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ABSI: Abbreviated Burn Severity Index

Bpm: batecs per minut

CD: cluster de diferenciacio

DMO: Disfuncié multiorganica

FiO2: Fraccid inspirada d’oxigen

G-CSF: Factor estimulant de colonies dels granulocits
HIA: Hipertensio intra-abdominal

IC: Interval de confianga

IL1Ra: Antagonista del receptor de la interleuquina 1
IReA: Insuficiéncia renal aguda

IVSIT: index del volum de sang intratoracica

MCP1: Proteina quimioatraient dels monocits (MCP)1
MEC: Matriu extracel-lular

MIP1B: Proteina infamatoria dels macrofags 1
NAC: N-acetilcisteina

NGAL: Lipocaina gelatinasa-asociada dels neutrofils
NT-proBNP: Péptid pro-f N-terminal natriurétic
PCR: Proteina C reactiva

PCT: Procalcitonina

RBA: Rentat broncoalveolar

RVP: Raéd de versemblanga positiva

RVN: Rad de versemblanga negativa

SCA: Sindrome compartimental abdominal

SCT: Superficie corporal total

SDRA: Sindrome de destret respiratori agut

SOFA: Sequential Organ Failure Assessment

ST2L: Forma transmembrana de la proteina supressié de la tumorigenicitat 2
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sST2: Forma soluble de la proteina supressio de la tumorigenicitat 2
TGF: Factor de creixement

TNFo: Factor de necrosi tumoral o

UCI: Unitat de Cures Intensives

VM: Ventilacié mecanica

VPP: Valor predictiu positiu

VPN: Valor predictiu negatiu
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La present tesi es composa de dos articles ja publicats i admesos per la
Comissié Académica del Programa de Doctorat de Cirurgia i Ciéncies
Morfologiques amb data 20 d’abril de 2018.

El primer treball és un article de revisio sobre les troballes recents més
significatives en el camp dels biomarcadors en els pacients cremats, els
resultats de la qual es desenvolupen en I'apartat de la introduccié d’aquesta
tesi doctoral. La lesid per cremada s’ha associat a I'augment de la
concentraci6 de molts mediadors inflamatoris. Aquests mediadors so6n
importants en la fisiopatologia de la cremada, contribuint a la disfuncio
organica i l'aparici6 de complicacions séptiques. També soén utils en
I'establiment del prondstic i son importants en la fisiopatologia de situacions
concretes com la cicatritzaci6 o la lesid6 per inhalacid6 de fums. En
conseqliéncia, alguns d’aquests biomarcadors també podrien ser considerats
com a possibles dianes terapéutiques. Igualment, com que els tractaments
també poden afectar els processos biologics, els biomarcadors poden ser
utils per guiar I'is de determinats tractaments i podrien ajudar a explicar
perqué alguns tractaments no son utils a I'hora de millorar el pronodstic de
determinats pacients. Per tant, la investigaci6 en biomarcadors és una
caracteristica principal de la medicina translacional d’aquesta area de
coneixement. Les investigacions futures haurien de focalitzar-se en la
prevencié de complicacions associades a la lesi6 per cremada, en
I'estratificacié dels pacients segons la seva gravetat, en el disseny de noves
dianes terapéutiques i en la validacié clinica de les troballes descrites en

estudis experimentals.

El segon article és un estudi observacional prospectiu, que es presenta en
la resta d’apartats d’aquesta tesi, I'objectiu del qual era el de valorar la utilitat
en la determinacié del pronostic dels pacients cremats dels biomarcadors
implicats en I'eix IL33/ST2. De fet, es tracta del primer article que analitza la
significacié pronodstica d’aquests biomarcadors en pacients cremats i els
resultats obtinguts demostren la relacié existent entre la concentracié de la
fraccid soluble de la proteina supressié de la tumorigenicitat 2 (sST2) i la

mortalitat d’aquests pacients. A més a més, nivells elevats de sST2 també es
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van associar a una major incidéncia de complicacions infeccioses i de
disfuncié organica, suggerint que podria tenir un paper significatiu en la
génesi de la disfuncié organica associada a la cremada. Per tots aquests
motius, la mesura de la concentracié de sST2 podria, en un futur, ajudar en el
procés de presa de decisions sobre el tractament indicat en cada pacient ja
que ens permetria saber quins son els pacients amb més alt risc de patir una
mala evolucié i que, per tant, es podrien beneficiar d’'un tractament més

agressiu.
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3.1 Epidemiologia de la lesié per cremades

La lesié per cremada és un tipus freqlent de lesié traumatica. En un
recent estudi observacional realitzat a nivell europeu, la seva incidéncia anual
es va estimar entre un 0°2 i 2’9 / 10.000 habitants(1).

Més enlla de la seva incidéncia, es calcula que al voltant de 300.000
persones moren cada any al mén com a conseqiiéncia de cremades(2). A
més a més, son causa freqlient de seqlieles importants que generen
importants alteracions en la qualitat de vida dels supervivents(3). En aquest
sentit, les lesions per cremades també generen importants despeses
sanitaries donats els llargs periodes d’hospitalitzacié i rehabilitacié que
precisen els pacients i els costos elevats dels tractaments de les ferides i les
sequeles(4, 5).

3.2 Biomarcadors

Al llarg de la historia, s’han proposat diferents definicions de
biomarcadors. No obstant aix0d, podriem definir com a biomarcador, tota
aquella caracteristica que pot ser mesurada objectivament i analitzada com a
indicador d’un procés biologic normal, d’'un procés patologic o de la resposta
a una intervencio terapeutica, ja sigui 'administracié d'un farmac o de

qualsevol altra mesura(4).

En aquest sentit, 'Organitzaci6 Mundial de la Salut ha proposat una
definicié de biomarcador que inclou “gairebé qualsevol mesura que reflecteixi
la interaccié entre un sistema biologic i qualsevol perill potencial, que a
vegada pot ser quimic, fisic o biologic. La resposta mesurada pot ser
funcional i fisiologica, bioquimica a nivell cel-lular o dinteraccié entre
molécules”(5). Per tant, podriem considerar com a biomarcador des de

mesures de parametres fisiologics basics i que es poden obtenir faciiment a
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peu de llit, com la freqUéncia cardiaca, la pressié arterial o la dilresi, fins a

molécules presents en els diferents teixits o a nivell sanguini.

El biomarcador ideal hauria de ser aquell que podem obtenir faciiment i
que és sensible, especific i altament reproduible (Taula 1). A més a més, els
seus nivells s’haurien de modificar amb I'aplicacié de diferents intervencions
terapéutiques i hauria de tenir utilitat prondstica. Finalment, la seva obtencio

hauria de ser una mesura cost-efectiva.

Taula 1. Caracteristiques del biomarcador ideal

- D’obtencié facil, segura i factible.

- Sensible i especific.

- Altament reproduible.

- Concentracié modificable pels tractaments.
- Utilitat en I'avaluacio del pronostic.

- Mesura cost-efectiva.

La recerca en I'obtencié de nous biomarcadors en una gran varietat de
malalties ha crescut de manera molt significativa per diferents motius. En
primer lloc, els biomarcadors ens han ajudat a entendre la fisiopatologia
relacionada amb les diferents malalties, permetent un diagnostic precog i
acurat d’algunes complicacions, aixi com estratificar la malaltia segons els
diferents graus de gravetat. D’altra banda, també sén dutils en el disseny de
noves estratégies terapéutiques que poden millorar el pronostic de les

malalties i en I'analisi de I'efectivitat dels diferents tractaments.
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3.3 Nous avencos en biomarcadors en la lesio

per cremades

3.3.1 La importancia de la inflamacio en la lesio per
cremades

A ligual que passa amb totes les diferents malalties, entendre la
fisiopatologia de la lesid per cremades és un punt crucial per tractar-la
correctament. La lesié per cremades desencadena tant una resposta a nivell
local com a nivell sistémic. De fet, la qliesti6 de com apareix el fracas
multiorganic és un punt d’especial interés donada la importancia que té a
nivell pronostic. En aquest sentit, com més extensa i profunda és una
cremada, més risc hi ha de que el pacient desenvolupi una resposta
exagerada a nivell sisttmic. A més a més, els pacients grans cremats
presenten un risc elevat de presentar complicacions séptiques que
rapidament poden generar una resposta inflamatoria a nivell sistéemic que pot
generar dany a nivell de diferents organs com, per exemple, el pulmé, el

fetge, el ronyo, l'intesti o fins i tot el cervell.

Diferents estudis han analitzat la importancia de diversos mediadors
inflamatoris després de la lesid per cremades. Els principals resultats dels
estudis més recents publicats en aquest ambit es descriuen a la Taula 2. En
aquest sentit, s’ha descrit un augment de la concentraci6 de I'antagonista del
receptor de la interleuquina 1 (IL1Ra) des del moment de I'ingrés en pacients
amb cremades de segon i tercer grau(6) i les seves concentracions eren més
elevades en pacients amb inhalacié que no van sobreviure. Els seus nivells
també s’han correlacionat amb I'extensié superficie corporal total (SCT)
cremada(7, 8). La seva concentracié es correlaciona amb la concentracié
d’altres biomarcadors com la IL6, la IL8, el factor de necrosi tumoral (TNF) «,
la proteina C reactiva (PCR)(8) i I'estat clinic del pacient, independentment de

la presencia d’infeccié. A més a més, les concentracions plasmatiques de
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IL1Ra eren més elevades de els pacients que van desenvolupar un quadre
septic, amb o sense xoc, aquells amb disfuncié multiorganica (DMO) i en
aquells que no varen sobreviure a la lesio(7). De manera semblant, també
s’ha descrit que els pacients amb cremades que van presentar complicacions
infeccioses o aquells que no varen sobreviure presentaven concentracions
més elevades de IL1p i IL1Ra(8).

Altres estudis han mostrat que els nivells de IL6, IL8 i TNFa estan
augmentats després de patir una gran cremada i estaven inclis més elevats
en aquells que van desenvolupar un quadre séptic i en aquells que no van
sobreviure a la lesi6(9-11). Igualment, els no supervivents també presenten
nivells més elevats de IL10(12). En contraposicio, també s’ha descrit un
segon pic de concentracié de factor de creixement (TGF) B1 inferior en

aquells pacients que no van sobreviure a la lesio(13).

Més recentment i en el sentit de totes aquestes observacions, en una
gran cohort de pacients cremats pediatrics s’ha observat que la concentracio
plasmatica de nombroses citoquines es troba significativament alterada
després d’'una lesié per cremada(14). Hi ha un increment marcat de la
concentracié del factor estimulant de colonies dels granulocits (G-CSF), IL6,
IL8, la proteina quimioatraient dels mondcits (MCP)1 i la proteina infamatoria
dels macrofags (MIP)1p. | és aquesta resposta inflamatoria exagerada la que
pot induir el dany a altres organs, com el pulmo, el fetge, el ronyd, l'intesti o el
cervell(15). De fet, les cremades greus alteren la funcié de les barreres
fisioldgiques de l'organisme permetent el pas de cél-lules infamatories i
I'alliberament de grans quantitats de citoquines proinflamatories i oxidants,
proteines del complement o altres substancies que poden induir o agreujar la
lesi6 organica(16). En aquest sentit, cal destacar els resultats de dos estudis.
El primer incloia pacients grans cremats, definits com aquells que
presentaven afectacio de més del 30% de la SCT. En aquesta cohort de
pacients, aquells que van desenvolupar DMO presentaven concentracions
més elevades de IL6, MCP1, TNFa i PCR(17). El segon estudi va incloure
230 pacients pediatrics amb més del 30% de SCT cremada(18). De manera

semblant, els pacients que no van sobreviure presentaven concentracions
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més elevades de IL6, L8, G-CSF, MCP1 i PCR. Els resultats d’ambdoés
estudis suggereixen que la resposta infamatoria podria jugar un paper
important, no només en la lesi6 per cremada, siné també en I'aparicié de
DMO secundaria a la cremada i podria, d’igual manera, ser un factor a tenir

en compte a I'hora d’establir el pronostic d’aquests pacients.

Cal destacar que, tal i com succeeix en altres patologies, la DMO és una
de les principals causes de mort en els pacients que han patit una cremada
greu(19, 20). En conseqiiéncia, tan important és el tractament quirdrgic que
precisen aquests pacients com I'aplicaciéo de mesures de suport que intentin
minimitzar l'aparici6 de DMO. Per tant, intentar millorar els mecanismes
exactes involucrats en la génesi de la disfuncié podria ajudar a dissenyar
noves estratégies terapéutiques que permetessin una modulacié de la
resposta inflamatoria amb I'objectiu de disminuir la incidéencia de DMO i
millorar el pronodstic dels pacients cremats. En aquest sentit, la resposta de
I’hoste també juga un paper molt important. Recentment s’ha descrit que una
resposta exagerada de I'hoste podria estar relacionada amb un pitjor
pronostic. En aquest sentit un punt de tall de 14 pg/mL de concentracio
plasmatica de IL10 tindria una bona capacitat de discriminacid entre aquells
pacients que sobreviuen i els que no sobreviuen a una cremada greu(21).
D’altra banda, diferents clusters de diferenciacié (CD) dels granulocits,
limfocits i mondcits han demostrat estar sobre expressats en els supervivents

a una cremada greu(22).

3.3.2 Sobreinfeccio fungica de la cremada

Historicament, la infeccié ha estat una de les causes de morbi-mortalitat
més important dels pacients cremats(23). En aquest sentit, tot i que les
infeccions més frequents sén les bacterianes, els pacients cremats també

presenten un augment del risc de patir una infeccié fungica.

En un estudi que va incloure més de 2500 pacients cremats, la preséncia
d’infeccié fungica es va associar amb un augment del risc de mort tot i

ajustar-se per edat, SCT cremada o la preséncia d’inhalacié de fums(24). En
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un estudi experimental en el qual s’estimulaven ceél-lules mononuclears de
sang periferica de voluntaris sans i pacients cremats amb antigen de Candida
albicans, el sérum dels pacients cremats va demostrar un efecte inhibidor
sobre la produccié de limfocits T CD4+ mediada per IL17(25). No obstant
aixo, la produccié de IL17 en el sérum dels pacients cremats si que es
trobava estimulada quan aquest havia estat préviament tractat amb un
anticos anti-IL10. Aquests resultats suggereixen que I'elevada susceptibilitat
a la infeccié per C. albicans que presenten els pacients cremats podria ser
deguda als nivells elevats de IL10. Tanmateix, qualsevol intervencio
terapéutica que tingui per objectiu modular els nivells de IL10 per disminuir el
risc d’infeccid fungica en pacients cremats, hauria de realitzar-se amb molta
cura per mantenir el balang entre mediadors inflamatoris i anti-inflamatoris.
D’altra banda, la mesura dels nivells de IL10 i IL17 podria ajudar a determinar

quins pacients cremats tenen major risc de presentar una infeccié fungica.

3.3.3 Biomarcadors en la lesio per inhalacio de fums

La fisiopatologia de la inhalacié de fums ha despertat també un enorme
interés. Un estudi recent ha investigat si existeix una resposta inflamatoria
sistémica consequiéncia de la lesié per inhalacié de fums(26). Els resultats de
lestudi han mostrat que els nivells de mediadors inflamatoris a nivell
plasmatic es troben més elevats en aquells pacients amb major gravetat
respiratoria, i que la concentracié de IL1Ra té I'associacio més forta amb la

gravetat de la lesié i el pronostic del pacient.

Altres aspectes que s’han analitzat son factors que modifiquen la resposta
cel-lular a la presencia de sutge, que son probablement els responsables del
desenvolupament de sindrome de destret respiratori agut (SDRA) i infeccio
del tracte respiratori inferior. En aquest sentit, s’ha demostrat que nivells més
elevats de IL10 i IL12p70 mesurats precogment en el rentat broncoalveolar
(RBA) de pacients cremats amb inhalacié de fums es relacionen amb un
augment de la gravetat de la lesi6é respiratoria(27). A més a mes, els
mateixos autors proposen una nova hipotesi per la fisiopatologia de la lesié

per inhalacié: donat que la infeccidé per gérmens gram-negatius s’'associa a
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un major grau d’hipoxémia, és possible que un increment perllongat dels
nivells de IL10 al RBA d’aquests pacients s’associés a un augment de la

immunosupressio i la consequent infeccioé per gérmens gram-negatius.

