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ABSTRAKT

Klicova slova:
Popaleninovy Sok; tekutinova vyzva; variace pulzové krivky; dynamické parametry

preloadu; hodinova diuréza.

Uvod:

Hlavni hypotézou studie je predpoklad, Ze substitu¢ni objemova terapie v priibéhu
popaleninového Soku korigovana kombinaci dynamickych parametrt prealodu a
hodinové diurézy, oproti standardni monitoraci hodinovou diurézou, vede k
redukci tekutinové naloZe v tomto obdobi bez negativnich projevii hypovolemie a
organové hypoperfuze. Dynamické parametry preloadu se zdaji byt

v/

nejspolehlivéjsimi prediktory reakce obéhu na tekutinovou vyzvu.

Soubor a metody:

V obdobi 2009 - 2011 byla skupina 21 pacientti, kteri spliiovali vstupni kritéria
(vék 18 - 75 let s popaleninami II. - IIl. stupné, vcetné inhala¢niho traumatu)
randomizovana do dvou skupin - kontrolni a LiDCO monitorované. Deset pacientii
bylo monitorovano LiDCO Plus/Rapid (Lithium Dilution Cardiac Output)
monitorem, ktery kontinualné analyzoval variace pulzové krivky. Na zakladé
variability tlakové amplitudy, tepového objemu a systolického byly
vyhodnocovany dynamické parametry preloadu. Brooke formule, jakoZto
startovaci objemova formule, balancované krystaloidy jako inicialni resuscitacni
roztoky a hodinova diuréza 0,5 ml/kg/h jako dostacujici, byly platnymi kritérii v

obou skupinach. Pri hemodynamické instabilité v LiDCO skupiné byla objemova



terapie a pripadna aplikace vazopresorli korigovdna dynamickymi parametry

preloadu. Statisticka analyza byla provedena neparovym t-testem.

Vysledky a zavér:

Mezi obéma skupinami v t-testu pri Welchové korekci byl zaznamendn
signifikantni rozdil v mnozstvi aplikovanych resuscita¢nich roztoka - krystaloida
(p = 0,05) v pribéhu prvnich 24 pourazovych hodin ve prospéch LiDCO
monitorované skupiny bez negativnich projevii organové hypoperfuze.
Kumulativni bilance byla v LiDCO skupiné o 10 % niZsi, v této hodnoté nebylo

dosaZeno hladiny statistické vyznamnosti.



ABSTRACT

Keywords:
Burn shock; fluid therapy; arterial pulse contour analysis; dynamic preload

parameters; hourly urine output.

Introduction:

Our hypothesis is based on the assumption that the volume therapy in the acute
phase of burn shock corrected by a combination of dynamic preload parameters
and hourly diuresis is reduced compared to fluid therapy which is corrected only
by hourly diuresis. The dynamic preload parameters seem to be the most reliable

predictors of response to fluid challenge.

Materials and Methods:

A group of 21 burned patients meeting preliminary criteria (age range 18 - 75
years with 2nd — 3rd — degree burns and TBSA 210 - 75 %) was randomized during
2009 - 2011 as follows. Hemodynamic monitoring through lithium dilution cardiac
output was used in 10 randomized patients (LiDCO group) while those without
LiDCO monitoring were defined as a control group. The modified Brooke formula
as a starting resuscitative formula, balanced crystalloids as initial solutions, urine
output of 0.5 ml/kg/h as a crucial value of adequate intravascular filling were used
in both groups. Additionally, the volume and vasopressor/inotropic supports were
based on dynamic preload parameters in the LiDCO group in the case of circulatory

instability. Statistical analysis was done using t-tests.



Results and Conclusion:

Within the first 24 hours post burn, a significantly lower consumption of
crystalloids was registered in the LiDCO group (p = 0.05). The fluid balance under
the LiDCO control in combination with hourly diuresis contributed to reducing the
cumulative fluid balance approximately by 10 % compared to fluid management

based on standard monitoring parameters.



POUZITE ZKRATKY

ABA American Burn Association (Americka popaleninova spolecnost)
ABSI Abbreviated Burn Severity Index

ALI Acute Lung Injury

ARDS Acute Respiratoty Distress Syndrome

ANP Atrial Natriuretic Peptide

APACHE  Acute Physiology and Chronic Health Evaluation

AUC Area under the Curve, plocha pod ktivkou
BSA Body Surface Area, télesny povrch
BE Base Excess, deficit bazi

CLIindex Capillary Leak Index, Kreatinin/Albumin Index, index kapilarniho

leaku
CI Cardiac Index, srdec¢ni index
co Cardiac Output, srdecni vydej
CVP Central Venous Pressure, centralni zilni tlak

DO2(I) Oxygen Delivery (Index), dodavka kysliku (index)

EBA European Burns Association (Evropska popaleninova spolecnost)
EDP End-Diastolic Pressure, end-diastolicky tlak

EDRF Endothelium-Derived Relaxing Factor, endotelialni relaxac¢ni faktor
EDV End-Diastolic Volume, end-diastolicky objem

EF Ejection Fraction, ejek¢ni frakce

(E)GDT (Early) Goal Directed Therapy

FACT Fluid Therapy LiDCO Controlled Trial

FFP Fresh Frozen Plasma, Cerstvé zmraZena plazma

GEDV Global End-Diastolic Volume, Celkovy end-diastolicky objem

IAP Intraabdominal Pressure, intraabdominalni tlak

ISBI International Society for Burn Injuries

ITBV Intrathoracic Blood Volume, nitrohrudni krevni objem

LiDCO Lithium Dilution Cardiac Output

LIS Lung Injury Score

LVEDV Left Ventricular End-Diastolic Volume, end-diastolicky objem levé

komory



LVESV

MAP
MDF
MOFS
NF-kB

NO
PAOP
PCWP
PiCCO
PIP
PEEP
PPV

ROC
RVEDV

SOFA
SPV
SV(I)
Sv02
SVR(I)

SVV
TBSA
TNF a
vo2(I)
UPV

Left Ventricular End-Systolic Volume, end-systolicky objem levé
komory

Mean Arterial Pressure, stiedni arterialni tlak

Myocardial Depressant Factor, kardiodepresivni faktor

Multiple Organ Failure Syndrome, syndrom multiorganového selhani
Nuclear Factor Kappa-Light-Chain-Enhancer of Activated B Cells,
transkrip¢ni nuklearni faktor «B

Nitric Oxide, oxid dusnaty

Pulmonary Artery Occlusion Pressure, zaklinény tlak v a. pulmonalis
Pulmonary Capillary Wedge Pressure, tlak v zaklinéni

Pulse Contour Cardiac Output

Peak Inspiratory Pressure, vrcholovy tlak v inspiriu

Positive End-Expiratory Pressure, pozitivni tlak na konci vydechu
Pulse Pressure Variation, variace pulzniho tlaku

Right Atrial Pressure, tlak v pravé sini

Receiver Operating Characteristic, operacni kirivka ROC

Right Ventricular End-Diastolic Volume, end-diastolicky objem pravé
komory

Sequential Organ Failure Assessment Score

Systolic Pressure Variation, variace systolického tlaku

Stroke Volume (Index), tepovy objem (index)

Venous Oxygen Saturation, saturace smiSené Zilni krve kyslikem
Systemic Vascular Resistence (Index), systémova vaskularni
rezistence (index)

Stroke Volume Variation, variace tepového objemu

Total Body Surface Area, celkovy télesny povrch

Tumour Necrosis Factor a, faktor nadorové nekrozy a

Oxygen Consumption, spotreba kysliku

uméla plicni ventilace
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1. UVOD

1.1 Popaleninova nemoc, jeji obdobi a faktory zavaznosti

popaleninového urazu

Popaleninova nemoc je odpovéd organizmu na popaleninovy draz a je
charakterizovana tremi obdobimi - popaleninovym Sokem, akutnim obdobim, po
kterém nasleduje obdobi rekonvalescence - rehabilitace. Obdobi popaleninového
Soku zacina inzultem a kond¢i stabilizaci obéhu a spontanni mobilizaci
generalizovaného edému, vétSinou v rozmezi 24 - 72 hodin. Akutni obdobi
zahrnuje obdobi operacnich vykont a kon¢i definitivnim uzavérem kozniho krytu,
coz trva tadové tydny az mésice. Obdobi rekonstrukce a rekonvalescence -
zaCind kompletnim chirurgickym uzavérem rannych ploch a kon¢i anatomickou,
funkcni, kosmetickou, ale i socialni reparaci nasledkti popaleninového traumatu.
Z vyjmenovanych Kritérii vyplyva, Ze tato faze trva mésice, mize vsak trvat i roky,

u rozsahlych dekonfigurujicich poranéni trva doZivotné [1, 2].

Mezi faktory urcujici zavaznost popaleninového traumatu a jeho prognézu
patfi mechanizmus urazu, rozsah, hloubka a lokalizace postizeni, vék a

pripadna pacientova komorbidita.

Snesitelna kontaktni teplota je 43,5° C, prti vyssich teplotach dochazi v kazi
zpocatku ke zménam reverzibilnim. Expozice kontaktni teploté nad 44° C nesmi
trvat déle nez 6 hodin. Pri poskozeni teplotou nad 55°C nastavaji zmény

ireverzibilni v celé tloustce ktize. K denaturaci bilkovin pak dochazi pti teploté
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60° C. Pri kontaktni teploté 70° C staci 2 sekundy k vytvoreni hluboké popaleniny.
Tepelné poranéni kiize ma 3 zény - centralni zénu koagulace, z6nu méstnani a
zonu hyperémie. Hloubka popaleni je primo umérna intenzité a délce

expozice termické noxy.

Pfi hodnoceni hloubky postiZeni koZniho krytu jsou rozliSovany tri stupné.
I. stupen je charakterizovan zarudnutim, bez poruseni kozniho krytu. II. stupen
délime na II. a stupen povrchni, kdy je zachovan kapilarni navrat, spodina je
vlhk4, nékdy kryta bulami, bolestiva. Pti II. b stupni je spodina bélava s drobnymi
petechiemi a oblenénym kapilarnim navratem, bolestivost klesa, jedna se o hlubsi
postiZeni s prechodem do dermis. Tento hlubs$i stupeil ma tendenci konvertovat do
III. stupné, kdy je dermis poskozena v celé své tloustce, vCetné koZnich adnex,
vtomto piipadé je spodina bila, nebo mapovité ¢i teckovité hnéda aZ Cerng,
vyschld, nebolestivd. Pro zjednoduSeni se nékdy uZzivd déleni na povrchni
postiZzeni (I. - II. a. - II. stuperni), kdy dochazi ke spontdnnimu hojeni, a hluboké
(IL. b. - III. stuperi), které znamena ztratu kiize v celé tloust'ce, event. i devitalizaci
svaloviny a kosti, a tedy chirurgické reSeni ztraty kozZniho krytu. Promptni

kapilarni navrat svédci pro povrchni postiZeni.

Lokalizace poranéni spoluurcuje zavaZnost popaleninového traumatu,
nutnost hospitalizace, popripadé transport na specializované popaleninové
pracovisté. NejzavaznéjsSimi lokalizacemi nejen zhlediska kosmetického a

funkcniho, ale i z hlediska mozné bakterialni kontaminace jsou oblicej, krk, ruce,

plosky nohou, perineum a genital. Velmi zavazné jsou cirkuldrni hluboké
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popaleniny krku, které mohou komprimovat jugularni Zily a vést k syndromu

horni duté Zily s intrakranidlni venostazou a naslednou ischemizaci mozku.

Zvlastni pozornost si zasluhuji hluboké cirkuldrni popaleniny krku u malych
déti. U nich jeSté nejsou trachedlni prstence pevné a mohou byt zaskrceny
strangula¢nim tlakem cirkularni koagula¢ni nekrézy s naslednou nepriichodnosti
hornich cest dychacich a zavaznym duSenim. Lé¢ebnym opatienim je zajiSténi
dychacich cest orotrachealni intubaci a ¢asné provedeni uvolnujicich narezi na
krku. Cirkularni popaleniny hrudniku a bficha mohou mit ze stejného diivodu
nepriznivy vliv na ventilaci, omezovat dechové exkurze. Rovnéz se provadéji

uvolnujici natrezy (obr. ¢. 1 - ilustra¢ni foto, archiv autora, uvolnujici natrezy na

trupu).

Obr. 1: Uvoliujici ndrezy na trupu a hornich koncetindch
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DalSi velmi zavaznou, kritickou lokalitou je popaleni dychacich cest, tzv.
inhala¢ni trauma. Inhala¢ni trauma vznika jak disledkem piimého tepelného
ucinku horkého plynu nebo pary na sliznici hornich dychacich cest nad hlasovymi
vazy, tak toxickym ptsobenim zplodin hoteni (jak systémové, tak na tdrovni
alveolli). Dochazi ke zvySené plicni vaskuldrni permeabilité, sniZené produkci
surfaktantu. Inhalace exogenniho agens s antigenni povahou v ramci inhala¢niho
traumatu vede k casnému rozvoji intersticidlniho plicniho procesu. Saze a ¢astice
mensi nez 5 um nejsou odstranény mukociliarnim transportem a jsou inspirovany
do plicnich alveold. Diagnéza inhalacniho traumatu je zaloZena na anamnéze,

mechanizmu drazu, klinickém stavu pacienta a kombinaci vySetiovacich metod.

Ze skorovacich systémi je uzivano LIS skére (Lung Injury Score).

