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Introducci6

1.1 Historia de la sépsia

Les malalties infeccioses han perseguit al ser huméa des dels seus inicis. Les primeres mencions
de sépsia daten de I’antiguitat i el nom deriva del mot grec onii(. La primera vegada que es fa
servir el terme sépsia en un context médic va ser fa 2.700 anys en els poemes de Homer (segle VIII
a.C.), i també s’ha trobat en escrits de Hipocrates (segle IV a.C.), metge de I'antiga Grécia que
va ser ben conegut pel concepte de desregulacié dels humors del cos com a causa de malaltia i
per ser el primer en explorar les propietats antiséptiques de substancies com ’alcohol del vinagre
o del vi. En ambdoés textos el terme es refereix a una putrefaccié o descomposicié perillosa i
pudenta del cos. Posteriorment Galé (120-199 a.C.), a cavall entre les cultures grega i romana, va
destacar per la seva devoci6 per les infeccions greus, i va escriure sobre les flebotomies, el drenatge
d’abscessos i 1'ts de medicacions per curar malalties. La seva colleccié de medicines “apotheca” va
ser el precursor de les farmacies actuals. Galé va ser el primer en descriure la curacié per segona
intenci6 de les ferides i també va teoritzar que la formacié de pus era essencial per la curaci6 dels

teixits, el que ell va anomenar “laudable pus”, teoria que va ser intocable fins que Leonardo DaVinci
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i Andreas Vesalius ho van qiliestionar el segle XV. Sobre la base de les teories de la putrefaccio
dels grecs, els romans van creure que la sépsia era el resultat de la produccié de vapor putrids de
criatures invisibles. Aquesta teoria va se el motor de les iniciatives de salut publica dels romans,
canalitzant aigiies fecals fora de la civilitzacio i creant sistemes de subministrament d’aigua neta.

Desafortunadament encara ignoraven la transmissio de les malalties infeccioses per contacte (1).

Marcus Terentius en el seu llibre “De re rustica libri I1I” va ser el primer en expressar la nocié del
contagi aeri. Posteriorment Hiernymus Fracastorius en “de contagione et contagiosis morbis” (any
1546) va descriure tres tipus de contagi: la transmissio per contacte directe, indirecte per fomits
i la transmissié des de la distancia, aéria. Més endavant va proposar que aquesta transmissio
era deguda a cossos mindsculs amb capacitat per replicar-se i multiplicar-se (2). No va ser fins
el segle XVII que el dogma de la teoria de la generacié espontania exposada per Galé, va ser
refutat per Francisco Redi i els seus experiments sobre la putrefaccié de la carn i les mosques, i
per Leeuwenhoek amb el seu microscopi i la visualitzacié de “anumacules” com esferes, varetes i
espirals (cocs, bacils i espiroquetes); obrint aixi cami perqué altres cientifics consolidessin la teoria
dels gérmens. Joseph Lister, Ignaz Semmelweiss, Louis Pasteur i Robert Koch van ser tots metges
del segle XIX que van contribuir amb avencos fonamentals per descobrir 'origen de la sépsia.
Semmelweiss va fer la connexié entre parts assistits per estudiants que préviament feien autopsies
i la febre puerperal. Instituint el rentat de mans a la seva maternitat va fer baixar drasticament
les sépsies puerperals. No obstant, el concepte del rentat de mans no va ser vist amb bons ulls per
la comunitat médica en aquell moment. Amb els seus experiments sobre la fermentacio, Pasteur
va demostrar que la putrefaccié requeria d’organismes vius, desaprovant definitivament la teoria
de la generacié espontania i proposant formalment la teoria dels gérmens a la comunitat cientifica
(3). Lister, posicionat com a professor de cirurgia a Glasgow, va observar que la sépsia de la ferida
tenia lloc en aquells pacients amb ferides obertes i que, per tant, els agents infecciosos entraven
a l'organisme per discontinuitats de la pell. Al afegir acid carbonic als aposits de les ferides,
Lister va poder reduir significativament la taxa de sépsia post cirurgia del seu hospital (4). A

la mateixa época, Robert Koch, pare de la microbiologia moderna, va postular, després dels seus
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experiments amb ovelles i antrax, que per establir que un agent era el causant d’'una malaltia
I’agent s’havia d’aillar, fer créixer en un medi de cultiu, infectar un hoste sa i aillar-se una altre
vegada d’aquest nou infectat. També se li reconeix a Koch demostrar que el vapor esterilitza millor

que els desinfectants quimics (3).

Fins a I'acceptacié de la teoria dels gérmens, el tractament de les infeccions no es va entendre com
una prioritat. El desenvolupament dels antibiotics moderns se li atribueix a Alexander Fleming
amb el descobriment fortuit de la penicillina quan alguns dels seus cultius van ser contaminats amb
Penicillum notatium. El mateix Fleming va fer, posteriorment, aportacions sobre les resisténcies

bacterianes.

Des de 'inici de les descripcions de les malalties infeccioses hi va haver 'interrogant sobre la causa
de la mort. Semblava poc aprovable que un inocul petit pogués produir una condici6 tan seriosa o
inclas la mort. I aixi va comengar la recerca sobre els mecanismes d’accié dels agents patologics. A
Ludwing Bieger (1849-1919) se’l considera el descobridor de les exotoxines de la diftéria, i a Richard
Pfeiffer (1858-1955) el de la endotoxina del colera (5). No obstant aixo, amb la generalitzaci6 dels
antibiotics moderns aquesta va passar a ser una explicacié incompleta de la patogénia de la sépsia,
atés que molts pacients amb aquesta malaltia morien tot i la erradicacié de ’agent causal. Per tant,
els investigadors van suggerir la possibilitat que el determinant de la patogénia fos 'hoste enlloc del
germen (6). El 1972, Lewis Thomas va proposar que la resposta del sistema immune enfront dels
microorganismes durant una infeccié podia ser tan forta que es convertis en nociva per a nosaltres
mateixos. Roger Bone va encunyar el terme sindrome de resposta inflamatoria sistémica (SIRS)
per descriure aquells pacients que presentaven evidéncia clinica d’aquest fenomen (7). Des d’aquell
moment s’han realitzat diversos estudis clinics per tal d’avaluar l'eficacia de diversos agents que
poguessin disminuir els efectes adversos d’aquesta resposta inflamatoria; no obstant aixo, cap ha

tingut els resultats esperats (8).

Sobre les bases cientifiques dels descobriments anteriors, els avangos en la biologia molecular i

genética actuals han permés entendre una mica més la fisiopatologia de la sépsia, i les esperances
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estan actualment posades en qué les ciéncies dmiques (transcriptomica, metabolomica, protedmica,

etc.) ens permetin conéixer quins pacients son més susceptibles de desenvolupar una sépsia (9).

1.2 Evolucié dels criteris diagnostics

La sépsia és una sindrome sense una prova de diagnostic estandard validada i la seva identificacio
recau en els criteris diagnostics de les diferents definicions que han anat apareixent al llarg dels

anys, i que recullen caracteristiques cliniques que poden ser identificades i mesurades en pacients.
Conferéncia de consens sobre sépsia i insuficiéncia organica del 1991

El 1991 va tenir lloc la primera conferéncia de consens per unificar les definicions de sépsia i tras-
torns relacionats. L’objectiu era poder classificar pacients, tant per beneficis clinics com d’inves-
tigaci6. En aquesta conferéncia es va incorporar el concepte de sindrome de resposta inflamatoria
sistémica com a terme per descriure les troballes complexes que resulten d’una activacié generalit-
zada de la resposta immune que podia tenir lloc en un pacient com a conseqiiéncia d’una sépsia,
perd també com a conseqiiéncia d’un traumatisme, isquémia, etc. També van encunyar el terme
sindrome de disfuncié multiorganica entés com el continuum de gravetat de disfuncié organica i
la naturalesa dinamica del procés, i van diferenciar entre aquella disfunci6é organica que podia ser
deguda a un insult directe, d’aquella que podia ser deguda a una infeccié a distancia. En aquesta
conferéncia es van diferenciar els termes bacteriémia, sépsia, sépsia greu i xoc séptic (figura 1.1).
La sépsia va quedar definida com a la preséncia d’infeccié i dos o més dels 4 criteris de SRIS
(temperatura corporal >38°C o <36°C; freqiiéncia cardiaca >90 batecs per minut; hiperventilacio
evidenciada per freqiiéncia respiratoria >20 respiracions per minut o PaCO5 <32 mmHg; i leucocits
>12.000/mmg3 o <4.000/mms3 o >10% de neutrofils en banda). S’anomena sépsia greu a la sépsia
associada a hipoperfusio o disfuncié multiorganica, i xoc séptic quan la sépsia induia hipotensio

tot i la ressuscitacié adequada amb fluids (10) (11).
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Definicions
Infeccié: fenomen microbia caracteritzat per una resposta inflamatoria per la preséncia de
microorganismes, o la invasié de teixits de I’hoste normalment estérils per part d'aquests
organismes.
Bacterémia: presencia de bacteris viables a la sang.
Sindrome de resposta inflamatoria sistemica (SIRS): |a resposta inflamatoria sistémica a una
varietat d'insults clinics greus. La resposta es manifesta per dues o més de les condicions
seglients: (1) temperatura >382C o <362C; (2) freqliéncia cardiaca > 90 batecs per minut; (3)
freqgliéncia respiratoria > 20 respiracions per minut o PaCO, < 32 mmHg; i recompte de
globuls blancs > 12.000/mm3, < 4.000/mm;3 o > 10% de formes immadures (bandes).
Sépsia: resposta sistemica a la infeccié, manifestada per dues o més de les condicions
seglients com a conseqiiéncia de la infeccid: (1) temperatura >382C o <362C; (2) freqliencia
cardiaca > 90 batecs per minut; (3) freqiéncia respiratoria > 20 respiracions per minut o
PaCO, < 32 mmHg; i recompte de globuls blancs > 12.000/mm?, < 4.000/mm? o > 10% de
formes immadures (bandes).
Sépsia greu: sepsia associada a disfuncid d'organs, hipoperfusid o hipotensid. Les anomalies
d'hipoperfusio i perfusido poden incloure, entre d'altres, I'acidosi lactica, I'oliguria o una
alteracié aguda de I'estat mental.
Xoc septic: hipotensié induida per sépsia malgrat una reanimacié adequada amb liquids
juntament amb la presencia d'anomalies de la perfusid que poden incloure, entre d'altres,
acidosi lactica, oliguria o una alteracid aguda de I'estat mental. Els pacients que reben agents
inotropics o vasopressors poden no tenir hipotensiéo en el moment en que es mesuren les
anomalies de la perfusid.
Hipotensié induida per sépsia: una pressio arterial sistolica < 90 mmHg o una reduccié de >
40 mmHg de la basal en abséncia d'altres causes d'hipotensid.
Sindrome de disfuncio multiorganica (MODS): presencia de fallida d’organs en un pacient
greument malalt, de manera que I'hnomeostasi no es pot mantenir sense intervencio.