D’altra banda, en pacients fumadors (el mecanisme de lesié dels quals
podria presentar certes semblances a la lesié per inhalacid de fums) s’ha
observat una estimulacié dels biomarcadors de l'eix IL33/ST2, que a la

vegada estimula la sintesi d’altres citoquines pro-inflamatories(28).

També s’ha descrit que els pacients cremats amb inhalacié de fums
poden presentar diferents patrons d’expressié de mediadors inflamatoris en
funcié de la gravetat de la lesi6(29). En aquest sentit, cal destacar que una
resposta inflamatoria disminuida a nivell pulmonar s’ha associat a un
augment de la mortalitat dels pacients cremats amb inhalacié de fums(30),
suggerint que la immunoparalisi, de manera semblant al que s’ha descrit en
pacients séptics, també tindria un paper important en la patogénia de la lesi6
per inhalaci6 de fums i podria ser usada com a possible diana

terapéutica(31).

3.3.4 Importancia dels biomarcadors en la
cicatritzacio de les ferides

La mesura de biomarcadors no només és important per preveure, entre
d’altres events, I'aparicié de DMO o I'evolucié de la inhalacié de fums, siné
que també podria ser interessant per entendre el procés de cicatritzacio de
les cremades. De fet, la progressié de les ferides provocades per les
cremades segueix sent un dels reptes més importants en el maneig global
d’aquest tipus de pacients(32). Els resultats d’estudis experimentals recents,
suggereixen que el retard en la cicatritzacié que s’observa en animals més
vells podria estar associat a un increment dels nivells de queratina 6, matriu
de metaloprotesasa 9 i CD44(33). Per tant, és possible que la modulacié de
I'expressié d’aquests biomarcadors millori i acceleri la cicatritzacido en

pacients d’edat avancgada.
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Altres estudis han examinat el paper de la mort cel-lular en la progressio
de la ferida. Tan et al(34), han demostrat que I'autofagia i I'apoptosi sén
caracteristiques importants en la progressié de la ferida. Donat que
I'autofagia, precedeix a I'apoptosi, I'estratégia terapéutica a usar haura d’anar
enfocada a cadascun d’aquests fenomens en funcié del temps d’evolucié de
la lesié. La mort cel-lular per autofagia també succeeix en una fase precog
després d'una cremada(35) i podria tenir un paper important en la disfuncio
organica posterior. En aquest sentit, cal destacar que la inhibicid
farmacologica de I'angiotensina Il i I'estrés oxidatiu disminueix I'autofagia i

millora la funcié cardiaca(35).

La IL33 també s’ha descrit com un biomarcador important en la patogénia
de la cicatritzacio. L’administraci6 exogena de IL33 té multiples efectes
beneficiosos a aquest nivells entre els que destaquen: accelerar la
cicatritzacid, promoure el diposit de col-lagen i I'expressio dels gens associats
a la matriu extracel-lular (MEC)(36), facilitar I'activacié dels macrofags en la
zona de la ferida. Igualment, I'administracié exodgena de IL33 inhibeix la
colonitzacié de S. aureus resistent a meticil-lina i accelera la cicatritzacio
promovent la proliferacié de neutrofils i estimulant el diposit de col-lagen i
I'expressid dels gens associats a la MEC(37). Tots aquests resultats
suggereixen que la IL33 podria tenir algun efecte en la sintesi de la matriu
extracel-lular cutania i la reepitelitzacié durant el procés de reparacio de la
ferida. De la mateixa manera, indiquen que la IL33 podria tenir un paper clau
en el procés de cicatritzacioé i podria ser considerada com una potencial diana

terapéutica.

Les citoquines proinflamatories i profibrogeniques es troben molt actives
en les cicatrius hipertrofiques. En aquest sentit, s’ha observat una
sobreexpressié de IL1p i els receptors tipus | del TNFa en la pell de cicatrius
hipertrofiques secundaries a cremades; el primer associat principalment a

queratinocits i cél-lules CD1a+ i el segon a nivell dels vasos sanguinis.
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3.4 Diagnostic de complicacions i avaluacio de

les intervencions terapeutiques

3.4.1 Ressuscitacio amb fluids

Una ressuscitaciéo adequada és un dels pilars fonamentals del tractament
immediat i durant les primeres hores i dies després d’'una cremada greu(44).
L’'objectiu d'aquesta administraci6 de fluids és la correcci6 del xoc
hipovolémic associat a la cremada. No obstant aix0, intentar minimitzar la
sobre-ressuscitacié és tan important com corregir la situacié de xoc i
hipoperfusioé. Per tant, podria ser d'utilitat guiar la ressuscitacié amb objectius
terapéutics que es basen en la mesura de diferents biomarcadors com la
diuresi. Els resultats d’'un altre estudi van mostrar que la resuscitacié guiada
per lindex del volum de sang intratoracica (IVSIT) s’associava a
concentracions més elevades de IL6, del ratio IL6/IL10 i del ratio IL8/IL10 en
comparacié al control mitjangant la ditiresi(38), suggerint que la resuscitacio
guiada per I'lVSIT podria suprimir el canvi cap a biomarcadors de tipus
antiinflamatori. A més a més, diversos marcadors de superficie leucocitaris
s’expressaven meés en el grup guiat per la dilresi. Aixi doncs, aquests
resultats posen de manifest que determinades intervencions terapéutiques
tenen impacte sobre els processos biologics i, per tant, poden explicar perque

determinats tractaments sén efectius i d’altres no ho sén.

3.4.2 Sepsia

Les complicacions séptiques representen una causa important de mort en
pacients cremats(45, 46) i, per tant, la seva identificacié preco¢ podria
desembocar amb una major precocitat en linici del tractament i una millora

del pronostic. No obstant aix0, el diagnostic de les complicacions séptiques
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en pacients cremats és especialment dificil degut a que els grans cremats
presenten una resposta inflamatoria sistémica que emula clinicament a la que
succeeix durant la seépsia. De fet, diferents estudis han analitzat la utilitat de
diversos biomarcadors en el diagnostic de la sépsia en pacients cremats. Els
resultats d’un estudi recent que incloia més de 400 pacients cremats en edat
pediatrica van mostrar que la concentracioé plasmatica de IL8 es correlaciona
fortament amb I'aparicié de quadres séptics(47). A més a més, els pacients
amb nivells més elevats de IL8 eren aquells amb més extensié de SCT

cremada, més incidéncia d’inhalacié de fums i una mortalitat més elevada.

D’altra banda, un meta-analisi recent en el que s’avaluava el paper de la
procalcitonina (PCT) en el diagnostic de la sépsia i en el pronostic dels
pacients cremats(40) va concloure que afegir la determinacié de PCT al
diagnostic de sepsia podria ser beneficios. Més recentment, un estudi
prospectiu amb 145 pacients cremats que tenia per objectiu analitzar la
capacitat diagnostica de la PCT per diagnostic de la sépsia, va mostrar que
els nivells maxims de PCT s’associaven de manera independent amb la
mortalitat i que els pacients amb xoc séptic presentaven concentracions més
elevades de PCT en el primer dia d’'ingrés(41). De la mateixa manera, els
quadres septics, les infeccions del tracte respiratori i les infeccions de les
ferides provocaven un augment dels nivells de PCT en comparaciéo amb els
nivells previs a I'aparicié de la complicacié. Finalment, els nivells de PCT van
romandre elevats en aquells pacients que no van respondre al tractament de
la sépsia, mentre que en aquells que van respondre satisfactoriament al
tractament, els nivells de PCT van disminuir entre el primer i el tercer dia
d’evolucio.

Contrariament, altres estudis no han demostrat que la PCT fos util en el
diagnostic de sépsia(42). De fet, els resultats mostraven com la péptid pro-
N-terminal natriuretic (NT-proBNP) millorava significativament la capacitat
diagnostica dels processos séptics de la PCT. A més a més, I'index de volum
sistolic i I'index de resisténcies vasculars sistemiques presentaven un

excel-lent poder de discriminacié de la preséncia de sépsia en pacients
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cremats ventilats mecanicament, amb més del 15% de SCT i sense

comorbilitats prévies a nivell cardiovascular.

Un altre punt d’especial interés és la facilitat en la prediccid i la capacitat
d’anticipaci6 en l'aparicié d’infeccions i complicacions séptiques en pacients
grans cremats. Un estudi retrospectiu que va incloure més de 100 pacients i
va comparar la capacitat predictiva de diferents variables cliniques , va
mostrar que una freqiiéncia cardiaca superior a 110bpm, una pressio6 arterial
sistolica inferior a 100mmHg i la necessitat d’intubacié eren els millors
predictors de I'aparicié de sépsia(48). En canvi, una fraccio inspirada d’oxigen
(FIO2) >0.25 i una temperatura maxima de 39°C eren els millors factors

predictors de I'aparicié d’infeccié.

3.4.3 /nhalacio de fums

Alguns estudis recents s’han focalitzat en la utilitat dels biomarcadors en
la lesié per inhalacié de fums. Els resultats d’'un estudi experimental han
demostrat que la nebulitzacié de tocoferol en un model ovi de cremada i lesié
per inhalacié de fums, millorava I'oxigenacio, la fraccié pulmonar de shunt, la
mecanica respiratoria, la formacié d’edema i la hiperresposta bronquial(49). A
més a més, el tractament amb tocoferol també disminuia I'expressio de
I'inhibidor de la oxid nitric-sintetasa, aixi com [l'activitat de I'arginasa i el
diposit de col-lagen. Aquest efecte disminueix la formacié d’edema i millora
de la capacitat de difusio. Aixi doncs, sembla que en la patogénia de la lesio
per inhalacié de fums hi estan involucrats mediadors de I'estrés oxidatiu o la
via de l'arginasa i alguns farmacs amb acci6é anti-oxidant com el tocoferol

podrien tenir efectes beneficiosos en aquests pacients(50).

Més recentment, s’han analitzat les concentracions plasmatiques de IL6,
IL8 i TNFa per avaluar I'efecte anti-inflamatori de la ventilacid percussiva
d’alta frequéncia en pacients cremats amb inhalacié de fums(39). No es va
observar cap increment de la concentracié de biomarcadors amb la ventilacié
percussiva, suggerint que no seria deletéria i podria considerar-se com a una

estratégia util en aquest subgrup de pacients. Tanmateix, dos assaigs clinics
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randomitzats sobre I'Us de la ventilacié d’alta freqliencia oscil-latoria, no han

mostrat cap benefici en pacients amb SDRA(51, 52).

3.4.4 Sindrome compartimental abdominal

Les cremades s6n un factor de risc independent per patir hipertensio
intra-abdominal (HIA) i sindrome compartimental abdominal (SCA). A més a
meés, laparici6 d’aquestes complicacions s’associa amb [I'aparicid de
DMO(53) i un augment de la mortalitat(54). Donat que el volum de fluids usat
durant la ressuscitacid és un clar factor relacionat amb l'aparicié de HIA i
SCA, la mesura de la pressio intraabdominal (PIA) podria ser un altre

biomarcador util per guiar la ressuscitacié amb fluids.

Un biomarcador és especialment util si pot predir 'aparicio de de la
disfuncié organica abans que aquesta aparegui clinicament. La prediccio
preco¢ de la disfuncié organica podria permetre un tractament precog i
agressiu que limités les consequiéncies d’aquesta complicacié. En aquest
sentit, la insuficiencia renal aguda (IReA) és una complicacié frequient dels
pacients gran cremats, especialment aquells amb HIA i SCA(53). De fet, és
una causa important d’'increment de mortalitat en aquests pacients(55). La
concentracié plasmatica de cistatina C i la concentracio plasmatica i urinaria
de la lipocaina gelatinasa-asociada dels neutrofils (NGAL) augmenta entre 24
i 48 hores abans que augmentin les xifres plasmatiques de creatinina. No
obstant aix0, en pacients cremats, només la concentraci6 de NGAL ha
demostrat estar associada amb el desenvolupament de IReA i la
mortalitat(43).
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3.5 Desenvolupament de noves estrategies i Us

de noves dianes terapeutiques

Donat que l'estrés oxidatiu i I'activacio dels neutrofils juga un paper
important en el desenvolupament i la progressioé de la cremada, podrien ser
considerats com a dianes terapéutiques utils. Recentment, un petit estudi
aleatoritzat que analitzava l'efecte de I'administraci6 de N-acetilcisteina
(NAC) en 30 pacients cremats amb més del 20% de SCT va mostrar com els
pacients tractats presentaven una concentraci®6 menor de biomarcadors
relacionats amb [l'estrés oxidatiu, citoquines pro-inflamatories i menys
necessitat de tractament amb vasopressors(56). Malauradament, la mida de
la mostra era massa petita per poder extreure cap conclusio important a nivell

de parametres com la mortalitat.

Stanojcic et al.(57) va investigar I'efecte l'inflamosoma NLRP3 en la
resisténcia a la insulina i la disfunci6 metabolica dels pacients cremats. Els
seus resultats van mostrar una marcada infiltracid leucocitaria en el teixit
subcutani dels pacients cremats que estava formada, al menys en part, per
monocits. Aquests monocits presentaven un augment de ['activitat de
linflamosoma que s’associava a un augment de la concentracié de IL1pB.
Aquests resultats proporcionaven noves evidéncies al voltant del paper de
linflamosoma en la genesi de la diabetes induida per l'estrées i de
I'hipermetabolimse relacionat amb els gran cremats, identificant-lo com a una

possible diana terapéutica.

D’altra banda, s’ha pogut observar que les cremades produeixen una
disminucié de les unions entre cél-lules intestinals, facilitant la lesi6 intestinal.
Aquesta lesidé permet la mobilitzacié del contingut intestinal a través de la
mucosa, facilitant el desenvolupament de DMO. De fet, la produccié de
mediadors inflamatoris derivats de l'intesti ha estat relacionada amb I'aparicio
de xoc i DMO en pacients cremats(58). En estudis experimentals realitzats en
rates amb xoc hemorragic, els factors derivats de lintesti que generen un

augment de la permeabilitat intestinal i poden afavorir la DMO es troben en
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concentracions augmentades en els ganglis limfatics mesentérics i la vena
porta(59). A més a més, altres estudis han mostrat que la inhibici6 de la
fosfodiesterasa amb el tractament amb pentoxifilina podria atenuar la lesio
intestinal en els pacients cremats i, en consequéncia, conferir un cert grau de
protecci6 de la DMO associada a la cremada(60). En contraposicid, la
intoxicacio amb etanol en pacients que pateixen una cremada, suprimeix la
immunitat del pacient a nivell intestinal, alterant la funcié de barrera intestinal,
augmentat el creixement bacteria i, per tant, afavorint I'aparici6 de DMO(58).
Aquests resultats suggereixen que els nivells d’etanol s’haurien de mesurar
en tots els pacients que ingressen amb cremades greus.
A més a més, un estudi experimental recent ha demostrat I'existeéncia d’'una
associacido entre I'expressid de IL22 i altres péptids antimicrobians i la
permeabilitat intestinal(61), suggerint que la IL22 contribuiria, en cert grau, a
la funcié de barrera i de la integritat de I'epiteli intestinal després de la
intoxicacio alcoholica i la lesi6 per cremades. D’igual manera, també
suggereix que la via de la IL22/péptids antimicrobians podria ser una diana
terapéutica util a I'hora de prevenir la sépsia i la DMO en pacients cremats

amb intoxicacio alcoholica concomitant.

3.6 Valor pronostic

La protedmica facilita la identificacié de perfils proteics que podrien ser
utils per la identificaci6 de biomarcadors o [I'expressido d’empremtes
proteiques utils en el diagnostic o en la valoracié precog del prondstic dels
pacients. Aquesta técnica podria ser especialment util en patologies que
engloben diferents drgans, com per exemple en pacients cremats o malats
critics. Finnerty et al.(62) van determinar la signatura protedomica dels
pacients amb una cremada greu, observant que la concentraci6 de 43
proteines es trobava alterada en els no-supervivents. Aquestes proteines
estaven involucrades en diferents vies com la cascada de la coagulacié, el

complement, la resposta hepatica i la inflamacié. Cal assenyalar que cap
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d’aquestes proteines s’havien associat a la fisiopatologia de la cremada,
suggerint que aquesta técnica podria ser util en la descripcié de signatures
protedmiques i en la identificacid6 de nous mecanismes relacionats amb la

lesioé per cremada.