Zlatym standardem diagnostiky inhala¢niho traumatu je fibrobronchoskopie
[3], ktera je provadéna u orotrachedlné intubovanych pacienti do dvou hodin od
prijeti (tab. ¢. 1 - bronchoskopicka Kklasifikace inhala¢niho traumatu, obr. ¢. 2, 3, 4 -
ilustracni foto, archiv autora, bronchoskopické nalezy inhalacniho traumatu). Dale
je diagnoéza inhalacniho traumatu stanovena na zakladé skiagramu plic, vySetieni
krevnich plynti, hladiny laktatu, hladiny karbonylhemoglobinu, kontinudlni

monitoraci pulzni oxymetrie a kapnometrie.
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Fibrobronchoskopie: Nalezy:

Grade/stupeti

Gy Negativni

€] Lehkd forma - mimy edém. hyperémie.
hyperselorece hlenw, karbonove sputum. folcalnd
Zmeny (deepitelizace fracheobronchidlniho
kmene)

Gy Stiedné zavaina forma — t€Zky edém. hyperémie,
hypersekrece hlemo, kontakini krvaceni,
deskvamace epitelu s mofnou obstrukei, saze
ulpivajici

(3 Téfka forma — psendomembranozni ulcerace,
nekrozy, lpici, ploéné pfiskvary sazi

Tab. 1: Bronchoskopickd klasifikace inhalacniho traumatu

(aplikovand na pracovisti autora)

Name:NAME Doctor:Dr.
ID:ID Age:AGE Sex: Date:20147/05/07 10:14:52
Comment:COMMENT

Obr. 2: Bronchoskopicky ndlez inhalacniho traumatu grade 1
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Obr. 3: Bronchoskopicky ndlez inhalacniho traumatu grade 2

Obr. 4: Bronchoskopicky ndlez inhalacniho traumatu grade 3

VEk, jak vyplyva z hodnoceni zavaznosti traumatu a prognostickych schémat,
hraje dtilezitou roli. Jde zejména o hrani¢ni vékové skupiny, tedy o malé déti (do 2

let) a seniory (nad 65 let). Je to dano jednak fyziologickymi rozdily obou vékovych
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skupin oproti dospélé populaci a u seniorti navic ¢astou a pocetnou komorbiditou.
Obé vékové skupiny se liSi od dospélych vétsi citlivosti na nedostatek tekutin. U
déti hraje roli jiny pomér mezi télesnou hmotnosti a velikosti télesného povrchu.
Proto i posuzovani rozsahu popdlenin je dano ponékud odliSnym diagramem
oproti dospélym. Také pohybova koordinace je u obou téchto vékovych kategorii
nedokonalg, i kdyz u kazdé kategorie z jiného diivodu. Omezena moZzZnost aktivné
opustit misto nehody zdGvodu omezené pohyblivosti miize byt piic¢inou
rozsahlych popalenin nebo komplikaci (inhala¢ni trauma, intoxikace). U déti hraje

roli i tenka pokoZka, ktera snadno podlehne termickému inzultu.

Prognéza pacienta je ddna predevSim rozsahem ploch II. b. - III. stupné.
Rozsah postiZeni je s ohledem na vék zranéného z hlediska zahajeni protiSokové
15 % télesného povrchu (TBSA) II. - III. stupné u dospélych vyZaduje
protisokova opatieni, kriticky rozsah popalenin u dospélych je postizeni II. -
III. stupné nad 40 % TBSA (obr. ¢. 5 - ilustracni foto, archiv autora, Kkriticky

rozsah popalenin).
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et

Obr. 5: Kriticky rozsah popdlenin TBSA 75 % I1. - I11. stupné
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1.2 Patofyziologie popaleninového Soku

Popaleninovy Sok je komplexni proces, charakterizovany kombinaci
hypovolemické, distribu¢ni a kardiogenni formy Soku. Jedna se o vystupniovanou
formu poplachové adrenergni a zanétlivé reakce organizmu s naslednou alteraci
homeostazy. V inicidlni fazi dominuje slozka hypovolemicka se sniZzenym srde¢nim
vydejem, a to az o 70 %, a zvySenou periferni vaskularni rezistenci. SniZena
kontraktilita myokardu je predevsim zplsobena kardiodepresivnim faktorem,
uvolnénym z pankreatu (MDF - myocardial depressant factor), ten dale zvysuje
cévni rezistenci ve splanchnické oblasti a blokuje retikuloendotelovy systém.
Aktivace sympatoadrenalni osy, renin - angiotenzinového systému, vedouci
k centralizaci obéhu s predilek¢nim zasobenim vitalné dulezitych organd,
zplsobuje vazokonstrikci kilize, sjeji ndaslednou hypoperfuzi. Kize, jakoZto

primarné poskozeny organ termickou noxou, je tak postiZzena druhym inzultem.

Extrémni ztraty tekutin, plazmatickych bilkovin a iontl vznikaji nejen
rannymi plochami, ale predevsim zvySenou kapilarni permeabilitou do intersticia.
Zasadni postaveni v patogenezi popaleninového Soku zaujima endotel, tvorici
bariéru mezi intravaskularnim a intersticidlnim prostorem. Je mistem vzniku rady
aktivnich vazokonstrikénich i vazodilata¢nich substanci, ¢imZ se podili se na
udrZeni cévniho tonu a regulaci cévni permeability, ddle ma klicové postaveni v
homeostaze hemokoagulace. Endotel, aktivovany masivnim uvolnénim TNF o
(tumour necrosis factor a) z poskozenych keratinocytli zacne ménit své vlastnosti

na proagregatni a proadhezivni. ZvétSuji se mezery mezi kontrahovanymi

endoteliemi, coZ vede ke zvySenému kapilarnimu tniku. Klic¢ovou roli v aktivaci
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endotelu hraje dysregulace transkripéniho nukledrniho faktoru «B (NF-xB -
nuclear factor kappa-light-chain-enhancer of activated B cells). Porusenim
endotelidlni glykokalyx, expresi adhezivnich molekul se stuptiuje sekvestrace
polymorfonukleari a desticek v kapilarach. Zvysena aktivace a agregace desticek
vede k mikrotrombotizaci, zvySuje se viskozita krve, dochazi k obstrukci
lymfatickych cest. Prohlubuje se Kkapildrni stdza na podkladé prekapilarni
vazodilatace a postkapilarni vazokonstrikce. Masivnim uvolnénim EDRF
(endothelium-derived relaxing factor, NO) prevaZzi generalizovana vazodilatace
s poklesem periferni cévni rezistence, coZ je typické pro distribu¢ni formu
popaleninového Soku. Komplexni porucha mikrocirkulace vede ke sniZeni dodavky
kysliku do tkani (DO2/V02). Na podkladé generalizovaného poklesu
transmembranového potencidlu dochazi k poruse bunéénych membran s
naslednym vstupem sodiku a vody =zintersticia do builky a rozvojem
intracelularniho edému. Bunéc¢na hypoxie a energeticky deficit vedou pri
protrahovaném pribéhu k multiorganové dysfunkci. V pripadé, Ze dojde k
deregulaci celého stavu, multiorganova dysfunkce prechazi do multiorganového
selhani. Multiorgdnové selhani je nejcastéjsi pri¢inou umrti kriticky popalenych

pacientd.

Na distribuci tekutiny mezi intravaskularnim a extravaskularnim prostorem
se podileji Starlingovy sily, tedy rozdily mezi hydrostatickymi tlaky v
intravaskuldrnim a intersticialnim prostoru, dale osmotické a onkotické gradienty.
Rychlost ztraty tekutin ¢ini aZ 4 ml/kg/h, kulminuje v prvnich 8 aZ 48 hodinach. V
jednotlivych kompartmentech dojde k poklesu tekutin az o 10 %. Pri popaleninach

II. stupné akumuluje 1 % popaleného povrchu 125 ml edémové tekutiny, ktera
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obsahuje 3 % proteinti, takze skazdymi 100 ml tekutiny unikd 3 - 5 g
plazmatickych bilkovin. Z toho rezultuje téZka hypovolemie a hypoproteinemie [1,

2].
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1.3 Lécba popaleninového Soku

Intravenézni nahrada tekutin je zdsadnim lé¢ebnym opatfenim v ¢asné fazi
popaleninového Soku. Jejim cilem je udrZet a obnovit perfuzi tkani, ale soucasné
zajistit co nejmensi stupen generalizovaného edému a zabranit rozvoji tzv.

»polykompartmentového syndromu®.

Vroce 1947 Cope a Moore [4] poprvé zdiraznili souvislost mezi rozsahem
popalené plochy a potfebou ndhradnich roztokd, a téZ Ze se mnozstvi aplikovanych
roztoki méni s obdobim po urazu. Vroce 1952 Evans [5] zahrnul do vypoctu
kromé rozsahu postiZeni i hmotnost pacienta. Prvni systematické studie s izotopy,
zabyvajici se podstatou popaleninového Soku, kapilarniho leaku a redistribuci
tekutin v pribéhu prvnich 24 hodin od termického inzultu, provedl v 70. letech 20.
stoleti Charles Baxter se svymi spolupracovniky. Jako prvni uvedl do praxe termin
scellular  shock®, charakterizovany generalizovanym poklesem trans-

membranového potencialu a rozvojem intracelularniho edému [6].

Vysledky studii ze 70. let (Monafo 1970 [7, 8, 9], Leape 1970, Moylan 1973,
Baxter 1974 [10], Fox 1975) potvrdily nezbytnost substituce sodikového iontu - a
to vmnozstvi 0,5 - 0,7 mmol natria/kg/% TBSA v pribéhu prvnich 24 hodin.
Ztraty natria jsou potencovany vazbou na posSkozeny kolagen a jsou pric¢inou
zvySeného osmotického tlaku v popalené tkani. Vroce 1974 Baxter postuloval
objemové resuscitacni schéma pro obdobi prvnich 24 pourazovych hodin, tzv.
Parklandskou formuli (Parkland Hospital Dallas, Texas, 1974) v davce 4 ml/kg

hmotnosti/% TBSA, ktera je dosud zlatym standardem [10, 11]. Odvodil potfebné
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mnozstvi substitu¢nich roztok - krystaloidii na zakladé minimalni hodinové
diurézy (0,5 ml/kg/h). Doporucil aplikovat polovinu vypocéteného mnoZstvi
v priibéhu prvnich 8 hodin. Tato perioda je z hlediska ¢asné objemové resuscitace
klicova. V tomtéZ roce byla odvozena tzv. Brooke formule (Brooke Army Medical

Center, San Antonio, Texas, 1974) v davce 3 ml/kg/% TBSA.

Individualizovany pristup k jednotlivym pacientim nejlépe reflektovala tzv.
formule z Mount Vernon Hospital, ktera byla uvedena do praxe ve Velké Britanii
v roce 1987, vychazela z praci Muira a Barclaye z roku 1964. Podle této formule se
prvnich 24 pourazovych hodin ¢leni do 4 - 6 period podle aktualni hodinové

diurézy. V praxi se vSak priliS neuplatnila.

Podle vysledki studie organizované ABA/ISBI (American Burn Association/
International Society for Burn Injuries [12]) a prezentované Greenhalghem v roce
2009 70 % vsech respondentil (jednotek intenzivni péce popaleninovych center)
uziva Parklandskou formuli jako inicialni resuscitacni schéma (z tohoto diivodu se
této formuli rovnéz rika Consensus formule [11]), 90 % popaleninovych pracovist

aplikuje v prvnich 24 hodinach prevazné krystaloidni roztoky a khodnoceni

dostatec¢né intravaskuldrni ndplné uziva hodinovou diurézu.

Kontroverzni otazkou ziistava indikace koloidnich roztokii (nativnich i
syntetickych) a nacasovani jejich aplikace v 1écbé popaleninového Soku [11, 13].
Jednoznacné jsou preferovany balancované krystaloidni roztoky. Aplikace mrazZené
plazmy je indikovana pouze u pacientl s poruchou hemokoagulace, vétSinou po

uplynuti prvnich 12 pourazovych hodin. Pacienti resuscitovani roztoky albuminu
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v pribéhu popaleninového Soku vykazovali dokonce horsi prognézu, vyssi

mortalitu, pfi progresi intersticidlniho plicniho edému [14].

V disledku nitrozilni nahrady vterénu zvySené Kkapilarni permeability
dochazi k vzestupu celkové télesné vody o 20%, a to predevSim na vrub
intersticialni, transcelularni tekutiny a tekutiny v preformovanych prostorech, coz
miZe vyustit vpolykompartmentovy syndrom. Vyrazny intersticialni edém
prohlubuje poruchu mikrocirkulace a sniZuje dodavku kysliku do tkani. Pruit [15]
a Saffle [16, 17] uvedli do praxe termin ,fluid creep“ fenomén, znacici objemové
pretiZzeni pri aplikaci objemu tekutin, které prevySuje Parklandskou formuli. Pri
mensich objemech, mensich neZ vypocCtené mnoZstvi tekutin podle Parklandské

formule se hovofi o tzv. permisivni hypovolemii.

Podle vySe zminénych studii mnozZstvi tekutin prevysujici 4 ml/kg/h vede
k rozvoji nadmérného intersticialntho edému s objemovym pretiZzenim, které
prohlubuje poruchu mikrocirkulace a sniZuje dodavku kysliku do tkani. Jinymi
slovy toto objemové pretizeni vede ke konverzi ploch z povrchniho stupné na
hluboky, tudiZ dochazi ke zvétSeni rozsahu hlubokych ploch, coZz ma primy
negativni vliv na prognoézu pacienta. Adekvatni doplnéni intravaskularniho volumu
na zakladé individualnich hodnot dynamickych parametrii preloadu by mélo
zabranit jak tkanové hypoperfuzi, tak nadmérnému rozvoji generalizovaného
edému, vcetné alveolarniho. Tim jsou predevSim ohroZeni pacienti s inhalatnim
traumatem, kdy potreba objemové nahrady vzrista az o 40 - 50 % [11]. V tomto
pripadé dochazi k postiZeni alveolokapilarni membrany z alveolarni strany. Velmi

Casta je kombinace inhala¢niho traumatu se syndromem Sokové plice, kdy je
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mikrocirkulace postiZena téZ z kapilarni strany. Respiracni selhani se prezentuje

nejcastéji ve formé syndromu respiracni tisné [1, 2].