Figura 1.1: Definicions de sépsia de la Conferéncia de consens sobre sépsia i insuficiéncia organica

del 1991. Traduit de Bone i col. 1992. (10)
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Conferéncia internacional de definicions de sépsia del 2001

La segona conferéncia tenia com a objectius identificar punts forts i débils de les definicions an-
teriors, millorar-les, i identificar metodologies per augmentar la precisi6 i fiabilitat del diagnostic
de sépsia. El document reflexa que, després de la revisié de les definicions del 1991 per un grup
d’experts, no es va trobar suficient suport per canviar-les. La conferéncia va aportar, aixo si, una
llista ampliada de signes i simptomes clinics presents per identificar la sépsia en pacients a peu de

llit, un pas més en el repte de diagnosticar la sépsia(12)(figura 1.2).

Excepte per certes especificacions en quant a 1’edat en el llistat de criteris diagnostics en la con-
feréncia de consens de any 2001, hi havia escasses referencies a la literatura pel que fa a les

definicions de SIRS, infecci6 i sépsia en pediatria.
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Criteris diagnostics de sepsia

Infeccié® documentada o sospitosa, i alguns dels segiients:”
Variables generals

Febre (temperatura central > 38,32C)

Hypotermia (temperatura central < 362C)

Freqliéncia cardiaca > 90 batecs per minut o > 2 DS per sobre del valor normal per I'edat

Taquipnea

Alteracio de I'estat mental

Edema important o balang positiu de liquids (>20mL/kg en 24h)

Hiperglucémia (glucosa plasmatica > 120mg/mL o 7,7 mmol/L) en abséncia de diabetis
Variables inflamatories

Leucocitosis (> 12.000 leucocits/mm?)

Leucopénia (<4.000 leucocits/mm?)

> 10% de formes leucocitaries immadures (bandes)

Proteina C reactiva en plasma > 2 DS per sobre del valor normal

Procalcitonina en plasma > 2 DS per sobre del valor normal
Variables hemodinamiques

Hipotensi6 arterial® (pressi6 arterial sistdlica < 90 mmHg, pressié arterial mitja < 70, o una
disminucié de > 40 mmHg de la pressio arterial sistolica en adults o < 2 DS per sota del valor
normal per edat)

SVO, > 70%"°

index cardiac > 3,5 L/min per m?
Variables de disfuncio organica

Hipoxémia arterial (PaO,/FiO, < 300)

Oliguria aguda (< 0,5 ml/kg i h d’orina 0 45 mmol/L durant almenys 2h)

Increment de creatinina > 0,5 mg/dL

Anomalies de la coagulacid (INR > 1,5 o TTPa > 60 seg.)

Ili paralitic (abséncia de moviments intestinals)

Trombocitopénia (recompte plaquetar < 100.000/mm?)

Hiperbilirrubinémia (bilirrubina total en plasma >4 mg/dL o 70 mmol/L)
Variables de perfussio tissular

Hiperlactacidémia (> 1 mmol/L)

Disminucié de I'ompliment capil-lar o petéquies/equimosis
?La infecci6 es defineix com un procés patologic induit per un microorganisme; °
SvO, > 70% és normal en nens (normalment, 75-80%), i Cl 3,5-5,5 és normal en nens; per tant,
CAP DELS DOS s'ha d'utilitzar com a signes de sépsia en nounats o nens; els criteris de
diagnostic de la sépsia en la poblacié pediatrica sén signes i simptomes d'inflamacié en
context d’infeccié amb hiper- o hipotermia (temperatura rectal >38,5 o <35 °C), taquicardia
(pot estar absent en pacients hipotermics) i almenys un dels segiients indicadors de disfuncié
organica: alteracid de I'estat mental, hipoxemia, augment del nivell de lactat séric o polsos
debils

Figura 1.2: Criteris de diagnostic de sépsia de la Conferéncia internacional de definicions de

sépsia del 2001. Traduit de Levy i col. 2003. (12)
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Conferéncia internacional de consens sobre la sépsia pediatrica del 2005

La conferéncia de consens de 2005 va reunir 20 experts amb ’objectiu de definir uns criteris
pediatrics pel continuum de la sépsia(13). Van definir 6 grups d’edat per reflectir els canvis
fisiologics que tenen lloc a diferents periodes de la vida. Donat que els criteris de SIRS van

ser desenvolupats per adults, se'n van definir de nous per als pacients pediatrics (figures 1.3 1 1.4).

Definicions de sindrome de resposta inflamatoria sistémica (SIRS),
infeccid, sépsia, sépsia greu i xoc séptic

SIRS
La preséncia d'almenys dos dels quatre criteris segiients, un dels quals ha de ser la
temperatura anormal o el recompte de leucocits:

e Temperatura central > 38,52C o < 362C

e Taquicardia definida com a frequencia cardiaca mitjana > 2 DS per sobre del valor
normal per edat en abséncia d'estimuls externs, farmacs cronics o estimuls dolorosos;
o elevacié persistent inexplicable durant un periode de temps de 0,5 a 4 hores o bé,
per a nens menors d'1 any: bradicardia, definida com una freqiiéncia cardiaca mitjana
<10é percentil per a l'edat en absencia d'estimul vagal extern, farmacs beta-
bloguejants, o cardiopatia congénita; o depressid persistent inexplicable durant un
periode de temps de 0,5 hores.

e Frequencia respiratoria mitjana > 2 SD per sobre del normal per a I'edat o necessitat
de ventilaci6 mecanica per a un procés agut no relacionat amb una malaltia
neuromuscular subjacent o amb anestesia general.

e Recompte de leucocits elevat o disminuit per l'edat (no secundari a leucopénia
induida per quimioterapia) o > 10% de neutrofils immadurs.

Infeccio

Una infeccié sospitosa o provada (per cultiu positiu, tincid o reaccié en cadena de la
polimerasa) causada per qualsevol patogen, o bé una sindrome clinica associada a una alta
probabilitat d'infeccié. L'evidéncia d'infeccié inclou resultats positius en examens clinics,
imatges o proves de laboratori (per exemple, globuls blancs en un liquid corporal normalment
esteril, radiografia de torax compatible amb pneumonia, erupcié petequial o purpurica o
purpura fulminans).
Sepsia

SIRS en preséncia o com a resultat d'una infeccié sospitosa o provada.
Sépsia greu

Sepsia més un dels segients: disfuncié cardiovasculars, o bé sindrome de destret
respiratori agut O dues o més disfuncions d'organs.
Xoc séptic

Sépsia i disfuncié cardiovascular

Figura 1.3: Definicions de sindrome de resposta inflamatoria sistémica, infeccio, sépsia, sépsia
greu i xoc séptic en pediatria segons la Conferéncia internacional de consens sobre la sépsia pedi-

atrica del 2005. Traduit de Goldstein i col. 2005. (13)
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Constants vitals i variables de laboratori especifiques per edat

Frequénci cardiaca (bpm)

, . T Freqliéncia Recompte leucocitari Pressio arterial
Grup d'edat Taquicardia Bradicardia respiratoria (rpm) (10*/mm?) sistolica (mmHg)
0 dies a 1 setmana >180 <100 >50 >34 <65
1 setmanaal mes >180 <100 >40 >19,50<5 <75
1 mesalany >180 <90 >34 >17,50<5 <94
2-5 anys >140 - >22 >15,50<5 <100
6-12 anys >130 - >18 >13.50<4,5 <105
13 a< 18 anys >110 - >14 >110<4,5 <117

Figura 1.4: Valors de constant vitals i variables de laboratori per grups d’edat segons la Con-
feréncia internacional de consens sobre la sépsia pediatrica del 2005. Traduit de Goldstein i col.

2005(13)

Per a la sépsia pediatrica es va mantenir el requisit de SIRS, proporcionant més especificacions sobre
les definicions d’insuficiéncia organica (figura 1.5). La diferéncia principal és que, pel diagnostic
de SIRS pediatric, es requereix 'alteraci6 de la temperatura o del recompte de leucocits, i que
els valors de freqiiéncia cardiaca i respiratoria, de leucocits i de pressio arterial sistolica patologics
canvien amb l'edat. També que la bradicardia pot ser un signe de SIRS, perd tnicament en els
nounats. No hi va haver canvis en els criteris per definir infeccié ni tampoc en la definicio de sépsia
(SIRS + infecci6). La definicié de sépsia greu va ser sépsia associada a: disfuncié cardiovascular o
sindrome del destret respiratori agut (SDRA) o bé dos o més disfuncions organiques (respiratoria,

renal, neurologica, hematologica o hepatica).

Per definir la disfunci6é organica es van fusionar criteris extrets de diferents escales en pediatria
(Pediatric Logistic Organ dysfunction score (PELOD score), Pediatric-multiple organ dysfunction

score (P-MODS score) i Multiple Organ System Failue score).

