract

Background Introducing the principles of multimodal analgesic therapy is necessary to provide appropriate comfort for the
patient after surgery. The main objective of the study was evaluating the influence of perioperative intravenous (i.v.) lido-
caine infusion on postoperative morphine requirements during the first 48 h postoperatively in children undergoing major
spine surgery.

Materials and methods Prospective, randomized, double-blind study: 41 children, qualified to multilevel spine surgery, were
randomly divided into two treatment groups: lidocaine and placebo (control). The lidocaine group received lidocaine as a
bolus of 1.5 mg/kg over 30 minutes, followed by a continuous infusion at 1 mg/kg/h to 6 hours after surgery. The protocol of
perioperative management was identical for all patients. Measurements: morphine demand, intensity of postoperative pain
(the Numerical Rating Scale), oral feeding initiation time, first attempts at assuming erect position, postoperative quality of
life (the Acute Short-form /SF-12/ health survey).

Results Patient data did not differ demographically. Compared to the control group, lidocaine treatment reduced the demand
for morphine during the first 24h [95% CI1 0.13 (0.11-0.28) mg/kg, p = 0.0122], 48h [95% CI 0.46 (0.22-0.52) mg/kg, p =
0.0299] after surgery and entire hospitalization [95% CI 0.58 (0.19-0.78) mg/kg, p = 0.04]; postoperative pain intensity;
nutritional withdrawal period [introduction of liquid diet (p = 0.024) and solid diet (p = 0.012)], and accelerated the adop-
tion of an upright position [sitting (p = 0.048); walking (p = 0.049)]. The SF-12 generic health survey did not differ between
groups before operation, 2 months and 4 years after surgery.

Conclusions Perioperative lidocaine administration, as a part of the applied analgesic therapy regimen, may decrease post-
operative opioid demand and accelerates convalescence of children undergoing major surgery.

Keywords Lidocaine intravenous - Multimodal analgesia - Pediatric anesthesia - Postoperative pain - Spinal surgery

The manuscript was presented in the form of poster and won the
best poster award at the VII International Symposium "Advances Introduction
in the treatment of pain" held in Zakopane, Poland between 4th
and 6th of October 2018.

An extensive spinal procedure represents a major trauma.
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pain development [4]. The techniques of regional blockades
are difficult to perform and associated with an increased
risk of complications in patients qualified to major spinal
operations [5]. Alternate to supplement general anesthesia,
adjuvant medications with analgesic, anti-inflammatory and
antihyperalgesic properties are used. They are easy to apply
and associated with a low percentage of adverse effects.
To-date, these effects in spine surgery have been observed
for combined therapy with gabapentin, pregabalin, keta-
mine, magnesium, dexamethasone and clonidine [2, 6-8].
Recently, it has been reported that lidocaine also beneficially
supplements therapy aiming at improving patient comfort in
the postoperative period [9-17]. However, there are no stud-
ies evaluating the intravenous (i.v) lidocaine as an element
of analgesic multimodal therapy in spine surgery in children.

Objective

The purpose of current study was to hypothesize that a peri-
operative lidocaine infusion would reduce opioid require-
ments during the first 48 h postoperative in pediatric patients
undergoing major spine operations.

Materials and methods

The protocol of the study was approved by the Jagiellonian
University Bioethical Committee [No. 122.6120.89.2015].
All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of
the institutional and national research committee and with
the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards. All the parents or legal guard-
ians of the patients as well patients over 16 years provided
written informed consent prior to the inclusion in the study.

Participants

This project was conducted at the University Pediatric Hos-
pital in Cracow that performs 60-90 major spine operations
annually. All children qualified to multilevel spinal surgery
from May 2015 to June 2016 were assessed for study eli-
gibility. The inclusion criteria were: age below 18 years,
major spine surgery and the ASA (the American Society of
Anesthesiologists physical status) I, II. The exclusion crite-
ria were: liver and renal impairment, epilepsy, arrhythmia,
long QT syndrome, allergy to lidocaine, obesity (body mass
index > 30), chronic opioid therapy, history of organ trans-
plantation and planned long-term postoperative mechanical
ventilation.

@ Springer

Randomization

The study we performed was randomized, double-blind,
placebo-controlled. After qualification for the study,
patients were randomly assigned to the lidocaine or
the control group using a computer-generated random
table and an allocation ratio of 1:1. The randomization
sequence was generated by a hospital pharmacist who was
not involved in the study. Before the surgery, the hospi-
tal pharmacist prepared a coded syringe which contained
a blinded fluid (BF): lidocaine 20 mg/ml (Lignocainum
hydrochloricum WZF 2%: Polfa S.A. Warsaw, Poland) or
placebo -multi-electrolyte fluid (Fresenius Kabi, Warsaw,
Poland). BF was administered intravenously as a half hour
bolus before skin incision 0.075 ml/kg/30 min, and then
continued intraoperatively for up to 6 h after surgery at a
flow of 0.05 ml/kg/h. The medical personnel responsible
for the perioperative patient care (anesthesiologists, sur-
geons, nurses) and the patient himself were blind to what
BF was. The study coordinator supervised the course of
the study.

Protocol of the study
Intraoperative management

The protocol of perioperative management was identical
for all patients. The first dose of oral gabapentin 15 mg/
kg (max. 600 mg) (Gabapentin TEVA, Teva Pharmaceu-
ticals, Warsaw, Poland) was given 4 h before surgery. For
induction to the general anesthesia: fentanyl 1 pg/kg (Fen-
tanyl, Polfa, Poland), propofol 2 mg/kg (Plofed, Polfa S.A,
Warsaw, Poland) and rocuronium 0.6 mg/kg (Roqurum,
Jelfa SA, Jelenia Gora, Poland) were used. Anesthesia
was maintained with a mixture of sevoflurane, oxygen
and air (Sevorane, AbbVie, Warsaw, Poland). Thirty min-
utes before skin incision, acetaminophen 15 mg/kg (Par-
acetamol Kabi, Fresenius Kabi, Warsaw, Poland), dexa-
methasone 0.1 mg/kg (Dexaven, SUN-FARM, Lomianki,
Poland) and a BF (lidocaine 1.5 mg/kg/30 min or placebo)
were applied. During surgery, analgesia was provided with
fractionated doses of fentanyl. After induction and before
the end of anesthesia, the first two doses of 0.1 mg/kg
morphine were administered intravenously (Morphini
Sulfas WZF, Polfa S.A, Warsaw, Poland). Intravenous BF
infusion (lidocaine 1 mg/kg/h or placebo) was continued
during the entire procedure and for 6 h postoperatively.
Intraoperatively, the patient’s general condition was
monitored by invasive measurement of blood pressure,
continuous electrocardiography, pulse oximetry, diuresis
measurement, body temperature and assessment of blood
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biochemical parameters such as acid-base balance, elec-
trolyte and hematocrit levels, glucose and lactates concen-
trations. The level of anesthesia was monitored by a BIS
monitor. The ventilatory frequency was adjusted to obtain
an end-tidal carbon dioxide concentration between 35 and
40 mmHg. The neuromuscular blockade was reversed
by sugammadex 2 mg/kg (Bridion, Hoddesdon, UK) if
necessary.

The patient was extubated on the operating table. After
confirming the preserved motor function of the lower
limbs, the children were transported to the intensive care
unit (ICU), where they remained until the general condition
stabilized. Further therapy was continued in the orthopedic
ward.

Postoperative management

During the preoperative visit, the patients were instructed
on the use of the 11-point numerical scale NRS/Numerical
Rating Scale/(0 =no pain, 10=worst imaginable pain) for
pain assessment and the use of the PCA device. A protocol
for instruction on use the PCA device and the NRS was pro-
vided. Two researchers who were responsible for data collec-
tion during the study were also properly trained. The sever-
ity of pain felt by the child was assessed immediately after
surgery and at 2, 6, 9, 15, 24, 30, 40, 48 h postoperatively. In
the same time intervals, the intensity of postoperative nausea
(the NRS scale: 0=no nausea, 10=the worst imaginable
form of nausea) and the required antiemetic and analgesic
agents were evaluated. PONV (the postoperative nausea and
vomiting) was treated with ondansetron 0.1 mg/kg i.v. per
dose (Ondansetron Kabi, Fresenius Kabi, Warsaw, Poland)
if the NRS for nausea exceeded 3. The time at the oral feed-
ing initiation was recorded, similarly as the first attempt at
assuming erect position after surgery. All complications of
used therapy were recorded in the patient’s documentation.