V kontrastu se studiemi Pruita a Saffleho jsou prace Blumettiho [18], Wanka
[19], Cartotta [20], Mitry [21] publikované vletech 2002 - 2008. Tyto prace
poukazaly na fakt, Ze Parklandska formule spiSe podhodnocuje a Ze ve skutecnosti
je treba aplikovat mnozstvi substitu¢nich roztokd presahujicich 4 ml/kg/h bez

signifikantniho negativniho vlivu na prognézu pacienta.
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1.4 Monitorace v obdobi popaleninového Soku

MoZnosti monitorovani adekvatnosti tekutinové nahrady u rozsahle
popalenych pacientli jsou limitovany pritomnosti popalenych ploch. Zakladni
klinicky a laboratorni monitoring, jako je stav védomi pacienta, barva kiiZe, puls,
periferni a centralni télesna teplota, hodinovy vydej moci a jeji osmolalita,
hematokrit, pacienta nezatizZi, ale vytéZnost téchto vySetreni je limitovana a
ovlivnéna radou faktori. Hypotenze, tachykardie, tachypnoe s desaturaci, oblenény
kapilarni navrat s uzavienou periferii, oligurie, alterace védomi, jakoZto znadmky
organové hypoperfuze, jsou znamky nespecifické a svéd¢i jiz pro rozvinutou
organovou dysfunkci. Systémova laboratorni vySetreni, jako je deficit bazi a
hladina laktatu jsou pozdnimi zndmkami tkanové hypoxie a maji vyznam spise ve
sledovani dynamiky stavu. Zakladni klinicky a laboratorni monitoring, v némz je
klicovy hodinovy vydej moci, se v praxi kombinuje s neinvazivni kardiopulmonalni

monitoraci, véetné méreni nitrobrisSniho tlaku [11, 22, 23, 24, 25].

1.4.1 Méreni srdecniho vydeje, statické a dynamické parametry preloadu

Ahrns [26], Imm [27], Czermak [28] ve svych pracech zminuji nutnost adekvatni
monitorace v pribéhu popdaleninového Soku. Méreni srdecniho vydeje, jakoZto
zakladni charakteristiky organové perfuze, se v poslednich dvaceti letech stalo
nedilnou soucasti péce o kriticky nemocné pacienty. K dispozici je celd rada
technik umoZnujicich srde¢ni vydej mérit. Tyto metody lze rozdélit na invazivni,

méné invazivni a neinvazivni (predevsim ultrazvukové metody).
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Za nejpresnéjSi metodu méreni srdecniho vydeje je povaZovano primé
méreni tzv. aortic flow metodou elektromagnetomanometrie [29]. Zlatym
standardem méreni srde¢niho vydeje termodilu¢ni metodou je pravostranna
srdecni katetrizace pomoci Swan-Ganzova katetru [29]. Jeho prednosti je primé
méreni intrakardialnich tlakd, tlakd v plicnici a v zaklinéni, v€etné méreni saturace
smiSené zilni krve Kkyslikem. Z diivodu invazivity neni tato metoda u popalenych
pacientd rutinné provadéna. Jsou voleny méné invazivni metody, u kterych se
vyuziva stavajicich vstupli do cévniho teciSté, centrdlniho Zilntho a
intraarteridlniho katetru (zajisSténi nitrozilntho vstupu s dostateCnym cévnim
prisvitem - centrdlniho Zilniho katetru je pfi vysokoobjemové ndhradé tekutin
nezbytné, dale slouzi k méreni centralniho Zilniho tlaku. Zrovna tak je indikovano

zavedeni intraarteridlniho katetru, ktery slouzi k monitoraci stiedniho arteridlniho

tlak a k odbértim krve).

Tyto méné invazivni metody jsou zaloZené na principu transpulmonalni
indikatorové diluce nebo kalkulace plochy pod arteridlni kiivkou (tzv. pulse-
contour analyza), ktera je imérna tepovému objemu. Do vypoctu je také zahrnuta
impedance aorty. Prevedeni relativnich hodnot na absolutni hodnoty srde¢niho
vydeje se déje dvéma zplisoby. Prvnim z nich je kalibrace chladnym fyziologickym
roztokem na podkladé termodiluce (metoda PiCCO - Pulse-induced Continuous
Cardiac Output, Pulsion, Germany) nebo diluci lithia (Lithium Dilution Cardiac
Output, LiDCO Ltd, United Kingdom). Kalibrace umoZiiuje zméreni dalSich
charakteristik srde¢niho a plicniho systému. Druhym zptsobem je porovnani tvaru

arteridlni krivky svelkym mnoZstvim takto uloZenych krivek. Tento zplisob

umoziuje ziskani pouze omezeného poctu hemodynamickych parametri [29].
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Zakladnimi determinantami srdec¢niho vydeje je preload (predtiZeni),
afterload (dotiZeni), kontraktilita a tepova frekvence. Na zakladé statickych a
dynamickych parametri prealodu lze odvodit reakci obéhu na tekutinovou vyzvu.
Mezi statické parametry prealodu se fadi plnici srde¢ni tlaky, napt. centralni
Zilni tlak a tlak v zaklinéni. Dynamické parametry prealodu, variace toku krve
v tepnach (stroke volume variation - SVV - variace tepového objemu, pulse
pressure variation - PPV - variace pulzniho tlaku, systolic pressure variation
- SPV - variace systolického tlaku) a v Zilach (zmény prisvitu horni a dolni duté
zily) oznacil Michard ve své praci ,Predicting fluid responssiveness in ICU patients:

a critical analysis of the evidence” [30] nejspolehlivéjsimi prediktory reakce

obéhu na tekutinovou vyzvu.

1.4.2 Dynamické parametry preloadu, interakce srdce - plice

PredtiZeni neboli preload (tedy délka vlaken myokardu komor na konci diastoly
vyjadrena jako end-diastolicky objem, EDV, vpraxi Castéji pouzivan end-
diastolicky tlak, EDP) je urc¢eno kapacitou a naplni cévniho tecisté, poddajnosti

komor.

Vztah mezi end-diastolickym tlakem a tepovym objemem vyjadiuje klasicka
Frank-Starlingova krivka. Sklon této kiivky je podminén kontraktilitou myokardu,
poddajnosti komory a vytokovou impedanci, tedy velikosti afterloadu [29].
Dynamické parametry prealodu [31, 32], variace toku krve v tepnach (stroke

volume variation - SVV - variace tepového objemu, pulse pressure variation - PPV
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- variace pulzniho tlaku, systolic pressure variation - SPV - variace systolického
tlaku) a vzilach (zmény prisvitu horni a dolni duté Zily) oznacil Michard [30]
nejspolehlivéjsimi prediktory reakce obéhu na tekutinovou vyzvu. Ke klinickému
hodnoceni preloadu u spontanné ventilujicich pacientti lze uzit algoritmus reakce

na tekutinovou vyzvu.

Test tekutinové zatéZe vychazi z vyse zminéného Frank-Starlingova zdkona
(obr. ¢. 6). Je zaloZeny na nartstu srdecniho vydeje priblizné o 10 - 15 % po elevaci
dolnich koncetin a tim zplisobené autotransfuzi 150 - 300 ml z dolni poloviny téla.
Manévr je plné reveribilni a hemodynamicky efekt srovnatelny s efektem
tekutinové zatéze (tedy aplikace 250 - 500 ml krystaloidi béhem 2 minut).
Pozitivni test (fluid responsiveness) predikuje priznivy efekt podani tekutiny [30,

33, 34].

Klidovy tepovy objem zavisi rovnéz na fazi dechového cyklu, protoze cyklické
variace intrathorakalniho tlaku béhem respirace ovliviiuji venézni navrat a
preload. Pri umélé plicni ventilaci s pozitivnim pretlakem je situace presné opacna
nez za podminek spontanni respirace. BEhem inspirace se zvySuje nitrohrudni tlak,
klesa transmuralni tlak, zvySuje se tok krve z plicnich Zil do levé komory a dochazi
ke zvysSeni jejiho diastolického objemu. V pravém srdci je situace odliSna. SniZuje
se Zilni navrat do pravé siné a zvysi se odpor plicniho recisté, ktery neni
kompenzovan napétim srdec¢ni stény a sniZuje se tak srdecni vydej pravé komory.
V pripadé exspirace dojde ke sniZeni nitrohrudniho tlaku, cozZ ma za nasledek
sniZeni plnéni levé komory a zvySeni Zilniho navratu. Této interakce srdce - plice

[33, 35, 36, 37, 38, 39] je mozno pouzit k predikci reakce obéhu na tekutinovou
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naloz [30, 33, 40, 41]. Zmény preloadu indukované mechanickou ventilaci vedou
ke zméndm tepového objemu, tyto zmény jsou zavislé na individualni Frank-
Starlingové krivce (obr. ¢. 7). Pacient, vykazujici velké oscilace tepového objemu
(vzestupna cast Frank-Starlingovy krivky), profituje z podani tekutin (tzv. volume
respondent). Naopak pacient, jehoZ tepovy objem nevykazuje velké variace a
nachazi se v ploché ¢asti Frank-Starlingovy krivky, z aplikace tekutin neprofituje,

nedokaze jiz zvysit sviij srdec¢ni vydej a je tekutinami pi-etiZen.

Na zakladé reakce obéhu na podani tekutiny byl odvozen z prace Pinského
[42] ,Functional hemodynamic monitoring. Protocolized cardiovascular
management based on ventricular-arterial coupling“ (obr. ¢. 8) algoritmus
vazopresorické podpory. Zalgoritmu je patrné, kdy lze u pacientii obéhové
nestabilnich indikovat vazopresory, tedy na zakladé jejich reakce na tekutinovou

vyzvu a na zakladé vypoctenych hodnot periferni vaskularni rezistence.

Vazopresoricka podpora v inicidlni fazi popaleninového Soku nema jasna
indikacni kritéria. Naopak prevazuji obavy z centralizace obéhu, vazokonstrikce
kGize a prohloubeni popalenych ploch. Bez znalosti dynamickych parametri
preloadu podani vazopresori v inicialni fazi hypovolemického popaleninového

Soku nema jasna indikacni kritéria.
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Poloha v polosedé Pasivni elevace dolnich
koncetin

45°

Obr. 6: Reakce obéhu na tekutinovou vyzvu

(Monnet X, Teboul JL. Volume responsiveness.
Curr Opin Crit Care. 2007, 13(5): 549-553)
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Vztah mezi tepovym objemem a srdeénim predtizenim zavisi na funkei komor.
To vysvétiuje, proé mize mit podani objemu (zvyseni piedtizeni srdce z A do
B) na tepovy objem bud maly vliv (z a do b), nebo velky viv (z &' do b'). Z toho-
to divedu také nelze ze statické hodnoty srdeéniho pfedtizeni (A) pfedpovédét
reakci na podany objem.

Obr. 7: Frank-Starlingiiv zdkon

(Teboul JL, Monnet X. Prediction of volume responsiveness in critically ill patients
with spontaneous breathing activity. Curr Opin Crit Care. 2008, 14(3): 334-339)
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Obr. 8: Algoritmus indikace vazopresorické podpory,

modifikovdno dle prdce Pinského , Functional hemodynamic monitoring. Protocolized
cardiovascular management based on ventricular-arterial coupling”
(Update in Intensive Care Med. 2005, 42(6): 381-395)
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1.4.2.1 Kontinualni monitorace hemodynamiky diluci lithia

Srde¢ni vydej lze mérit diluéni Fickovou metodou, jejiz variantou je
transpulmonalni diluce chloridu lithia. K méteni srde¢niho vydeje u ventilovanych
pacientd, zatfazenych do studie, byla pouzita metoda diluce chloridu lithia [43, 44,
45, 46, 47, 48, 49, 50, 51]. Monitor LiDCO Plus/Rapid (Lithium Dilution Cardiac
Output, LiDCO Ltd, United Kingdom) kontinualné analyzuje variace pulzové krivky.
Srde¢ni vydej je roven mnozstvi indikdtoru délenému plochou pod kiivkou
koncentrace indikatoru v case. Na zakladé variability tlakové amplitudy, tepového

objemu a systolického tlaku lze vyhodnotit dynamické parametry preloadu.

Tento monitor vyuZiva unikatni algoritmus nezavisly na morfologii tlakové
kiivky, s vrazenou korekci aortdlni rezistence/compliance (poddajnosti) do
konverze tlakové krivky na krivku objemovou. Tato autokorelace se pouziva ke
stanoveni tepového objemu. Variace pulzniho tlaku (pulse pressure variation -
PPV) = 15 % (pulse pressure = diference mezi systolickym a diastolickym tlakem
v pribéhu dechového cyklu), variace tepového objemu (stroke volume
variation - SVV) 2 15 % a variace SPV (AUp + ADown) = 10 mmHg (systolic
pressure variation - SPV - rozdil mezi maximalnim a minimalnim systolickym
tlakem v pribéhu dechového cyklu, AUp/ADown vzestup/pokles systolického
tlaku v inspiriu/expiriu oproti bazalni linii v postexspira¢ni apnoické pauze, obr. ¢.
9) predikuji schopnost pozitivné reagovat na tekutinovou naloz se sensitivitou a
specificitou > 85 % a AUC (area under the receiver operating curve) > 0,90

v pripadé PPV je sensitivita/specificita 94 % / 96 %, AUC = 0,98).
prip ) p
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Obr. 9: Variace systolického tlaku v priibéhu dechového cyklu

(SPV = AUp + ADown, vzestup/pokles systolického tlaku v inspiriu/expiriu
oproti bazdlni linii v postexpiracni apnoické pauze, Paw airway pressure)

35



2. HYPOTEZA STUDIE

Hlavnim podnétem k tématu dizertacni prace byla studie Davida Bennetta
,Early goal-directed therapy after major surgery reduces complications and
duration of hospital stay“ [52]. V této randomizované studii se poprvé prokazal
pozitivni efekt zaclenéni dynamickych parametrii prealodu do peroperacni péce.
Ve skupiné GDT (Goal Directed Therapy) byla nahrada tekutin v prvnich 8
pooperacnich hodinach korigovana variacemi tepového objemu (tedy
dynamickymi parametry preloadu), v kontrolni skupiné hodnotou centralniho
Zilntho tlaku. Ve skupiné GDT byl signifikantné niZ$i vyskyt pooperacnich

komplikaci i délka hospitalizace (p = 0,007, resp. p = 0,001).