La definici6 de xoc séptic era problematica pel fet que la hipotensié és un signe tarda de xoc
en pediatria. Pel que el xoc séptic es va definir com la preséncia de taquicardia amb signes de

pobre perfusié periférica que inclou: polsos periférics débils, alteracié de la recapillaritzacié, cutis
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Criteris de disfuncid organica

Disfuncié cardiovascular
Malgrat I'administracié de bolus de liquid intravends isotonic 240 ml/kg en 1 hora
e Disminucié de la pressid arterial (hipotensid) < 5e percentil per a l'edat o pressio
arterial sistolica < 2 SD per sota del limit normal per a |'edat
o bé
e Necessitat de farmacs vasoactius per mantenir la pressié arterial en un rang normal
(dopamina >5 pg/kg/min o dobutamina, epinefrina o norepinefrina a qualsevol dosi)
o bé
e Dos dels seglients:
Acidosi metabolica inexplicada: excés de bases >5,0 mEq/L
Augment del lactat arterial > 2 vegades el limit superior de la normal
Oliguria: produccié d'orina < 0,5 ml/kg/h
Temps d’ompliment capil-lar allargat: > 5 seg.
Diferéncia de temperatura central/periferica > 3 2C
Disfuncio respiratoria®
e Pa0,/FIO, < 300 en abseéncia de cardiopatia cianotica o malaltia pulmonar preexistent

o bé

e PaCO, > 65 torr o 20 mmHg sobre la PaCO, basal
o bé

e Necessitat demostrada® o > 50% FIO, per mantenir la saturacié 292%
o bé

e Necessitat de ventilacié mecanica invasiva o no invasiva®
Disfuncié neurologica
e Glasgow <11
o bé
e Canvi agut de l'estat mental amb una disminucié del Glasgow > 3 punts de la
puntuacio basal
Disfuncié hematologica
e Recompte de plaquetes <80.000/mm? o una disminucié del 50% en el recompte de
plaquetes des del valor més alt registrat durant els darrers 3 dies (per a pacients amb
hematologia/oncologia cronica)
o bé
e INR>2
Disfuncio renal
e Creatinina serica > 2 vegades el limit superior de la normalitat per a I'edat o augment
de 2 vegades de la creatinina basal
Disfuncié hepatica
e Bilirubina total >4 mg/dL (no aplicable al nounat)
o bé
e ALT 2 vegades el limit superior de la normalitat per a |'edat
La sindrome destret respiratori agut ha d'incloure una relacié PaO,/FIO, <200 mm Hg,
infiltrats bilaterals, inici agut i cap evidencia d’insuficiéncia cardiaca esquerra. La lesio
pulmonar aguda es defineix de manera idéntica, excepte que la relacié PaO,/FIO, ha de ser
<300 mm Hg; La necessitat desmostrada suposa que es va provar el requeriment d'oxigen
disminuint el cabal amb un augment posterior del cabal si cal; en pacients postoperatoris,
aquest requisit es pot complir si el pacient ha desenvolupat un procés inflamatori o infeccids
agut als pulmons que impedeix |'extubacio.

Figura 1.5: Criteris de disfuncié organica en pediatria segons la Conferéncia internacional de

consens sobre la sépsia pediatrica del 2005. Traduit de Goldstein i col. 2005. (13)
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reticular o fredor d’extremitats, o disminucio de la diiiresis; sent la hipotensié no necessaria pero
confirmatoria per determinar el xoc. Aquestes son les iniques definicions existents actualment per

ajudar al diagnostic de sépsia en pediatria (13).

Les definicions del tercer Consens internacional per a la sépsia t el xoc

séeptic (Sépsia-3) del 2016

El 2016 es va fer una nova revisi6 dels criteris diagnostics per adults donades les limitacions
identificades en les anteriors: un excessiu focus posat a la inflamacid, que la sépsia és un continuum
que compren des de la sépsia al xoc séptic, ’escassa sensibilitat 1 especificitat dels criteris SIRS,
les multiples definicions utilitzades a la literatura i que el terme sépsia greu era redundant. La
conferéncia de consens del 2016 distingeix entre definicions i criteris clinics. Exposa que la definici6
anterior de la sépsia (2 o més criteris de SIRS) no és 1til donat que molts pacients amb criteris de
SIRS hospitalitzats no acaben tenint ni una infecci6 i que alguns pacients amb infeccié i disfuncié
organica no compleixen 2 criteris de SIRS. En aquest tercer consens internacional, doncs, hi ha
un canvi de paradigma i la sépsia la defineixen com un disfuncié organica amenacant per la vida
causada per la desregulaci6 de la resposta de I'hoste en resposta a una infeccié. En quant a criteris
clinics, actualment no existeix una prova per reflectir la desregulacié de la resposta de ’hoste, pero
si que hi ha signes i simptomes fisics, i parametres de laboratori que sén indicatius d’inflamacio i

de disfuncioé organica i que es poden recollir en escores.

L’escore més conegut per avaluar la disfuncié organica és el Sequential Organ Failure Assessment
Score (SOFA score) (figura 1.6). La disfuncié organica es representa com a un increment de dos

punts o més en aquest escore, que a la vegada s’associa a una mortalitat hospitalaria del 10%.

Els components del SOFA necessiten una analitica sanguinia i per tant pot ser que no identifiquin
immediatament la disfuncié organica. Aquest fet fa que acabi sent un escore només utilitzat en
unitats de cures intensives (UCI). Per fer un cribratge de sépsia en altres entorns, com lextra
hospitalari, urgéncies o planta, s’han identificat 3 variables que ofereixen una potencia semblant

al SOFA en la UCI pero per un entorn fora de la UCI. Aquestes variables es recullen en el que
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Sequential [Sepsis-Related] Organ Failure Assessment Score

Puntuacié
Sistema 0 1 2 3 4
Respiratori
PaO,/FiO, >400 <400 <300 <200 amb <100 amb suport
(mmHg) suport respiratori
respiratori
Coagulacio
Plaguetes (x10°/mm?®) 2150 <150 <100 <50 <20
Hepatic
Bilirrubina (mg/dL) <1,2 1,2-1,9 2,0-5,9 6,0-11,9 >12
Cardiovascular Pressid Pressid Dopamina <5 Dopamina 5,1- Dopamina > 150
arterial mitja  arterial mitja  pg/kg/min o 15 o epinefrina  epinefrina>0,10
>70 <70 dobutamina a <0,10 norepinefrina >
qualsevol dosi norepinefrina 0,1 pg/kg/min
<0,1 ug/kg/min
Sistema nervids central
Glasgow 15 13-14 10-12 6-9 <6
Renal
Creatinina (mg/dL) <1,2 1,2-1,9 2,0-3,4 3,5-4,9 >5,0
Produccio <500 <200
d’orina (ml/dia)

Figura 1.6: Sequential Organ Failure Assessment Score (SOFA score). Traduit de Opal i col.

2016. (14)

s’ha anomenat quick SOFA (qSOFA), i son: l'alteracié neurologica, la pressio arterial sistolica
igual o menor de 100 mmHg i una freqiiéncia respiratoria igual o superior a 22 respiracions per

minut)(figura 1.7).

Criteris qSOFA (Quick SOFA)
Freqliéncia respiratoria 222/min
Alteracio de 'estat mental
Pressid arterial sistolica <100 mmHg

Figura 1.7: Quick Sequential Organ Failure Assessment Score (qSOFA score). Traduit de Opal

i col. 2016. (14)

El gSOFA proporciona criteris simples per identificar a peu de llit els pacients amb sospita d’infeccio

que és probable que tingui mala evoluci6 sense requerir una analitica.
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El xoc séptic es defineix com un subgrup dins els pacients séptics en els que 'alteraci6 circulatoria
i metabolica sén suficientment greus com per incrementar notablement la mortalitat intrahospita-
laria (> 40%). El pacient amb xoc séptic es pot identificar clinicament com aquell que requereix
vasopressors per mantenir una pressié arterial mitja igual o major 65 mmHg, i que presenta un

lactat major de 2 mmol/L una vegada optimitzada la volémia.

Surviving sepsis campaign: Directrius internacionals per a la gestio del

zoc séptic i la disfuncié d’organs associada a la sépsia en nens 2020

Parallelament a les Conferéncies de consens, s’han anat publicant diverses guies cliniques de la
Surviving Sepsis Campaing (SSC). Ni el Consens internacional del 2016 ni les guies del la SSC del

mateix 2016 van fer cap aportacio referent a les definicions i criteris diagnostics pediatrics (15).

Finalment el 2020 es van publicar les guies pediatriques de la SSC pel maneig del pacient amb
sépsia i xoc séptic. En aquest document ja no es parla de sépsia, sépsia greu i xoc séptic, sind
unicament de sépsia associada a disfuncié organica i xoc séptic, igual que en adults, no obstant,
el grup de treball encara esta preparant les noves definicions pediatriques. Referent al cribratge i
diagnostic de la sépsia en pediatria, en aquesta publicacié es recomana que cada centre implementi
un cribratge sistematic per al reconeixement del xoc séptic i altres disfuncions d’organs associades
a la sépsia. Aquestes eines de cribratge han d’estar basades en les constants vitals i ’exploracio
fisica agil en primera instancia, per evitar la demora que poden generar les proves diagnostiques

complementaries.

El Codi Sépsia ajuda en aquesta tasca al personal de diferents institucions sanitaries de molts pa-
7sos del mon. A nivell local, any 2015 s’aprova a Catalunya la instruccié 11/2015 de 8 d’octubre
"Ordenacio i configuracié del model organitzatiu i dispositius per a I'atenci6 inicial a pacients amb
sépsia greu: Codi Sépsia (16). Un codi dissenyat per societats cientifiques amb el suport gover-
namental per sensibilitzar, promoure la deteccié precog i facilitar ’atenci6 inicial i la coordinacioé
interhospitalaria dels pacients séptics de manera homogénia a tot Catalunya. Es tracta d’una ei-

na manual i qualitativa que en poblaci6é pedidtrica avalua la taquipnea, la taquicardia o estat de
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perfusid, l'alteraci6 del nivell de consciéncia i la preséncia de petéquies o equimosis (figura 1.8).

Temperatura >38° o <35.5° axilar
- ANAMNESIS compatible amb infeccio
__+1 0 més criteris

Taquipnea > Py
+ BREATHING Taquipnea Dificultat respiratoria
greu

* CIRCULATION Taquicardia Taquicardia > Py,

Pell motejada Recapilaritzacio> 2 ”

Alteracio de I'estat

- DISABILITY T [ mental

Signes meningis

*« CLINICAL Aparicié de Nen amb mal aspecte
EVALUATION petéquies Equimosi

& .
VALORACIO A_LERT{\

CLINICA -‘ g
PRIORITZADA =
C\Q::Q

Figura 1.8: Codi Sépsia interhospitalari. Extret de Arrdliga i col. 2015. (17)

1.3 El paper dels biomarcadors en la sépsia

Un biomarcador es podria definir, a grans trets, com una caracteristica que pot ser mesurada i

interpretada.

En la Conferéncia de consens del 2005 es va establir que els biomarcadors potser algun dia serien
meés objectius que les variables fisiologiques pel diagnostic de sépsia, perd que encara que alguns
biomarcadors eren sensibles, en general eren poc especifics i que cap era prou robust per afegir a

les definicions en aquell moment(13).