Intravenous morphine and non-opioid analgesics were
used to treat postoperative pain. For two days after surgery,
pain was treated as patient-controlled analgesia (PCA) with
i.v. morphine sulfate at a concentration of 1 mg/ml, with a
bolus of 1 mg, a lockout-interval—15 min and a maximum
dose—0.3 mg/kg/4 h. During the first 16 h after surgery
(nighttime), a background infusion of morphine was about
20 pg/kg/h (0.5 mg/h—patients weighing less than 40 kg
or 1 mg/h—patients weighing more than 40 kg). With pain
reported above 3 NRS, an additional morphine bolus was
administered by a blinded non-study nurse (1 mg/kg). After
two days, morphine was administered as a single bolus of
0.1 mg/kg via subcutaneous venflon (24G, 0.7 X 19 mm)
depending on demand. Postoperatively, morphine consump-
tion was recorded once a day and converted to mg/kg/24 h.
The first 24-h morphine measurement included the amount
given in the operating room during the operation and that

provided by PCA. The first doses of non-opioid analgesics
were already administered intravenously during surgery:
metamizole 0.5-1 g every 8 h (Pyralgin, Polpharma S.A,
Starogard Gdariski, Poland) and acetaminophen 15 mg/kg
every 6 h. Metamizole dosage was in accordance with the
rules in force for over 40 years at the University Pediatric
Hospital in Cracow: children under 40 kg-250 mg/10 kg
every 8 h, children over 40 kg—1 g every 8 h, the maximum
dose of 5 g/day. Oral gabapentin 5 mg/kg (max. 300 mg per
dose) was applied every 8 h for three consecutive days.

Patient’s quality of life was evaluated by parents with the
Acute Short-form (SF-12) health survey, an abbreviated ver-
sion of the SF-36. It consists of 12 items, which measures
mental and physical components summaries [18]. The sur-
vey was conducted in a direct conversation before the opera-
tion and by phone 2 months and 4 years after surgery. In
addition, one year after the operation, the parents answered
by phone the question 5 from SF-12 scale.

Study outcomes

The primary objective of this investigation was the daily
morphine requirements during the first 48 h postoperatively.

Secondary outcome measures were as follows: the sever-
ity of the postoperative pain at rest and during coughing
assessed using the NRS; the time to start the oral feeding:
the clear liquid and the solid diet; the incidence of PONV
evaluated with the numeric rating scale for nausea and vom-
iting registration; the first attempts at sitting and walking
after the surgical procedure using 6-min sitting and 6-min
walking tests; the quality of life evaluated before, 2 months
and 4 years after surgery with the Acute Short-form (SF-
12) health survey (parents’ assessment); the assessment
how much did pain interfere with patients normal work
1 year after surgery, asked by the telephone (interview with
parents).

Laboratory analysis

After 30 min of BF infusion (before the skin incision),
immediately after operation, 6 h after surgery and the next
morning, blood samples were collected from the arterial
line. Routine hematology parameters were determined
using a hematological analyzer Sysmex XN-1000 (Sysmex
Corp., Japan) and routine biochemistry parameters were
measured using a Vitros®5600 (Ortho Clinical Diagnos-
tic, Raritan, USA) analyzer. Plasma concentrations of lido-
caine were measured four times, using modified sandwich
enzyme-linked immunosorbent assay (ELISA) kits supplied
by Neogen Corporation (Lexingon, US). The intra-assay
and inter-assay coefficient of variation was 5.2% and 6.7%,
respectively. Detection range was 0.005-10.0 ug/ml. Assay
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was performed without knowledge of whether the sample
was from a control or a lidocaine group.

Sample size calculation

Our sample size was calculated from data obtained from
the hospital records, which demonstrated that: the preva-
lence of spinal surgeries during the year was 60-90 and the
mean morphine demand in those patients during hospitali-
zation was approximately 2 mg/kg. In ten arbitrarily chosen
patients undergoing major spine operations before the start
of the study, opioid consumption during the first 24 postop-
erative hours was documented, with a mean value of 0.6 mg/
kg and a standard deviation of 0.2 mg/kg. We assumed that
the administration of lidocaine in the perioperative period
will lead to a reduction of the mean morphine demand by
30% per day. The calculation showed that the required sam-
ple size (using the above-presented hypothesis) would be 19
patients in each group, with alpha set at 5% and a power of
80%. Finally, the number of children in the lidocaine group
was 22 and in the control group 19. The calculations were
made according to the formula:

k=22 -1
n

’

("12 + %) (f1mapp +215)°

n = e s

(0.22 + "-—122)(1.96 +0.84)
"= 0.182 :
n =19,

n,=Kxn =19,

where A = |, — ;| is the absolute difference between two
means. ¢, 0, is the variance of mean #1 and #2. n| is the
sample size for group #1. n, is the sample size for group
#2. @ is the probability of type I error (usually 0.05). g is
the probability of type II error (usually 0.2). Z is the critical
Z value for a given a or f. K is the ratio of sample size for
group #2 to group #1.

Statistical analysis

To compare continuous measurements between both groups,
the t-Student or t-Welch test (depending on variance equal-
ity assessed by the Levene test) for variables with normal
distribution or the U Mann—Whitney for variables with a
distribution other than normal were used. Normality was
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assessed by the Shapiro-Wilk test. Categorical variables
were compared by the Fisher exact test. The longitudinal
measurements were compared using a multivariate linear
model for repeated measures. The correlation between
results was evaluated by the Pearson correlation test or the
Spearman rank-order correlation test, with the Bonferroni
correction adjusted for the total number of analyses. The
significance level for all the analyses was set at a=0.05.
All the tests were two tailed. The analyses were performed
using the STATISTICA v.13.5 software (StatSoft Inc., Tulsa,
OK, USA).

Results

The study flow chart is shown in Fig. 1. 66 patients planned
for elective major spine surgery were assessed for eligibil-
ity. 25 children were excluded from the study because they
did not meet the inclusion criteria. The remaining forty-one
children were randomly assigned to the lidocaine group
(number of patients =22) and to the control group (number
of patients = 19). All patients received the allocated treat-
ment. All enrolled patients completed the study and were
analyzed. There were no differences in the remaining vari-
ables characterizing patients, surgical procedures and the
general anesthesia course in both groups (Tables 1, 2).

Primary outcome

The lidocaine group had significantly lower cumulative mor-
phine consumption compared to the control, with a reduc-
tion of over 30% at 48 h [0.89 (0.58-1.31) mg/kg vs. 2,730
(1.29 (0.79-1.8) mg/kg, 95% C10.46 (0.22-0.52) mg/kg,
p=0.0299]. The maximum median daily opioid consump-
tion for both groups was in the first postoperative day, also
significantly lower in the lidocaine group [0.58 (0.44-0.7)
mg/kg vs. 0.74 (0.65-0.91) mg/kg, 95% C10.13 (0.11-0.28)
mg/kg, p=0.0122], a reduction of over 20%. Cumulative
morphine consumption did not differ significantly between
the groups in the second and subsequent postoperative
days. The relationship between morphine demand and the
children’s body weight and sex was analyzed. Significant
differences were observed only during the first 24 h after
surgery: patients with a body weight of over 40 kg of the
lidocaine group had a lower demand for morphine compared
to the control group in the same weight range [0.5 (0.5-0.6)
mg/kg vs. 0.73 (0.56-0.9) mg/kg, p=0.0122].; in the whole
group, female children required more morphine than male
children [0.72 (0.58-0.96) mg/kg vs. 0.57 (0.4-0.7) mg/kg,
p=0.03].; in the lidocaine group, children weighing less
than 40 kg consumed more morphine than children weigh-
ing more than 40 kg[0.8 (0.58-1.06) mg/kg vs. 0.5 (0.5-0.6)
mg/kg, p=0.019] (Table 3).
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[ Enrollment ]

Assessed for eligibility (n=66)

Excluded (n=25)

+ Not meeting inclusion criteria (n=25)
*| + Declined to participate (n=0)

+ Other reasons (n=0)

Randomized (n=41)

!