Més recentment, un gran estudi que incloia pacients cremats en edat
pediatrica i amb més del 30% de SCT afectada va mostrar que els no-
supervivents tenien nivells més elevats de IL6, IL8, G-CSF, MCP1, PCR,
glucosa, insulina, urea, creatinina i bilirrubina. Per tant, aquests biomarcadors
es podrien utilitzar en el monitoratge dels pacients amb la finalitat d’identificar
quins pacients presenten un risc més elevat de mort i es podrien beneficar
d’'un tractament més agressiu. A més a meés, els no-supervivents tenen més
probabilitat de presentar complicacions séptiques i DMO, suggerint que
aquests biomarcadors podrien estar involucrats en la patogénia d’aquestes
situacions. Préviament, s’havia demostrat que la resposta inflamatoria i
metabolica depenen del extensioé de la cremada(63); a més extensidé de la
cremada, major resposta inflamatoria i metabolica. A més a més, els pacients
amb més extensié de cremada presenten més probabilitat de presentar
complicacions septiques, s’associa més freqlientment a ['existéncia
d’'inhalacié de fums, necessitat de ventilaci6 mecanica, major incidéncia de
disfuncié miocardica i mortalitat. Aquests autors suggerien que els pacients
amb una gran extensié de SCT cremada presenten nivells més elevats de
marcadors inflamatoris que incrementen la resposta metabodlica i empitjorant

el pronostic.

La hipoglicémia s’ha descrit també recentment com a marcador pronostic
(64) en un estudi en el que es comparaven dos grups de 160 pacients
pediatrics que van presentar un o més episodis d’hipoglicémia durant els
primers 60 dies d’ingrés després de la cremada. Els pacients amb un o més
episodis d’hipoglicemia presentaven major inflamacio i resposta metabdlica,
major prevalenca de sépsia, DMO i major mortalitat. Per tant, la
implementacié6 d’estratégies terapéutiques que minimitzin I'aparicié

d’hipoglicémies sembla obligat.
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La hiperlactatémia s’ha considerat com un marcador d’hipoperfusio
tissular. A més a més la Sepsis Surviving Campaign ha proposat guiar la
ressuscitacio amb fluids amb I'objectiu de normalitzar les xifres de lactats en
pacients que presenten hiperlactatemia inicial. En pacients cremats, els
nivells basals de lactats es relacionen amb una mortalitat més elevada i la
seva normalitzacié durant les primeres 24 hores després de lingrés

s’associen a un millor pronostic(65).

Més recentment, s’ha descrit que un model que combina caracteristiques
cliniques i un panell de biomarcadors genomics podria identificar aquells
pacients cremats amb un major risc de patir complicacions infeccioses de
repeticio(66). La signatura gendmica proporciona nova informacié sobre la
susceptibilitat a la infecci6 i, per tant, podria facilitar la identificacié de noves

dianes terapéutiques.

3.7 Direccions futures

La recerca en biomarcadors es troba en continua evolucié. La introduccio
de técniques com la protedmica i la metabolomica podria fer possible la
identificacié de nous biomarcadors que siguin més sensibles i especifics dels
que disposem en l'actualitat. A més a més, 'empremta gendmica podria tenir

un paper important.

Un dels primers objectiu en la recerca de nous biomarcadors hauria de
ser la prevencio de la DMS, ja que aquest és un dels principals determinants
del pronostic dels pacients cremats. Un altre objectiu important és el de
estratificar els pacients segons la seva gravetat. L’estratificacio correcta és la
unica manera d’assegurar que s’administra el tractament adequat a cada
pacient i permet seleccionar els pacients amb més mal pronostic i que es
podrien beneficar d’'un tractament més agressiu. En tercer lloc, també és
important validar clinicament els nous resultats experimentals que, de fet, és
un dels punts en els que es basa la recerca translacional. En contraposicio, la

recerca experimental ens hauria d’ajudar a demostrar les hipodtesis generades
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en els estudis clinics, com per exemple és el cas de la hipotesi del biotrauma
que genera la VM(67). Per tant, la recerca experimental podria ser d’ajuda en
la identificacié dels mecanismes relacionats amb I'aparicié de la disfuncio
organica després d'una cremada. | finalment, la descripci6 de nous

biomarcadors ajudaria al desenvolupament de noves dianes terapéutiques.

3.8 L’eix IL33/ST2

La familia dels receptors de la IL1 té diversos membres, i la proteina
supressié de la tumorigenicitat 2 (ST2) n'és un d’ells. Primerament va ser
identificat com un receptor orfe pero I'any 2005, amb el descobriment de la
IL33, van sortir a la llum nous coneixements sobre el seu paper(68). Estudis
posteriors, han demostrat que I'eix IL33/ST2 esta implicat en la fisiopatologia
de diferents malalties inflamatories com [I'asma(69, 70), malalties
autoimmunes(71), malalties  cardiovasculars(72-74), la  progressio
tumoral(75), la SDRA(76-78) i la sépsia(79). La proteina ST2 existeix en dues
formes diferents: la forma complerta transmembrana (ST2L) i la forma soluble
(sST2)(80).

3.8.1 Expressio a teixits [ mecanisme d'accio

Mentre que ST2L s’expressa principalment a les cél-lules
hematopoiétiques, I'expressié de sST2 sembla bastant omnipresent en els

teixits humans(81).

La IL33 s’ha identificat com a un lligant de ST2 i s’alliberaria amb la
necrosi cel-lular(82), basicament en les cel-lules epitelials i endotelials(83, 84)
i en les cél-lules immunitaries estimulades. La IL33 interacciona amb ST2L a
la membrana de la cél-lula diana, activant la cascada inflamatoria i estimulant
la produccié de citoquines, com per exemple la IL6, i, per tant, induint una
resposta pro-inflamatoria. Contrariament, sST2 actua com un esquer, i quan

la IL33 s’hi uneix, actua inhibint la resposta immune. De fet, recentment s’ha
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demostrat que [I'Gs de cellules mare mesenquimals modificades
genéticament per expressar la proteina sST2, disminueix la inflamacio i
preserva la arquitectura a nivell pulmonar en un model muri de lesié

pulmonar induit per 'administracié de lipopolisacarid intratraqueal(85).

3.8.2 sST72 com a factor pronostic i diana terapéutica

Sén molts els estudis que han analitzat la utilitat de la concentracio
plasmatica de sST2 com a indicador pronostic en diferents patologies. En
aquest sentit s’ha descrit la seva utilitat en la valoracié del risc de mort de
pacients amb malalties amb important component inflamatori com, per
exemple, la pneumonia extrahospitalaria(86), el carcinoma
hepatocel-lular(87), en pacients amb infart agut de miocardi(88), insuficiéncia
cardiaca(89), la colitis ulcerosa(90) o els pacients critics en general(91), entre

d’altres.

Tal i com hem comentat anteriorment, la IL33 també ha demostrat tenir un
paper en la cicatritzacio(36, 37). Té efecte sobre la sintesi de la matriu i la
reepitelitzacid durant la cicatritzacié i, per tant, podria ser usada com a nova
diana terapéutica(80). | de fet, aixd és el que suggereixen els resultats d’un
estudi recent en pacients amb insuficiéncia cardiaca. En pacients tractats
amb la combinacié de farmacs sacubitril i valsartan s’ha observat una major
reduccié dels nivells de sST2 en comparacié amb aquells pacients tractats
amb enalapril(92). A més a més, I'increment de la concentracié de sST2 es

va associar a un pitjor pronostic.

De manera semblant, en determinades patologies com la SDRA, I'is de
cél-lules mare modificades per sobreexpressar la proteina sST2 ha demostrat
disminuir la gravetat de la lesié pulmonar, preservant I'arquitectura, disminuint
la inflamacié i reduint [lalteraci6 de la permeabilitat associada a
I'administracio de lipopolisacarid intratraqueal en un model muri de lesio

pulmonar(85).
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4.1 Hipotesi

L’eix IL33/ST2 podria tenir un paper important en la fisiopatologia de la
lesié per cremada i podria ser util en la determinacié del prondstic dels

pacients cremats.

4.2 Objectiu

Analitzar si els nivells plasmatics dels biomarcadors de I'eix IL33/ST2

podrien ser utils a I'hora d’establir el prondstic dels pacients cremats.






5 MATERIAL | METODES






Material i métodes | 43

5.1 Disseny de I'estudi

Es tracta d'un estudi prospectiu observacional de cohorts realitzat a la
Unitat de Cremats del Servei de Cirurgia Plastica i Reparadora de I'Hospital
Universitari Vall d’Hebron que és centre de referencia pel tractament dels
pacients cremats per una poblacié de més de 8 milions de persones a l'area
geografica de Catalunya, llles Balears i Andorra. Tots els pacients cremats
que requereixen valoracié especialitzada en aquesta area geografica sén

transferits a aquesta Unitat pel seu tractament.

L'estudi va ser aprovat pel Comité Etic d’Investigacié del centre
(PR(ATR)60/2015) (veure annexes 10.2) i es va obtenir consentiment
informat del mateix pacient, o d’algun familiar en el cas que el pacient no

pogués consentir, abans de la seva inclusié.

5.2 Pacients

5.2.1 Criteris d’inclusio

Els criteris d’inclusié van ser:

- Pacients adults (18 anys o més).
- Pacients amb cremades de 2n o 3r grau que requerien ingrés a

la Unitat de Cremats.

5.2.2 Criteris d’exclusio

Els criteris d’exclusio foren els segiient:

- Edat menor a 18 anys.

- Pacients embarassades.
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- Pacients que no van donar el seu consentiment.

5.3 Variables analitzades

En el moment de la inclusi6 es van recollir les caracteristiques
demografiques, les comorbilitats, el mecanisme i el grau de les cremades, la
SCT cremada i el temps des de la cremada fins a l'ingrés a la Unitat. La
gravetat de la lesié es va determinar mitjangant I'Abbreviated Burn Severity
Index (ABSI) (93). També es va determinar el valor en I'escala SOFA
(Sequential Organ Failure Assessment)(94). La IReA es va definir com uns
nivells de creatinina superior o igual a 1.2 mg/dL i la preséncia de sindrome
de destret respiratori agut (SDRA) es va determinar mitjancant la definicié de
Berlin(95). També es va registrar la necessitat de tractament amb
vasopressors. La pneumonia es va definir d’acord amb les guies de la
Societat Americana de Malalties Infeccioses(96) i la preséncia de sépsia
d’acord amb el consens realitzat en pacients cremats(97). La DMO es va
definir com la disfuncié de dos o més organs(98). Finalment, també es va
registrar la necessitat de ventilacié mecanica (VM), els dies lliures de VM i els
dies lliures d’ingrés a UCI durant els primers 28 dies d’ingrés, la durada de

I'estada hospitalaria i la supervivencia a I'hospital.

5.4 Determinacio de biomarcadors plasmatics

Es van recollir 8 mL de sang de cada pacient en tubs EDTA durant les
primeres 24 hores dingrés i a dia 3. Els tubs es van centrifugar
immediatament després de la recol-lecci6 a 3000rpm durant 10 minuts.
Després es va aliquotar el sobrenedant i es van emmagatzemar a -80°C fins
el dia en el que es va realitzar la determinacié de biomarcadors. Es van

utilitzar kits comercials d’ELISA per la determinacié dels diferents
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biomarcadors: IL6, IL8, IL33 i sST2. Aquests analisis es van realitzar a

I'Institut Hospital del Mar d’Investigacions Médiques.

5.5 Analisi estadistica

Les variables quantitatives s’expressen com a medianes i rang
interquartilic. Les variables categoriques s’expressen com a freqiéncia i
percentatge. Les concentracions dels biomarcadors s’expressen com a

mitjanes (interval de confianga del 95%).

Les variables continues es comparem mitjangant el test U de Mann
Whitney i les variables categoriques a través del Test de Chi quadrat o el test

de Fischer segons correspongui.

En tots els biomarcadors, es va calcular I'area sota la corba ROC per
determinar la seva capacitat de prediccid de supervivencia després de la
cremada. El punt de tall optim de la corba es va determinar en aquell que
tenia el maxim valor tenint en compte la suma de la sensibilitat i I'especificitat
de cada punt de la corba. Segons aquest punt de tall descrit, es van realitzar
les corbes de Kaplan-Meier per determinar la probabilitat de supervivencia
dels pacients cremats amb valors de sST2 per sobre i per sota del punt de tall
descrit mitjangant la corba ROC. Aquestes corbes es van comparar
mitjangant el test log-rank. Per determinar si el valor de sST2 s’associa amb
un augment del risc de mort, es va realitzar el model de riscos proporcionals
de Cox, ajustant per les diferents covariables. Per preveure I'excés
d’ajustament del model, es va introduir cada covariable per separat.

Es va considerar com a significatiu tot valor de p inferior a 0.05. L'analisi
estadistica es va dur a terme amb el paquet estadistic SPSS (versio 20.0;
SPSS Inc, Chicago, IL).






6 RESULTATS
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6.1 Caracteristiques generals de la poblacié

Es van incloure seixanta-nou pacients. El diagrama de fluxos dels
pacients inclosos es presenta a la Figura 1 i la distribuci6 mensual dels

pacients es mostra a la Figura 2.

Figura 1. Diagrama de fluxos dels pacients inclosos.

889 Admissions

178 no eren cremades agudes
e — 54 <18 anys d’edat
3 no van donar consentiment

L 2

69 Pacients inclosos

Les caracteristiques generals dels pacients inclosos es mostren a la Taula
1. Els pacients eren basicament homes amb poques comorbilitats. Tretze
pacients (18.8%) van morir durant I'estada a I'hospital; la causa principal de
mort va ser la DMO (76.9%). Els no-supervivents eren d’edat més avangada,
tenien una major extensié de SCT cremada i valors més alts en I'ABSI i el
SOFA a l'ingrés (Taula 2). A més a més, els no-supervivents van presentar
més frequentment criteris de SDRA en les primeres 24 hores d’ingrés,

complicacions infeccioses i sépsia durant 'estada a la Unitat (Taula 3).
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Figura 2. Distribucié6 mensual dels pacients inclosos.
10

2015 2016 2017

Numero de pacients

Taula 1. Caracteristiques generals dels pacients inclosos

Vari Tots Supervivents Nq- Valor de
ariable (n=69) (n=56) supervivents D
(n=13)
Edat a I'ingrés (anys) 52 (35-63) 45 (31-56) 58 (54-76) 0.002
Génere (masculi) 58 (84.1%) 50 (89.3%) 8 (61.5%) 0.027
Comorbilitats
Diabetes Mellitus 11 (15.9%) 8 (14.3%) 3 (23.1%) 0.059
Hipertensi6 arterial 13 (18.8%) 10 (17.9%) 3(23.1%) 0.084
Valaltia respiratoria 15 (21.7%) 12 (21.4%) 3(23.1%) 0.245
Malaltia cardiovascular 6 (8.7%) 3 (5.4%) 3(23.1%) 0.076
Numero de comorbilitats 0.694
Cap 38 (55.1%) 32 (57.1%) 6 (46.2%)
Una 11 (15.9%) 9 (16.1%) 2 (15.4%)
Dos o més 20 (28.9%) 15 (26.8%) 5 (38.5%)
SCT cremada (%) 21 (13-30) 18 (12-26) 40 (29-70) <0.001
Nimero de pacients amb
cremades de tercer grau 23 (33.3%) 13 (23.2%) 10 (76.9%) <0.001
Mecanisme de la lesié 0.195
Flama 45 (65.2%) 35 (62.5%) 10 (76.9%)
Deflagraci6 17 (24.6%) 15 (26.8%) 2 (15.4%)
Eléctrica 4 (5.8%) 4 (7.1%) 0
Escaldada 2 (2.9%) 1(1.8%) 1(7.7%)
Congelacio 1(1.4%) 1(1.8%) 0
Inhalaci6 de fums 28 (40.6%) 22 (39.3%) 6 (46.2%) 0.757
ABSI 6 (4-8) 6 (4-7) 9 (8-12) <0.001
Temps des de la cremada a
Fingrés (hores) 3(2-6) 3(2-5) 6 (2-8) 0.195

SCT: superficie corporal total; ABSI: Abbreviated Burn Severity Index.
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Taula 2. Caracteristiques dels pacients a dia 1.