En la altima década s’han publicat varies revisions sobre biomarcadors en el camp de la sépsia(18)(19)(20).
La resposta de biomarcadors i mediadors inflamatoris a una infecci6 té variabilitat individual i en
el temps. A més, la resposta de cada pacient depén del lloc de la infeccio, el patogen que la causa,
la predisposicié genética de I'hoste i la seva condici6 de base, perd la conclusié general sembla

ser que tenen utilitat. L’alteracié dels biomarcadors durant la resposta a una infeccié fa possible
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el seu us en el diagnostic, el pronostic (estratificacié del risc) i la monitoritzacié de la resposta

terapeéutica.

S’han identificat una gran varietat de biomarcadors de sépsia i infeccidé bacteriana invasora en
lactants i nens séptics que podem classificar en citoquines/quimioquines, marcadors de dany en-
dotelial, reguladors del to vascular, d’estrés oxidatiu, cél'lules o biomarcadors cellulars, i indexs de

perfil metabolic(19).

Entre les quimioquines o citoquines destaquen IL-2, IL-4, IL-6, IL-8, IL-10, IL-27, IL-35, factor de
necrosis tumoral alpha (TNFa) i interfer6 gamma (INT7). Encara que la mesura d’aquests me-
diadors proinflamatoris teoricament pot reflectir la resposta sistémica subjacent, el seu rendiment
com a biomarcadors és variable, la seva mesura no és automatica, és cara, i no necessariament
son superiors a la proteina C reactiva (PCR) o la procalcitonina (PCT) que estan ampliament

disponibles.

La sépsia afecta ’endoteli vascular alterant-ne la permeabilitat i coagulacio. L’excés d’activacio
de la coagulaci6 ja es coneix des de fa molts anys, i en quant a biomarcadors de dany endotelial
Pangiopoietin-2 (Ang-2) és la més coneguda i prometedora amb valor predictiu negatiu major
del 80% per pacients séptics. La relaci6 Ang-2/Ang-1 esta significativament elevada en pacients

pediatrics amb sépsia greu i xoc séptic, pel que es suggereix com a biomarcador precog(21).

Quan té lloc una resposta inflamatoria, les isoformes solubles de les molécules d’adhesié de re-
clutament de leucocits es desprenen de la superficies cellulars i s’acumulen a la circulaci6. Una
d’aquestes isoformes solubles és el CD64 dels neutrofils. S’ha suggerit que, durant la fase aguda
de la infeccid, 'expressi6 de CD64 en neutrofils es correlaciona amb patrons metabolics d’estrés
precog. Aquestes troballes semblen diferenciar els nens séptics d’aquells amb SIRS per trauma,
fent del CD64 dels neutrofils un marcador prometedor en el diagnostic de sépsia amb un punt de
tall de 50,7% pel diagnostic de sépsia per nounats i lactants (sensibilitat de 70% i especificitat de
69%)(22)(23). El receptor activador del plasminogen de tipus uroquinasa soluble (suPAR) sembla

ser un biomarcador ttil pel diagnostic (sensibilitat del 96%, especificitat del 57,5% a un nivell de
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tall de 8,6 ng/ml) i també com a predictor del risc de mortalitat.

Igualment s’ha proposat 1'is de biomarcadors associats amb la regulacié del to vascular en el
diagnostic o pronostic de la sépsia. Entre aquests s’inclou la regié mitja de la pro-adrenomedulina
(MR~pro-ADM), precursor inactiu de ’adrenomedulina (ADM) que, pel paper prioritari en aquesta
tesi, es discuteix en un apartat a part. També es coneix el protagonisme de la pro-endotelina-1
C-terminal (CT-pro-ET-1); el fragment precursor més estable de l'endotelina-1. Si bé es poden
trobar valors alts de CT-pro-ET-1 en nens amb infeccié greu o sépsia (> 105 pmol/L), encara no

s’ha demostrat que sigui un predictor util.

El lactat ha estat el biomarcador d’estrés oxidatiu més estudiat amb un punt de tall entre 2-3

mmo,/L, i sembla ser el biomarcador més til per estratificacio del pacient séptic pediatric(24)(25)(26).

Aixi mateix s’ha analitzat ’elevacio de la ferritina amb punts de talls molt variables a la literatura
i, tot i ser un biomarcador molt inespecific d’inflamaci6, s’ha associat a mal pronostic en pacients

séptics pediatrics (27)(28).

Finalment, en I’ambit del perfil metabolic, Mickiewicz i collaboradors van realitzar un extens
llistat de mediadors de proteines metaboliques i inflamatories, definint 14 metabolits (manosa,
propilenglicol, colina, alanina, taurina, acetat i tres mediadors de proteines), com a eina tutil
per diferenciar nens amb sépsia que requereixen hospitalitzacié a la Unitat de Cures Intensives
Pediatriques (UCIP), dels que poden tractar-se fora de la UCIP. No obstant el desenvolupament

d’aquests panells encara esta en procés i es tracta d’una tecnologia cara (29).

1.3.1 Biomarcadors classics d’inflamacio

Proteina C reactiva

La proteina C reactiva és una proteina de fase aguda no especifica que pertany al grup de les

pentraxines, una familia de proteines pentameériques molt conservada(30)(figura 1.9).
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Figura 1.9: Estructura tridimensional de Proteina C-reactiva humana (PCR). La PCR se sin-
tetitza com un polipéptid de 206 aminoacids que es pleguen per formar un pentamer d’estructura

simétrica. Extret de Du Clos 2013. (30)

La PCR, principalment secretada pel fetge, s’uneix als polisacarids, especialment a la fosfocolina.
Les fosfocolines son components de la membrana cellular que el sistema immunitari detecta després
d’un dany a les céllules. Aixi, tant les céllules infectades i lisades per virus, com les céllules
danyades per causes diferents a la infeccid, seran detectades pel sistema immunitari i reconegudes
per la PCR. Els bacteris opsonitzats per PCR son fagocitats mitjangant els receptors CD16, CD32

i CD64. La PCR també pot activar la cascada del complement (figura 1.10).

La PCR és un biomarcador que s’ha utilitzat durant décades per identificar condicions infeccioses
i inflamatories. Es un dels biomarcadors que fa més temps que s’utilitza en la sépsia en pediatria,
esta extensament establert, té un baix cost, alta disponibilitat arreu del mon i és facil d’interpretar.
S’incrementa a les 4-6 hores després de Pexposici6 a un trigger inflamatori (infeccioés o no), doble

el seu valor cada 8 hores i t¢ un pic a les 36-50 hores (figura 1.11).
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Figura 1.10: Representacié esquematica de la secrecié de PCR i PCT durant la inflamacié. Al
fetge, la IL-18 i IL-6 condueixen a l’alliberament de proteines de fase aguda CRP i PCT entre
d’altres. En les infeccions per virus, els PAMP (acids nucleics virals) s6n reconeguts predominant-
ment per PRR (pattern recognition receptor) i la seva activaci6é condueix a la secrecié d’interferons
de tipus I (per exemple, interfero-«) i interfer6-y en lloc d’IL-1, IL-6 o TNF-«. Els interferons de
tipus I activen les céllules T citotoxiques i les céllules natural killer per lisar les céllules infectades
pel virus. La PCR funciona com un PRR soluble i opsonitza microorganismes que després poden
ser fagocitats. A diferéncia de la PCR, es desconeix la funcié exacte de la PCT. L’alliberament de
PCT és induida per IL-1 o estimulada pel sistema nervios central tant de céllules neuroendocrines
com normals en la resposta inflamatoria. L’interfer6--y, que es produeix principalment en infeccions

per virus, inhibeix la produccié de PCT. Extret de Niehues T. 2018.(31)
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Figura 1.11: Cinética de biomarcadors de la inflamaci6. Entre 4 i 6 hores després d'una infeccio,
la concentraci6 de PCR comenga a augmentar arribant al pic de concentracié a les 36 hores. En
canvi, la PCT ja augmenta a les 3 hores de l'insult, i arriba al seu punt maxim després de 6 hores.

Extret de Nichues. 2018.(31)

El seus nivells son alts en infeccions bacterianes pero és poc especifica per discriminar entre con-
dicions inflamatories d’origen bacteria, viric i no infeccios. A causa de la seva pobra especificitat,
s’ha d’utilitzar en combinacié amb altres biomarcadors i en conjunt amb l’avaluacié clinica del

pacient.

Els estudis en nounats i nadons petits indiquen que nivells de PCR de menys de 10 mg/L son
utils per excloure el diagnostic d’infeccié i/o sospita de sépsia)(32)(33). Respecte el seu ts en el
diagnostic de sépsia, en una determinacié puntual sembla que la seva sensibilitat i especificitat per
diferenciar entre una infeccié bacteriana severa i una de benigne o una de no bacteriana és limitat
(77 1 79% respectivament), encara que millora amb determinacions seriades. El punt de tall de la
majoria d’articles inclosos en aquesta revisio sistematica per detectar infeccions bacterianes greus
és de 40 mg/L (34). Diaz et al. va trobar que una PCR superior a 30 mg/L no va identificar
més del 80% dels nadons amb infeccié bacteriana invasiva (35). No obstant, en un altre estudi de
cohorts retrospectiu, la PCR es va validar com a predictor independent d’infeccié bacteriana greu,

superior als leucocits totals i al recompte absolut de neutrofils. Un valor de tall de 13,3 mg/L
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assegurava tant la sensibilitat com lespecificitat del 80% per diferenciar infeccié bacteriana greu

(36).

Encara que poc especifica, la PCR té caracteristiques que la fan util en el pacient critic. Els seus
nivells s’afecten molt poc per 1’as de corticoides, I'estat d’immunosupressio, la disfuncié renal o les

técniques de depuraci6 extrarenal (37).

Procalcitonina

CALC-1 Gene
PROMOTER

——— b

PCT / Alternative Splicing CGRP

Pre-PCT‘

Signal peptide ' ‘

rcT Y -

‘ proteolyticclivage
oo ) @ W
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Figura 1.12: Representacié esquematica de la sintesi de procalcitonina. L’ARNm de PCT es
produeix mitjancant la divisio del gen CALC-1 en el gen del péptid relacionat amb el gen de la
calcitonina (CGRP) i la ARNm de la PCT. La traducci6 de 'TARNm condueix a la sintesi d'una
proteina de 141 aminoacids, anomenada pre-PCT, que es divideix en PCT i péptid senyal. CALC-
1: polipéptid alfa-1 relacionat amb la calcitonina; CT: calcitonina; NT-PCT: PCT N-terminal;

KCT: katacalcitonina. Extret de Mangogna i col. 2019. (38).