Fig. 1 CONSORT trial flow diagram

Table 1 Summary of baseline data for the randomized groups

Variable Lidocaine n=22 Control n=19 p value
Age, years 13 (8-15) 13 (9-15) 0.986
BMI, percentile 48 (9-93) 41.5 (9-90) 0.878
Males, n (%) 9 (40.9) 8(42.1) 0.938
ASA, n (%)
I 10 (45.5) 10 (52.6) 0.645
11 12 (54.5) 9(47.4) 0.645

Categorical variables were presented as counts and percentages; con-
tinuous variables were expressed as a median and interquartile range

(Q1-Q3)
BMI body mass index, ASA American Society of Anesthesiologists
Physical Status, n number of patients

Secondary outcomes

The cumulative morphine consumption for entire postop-
erative period was lower in the lidocaine group compared

Y [ Allocation ] v

Allocated to lidocaine intervention (n=22) Allocated to placebo intervention (n=19)

+ Received allocated intervention (n=22) + Received allocated intervention (n=19)

+ Did not receive allocated intervention (n=0) + Did not receive allocated intervention (n=0)
v [ Follow-Up 1 v

Lost to follow-up (n=0) Lost to follow-up (n=0)

Discontinued intervention (n=0) Discontinued intervention (n=0)
v [ Analysis ] v

Analysed (n=22) Analysed (n=19)

+ Excluded from analysis (n=0) + Excluded from analysis (n=0)

to control, with a reduction of approximately 35% [1.1
(0.7-1.2) vs. 1.7 mg/kg, 95% CI10.58 (0.19-0.78) mg/kg,
p=0.04] (Table 3). Patients from the lidocaine group had
lower severity of pain at the rest up to 9 h postoperatively,
and during coughing up to 6 h. The difference between the
groups in pain sensation at rest, assessed by the NRS at
individual time points was: immediately after surgery 1.86
(£0.46) vs. 5.28 (+0.85), p=0.00012; 2 h after surgery 1.62
(£0.12) vs. 3.3 (+0.67), p=0.00995; 6 h after surgery 1.3
(£0.22) vs. 2.4 (£0.41), p=0.0397; 9 h after surgery 0.9
(+£0.37) vs. 1.8 (£0.42), p=0.049. The difference between
the groups in pain sensation during coughing, assessed by
the NRS at individual time points was: immediately after
surgery 2.86 (+0.35) vs. 5.5 (+0.53), p=0.0051; 2 h after
surgery 2.43 (+£0.25) vs. 4.78 (+0.84), p=0.0037; 6 h
after surgery 2.1 (+£0.35) vs. 3.56 (+0.75), p=0.038. In
subsequent time measurement points, pain severity was
maintained at the comparable level in both groups (Fig. 2).
The severity of nausea was higher up to 9 h postoperatively
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Table2 Summary of intra- and postoperative data for the randomized groups

Variable Lidocaine n=22 Control n=19 Difference between groups (95%  p value
CI)
Intraoperative data
Superior vertebral region, n (%)
Cervical 1(4.5) 1(5.3) - 0916
Thoracic 3(13.6) 2(10.5) - 0.922
Thoracolumbar 16 (72.7) 15 (78.9) - 0.643
Lumbosacral 209.D 1(5.3) - 0.639
Use of instrumentation, n (%) 22 (100) 19 (100) - 0.999
Number of operated levels 13 (9-13) 13 (8-14) - 0.922
Duration of surgery, min 260 (170-285) 300 (270-340) 37.45(-3.22t0 121.68) 0.057
Duration of anesthesia, min 335 (225-355) 368 (225-385) 37.14 (- 7.03 to 132.35) 0.054
Fentanyl, pg/kg/h of anesthesia 1.5 (1.36-2.1) 1.3(1.16-2.19) —0.01 (-0.39t00.36) 0.465
Average BIS 45 (40-48) 49 (47-52) 2.12 (- 1.44 10 5.68) 0.14
Mean MAP, mmHg 60 (58-69) 70 (65-74) 12.45 (-0.22 to 16.67) 0.054
Average heart rate, bpm 77 (71-86) 85 (74-100) 6.88 (—2.89 to 15.75) 0.083
Postoperative data
First oral liquid administration, h 3.5 (3-5.5) 7.25 (6-11) 2.88 (1.68 t0 4.13) 0.024
First oral feeding (solid food), h 14 (13.5-21) 20.5 (19-26) 5.18 (0.91 to 6.42) 0.012
Ondansetron usage, mg/kg 0(0-0.1) 0.08 (0-0.2) 0.09 (=0.24 t0 0.21) 0.426
Ondansetron usage, n (%) 9 (40.1) 11(57.9) - 0.456
6-min sitting test (6MST), h 54 (46-57) 69 (67-75) 14.14 (5.37 to 20.65) 0.048
6-min walking test (6MWT),h 67 (62-71) 82.5 (80-89) 13.55 (7.19 to 29.87) 0.049
Side effects (V/TSD/RD), n 4172 71071 - 0.894
Discharge home, days 6 (4-9) 8 (7-9) 3.54 (-2.30t0 9.39) 0.066
Short Form Survey (SF-12) n n
PCS-12—BS 22 40.7(£9.4) 19 442 (+10.6) 3.54 (-3.75109.20) 0.28
PCS-12—2 month 21 35.1(+88) 19 38.0(+7.6) 2.88(-239108.16) 0.28
PCS-12—4 year 19 47.5(x6.6) 17 43.4(+10.3) —4.11(-0.91to 1.70) 0.15
MCS-12—BS 22 55.8(£58) 19 57.1(+59) 1.32(-2.31t04.95) 0.47
MCS-12—2 month 21 53.8(+10.6) 19 56.2(+7.1) 2.36(—3.37108.08) 0.41
MCS-12—4 year 19 55.1(£52) 17 534 (+8.1) —1.67(-6.13103.03) 0.48
PCS-12 (BS—2 month) 5.6 (£10.5) 6.2 (+14.5) 0.57 (—2.74 to 8.61) 0.89
PCS-12 (BS—4 year) 0.4 (x12.9) 5.3 (x16.7) 4.92 (-3.94t0 17.78) 0.08
MCS-12 (BS—2 month) 2.0(x10.9) 0.9 (+74) —1.09 (-7.11 t0 4.93) 0.72
MCS-12 (BS—4 year) 8.3(x19.5) 9.2 (+21.3) 0.99(-11.93t013.92) 0.87

Categorical variables were presented as counts and percentages; continuous variables were expressed as a median and interquartile range (Q1-

(Q3) or as a mean + standard deviation

BMI body mass index, ASA American Society of Anesthesiologists Physical Status, n number of patients, BIS bispectral index, MAP mean
arterial pressure, AR heart rate, V/TSD/R vomiting/transient sensory disturbances/respiratory depression, SF-12 the Acute Short-form health
survey, PCS-12 Physical Score, MCS-12 Mental Score, BS before surgery, 2 month 2 months after surgery, 4 year four years after surgery,
(BS—2 month) difference between the assessment before and 2 months after surgery, (BS—4 years) difference between the assessment before

and 4 years after surgery
Bold values indicate the p < 0.05

in the control group. The difference between the groups in ~ p=0.031 (Fig. 3). Both groups did not differ with respect
the severity of nausea assessed by the NRS at individual  to the postoperative administration of i.v. ondansetron and
time points was: immediately after surgery 0 (£0.0) vs. 2.2 the incidence of vomiting (Table 2). In the lidocaine group,
(£0.52), p=0.0012; 2 h after surgery 0 (£0) vs. 1.5(£0.3),  the liquid diet [3.5 (3-5.5) h vs. 7.25 (6-11) h, 95% CI2.88
p=0.006; 6 h after surgery 1.2 (+0.32) vs. 2.7 (+0.56), (1.68-4.13) h, p=0.024] and the solid food [14 (13.5-21) h
p=0.014; 9 h after surgery 1 (+0.26) vs. 2.3 (+0.34), vs. 20.5 (19-26), 95% CI5.18 (0.91-6.42) h, p=0.012] were
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Table 3 Morphine demand

Morphine demand, differentiation between groups depending on body weight and sex

Variable Lidocaine n Control n Difference between p value
groups (95% CI)

Summary morphine demand during whole hospitalization, mg/ 1.1 (0.7-1.2) 22 1.7(1.2-24) 19 0.58 (0.19 to 0.78) 0.048
kg
Summary morphine demand up to 48 h after surgery, mg/kg 0.89 (0.58-1.31) 22 1.29 (0.79-1.8) 19 0.46 (0.22 t0 0.52) 0.0299
PODI1, mg/kg 0.58 (0.44-0.7) 22 0.74 (0.65-0.91) 19 0.13(0.11 t0 0.28) 0.0122
Body weight <40 kg 0.8 (0.58-1.06) 12 0.63 (0.45-0.95) 8 —021(-1.12t0 0.53) 0.53
Body weight >40 kg 0.5 (0.5-0.6) 10 0.73 (0.56-0.9) 11 0.26 (0.0210 1.14) 0.0122
Male 0.5 (0.44-0.6) 9 0.65 (0.35-0.72) 8 0.16 (—1.121t0 1.34) 0.67
Female 0.67 (0.56-0.92) 13 0.76 (0.6-1.0) 11 0.02 (-0.97 to 1.23) 0.86
POD2, mg/kg 0.22(0.2-0.44) 22 0.4 (0.2-0.7) 19 0.16 (=0.11 to 0.25) 0.14
Body weight <40 kg 0.37 (0.18-0.53) 12 0.27 (0.05-0.75) 8 0.06 (=0.92 t0 0.13) 0.67
Body weight >40 kg 0.25 (0.2-0.29) 10 0.3 (0.16-0.46) 11 0.10 (= 0.04 10 0.99) 0.37
Male 0.2 (0.16-0.29) 9 0.25 (0.05-0.7) 8 0.08 (=0.74 0 0.11) 0.88
Female 0.3 (0.2-0.44) 13 0.3 (0.18-0.46) 11 0.01 (=0.57 to 0.04) 0.97
Next days, mg/kg 0.17 (0.0-0.39) 22 0.18 (0.0-0.6) 19 0.007 (- 0.06 to 0.40) 0.52
Body weight <40 kg 0.25 (0.0-0.37) 12 0.16 (0.0-0.76) 8 0.11(=1.23101.12) 049
Body weight > 40 kg 0.25 (0.11-0.39) 10 0.18 (0.09-1.0) 11 0.09 (=0.06 to 1.17) 043
Male 0.24(0.1-0.4) 9 0.13 (0.05-0.73) 8 0.14 (- 0.06 to 1.42) 0.84
Female 0.14 (0.0-0.33) 13 0.21 (0.0-1.0) 11 0.21 (- 0.06 to 1.53) 0.46