Variable Sup((::lfi’\é()ants No-st.(ls::\gi)vents \Gaelc‘))r
Score de SOFA 1(0-2) 5 (2-7) 0.004
gﬂfﬂff'ets pf:;er;";f;oreasd‘;',‘i':;;zts 7675 (5121-12998) 13320 (6060-25500)  0.037

Cristal-loids 7599 (5018-12738) 13054 (5939-24990)

Col-loids (albimina al 20%) 142 (99-261) 266 (121-510)
Necessitat de VM 26 (46.4%) 10 (76.9%) 0.066
Xoc 9 (16.1%) 5 (38.5%) 0.119
Insuficiéncia renal 4 (7.1%) 2 (15.4%) 0.315
SDRA 4 (7.1%) 4 (30.8%) 0.042
Creatinina (mg/dL) 0.77 (0.61-0.88) 0.95 (0.65-1.11) 0.107
Plaquetes (x10° cells/L) 211 (166-246) 191 (122-242) 0.285
Bilirrubina (mg/dL) 0.77 (0.52-0.90) 0.94 (0.66-1.52) 0.083
PCR (mg/dL) 8.57 (3.37-15.08) 7.05 (3.31-15.63) 0.685
Albtimina (g/dL) 2.84 (2.30-3.30) 2.60 (1.90-2.80) 0.099

SOFA: Sequential organ failure score; VM: ventilaci6 mecanica; SDRA: sindrome del destret

respiratori agut; PCR: proteina C reactiva.

Taula 3. Complicacions i variables de resultats.

. Supervivents No-supervivents Valor
Variable (n=56) (n=13) de p
Intervencions quirargiques (num) 1(1-2) 2 (1-5) 0.269
Dies de VM (només pacients ventilats) 14 (3-36) 27 (8-51) 0.299
Dies lliures de VM en els primers 28
dies d’ingrés (només pacients 14 (0-25) 1 (0-20) 0.370
ventilats)

Infeccions 11 (19.6%) 10 (76.9%) <0.001
Pneumonia 5 (8.9%) 9 (69.2%) <0.001
Sepsia 3 (5.4%) 8 (61.5%) <0.001
DMO 13 (23.2%) 9 (69.2%) 0.003
Dies d’estada a UCI (només pacients

que van requerir ingrés a UCI) 22 (8-38) 33 (15-49) 0.176
Dies lliures d’UCI en els primers 28

dies d’ingrés (només pacients que van 5 (0-19) 0 (0-14) 0.238
requerir ingrés a UCI)

Dies d’estada a I’hospital 30 (20-43) 27 (10-42) 0.222

VM: ventilacié6 mecanica; DMO: disfuncié multiorganica; UCI: unitat de cures intensives.
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6.2 Concentracié de biomarcadors

Es va mesurar la concentracié plasmatica de 116, IL8, IL33 i sST2 en les

primeres 24 hores d’'ingrés i a dia 3. En 4 pacients no es va poder obtenir

mostra plasmatica en les primeres 24 hores i en altres 4 pacients no es va

obtenir a dia 3. Els no-supervivents van presentar concentracions meés

elevades de sST2 a en les primeres 24 hores i a dia 3 (Taula 4). De manera

semblant, també van presentar concentracions més elevades de IL8 a dia 3.

La capacitat de prediccio del risc de mort es va analitzar mitjangant I'area

sota la corba ROC. La capacitat de sST2 va ser bona i molt bona en les
primeres 24 hores (AUROC 0.73 [0.59-0.83]; p=0.011) i a dia 3 (0.85 [0.71-
0.99]; p<0.001) respectivament. La capacitat predictiva de IL8 a dia 3 (0.78
[0.67-0.90]; p=0.003) va ser més baixa que la de sST2.

Taula 4. Concentracions de biomarcadors

Supervivents No- Mitjana de la Valor
Variable p(n—56) supervivents diferéncia entre grups de
= (n=13) (IC 95%) P
Adiad
102.3 99.81 2.53
IL6 (ng/L) (76.53-128.2) (47.15-152.5) (-58.28 — 53.21) 0.938
250.7 2947 44.00
IL8 (pg/mi) (209.6-291.9) (210.1-379.4) (-44.96 — 133.0) LA
1.41 1.67 0.26
IL33 (pg/ml) (1.27-1.56) (1.25-2.10) (-0.08 - 0.60) 0.108
1610 2380 771
S GET) (1338-1882) (1829-2931) (184 — 1357) il
Adia3
98.41 104.6 6.14
TS (72.74-124.1) (47.87-161.2) (-52.98 - 65.27) et
214.1 338.4 124.3
IL8 (pg/mi) (177.3-250.9) (285.1-391.7) (43.39 — 205.2) 0.003
1.62 1.92 0.29
TR stz il (1.50-1.76) (1.56-2.29) (-0.02— 0.61) 2igst
1098 2504 1405
sST2 (ng/ml) (861-1335) (1822-3185) (831 — 1980) <0.001

IC: interval de confianga; IL: interleuquina; sST2: proteina supressié de la tumorigenicitat 2.
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6.3 Analisi de sST2 i mortalitat

La corba ROC es va utilitzar per seleccionar els punts de tall que
separessin els pacients en dos grups diferents en funcié de si presentaven
valors de sST2 elevats o no. Els punts de tall de la concentracié de sST2 van
ser de 1338.3ng/ml a dia 1 i 2560.5ng/ml a dia 3. Per aquest punt de tall a dia
3, la sensibilitat va ser del 72.7%, l'especificitat del 93.9%, una ra6 de
versemblanca positiva de 11.88 i una ra6 de versemblanca negativa de 0.29

en la prediccié del risc de mort (Taula 5).

Taula 5. Capacitat diagnostica de la proteina sST2

Variable Valor IC 95%

Valor de sST2 a dia 1 per sobre del punt de tall
de la corba ROC

Sensibilitat 100% 75.3%-NA
Especificitat 46.9% 32.5-61.7%
VPP 33.3% 21.4%-NA
VPN 100% 84.4-100%
RVP 1.88 1.44-2.45
RVN 0 0-NA

Valor de sST2 a dia 3 per sobre del punt de tall
de la corba ROC

Sensibilitat 72.7% 39.0-94.0%
Especificitat 93.9% 83.1-98.7%
VPP 72.7% 46.2-94.0%
VPN 93.9% 78.6-98.7%
RVP 11.88 3.74-37.69
RVN 0.29 0.11-0.76

sST2: proteina supressié de la tumorigenicitat 2; VPP: valor predictiu positiu; VPN: valor predictiu
negatiu; RVP: raé de versemblanga positiva; RVN: ra6 de versemblanca negativa

Les corbes de Kaplan-Meier mostren la probabilitat de supervivéncia dels
grups establerts en funcié de la concentracié de sST2 a dia 1 i a dia 3 (Figura
3). Els pacients amb nivells més elevats de sST2 presentaven menys
probabilitat de sobreviure (p=0.007 i P<0.001 respectivament). Per analitzar
I'associacié entre els nivells de sST2 i la mortalitat es va dur a terme el model
de riscos proporcionals de Cox, ajustant per les diferents covariables. Es va

escollir els nivells de sST2 a dia 3 donat que presentaven la millor capacitat
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predictiva (AUROC 0.85). La concentracié plasmatica de sST222560.5ng/ml
al tercer dia d’ingrés es va associar de manera independent i constant a un

major risc de mort tot i ajustar segons les diferents covariables (Taula 6).

Figura 3. Probabilitat de supervivéncia dels grups establerts

en funcio de la concentracié de sST2 adia 1 (a) i a dia 3 (b).
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Taula 6. Analisi de regressié de Cox sobre I'associacié de la

concentracio de sST2 i les diferents covariables

Limit Limit
Variable Hazgrd inferior de supe’nor Valor de
ratio PIC 95% de l'iC p
95%
Valor sense ajustar de la concentracié de
sST2 a dia 3 per sobre del valor de punt de
@il de la corba ROG i la mortaltat 898 2:33 34.69 0.001
hospitalaria
Ajustat per edat
sST2 adia 3 6.94 1.73 27.74 0.006
Edat 1.03 0.98 1.07 0.210
Ajustat per génere (masculi)
sST2 adia3 9.23 242 35.23 0.001
Génere masculi 3.36 0.91 12.38 0.069
Ajustat per SCT
sST2 adia 3 6.30 1.64 24.26 0.007
SCT 1.03 0.99 1.05 0.063
Ajustat per ABSI
sST2adia3 4.87 1.06 22.50 0.042
ABSI 1.19 0.95 1.51 0.129
Ajustat per quantitat de fluids rebuts les
1eres 24 hores
sST2 adia 3 9.08 1.39 59.41 0.021
Fluids 24h 1.00 1.00 1.00 0.600
Ajustat per VM
sST2 adia3 6.98 1.48 32.95 0.014
VM 1.90 0.17 21.67 0.604
Ajustat per SDRA
sST2 adia 3 8.40 2.18 32.36 0.002
SDRA 2.22 0.63 7.86 0.217
Ajustat per bilirrubina
sST2 adia3 18.33 2.20 152.86 0.007
Bilirrubina 1.93 0.81 4.57 0.136
Ajustat per albimina
sST2 adia 3 4.87 1.1 21.36 0.036
Albumina 0.79 0.32 2.02 0.635

IC: interval de confianga; sST2: proteina supressié de la tumorigenicitat; SCT: superficie corporal
total; ABSI: Abbreviated Burn Severity Index; VM: ventilaci6 mecanica; SDRA: sindrome de destret
respiratori agut.

6.4 Biomarcadors i SCT

Donat que els pacients amb major SCT podrien presentar una major

resposta inflamatoria, es va realitzar un analisi per separat comparant aquells
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pacients que tenien una SCT 220% i aquells que tenien <20% de SCT

cremada (Taula 7).

Taula 7. Comparacié dels pacients segons la SCT cremada

ST 2o T Ve
Edat (anys) 52 (33-62) 52 (36-62) 0.783
Génere (masculi) 32 (80%) 26 (89.7%) 0.230
SCT 30 (23-44) 12 (8-15) <0.001
N° pacients amb cremades de 3r grau 18 (48%) 4 (13.8%) 0.003
Inhalacié 14 (35%) 14 (48.3%) 0.195
ABSI 7 (5-9) 6 (4-6) <0.001
SOFA 2 (0-6) 1(0-2) 0.053
?;Z’;‘gzth‘:ﬁ:s“'ds administrats enles 1533, (5490-18791) 6450 (3906-9347) 0.001
Necessitat de VM 22 (55%) 14 (48.3%) 0.379
Dies de VM 19 (10-44) 15 (3-27) 0.126
Dies lliures de VM en els primers 28

dies d’evoluci6 (en aquells pacients 9 (0-18) 13 (1-25) 0.306
que van necessitar VM)

Necessitat de suport vasoactiu 9 (22.5%) 5(17.2%) 0.412
Insuficiéncia renal 2 (5%) 1(3.4%) 0.620
SDRA 5(12.5%) 3(10.3%) 0.538
Pneumonia 11 (27.5%) 3 (10.3%) 0.072
Sépsia 9 (22.5%) 2 (6.9%) 0.069
Creatinina (mg/dL) 0.80 (0.64-0.97) 0.75 (0.62-0.84) 0.517
Plaquetes (x10° cells/L) 191 (144-217) 231 (172-263) 0.191
Bilirrubina (mg/dL) 0.80 (0.54-0.98) 0.72 (0.53-0.89) 0.582
PCR (mg/dL) 8.16 (4.76-12.24) 9.50 (2.66-15.97) 0.691
Albumina (g/dL) 2.57 (2.15-3.12) 2.87 (2.40-3.10) 0.127

SCT: superficie corporal total; ABSI: Abbreviated Burn Severity Index; SOFA: Sequential organ
failure score; VM: ventilacié mecanica; SDRA: sindrome del destret respiratori agut; PCR: proteina

C reactiva.

Es van observar concentracions més elevades de sST2 en els pacients

amb SCT >20% (Taula 8). No obstant aixd, després d’ajustar per la SCT, els

pacients amb nivells més elevats de sST2 van presentar major risc de mort

(Taula 6).
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6.5 Biomarcadors i variables secundaries

La concentracié plasmatica de IL33 dins les primeres 24 hores d’evolucié i
a dia 3, aixi com la concentracié de sST2 i IL8 a dia 3, van ser més elevades
en aquells pacients que van presentar alguna complicacié infecciosa i en
aquells pacients que van desenvolupar DMO durant la seva estada a la Unitat
de Cremats (Taula 9 i 10). La capacitat diagnostica de sST2 per predir
I'aparicié d'infeccié6 (AUROC 0.80) era superior a la de IL33 o IL8 (AUROC
0.73 i 0.75 respectivament). D’'igual manera, la concentracié plasmatica de
sST2 a dia 3 va mostrar una molt bona capacitat de prediccié de I'aparicié de
DMO (AUROC 0.82). Finalment, en els pacients que van necessitar VM, la
concentracié elevada de sST2 es va associar a menys dies lliures de VM en

els primers 28 dies d’evolucio (Taula 11).

Taula 8. Concentracions de biomarcadors segons I’extensio

de la cremada

Mitjana de la
Variable S((::_z“%(;% S((:r':'_<229l;% diferéncia entre grups \gaelor
= = (IC 95%) P
Adiad
107.0 95.07 11.94
IL6 (ng/L) (75.05-139.0) (61.95-128.2) (-33.72-57.60) 0.686
281.0 2327 48.25
IL8 (pg/ml) (230.4-331.6) (179.7-285.7) (-24.31 - 120.8) deizy
1.48 1.45 0.03
IL33 (pg/ml) (1.28-1.69) (1.25-1.65) (-0.25 - 0.32) 0.701
2103 1341 761
E5 i) (1770-2436) (1009-1673) (293 — 1931) O
Adia3
116.8 76.93 39.91
TS (85.25-148.4) (44.51-109.3) (-5.07 — 84.88) LY
279.0 181.7 97.27
IL8 (pg/mi) (235.7-322.4) (134.5-229.0) (34.11 - 160.4) 0.003
1.74 1.60 0.14
TR stz il (1.57-1.92) (1.41-1.79) (-0.11-0.39) UZilY
1693 915 779
§ST2 (ng/ml) (1337-2050) (578-1251) (286 — 1271) 0.002

IC: interval de confianga; IL: interleuquina; sST2: proteina supressié de la tumorigenicitat 2.
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Taula 9. Concentracions de biomarcadors segons I'aparicid

d’infeccions
Variable Senselnfeccio InfectiS yyanciaenrogrups VA"
(IC 95%)

Adiad
IL6 (ng/L) (6583‘1121 8) (44.8172-%)7.37) (-22.0246f 175.26) 0.236
IL8 (pg/ml) @1 02.2?2'37.5) (79.52-61'21 0) (-66.5112fJ 30.56) 0619
IL33 (pg/ml) “ .21é?1§55) “ .317'-615.94) (-0.03'370.57) 0.072
SST2(ng/m) (307400 (1625.2643) 11 1035) 0.066

Adia3
IL6 (ng/L) (71 p ) (55.2%11 5) (-51 o '?17.97) 0.781
IL8 (pg/ml) (1621.3-72':731 7 (250?;-73'?34.1 ) (53.81329 '10 86.1) 0.002
L (el (1 .42?1?74) (1 i 10) (o.og '—2%.55) e
SST2 (ng/mi) (77(?;24219) (162251-627710) (6941 1713652) <0.001

IC: interval de confianga; IL: interleuquina; sST2: proteina supressié de la tumorigenicitat 2.