Studie Blumettiho [18], Wanka [19], Cartotta [20], Mitry [21], Baka [53]
publikované v letech 2002 - 2009 poukazaly na fakt, Ze Parklandska formule spiSe
podhodnocuje a Ze ve skutecnosti je aplikovano mnozZstvi substitu¢nich roztoki
presahujici 4 ml/kg/% TBSA bez signifikantniho negativniho vlivu na prognézu
pacienta. Tyto vysledky jsou v kontrastu s difive jmenovanymi studiemi Pruita [15]
a Saffla [16, 17], které naopak varuji pred mnozstvim tekutin prevysujici 4
ml/kg/% TBSA. Coz vede ke generalizovanému edému srozvojem

polykompartmentového syndromu a ke zhorSeni prognozy.

Hlavni hypotézou studie je piredpoklad, Ze substitu¢ni objemova terapie

v pribéhu popaleninového Soku korigovana kombinaci dynamickych

parametri prealodu a hodinové diurézy, oproti standardni monitoraci
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hodinovou diurézou, vede k redukci tekutinové naloze v tomto obdobi bez

negativnich projevii hypovolemie a organové hypoperfuze.

Nulovou hypotézou studie je predpoklad, Ze dynamické parametry preloadu
v kombinaci s hodinovou diurézou nevedou kredukci objemu substitu¢nich
roztoki v pribéhu popaleninového Soku. Alternativni hypotézou je predpoklad, Ze
mnozstvi substitu¢nich roztokd, korigovanych pomoci dynamickych parametri
prealodu a hodinové diurézy, je mensi oproti objemové terapii, korigované jen
hodinovou diurézou. V pripadé potvrzeni alternativni hypotézy se lze ptiklonit k
nazoru, Ze Parklandska formule spiSe nadhodnocuje objemovou terapii v po¢atecni

fazi popaleninového Soku.

Hodinovy vydej moci odrdzi perfuzni tlak vledvindch, vorganu vitalné
dilezitém, nikoliv vsak predilek¢né krvi zasobeném, ale svelkou mirou
autoregulace krevniho pritoku. Dynamické parametry preloadu vypovidaji o
intravaskularni ndaplni centralniho fecisté, jsou nejspolehlivéjsimi prediktory
reakce obéhu na tekutinovou vyzvu [30]. Kombinace téchto dvou modalit by méla
individualizovat objemovou terapii v priibéhu popaleninového Soku, neptrimo tak

zlepsit prognézu Kriticky popalenych pacienti.
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3. KLINICKA CAST

3.1 Cile studie

3.1.1 Primarni cile studie

Primarnim cilem studie je porovnat v priibéhu prvnich 24 pourazovych hodin
substitu¢ni objemovou terapii korigovanou pomoci dynamickych parametri
prealoadu a hodinové diurézy se standardni terapii, ktera je korigovana pouze

hodinovou diurézou.

K dosazeni tohoto cile je nutné porovnat nasledujici parametry:

- kumulativni tekutinovou bilanci (rozdil mezi méritelnym prijmem a
vydejem);

- mnozstvi aplikovanych resuscitac¢nich roztok;

- organovou dysfunkci podle SOFA skoére (The Sequential Organ Failure
Assessment score);

- Cetnost indikace vazopresorické podpory;

- vyvoj deficitu bazi a CRP/albuminového indexu (tzv. indexu kapilarniho
uniku)

- hodnoty intraabdomindlniho tlaku (koreldtu intraabdominalniho
kompartmentového syndromu) mezi kontrolni, standardné monitorovanou
skupinou podle hodinové diurézy a testovanou (tzv. LiDCO) skupinou (u
které je objemova terapie korigovana na zakladé kombinace dynamickych

parametrl prealodu a hodinové diurézy).
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3.1.2 Sekundarni cile studie
Sekundarnimi cili studie je porovnani niZe zminénych veli¢in mezi obéma vySe

zminénymi skupinami:

pocet dni invazivni ventilace;

- délku hospitalizace na jednotce intenzivni péce;

- pocet provedenych excizi - nekrektomii (coZ je korelat hlubokych, event.
prohloubenych ploch, které je nutno resit chirurgickou cestou);

- mortalitu béhem hospitalizace;

- a zaclenéni algoritmu vazopresorické podpory do 1écby popdaleninového

Soku.

3.2 Soubor a metodika

3.2.1 Misto a cas realizace studie

Sbér a analyza dat probihala na Klinice popalenin, vyukovém pracovisti 3. 1ékarské
fakulty Univerzity Karlovy v Praze a Fakultni nemocnice Kralovské Vinohrady
v obdobi od 1. 9. 2009 do 31. 12. 2011. Do studie bylo zarazeno 21 pacientd,
spliujicich vstupni kritéria. Eticka komise Fakultni nemocnice Kralovské

Vinohrady udélila souhlas s provadénou studii (priloha 7.2).

3.2.2 Vstupni a vylucovaci kritéria
Vstupni kritéria zarazeni do studie:
- vék pacientti od 18 do 75 let;
- pacienti s popaleninami II. - IIl. stupné srozsahem popalenin v rozmezi

10 - 75%;
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- pritomnost ¢i nepritomnost inhala¢niho traumatu na zakladé vstupni
bronchoskopie, provedené do 2 hodin od prijeti na jednotku intenzivni
péce.

Vsichni zarazeni pacienti byli ptijati na Kliniku popalenin do tfi hodin od vzniku
termického udrazu. Béhem této doby byli adekvatné 1éCeni integrovanym
zachrannym systémem a po prijeti na jednotku intenzivni péce jejich stav
vyzadoval substitu¢ni terapii roztoky. U Zddného pacienta nebyla diuréza béhem

prvnich 24 hodin forsirovana diuretiky.

Vylucovaci kritéria:
- rozsah popalenin nad 75 %, Bulltiv index (soucet véku a rozsahu popalenin)
>100;
- renalné selhavajici pacienti;
- pacienti léCeni lithiem;
- gravidni Zeny.
Podminkou pro zarazeni do studie byl sinusovy rytmus, zavedeny arteriadlni katétr,

hmotnost nad 40 kg, v pripadé umélé plicni vylouceni kontinualni svalové relaxace.

3.2.3 Soubor

Pacienti, splnujici vstupni kritéria, byli randomizovani na zakladé nahodné
vygenerovaného kodu do dvou skupin. Pacienti v kontrolni skupiné 1 (pocet
pacientd 11) byli standardné monitorovani hodinovou diurézou a MAP. Pacienti ve
skupiné 2 LiDCO (pocet pacientii 10) byli navic monitorovani dynamickymi

parametry prealodu.
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3.2.4 Metodika

VSichni pacienti, zatazeni do studie, byli standardné monitorovani pomoci MAP a
hodinové diurézy. Objemova resuscitace byla u vSech pacientii zahajena podle
modifikované Brooke formule v davce 3 ml/kg/% TBSA. Substitu¢nimi roztoky
byly zvoleny balancované krystaloidy, izotonické, mirné alkalizujici roztoky, svym
slozenim nejvice odpovidajici krevni plazmé (Ringerfundin, B. Braun, Germany,
[solyte, Fresenius Kabi, Germany). Hodnoty hodinové diurézy = 0,5 ml/kg/h a MAP

> 65 mmHg byly hodnoceny jako dostatecné v obou skupinach.

V pripadé nedostatec¢né diurézy (< 0,5 ml/kg/h) a obéhové nestability (MAP
< 65 mmHg) byla ve skupiné 2 na zakladé analyzy dynamickych parametri
preloadu (pri PPV 2 15%, SVV =2 15 %, SPV > 10 mmHg) plynule navySena
tekutinova naloZ krystaloidy o 100 ml/h. V piipadé negativni reakce na volumovou
naloZ (pri PPV < 15 %, SVV < 15 %, SPV < 10 mmHg) a za soucasné obéhové
nestability, byly indikovany vazopresory. Algoritmus vazopresorické podpory byl
odvozen z prace Pinského ,Functional hemodynamic monitoring. Protocolized
cardiovascular management based on ventricular-arterial coupling” [42]. U
kontrolni skupiny v pfipadé hodinové diurézy < 0,5 ml/kg/h a MAP < 65 mmHg
byla navysena tekutinova terapie podle bézné zavedené praxe, tedy momentalni
rozvahy oSetfujiciho lékare, na zakladé rutinniho kardiopulmonalniho
monitoringu, véetné monitorace centralniho Zilniho tlaku (obr. ¢. 10 - protokol

studie). Na stejném zakladé byly pripadné indikovany vazopresory.
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3.2.5 Statisticka analyza

Data byla prezentovana jako primér (+ SD) nebo median a jako 25/75 nebo 10/90
percentil. Srovnani mezi skupinami bylo provedeno pomoci neparového t-testu
nebo Fischera testu. VSechny testy byly povazovany za statisticky vyznamné na

hladiné pravdépodobnosti p < 0,05.

Fluid Therapy LiDCO Controlled Trial - FACT in BURNS Protocol

Vstupni kritéria:

vék pacientt od 18 do 75 let; pacienti s popaleninami II. - III. stupné s rozsahem
popalenin 2 10 - 75 %; pritomnost ¢i nepritomnost inhala¢niho traumatu na
zakladé vstupni bronchoskopie, provedené do 2 hodin od prijeti na jednotku

intenzivni péce*

Vyluéovaci kritéria:
rozsah popdalenin nad 75 %; Bulltiv index (soucet véku a rozsahu popalenin) = 100;

renalné selhavajici pacienti; pacienti 1éceni lithiem; gravidni Zeny**

Skupina 1 - kontrolni: Skupina 2 - LiDCO:

tekutinova terapie fizena standardnim | tekutinova terapie rizena standardnim
protokolem?, v pripadé obéhové protokolem?, v pripadé obéhové
nestability (MAP < 65 mmHg) a oligurie | nestability (MAP < 65 mmHg) a oligurie
(< 0,5 ml/kg/h) tekutinova vyzva ci (< 0,5 ml/kg/h) tekutinova vyzva podle
indikace vazopresorické podpory podle | LiDCO protokolu?

aktualni rozvahy lékare
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Fluid Therapy LiDCO Controlled Trial - FACT in BURNS Protocol

1Standardni protokol: 2LiDCO guided protocol:
objemova resuscitace zahajena podle v pripadé obéhové instability (MAP < 65
modifikované Brooke formule v davce mmHg), oligurie (< 0,5 ml/kg/h) a na

3 ml/kg/% TBSA, iniciadlné aplikovany zakladé analyzy dynamickych
krystaloidy. parametri preloadu (pri PPV = 15 %,
Cilovy MAP = 65-90 mmHg, hodinova SVV 215 %, SPV 2 10 mmHg) plynule
diuréza minimalné 0,5 ml/kg/h navysena tekutinova naloz***,
krystaloidy o 100 ml/h. V pripadé
negativni reakce na volumovou naloZ
(pti PPV < 15 %, SVV < 15 %, SPV < 10
mmHg) a za soucasné obéhové
nestability, byly indikovany vazopresory
(Obr. 3).

Primarni cile:

béhem prvnich 24 pourazovych hodin - kumulativni tekutinova bilance****;
mnozstvi aplikovanych resuscita¢nich roztoki; organova dysfunkce podle SOFA
skére; Cetnost indikace vazopresorické podpory; vyvoj deficitu bazi a

CRP/albuminového indexu; hodnoty intraabdominalniho tlaku

Sekundadrni cile:
pocet dni invazivni ventilace*****; délka hospitalizace na jednotce intenzivni péce;

pocet provedenych excizi; mortalita béhem hospitalizace

Obr. 10: Protokol studie

Poznamky:

* VSichni zarazeni pacienti byli prijati na Kliniku popalenin do tfi hodin od vzniku
termického turazu. Béhem této doby byli adekvatné léceni integrovanym
zachrannym systémem a po prijeti na jednotku intenzivni péce jejich stav
vyZadoval substitucni terapii resuscitacnimi roztoky. U Zadného pacienta nebyla

diuréza béhem prvnich 24 hodin forsirovana diuretiky. Diagnostika inhala¢niho
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traumatu grade 1-3 byla stanovena bronchoskopicky do dvou hodin od prijeti

na jednotku intenzivni péce (tab. ¢. 1);

** Podminkou pro zarazeni do studie byl sinusovy rytmus, zavedeny arteriadlni
katétr, hmotnost nad 40 kg, v pripadé umélé plicni vylouceni kontinudlni
svalové relaxace, sedace kombinaci midazolam + fentanyl/sufentanil + propofol
1%, PEEP < 15 cmH;0, PIP < 35 cmH;0, protektivni ventilacni reZimy

s fyziologickymi dechovymi objemy;

** Tekutinova naloZ - krystaloidy navySeny o 100 ml/h;

*R** Kumulativni bilance - rozdil mezi métitelnym pirijmem a vydejem;

whxkk Pocet dni invazivni ventilace - pocet dni stravenych na jakékoliv ventilacni

podpoie (odpojeni od ventilatni podpory znamena odpojeni od ventilatoru na

dobu delsi nez 24 hodin, pacient miiZe byt na neinvazivni ventila¢ni podpofie Ci

oxygenoterapii).
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3.3 Vysledky

3.3.1 Demograficka data

Do studie bylo celkem randomizovano 21 pacientd (v kontrolni skupiné bylo 11

pacientfi, v LiDCO skupiné 10 pacientil). Zeny tvofily 13 % pacienti. Mezi ob&éma

skupinami nebyl zaznamenan signifikantni rozdil v distribuci pohlavi, ve véku,

rozsahu popalenin, incidenci inhala¢niho traumatu ani ve vstupnim APACHE II

skére (Acute Physiology and Chronic Health Evaluation), tab. ¢. 2, graf ¢. 1.

LiDCO Kontrolni | p (ttest)
skupina
Vék 49,8 £ 12,7 48,2+13,4 | 0,78
TBSA (%) 31,1+15,1 354+17,5 | 0,56
APACHE skore 19,8 +5,4 209+9,8 0,75
{ggggéﬁééiﬁl%a 7 9 0,64 Fischer p bilateral (x?2)

Tab. 2: t-test — vek, TBSA, APACHE Il skore, vyskyt inhalacniho traumatu

(priimér + SD)
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3.3.2 Vysledky klinické casti

Pét pacientd (22 %) z celkového mnoZstvi 21 pacientil exitovalo. Jednalo se o

pacienty s primérnym rozsahem popalenin celkového télesného povrchu 55 % II.