Morphine demand, differentiation in groups depending on body weight and sex

Variable Body weight p value Sex p value
Lidocaine
PODI, mg/kg <40 kg >40kg 0.019 Male Female 0.14
POD2, mg/kg <40 kg >40kg 015 Male Female 0.22
Next days, mg/kg <40 kg >40kg 0.19 Male Female 0.79
Control
PODI, mg/kg <40 kg >40kg 0.62 Male Female 0.23
POD2, mg/kg <40 kg >40kg 1.0 Male Female 0.77
Next days, mg/kg <40 kg >40kg 0.87 Male Female 0.84

Morphine demand in the whole study group depending on sex and body weight

Variable Female n Male n p value

Summary morphine demand during whole hospitalization, mg/ 1.32(1.0-2.1) 24 1.01 (0.8-1.3) 17 0.12
kg

Summary morphine demand up to 48 h after surgery, mg/kg 1.05 (0.77-1.46) 24 0.76 (0.7-0.9) 17 0.6
PODI, mg/kg 0.72 (0.58-0.96) 24 0.57 (0.4-0.7) 17 0.03
POD2, mg/kg 0.3 (0.2-0.45) 24 0.2 (0.1-0.3) 17 0.25
Next days, mg/kg 0.19 (0.0-0.53) 24 0.15(0.1-0.4) 17 0.99

<40 kg n >40 kg n p value

Summary morphine demand during whole hospitalization, mg/ 1.21 (0.95-2.15) 20 1.15 (0.8-1.48) 21 0.74
kg

Summary morphine demand up to 48 h after surgery, mg/kg 1.03 (0.73-1.65) 20 0.8 (0.67-1.09) 21 0.13
PODI1, mg/kg 0.68 (0.58-1.06) 20 0.6 (0.5-0.73) 21 0.17
POD2, mg/kg 0.3(0.13-0.53) 20 0.21(0.2-0.3) 21 0.37
Next days, mg/kg 0.08 (0.0-0.43) 20 0.24(0.1-0.4) 21 02

Categorical variables were presented as counts; continuous variables were expressed as a median and interquartile range (Q1-Q3)
Bold values indicate the p < 0.05
POD postoperative day, n number of patients
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Fig.2 Numerical Rating Scale (NRS) pain score in both groups, at
the rest and during coughing, during the first 48 postoperative hours.
The significant difference was found for the mean NRS for pain
between the two groups (at rest: main effect time: p =0.000005; main
effect group: p=0.0062; interaction effect: p=0.041; during cough-
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Fig.3 Numerical Rating Scale (NRS) nausea score in the lidocaine
and control groups during the first 48 postoperative hours. The sig-
nificant difference was found for the mean NRS for nausea between
the two groups (main effect time: p=0.00035; main effect group:
p=0.0029; interaction effect: p=0.0027). Data are mean + stand-
ard deviations. Asterisks represent statistically significant difference
between the groups: *<0.05 and **<0.01

introduced sooner (Table 2). The patients anesthetized with
lidocaine were faster to assume the erect position [sitting
54 (46-57) h vs. 69 (67-75) h, 95% CI1 14.14 (5.37-20.65)
h, p=0.048; walking: 67 (62-71) h vs. 82.5 (80-89) h, 95%
CI'13.55 (7.19-29.87) h, p=0.049] (Table 2).

Plasma lidocaine concentrations 30 min after the start
of the infusion were 0.549857 (+0.2079). The highest
drug concentration was recorded immediately after sur-
gery 2.821333 (+0.65) (Table 4). The number of surgery-
associated complications were comparable in both groups
(Table 2). No signs of local anesthetic systemic toxicity or
serious neurological and cardiac disturbances, like dizziness,
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Time [h]

ing: main effect time: p=0.0002; main effect group: p=0.0014; inter-
action effect: p=0.033). Data are mean + standard deviations. Aster-
isks represent statistically significant difference between the groups:
*<0.05, ##<0.01 and ***<0.005

Table 4 Plasma lidocaine concentrations

Time Lidocaine concentration

After 30 min of lidocaine infusion, before
skin incision

0.549857 (£0.2079)

Immediately after surgery 2.821333 (+0.65)
2.579143 (+0.7)

0.084952 (+0.08)

Six hours after surgery
Next morning

Continuous variables were expressed as a mean + standard deviation

convulsions, prolonged/refractory hypotension or arrhyth-
mias, respiratory and cardiac arrest were noted in any of
patients receiving lidocaine. One patient at the application
site had transient sensory disturbances.

There was no statistical difference in hospital stay after
surgery between both groups (Table 2). Two months after
the operation, no telephone connection was obtained with
legal guardians of one patient from the lidocaine group;
after a year with two patients from the lidocaine group; after
4 years with three patients from the lidocaine group and two
patients from the control group.

The SF-12 generic health survey did not differ between
groups, both in terms of physical and mental health con-
cerns before operation, 2 months and 4 years after surgery
(Table 2). Preoperative pain moderately or more disturbing
normal activities occurred in 17/41 (41.5%) children sur-
veyed. Two months after surgery in 18/40 (45%) patients.
Chronic pain affecting the normal activity of children in the
whole group to a moderate and greater degree occurred after
a year in 14/38 children and after 4 years in 13/36 children.
This represents, respectively, 36.8% and 36.1% of the entire
study group. There was no significant statistical difference
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in the occurrence of preoperative and chronic postoperative
pain between the lidocaine and control groups (Table 5).

Discussion

The most important finding of the current study was that
the perioperative intravenous infusion of lidocaine reduced
by 30% the morphine requirements during the first 48 h
after major spine surgery in children. Especially on the first
day after surgery, patients in the study group consumed
less opioids than those in the control group. We also found
that in the first 24 h after surgery in the lidocaine group,
patients with higher body weight required less morphine
than patients with lower body weight. We noted a lower
intensity of the postoperative pain in patients receiving lido-
caine, especially for up to 6 h after surgery, when the blood
serum lidocaine concentration was maintained between 2
and 3 ug/ml. We observed, that in the entire postoperative
period children, who received lidocaine, as a part of the

Table5 Answers to question five from Acute Short-form (SE-12)
health survey: during the past 4 weeks, how much did pain interfere
with your normal work (including both work outside the home and
housework)?

Variable Lidocaine  Control p value
Before surgery, n (%) n=22 n=19
Not at all 7(31.8) 9 (47.4)
A little bit 5(22.7) 3(15.8) 0.87
Moderately 8(36.4) 5(26.3)
Quite a bit 1(4.5) 1(5.3)
Extremely 1(4.5) 1(5.3)
Two montbhs after surgery, n n=21 n=19

(%)
Not at all 4(19.04) 4(21.05)
A little bit 4(19.04)  10(52.6)
Moderately 10 (47.6)  4(21.05) 0.11
Quite a bit 3(14.3) 1(5.3)
Extremely 0(0) 0(0)
One year after surgery, n (%) n=19 n=19
Not at all 8 (42.1) 3(15.8)
A little bit 3(15.8) 10 (52.6)
Moderately 7 (36.8) 4 (21.1) 0.56
Quite a bit 1(5.3) 2 (10.5)
Extremely 0(0) 0(0)
Four years after surgery,n (%) n=19 n=17
Not at all 7(36.85) 4(23.5)
A little bit 7(36.85) 5(294)
Moderately 5(26.3) 7(41.2) 0.53
Quite a bit 0(0) 1(5.9)
Extremely 0(0) 0(0)

Categorical variables were presented as counts and percentages

n number of patient

applied analgesic therapy regimen, had a lower demand for
morphine by approximately 35%. We also found a relation-
ship between sex and the opioids demand in the postopera-
tive period: female patients needed more morphine in the
first day after surgery then male patients.