Taula 10. Concentracions de biomarcadors segons I'aparicio

de DMO
Variable SenssDMO  DMO df”(‘l‘cgs‘tj)'gp Valor
Adia 1
IL6 (ng/L) (6622;?31 4) (70.(1)513-21'24.4) (—30.3168 2 26.96) 0472
IL8 (pg/mi) (2042.3?2'32.0) (2252.3-53;24.0) (31 hs ?25.1) L
IL33 (pg/ml) ( _212'?18.53) ( _317'?1?97) (_0_0(1)-390-59) 0.058
S GET) (13(;45-81‘:364) (17&?5-21742) (1496-61185) i
Adia3
IL6 (ng/L) (79.28-71' §4.9) (35.2?125.7) (-76.5316i4273.59) i
IL8 (pg/mi) “ 722.;—12.20.8) (2202.3-1511 1) (-0.329—'61239.6) 0.063
IL33 (pg/mi) a .416?11.77) “ .616?2:3.06) (-0.02'320.49) 2isE
sST2 (ng/ml) (764?—71210) (16:32—220758) (7601 3412725) <0.001

IC: interval de confianga; IL: interleuquina; sST2: proteina supressié de la tumorigenicitat 2.
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Taula 11. Relacié entre la concentraciéo de sST2 i la durada

de la VM i I'estada a UCI

Dies Dies

Variable lliures de \éaelor lliures \ée;lor
VM P guc P
Adia 1
Concentracié de sST2 per sobre el punt de 6 (0-18) 0(0-7)

tall de la corba ROC

Concentracio de sST2 per sota el punt de
tall de la corba ROC

Adia3

Concentracio de sST2 per sobre el punt de
tall de la corba ROC

Concentracio de sST2 per sota el punt de
tall de la corba ROC

13(0-21) 0694 10(0-20)  0.129

14 (0-19) 5 (0-15)

6 (0-18) 0.045 0(0-7) 0.109

IC: interval de confianga; IL: interleuquina; sST2: proteina supressi6 de la tumorigenicitat 2.
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Aquest és el primer estudi en mostrar el valor pronodstic de la concentracio
plasmatica de sST2 després de la lesié per cremada. De fet, concentracions
plasmatiques de sST2 22560.5 mesurades a dia 3 després de l'ingrés a la
Unitat de Cremats s’associen de manera molt consistent amb un increment
del risc de mort, inclis després d’ajustar-ho per diferents factors de confusio.
A més a més, es van observar concentracions més elevades de sST2 en
aquells pacients cremats que van presentar complicacions infeccioses o van
desenvolupar DMO. Finalment, en aquells pacients que van precisar VM, una
concentracié més elevada de sST2 es va associar amb menys dies lliures de

VM durant els primers 28 dies d’hospitalitzacio.

La importancia d’altres biomarcadors d’inflamacié en el pronostic dels
pacients cremats ha estat descrita en estudis previs. Dos dels biomarcadors
més freqlientment estudiats son la IL6 i la IL8. S’ha observat concentracions
més elevades d’ambdés biomarcadors en pacients que han desenvolupat
complicacions septiques(9, 10) i en aquells pacients que no han sobreviscut a
la les cremades(9, 10, 21). Tanmateix, el present estudi és el primer a
demostrar que els nivells de sST2 prediuen el resultat clinic en els pacients
cremats, fent-ho més precogcment i més acuradament en comparacié amb
altres biomarcadors com la IL6 i la IL8. De manera semblant, sST2 ha
demostrat tenir importancia en el pronostic d’altres malalties inflamatories
com la insuficiéncia cardiaca(99), linfart agut de miocardi(88), la colitis
ulcerosa(90), 'asma(100), o la sindrome de destret respiratori agut(76, 77,
101), la sépsia(102, 103) i en pacients amb transplantament de sang de
cord6(104). No obstant aixd, s’ha de tenir en compte que existeixen diferents
kits comercials per a la determinacié de sST2 i que, per tant, els resultats
dels diferents estudis no tenen perqué ser necessariament
comparables(105). A més a més, I'is de diferents kits pot afectar de manera
indirecta els resultats de la concertacié mesurada de IL33. En aquest sentit,
és probable que, en el present estudi, hagim mesurat la suma de la
concentracio de sST2 lliure i sST2 unit a IL33; en canvi, al mesurar I'anticos
bloquejador IL33, el seu epitop hauria estat amagat pel receptor ST2 i, per

tant, probablement I'anticos només ha detectat la concentracié de IL33 lliure.
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Aquest fet podria explicar, al menys en part, perqué I'administracié d’IL33 ha
demostrat tenir efectes beneficiosos en la cicatritzacié de les ferides(36, 37) i,
en canvi, pot predir també I'aparici6 de DMO i complicacions infeccioses en
pacients cremats. Aquests papers contraposats també s’han descrit
préviament amb la concentracié de sST2 i la seva administracioé exdgena en
pacients amb SDRA(76, 77, 85). En aquests pacients, les concentracions
més elevades de sST2 s’han associat a un pitjor pronostic(77), aixi com a
una major necessitat de reintubacioé durant el periode de desconnexié de la
ventilacié6 mecanica(76). En canvi, I' administracié exdgena de cél-lules mare
modificades genéticament per secretar la proteina sST2 ha disminuit la
inflamacié pulmonar, aconseguint preservar I'arquitectura alveolar i disminuint
la permeabilitat capil-lar en un model de lesié pulmonar aguda generada per
I'administracié de lipopolisacarid(85).

Una de les fortaleses de I'estudi és la inclusié de pacients amb una
extensié de la cremada moderada. A priori, aquest seria un grup de pacients
que esperariem que evolucionés de manera favorable durant el seu ingrés a
I'hospital. Per tant, la investigacid en tests especifics que ens ajudin a
determinar quins d’aquest pacients tenen més risc d’evolucionar
desfavorablement és un eix de recerca important ja que ens ajudaria a
determinar quins pacients s6n de més alt risc i es podrien beneficiar d’un

tractament més precog i agressiu.

Aquest estudi perd també presenta algunes limitacions. En primer lloc, és
un estudi unicéntric amb un mostreig de conveniéncia. Tanmateix, la inclusié
de pacients va abastar de manera bastant uniforme tot el periode d’estudi,
reduint parcialment el biaix de seleccié. En segon lloc, es tracta d’'un estudi
pilot ja que no es disposaven de dades prévies sobre la concentracié de
sST2 en pacients cremats. Per tant, no es va poder realitzar una estimacio
prévia de la mida de la mostra. De fet, com ja hem apuntat, és el primer
estudi que analitza les concentracions de sST2 i IL33 en pacients cremats.
En aquest sentit, hagués estat inapropiat la utilitzaci6 de valors de les
concentracions de sST2 observades en altres malalties inflamatories ja que

aquests valors poden variar enormement d’'una malaltia a una altre i, a més,
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podrien haver utilitzat kits diferents per a la determinacié de sST2. D’igual
manera, el calcul post-hoc de la poténcia estadistica del test tampoc és
correcte(106). En lloc d’aixo, s’ha descrit la concentracioé dels biomarcadors
com a mitjana i el seu interval de confianga del 95%, aixi com la mitjana de
les diferéncies observades entre grups i el seu interval de confianga del 95%.
Aquesta estrategia identifica diferéncies significatives entre els grups
analitzats quan linterval de confianga de la mitjana de la diferéncia
observada no engloba el valor 0, tal i com és el cas de la concentraci6 de
sST2. Aquests resultats suggereixen que I'estudi té una poténcia adequada i
que les diferencies observades son estadisticament significatives. D’altra
banda, la mitjana de les diferéncies observades en la concentracio de sST2 a
dia 1 i 3 entre els supervivents i els no-supervivents va ser de 3’6 i 86
vegades més gran que la minima diferéncia analiticament significativa,
considerant que el kit utilitzat presenta una variabilitat del 12% en les seves
determinacions. A més a més, sST2 va ser I'inic biomarcador analitzat que
va mostrar diferéncies en ambdds temps analitzats (dia 1 i dia 3), indicant la
seva elevada sensibilitat en la prediccio del pronostic d’aquests pacients. De
fet, la seva associacio, no només amb la mortalitat sind també amb l'aparicié
de complicacions infeccioses i DMO suggereix que no només és important en
la fisiopatologia de la cremada siné també amb la génesis de la disfuncié
organica secundaria. | en tercer lloc, la major capacitat predictiva va ser als 3
dies d’ingrés. Tanmateix, aquest punt temporal és inclus millor que el descrit
en altres estudis previs on no es van observar diferéncies en la concertacio
de IL6 i IL8 entre supervivents i no-supervivents en els tres primers dies
d’ingrés(21). A més a més, la mediana de dies d’ingrés a la Unitat de
Cremats era molt més elevada (30 i 27 dies en els supervivents i no-
supervivents, respectivament). De fet, cap dels pacients inclosos es va donar
d’alta en aquests tres primers dies. Per tant, la reavaluacié del pronodstic dels

pacients a les 72 hores de seu ingrés sembla factible i (util.
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En resum, concentracions més elevades de sST2 s’associen a un
augment del risc de mort en pacients cremats. Aixi doncs, les concentracions
plasmatiques de sST2 podrien ajudar a identificar aquells pacients amb més
risc de no sobreviure i, per tant, podrien ser utils en el procés de presa de

decisions durant el tractament d’aquests pacients.

De manera similar, els pacients que van presentar complicacions
infeccioses i DMO tenien concentracions més elevades de sST2. A més a
més, entre aquells pacients que van requerir VM, les concentracions més
elevades de sST2 també es van associar a menys dies lliures de VM. Tots
aquests resultats suggereixen que I'eix IL33/ST2 podria tenir també un paper

important en la patogénia de la disfuncié organica dels pacients cremats.
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RECENT ADVANCES IN BIOMARKERS IN SEVERE BURNS
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ABSTRACT-—The pathophysiology of burn injuries is tremendously complex. A thorough understanding is essential for
correct treatment of the burned area and also to limit the appearance of organ dysfunction, which, in fact, is a key
determinant of morbidity and mortality. In this context, research into biomarkers may play a major role. Biomarkers have
it been i an i area of medical : the of certain has led to a
better understanding of pathophysiology, while omgrs have been used either to assess the effectiveness of specific
or for ic purposes. may help to improve the prognosis of patients with severe

burn injury. The aim of the present clinical review is to discuss new evidence of the value of biomarkers in this setting.

KEYWORDS—Biomarkers, burn injury

INTRODUCTION

Burn injury is a common type of traumatic injury. A recent
pean study esti i the annual inci of severe burns
at between 0.2 and 2.9/10,000 inhabitants (1). Bums cause
considerable morbidity and mortality, accounting for over
300,000 deaths per year worldwide (2), and affect long-term
health-related quality of life (3). Burns are also among the most
expensive traumatic injuries, due to the need for long-term
hospitalization and rehabilitation periods and costly wound and
scar treatment (4, 5).
Different definitions of biomarkers have been proposed.
They could be defined aa cl'uraacnsucs that can be objccuvcly

1 and I 1 as an indi of normdl bi

or phar
m a Ihempcullc m(ervemmn (4). In this rcgard the W'HO
proposed a broad definition of hlomarkcr mcludmg .llmosl

also be useful for p Ideally, the p of
and must also be cosl-cffccuvc
Rcscan.h into biomarkers has become increasingly important
for several reasons. These indicators have helped us to under-
stand lhe palhophysmlogy of dncascx, allowing early and
of p ions and determining
the severity of lllncn Moreover, lhcy may also be useful for
designing new lhcmpcuuc targets that can improve outcomes,
and for g the ss of Therefore, the
aim of this review is to discuss the recent advances in research
into the utility of biomarkers in burn injury.

er purp

UNDERSTANDING THE PATHOPHYSIOLOGY OF
BURN INJURY
The hlpamm:a of inflammation in burn injury

Under the siology of burn injury is crucial

any measurement reflecting an i b a
system and a pmcmml hazard, which may be c

for correct treatment. Burn injuries trigger both local and

physical, or biol I. The may be func-
tional and physiological, biochemical at the cellular level, or a
molecular interaction™ (5). Therefore, a biomarker can be
considered as everything from the pulse, blood pressure, or
urine output through basic molecules present in blood
and tissues.

The ideal biomarker should be easily and rapidly obtained
and must be sensitive, specific, and reproducible. Its levels
should be modified by therapeutic interventions and it should
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P Indeed, excessive burn load may cause a
dlspropomomlc immune response and patients may develop
d systemic infl y processes. Thus, the ques-
tion of how the multiorgan failure occurs in severe burned
patient has aroused particular interest. Patients with severe
burns are Ilkcly to wffcr from sepsis that can rapidly develop
into a sys P 1 , which may
simultaneously damage m.'my organs wch as the lung, the liver,
the kidney, the gut, or the brain.
In this rcgnrd some studies have investigated the different
1 after burn injury. Inter-
leukin (IL)—I receptor antagonist (IL-1Ra) has been shown to be
increased from the day of admission in patients with second and
third-degree thermal injuries (6) and its concentrations were
significantly higher in nonsurvivors with inhalation injury

Copyright © 2015 by the Shock Society. Unauthorized reproduction of this article is prohibited.
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(Table 1). IL-1Ra has been also comelated with total body
surface area (TBSA) during the first week following burn injury
(7). Interestingly, IL-1Ra levels were significantly higher in

Ruz-CASTILLA ET AL.

patients with severe sepsis, septic shock, and
function syndrome (MODS). IL-1Ra concentration correlated
with other inflammatory mediators, such as IL-6, IL-8, and
tumor necrosis factor (TNF)-a, and patient’s clinical status

gardless the pr ce of infe M , IL-1Ralevels at
dmi and its levels were si ly higher in
thosc p.mcms whu ﬁmlly died. Vindenes et al. (8) rcponcd
b IL-1Ra and

TBSA and the area of third degree burn, as well as with plasma
concentrations of C-reactive protein (CRP). Furthermore,
higher concentrations of IL-1f and IL-1Ra were observed in
patients who developed infective complications and p.'mcms
who survived had significantly higher IL-18

i ion and i In this regard, despite the
infl. y resp the host's to burn injury also
plays an lmponam role. It has recently been shown lhal an
Iti dys-  overwhel nti-infl y resp may be d
with worse prognosls In this sense a cul -off of 14 pg/mL of
IL-10 has d 1 a good di capability

between survivors and those burn patients who will not survive
(21). On the other hand, several CD markers of granulocytes,
Iymphocytes, and monocytes have been shown to be overex-
pressed in survivors (22).

Fungal wound infection

Historically, infection has been described as one of the main
causes of morbidity and mortality in these patients (23). In a
sludy that mcludcd mm lhan 2500 burn patients, fungal wound

Other studies have also shown that IL-6, IL-8, and TNF-«
concentrations are increased in serum after severe injury and
they were significantly higher in the septic patients, who all
died (9-11). Moreover, IL-10 concentration has been shown to
be higher in nonsurvivors burn patients with proven sepsis (12).
In contrast, a lower second peak of transforming growth factor
B1 (TGF-BI) has been observed in septic nonsurvivors burn
patients (13). More recently, it has been shown that several
serum cylokines measured are significantly altered after severe
burn injury in a Iargc comn of pediatric bum patients. A
marked i in olon factor
(G-CSF), IL-6, IL- 8 monocylc cl'rmoanmctanl protein-1
(MCP-1), and macrophage inflammatory protein-1p (MIP-
1B) has been observed whcn compaled wnh nomal levels
(14). This h ple organ
functions such as the lung, ludncy llvcr. bowel, and brain (15)
In fact, severe burns may alter the fi of physiol

was ind ssociated with lity regard-
less of age, bum size, or lhc presence of inhalation injury (24).
Although bacterial i ions are pi y the most
infections in bum patients, severe burn palicnls also present a
higher risk of fungal infection. Some studies have tried to
explain this issue. Inatsu et al. (25) stimulated peripheral blood
mononuclear cells (PBMCs) of healthy volunteers and burn
patients with Candida albicans antigen (CAg). Burn patient
sera were shown to be inhibitory on CAg-stimulated IL-17
production by CD4+ T cells. However, IL-17 production was
induced by burn patient sera when it was previously treated
with anu IL-10 nnubody Thcw results suggest that the high

ibility to C. albi ion observed in severe burn
patients may be explained by the high levels of IL-10. However,
any therapeutic intervention that aims to modulate IL-10 should
be pcrfnrmcd with caution to maintain the balance between
infl, y and anti-inf y lecules. M
IL-10 and IL-17 could be a useful strategy m

barriers, allowing inflammatory cells to pass and release
amounts of cytokines, reactive oxygen species (ROS), comp-
lement proteins, and other agents that aggravate the organ
damage (16). In this regard, in a large cohort of patients with
severe burn injury, defined as more than 30% of TBSA, higher
concentrations of IL-6, MCP-1, TNF-a, and CRP have been
observed in patients with multiorgan failure compared with
those patients without (17). Equally, another recent study that
included 230 pediatric burns with >30% of TBSA reported
higher serum levels of IL-6, IL-8, G-CSF, MCP-1, C-reactive
pmlcm in nonsurvivors (18). All these results suggest that
plays an imp role in burn injury

palhophyqology and it may also be important in organ dys-
function generation as well as it may also predict its outcomes.
Significantly, multiorgan dysfuncti 1 (MODS)
has been reported as a main cause of death in burn patients
(19); in fact, in a large cohort of burn patients, MODS was
almost invariably present in the patients who died (20). Con-
sequently, in the overall treatment of bumed patients, just as
important as lhe surgical management of the bum are the
general supp to imize the of
organ failure. Th gaining an under of the exact
mechanisms involved in burn injury and the genesis of the
associated organ dysfunction will help to develop novel thera-
peutic strategies that can allow successful modulation of the

determine which patients are more at risk of fungal infection.