[1I. stupné (35 - 88 % TBSA) s nalezem inhala¢niho traumatu grade 3. VSichni

b. -

pacienti exitovali pod obrazem multiorgdnového selhdni v rdmci septického Soku.

V mortalité nebyl mezi obéma skupinami zaznamenan rozdil.

Vyskyt inhala¢niho traumatu grade 2-3 byl zaznamenan u 76 % pacient.

Mezi obéma skupinami v t-testu pii Welchové korekci byl zaznamenan

0,05, tab. ¢.
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3, graf ¢ 2) v pribéhu prvnich 24 pourazovych hodin ve prospéch LiDCO
monitorované skupiny. V této skupiné se mnozstvi krystaloidi vice blizilo Brooke
formuli. Kumulativni bilance v LiDCO skupiné byla o 10 % niZsi, tato hodnota vSak
nedosahla hladiny statické vyznamnosti, p = 0,49 (tab. ¢ 3, graf ¢ 3). Trend
kapilarniho leaku i hodnoty intraabdomindlniho tlaku byly v této skupiné také

vivs

rozdilu.

Pocet pacientd, u kterych byly indikovany vazopresory, resp. noradrenalin do
maximalni davky 20 pg/min, se v obou skupinach nelisil. Sledované a zhodnocené

primarni a sekundarni cile jsou zobrazeny v tabulce €. 3, 4 (graf ¢. 2, 3, 4, 5).

Primérna délka umeélé plicni ventilace pacienti LiDCO monitorovanych byla
12,1 + 13,2 dny (standardné monitorovanych 12,2 + 13,7 dny) a délka
hospitalizace na jednotce intenzivni péce byla u LiDCO skupiny 24,5 + 10,3 dny
(standardné monitorované skupiny 24,6 + 11,6 dny), p = 0,99, resp. 0,98 (tab. ¢. 4,

graf €. 4, 5).

RovnéZ srovnatelné, bez signifikantniho rozdilu, bylo skére organového
selhavani, vyvoje deficitu bazi i poCet provedenych excizi. Primérné hodnoty
srdetniho indexu a periferni vaskuldrni rezistence v pribéhu prvnich 72

pourazovych hodin jsou zachyceny v tabulce ¢. 5.

47



LiDCO Kontrolni p (t-test)
skupina

ooleitys 6320,0 + 973,7 7668,0 + 1577,0 | 0,49
bilance (ml)
Krystaloidy (ml) 5085,0 + 682,5 7823,0 +1045,0 | 0,05
Diuréza ml/kg/h 08+0,1 09+0,1 0,94
Brooke formule 3,0+0,5 3,2+0,4 0,74
SOFA skore 50+2,0 50+3,6 0,73
BE (mmol/1) - -7,6 £1,6/ -6,5+1,6/ 0,64/0,81
vstupni/24 hodin 36+08 31+21
CLI 7,4 +1,6 10,4 +2,2 0,28
Noradrenalin

1,0+0,7 1,0+0,8 0,85
(do 20 pg/min)
IAP (mmHg) 11,2+ 0,4 13,4+ 0,5 0,4

Tab. 3: t-test - primdrni cile (v prvnich 24 potirazovych hodindch)

— kumulativni bilance a mnozstvi substituc¢nich roztokii, hodinovd diuréza, mnoZstvi
substitucnich roztokil ve vztahu k Brooke formuli, SOFA skére, vyvoj deficitu bazi a
kapildrniho leaku (CLI), indikace noradrenalinu v ddvce do 20 ng/min - pocet
pacientt, IAP (priimér + SD)
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p (t-test)

0,99

0,98

0,34

0,59 Fischer p bilateral (y2)

Kontrolni

skupina

12,2 +13,7

24,6 +11,6

2,506

3

LiDCO

12,1 +13,2

24,5+10,3

1,8+04

Délka UPV (dny)

Délka JIP (dny)

Pocet excizi

Mortalita

Tab. 4: t-test — sekunddrni cile

- délka umélé plicni ventilace a délka hospitalizace na jednotce intenzivni péce

(dny), pocet excizi a mortalita béhem hospitalizace (priimér + SD)
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LiDCO

72 h

8

6,2+0,

+172

1760

24h

3,1+0,6

+ 146

2340

CI (1/min/m2)

SVRI (dynesec/cm5/m?2)

- CIL, SVRI (priimér + SD)

Tab. 5: Dynamické parametry preloadu
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3.4 Diskuse

V poslednich 10 letech v problematice intenzivni péce o popalené pacienty
vznikla fada kontroverznich studii. Podle vysledki studie organizované ABA/ISBI
[12] a prezentované Greenhalghem v roce 2009 70 % vSech respondentii (jednotek
intenzivni péce popaleninovych center) uziva Parklandskou formuli jako inicialni
resuscitacni schéma, 90 % pracovist aplikuje v prvnich 24 hodinach prevaziné
krystaloidni roztoky a khodnoceni dostate¢né intravaskularni naplné uziva
hodinovou diurézu. V této studii soucCasné zaznélo, Ze 55 % respondenti se
domniva, Ze Parklandskd formule podhodnocuje, 33 % respondentli uvedlo, Ze
Parklandska formule je adekvatni, zbyvajicich 12 % respondentii odpovédélo, Ze

nadhodnocuje.

Parklandskou formuli postuloval vroce 1974 Baxter [6, 10], prestoZe byla
uvedena do praxe pred témér 40 lety, je dosud zlatym standardem. Studie
Blumettiho [18], Wanka [19], Cartotta [20], Mitry [21] publikované v letech 2002 -
2008 poukazaly spiSe na fakt, Ze Parklandska formule podhodnocuje a Ze ve
skutec¢nosti je aplikovano mnozstvi substitu¢nich roztokl presahujici 4 ml/kg/%
TBSA bez signifikantniho negativniho vlivu na prognézu pacienta. Tyto vysledky
jsou v kontrastu s vyse jmenovanymi studiemi Pruita [15] a Saffla [16, 17], ktefi
uvedli do praxe termin ,fluid creep” fenomén, znacici objemové pretizeni pri
aplikaci objemu tekutin, které prevysSuje Parklandskou formuli, coZ vede ke
generalizovanému edému srozvojem polykompartmentového syndromu a ke

zhorsSeni prognozy.
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Na zakladé naSich zkuSenosti se domnivame, Ze Parklandska formule spise

nadhodnocuje tekutinovou bilanci, coZ jsme chtéli prokazat v této studii [54].

Samostatnou kapitolou je problematika inhalacniho traumatu a mnoZstvi
aplikovanych resuscitac¢nich roztokl v pribéhu popaleninového Soku u pacienti
s inhala¢nim traumatem. MnoZstvi aplikovanych resuscitac¢nich roztokd je u téchto
pacientd az o 50 % vyssi [11, 55, 56, 57, 58, 59], a to nejen z diivodu zvysSené
kapilarni permeability v plicnim parenchymu. Rada faktor zlstava jesté
neobjasnénych, jednim zmozZnych se uvadi tzv. ,opioid creep“ fenomén [60].
V zavislosti na davce opiati mohou byt hemodynamické parametry zkreslené.
Zrovna tak interakce srdce - plice pri mechanické ventilaci s pozitivnim pretlakem,
vCetné hodnoty pretlaku na konci exspiria ma vliv na hodnoceni dynamickych
parametri prealoadu [61]. Diagn6za inhala¢niho traumatu podstatné zhorsuje
prognézu pacienta, coZ odrazeji prognostické skérovaci systémy - ABSI, Baux

index.

V publikaci Natriuretic peptide proANP (1-98), a biomarker of ALI/ARDS in
burns [62] se nam podarilo prokazat, Ze hladina ANP koreluje se SOFA skére, je
velmi dobrym prediktorem rozvoje komplikaci v podobé ALI/ARDS, nekoreluje

vSak s tizi inicicalniho bronchoskopického nalezu.

Hlavnim podnétem k dizertac¢ni praci byla prace Davida Bennetta ,Early goal-
directed therapy after major surgery reduces complications and duration of
hospital stay“ [52]. V této studii byla ve skupiné GDT (Goal Directed Therapy)

ndhrada tekutin v prvnich 8 pooperacnich hodinach korigovdna variacemi
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tepového objemu, v kontrolni skupiné hodnotou centralniho zilniho tlaku. Ve
skupiné GDT byl signifikantné nizsi vyskyt pooperacnich komplikaci i délka

hospitalizace (p = 0,007, resp. 0,001).

Vyuziti tepového objemu, ziskaného dilu¢ni metodou zkoumal ve svych
studiich 2000 - 2004 Holm [63, 64, 65]. Holm se svymi spolupracovniky pouzil
metodu transpulmonalni termodiluce systémem PiCCO (pulse-induced continuous
cardiac output) k ziskdni ITBV (intrathoracic blood volume - nitrohrudni objem
krve). Korigoval objemovou resuscitaci kriticky popalenych pacientl v priibéhu
popaleninového Soku na zakladé hodnot ITBV (ITBV - guided resuscitation).
Celkové mnozstvi tekutin aplikovanych pacientim vtéto Holmové studii
JIntrathoracic blood volume as an end point in resuscitation of the severely
burned: an observational study of 24 patients” [63] vSak bylo vys$i neZ mnozstvi
odpovidajici Parklandské formuli. Vysledek lze zd(vodnit tim, Ze ITBV je staticky
objemovy parametr preloadu, a tyto objemové parametry (GEDV, RVEDV/LVEDV),
zrovna tak jako statické tlakové parametry prealodu (RAP/CVP, PAOP) nejsou
spolehlivymi prediktory reakce obéhu na tekutinovou vyzvu, jak dolozili ve svych

studiich Michard, Osman, Cavallaro a Marik [30, 66, 67, 68].

Spolehlivost ziskanych dynamickych parametri prealodu pomoci diluce
lithia monitorem LiDCO Plus/Rapid obhajuje ve své praci Pinsky [69, 70]. Dle jeho
nazoru je tato metoda komparabilni s vysledky dynamickych parametrt prealodu,
ziskanych plovoucim plicnicovym katétrem, ktery je dosud uznavanym zlatym
standardem. Konsenzus 16 renomovanych intenzivistii v ,Update on hemodynamic

monitoring - a consensus of 16“ [71] porovnaval jednotlivé metody, kalibrovatelné
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i nekalibrovatelné. Dospél k nazoru, Ze tyto metody nejsou ve svych vysledcich
srovnatelné a je doporuceno pouzivat v ramci jedné studie pouze jednu z metod a

nekombinovat je.

Do projektu byli zatazeni kriticky popaleni pacienti. Délka umélé plicni
ventilace a délka hospitalizace na jednotce intenzivni péce, pocet chirurgickych
vykoni je u téchto pacientd s termickym trazem velmi individudlni. Vyznamnou
roli hraje rada nezavislych faktor(i, vCetné posloupnosti operacnich vykonf,
sloZzeni operacniho a anesteziologického tymu. Cilem monitorace nebylo
normalizovat hodnoty srde¢niho vydeje ani periferni vaskularni rezistence ¢i
pracovat s faktickymi ¢isly, nybrz s trendovymi hodnotami. Tekutinova naloz byla
navySovana Kkontinualné, nikoliv bolusové, aby kopirovala kapildrni dnik do

intersticia.

Nase studie kombinuje dvé modality monitorace pacientii - hodinovou
diurézu s dynamickymi parametry preloadu. Multimodalni monitorace obéhu
umoZziuje posoudit vice parametrt a terapii individualizovat [72]. Hodinovy vydej
moci odrazi perfuzni tlak vledvinach, v organu vitalné dllezitém, nikoliv vSak
predilek¢né krvi zasobeném, ale s velkou mirou autoregulace krevniho priitoku.
Dynamické parametry preloadu vypovidaji o intravaskularni naplni centralniho
reCisté. Kombinace téchto dvou modalit prinasi do monitorace kriticky popalenych
pacientii v pribéhu popaleninového Soku individualni pristup a novy pohled.
Pacient, vykazujici velké oscilace tepového objemu (vzestupna cast Frank-

Starlingovy kiivky), profituje z podani tekutin (tzv. volume respondent). Naopak

pacient, jehoZ tepovy objem nevykazuje velké variace a nachazi se v ploché casti
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Frank-Starlingovy kiivky, z aplikace tekutin neprofituje, nedokaze jiz zvysit sviij
srdecni vydej a je tekutinami pretiZen. Na zakladé reakce obéhu na podani tekutiny
byl odvozen zprace Pinského [42] algoritmus vazopresorické podpory.
Z algoritmu je patrné, kdy lze u pacienti obéhové nestabilnich indikovat
vazopresory, tedy na zakladé jejich reakce na tekutinovou vyzvu a podle
vypoctenych hodnot periferni vaskularni rezistence. Vazopresorickd podpora
v inicialni fazi popaleninového Soku nema jasna indikacni kritéria. Pfevazuji obavy
z centralizace obéhu, vazokonstrikce kiize a prohloubeni popalenych ploch.
Zaclenéni algoritmu pro indikaci vazopresorické podpory v kontextu permisivni

hypovolemie ptinasi do monitorace kriticky popalenych novy pristup.
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4. ZAVER

Ve studii byla potvrzena hlavni (alternativni) hypotéza, Ze mnoZstvi
aplikovanych substitucnich roztokii v pocatec¢ni fazi popaleninového Soku,
které bylo korigovano pomoci dynamickych parametri preloadu a hodinové
diurézy je nizsi oproti terapii, ktera byla korigovana jen hodinovou diurézou.
Signifikantné niz$i mnoZstvi aplikovanych krystaloidii a kumulativni bilance o
10 % nizsi v LiDCO skupiné, toto tvrzeni podporuje. Ostatni sledované parametry
(jako deficit vyvoje bazi, SOFA skore, poCet provedenych excizi, délka hospitalizace
na jednotce intenzivni péce ¢i délka umeélé plicni ventilace, mortalita) byly v obou
skupinach srovnatelné, bez signifikantniho rozdilu. Toto zjisténi lze interpretovat,
ze permisivni hypovolémie, resp. niZsi mnozstvi aplikovanych resuscita¢nich

roztokii, nema negativni vliv na organovou perfuzi ¢i progndézu pacienta.