In our study, we followed the principles of preventive
multimodal analgesia by initiating therapy with analgesics
and coanalgetics with diversified mechanisms of action
prior to noxious stimulus appearance, and continuing the
treatment during and after surgery [19]. Such a procedure,
ensuring multidirectional protection of central nervous sys-
tem from the intraoperative increased afferent nociceptive
stimulation and reduction of peripheral and central sensitiza-
tion, was aimed to improve the postoperative analgesia and
prevent the development of chronic postoperative pain [4].
The analgesic effect of lidocaine is diversified. This drug
has peripheral and central actions, which reduces neural
responses to pain. Animal studies show that systemic lido-
caine alters conduction in neurons of the dorsal horn, dorsal
root ganglion and hyperexcitable neuromas without produc-
ing nerve conduction block [20]. In vitro, a low dose of lido-
caine inhibits voltage-gated sodium channels (VGSC), the
glycinergic system, some potassium channels and G-protein
coupled receptors, while the higher—voltage-gated calcium
channels, NMDA receptors and other potassium channels
[21]. After damage to peripheral nerves, there is a high
expression of sodium channels on their cell membranes
which causes persistent spontaneous discharges that main-
tain the central nervous system in a state of hyperactive [22].
Lidocaine probably by the inhibition of Na channels (all iso-
forms) as well as NMDA and G-protein-coupled receptors
suppresses spontaneous impulses generated from injured
nerve fibers and the proximal dorsal root ganglion [23].

Lidocaine also reduces neurogenic inflammation at the
site of tissue injury, by inhibiting granulocyte migration,
and reducing the release of lysosomal enzymes and thus
pro-inflammatory and anti-inflammatory cytokines [24].
This effect probably is achieved by inhibition of VGSC,
G-protein coupled receptors and ATP-sensitive potassium
channels. This systemically administered local anesthetic
also has a desensitizing effect on TRP (transient receptor
potential) channels, which are key components in nociocep-
tion and neurogenic inflammation, what explains its long-
lasting analgesic effect [21, 25]. Lidocaine limits peripheral
and central sensitization. This antihyperalgesic effect is
mainly the result of suppression of the neuro-inflammatory
response to pain, blockade of neural transmission, inhibition
of NMDA receptor and modulation of the glycinergic system
[21, 26, 27]. Low-dose lidocaine improves glycinergic sign-
aling, and high dose inhibits it. Its metabolites: N-ethylgly-
cine (NEG) is a substrate of the glycine reuptake transporter,
and monoethylglycinexylidide (MEGX) inhibits the glycine
transporter [27]. Recent studies report that perioperative
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infusion of lidocaine may also have an analgesic effect by
affecting postoperative serum concentrations of endocan-
nabinoids, N-acylethanolamines (NAE) and endogenous
opioids: p-endorphin, enkephalin and dynorphin [28, 29].

Numerous studies and meta-analyzes have shown a posi-
tive effect of the perioperative systemic lidocaine admin-
istration in adults on the postoperative analgesia, gastro-
intestinal recovery and duration of hospitalization in major
surgery [9, 10, 13, 17, 21, 30]. However recent meta-ana-
lyzes suggest that lidocaine exerts a positive analgesic effect
only in abdominal surgery [11, 12]. Benefits of lidocaine
usage in spine surgery in adults have not been thoroughly
investigated yet [3, 16, 31, 32]. The results of the few stud-
ies conducted in the adults population are ambiguous: Farag
et al. reported that i.v. lidocaine significantly improved the
postoperative analgesia, and patients undergoing complex
spine surgery receiving lidocaine had significantly higher
physical SF-12 scores, evaluated one month and three
months after surgery than from the placebo group; there
were no differences between the groups in PONV intensity
and time of hospitalization [3]; Kim et al. found that i.v.
lidocaine decreased the severity of the postoperative pain,
the consumption of opioids and reduced the length of hos-
pital stay after microdiscectomy surgery [32]; Ibrahim et al.
reported that lidocaine significantly reduced hospitaliza-
tion time and the postoperative pain for up to three months
after spine fusion surgery [16]. Dewiter et al. observed no
effect of lidocaine on the postoperative pain severity, mor-
phine requirements, PONYV, the intensity of the postopera-
tive inflammatory reaction, the hospitalization time and
quality of life evaluated one month postoperatively. In the
subgroup of patients aged 12-18 years undergoing scoliosis
correction, they did not notice significant difference in the
mean opioid consumption within the first 24 h after surgery
between the lidocaine and the placebo groups [31].

Our study is one of the first to determine the use of intra-
venous continuous lidocaine infusion in the perioperative
period in children. The strength of this study was the small
heterogeneity of the group: all our patients were of a similar
age, without chronic analgesic treatment before surgery, not
burdened with serious diseases causing organ failure, under-
went extensive surgery with instrumentation of several levels
of the spine. Our type of anesthesia differed from that of the
other spine trials. In the anesthesia protocol, according to
the principle of multimodal analgesic therapy, in addition to
fentanyl and morphine, we used several analgesics and co-
analgesics like acetaminophen, metamizole, dexamethasone
and gabapentin. Each of these non-opioid pain medications
and adjuvants spontaneously reduces the need for morphine.
These drugs were a fixed point in the anesthesia protocol
in both the study and control groups; therefore, their own
effect on the morphine demand did not distinguish between
both groups.

@ Springer

Our results showed that systemic lidocaine improved the
postoperative gastrointestinal function. The average time of
the first intake of liquid diet and solid food in children from
the lidocaine group was significantly shorter in comparison
with the control group. Patients from the lidocaine group
also showed less severe postoperative nausea, especially dur-
ing the first 9 h after surgery, and the frequency of vomiting
and the supply of antiemetics was lower, although without
statistical difference. As it is known, the transient postop-
erative gastrointestinal obstruction is caused by: enteritis-
evoking cytokines, that are released to the circulating blood
in consequence of surgical trauma; the activation of the sym-
pathetic system and the opioid therapy [1, 29]. Lidocaine,
most likely through decreased opioid requirements, anti-
inflammatory properties and direct inhibition of sympathetic
celiac plexus, accelerates restoring normal gastrointestinal
function [14, 17, 30].

The proper treatment of pain, limited opioid consumption
and less intensity of PONV probably increases the postop-
erative comfort experienced by patients, which allows for
their effective early rehabilitation. We found that the func-
tional walking capacity as measured by a 6MWT (6-min
walking test) distance increased significantly in lidocaine-
treated children. Finally, we observed that lidocaine reduced
the time of hospitalization by an average of 2 days. This
result, however, is statistically insignificant, which may
be an effect of low numbers of subjects in the groups. Our
observations are in line with a Cochrane review made by
Kranke et al. confirming the benefits of administration of
systemic lidocaine on recovery of bowel function allowing
for earlier rehabilitation and shortening the time of hospi-
talization [17].

Another strong point of our study was determining the
quality of life in groups 2 months and 4 years after surgery,
and comparing them with baseline values before surgery.
To date, there are no studies investigating the perioperative
intravenous lidocaine administration, in which the patient’s
quality of life assessment was performed at such long time
after surgery and compared to preoperative values. However,
we did not find any differences between the groups, both in
terms of physical and mental health concerns at the above-
mentioned time points, also with respect to baseline data.
Analyzing the fifth point of the SF-12 scale, we assessed the
extent to which pain affected children’s daily activities. We
noticed, that chronic pain to a moderate or higher degree,
affected normal activity in more than 35% of children 1 and
4 years after surgery, but we also did not find a significant
statistical difference between the studied groups.

The strength of our study was to determine the con-
centration of lidocaine in the blood during its administra-
tion. The optimal plasma concentration of lidocaine and
the duration of the infusion required to obtain the best
analgesic effect are still unknown. Different receptors
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and channels are modulated at different plasma lidocaine
levels; therefore, it is unclear whether the blood level
of lidocaine correlates with analgesic effects in a dose-
dependent manner [21]. So far, no studies have been car-
ried out yet to determine the optimal dose, infusion time
and lidocaine plasma levels in children which guarantee
the best clinical effect. Using the dose and duration of
lidocaine treatment described to be effective in other clin-
ical trials, we obtained serum lidocaine concentrations
between 2 and 3 ug/ml during its infusion. No signs of
local anesthetic systemic toxicity or serious neurological
and cardiac disturbances were noted in any of the patients
receiving lidocaine.