Inhalation injury

The pathophysiology of inhalation injury has also aroused
interest. Recent work has assessed whether the severity of
inhalation injury evokes an immune response measurable at a
systemic level (26). The results showed that plasma inflamma-
tory markers were increased with worse inhalation injury
severity, and that IL-1Ra had the strongest comelation with
injury severity and outcomes. Other issues that have been
examined are the factors that modify cell responses to soot,
which are probably responsible for the development and severity
of acute i y distress and lower respi: y tract
infections. In this regard, it has been shown that high levels of
IL-10 and IL-12p70 d early in bronchoal lavage
fluid (BALF) of burn patients with inhalation injury may be
associated with progression to mcrc scvcre lung m;ury (27)
Moreover, these authors proposed a new hypoth
inhalation injury pathophysiology: as Gram-negative palhogcn
infection was associated with more severe hypoxemia, it is likely
that a prolonged increase in IL-10 levels of BAL fluid in these
patients would increase i ion and sub
Gram-negative infection. On the olbcr hand, cigarette ‘molung.
which presents certain similarities to inhalation injury, may
primarily trigger IL-33/ST2 production, which then stimulates

Copyright © 2015 by the Shock Society. Unauthorized reproduction of this article is prohibited.
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Tasie 1. Main biochemical markers related to burn injury

Biochemical
marker Reference n Inclusion criteria Main results
IL1Ra Mandrup-Polsen 15 Second and third Caoncentration increased compared with controls
el al. (B) degree burns
Concentration increased in nonsurvivors with inhalation
injury
Endoet al. (7) 24 >20% of TBSA Correlated with TBSA and clinical status
Higher in sepsis, septic shock and MOF
Correlated with IL6, IL8 and TNFa
Higher in nonsurvivors
Vindenes et al. (8) - Correlation with TBSA and area of 3 degree bums
Higher in patients who develop infection complications
Davis et al. (26) 80 Inhalation injury Higher plasma concentration in nonsurvivors
Correlated with TBSA, inhalation injury severity, SOFA and
Denver score
Davis et al. (30) 60 Inhalation injury Lower concentration in BALF of nonsurvivors
IL1p Vindenes et al. (8) kg Correlation with TBSA and area of 3™ degree bums
Higher in patients who develop infection complications
Davis et al. (30) 60 Inhalation injury Lower concentration in BALF of nonsurvivors
Salgado et al. (38) Overexpressed in hypertrophic scars
IL& Yehet a. (11) 10 30—-85% of TBSA Higher concentration in nonsurvivors
Higher concentration in sepsis
Jeschke et al. (14) 242 Pediatric burns with Higher levels after burn injury
=30% of TBSA
Kraft et al. (17) a1 Pediatric burns with Higher levels in patients with MOF
»30% of TBSA
Jeschke et al. (18) 230 Pediatric burns with Higher in nonsurvivors
=30% of TBSA
Csontos et al. (21) 39 >20% TBSA Higher in nonsurvivors
Vold et al. (40) 30 =»20% of TBSA Decrased in [TBI guided fluid resuscitation compared with
urine output
Reper et al. (50) 15 Minor burns with HFPV did not increase its initial concentration
ARDS following
smoke inhalation
Tend to increase 1-2 weeks post-burn and reached high
levels before the expiration of these patients
[[§:) Yehet al. (10) 10 30-85% of TBSA Higher concentration in nonsurvivors
Higher concentration in sepsis
Jeschie et al. (14) 242 Pediatric burns with Higher levels after burn injury
=30% of TBSA
Jeschike et al. (18) 230 Pediatric burns with Higher in nonsurvivors
=30% of TBSA
Csontos et al. (21) k<] >20% TBSA Higher in nonsurvivors
Albright et al. (29) 60 Inhalation injury IL8 concentration was the highest of the 28 biomarkers
measured in patients with grade 3 and 4 inhalation injury
Davis et al. (30) 60 Inhalation injury Lower concentration in BALF of nonsurvivors
Kraft et al. (17) 468 Pediatric Higher levels correlated with MOF, sepsis and mortality
Reper et al. (50) 15 Minor burns with HFPV did not increase its initial concentration
ARDS following
smoke inhalation
ILio Yehet al. (12) 2 30-90% of TBSA Higher in nonsurvivors with proven sepsis
Inatsu et al. (25) - = Higher levels may be associated with higher susceptibility to
C. abicans infection
Csontos et al. (21) 39 =20% TBSA Higher in nonsurvivors
Cut-off 14 pg/mL on admission has a sensibility of 85% and
a specificity of 84% for predicting ICU mortality
Jores et al. (27) 43 Inhalation injury Higher levels were associated with presence of ARDS
Davis et al. (30) 60 Inhalation injury Lower concentration in BALF of nonsurvivors
Yehet al. (13) 15 Second and third- Marked increases in circulating IL10 levels were observed
degree burns only just before the death of non-survivors
IL12p70 Jones et al. (27) 43 Inhalation injury Higher levels were associated with presence of ARDS
ILi3 Davis et al. (30) 60 Inhalation injury Lower concentration in BALF of nonsurvivors
L33 Yin et al. (36) Experimental Mice Accelerates wound healing
Yin et al. (37) Experimental Mice Inhibits MRSA colonization
Promaotes wound healing
TNFa Yeh et &. (9) 10 30—-85% of TBSA Maximum concentration higher in nonsurvivors

Higher in bacterial infection
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Tese 1. (continued)

Runz-CASTILLA ET AL

Biochemical
marker Reference n Inclusion eriteria Main results
Reper et al. (50) 15 Minor burns with HFPV did not increase its initial concentration
ARDS following
smoke inhalation
Receptor of Salgado et al. (38) - Owerexpressed in hypertrophic scars
TNF «
TGFR1 Yeh etal. (13) 15 Second and third- Initial peak serum TGFR1 response was detected within
degree burns 1 day post-burn
Lower second peak TGFR1 was observed in nonsurvivors
Kraft et al. (17) 821 Pediatric burns with Higher levels in patients with MOF
=30% of TBSA
G-C5F Jeschke et al. (14) 242 Pediatric burns with Higher levels after bumn injury
=>30% of TBSA
Jeschke et al. (18) 230 Pediatric burns with Higher in nonsurvivors
=30% of TBSA
MCP-1 Jeschke et al. (14) 242 Pediatric burns with Higher levels after burn injury
=30% of TBSA
Kraft et al. (17) 821 Pediatric burns with Higher levels in patients with MOF
=30% of TBSA
Jeschke et al. (18) 230 Pediatric burns with Higher in nonsurvivors
=30% of TBSA
MIP-1B Jeschke et al. (1B) 230 Pediatric burns with Higher levels after burn injury
=30% of TBSA
CRP Kraft et al. (17) az21 Pediatric burns with Higher levels in patients with MOF
=>30% of TBSA
Jeschke et al. (18) 230 Pediatric burns with Higher in nonsurvivars
=30% of TBSA
Leucocyte Szelig et a. (22) 35 =20% of TBSA Expression of granulocyte CD11a, lymphocytes CD11a,
surface CD11b, CD18, monocyte CD97 were significantly higher
markers in survivors
Voldi et al. (40) a0 =20% of TBSA Decrased in ITBI guided fluid resuscitation compared with
urine output
Csa Davis et al. (30) 60 Inhalation injury Lower concentration in BALF of nonsurvivors
K6 Simonetti et al. (33) Experimental Rats Higher levels in wounded skin
MMP3 Simonetti et al. (33) Experimental Rats Higher levels in wounded skin
CD44 Simonetti et al. (33) Experimental Rats Higher levels in wounded skin
Procalcitonin Mann et al. (44) Systemiatic = May benefit when it Is added to the clinical signs in the
review diagnosis of sepsis
Lavrentieva et al. 145 = Maximum level was a predictor of outcome
A value of 7.8 ng/mL in procalcitonin concentration on day 3
was associated with the effectiveness of the sepsis
treatment
Paratz et al. (46) 54 =15% of TBSA Procaleitonin did not differ between sepsis and "no sepsis”.
N-terminal Paratz et al. (46) 54 >15% of TBSA Excellent discriminative power for the presence of sepsis.
pro-B-type
natriuretic
peptide
Cystatin G Yang et al. (56) 90 =20% of TBSA Serum concentration predicts development of AKI
Serum concentration predicts mortailty
NGAL Yang et al. (56) 90 =20% of TBSA Plasma and wrine concentration predicts development of

AKI
Plasma and urine concentration predicts mortailty

AKl indicates acute kidney injury; ARDS, acute respiratory distress syndrome; BALF, bronchoalveolar lavage fluid;, CRR C-reactive protein; G-CSE
granulocyte colony-stimulating factor; HFPV, high-frequency percussive ventilation; ICU, intensive care unit; IL, interleukin; ITBI, intrathoracic blood
wvolume index; K6, keratinocyte 6; MCE, monocyte chemoattractant protein; MMP matrix metalloproteinase; MOF, multiorganic failure; NGAL, neutrophil
gelatinase-associated lipocaling SOFA, sequential organ failure assessment; TBSA, total body surface area; TGE transforming growth factor; TNF, tumor

necrosis factor

the synthesis of further key pro-inflammatory cytokines, chemo-

kines, and mediators in the airway (28).

It has also been observed that BALF in bum patients with
inhalation injury may present different inflammatory patterns
according to the severity of the inhalation injury (29). More

importantly, pulmonary hyporesponsiveness has been associ-

ated with higher mortality after burn and inhalation injury (30),

suggesting that immunoparalysis is also important in the
pathogenesis of inhalation injury and may serve as a potential
therapeutic target (31).
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Wound healing

Measuring biomarkers in burns may not only help to under-
stand the pathophysiology of organ dysfunction development
and inhalation injury, but may also indicate how the wound-
healing process occurs. Indeed, burn wound progression
remains an important challenge in the overall management
of these patients (32). Recent experimental results suggested
that the delayed wound healing observed in old animals is
associated with an increase in keratinocyte 6, matrix metal-
loproteinase-9, and CD44 (33). Hence, it is likely that the
modulation of these biomarkers could improve and accelerate
wound healing in elderly patients. Other studies have examined
the role of cell death in wound progression. Tan et al. (34)
demonstrated that autophagy and apoptosis are important
features in wound progression at different time points. As
autophagy precedes apoptosis, different treatment strategies
should be applied at different time points during the burn injury
depending on the primary mechanism involved in wound
progression. Autophagic cell death has also been shown to
occur early after severe burn (35) and may play an important
role in post-burn cardiac dysfunction. Interestingly, pharma-
cological inhibition of angiotensin II and ROS decreases
autophagy and improves cardiac function (35).

Interleukin 33 (IL-33) has also been described as an import-
ant pathogenic feature in wound healing. Exogenous adminis-
tration of IL-33 accelerated wound healing and promoted
collagen deposition and the expression of extracellular matrix
(ECM)-associated genes (36), and also facilitated the develop-
ment of activated macrophages in incisional wound tissue.
Equally, administration of IL-33 strongly inhibited methicil-
lin-resistant S. aureus (MRSA) colonization and accelerated
cutaneous wound repair by promoting neutrophil proliferation
and by enhancing collagen deposition and the expression of
ECM-associated genes (37). Thus, these results suggest that
IL-33 may have some effect on matrix synthesis and re-
epithelialization during the wound repair process. All these
results indicate that IL-33 plays a key role in the wound-healing
process and could be considered a potential therapeutic target.

Proinflammatory and profibrogenic cytokines are known to
be active in hypertrophic scar development. In this regard, the
expression of IL-1 and type I receptors for TNF-« in normal
skin and post-burn normotrophic and hypertrophic scars has
recently been assessed (38). The results showed that both IL-1B
and type I receptor for TNF-a were overexpressed in hyper-
trophic scars at the post-transcriptional level—the former
associated primarily with keratinocytes and CDla+ cells,
and the latter in the blood vessels of hypertrophic scars.

DIAGNOSIS OF COMPLICATIONS AND
ASSESSMENT OF THERAPEUTIC INTERVENTIONS
Fluid resuscitation
Appropriate fluid management is one of the most important
issues in the immediate of burn p (39). The
aim of this fluid resuscitation is to correct the hypovolemic
shock associated with the burn injury. However, avoiding over-
resuscitation is just as important as correcting the shock
Another study showed that fluid resuscitation of burn patients
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guided by intrathoracic blood volume index was associated
with higher levels of IL-6, IL-6/IL-10 ratio, and the IL-8/IL-10
compared with urine output-guided resuscitation (40). These
results suggest that ITBVI-guided resuscitation may suppress
the shift toward anti-inflammatory imbalance. Furthermore,
several lenkocyte surface markers were significantly higher
expressed in the group guided by urine output. These results
should make us aware of the fact that therapeutic interventions
may also affect biological processes and may also explain why
some treatments succeed or fail in improving outcomes.

Sepsis

Septic complications have been considered an important
cause of death in burn patients (41, 42) and, therefore, their
early identification may lead to early initiation of treatment and
better outcomes. However, diagnosing sepsis in burn patients is
still a challenge. In this scenario, several studies have examined
the clinical utility of certain biomarkers for diagnosing sepsis
and managing critically ill patients. The results of a recent study
including more than 400 pediatric burn patients showed that
IL-8 plasma concentration strongly correlates with the inci-
dence of sepsis (43). Moreover, patients with higher levels of
IL-8 had greater burn size, higher incidence of inhalation injury
and multiorgan failure, and higher mortality.

On the other hand, a recent meta-analysis on the role of
procalcitonin (PCT) in the diagnosis of sepsis and the prognosis
of burn patients (44) concluded that adding the determination of
PCT to the diagnosis of sepsis may be beneficial. More
recently, a large prospective cohort study of 145 burn patients
aiming to examine the accuracy of PCT for diagnosing sepsis
and localized infections (45) found that maximum PCT plasma
level was independently associated with mortality and that
patients with septic shock presented higher concentrations of
PCT at day 1. More interestingly, PCT levels were higher in
patients with sepsis, respiratory tract infection, and wound
infection than prior to infection. Finally, PCT levels remained
higher in septic burn patients with treatment failure, whereas
successfully treated patients presented a substantial decrease in
PCT concentration between the first and the third day
of evolution.

In contrast, a recent study (46) did not find PCT to be a useful
marker of sepsis. Indeed, their results showed that N-terminal
Ppro-B-type natriuretic peptide significantly outperformed PCT
in the diagnosis of sepsis. Moreover, stroke volume index and
systemic vascular resistance index showed an excellent dis-
criminative power for sepsis appearance in critically ill burn
patients with TBSA equal to or greater than 15% who were
intubated and had no previous cardiovascular comorbidities.

Another point of special interest is the ease of predicting and
anticipating the occurrence of infection and sepsis in severe
burns. Schultz et al. (47) retrospectively analyzed a cohort of
more than 100 burn patients comparing clinical variables that
were associated with infection and sepsis. Using a classification
and regression tree analysis, the results showed that heart rate
=110 bpm, systolic blood pressure <100 mmHg, and intuba-
tion were the best predictors of sepsis. In contrast, a fraction of
inhaled oxygen >0.25 and maximum temperature >39°C were
the best predictors of infection.
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Inhalation
In an experimental ovine model of burn injury and smoke
inhalation, tocopherol nebulization improved oxy tion, pul-

Runz-CASTILLA ET AL

Recently, Stanojcic et al. (58) investigated the effect of the
nucleotide-binding domain, leucine-rich family (NLR), pyrin-

containing 3 (NLRP-3) inflammasome on insulin resistance

monary shunt fraction, respiratory mechanics, edemna formation,
and bronchiolar obstruction (48). This study also showed that
tocopherol decreased the expression of a nitric oxide synthase
inhibitor, as well as arginase activity and collagen deposition.
This effect helps to improve diffusion capacity and decreases
edema formation. The authors conclude that inhalation injury
was also mediated by reactive oxygen species and the arginase
pathway, and that ROS scavengers such as tocopherol are
potentially useful for treating these patients (49).

More recently, serum concentrations of IL-6, IL-8, and
TNF-o have been measured in patients with minor burns
and smoke inhalation to assess whether high-frequency per-
cussive ventilation (HFPV) increases inflammatory markers
(50). Interestingly, no increase in serum biomarkers was
observed, suggesting that HFPY may not be harmful and could
be considered a potential therapeutic tool for these patients.
However, two recent randomized controlled trials of high-
frequency oscillatory ventilation (HFOV) in ARDS patients
did not find any benefit in mortality (51, 52).