La procalcitonina és un aminoacid de 116 péptids, precursor de la hormona calcitonina (figura

1.12), sense activitat hormonal, que normalment es secreta per les céllules C neuroendocrines de
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la tiroides, amb uns nivells sérics minims en pacients sans (39). Durant una infeccié sistémica,
s’indueix Pexpressio del gen de la PCT (calcitonin gene-related peptide 1 [CALC-1]) a diferents
organs, incrementant els nivells de PCT. A més, les endotoxines en una infeccié bacteriana també
incrementen la secrecié de PCT per molts altres teixits, augmentant aixi considerablement els seus
nivells sérics (40). La PCT s’atenua per l'interfer6 gamma secretat durant infeccions viriques, per

tant la seva preséncia es relaciona amb infeccions bacterianes (41)(figura 1.10) (figura 1.13).

PROCALCITONIN (PCT) PRODUCTION

AN

CALC-1 gene
Hypercalcemia, Glucagon, Lipopolysaccharides, Microbial
Corticosteroid, Calcitonin gene toxin, Inflammatory mediators
related peptide, B-adrenergic like interleukin-6, tumour
stimulation, gastrin necrosis factor-c
CT-mRNA CT-mRNA
1 l During bacterial infection
Normal physiology o .. orinflammation (in liver,
(in thyroid) Procalcitonin Procalcitonin | yypcs, kidney, spleen,
1 adipocytes, pancreas)
Calcitonin
Blood stream

Figura 1.13: Mediadors especifics, vies metaboliques i drgans responsables de la produccié de
procalcitonina en resposta a infeccions bacterianes en comparacié6 amb condicions fisiologiques

normals. Extret de Sahu i col. 2021. (42)

Els principals avantatges respecte la PCR s6n: una cinética més favorable amb pic a les 6 hores
(figura 1.11) i especificitat per la infecci6 bacteriana. No obstant la PCT és minimament depen-
dent de la funcié renal, el cost de la seva determinaci6 és relativament elevat, i Kryptor, I'tnic
métode per la seva mesura, no esta disponible en tots els centres, especialment manca en paisos

en desenvolupament (18).

La PCT sembla un bon biomarcador per diagnosticar, monitoritzar i estratificar els pacients cri-
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tics entre els quals s’inclouen els séptics (43)(44). Es el biomarcador més estudiat en la darrera
década des que es va caracteritzar el seu increment en el pacient amb sépsia (45) i el seu Gs en
pacients febrils en el departament d’urgéncies (46). Per aquest motiu, la PCT s’ha considerat un

biomarcador fidedigne per diferenciar sépsia de SIRS no causada per infeccio.

Rey i col. va demostrar una millor area sota la corba de PCT que de PCR per sépsia i va
relacionar els seus nivells amb la gravetat (47). Nivells de PCT menors de 0,5 ng/ml s6n suggestius
d’inflamaci6 sense infeccié, un valor de PCT igual o > d’l ng/ml té una sensibilitat del 70% i
una especificitat del 68% per predir infeccions bacterianes invasives (48) i nivells entre 1.0 - 2.5
ng/ml son suggestius de sépsia (41)(49). Diversos estudis han demostrat que la PCT presenta un
gradient d’acord amb la gravetat general de la infeccié bacteriana en nens (50)(51). No obstant,
individualment no sembla discriminar entre pacients séptics i pacients amb xoc séptic. Per exemple,
en un estudi amb 646 nens tractats en una UCIP, els pacients amb xoc séptic bacterid van mostrar
nivells mitjans de PCT més alts que els pacients amb infeccions bacterianes sense xoc (7,16 versus
1,51 ng/ml). Tanmateix, els rangs interquartilics es van solapar considerablement en el rang de 2 a
4 ng/ml (2,21 a 42,28 ng/ml en pacients amb xoc i de 0,41 a 4,04 ng/ml en pacients sense xoc) (52).
De la mateixa manera, Van der Kaay i col. va trobar que els nivells de PCT a l'ingrés a la UCIP
eren significativament més alts en nens amb malaltia meningococcica que tenien xoc séptic que en
nens amb sépsia sense xoc (270 versus 64 ng/ml; p< 0,01), perd amb una notable superposici6 en
els intervals dels grups (6 a 672 ng/ml per a xoc séptic versus 21 a 284 ng/ml per a sépsia sense
xoc) (53). Per tant, la capacitat pronostica en un pacient séptic d’una sola mesura de PCT pot ser
limitada. Les determinacions seriades dels nivells de PCT probablement proporcionen informacié

pronostica més precisa que una tnica determinacio.

1.3.2 Adrenomedulina

Recentment, s’han descrit nous biomarcadors circulants facilment mesurables com una eina ad-
dicional per a la classificacié de la gravetat dels pacients séptics i la prediccié de la mortalitat

en pacients critics. L’adrenomedulina s’inclou entre aquests nous biomarcadors. L’ADM es va
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detectar per primera vegada a les céllules de feocromocitoma(54). El locus génic, que forma part
del gen de la calcitonina, es localitza al cromosoma 11. Es un péptid compost per 52 aminoacids.
Després del seu alliberament, ’ADM s’elimina rapidament del sérum (vida mitja de 22 minuts),
per la qual cosa és dificil mesurar-ne els nivells sérics. Les seves molécules precursores séon la
pre-pro-adrenomedulina, que consta de 185 aminoéacids, i la pro-adrenomedulina, que conté 164
aminoacids. El 2004, Struck i col. va descobrir una porcié més estable de 52 aminoacids, la regi6
mitjana de la pro-adrenomedulina, que es sintetitza amb I’ADM, reflecteix directament els nivells
de degradacié de P’ADM activa, té 'avantatge d’una vida mitja més llarga i manca d’uni6 a pro-
teines, cosa que la fa més facil d’analitzar i més adequada per a la practica diaria (55) (figura

1.14).

L’ADM s’allibera de diversos teixits endotelials com la medulla suprarenal, pulmons, ronyons,

organs gastrointestinals, muscul llis i cor (57).

La seva produccio i secreci6 s’estimulen mitjancant processos inflamatoris i s’ha demostrat en els
darrers anys que les citocines i altres mediadors inflamatoris com la lipopolisacaridasa el factor
de necrosis tumoral, la interleuquina-1 i les endotoxines bacterianes indueixen la seva expressio

génica.

L’ADM té diverses propietats (58)(59) (figura 1.15). Alliberada de les céllules endotelials, actua
com un potent vasodilatador augmentant la sintesi d’oxid nitric, té efectes natriurétics i redueix la
permeabilitat endotelial (60). També s’ha vist que juga un paper clau a ’hora d’iniciar precogment
la resposta hiperdinamica en pacients séptics i amb xoc séptic(61). El fet que l'expressio génica
de '’ADM sigui estimulada per les endotoxines i les citocines bacterianes, i que la seva proteina
d’uni6 sigui el factor H del complement, ens permet suposar que PADM té un paper antibacteria

i una regulaci6 a la baixa del citoquines proinflamatories (62).

Des del seu descobriment s’han publicat molts articles de diferents camps de la medicina pero sobre-
tot la investigacio en pediatria s’ha focalitzat en les malalties infeccioses i patologia cardiovascular

(veure apartat 10: altres articles cientifics).
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Figura 1.14: Biosintesi de 'adrenomedulina (ADM). El péptid pro-ADM N-terminal 20 (PAMP)
i la regi6 mitja de TADM (MR-proADM) es sintetitzen a partir del mateix precursor ADM (pre-
pro-ADM: 185 aminoacids). L’eliminacié del péptid senyal produeix pro-ADM. A continuacio, la
pro-ADM es processa en ADM estés amb glicina (ADM-Gly), PAMP estés amb glicina i la regio
mitja de TADM. ADM-Gly i PAMP estés amb glicina son formes intermeédies inactives d’ADM i
PAMP. A continuacié, 'ADM-Gly i el PAMP estés amb glicina es converteixen en ADM madur
actiu (ADM-m) i PAMP amb una estructura d’amida C-terminal mitjangant amidacioé enzimatica.

ADM-total = (ADM-madura) + (ADM-glicina). Extret de Nishikimi i col. 2018. (56)

En una cohort heterogénia de 254 pacients pediatrics critics reclutats de dues unitats de cures
intensives pediatriques, la MR-proADM va demostrar una excellent precisié per a la deteccio de
pacients amb puntuacions de risc de mortalitat més altes i més d’una fallida organica amb una
area sota la corba (AUC) de 0,866 (95% IC 0,810-0,821) i 0,922 (0,887-0,957) respectivament. Pel
que fa a la subcohort de pacients séptics (n=40), ’AUC va ser encara excellent (0,869 i 0,901) amb
punts de tall similars, 0,80 nmol/L (sensibilitat (Se) 88% especificitat (Es) 70%, valor predictiu
positiu (VPP) 23%, valor predictiu negatiu (VPN) 95%) per a la prediccié d’una puntuaci6 alta
en puntuacions de risc de mortalitat i 0,81 nmol/L (Se 90% Es 74%, VPP 50%, VPN 96%) per a

la prediccié de més d’una fallida organica (47).
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Tissue or cell Bioactivity

type

Platelet cAMP elevation

Vasculature Vasodilation and hypotension

Inhibition of endothelin secretion
Inhibition of VSMC proliferation
Stimulation of nitric oxide synthesis

Heart Increase in cardiac output and stroke index
Inhibition of protein synthesis
Kidney Diuresis and natriuresis
Lung Pulmonary vasodilation
Bronchodilation
CNS Inhibition of salt appetite
Inhibition of water drinking
Adrenal cortex Inhibition of aldosterone secretion
Pituitary Inhibition of ACTH secretion
Inhibition of vasopressin secretion
Pancreas Inhibition of insulin secretion
Tumor cells Proliferation of tumor cells
The others Inhibition of apoptosis
Inhibition of septic shock
Uterus and ovary Inhibition of spontaneous periodic contraction
Embryo Development of vitelline vessels

Figura 1.15: Funcions de I'adrenomedulina. Imatge extreta de Eto 2001. (59)

Jordan i col. el 2014 va investigar la utilitat pronostica de MR-proADM en 95 pacients pediatrics
séptics ingressats a la UCIP i va trobar que els nivells de MR-proADM eren significativament més
elevats en aquells pacients amb necessitat de ventilacié mecanica i farmacs vasoactius, tot i que no es
van observar diferéncies en pacients que tenien o no insuficiéncia renal. Es va trobar una correlacio
positiva entre la puntuacio de Pediatric Risk of Mortality III (PRISM III) i els nivells de MR-
proADM a l'ingrés (R = 0,447; p <0,001). La MR-proADM va ser més alta en casos de mortalitat
intrahospitalaria (la mostra tenia una mortalitat del 10,5%) amb un AUC de 0,77, lleugerament
inferior a ’AUC de PRISM III (0,78), i un punt de tall optim de 2,2 nmol/L. Aquest biomarcador
va mostrar també un millor valor predictiu positiu que la PCT i la PCR (31 vs 21,6 vs 15,8%
respectivament) amb valors predictius negatius molt similars. En l'estudi multivariant, PRISM

IIT i MR-proADM es van identificar com a variables predictives independents de la mortalitat
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hospitalaria, per la qual cosa els autors proposen el seu Gs combinat (63).