Limitations

Our study has many limitations. First, after surgery, mor-
phine consumption was recorded once a day and converted
to mg/kg/24 h. Both, the time of application of the first res-
cue dose after surgery and the total daily number of rescue
doses, were not recorded. Second, it should be noted that
the aim of our study was to assess the effect of lidocaine, as
an element of multimodal therapy, on opioid requirements
during the first 48 h postoperative in pediatric patients
undergoing major spine surgery. It has not been studied
how lidocaine can reduce the morphine demand: whether
through its own activity or through synergistic action with
other painkillers administered in a multimodal therapy
regimen. Third, the questionnaire assessing the quality
of life of patients was not completed by children, only by
parents. The parental pain catastrophizing and anxiety sen-
sitivity were not evaluated in any validated test, and could
have a significant impact on the assessment of the child’s
state of health and experiences of pain. In addition, we did
not receive a response from all respondents 2 months, 1
and 4 years after the operation due to a lack of telephone
communication. Fourth, the study was based only on the
primary endpoint. It is possible that increasing the number
of patients examined will affect the secondary outcomes.
Fifth, the study was carried out in one research center. A
small number of patients in each group may lead to under-
estimation of the possible association between the vari-
ables (type II error). Designing a multi-center, prospective,
randomized trial, with increased sample size and improved
statistical power is necessary to overcome these and other
possible similar limitations.

Conclusions
Introducing the principles of preventive multimodal analge-

sic therapy is necessary to ensure appropriate comfort of the
patient both immediately and late after surgery. Achieving

this is extremely difficult in children subjected to major sur-
gical procedures where regional anesthesia techniques are
controversial. Perioperative lidocaine administration seems
to reduce the morphine demand in the postoperative period
and accelerate convalescence of pediatric patients after
major spine surgery.
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Background: Intravenous lidocaine administered during surgery improves postoperative outcomes; however, few studies

have evaluated the relationship between intravenous lidocaine and volatile anesthetics requirements. This
study assessed the effects of lidocaine treatment on sevoflurane consumption and postoperative conscious-
ness disorders in children undergoing major spine surgery.
Material/Methods: Patients were randomly divided into 2 treatment groups: lidocaine and placebo (control). The lidocaine group
received lidocaine as a bolus of 1.5 mg/kg over 30 min, followed by a continuous infusion at 1 mg/kg’hto 6 h
after surgery. The following data were assessed: end-tidal sevoflurane concentration required to maintain a
bispectral index BIS between 40 and 60, intraoperative blood pressure, heart rate, demand for fentanyl, and
consciousness level assessed after surgery using the Richmond Agitation-Sedation Scale. Any treatment-relat-
ed adverse events were recorded.
Results: Compared to the control group, lidocaine treatment reduced by 15% the end-tidal sevoflurane concentration
required to maintain the intraoperative hemodynamic stability and appropriate level of anesthesia (P=0.0003).
There were no intergroup differences in total dose of fentanyl used, average mean arterial pressure, or heart
rate measured intraoperatively. The postoperative level of patient consciousness did not differ during the first
6 h between groups. After 9 h, more patients in the control group were still sleepy (P=0.032), and there were
fewer perioperative complications in the lidocaine group.
Conclusions: Lidocaine treatment decreases sevoflurane consumption and improves recovery profiles in children undergo-
ing major spine surgery.
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Background

The perioperative administration of intravenous (IV) lidocaine
improves postoperative analgesia, accelerates restoration of
normal gastrointestinal function, allows for earlier mobiliza-
tion of the patients, and improve their postoperative quality
of life [1]. The systemic use of lidocaine also reduces the re-
quirement of intravenous anesthetic agents [2], but its effect
on the intraoperative usage of sevoflurane and on postoper-
ative consciousness disorders has not yet been carefully char-
acterized. Animal studies have shown that IV lidocaine reduces
the minimal alveolar concentration (MAC) of volatile anesthetic
agents [3], which may have important clinical implications for
the optimal and safe administration of anesthesia in humans.
To date, few studies have evaluated the relationship between
IV lidocaine and volatile anesthetics requirements in surgical
patients [4-9]. There are also no reports in the literature de-
scribing the relationship between the use of lidocaine and
the intraoperative request for sevoflurane or the postopera-
tive level of sedation in children undergoing major operations.

Objective
The objective of this study was to evaluate the effect of IV li-
docaine infusion on intraoperative sevoflurane consumption,

postoperative consciousness level, and safety of use in pedi-
atric patients undergoing major spine operations.

Material and Methods

The protocol of the study was approved on 28 05 2015
by the Jagiellonian University Bioethical Committee [No.
122.6120.89.2015]. All procedures performed in studies in-
volving human participants were in accordance with the eth-
ical standards of the institutional and national research com-
mittee and with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards. All the parents
or legal guardians of the patients, as well as patients over 16
years of age, provided written informed consent prior to in-
clusion in the study.

Participants

All patients undergoing spine surgery between May 2015 and
June 2016 were assessed for study eligibility. Inclusion cri-
teria were multilevel spine surgery, the American Society of
Anesthesiologists (ASA) Physical Status <3, and age below 18
years. The exclusion criteria were allergy to topical anesthe-
sia agents, liver disease, renal impairment, epilepsy, planned
long-term postoperative mechanical ventilation, body mass in-
dex (BMI) 30, chronic opioid therapy, medical history of organ
transplant, arrhythmia, and long QT syndrome.
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Randomization

We performed a randomized, double-blind, placebo-con-
trolled study. Patients were randomized to the lidocaine or
the control group using a computer-generated random num-
bers table. The randomization sequence was generated by
a hospital pharmacist who was not involved with the study.
Before the surgery, an appropriately coded syringe was pre-
pared by a hospital pharmacist, which contained a blinded fluid
(BF): either Fresenius multi-electrolyte fluid (Fresenius Kabi,
Warsaw, Poland) or lidocaine 20 mg/ml (Lignocainum hydro-
chloricum WZF 2%: Polfa S.A. Warsaw, Poland). In the lidocaine
group, patients received IV infusion of lidocaine (a bolus of
1.5 mg/kg over 30 min before skin incision, followed by infu-
sion of 1 mg/kg/h up to 6 h after surgery), and in the control
group patients received an equal volume of placebo. The anes-
thesiologists, surgeons and medical personnel responsible for
perioperative patient care, as well as the patients themselves,
were blind to the treatment administered. The study coordi-
nator was responsible for maintaining the flow of the study.

Protocol of the study
Intraoperative management

The general anesthesia and the perioperative management
protocol were identical in the lidocaine and the control groups,
according to a predetermined standard. Four hours before sur-
gery, the first dose of oral gabapentin (Gabapentin Teva, Teva
Pharmaceuticals, Warsaw, Poland) (15 mg/kg, max. 600 mg)
was given. In the induction to the general anesthesia, fen-
tanyl 1 pg/kg (Fentanyl, Polfa, Poland), propofol 2 mg/kg
(Plofed, Polfa S.A, Warsaw, Poland) and rocuronium 0.6 mg/kg
(Roqurum, Jelfa S.A., Jelenia Géra, Poland) were used. Half an
hour before the skin incision, the following medications were
given: dexamethasone

0.1 mg/kg (Dexaven, SUN-FARM, tomianki, Poland), acetamin-
ophen 15 mg/kg (Paracetamol Kabi, Fresenius Kabi, Warsaw,
Poland), and a BF as a bolus of 0.075 ml/kg over 30 min.
After tracheal intubation, anesthesia was based on the sup-
ply of inhaled oxygen, air, and sevoflurane (Sevorane, AbbVie,
Warsaw, Poland).

Fentanyl was administered in fractionated doses for the pre-
vention and treatment of intraoperative pain. The first intra-
venous dose of 0.1 mg/kg morphine (Morphini Sulfas WZF,
Polfa S.A, Warsaw, Poland) was given at the beginning of an-
esthesia and the second was given at the end. BF was admin-
istered intravenously at a rate of 0.05 mg/kg/h throughout
the operation and for 6 h after surgery.
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Extended monitoring was used, including continuous ECG, the
invasive arterial blood pressure measurement, pulse oxime-
try, end-tidal sevoflurane concentration (ET-Sevo) measured in
the exhaled air, body temperature, diuresis, and assessment of
blood biochemistry parameters. The depth of anesthesia was
monitored using a BIS monitor (bispectral index — a compact
module BISx Power Link™, Warsaw, Poland). Sevoflurane con-
centration was adjusted according to the hemodynamic and
BIS values. The ventilatory frequency was adjusted to obtain
an end-tidal carbon dioxide concentration (ET-CO,) between
35 and 40 mmHg. Intraoperatively hypotension was treat-
ed with fluid therapy and iv dopamine infusion, if necessary.
The neuromuscular blockade was assessed by measuring the
train-of-four (TOF) and was reversed by sugammadex (Bridion,
Hoddesdon, UK), if necessary.

After the operation was completed, the patient was extubat-
ed in the operating room and then transferred to the Intensive
Care Unit (ICU).

Postoperative management

Using the Richmond Agitation-Sedation Scale (RASS), the med-
ical staff assessed the postoperative level of consciousness.
The rating was performed immediately after surgery and at 2,
6,9, 15, 24, 30, 40, and 48 h postoperatively. Any possible ad-
verse events of therapy were monitored and recorded in the
patient's documentation.