Abdominal compartment syndrome and renal failure

Burn is an independent risk factor for intra-abdominal
hypertension (IAH) and abdominal compartment syndrome
(ACS) and the appearance of these conditions is associated
with development of organ failure (53) and higher mortality
rates (34). Moreover, as decreasing resuscitation volumes may
reduce the prevalence of IAH and ACS, intra-abdominal pres-
sure can be considered another useful biomarker to guide fluid
resuscitation in severe burn patients.

A biomarker may be especially useful if it can predict the
development of organ failure before the clinical alteration
appears. Early prediction of organ failure development may
allow initiation of aggressive treatment that may limit its con-
sequences. In this regard, acute renal failure (ARF) is a well-
known complication of severe burns, especially ones with IAH
and ACS (53), and is an important cause of increased mortality
(55). Serum cystatin C and plasma and urine neutrophil gelat-
inase-associated lipocalin (NGAL) are known to rise 24 to 48h
before the serum creatinine levels increase. However, in burns,
only NGAL has been proven to be associated with development
of early acute kidney injury and mortality (56).

DESIGNING NEW THERAPEUTIC STRATEGIES AND
THE USE OF NEW THERAPEUTIC TARGETS

As oxidative stress and neutrophil activation play important
roles in the development and progression of burn injury, they
can be considered good therapeutic targets. Recently, a
small randomized controlled trial analyzed the effect of
N-acetylcysteine in 30 burn patients with more than 20% of
TBSA (57). Although the study lacked sufficient power to draw
conclusions regarding clinical outcomes, patients treated with
N-acetylcysteine presented lower levels of oxidant stress and
plasma cytokines, and the treatment was associated with lower
vasopressor requirement.

and metabolic dysfunction in burn patients. Their results
showed that the subcutaneous fat tissue of burn patients pre-
sented leucocyte infiltration, which was formed at least in part
by monocytes. These monocytes presented increased inflam-
masome activity that was associated with higher levels of
IL-1B. These results provide new evidence regarding the role
of the inflammasome in the genesis of stress-induced diabetes
and the hypermetabolism related with severe burns, and
identify it as a new therapeutic target.

On the other hand, it has been shown that burn injury directly
decreases levels of tight junction proteins in the intestinal
epithelium, leading to gut injury. This allows the movement
of intraluminal contents across the mucosa, which can lead to
the development of distant organ injury and multiple organ
failure. In fact, the production of gut-derived proinflammatory
mediators has been implicated in the shock and multiple organ
failure associated with burn injury (59). Interestingly, in rats
with hemorrhagic shock, gut-derived factors that lead to organ
injury and increased endothelial permeability were present at
higher levels in mesenteric lymph than in the portal vein (60).
Moreover, the results of an experimental study showed that
phosphodiesterase inhibition with pentoxifylline may attenuate
burn-induced gut injury and, consequently, may protect against
the organ failure associated with burn injury (61). In contrast,
ethanol intoxication at the time of burn injury suppresses
intestinal immune defenses, impairs gut barrier functions,
and increases bacterial growth, and thus contributes signifi-
cantly to the pathogenesis of post-burn distal organ injury (59).
These results suggest that levels of ethanol should be routinely
measured in all burn patients at the moment of admission. In
addition, recent experimental data have associated the expres-
sion of IL-22 and other antimicrobial peptides with an increase
in intestinal permeability (62). Moreover, treatment with IL-22
increases the expression of antimicrobial peptides, attenuates
the increase in intestinal permeability, and reduces bacterial
load. These results suggest that IL-22 contributes to gut epi-
thelial and immune barrier functions following acute alcohol
exposure and burn injury, and that the IL-22/antimicrobial
peptide pathway may be a useful therapeutic target to prevent
sepsis and organ dysfunction in patients who present burn
injury under alcohol influence.

PROGNOSTIC VALUE

Proteomic techniques facilitate the identification of protein
profiles that can serve as diagnostic biomarkers or expression
fingerprints for early assessment of predicted outcome as a
result of disease or injury. This technique could be especially
useful in diseases that involve multiple organs, such as burn
injury or critical illness. Finnerty et al. (63) determined the
proteomic survival signature following severe burn injury using
high-resolution liquid chromatography-mass spectrometry
(LC-MS) and multiplex cytokine analysis. They observed that
43 proteins were significantly altered in non-survivors. These
proteins were involved in various biological pathways such as
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the coagulation cascade, complement response, hepatic acute-
phase response signalling, and inflammation. Interestingly, the
majority of these proteins have not been previously associated
with burn injury, suggesting that LC-MS is useful for describ-
ing proteome signatures and for identifying new mechanisms
related to survival after burn injury.

More recently, a large study including severely burned chil-
dren with more than 30% of total body surface affected aimed to
determine whether a panel of common biomarkers could be used
to predict survival (18). Non-survivors had significantly higher
levels of biomarkers such as IL-6, IL-8, granulocyte colony-
stimulating factor, monocyte chemoatiractant protein-1, C-reac-
tive protein, glucose, insulin, blood ureanitrogen, creatinine, and
bilirubin. Therefore, these biomarkers can be used for monitor-
ing patients and for identifying those at high risk whowill benefit
from more aggressive treatment. Furthermore, non-survivors are
more likely to present sepsis and multiorgan failure, suggesting
that these biomarkers could be involved in the pathogenesis of
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may make it possible to detect new biomarkers that are even
more sensitive and specific than the ones we have at present.
Moreover, the genomic fingerprint may also have an important
role to play.

The first aim of research into new biomarkers should be to
prevent organ dysfunction, which is one of the key determinants
of morbidity and mortality in burn patients. Thus, research in
new biomarkers that can predict the appearance of MODS
before it occurs is imperative. Second, biomarkers may be
useful for stratifying patients according to severity. Correct
stratification of patients in terms of severity is the only way to
ensure that the right treatment is delivered to the right patient,
and will allow us to select highrisk patients who are more likely
to benefit from more aggressive treatments. Third, it is import-
ant to validate new experi tal ﬁndings linically, which, in
fact, is the key point of translational research. In contrast,
experimental research may help to demonstrate the hypothesis

ted in clinical studies, as it was the case with the

these conditions. Previously, it was shown that the inflammatory
and metabolic response is dependent on burn size (64); the
greater the extent of surface area affected, the higher the inflam-
mation and metabolic response. In addition, patients with a
greater percentage of surface burned presented higher indices
of sepsis and inhalation injury, higher mechanical ventilation
requirement, and increased incidence of myocardial depression
and mortality. These authors suggested that patients with a
greater extent of body surface burned presented higher levels
of proinflammatory cell mediators that trigger and enhance the
hypermetabolic response, thus leading to a worse outcome.

Hypoglycemia has also recently been described as a good
prognostic marker (65). One hundred and sixty-six pediatric
burn patients who presented one or more episode of hypogly-
cemia during the first 60 days of admission were matched with
patients without hypoglycemia using a propensity score.
Matched patients who presented one or more episode of
hypoglycemia had greater inflammatory and metabolic
response and higher prevalence of sepsis, multiorgan failure,
and death. Hence, the implementation of therapeutic strategies
that minimize the appearance of this complication
is imperative.

Hyperlactatemia has been considered a marker of tissue
hypoperfusion. Moreover, the Sepsis Surviving Campaign
(66) proposed targeting fluid resuscitation to normalize lactate
levels in those patients with initial hyperlactatemia. In bum
patients, baseline lactate levels have been reported to predict
mortality and their normalization during the first 24h of
admission is associated with better survival (67).

More recently, a model combining clinical characteristics
and a panel of genomic biomarkers identified burn patients who
were at high risk of developing repeated infections (68). The
genomic signature provides new information about suscepti-
bility to infection and, therefore, may lead to the description of
new therapeutic targets.

FUTURE DIRECTIONS

Research in biomarkers is continuously evolving. The intro-
duction of techniques such as metabolomics and proteomics

g
hypothesis that an injurious mechanical ventilation may cause
distal organ dysfunction (69). Thus, experimental research can
be helpful in describing the exact mechanisms involved in
organ dysfunction generation after burn injury. And finally, the
description of new biomarkers will help to develop new thera-
peutic targets. In this regard, as in the case of the acute
respiratory distress syndrome (70), the use of modified stem
cells overexpressing proteins that could enhance wound healing
by blocking certain inflammatory pathways may be a point of
special interest.

CONCLUSIONS

Several inflammatory mediators have been shown to be
increased after burn injury. They may be important in burn
pathophysiology, contributing to organ dysfunction and sepsis
apparition, and they may also predict outcomes. Moreover, they
have been involved in pathophysiology of some special proc-
esses, such as inhalation injury or wound healing. Con-
sequently, some biomarkers have been described as potential
therapeutic targets. Importantly, as therapeutic interventions
may also affect biological processes, biomarkers may be a
useful tool to guide some treatments and may also explain why
some treatments succeed or fail in improving outcomes. There-
fore, investigation into biomarkers in severe burn patients is a
key feature of translational medicine in this area of knowledge.
Future research should focus on preventing complications of
burmn injury, stratifying patients according to their risk and
severity, designing new therapeutic targets, and validating
clinically new experimental findings.
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ABSTRACT—Background: The IL33/ST2 pathway has been i in the p is of different i

diseases. Our aim was to analyze whe(her plasma levels 01 biomarkers involved in the IL33/ST2 axis might help to pfedlc(
mortality in burn patients. Si ational cohort pilot study per!ormed atthe Bums Umt
of the Plastic and Reconstructive Surgery Depanmentoﬂhe Valld'Hebron ity Hospital

>18 years old with second or third-degree burns requiring admission to the Burns Unit were considered !or inclusion. Blood
samples were taken to measure levels of interleukins (IL)6, IL8, IL33, and soluble suppression of tumorigenicity-2 (sST2)
within 24 h of admission to the Bums Unit and at day 3. Results are expressed as medians and interquartile ranges or as
frequencies and percentages. Results: Sixty-nine patients (58 [84.1%] male, mean age 52 [35-63] years, total body
surface areaburned 21% [13%-30%)], Abbreviated Burn Severity Index 6 [4 8]) were included. Thirteen (1 8 8%) finally died
in the Burns Unit. Plasma levels of sST2 measured at day 3 after i the best i for
survival (area under the ROC curve 0.85 [0.71-0.99]; P < 0.001). The best cutoff point for the AUROC index was estimated

to be 2,561. In the Cox proportional hazards model, after

at day 3 was si
sST2 at day 3 predicts hospital mortality in burn patients.

for potential a plasma sST2 level >2,561

with mortality (HR 6.94 [1.73-27.74]; P=0.006). Conclusions: Plasma

KEYWORDS—Burn injury, mortality, multiple organ

INTRODUCTION

Burns cause considerable morbidity (1) and mortality. and
account for over 300,000 deaths per year worldwide (2).
Multiple organ dysfunction syndrome (MODS) is the main
cause of death (3). Consequently, the question of how multi-
organ failure occurs in burn patients is a point of special
interest. Bum injury may trigger a disproportionate immune
response and patients may develop exaggerated systemic
inflammatory processes, which may simultancously damage
many other organs. Therefore, identifying the exact mecha-
nisms involved in burn injury and the genesis of the associated
organ dysfunction and death should help to develop novel
therapeutic strategies which can allow successful modulation
of the inflammation and improve outcomes (4).
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soluble

of tumorigenicity-2

Several studies have investigated the concentration of differ-
ent inflammatory mediators after burn injury. Among the most
frequently investigated biomarkers are interleukins (IL)6 and
IL8. Higher levels of IL6 and IL8 have been observed in burn
patients with sepsis (5-7) and in those who develop MODS (8)
and have been found to be significant determinants of mortality
in paediatric and adult bum patients (9. 10).

Recently, the IL33/suppression of tumorigenicity-2 (ST2)
pathway has been implicated in the pathogenesis of different
inflammatory diseases (11) such as asthma, autoimmune dis-
cases, cardiovascular disease, tumor progression, acute respi-
ratory distress syndrome (ARDS), and sepsis. ST2 is a member
of the IL1 receptor family and exists in two different forms: a
transmembrane full-length form (ST2L) and a soluble form
(sST2) (11). IL33 has been identified as the ligand of ST2. It has
been proposed that IL33 is released upon cellular necrosis (12),
mainly in cpithelial and endothelial cells (13, 14) and in
immune cells when stimulated. 1L33 interacts with ST2L on
the target cell membrane, activating the inflammatory cascade,
enhancing the production of other chemokines and cytokines by
immune cells such as IL6 and inducing a pro-inflammatory
response. In contrast, the soluble form of ST2 (sST2) acts as a
decoy, inhibiting the immune response. Indeed, we have
recently shown that the use of human adipose tissue-derived
mesenchymal stem cells over-expressing sST2 decreased lung




2 SHOCK Vor. xx, No. x

inflammation and preserved alveolar architecture in a lipopoly-
saccharide-induced murine ARDS model (15).

On the other hand, 1L33 has also been described as an
important pathogenic leature in wound healing (16, 17).
Indeed, 1L33 may have some effect on matrix synthesis and
re-epithelialization during wound repair, suggesting that the
IL33/5T2 axis may play a key role in the healing process and
cun be considered a potential therapeutic target.

We hypothesized that the IL33/5T2 axis may play an impor-
tant role in the pathogenesis of burn injury and may therefore be
usclul in the progmosis of burn paticnts. Our aim was (o analyze
whether plasma levels of biomarkers involved in the IL33/572
axis might help o predict mortality in burn patients,

MATERIALS AND METHODS

Study design and patients

This single-center prospective observational cobort pilol study was per-

formed over a 2-year period (2015-2017) at the Bums Unit of the Plastic and
ive Surgery [ of the Vall d" chrunllm\mll) Hospital, a

reference center for the treatment of bum patients in a population of mone than
eight million people in Caralonia, Balenm. Islands, and m:domi All patients
with severe burns in this ical area ane ferred to this unit for
treatment. Patients aged 18 and over with second or third-degree bums who
require admission to the Bums Unit were considered for inclusion in the study.
Exelusion eriteria were age below 18, cumment pregnancy, and refusal 1o give
informed consent. All patients were attended at the Bums Unit throughout their
period of hospitalization, The study was approved by the Lol Ethics Com-
mittee and informed consent was obtained from the patients or their legal
representatives before inclusion.

Data collection

At the moment of inclusion. demographic charact 5. comorbidities.
mechanism and degree of bum injury, total body surface area (TRSA) burned
and time from bum 1w admission were recorded, Severity of illness was assessad
with the Abbreviated Bum Severity Index (ASBI) (18). Sequential Organ
Failure Assessment (SOFA) (19 was also calculated. Acute renal failure
was defined a5 a serum level of creatinine of 1. 2mg/dL or higher. and ARDS
was defined fing to the Berlin definition (20), Nead for wits
also recorded. Pneumonia was defined according 1o the H28A guidelines (21)
and sepsis and infection according to the consensus defimitions in burn patients
(22). Multiple organ dysfunction syndrome was defined as the dysfunction of
1w or more organs (23 ). Need for mechanical ventilation, ventilator-free days.
and ICU free-days from hospital day | to 28, length of hospital stay and hospital
survival were also recorded.

Biomarkers determination

Eighi iliters of blood was collected from each patient in EDTA wbes
within 24h of admission to the Bums Unit and @ day 3. The tubes were
immediately centnfuged at 3 [X])r[m for Il)mm. aliguoted and stored at ~80°C
until the day of the i miarkers (interleukin [1L] 6, IL8,
L33, and soluble «Jppw:mfm o[ (ms;ungenmly 2 Is&'l"‘l] levels were mea-
sured using i hent assy kit
The analyses were conducted at lhe Mar \"[ed:n.n:l Research  Instiut
(IMIM), Barcelona.

Statistical analysis
qunnum: \.mablcl. were expn-sml as modlan-c and interguartile range,
bles were d as fi and | Bio-

marker concentrations are presented as means (95% CI). Commnuus varables
were compared using the Mann—Whitney §/test, and differences in categorical
variables were assessed with the Chi square or Fisher exact 1est, as appropriate.