U zadného z pacientd nebyl podstatné prekroCen rozpocet tekutin podle
Brooke formule na prvnich 24 hodin (LiDCO - 3 ml/kg/% TBSA, kontrolni skupina
3,2/kg/% TBSA pfti diuréze 0,8 ml/kg/h), z ¢ehoZ vyplyva, Ze na zakladé nasi
studie Parklandska formule spise nadhodnocuje tekutinovou bilanci béhem
prvnich 24 hodin. V LiDCO skupiné byl trend vyvoje kapilarniho uniku i hodnot

intraabdomindlniho tlaku priznivéjsi. U zadného z pacienti se nerozvinul

abdominalni kompartmentovy syndrom.

Cilem dizertacni prace bylo prokazat prospésnost implementace
dynamickych parametria preloadu (v kombinaci s hodinovou diurézou) do

rutinni monitorace vinicialni fazi popaleninového Soku u Kriticky
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popalenych pacientii a zaclenéni algoritmu vazopresorické podpory, a timto
individualizovat péci o Kkriticky popalené pacienty v prabéhu

popaleninového Soku.

Vysledky studie byly prezentovany na XIV. kongresu Evropské popaleninové
asociace vDen Haag vroce 2011 pod nazvem The optimization of volume
resuscitation of extensively burned patients through non-invasive continuous real-

time hemodynamic monitoring LiDCOplus/rapid.
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ARTICLE INFO SUMMARY

Article history: Introduction: Plasma atrial natriuretic peptide levels (proANP (1-98)), a parameter of myo-

Accepted 19 June 2012 cardial dysfunction, have been reported to be increased in critically ill patients with acute
lung injury/acute respiratory distress syndrome (ALI/ARDS). The aim of the study was to

Keywords: examine if proANP is a biomarker of ALI/ARDS as assessed by the Sequential Organ Failure

ProANP (1-98) levels Assessment score (SOFA Lung > 2) in burn patients, and how it compares to the correspond-

Plasma atrial natriuretic peptides ing values for age, total body surface area percent (TBSA%) and inhalation injury for

Inhalation injury mortality prediction.

ALI/ARDS Methods: A group of 22 burn patients with a mean TBSA of 30% (10-75%) and a mean age of

SOFA score 52 years (25-84 years) was investigated during 2010. Organ dysfunction/failure was classi-

fied according to the SOFA score. The criteria for ALI/ARDS were based on SOFA Lung > 2.
ProANP (1-98) concentrations (nmol1™") were measured by commercially available enzyme
linked immunosorbent assay (ELISA) immunoassays (Biomedica Austria) on post-burn days
2and 7.
Results: ProANPlevels on day 7 post-burn positively correlated with a SOFA score day 7 post-
burmn, ¢ =0.91. The receiver operating curve (ROC) analysis proved a sensitivity of 75% and a
specificity of 75% for ALI/ARDS at cut-off values > 3.35 nmol 1~%. The ROC value of proANP
for ALVARDS (SOFA Lung > 2) was significantly larger than that of age, TBSA% and inhala-
ton injury: 0.90, 0.71, 0.74, and 0.69 (p < 0.001).
Conclusions: ProANP levels, as a biomarker of ALI/ARDS, in critically burn patients correlated
with SOFA scoring. The inhalation injury did not lead to increase in proANP values.

(© 2012 Elsevier Ltd and ISBIL All rights reserved.
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1. Introduction

Atrial and brain natriuretic peptides (ANP and BNP) belong to
the family of structurally related peptides that participate in
the integrated control of renal and cardiovascular function,
possessing potent diuretic, natriuretic and vasodilating
properties. ANP is mainly secreted from the cardiac ventricle
and atrium in response to fluid overload or mechanical
stretch. Plasma N-terminal ANP (NT-ANP) levels rise early in
the course of myocardial failure and have been used as a
marker for the diagnosis of asymptomatic left-ventricular
dysfunction with a sensitivity and specificity of more than 90%
[1]. Atrial peptides are also known to be good predictors of
acute deterioration in patients with inotrope-dependent heart
failure [1]. Recently, plasma ANP levels have been reported to
be increased in critically il patients without cardiovascular
diseases. ProANP (1-98) appears to function as a marker of
cardiac depression caused by sepsis [2-7]. Furthermore,
several authors have documented that proANP (1-98) levels
were significantly higher in patients who developed acute
respiratory distress syndrome (ARDS) [8-17], probably attrib-
utable to right-ventricular overload due to increased pulmo-
nary vascular resistance. Right-atrial stretch, hypoxia and
pulmonary vasoconstriction are the main triggers for the
production of ANP. ANP has been shown to be a potent
vasodilator in the pulmonary vasculature in vivo and in vitro.
This effect was observed even in the absence of endothelial
cells, indicating that ANP dilates the pulmonary vascular bed
by a direct action on pulmonary vascular smooth muscle [18].

However, the experience with these markers has been
limited to burn patients. We hypothesised that proANP is also
a favourable indicator of ALIYARDS in burn-injured patients,
possibly also a marker for inhalation injury. The aim of this
prospective pilot study was to investigate proANP levels in
burn patients with pulmonary complications and to examine
its sensitivity and specificity to predict ALIYARDS as assessed
by the lung component of the SOFA score and/or inhalation
injury. The aim of the study was also to examine if proANP can
improve the mortality prediction model based on age and
TBSA.

2. Methods

A group of 22 patients with 2nd and 3rd degree bums, TBSA in
the range of 10-75%, with or without inhalation injury, in the
age range of 25-84 years, consecutively admitted to the Burn
Intensive Care Unit (BICU) were investigated during 2010.
The modified Brooke/Parkland formula served as a resus-
citative strategy — a combination of balanced crystalloids and
colloids (hydroxyethyl starch 130 kDa/0.4, fresh frozen plasma
(FFP)) in the ratio of 2.5-3.0:0.5-1.5 ml kg~%/% TBSA during the
first 24 post-burn hours. Hourly diuresis of 0.5 ml kg~ h~ was
aimed for. Inhalation trauma was confirmed and registered
using a standard bronchoscopy procedure. The criteria for ALY/
ARDS were based on a SOFA Lung score >2 and a modified
standard drawn from the American-European Consensus
Conference on ARDS 1994 [18]. The study
patients without pre-existing serious cardiac disease (NYHA

included
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classification class I-11I), with negative cardiac enzymes, and
with no signs of cardiomegaly according to X-ray. Organ
dysfunction was assessed by using the SOFA score on post-
bum days 2 and 7 [20]. ARDS was managed using a Tung
protective strategy’ that consists of low tidal volume ventila-
tion (<6 ml kg ' IBW) and low plateau pressures (<30 cm H,0).
The liberal use of PEEP is a part of the lung protective strategy
discussed in the ARDSnet tnal [21].

Regular burn treatment consisted of early excision (before
day 3). Regular wound revisions were done under general
anaesthesia using standardised dressings. Early enteral
nutrition was based on calculated caloric needs (by the Espen
algorithm [22,23]). The plasma proANP (1-98) concentrations
(nmol1~") were measured by commercially available ELISA
immunoassays (Blomedica Austria) on post-bum days 2 and 7.

The protocol, including informed consent, was in accor-
dance with the WMA Declaration of Helsinki The study was
approved by the ethics committee of the Faculty Hospital
Kralovske Vinohrady in Prague. An informed consent was
obtained from all the patients involved in the study.

The data are presented in mean and standard deviation
(SD). The data were analysed using multivariate logistic and
general linear regression models. The former was used to
analyse the binary response when the patients were grouped
into two categories based on a normal proANP value or
abnormal proANP value (3.4 nmoll™"), and those with SOFA
Lung < 2 and >2. Thelatter was used considering a SOFA score
as a continuous variable. The list of predictive factors was the
same for both models (logistic and linear) and was as follows:
proANP/2 and proANP/7 for SOFA/2 and SOFA/7, respectively,
and age and TBSA. To find the relationship between SOFA and
proANP after 2 and 7 days after admission, Pearson's correla-
tion coefficients for both time intervals were calculated. To
evaluate the association of proANP and inhalation trauma (IT),
the patients were divided into two groups, those with
inhalation trauma (IT+) and those without (IT-). To compare
the difference between these two groupsin proANPvalues, the
t-test was performed. Receiver operating characteristic (ROC)
curve analysis was used to assess the discriminating power of
proANP for both cases, that i.e, 2 and 7 days after admission.
The area under the ROC curve (AUC), sensitivities and
specificities in the selected cut-offs are given. To ind whether
there exists a statistically significant difference in diagnostic
power between the proANP values on day 2 and 7 after
admission, the Z-statistics defined by Hanley and McNeil were
calculated. For a statistical analysis, Statsoft’s STATISTICA™®
version 10 and Statistical Package for Social Sciences (SPSS)
Statistics™ version 18 were used. All tests were considered to
be statistically significant at the probability level of p < 0.05.
The required sample size for all performed statistical tests was
calculated using IBM SPSS Sample Power"™ software version 3.

3. Results

All patients in the study were artificially ventilated (mean
PEEP 9 cm H,0, SD + 3 em H,0). Multiple organ dysfunction/
failure syndrome (including ALI/ARDS) developed in 13
patients (59%); four patients died (18%). There was no
difference in mortality between patients =50 years of age



Table 1 - The demographic data (age, TBSA), incidence of
inhalation injury, organ dysfunction according to SOFA
score post burn day 2, 7 (SOFA/2, SOFA/7), proANP (1-98)

levels [nmol 1" post bum day 2, 7 (proANP/2, proANP/7),
28-day mortality.

Mean + SD
Age 52 (+18, range 25-84)
%TBSA 30 (+2, range 10-75)
Inhalatory injury (%) 36
SOFA/Lung/2 2
SOFA/Lung/7 3
SOFA/Kidney/2 0
SOFA/Kidney/7 1
SOFA/2 6
SOFA/7 8
pProANPE/2 (nmel17") 3.2 (+1.9)
ProANE/7 (nmel177) 4.7 (£3.2)
28-Day mortality (%) 18

and patients < 50 years of age. Inhalation injury was diag-
nosed in eight patients (36%). Seven patients of the investi-
gated developed pulmonary organ complications (AL/ARDS).
Although nine patients (41%) developed kidney affections
(SOFA kidney score > 0 and < 2), no patient developed renal
failure necessitating renal replacement therapy (SOFA kidney
score =2, Tables 1 and 2).

The comparison of mean proANP (1-98) levels on post-burn
days 2 and 7 with values in a normal population is presented in
Fig. 1. There was no significant difference between proANP
levels on post-bum day 2 and 7 among patients with or
without inhalation injury based on bronchoscopy performed
immediately after admission, p= 0.95 and p = 0.88, respective-
ly. ProANP levels on day 7 were larger in patients categorised at
SOFA Lung score >2 compared to <2, p < 0.0001 (Figs. 2and 3).
ROC analysis proved a sensitivity of 75% and a specificity of
75% for pulmonary complications in a form ALI/ARDS at cut-
off values of proANP (1-98) higher than 3.35 nmol 17" on day 7.
The mean value of proANP (1-98) on day 7 in non-survivors
was 8.05 nmol 17"

We correlated the SOFA score with proANP values at 2 and
7 days after admission. Inboth cases, the Pearson'’s correlation
coefficient was statistically significant but only in the latter
case met the conditions of arequired sample size. After 2 days
of admission, the correlation coefficient was r=0.584
(p =0.004, required sample size = 26). The higher correlation
occurred after 7 days, r=0.910 (p=0.0001, required sample
size =7). ProANP7 was a stronger predictor of pulmonary

organ complications than proANP2. A strong positive
association between SOFA scoring and proANP levels on day
7 was demonstrated.

In a logistic regression analysis examining the predictabili-
ty of a high proANP value in patients with SOFA scores =2, an
ROC value of 0.95 was registered in a model including age
(p=0.06), TBSA% (p=0.15) and inhalation injury (p=0.22,
Fig. 4). The comresponding ROC values for age, TBSA% and
inhalation injury separately were 0.72, 0.74 and 0.68, respec-
tively, compared to proANP (0.90). In a logistic regression
analysis examining the mortality prediction of a high proANP
value, an ROC value of 0.97 was found. The model included
ProANP (p =0.20, ROC 0.86), age (p =0.24, ROC 0.63), TBSA%
(p=10.23, ROC 0.88) and inhalation injury (p = 0.41, ROC 0.58).

4, Discussion

The first and the most important finding in this study is that
proANP was found to be a strong biomarker of ALIYARDS in
burn patients. This has previously been shown in ARDS from
sepsis [2-17] and now also in our data on bums (on day 7 post-
burn). Interestingly, proANP was found to have a significantly
larger predictive ROC value than both age and TBSA%, which
are well-known predictive factors of organ failure develop-
ment, particularly ALI/ARDS in the burn population [24].

Many authors have documented that proANP levels were
significantly higher in patients who developed ARDS [8-17],
probably attributable to right-ventricular overload due to
increased pulmonary vascular resistance; therefore, the effect
of intravenously administered ANP factor on ventilation-
perfusion relationships and pulmonary haemodynamics was
investigated. It was observed that ANP infusion lowered
pulmonary artery pressure but the effect on improvement of
oxygenation was controversial [10]. A widely discussed issue is
the modulating influence of ANP on alveolar type 2 cells and
its inhibiting effect on surfactant secretion [25].