During treatment of postoperative pain, IV morphine (concen-
tration— 1 mg/ml) was administered for the first 2 days as pa-
tient-controlled anesthesia (PCA). In the first 16 h, morphine was
administered as bolus and a background infusion of 0.5-1 mg/h
(on the night immediately after surgery). The bolus was 1 mg,
blockade for 15 min, maximum dose 0.03 mg/kg/4 h. In the
following hours, morphine was administered only as bolus.

If the NRS for pain exceeded 3, an additional bolus of mor-
phine was given by a nurse. Later, morphine was given in
subcutaneous boluses 0.1 mg/kg, depending on demand.
The following non-opioid analgesic agents were given intra-
venously in the first dose during the operation: acetamino-
phen 15 mg/kgevery 6 h and metamizole 0.5-1 g every 8 h
(Pyralgin, Polpharma S.A, Starogard Gdanski, Poland). Oral ga-
bapentin 5 mg/kg (max. 300 mg per dose) was administered
every 8 h for 3 consecutive days.

Study outcomes

The primary aim of this study was to assess the effects of in-
traoperative IV lignocaine on ET-Sevo concentration required
to maintain hemodynamic stability and the appropriate level
of anesthesia during spine surgery in children. The secondary
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objectives were to assess the effect of perioperative admin-
istration of systemic lidocaine on postoperative patient con-
sciousness disorders and to assess the possible adverse ef-
fects of lidocaine use.

Laboratory analysis

Perioperatively, at 4 timepoints (before skin incision, after com-
pletion of surgery, 6 h after surgery, and on the next morning)
blood samples were collected from the arterial line. Routine
biochemistry parameters were measured using a Vitros®5600
(Ortho Clinical Diagnostic, Raritan, USA) analyzer, and routine
hematology parameters were determined using a Sysmex
XN-1000 hematological analyzer (Sysmex Corp., Japan). Plasma
concentrations of lidocaine were measured using modified
sandwich enzyme-linked immunosorbent assay (ELISA) kits
from Neogen Corporation (Lexington, USA). The intra-assay
and inter-assay coefficients of variation were 5.2% and 6.7%,
respectively, and the detection range was 0.005-10.0 pg/ml.
Assay was performed without knowledge of whether the sam-
ple was from the control or the lidocaine group.

Statistical analysis

The intergroup differences were compared using the t-Stu-
dent or t-Welch test, depending on variance equality (variance
equality was assessed by the Levene test) for variables with
normal distribution. The Mann-Whitney U test was performed
for continuous variables with a distribution other than normal.
Normality was assessed by the Shapiro-Wilk test. Categorical
variables were compared by the Fisher exact test. Additionally,
within-group comparisons made over time using repeated mea-
sures analysis of variance (ANOVA) with the Bonferroni post
hoc test, when necessary. The correlation between laboratory
results was evaluated by the Pearson correlation test or the
Spearman rank-order correlation test, with the Bonferroni cor-
rection adjusted for the total number of analyses. The signif-
icance level in all analyses was set to @=0.05 and the power
needed to detect significant inter- and intra-groups differenc-
es was 96-99%. The calculations were done with STATISTICA
v.13.5 software (StatSoft, Inc., Tulsa, OK, USA).

Results

Of 66 patients assessed for eligibility, 41 were recruited for
our study: 22 of them were randomized to the lidocaine group
and 19 to the control group (Figure 1). There were no differ-
ences in the remaining variables characterizing patients, sur-
gical procedures, and the general anesthesia course in both
groups (Tables 1, 2). During surgery, we observed that the
mean end-tidal sevoflurane concentration (ET-Sevo) required
to maintain the intraoperative hemodynamic stability and a
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Assessed for eligilibilty (n=66)

v

Randomized (n=41)

Gllocated to placebo intervention (n:IBD @Iocaled to lidocaine intervention (n=2§

Received placebo (n=19) Received lidocaine (n=22)

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

Analyzed (n=19)
Excluded from analysis (n=19)

n=number of patients

Excluded from analysis (n=22)

Analyzed (n=22) )

Figure 1. Patient flow chart.

bispectral index (BIS) of 40-60 was about 15% lower in the
lidocaine group compared to the control group (P=0.0003)
(Table 2, Figure 2). We did not note differences between
groups in regard to the total dose of fentanyl, the average
mean arterial pressure, or heart rate measured intraopera-
tively (Table 2). We found that during surgery, only 1 patient
in the control group required extra cardiovascular support of
the infusion of dopamine. We found no significant differences

Table 1. Demographic characteristics and type of surgeries.

Variable

Age, years
Females, n (%)
SDS-BMI

ASA n (%)

Superior vertebral region, n (%)
Cervical
Thoracic

Thoracolumbar

Surgical range, number of vertebrae

Number of vertebrae with anchored instrumentation, n
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in the amount of fluid infused during surgery or perioperative
total amounts of packed red blood cells (PRBCs) and fresh fro-
zen plasma (FFP) administered. The lidocaine concentration in
the blood was within a safe range (<5 pg/ml) at each mea-
surement point (Figure 3). In the postoperative period, we ob-
served that awareness assessed using the RASS did not differ
between groups during the first 6 h, while at 9 h we noted sig-
nificantly better consciousness level in children in the lidocaine
group compared to the control group (P=0.032) (Figure 4). We
noted lower morphine requirements in the initial 48 h in the
lidocaine group (P=0.03) compared to the controls (Table 2).
There were no differences in perioperative complications be-
tween groups (P>0.5) (Table 2).

Discussion

The most important finding of the present study was that the
loading dose of IV lidocaine followed by the intraoperative in-
fusion reduced by 15% the mean ET-Sevo concentration re-
quired to maintain the hemodynamic stability and the appropri-
ate level of anesthesia during spine surgery in children. These
observations agree with results of other studies that analyzed
the beneficial effect of lidocaine on intraoperative sevoflurane
and desflurane consumption in non-spine surgery in adults.
Saadawy et al. [6] reported that, in laparoscopic cholecystec-
tomy, lidocaine decreased the mean ET-Sevo concentration by

Lidocaine Control Pvalue
n=22 n=19
13 (8-15) 13 (9-15) 0.986
ooy 1 (79 09
18.3 (14.6-22.8) 18.7 (14.7-23.3) 0.989
10 (45.5) 10 (52.6) 6.6;16
...... 12 (545) = 9(474) 0645
1 (45 1 (5.3) 0.916
3 (13.6) 2 (10.5) 0.207
16 (72.7) 15 (78.9) 0.643
2 (9.1) 1 (5.3 0639
B ey 1B e 0.922
7 (4-8) 7 (6-8) 0.83

Categorical variables were presented as counts and percentages; continuous variables were expressed a median and interquartile
range (IQR). BMI — body mass index; ASA — American Society of Anesthesiologists Physical Status I-l; n — number of patients.
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Table 2. Perioperative data.

Variable Lit:'a:za ;"E C:::.rgol P value

Intraoperative data

Time of operation, min 260 (170-285) 300 (270-340) 0.057
Time of anesthesia, min 335 (225-355) 365 (3304000 0054
Fentanyl use, pg/kg/h of anesthesia 15 (13621) 13 (116-219) 0465

Mean end-tidal sevoflurane concentration, vol% 1,83 (1,63-1,9) 2,19 (2,06-2,33) 0.0003

Mean BIS 45  (40-48) 49 (47-52) 0.14
Mean MAP,mmHg 60 (s8-69) 70 (65-74) 0054

Mean HR, n/min 77 (71-86) 85  (74-100) 0.083

HEr.'l’latocrit Ieve-l,‘i-’u- o 345 (26-37) 30 (26-33) 0.121
Glucose concentration, mmol/l 6.8 (54-7.9 7.1 (6.5-7.2) 0.623
lactates concentration, mmold 15 (-19) 14 (-1  08%
 Baseexcess®,mEgd 13 (123 035 (2018 018
 Cardiovascular support of the infusion of dopamine,n o 1 N5
PRBCs transfusion (intra- and postoperative), ml/kg 12.2  (6.5-23.2) 125 (8.1-29.4) 0.245
| FFPtransfusion (intra- and postoperative), mi/kg 123 (62-154) 121 (44-164) 0913
 The amount of fluid infused during surgery (crystalloid) mkg 407 (27.9-557) 426 (321-681) 06
 Morphine usage up to 48 h postoperatively, mg/kg 09 (0613 13 (0818 0030
Postoperative complications, n (%) 5 (22.3) 8 (42.1) 0.183
Disturbed carbohydrate metabolism in diabetic patients 0 1 0.275
 Recurrent urinary tract infections with interstitial nephritis o 1 0275
Opioid-induced respiratory depression 2 1 o069
Pneumonia 1 1 0.916
Reoperation associated with faulty implants 1 2 0.463
 Sensory disturbances due to incorrect body positioningg 11 0316