Lan J i col. van explorar el paper de MR-proADM en el diagnostic precog de la sépsia infantil en
una mostra sanguinia extreta durant la primera hora d’ingrés. Els autors van veure que ’efecte
diagnostic de MR-proADM en nens amb sépsia era millor que el de PCT (AUC 0,869 i 0,757,
respectivament). El seu efecte de deteccié combinat va ser millor que la prova tnica. Els nivells
de MR-proADM i PCT també van augmentar gradualment en relacié6 amb la gravetat de la sépsia

i en relacio amb el grup amb SIRS i el grup control (64).

En general, el rendiment de ’ADM en la sépsia i pacient critic pediatric sembla ser tutil per a

Pestratificacio, la prediccié de la disfuncié organica i la mortalitat, amb punts de tall consistents.

1.3.3 Enfocament multi-biomarcador

La utilitat futura de qualsevol biomarcador probablement depén de descobrir com combinar-lo de

manera Optima amb altres dades cliniques i amb altres biomarcadors.

Chen i col. va desenvolupar un model multi-biomarcadors per predir el risc de mortalitat en
pediatria (MRMFPS: Mortality Risk Model For Pediatric Sepsis). El model inclou 6 variables
(péptid natriurétic cerebral, albtumina, bilirubina total, dimer D, nivells de lactat i ventilacio
mecanica en 24 hores) i va obtenint una AUC de 0.844 (0.816-0.873) en el grup de validacio (65).
El model de risc PERSEVERE-II (Pediatric Sepsis Biomarker Risk Model) proposat per Wong i
collaboradors com a revisié del seu primer model PERSEVERE, inclou lligand 3 de quimiocina
C-C, interleuquina 8, proteina de xoc térmic 70 kDa 1B, granzima B, metalopeptidasa de matriu 8
i plaquetes a l'ingrés, i es proposa com una eina pronostica de pacients pediatrics séptics amb una
area sota la corba de 0.79 (0.71-0.88)(66). El model presentat per Hur i col., que inclou péptid
natriurétic B, PCT i lipocalina associada a la gelatinassa dels neutrofils, es va veure ttil com a
eina diagnostica i pronodstica per pacients critics de totes les edats amb sospita de sépsia (67).
Molt similar a l’escore proposat per Gibot i col. que inclou 'index de polimorfonuclears CD64

juntament amb els nivells sérics de PCT i sTREM-1 en el diagnostic de sépsia en el pacient critic
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(68). Downes va proposar la combinacié de nivells baixos de PCR i proteina amiloide A o PCR
i PCT per descartar 1'origen bacteria de la sépsia i aixi guiar la terapia antibiotica a les unitats
d’intensius (69). Lamping va suggerir la combinacié de quatre parametres clinics (temps d’estada
a la UCIP fins a Paparicié de SIRS/sépsia, via central, temperatura central, nombre d’episodis de
SIRS/sépsia abans del diagnostic) i quatre parametres de laboratori (interleucina-6, recompte de
plaquetes, PCT i PCR) per distingir sépsia de SIRS d’altre origen(70). Goémez i collaboradors
ha validat recentment Step-by-step que inclou parametres com ’edat, PCT PCR i el recompte de
neutrofils per determinar el risc dels lactants febrils de tenir una malaltia bacteriana invasiva (71).
Finalment Tavladaki va proposar un model metabolic (HSP72, HSP72a, PCR, lactat, resistina i

adiponectina) amb resultats prometedors (sensibilitat > 75%)(72).

La majoria d’aquest models parlen perd de pronostic i no de diagnostic i tots ells inclouen biomar-

cadors poc accessibles i molt costosos.

1.4 Prediccidé del pronostic de sépsia

El sindrome de disfuncié6 multiorganica es caracteritza per una disfuncié progressiva de dos o més
organs després d’un insult a ’homeostasi de 'organisme. Un dels factors de risc que predisposen
al seu desenvolupament és la infeccio. Per aquest motiu, els escores de gravetat que s’utilitzen en

sépsia sén els mateixos que s’han desenvolupat per al pacient critic.

L’escala P-MODS va ser desenvolupada a partir de variables que poguessin definir disfunci6 orga-

nica en nens critics per intentar predir mortalitat a UCIP (73)(figura 1.16).

Té en compte l'acid lactic com a predictor de disfuncié cardiovascular, la PaOs/Fi0y (disfuncio
respiratoria), bilirubina total (disfuncié hepatica), fibrinogen (disfuncié hematologica) i BUN (blood
urea nitrogen) (disfuncié renal). AUC de l'escore per discriminar la mortalitat a UCI va ser de

0,78. A mesura que la puntuacié augmenta també ho fa la mortalitat. La puntuacié minima (0)
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Pediatric Multiple Organ Dysfunction Score (P-MODS)

Puntuacio 0 1 2 3 4
Lactat (mmol/L) <1 1-2 2-5 5-7,5 >7,5
Pa0,/FiO, >150 150-100 100-75 75-50 <50
Bilirrubina mg/dL <0,5 0,5-2 2-5 5-10 >10
Fibrindgen pumol/L >4,4 4,4-3,7 3,70-3 3-2,2 <2,2
BUN mg/dL <20 20-40 40-60 60-80 >80

Figura 1.16: Pediatric Multiple Organ Dysfunction Score (P-MODS score). Traduit de Graciano

i col. 2005 (73)

es va associar a una mortalitat de < 5% i la maxima a una mortalitat de > 70%.

Novament per pacients critics i ingressats a la UCI pediatrica 1’escala de puntuacié PRISM III
té una excellent capacitat de discriminaci6 per risc de mortalitat intrahospitalaria: PRISM III-12
(variables de les primeres 12 hores d’ingrés) AUC 0,941 -+ /- 0,021; PRISM III-24 (variables de les

primeres 24 hores de l'ingrés) 0,944 + /- 0,021(74).

PELOD-2, lactualitzacié de I’escala PELOD (75) també és una escala de puntuacié creada uti-
litzant mortalitat com a variable dependent (figura 1.17). Inclou la valoraci6 de 10 variables
corresponent a ’avaluacio de 5 disfuncions organiques. Té en compte el pitjor valor de periodes de
24 hores i té bona capacitat de discriminacié6 amb una AUC 0.934 per la prediccié de mortalitat

hospitalaria en nens malalts critics (76).

Com s’ha comentat préviament, 'escala de puntuacié SOFA (Sequential Organ Failure Assessment)
es va seleccionar com a sistema de puntuacié per quantificar la disfuncié organica en les definicions

de sépsia del consens internacional Sepsis-3.

El grup de treball de Sepsis-3 va validar la puntuacio SOFA en pacients adults amb sospita d’infeccio
i va trobar que el sistema SOFA era comparable o superior a altres sistemes de puntuacié per
discriminar la mortalitat hospitalaria (77). Les definicions de Sepsis-3 estan ampliament adoptades
i, per extensio, 'as de la puntuacié SOFA en pacients amb infeccié confirmada o sospitosa. Una

de les principals limitacions de la puntuacio SOFA és que es va desenvolupar per a pacients adults
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Pediatric Logistic Organ Dysfunction-2 Score (PELOD-2)

Puntuacié
Disfuncions organiques i 0 1 2 3 4 5 6
variables
Neurologic
Glasgow >11 5-10 3-4
Reaccid pupilar reactives Fixes
Cardiovascular
Lactat (mmol/L) <5 5-10,9 >11
Pressic arterial mitja
(mmHg)
0a<lmes 246 31-45 17-30 <16
1-11 mesos >55 39-54 25-38 >24
12-23 mesos >60 44-59 31-43 >30
24-59 mesos >62 46-61 32-44 >30
60-143 mesos 265 49-64 36-48 235
2 144 mesos 267 52-66 38-51 237
Renal
Creatinina (umol/L)
0a<1lmes <69 270
1-11 mesos <22 223
12-23 mesos <34 235
24-59 mesos <50 >51
60-143 mesos <58 >59
2 144 mesos <92 293
Respiratori
PaO,/FiO, 261 <60
PaCo, <58 59-94 >95
Ventilacio invasiva No Si
Hematologic
Recompte leucocits >2 <2
(x10°/L)
Recompte plaquetar 2142 77-141 <76
(x10°/L)

Figura 1.17: Pediatric Logistic Organ Dysfunction-2 score (PELOD-2 score). Traduit de Le-

teurtre i col. (76)

i conté variables que varien significativament amb ’edat, la qual cosa la fa inadequada per als
nens. Travis J. Matics va adaptar i validar una versio pediatrica de la puntuaci6 SOFA (pSOFA)
per a nens critics (78) (figura 1.18). La puntuacié6 maxima del pSOFA va tenir una excellent
discriminacio per a la mortalitat hospitalaria, amb un AUC de 0,94 (interval de confianga (IC) del
95%, 0,92-0,95). El tall pSOFA optim per discriminar la mortalitat va ser una puntuacié superior
a 8 punts. El rendiment del pSOFA va ser similar al rendiment de PELOD i PELOD-2 (AUC, 0,93
vs 0,94; IC del 95%, 0,91-0,95 vs 0,92-0,95; P > 0,20) i millor que el P-MODS Score (AUC, 0,91;

CI 95%, 0,098; P = 0,001). La puntuaci6 pSOFA també va tenir una excellent discriminacié de
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la mortalitat hospitalaria en el subgrup de pacients amb sospita d’infeccié o infectats (AUC, 0,92;

1C del 95%, 0,91-0,94). Utilitzant les definicions adaptades de Sepsis-3, els pacients considerats

séptics van tenir una mortalitat del 12.1% i els considerants de tenir un xoc séptic van tenir una

mortalitat del 32.3%. Ser diagnosticat de sépsia va augmentar significativament la probabilitat de

morir a ’hospital (odds ratio, 18; IC del 95%, 11-28).