On the contrary, another interesting finding in this study is
thatinhalation injury did notlead to increased proANP values.
This finding is supported by the data in the study of Steinvall
etal. [26,27]in which it was shown that respiratory mechanics
and prognosis may be different in ALI/ARDS and inhalation
injury. However, it needs to be stressed that there often seems
to be an overlap between inhalation injury and ALI/ARDS in
patients, and this was also the case of the present study [27].
The effect of inhalation injury was found to be minor in the

Table 2 - The demographic data (age, TBSA), incidence of inhalation injury, organ dysfunction according to SOFA score

post burn day 2, 7 (SOFA/2, SOFA/7), proANP (1-98) levels [nmoll~ ] post burn day 2, 7 (proANP/2, proANF/7), 28-day

mortality, P/F ratio, LIS post burn day 2, 7 (P/F/LIS/2, P/F/LIS/7) in patients with ALI, ARDS.

Age TBSA% Inhal. SOFA/2 SOFA/7  MOFS
injury

25 52 Yes 6 8 Al

50 50 Yes 7 14 ARDS
61 45 Yes 6 6 ALL

53 55 No 7 10 ALL

75 16 Mo 9 14 ARDS
66 75 Yes 9 14 ARDS
62 35 MNo 9 14 ARDS

ProANF/2 ProANF/7 Exitus P/F/11S/2 P/F/LIS/7
(nmoll™) (nmol 17%)

22 49 No 270/4 230/3

6,8 10 Yes 150/10 100/10

46 53 No 300/3 250/3

26 46 No 280/3 260/3

42 9,8 No 180/6 150/6

33 7,6 Yes 110/10 100/11

3.2 84 Yes 140/10 100/11
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Comparisen of mean value of proANP [nmol/l] with normal value
2 and 7 days after admission
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Fig. 1 - The comparison of mean value proANP (1-98) levels with normal value post burn day 2, 7.

calculations made. The diagnosis of inhalation injury is
difficult to be made, and the criteria are not clearly defined
[27]. Such uncertainties may pose a significant problem,
especially in small patient populations where the effect of
chance may be significant. This shortcoming may be one
reason for both the low predictive values of inhalation injury
and its small effect on the outcome.

Although the number of patients who died was small in
this study, the proANP value on day 7 significantly improved
the mortality predictive model The strong contribution of age
and TBSA% has been well known over the years after it was
first suggested by Baux in 1961 [28]. Mortality prediction
in bum patients can be reliable (ROC values in the range of
0.92-0.96) when age, TBSA% and a lung factor (ventilator
treatment/inhalation injury) are used in the model [29].

There have been a number of limitations in this study that
may affect the strength of the conclusions drawn and they
need to be addressed. First, the overall population size studied
was small, and the number of patients that developed ALY
ARDS as well as the number of patients who died was limited.

10 —|—

ProANP
S @
o

2
8
4]
o Median
5% 75%
2 T Non-Outlier Range
2 1 o outl ers

Fig. 2 - Box plot proANP (1-98) levels [nmol 17 1)/SOFA Lung
score post burn day 7 (group 1 SOFA Lung score < 2, group
1 SOFA Lung score > 2).
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One important finding that, despite the small numbers, makes
the results important and interesting is that the predictive
strength of the models used is still good (ROC values above
0.90). Furthermore, the anticipated normal predictive effects
of age and TBSA% for both organ dysfunction (ALI/ARDS) and
mortality were present in the previous studies using larger
patient populations [24]. It is important, however, that more
detailed studies are performed in a larger patient population to
confirm the findings of this study. In spite of this, the strength
of the present study has been its prospective design and use of
well-known ‘end’ points (SOFA score and mortality).

A further issue that may have affected the results is that
all the patients included in the study needed ventilator
support; and thereby, there may be a selection bias towards
more lung injury-related problems. However, we think this
effect is minor and does not affect the conclusions as there
were still a fair proportion of patients who had the SOFA
lung score <2.

Scatter plot: SOFA vs. proANP (7 days after)
with 5% Confidence interval
proANP = -0.46 + 0.63 SOFA
Cerrelation:r=-0910

proAMP / 7 days after

-2 o 2 4 ] B 10 12 14 16
SOFA /7 days after

Fig. 3 - Scatter plot SOFA Lung vs. proANP (1-98) levels
[nmol17"] post burn day 7, r=0.91.
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Fig. 4 - A logistic regression analysis examining the
predictability of a high proANP value in patients with
SOFA score > 2, a ROC value of 0.95 was registered in a
model including age (p = 0.06), TBSA% (p = 0.15), and
inhalation injury (p = 0.22).

Furthermore, for proANP to be useful not only as a
biomarker for a clinical complication (ALI/ARDS) as we found
for day 7 where ALI/ARDS was most common, but also for
predictive purposes in the clinical setting, the estimate should
be provided early in the treatment course of the disease. In the
present study, the prediction is based on the data on day 7,
which may be a shortcoming. Furthermore, its predictive
value was best at the time when both ALl and ARDS were most
prevalent, and these are also known to be good predictors of
mortality. In this situation, the clinical value of the proANP
mortality prediction is consequently minor. In a larger patient
population, the predictive value early post-burn may be
anticipated but needs further exploring.

5. Conclusions

ProANP in this prospective explorative study of burn patients
was found to be a good biomarker for ALI/ARDS on day 7 post-
burn when the ALI/ARDS prevalence was the highest
Furthermore, proANP measured on day 7 further improved
the mortality prediction model that is based on age, TBSA%
and inhalation injury. The conclusions of this study have been
hampered by the small sample patient size, and further
studies are warranted in larger burn patients’ cohorts and also
incorporating larger burns. The new and important observa-
tion of this study is that the predictive value of a high proANP
level is significantly stronger than age and TBSA%, both
previously claimed tobe the best predictors of an organ failure
outcome such as ARDS [30]. Another interesting finding in this
study is that inhalation injury did not lead to increased
ProANP values.
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Fluid Therapy

LiDCO Controlled Trial—

Optimization of Volume Resuscitation of Extensively
Burned Patients through Noninvasive Continuous
Real-Time Hemodynamic Monitoring LiDCO

Monika Tokarik, MD,* Folke Sjoberg, MD, PhD,{ Martin Balik, MD, PhD.}
Igor Pafcuga, MD,* Ludomir Broz, MD*

This pilot trial aims at gaining support for the optimization of acute burn resuscitation
through noninvasive continuous real-time hemodynamic monitoring using arterial pulse
contour analysis. A group of 21 burned patients meeting preliminary criteria (age range
18-75 years with second- third- degree burns and TBSA 210-75%) was randomized during
2010. A hemodynamic monitoring through lithium dilution cardiac output was used

in 10 randomized patients (LiDCO group), whereas those without LiDCO monitoring
were defined as the control group. The modified Brooke /Tarkland formula as a starting
resuscitative formula, balanced crystalloids as the initial solutions, urine output of 0.5ml/
kg/hr as a crucial value of adequate intravascular filling were used in both groups.
Additionally, the volume and vasopressor /inotropic support were based on dynamic
preload parameters in the LiDCO group in the case of circulatory instability and oligouria.
Statistical analysis was done using #-tests. Within the first 24 hours postburn, a significantly
lower consumption of crystalloids was registered in LiIDCO group (P = .04). The fluid
balance under LiDCO control in combination with hourly diuresis contributed to reducing
the cumulative fluid balance approximately by 10% compared with fluid management

based on standard monitoring parameters. The amount of applied solutions in the LiDCO
group got closer to Brooke formula whereas the urine output was at the same level in both
groups (0.8 ml/kg/hr). The new finding in this study is that when a fluid resuscitation is
based on the arterial waveform analysis, the initial fluid volume provided was significantly

lower than that delivered on the basis of physician-directed fluid resuscitation (by
urine output and mean arterial pressure). (J Burn Care Res 2013;34:537-542)

The form of burn shock is mostly hypovolemic
and distributive, with extremely amplified capillary
permeability. Fluid loss rates up to 4ml/kg/hr in
the first 8§ to 48 hours postburn can lead to a 10%
decrease in total body water. Volume resuscitation
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as essential measure in the treatment of burn shock
is to maintain intravascular filling and may increase
the total amount of body water by 20%, mainly in
the interstitial fluid, transcellular fluid, and fluid in
preformed spaces.! Survey results from the Interna-
tonal Society for Burn Injuries and the American
Burn Association regarding burn volume resuscita-
tion during shock state have revealed that the Park-
land formula (69.3%) and lactated Ringer’s (91.9%)
are preferred treatments.>® Urine output is a major
indicator of adequate intravascular filling (94.9%).2
Approximately 49.5% of burn intensive care units
added colloid solutions before the first 24 hours
postburn elapsed.?* It is known that fluid resuscita-
tion has been shown to reverse abnormalities of con-
traction and relaxation of the heart muscle after burn
injury® although hourly diuresis is an incomplete
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marker of cardiac deterioration. Increased volume
charge, especially in preload-nonresponsive patients,
appears to be counterproductive and leads to exces-
sive circulatory and pulmonary congestion, enhances
generalized edema and tssue hypoxia, and ultimately,
there is a conversion of superficial wounds into deep
ones. This phenomenon is called fluid creep and it is
the result of overexpansion.®”

The thermodilution is a standard method to
obtain the dynamic preload parameters in intensive
care, but in case of burned patients, it is not rou-
tinely performed. Of the minimally invasive tech-
niques for obtaining of dynamic preload parameters
was chosen the Lithium Dilution Cardiac Output
(LiDCO Ltd., London, United Kingdom) com-
pared with thermodilution via Swan-Ganz catheter
or via system PiCCO (Pulsion Medical System,
Munich, Germany) because of a more universal use
of arterial and venous inputs in extensively burned
patients. Burned patients are poor candidates for
invasive pulmonary arterial catheter. Lithium doses
used do not exert pharmacologically relevant effects
in adult patients. The LIDCO technology has been
at least as reliable as other thermodilution methods
over a broad range of cardiac output determina-
tions in a variety of patients. In ventilated patients, a
combination of dilution methods and arterial wave-
form contour analysis can be used to estimate the
cardiac output and other derived dynamic preload
parameters. 1%

Arterial pulse contour analysis is a technique for
measuring and monitoring stroke volume (SV) on a
beat-to-beat basis, which is derived from the arterial
pulse pressure waveform. Relationship between
ventricular end-diastolic filling volume and SV is
based on Starling’s law of the heart. Mechanical
ventilaton induces cyclical changes in SV. SV is
altered by the transient increases in intrathoracic
pressure, cardiac afterload, and lung volumes that
occur during inspiration. This variation in SV also
results in a cyclical fluctuation of arterial blood
pressure (systolic pressure variation [ SPV] and pulse
pressure variation [PPV]). The importance of these
continuous measurements is that the magnitude of
the respiratory changes in the left ventricular SV,
or arterial pressure changes, should be proportional
to the degree of ventricular preload dependence.
SPV is the difference between the maximum and
the minimum values of systolic arterial pressure
recorded over a single respiratory cycle. PPV%
is measured over a single respiratory cycle and is
defined as the maximal pulse pressure minus the
minimal pulse pressure divided by the average
of these two pressures. Stroke volume variation

Journal of Burn Carc & Rescarch

September,/October 2013

(SVV%) is measured over a single respiratory
cycle and is defined as the maximal SV minus the
minimal SV divided by the average of these two
SVs. The LiDCOplus uses an algorithm, which
is morphology independent and with aortic
impedance /compliance correcdon incorporated
into the pressure to volume waveform conversion.
Autocorrelation is used to derive the pulse power
and estimate SV.16-21 PPVY and SVV% are dynamic
markers of volume responsiveness and have to be
proved useful in determining appropriate endpoints
in fluid resuscitation during burn shock.

The aim of this prospective, randomized con-
trolled trial was to optimize the volume resuscita-
tion during burn shock, using the method of pulse
contour analysis combined with intravascular vol-
ume monitoring by urine output. The underlying
hypothesis reflects a comparison of LiDCO and stan-
dard resuscitation strategies based on the modified
Brooke /Parkland formula.

METHODS

Consecutively admitted 21 burned patients meet-
ing the inclusion criteria were randomized during
2010 to one of the two treatment arms—group
1 (LIDCO-guided group) and group 2 (control
group). The inclusion and exclusion criteria, includ-
ing the resuscitation algorithms and primary/sec-
ondary endpoints are explained in Table 1. The
algorithm for the initiation of vasopressor/inotropic
support in LIDCO group is described in Table 2.1

The protocol, including informed consents,
in accordance with World Medical Association
Declaration of Helsinki, was approved by the Ethics
Committee of Faculty Hospital Kralovske Vinohrady
in Prague. The informed consent was received from
all patients involved in the study. All patients in
the study, both in the LiDCO and control groups
were artificially ventilated in accordance with the
“lung-protective ventilation” concept (positive end-
expiratory pressure < 15 cmH,0O, peak inspiratory
pressure < 35 cmH,0, sedation via combination
midazolam with fentanyl /sufentanil).?? Inhalation
trauma was confirmed and registered using a standard
procedure for bronchoscopy. Regular wound
revisions were done under general anesthesia, using
standardized dressings; the burn treatment consisted
of early excisions (before day 3). Early enteral
nutrition was based on calculated caloric needs
{calculated by European Society for Clinical Nutrition
algorithm).232* Multiple organ dysfunctionfailure
syndrome was classified according to the Sequential
Organ Failure Assessment score.”®
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Table 1. FACT protocol

Fluid Therapy LiDCO Controlled Trial in BURNS Protocol

The inclusion criteria: age range 18 to 75 years with sccond- to third-degrec burns and TBSA = 10 to 75 % with or without inhalation
tranma, need for fluid challenge within 24 hours after admission to burn intensive care unit—burn shock, adequate volume therapy
according to Parkland formula imitiated by emergency ambulance, admission to 2 hours after injury

The exclusion criteria: TBSA > 75 %, Bull index = 100, renal failure with renal replacement therapy, chronic lithium therapy, pregnancy,
noncompliance of terms for LIDCO monitoring (sinus rhythm, arterial catheter, body weight = 40kg, artficial lung ventilation without
continual relaxation, sedation midazolam + fentanyl /sufentanil, posiive end-expiratory pressure £ 15em H O, peak inspiratory pressure

< 35cm H,0)