The area under the receiver-operating curve of the biomarkers that differed
significantly between survivors and non-survivors was calculated o assess their
accuracy for predicting survivors and non-survivors after bum injury. The
optimal threshold of the ronrmuou% variables was chosen 1o maximize the sum
of sensitivity and i A ding o the cut-point deseribed in the ROS
curve analysis for sST2, I'.'.nm:m Meier curves were used to determine the
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889 admissions

178 not acute burn patients
54 patients with <18yo
3 do not consent

69 patients included

Fic. 1. Flow-chart of the patients included.

survival probability of bum patients with higher or lower sST2, These curves
were compared using the log-rank test. To dﬂemme whether the s5T2 was
associated with higher lity, Cox prop | hazards deling was
chosen, while simuhaneously adjusting for other covarimes. Significant vari-
ables in the univariate analy 'ii'i were considered potential covariates. In order to
prevent model fitting, we introduced all potential iates one at a fime,
A two-sided P value of 0,05 of less was considered sta stically significant.
Statistical analyses were performed using the SPSS statistical package (version
200y, SPSS Inc, Chicago, 1),

RESULTS

istics of the patients included

Sixty-nine burn patients were included. A flow-chant of the
patients included is presented in Figure I, and the monthly
distribution of patients is shown in SDC Figure | (see hup://
links.lww.com/SHE/AT3T). The general characteristics ol the
patients included are summarized in Table 1. Patients were
mainly young males with low comorbidity rates. Thirteen
patients (18.8% ) died during their hospital stay; the main canse
of death was MODS (76.9%). Non-survivors were older, had a
greater extent of TBSA burned and higher ASBI and SOFA
scores on the first day of admission (Table 2). ARDS on the first
day. mfectious complications and sepsis during the stay in the
Bums Unit were more [requent among non-survivors (SDC

Table 1. hup:/links.lww.com/SHK/AT38),

- I oh

Biomarker concentration and mortality

Plasma levels of 1L6, IL8, L33, and s8T2 were measured
within 24 h of admission and at day 3. In four patients the first
plasma sample could not be obtained and in four other patients
we were unable 1o obtain the sample @l day 3. Non-survivors
presented higher levels of s5T2 measured within 24 h of admis-
ston and at day 3 (Table 3). Similarly, higher concentrations of

ILS at day 3 were also observed. Theiraccuracy for predicting the
risk of death was assessed by caleulating the AUROC, Levels of
s8T2 demonstrated good to very good accuracy [or predicting the
risk of death on the first day (AUROC 0.73 [0.59-0.83];
F=0.01 1) and day 3(0.85 [0.71-0.99]; P < 0,001). The predic-
tive accuracy of ILS atday 3 (0.78 [0.67-0.90]; £ = 0.003) was

lower than that of s§T2.

Analysis of sST2 and mortality
Receiver-operating curve analysis was used to select cut-off
points for separating patients into high and low sST2 groups,
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Tame 1. B ine patient's
Variable All (n=859) Survivors (n—56) Non-survivors (n=13) P value
Age at admission (yrs) 52 (35-63) 45 (31-58) 58 (54-76) 0.002
Gender (male) 58 (84.1%) 50 (89.3%) 8 (61.5%) 0.027
Comorbidities
Diabetes meliitus 11 (15.9%) 8 (14.3%) 3 (23.1%) 0.059
Hypertansion 13 (18.8%) 10 (17.9%) 3 (23.1%) 0.084
Chronic lung disease 15 (21.7%) 12 (21.4%) 3 (23.1%) 0.245
Cardiovascular disease 6 (8.7%) 3 (5.4%) 3(23.1%) 0.076
Number of comorbidities 0654
None 38 (55.1%) 32 (57.1%) 6 (46.2%)
One 11 (15.9%) 9 (16.1%) 2 (15.4%)
Two or more 20 (28.9%) 15 (26.8%) 5 (38.5%)
TESA burned (%) 21 (13-30) 18 (12-26) 40 (29-70) <0.001
Number of patients with third degree bums 23 (33.3%) 13 (23.2%) 10 (76.9%) <0.001
Burn mechanism 0185
Flama 45 (65.2%) 35 (62.5%) 10 (76.9%)
Deflagration 17 (24.6%) 15 (26.8%) 2 (15.4%)
Electric 4 (5.8%) 4 (7.1%) o
Scald 2 (2.9%) 1(1.8%) 1(7.79%)
Freezing 1(1.4%) 1 (1.8%) 0
Inhalation 28 (40.6%) 22 (39.3%) 6 (46.2%) 0.757
ABESI 6 (4-8) 6 (4-T) 9(8-12) <0.001
Time from burn to admission (h) 3 (2-6) 3 (2-5) 6 (2-8) 0.195
ABSI indicates abbreviated burn severity index; TBSA, total body surface area.
Tagee 2. Patient characteristics at day 1
Varlable Survivors (n=56) Mon-survivors (n=13) P value
SOFA score 1(0-2) 5(2-7) 0.004
Amount of fluids administered in the first 24h of admission (mL) 7,675 (5.121-12,998) 13.320 (6,060—25,500) 0.037
Cristalioids 7,589 (5,018-12,738) 13,054 (5,939-24,990)
Colloids (albumin 20%) 142 (99-261) 266 (121-510)
Meed of mechanical ventilation 26 (46.4%) 10 (76.9%) 0.066
Shock 9 (16.1%) 5 (38.5%) 0.119
Renal failura 4 (7.1%) 2 (15.4%) 0.315
ARDS 4 (7.1%) 4 (30.8%) 0.042
Creatinina (mg/dL) 0.77 (0.61-0.88) 0.95 (0.65-1.11) 0.107
Platelets (10" cellslL) 211 (166—246) 191 (122-242) 0.285
Bilirrubine (mg/dL) 0.77 (0.52-0.90) 0.84 (0.66-1.52) 0.083
RCP (mg/dL) 8.57 (3.37-15.08) 7.05 (3.31-15.63) 0.685
Albumine (g/dL) 2.84 (2.30-3.30) 2.60 (1.90-2.80) 0.099
ARDS indicates acute respiratory distress syndrome; RCP reactive C-protein; SOFA, sequential organ failure assessment.
Tagce 3. Differences in blomarkers between survivors and non-survivors
ariable Survivors (n = 56) Mon-survivors (n—13) Mean difference between groups (95% Cl) P value
At day 1
IL& (ng/L) 102.3 (76.53-128.2) 99.81 (47.15-152.5) 2.53 (-58.28 1o 53.21) 0.038
IL8 (pg/mL) 250.7 (209.6-291.9) 284.7 (210.1-379.4) 44.00 (—44.96 to 133.0) 0.204
1L33 (pg/mL) 1.41 (1,27-1.56) 1.67 (1.25-2.10) 0.26 (~0.08 to 0.60) 0.108
55T2 (ng/mL) 1,610 (1338-1882) 2,380 (1829-2931) 771 (184-1357) 0.011
At day 3
IL6 (ng/L) 98.41 (72.74-124.1) 104.6 (47.87-161.2) 6.14 (—52.98 to 65.27) 0653
IL8 (pg/mL}) 214.1 (177.3-250.9) 338.4 (285.1-391.7) 124.3 (43.39 10 205.2) 0.003
1L33 {pg/mL) 1.62 (1.50-1.76) 1.92 (1.56-2.29) 0.29 (-0.02 to 0.61) 0.054
s5T2 (ng/ml) 1,008 (861-1,335) 2,504 (1.822-3,185) 1,405 (831 to 1,980) =0.001

IL indicates interleukin; s8T2, soluble

of 1t igenicity-2,
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Fia. 2. Kaplan—Meier plets showing the probability of survival
according to the s5T2 groups on the first day (A) and at day 3 (B).
s3T2 0 soluble ion of igenicity-2.

sS§T2 ROC cul-off points were 1338.3 ng/mL on the first day
and 2560.5 ng/mlL on day 3. Plasma s5T2 concentration t day 3
had a sensitivity of 72.7%, a specificity of 93.9%. a positive
predictive value of 72.7%, a negative predictive value of 93.9%,
a positive likelihood ratio of 11.88 and a negative likelihood
ratio of 0.29 for predicting patients” death (SDC Table 2, hup://
links.lww.com/SHE/AT38),

Kaplan—Meier plots showing the probability of survival
according to the sST2 groups on the first day and at day 3
are shown in Figure 2. Patients with higher s8T2 levels at both
time points were less likely to survive (P=0.007 and
P <0001 respectively). To assess the association of s§T2
and mortality in burn patients, a Cox proportional hazards
model was performed vsing sS8T2 values at day 3, since they
offered the best accuracy for predicting survival (AUROC
0.85). Plasma concentrations of s8T2 >2560.5 measured at
day 3 of admission to the Burns t were consistently
associated with a higher risk of death, even after adjusting
for potential confounding (Table 4).

Biomarkers and TBSA

Since patients with higher TBSA may have a greater inflam-
malory response. a separale analysis was performed comparing
patients with TBSA =208 and those TBSA <20% (SDC
Tahle 3, hup:Alinks.lww.com/SHK/AT38). Higher levels of
sST2 were observed in patients with TBSA >20% (SDC
Table 4. hup:flinks.ww.com/SHK/AT38). However. after
adjusting for TBSAL sST2 levels were independently associated
with a higher risk of death (Table 4).
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Biomarkers and secondary outcomes

Plasma levels of L33 on the firstday and at day 3. as well as
sST2 and IL8 concentration at day 3, were significantly higher
in patients who developed MODS and infectious complications
during their stay in the Burns Unit (SDC Tables 5 and 6, hup://
links lww.com/SHK/AT38). However, the accuracy of s8T2 for
predicting infection at day 3 (AUROC 0.80) was better than that
of IL33 and IL8 (0,73 vs. 0.75 respectively). Plasma concen-
tration of sST2 at day 3 showed very zood prediction accuracy
for MODS (AUROQC 0.82). Finally, in patients who required
mechanical ventilation, a higher sST2 concentration was inde-
pendently associated with fewer ventilator-free days (VFD) in
the first 28 days ol hospitalization (SDC Table 7, hitp://links.
Iww.com/SHK/AT38).

DISCUSSION

This is the first study to show the prognostic significance of
plasma levels of sST2 after bum injury. Indeed, plasma con-
centrations of sST2 =2560.5 measured at day 3 of admission to
the Burns Unit were consistently associated with a higher risk
ol death, even after adjusting for different potential confound-
ing. Moreover, higher levels of sST2 were also observed in burn
ts who developed any infectious complication during
their stay in the Burns Unit as well as in patients who presented
MODS. Finally, in patients who required mechanical ventila-
tion, a higher sST2 concentration was independently associated
with fewer VED in the first 28 days of hospitalization.

Previous studics have shown the importance of other inflam-
matory biomarkers in the prognosis of burn patients (4). Two of
the most frequently studied inflammatory biomarkers are 1L8
and IL6. Higher concentrations of IL6 and IL8 have been
observed in adult burn patients who develop sepsis (5, 6) as

well as in non-survivors (5, 6, 9). More importantly, this is the
first study to demonsirate that sST2 levels predict outcomes in
bum patients, and that it does so earlier and more accurately
than other biomarkers such as [L6 or IL8. Similarly, s5T2 levels
have previously been shown to predict outcomes in different
inflammatory diseases such as heart failure (24), myocardial
infarction (25), chronic ulcerative colitis (26), asthma (27),
ARDS (28-30) and sepsis (31, 32) and in patients with cord
blood transplantation (33). However, it should be noted that the
results obtained with different commercially available assays
for ST2 may not be comparable (34) and the use of different
assays may also have affected 1133 measurements. It is likely
that in our study we measured the sum of free sST2 and sST2
bound with IL33; if we had measured the L33 blocking
antibody, its epitope would have been hidden by the receptor
ST2 and, thus, the antibody would probably have detected only
the free IL33. This may explain. at least in pan. why 1L33
administration is reported to have a beneficial effect on wound
healing (16, 17) and can also predict MODS and the appearance
of infection in burn patients. These different roles have also
been reported with s8T2 in ARDS patients (15, 28, 29).

One of the strengths of the study is the inclusion of paticnts
with moderate average TBSA. a group of patients who are
expected to evolve [avorably during hospital admission. In
these patients. specific tests are needed to distinguish between
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Tasie 4. Cox regression lysis of iation bety 85T2 i and covariates at day 1
Variable Hazard ratio 95% Cl low 95% Cl high P value
Unadjusted association between sST2 at day 3 above ROC cutpoint 898 233 34.69 0.001
and hospital mortality

Adjusted by age

sST2 atday 3 6.94 1.73 27.74 0.006

Age 1.03 098 1.07 0.210
Adjusted by gender (male)

s5TZ atday 3 923 242 35.23 0.001

Gender (male) 336 0.M 12.38 0.069
Adjusted TBSA

sST2 atday 3 6.30 1.64 24.26 0.007

TBSA 1.03 0.99 1.05 0.063
Adjusted by ABSI

s5T2 atday 3 4.87 1.06 2250 0.042

ASBI 1.19 095 151 0.129
Adjusted by SOFA

sST2atday 3 6.46 1.35 30.83 0.019

SOFA 1.09 0.87 1.37 0.431
Adjusted by amount of fluids administered In the first 24 h of admission (mL)

s5T2 at day 3 9.08 1.39 56.41 0.021

Fluids 24 h 1.00 1.00 1.00 0.600
Adjusted by MV

sS5T2 atday 3 .98 1.48 32.95 0.014

MV 1.90 017 21.67 0.604
Adjusted by ARDS

sS8T2 at day 3 B.40 218 32.36 0.002

ARDS 222 0.63 7.86 0217
Adjusted by bilirrubine

s5TZ atday 3 18.33 2.20 152.86 0.007

Bilirrubine 193 0.81 457 0.136
Adjusted by albumine

s5T2 atday 3 4.87 1.1 21.36 0.036

Albumine 079 0.32 2.02 0.635
ABSl| indicates abbreviated burn y index: ARDS, acute s MV, h | ventilation, SOFA, sequential organ failure

assessment; sST2, soluble supprassmn of tumorigenicity-2; TB?M tula] buchf 5urfa1:e area.

those who are likely to survive and those who are more at risk of
death, and who would therefore benefit from carlier more
aggressive treatment. This study also has some limitations,
First. it is a single-center study that used convenience sampling.
However, the inclusion of patients was widely distributed over
the recruitment period, thus partially reducing the risk of
selection bias, Second, as it was a pilot study and no previous
data of sS8T2 levels in burn paticnis were available, no prior
estimation of the sample size could be performed. Indeed. this
is the first study 1o determine sST2 and IL33 concentrations in
burn patients. [t would have been inappropriate to use the values
reported in other pro-inflammatory diseases, because these

alues vary widely and in addition differem studies have used
different ELISA Kits. As post-hoe power calculation is also
inappropriate (33), we reported the biomarker levels as means
and 95% confidence intervals (Cls) and the mean observed
differences with the 95% CI between groups (35). This
approach identified significant dilferences between survivors
and non-survivors when the 95% CI of the mean dilference
between groups did not include the value (0, as was the case with
s5T2 values, suggesting that the sudy was adequately powered
and that the differences were statistically significant. Morcover,
the mean differences between groups were 3.6 and 8.6 times
higher than 1he pal analytical significant difference

considering the 12% variability associated with the commercial
kit used and the mean value of sST2 at day | and day 3
respectively. In addition, sST2 was the only biomarker ana-
lyzed that demonstrated significant differences at both time-
points, indicating its high sensi for predicting outcomes
er bum injury. Indeed, s5T2 was independently associated
with mortality in this cohort of burn patients and higher levels
were also observed in patients who developed MODS or
infectious complications during their stay in the Burns Unit.
This suggesis that ST2 is important not only in burn injury
pathogenesis but also in the development of associated organ
dysfunctions, And third, the highest predictive accuracy was at
day 3 after admission. However, this time point is even beter
than others reported in previous studies in which no dilferences
in IL6 and IL8 levels were observed between survivors and non-
survivors during the first 3 days of admission (9). Moreover, the
median EOS, in the Burns Unit was much higher (30 and
27 days in the survivors and non-survivors respectively ) and
none of the patients included were discharged from the Unit
within 3 days. Therefore, prognosis reassessment after 72h ol
admission seems 1o be feasible and useful.

In conclusion, the results of this pilot study suggest that
plasma sST2 levels predict mortality in burn patients and may
be useful to help or guide physicians in the bedside decision-
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ss during patient management. Higher levels of

s8T2 were also observed in burn patients who developed
MODS or infectious complications; what is maore, in paticnts
who required mechanical ventilation, they were associated with
fewer VFD, suggesting that the IL33/ST2 axis may also have an
important role in the pathogenesis of organ dysfunction of
bum patients.
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