Pediatric Sequential Organ Failure Assessment Score

Puntuacié
Variables 0 1 2 3 4
Respiratori
PaO,/FiO, 2400 300-399 200-299 100-199 amb <100 amb suport
(mmHg) suport respiratori  respiratori
Sp0,/FiO, 2292 264-291 221-264 148-220 amb <148 amb suport
suport respiratori  respiratori
Coagulacié
Plaquetes (x10°/mm®) 2150 100-149 50-99 20-49 <20
Hepatic
Bilirrubina (mg/dlL) <1,2 1,2-1,9 2,0-5,9 6,0-11,9 >12
Cardiovascular
PAM per grup d'edat
o infusio vasoactiva,
mm Hg o ug/kg/min
<1 mes 246 <46
1-11 mesos >55 <55 . .
12-23 mesos >60 <60 Dopamina <5 o Dopémlfn.a 5’1_15 Do.par;n!na > 150
24-59 mesos >62 <62 dobutamina a 2 f\g::oi:zgi_ngl Egr:;:;;;g’)l °
60-143 mesos >65 <65 qualsevol dosi <01 0,1
144-216 267 <67
> 216 mesos 270 <70
Sistema nervids central
Glasgow 15 13-14 10-12 6-9 <6
Renal
Creatinina (mg/dL)
<1 mes <0,8 0,8-0,9 1-1,1 1,2-1,5 21,6
1-11 mesos <0,3 0,3-0,4 0,5-0,7 0,8-1,1 21,2
12-23 mesos <0,4 0,4-0,5 0,6-1 1,1-1,4 21,5
24-59 mesos <0,6 0,6-0,8 0,9-1,5 1,6-2,2 2,3
60-143 mesos <0,7 0,7-1 1,1-1,7 1,8-2,5 22,6
144-216 mesos <1 1-1,6 1,7-2,8 2,0-4,1 24,2
>216 mesos <1,2 1,2-1,9 2,0-3,4 3,5-4,9 >5
Figura 1.18: Pediatric Sequential Organ Failure Assessment Score (P-SOFA score). Traduit de

Matics i col. (79)

Una versi6 del SOFA ajustat per edat segons els punts de tall del PELOD-2 ha estat avaluada també

en pacients pediatrics ingressats per infeccié en UCIs Australianes i de Nova Zelanda. Les variables
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es recollien durant les primeres 24 hores. Per a la mortalitat hospitalaria, la discriminaci6é dels
resultats va ser significativament més alta per a SOFA ajustat per edat (AUC 0,829; 0,791-0,868)
que gSOFA ajustat per edat (QSOFA tenint en compte punts de tall del PELOD quant a freqiiéncia
respiratoria i pressio arterial) (AUC 0,739; 0,695-0,784 p <0,001) i comparable amb PELOD-2
(AUC 0,816, p = 0,970). Un augment de > 2 punts en el SOFA ajustat per edat es va associar

amb un augment brut de la mortalitat de 1'1,9 al 7,6%(80).

Aquests escores son ttils per predir 'evolucié d’un grup ampli de pacients i poblacions, pero la seva
utilitat respecte al pacients individuals, per poder realitzar una medicina personalitzada, sembla

limitada.

1.5 Tractament hemodinamic de la sépsia: de ’ad-

ministracidé de fluids a la ECMO

Les guies de la Surviving Sepsis Campaign de 2020 son la ultima actualitzacié de les recomanacions
pel tractament de la sépsia en pediatria. La ressuscitacié amb embolades de liquid de 10-20 ml/kg
(cristalloides balancejats preferentment) pot ser adequada fins a 40-60ml/kg durant la primera
hora, sempre valorant si és necessari o no una nova embolada segons si s’ha restaurat o no la
hemodinamica i si han aparegut o no signes de sobre carrega hidrica. En aquells pacients que no
es vegi un clara resposta a la infusié de liquids inicial, s’han de valorar Iinici precog¢ de la terapia
vasoactiva, enlloc d’insistir en 'aport de volum. Pel que fa la terapia farmacologica vasoactiva,
tant I'adrenalina com la noradrenalina séon considerades de primera linia. El xoc refractari a
catecolamines es pot presentar amb diverses combinacions, altes o baixes, de despesa cardiaca i
resisténcies vascular, i aixo en determinara si el més adequat és ajustar la dosi de farmac que ja
s’estd administrant i/o afegir un altre farmac vasoactiu. No hi ha consens a la literatura de si
s’hauria d’associar també un inodilatador. En cas de xoc séptic refractari a fluids i catecolamines

tant ’administracié com la no administracié6 d’hidrocortisona sembla adequada, no obstant en
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la nostra practica clinica és habitual administrar-ne. Finalment es recomana valorar utilitzar
oxigenaci6é per membrana extracorporia (ECMO) veno-venosa en nens amb SDRA induida per
sépsia i hipoxia refractaria, i ECMO veno-arterial com a terapia en nens amb xoc séptic si existeix

refractarietat a tots els altres tractaments (figura 1.19).

ECMO System ECMO System
Vv VA
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Blood -—

Blood -—
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Figura 1.19: Esquema de circuit ’ECMO veno-venosa (esquerra) i veno-arterial (dreta). Extret

de Gehrmann i col. 2015. (81)

Respecte aquesta técnica, que es va introduir fa més de 40 anys per donar suport a pacients amb
insuficiéncia cardiovascular i/o respiratoria greu pero reversible, i refractaria a la terapia médica
convencional, encara queden incognites per resoldre com és ara el moment optim per iniciar el seu
us, o la seleccié de pacients que se’n beneficiaran. Els pacients pediatrics i adults amb sépsia tenen,
historicament, una supervivéncia meés baixa (< 50%) que els nounats (80%). Informes recents
suggereixen que 'ECMO veno-arterial es pot associar a una millora de la supervivéncia, i aquesta
s’ha establert com una terapia viable per al xoc séptic refractari en nounats i nens (82)(83)(84).
Durant la dltima década ha augmentat el seu us en sépsia pediatrica (85)(86) i sembla ser que les
estratégies per maximitzar el flux per revertir el xoc i la disfuncié organica poden tenir un paper
important (87)(88)(89), tant ¢és aixi que centres experimentats en ECMO estan reportant taxes de

superviveéncia que s’aproximen al 75% (87)(88).
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1.6 La transici6 digital de la sanitat

Una part de la medicina és anticipar i reduir el risc en funcié de les dades actuals i historiques
dels pacients. La historia clinica informatitzada i el registre electronic de constants vitals ja son
habituals en I'entorn hospitalari i han permés progressos en el control dels pacients i una millora

en la presa de decisions cliniques.

L’Organitzaci6 Mundial de la Salut (OMS) defineix eHealth com: "...I'as rendible i segur de tec-
nologies de la informacié i la comunicacié en suport de la salut i els camps relacionats amb la
salut, inclos sanitat, vigilancia sanitaria i educacié sanitaria, coneixement i recerca”. Per tant, és
un concepte molt ampli, perd un dels objectius principals d’eHealth, és la creaci6 i implementacio
d’eines electroniques automatiques com escores i algoritmes, per al reconeixement i estratificacio
de malalties, o per detectar el risc de mala evolucié d’algunes patologies. Aquest plantejament

podria representar una millora important en ’atencié personalitzada del pacient.

L’enfocament actual és detectar clinicament la malaltia conjuntament amb eines de cribratge o
escores manuals que apliquen infermeres o metges. Aquest enfocament requereix temps, és menys
objectiu, i només es realitza en fases puntuals durant I'atencié al pacient. Tenir puntuacions
automatitzades i algorismes predictius per generar alertes en entorns sanitaris pot ser especial-
ment valués en situacions agudes i critiques, on la vida d’un pacient pot dependre de rebre les
intervencions adequades en un moment determinat. Aquestes alertes generades automaticament
també poden ser proactives i ajudar a identificar els pacients amb més probabilitat de requerir una

intervencio6 rapida (90).
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La sépsia és encara freqiient i dificil de detectar a I'inici d’un sindrome febril. Per tant cal seguir

endavant amb la recerca en sistemes de deteccid, diagnostic i pronostic.

Des de la implementaci6 de ’eina de cribratge actual, el Codi Sépsia, s’ha incrementat la consciéncia
tractament. Malgrat tot, és possible la seva millora amb la quantificacio i ponderaci6 de les variables
que inclou, fent-lo més objectiu, i aixi facilitar també la seva adhesié com a eina automatica en el

sistema sanitari informatitzat.

Durant les ultimes décades, s’han identificat una gran varietat de biomarcadors en sépsia i infeccié
bacteriana. Alguns d’ells, com el percentatge de neutrofils immadurs i la proteina C reactiva, re-
lacionats amb inflamacid, la procalcitonina, relacionada amb inflamacié durant infeccié bacteriana
o el lactat com a marcador d’estrés oxidatiu, han estat ben estudiats i se’'n coneixen els avantatges
i limitacions. L’adrenomedulina, és un biomarcador més recent amb amb efecte vasodilatador,
metabolic i immune, i s’han relacionat principalment amb el pronostic de pacients adults séptics.

Respecte estudis publicats en pediatria, la seva elevacié sembla que també podria estar relacionada
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amb el pronostic de pacients critics, entre ells els pacients séptics. No obstant, hi ha escassa mencio

a la literatura sobre el seu paper en el diagnostic de la sépsia.

La sépsia és una sindrome sense una prova de diagnostic estandard validada, i la seva identificacio
recau en els criteris diagnostics de les diferents definicions que han anat apareixent al llarg dels
anys i que recullen caracteristiques que poden ser identificades i mesurades en pacients. L’iltima
actualitzacio de les definicions i criteris diagnostics en pediatria va ser 'any 2005 a la Conferéncia
Internacional de Consens sobre la Sépsia Pediatrica, i estan basats en els criteris de resposta

inflamatoria sistémica.