Group I—LiDCO: fluid therapy guided by the standard protocol,

in the case of crculatory instability (MAP < 65 T) and oliguria
(= 0.5 ml/kg/hr) fluid challenge according to LiDCO-guided

Group 2—control: fluid therapy guided by the standard
protocol, in the case of circulatory instability (MAP < 65 T)
and oliguria (< 0.5 ml/kg,/hr) increased fluid provision or

protocol vasopressor,/ Inotropic support was done according to the
current physician deasion

Standard protocol: the modified Brooke,/Parkland formula
was served as a starting resuscitative formula — 3 to 4 ml

of balanced crystalloids kg /% TBSA, in the case of TBSA
= 30% were combined the balanced crystalloids and
synthetic colloids (HES 130kDa/0.4, FFP) in the

ratio 2-3:0.5-1.5ml,/kg/% TBSA during the 24 postburn
hours, the required MAP range 65-90 T, urine output
minimally 0.5 ml/kg/hr

The primary endpoints: during the first 24 postburn howrs—the cumulative fluid balance, the consumption of the total resuscitative
solutions, the consumption of crystalloids, the consumptions of colloids, base excess, capillary leak index (capillary leak index is defined

LiDCO-guided protocol: in the case of circulatory instability (MAP

< 65 T), oliguna (< 0.5 ml/kg/hr) and preload responsivencss basced

on dynamic preload parameters (systolic pressure variation > 10mm Hg,
pulse pressure vanation > 15%, stroke volume varation > 15%) lead to
an increased flud therapy (crystalloids inerease of 100 ml/hr, colloids
increase of 50 ml/hr [while trying to mamntaining the maximum daily
dose ]). The vasopressor/inotropic (noradrenaline /dobutamine )
support strategy was adjusted according to FACT algonthm (Table 2)

as CRP /albumin), indication of vasopressors support (number of patients), intraabdominal presssure, reversal of organ dysfunction
according to Sequential Organ Failure Assessment score

The secondary endpoints: the number of days on invasive ventilatory support, number of exasions (during whole treatment), length of
burn intensive care unit stay, hospital survival

EACT, Fluid Therapy LiDCO Controlled Trial; FEP, fresh frozen plasma; HES, hydroxyethyl starch; LiDCO, lithium dilution cardiac output; MAP, mean arte-
rial pressure.

Fluid challenge: crystalloids increase of 100ml,/hr, colloids increase of 50ml/hr (while maintaining the maximum daily dose). Cumulative fluid balance: all mea-
surable intake minus all measurable output during the first 24 postburn hrs. Days of invasive ventilation: number of days spent on any kind of invasive ventilatory
support (day without any kind of invasive ventilatory support means that patient has been disconnected from ventilavor for longer than 24 hrs, bur the patient

may be on noninvasive ventilatory suppore or on oxygen therapy).

Data are presented as a mean (x SD) or median
and as 25/75 or 10/90 percentles. Comparisons
between the groups were made using unpaired
t-tests or Fisher’s exact test as appropriate. All tests
were considered to be statistically significant at the
probability level of P < .05.

RESULTS

Both groups (LiDCO /control) were comparable
in terms of age, TBSA, the incidence of inhalation
injury, and initial Acute Physiology and Chronic
Health Evaluation II score (Table 3). No patient
was excluded from the study. A significant
difference was found regarding consumption of
crystalloid solutions (which made up three fourth
ofall applied solutions) in the LiDCO group during
the first 24 postburn hours, P= .04 (Table 4). The
length of stay in burn intensive care unit, length
of mechanical ventilation (including ventilation

parameters), Sequential Organ Failure Assessment
score, and mortality were comparable in both groups
without statistical significance (Tables 4 and 5). A
number of surgical excisions, capillary leak index,
and intraabdominal pressure were somewhat more
favorable numerically in the LiDCO group (Tables
4 and 5) but without statistical significance. The
amount of applied solutions in the LiDCO group
got closer to Brooke formula, which was the initial
formula at the same level of urine output in both
groups (0.8 ml/kg/hr; Table 4). The indication
of vasopressor support was comparable in both
groups as well (Tables 2 and 4). The levels of the
dynamic preload parameters in the LiDCO group
during the first 24 postburn hours (admission /24
postburn hr) were in accordance with the
development of burn distributive shock (cardiac
index 3.1x0.6/6.2z0.8 1/min/m?, systemic
vascular resistence index 2340+ 146,/1760+172
dynes-sec/cm®/m?).
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Table 2. FACT algorithm

Hemodynamis
stability

" Preload
responsiveness

Reduced
systemic
vascular
resistance

Yes ‘ ( Mo ‘ ‘ Yes ‘ ( Mo ‘
Violwme &
' VASOpressors i Volume ‘ ' Vasopressors ( Inatrophes ‘

Algorithm of volume and vasopressor/inotropic (noradrenaline/dobura-
ming ) support.
Hemodynamic instability: mean arterial pressure < 65 T and oliguria < 0.5

ml/kg/hr.

Preload responsiveness based on dynamic preload parameters (systolic pres-
sure variation = 10 mm Hg, pulse pressure variation = 15%, stroke volume
variation > 15%).

Physiological range: CI: 2.5-4.0 |/min |/min,/m2, systemic vascular resis-
tence index: 1970-2390 dynese*sec/cm5s,/m2.

Sonrce: From Reference 13

DISCUSSION

The new finding in this study is that when a fluid
responsiveness methodology based on the arterial
waveform analysis (SVV%, PPV%, SPV) is used in the
Fluid Therapy LiDCO Controlled Trial algorithm,
the crystalloid fluid volume provided was signifi-
cantly lower than that delivered on the basis of physi-
cian-directed fluid resuscitation (by urine output and

Table 3. Demographic data
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mean arterial pressure). The biggest benefit of the
LiDCO technology and the algorithm of volume /
inotropic support based on protocolized functional
hemodynamic monitoring, according to Pinsky
et al,!3 is the assessment of volume responsiveness
before administration of fluid. This method to assess
preload responsiveness (which includes monitoring
changes in central venous pressure during sponta-
neous inspiration, variations in arterial pulse pres-
sure, systolic pressure, and aortic flow variations in
response to vena cava collapse during positive pres-
sure ventilation) was combined with hourly urine
output in this study.

With the exception of the results, the present
study is in many aspects similar to a recently pub-
lished article by Csontos and coworkers.?® In a
prospective, controlled fashion, they showed on
a similar burn injured population (24 patients)
that, with an Intra Thoracic Blood Volume Index
(ITBVT) cutoff endpoint, the fluid volume provided
was increased compared with the control group
(physician-directed resuscitation based on only urine
output and mean arterial pressure). Urine output in
the control group was close to 1 ml/kg/hr whereas
it was significandy higher in the ITBVI group. This
finding is supported by the observational study of
Bak and colleagues?”?* in which using echocardiog-
raphy /arterial thermodilution /Swan Ganz catheter
methodology, they showed that, at least from the
morphology point of view, there is a hypovolemia
period early during the first 12 hours postburn in the
central circulation when resuscitation is performed
according to urine output and based on the Park-
land formula. They concluded that, when using a
central circulaton endpoint in the resuscitation of
significantly burned patients, there is an inherent
risk of overresuscitation. The study by Csontos and
coworkers?® claimed that the increased fluid provided
was to the advantage for the patient as higher organ-
failure scores and a lower level of venous mixed
pO2 were recorded in the urine output-only group.
This finding contradicts the international consen-
sus mostly based on studies from the United States
(Saffle® and Pruitt?®3°) in which the authors have

Lithivm Dilution Cardiac Control
Output (Mean + §D) (Mean + SD) P (t-test)
Length of mechanical ventilation (days) 12.1£13.2 122+13.7 9
Excisions (Number of patients) 1.8:04 2.5+0.6 3
Length of stay in burn intensive care unit (days) 245:103 246116 9
Survivors {No of paticnts) 8 .6 Fisher P bilateral (32)
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Table 4. Primary endpoints during the first 24 postburn hours
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Lithium Dilution Cardiac

Output (Mean + 5D) Control (Mean = SD) P (t-test)

Cumulative fluid balance (ml}* 6320970 76701580 5
Total volume of the resuscitative solutions (ml) 6840750 9700 +1440 1
Crystalloids (ml) 5090 = 680 78201050 .04
Colloids (ml)t 1380330 1530 +400 4
Basc cxcess (mmol /1) admission,/ 24 hrs -76+x1.6/-3.6:0.8 -65+1.6/-3.1+2.1 6,/0.8
Capillary leak index (CRP/albumin index) 74:16 10422 3
Moradrenaline { No of patients) 2 2 8
Intra-abdominal pressure (mm Hg) 11.2=0.4 13.4+05 4
Sequential Organ Failure Assessment score 5+l 5+2 9
Unne output ml kg, hr 0801 0.8:02 9
Resuscitative formula ml kg% TBSA 305 3303 7

Cumulative fluid balance, the torl consumprion of resuscirative solutions, the consumption of crysmalloids, the consumption of the colloids, base excess, capil-
lary leak index (CRP /albumin index, capillary leak index), indication of vasopressors support: noradrenaline (number of patienss, maximum dose 20 pg/min),
intraabdominal pressure, the reversal of organ dysfunction according to Sequential Organ Failure Assessment score, hourly urine output, fluid charge in relation

to the modified Brooke/Parkland formulas.

*Cumulative fluid balance: all measurable intake minus all measurable output during the first 24 postburn hrs.

tColloids: hydroxyethyl starch 130kDa,/0.4/fresh frozen plasma.

cautioned against exceeding the endpoints provided
by the Parkland formula. Exceeding such levels has
been claimed inadequate, and the terminology “fluid
creep” has been coined. Also lack of positive effects
by using central circulation endpoints was reported
in the randomized controlled trials by Holm and
colleagues® 33 where significant overresuscitation
was evident in the treatment arm using central cir-
culation endpoints (ITBVI). Lower consumption of
applied crystalloids (creating more than three quar-
ters of all resuscitation solutions) in the present study
compared with Holm’s studies can be explained by
the fact that volume therapy was managed according
to the protocolized algorithm of volume responsive-
ness (betore administration of fluid) in combination
with hourly urine output. Another interesting find-
ing in the present study is that the fluid treatment in
the LiDCO group was more homogenous in regard
to a less variability (smaller range and SD) in urine
output between patients. This may suggest that the
fluid responsiveness measure is a better physiologi-
cal measure for intravascular fluid volume than that
assessed indirectly by urine output.

Table 5. Secondary endpoints

It is also important to stress that in the present
study, as opposed to many other studies investigating
fluid treatment of burns, the detailed vasopressor use
was documented and regulated by the fluid treatment
algorithm. This has not been done before, but the
use of vasopressor drugs to reduce fluid overload has
been recommended by several authors addressing
fluid resuscitation in burn patdents and the risk of
fluid overload.!® In this aspect also colloid rescue
therapy has been suggested.*® This protocolized
functional hemodynamic monitoring could be used
on repeated surgeries or septic shock, too.

This prospective controlled trial presents for the first
time a circulation surveillance technique (SVV, PPV,
SPV) in combination with hourly urine output, which
does not, unlike what was previously found with other
central circulation surveillance techniques, lead to
fluid overresuscitation in early shock fluid treatment of
significant burns. It can be assumed that statistical sig-
nificance would be achieved also in other monitored
parameters (eg, cumulatdve fluid balance), by increas-
ing the number of patients. An implementation of a
randomized multicenter study would be appropriate.

Lithium Dilution Cardiac

Output (Mcan = 5D) Control (Mcan = SD) P (t-test)
Length of mechanical ventilation (days) 121132 122137 9
Excisions (No of paticnts) 1804 25:06 3
Length of stay in burn intensive care unit (days) 245103 246=1l6 9
Survivors (No of patients) 9 8 .6 Fischer P bilateral (32)

The number of days on invasive ventilatory support, number of excisions (during hospiralization), length of burn intensive care unit stay, hospital survival.
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ERRATA

Hand Injury Caused by Pressured Powder Gas: Erratum

In the article appearing on page e314 of theNovember /December 2012 issue, an author’s name was omitted.
The third of five authors should be listed as Huseyin Karagoz, MD.

The publisher regrets the error.

Reference: Sahin €, Sever C, Kulahei Y, Aysal BK. Hand injury caused by pressured powder gas. J Burn Care
Res 2012;33:2314.

Fhaid Therapy LiDCO Controlled Trial-Optimization of Volume Resuscitation
of Extensively Burned Patients through Noninvasive Continuous Real-Time
Hemodynamic Monitoring LiDCO: Erratum

In the article appearing on pages 537---542 of the September /October 2013 issue, Table 5 was inadvertentdy
duplicated, and Table 3 omitted. Table 3 should have appeared as follows:

LiDCO Control
(average/range}  (average/range)

N=11 N=10 P (t-test)
Age (years) 49.8 (26 - 69) 482 (22 - 70) 0.8
TBSA (%) 31.1(10-57) 35.4(10 - 61) 0.6
APACHE Il score  19.8 (9-29) 20.9(5-31) 0.7
Inhalatory imury 7 9 0.6
(No of patients) Fischer P bilateral (32)

Table 3. Demographic data
The publisher regrets the error.

Reference: Tokarik M, Sjéberg F, Balik M, Pafcuga I, Broz L. Fluid therapy LiDCO contolled wial-opt-
mization of volume resuscitation of extensively burned patients throngh noninvasive continuons real-time

Is Automated Electronic Surveillance for Healthcare Associated Infections Accurate
inn the Burn Unit?: Erratum

The article appearing on pages 591—97 of the November /December 2013 issue contained three errors the
authors wish to correct, as follows:

In Table 4, the Sensitivity of Nonbuwrn unit CLABST should be 40, not 60. In Table 5, the Sensitivity for
Nonburn unit CAUTT should be 70, not 50. The first sentence of the first paragraph on page 595 should
begin, “In burn patents...” not “In the burn ICU....”

The authors regret the errors.

Reference: Venable A, Dissanaike S. Is antomated electronic surveillance for healtheare associated infections
accurate in the burn unit? ] Burn Care Research 2013;34:591—7.
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