Transient sensory disturbances in the extremity where

lidocaine was administered 1 0 0.346

Categorical variables were presented as counts and percentages; continuous variables were expressed as a median and interguartile
range (IQR). BIS — bispectral index; MAP — mean arterial pressure; HR — heart rate; BE — base excess; PRBCs — packed red blood cells;
FFP — fresh frozen plasma; n — number of patients; N/S — no statistical difference.

about 48%, without significant differences in intraoperative ~ During open radical prostatectomy, Weinberg et al. [9] found
mean arterial pressure (MAP) and heart rate (HR) compared that the ET-Sevo concentration required to maintain anesthe-
to the placebo group. In breast plastic surgery, Choi et al. [7] sia was 21% lower in the lidocaine group, with a simultane-
found a 5% reduction in mean ET-Sevo concentration in pa-  ous significant reduction in the intraoperative systolic blood
tients receiving IV lidocaine. Kaba et al. [5] reported significant- ~ pressure, MAP, and HR. Kaba et al. [5] found that the mean
ly lower MAP, HR, and mean ET-Sevo concentration (by 36%) end-tidal desflurane concentration was 18% lower in the lido-
when IV lidocaine was administered in laparoscopic colectomy. caine group in a study of patients undergoing elective colon
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Figure 2. The mean end-tidal sevoflurane concentration
(ET-Sevo) required to maintain intraoperative
hemodynamic stability and a bispectral index (BIS) of
40-60.
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surgery. The plasma concentrations of lidocaine in the above-
mentioned studies were similar to those in the present study.
The requirement of volatile anesthetics may depend on the
way lidocaine is administered - it was reported that the mean
MAC of sevoflurane was 12% lower when lidocaine was ad-
ministrated in continuous infusion compared to patients re-
ceiving only a loading dose in elective surgery [8]. Regardless
of the route of administration, either epidural or intravenous,
lidocaine has been shown to reduce the need for volatile an-
esthetics [4,10]. In the only published study that investigated
the perioperative administration of IV lidocaine in adults un-
dergoing spine surgery, no effects of this drug on the intraop-
erative use of volatile anesthetic were observed [11]. To the
best of our knowledge, there are no published studies evalu-
ating the effect of IV lidocaine on sevoflurane requirements
of during surgery in children.
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Figure 4, The postoperative level of consciousness assessed
using the Richmond Agitation-Sedation Scale (RASS).

The effect of lidocaine on the use of sevoflurane is unclear.
The mechanisms underlying its anesthetic-sparing effects may
include a direct sedative and hypnotic action facilitation of
hypnotic agents via GABA-receptor effects in the central ner-
vous system (CSN), blocking sensory transmission, or anti-no-
ciception [10,12,13].

In the first 48 h after the operation, we assessed the level of
consciousness using the RASS. This 10-level numerical rating
scale is based on patient response to stimulation, from agita-
tion to sedation [14]. We did not notice significant differenc-
es in the first 6 h after the operation: a comparable number of
children in both groups were sleepy, waking up to verbal stim-
uli. In the following hours, more patients in the control group
were still sleepy, awakening to voice, while in the lidocaine
group more children were observant and calm. These obser-
vations can be explained by the reduction of intraoperative
consumption of sevoflurane and lower postoperative demand
for morphine in children in the lidocaine group, as well as the
drug's own properties. The neuroprotective properties of lido-
caine have been the subject of many recent studies. A recent
meta-analysis showed that, in cardiopulmonary bypass sur-
gery, lidocaine reduces the postoperative cognitive deficit in
adults, and this effect is enhanced by its higher plasma con-
centration [15,16]. The underlying mechanisms of postoper-
ative brain functional changes are not fully understood, but
it seems that the main causes are strong systemic inflamma-
tion, endothelial dysfunction, cerebral hypoperfusion, and mi-
croembolism [17,18]. Lidocaine is a sodium channel-blocking
drug that crosses the blood-brain barrier and improves cere-
bral protection by modulation of inflammatory mediators, de-
celeration of ischemic ion fluxes, preservation of cerebral blood
flow, and depletion of cerebral metabolism, and it has anti-
apoptotic properties [17]. Lidocaine may also be an effective
neuroprotective agent in treating early postoperative cognitive
dysfunction in elderly patients undergoing spine surgery [19].
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The mechanism responsible for this effect may be the inhibi-
tion of lidocaine release of the serum proteins IL-6, malonic al-
dehyde (MDA), S100b, and neuron-specific enolase (NSE) [19].

It is believed that the optimal therapeutic range of lidocaine
is at a blood concentration of 1.1-4.2 pg/ml; plasma concen-
trations above 5 pg/mlare considered to be toxic [20,21].
The safety of lidocaine usage was proven by the analysis of
16 randomized, double-blind, placebo-controlled studies in
which the dosage was standardized (1.5 mg/kg 30 min preop-
eratively, continuous infusion of 1.5-3 mg/kg intraoperatively,
and 1-3 mg/kg postoperatively), and no serious adverse effects
or complications of the therapy were observed [21,22]. After
administration of lidocaine for up to 12 h in the regimen de-
scribed above, the half-life of the drug is about 100 min and
shows linear pharmacokinetics. About 90% of intravenous li-
docaine undergoes hepatic metabolism by cytochrome P450.
Less than 10% of lidocaine is excreted unchanged by the kid-
neys [20,21]. In children older than 6-7 months, lidocaine dis-
tribution and elimination is the same as in adults [23]. Early
symptoms of local systemic anesthetic toxicity (LAST) include
perioral numbness, metallic taste, tinnitus, visual and auditory
disturbances, paresthesia, nausea, dizziness, and drowsiness.
At higher blood concentrations, convulsions and respiratory
and cardiac arrest may occur [20]. In the present study, blood
lidocaine concentrations did not reach toxic levels. The only
adverse effects of lidocaine we observed were transient skin
sensory disturbances at the site of drug administration and
the postoperative respiratory depression triggered by overes-
timated opioid requirements. There were fewer perioperative

References:

-

. Weibel S, Jokinen J, Pace NL et al: Efficacy and safety of intravenous lido-
caine for postoperative analgesia and recovery after surgery: A systemat-
ic review with trial sequential analysis. Br ] Anaesth, 2016; 116: 770-83

[ad

Weber U, Krammel M, Linke S et al: Intravenous lidocaine increases the
depth of anaesthesia of propofol for skin incision - a randomised controlled
trial. Acta Anaesthesiol Scand, 2015; 59: 310-18

Rezende ML, Wagner AE, Mama KR et al: Effects of intravenous adminis-
tration of lidocaine on the minimum alveolar concentration of sevoflurane
in horses. Am ] Vet Res, 2011; 72: 446-51

Kuo C, Jao S, Chen K et al: Comparison of the effects of thoracic epidural
analgesia and i.v. infusion with lidocaine on cytokine response, postoper-
ative pain and bowel function in patients. Br ) Anaesth, 2006; 97: 640-46

Kaba A, Laurent SR, Detroz B) et al: Intravenous lidocaine infusion facil-
itates acute rehabilitation after laparoscopic colectomy. Anesthesiology,
2007; 106: 11-18

Saadawy IM, Kaki AM, Abd El et al: Lidocaine vs. magnesium: Effect on an-
algesia after laparoscopic cholecystectomy. Acta Anaesthesiol Scand, 2010;
54: 549-56

Choi SJ, Kim MH, Jeong HY et al: Effect of intraoperative lidocaine on anes-
thetic consumption, and bowel function, pain intensity, analgesic consump-
tion and hospital stay after breast surgery. Korean J Anesthesiol, 2012; 62:
429-34

Hamp T, Krammel M, Weber U et al: The effect of a bolus dose of intrave-
nous lidocaine on the minimum alveolar concentration of sevoflurane: A
prospective, randomized, double-blinded, placebo-controlled trial. Anesth
Analg, 2013; 117(2): 323-28

w

>

bl

al

~

%

CLINICAL RESEARCH

complications (although the difference was not statistical-
ly significant) in the lidocaine group (a possible effect of low
numbers of subjects in the groups), which suggests lidocaine
is a safe medication.

A limitation of this study is the small number of subjects in
each study group. This may be the reason for underestimat-
ing the possible association between variables. In addition,
the research was carried out at a single center. Multi-center,
prospective, randomized trials, with larger sample sizes and
higher statistical power are necessary to overcome these lim-
itations. None of our patients had a severe underlying dis-
ease causing organ failure. Therefore, the results of our study
should not be generalized to other patients with serious co-
morbidities. We also did not examine the effects of lidocaine
treatment on improvement of cognitive function in children
using any validated neuro-psychometric tests.

Conclusions

We found that the loading dose of IV lidocaine followed by
the intraoperative infusion reduces sevoflurane consumption
and improves recovery profiles in children undergoing major
spine surgery.
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