Per altre banda, el pronostic de la sépsia, i del pacient critic pediatric en general, ha estat classica-
ment assessorat per escores o escales de gravetat. Les més conegudes i utilitzades son el PRISM 111,
PELOD-2 i recentment el pSOFA. Aquestes escales de puntuacié sén adaptacions de models per
pacients adults, prediuen la mortalitat perd no altres tipus de morbiditats, utilitzen dades de les
primeres 24 hores d’ingrés que indiquen fallida organica, i estan dissenyades per avaluar poblacions
i no pacients individuals. L’objectiu, per poder fer una medicina d’atenci6 individualitzada, hauria
de ser la predicci6 de la fallida organica abans que es faci patent, tenint aixi marge per revertir-la o
bé evitar-la. Per tant, hem de perseguir poder establir el pronostic del pacient séptic en el moment

que es sospita la sépsia.

Per afrontar el repte del diagnostic de sépsia i la seva estratificacié o prediccio del pronostic precog,
és necessari ’analisi de la combinaci6 ideal de constants vitals, signes clinics i biomarcadors en sang

tant aviat com es sospiti la sépsia.

De la mateixa manera que és dificil predir ’evolucié a sépsia d’un pacient febril en un primer
moment, també és dificil, una vegada arribat al punt de la fallida multiorganica, identificar els
pacients amb capacitat de revertir la situacié amb técniques de suport “convencional” d’aquells
que requeriran técniques més invasives com 1’oxigenacié per membrada extracorporia. Durant els
ultims anys la supervivéncia dels pacients séptics pediatrics sotmesos a ECMO ha augmentat. La

major experiéncia dels centres médics de referéncia d’ECMO, la millora de I’equipament necessari
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per implantar aquest suport, aixi com la possibilitat d’aplicar alts fluxos durant la terapia en
pacients séptics, son els factors identificats que expliquen ’augment de supervivéncia. No obstant,
els estudis identificant factors pacient-depenents predictors de resultats positius o negatius de

pacients séptics que s’esta pensant en el suport ECMO, sén encara escassos.
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Hipotesis

La quantificacié del Codi Sépsia, que és una eina clinica qualitativa, per a poder-la convertir en
una eina de cribratge quantitativa, facilitara el seu us diari, valorara els pacients de forma més
objectiva i es podra incorporacio6 al sistema informatitzat dels centres sanitaris.

La troballa de nivells plasmatics d’adrenomedulina elevats a I'inici d’un quadre febril es relacionara
amb 'evolucié a sépsia i el pitjor pronostic d’aquests pacients.

El disseny d’un escore multi paramétric que combini variables cliniques (incloses les del Codi
Sépsia) i analitiques, per aplicar-se en pacients amb activacié del Codi Sépsia, permetra diferenciar
els pacients séptics d’aquells que es presentin amb una clinica similar per altres causes. L’escore
permetra estratificar els pacients séptics de forma precog, identificant els pacients més greus per
facilitar la presa de decisions cliniques i terapéutiques més adequades per millorar la supervivéncia.
L’analisi de 'experiéncia del nostre centre dels nens sotmesos a oxigenacié per membrana extra-
corporia per sépsia permetra entendre millor quins haurien de ser els criteris d’inclusi6 de pacients

en aquesta terapia.
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Objetius

A partir de les hipotesis de treball, es plategen els segiients objectius:

1. Quantificar el Codi Sépsia existent com a eina de cribratge de pacients pediatrics que con-

sulten per febre a urgéncies o que en desenvolupen quan estan ingressats a I’hospital.
2. Avaluar I'us de 'adrenomedulina com a biomarcador en la sépsia pedidtrica en comparaciod
a la procalcitonina.
2.1. Comparar la utilitat d’ambdoés biomarcadors en relaci6é al diagnostic de sépsia.
2.2. Comparar la utilitat d’ambdos biomarcadors en relacio al pronostic de sépsia.
2.3. Comparar el valor pronostic de 'adrenomedulina amb escores de risc validats.
3. Desenvolupar un escore pel reconeixement i estratificacié de la sépsia en pediatria amb

la combinacié de signes clinics, antecedents de risc, constants vitals ajustades per l'edat i

biomarcadors en sang.
3.1. Determinar la seva utilitat en el diagnostic de sépsia.

3.2. Determinar la seva utilitat en l'estratificacié del pacient séptic.
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4. Descriure els pacients séptics sotmesos a ECMO dels tltims 15 anys i analitzar els possibles

factors predictors de pronostic per millorar la seva indicaci6.
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Material, métodes 1 resultats
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Article 1

Objectiu 1 Quantificar el Codi Sépsia existent com a eina de cribratge de pacients pediatrics

que consulten per febre a urgéncies o que en desenvolupen quan estan ingressats a 1’hospital.

Article Quantification of a qualitative sepsis code: laying the foundations for the automation

revolution.

Resum Objectiu: quantificar una eina de cribratge qualitativa pel reconeixement preco¢ de
la sépsia en nens que consulten a urgéncies amb febre o en desenvolupen durant 1’ingrés hospita-
lari. Métodes: estudi observacional prospectiu que inclou pacients febrils menors de 18 anys. El
diagnostic de sépsia va ser el resultat principal. Es va realitzar una analisi multivariable amb 4 vari-
ables cliniques (freqiiéncia cardiaca, freqiiéncia respiratoria, 1’alteracio neurologica i mala perfusio
cutania). Es van identificar els punts de tall, la relacio de probabilitats i els coeficients d’aquestes
variables. L’eina quantificada es va extreure a partir dels coeficients. Es va obtenir I’area sota
corba (AUC) i es va realitzar una validaci6 interna mitjangant k-fold cross validation. Resultats:
es van incloure 266 pacients. La regressié multivariable va confirmar 1’associacié independent de
les 4 variables amb el resultat principal. L’eina de cribratge quantificada va obtenir una AUC
excellent, 0,825 (IC del 95% 0, 772-0, 878, p <0, 001), per a la prediccié de sépsia. Conclusions:
Hem quantificat amb éxit una eina de cribratge de sépsia i el model resultant té un excellent poder

discriminatori.
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ABSTRACT

Objective: To quantify a qualitative screening tool for the early recognition of sepsis in
children with fever either visiting the emergency department or already admitted to

hospital.

Methods: Prospective observational study including febrile patients under 18 years of
age. Sepsis diagnosis was the main outcome. A multivariable analysis was performed
with 4 clinical variables (heart rate, respiratory rate, disability, and poor skin perfusion).
The cut-off points, odds ratio, and coefficients of these variables were identified. The
quantified tool was then obtained from the coefficients. The area under curve (AUC)

was obtained and internal validation was performed using k-fold cross-validation.

Results: 266 patients were included. The multivariable regression confirmed the
independent association of the 4 variables with the outcome. The quantified screening
tool yielded an excellent AUC, 0.825 (95%CI 0.772-0.878, p<0.001), for sepsis

prediction.

Conclusions: We successfully quantified a sepsis screening tool and the resulting model

has an excellent discriminatory power.

Keywords:

Sepsis, paediatric, screening, automatic



INTRODUCTION

Approximately 5-10% of pediatric emergency department (ED) visits involve febrile
patients (1). Hospitalised patients are also subject to the possibility of becoming febrile.
Despite this, only a small minority of patients being seen for or presenting fever will
develop sepsis. The identification of this life-threatening infection at its earliest point of
presentation in febrile children remains difficult, but any delay in recognising this

condition gives rise to significantly worsened outcomes (2)(3).

Our group developed the PEdiatric SEpsis Recognition and Stratification score
(PESERS score)(4), a quantitative score to diagnose and stratify sepsis in children at the
time of fever onset, which has an excellent discriminatory power. Nevertheless, this
score, which includes clinical and analytical variables, was designed to be used in
patients that have triggered a screening tool and therefore have suspected sepsis. A
screening test based only on clinical variables that needs minimum technological
support is required to first select the patients who require further evaluation, so that the
PESERS score can then be applied to them. This is also a recommendation present in
the latest Surviving Sepsis Campaign guidelines (5). Another necessary characteristic of
a screening test is the possibility of being quantitative. This both avoids personal
subjectivity and allows it to be included in the computerised health system as an
electronic/automatic tool. The computerization of patient care systems and the use of
electronic health records in most hospitals has helped clinicians provide better and faster
care to patients. It seems logical that the next step in pediatric sepsis management is the

implementation of electronic/automatic screening tools and scores in clinical practice.

In 2016, our institution implemented a sepsis code, which was designed as a

government initiative (6). It is a manual qualitative screening tool to increase awareness,



promote early detection, and facilitate initial care and interhospital coordination to treat
septic patients in a homogeneous manner throughout the region of Catalonia. The four
variables of the sepsis code (heart rate, respiratory rate, mental status, and appearance),
when quantified in the PESERS score, showed to be independent predictors of sepsis.
Since pediatric patients have age-specific parameters and not all parameters in the sepsis
code have the same weight in predicting sepsis, a first step of statistically quantifying

these variables is mandatory.

Our aim was to quantify weights and validate these four clinical variables as a screening
tool for sepsis in patients with fever being seen in the emergency department or already

admitted to hospital.

PATIENTS AND METHODS

This is a prospective observational study carried out at a tertiary hospital. Patients
younger than 18 years old being seen at the emergency department or who were already
admitted to hospital with fever were included. Patients transferred from other medical
centres for whom supportive/antibiotic treatment had already been started, those with
missing data, and those who did not agree to participate in the study were excluded.
Sepsis, using the definitions established by the international pediatric sepsis consensus

conference (Goldstein 2005)(7), was recorded as the main outcome.

This study and its database were approved by the Hospital Sant Joan de Déu ethics

committee and by the institutional review board.

The sample size was estimated accepting an alpha risk of 5% and requiring a power

greater than 90% in a two-tailed test using the Ene 2 programme.



The four variables of the sepsis code (heart rate, respiratory rate, mental status, and
appearance) were considered predictor variables. Categorical variables were indicated
as frequency (n) and percentage (%), whereas continuous variables were summarised as
median and interquartile range (IQR) because they were not normally distributed. Age-
dependent variables (heart rate and respiratory rate) were analysed as percentiles and
eight age groups were defined for this analysis (8)(9). The comparison of categorical
variables was performed using the x2 test or Fisher’s exact test. Continuous variables
were compared with the Mann-Whitney U test. Probability (p) values of less than

0.05 were considered statistically significant.

All variables were entered into a multiple forward stepwise logistic regression model.
Optimal cut-off points that maximised the weighted combination of sensitivity (Se) and
specificity (Sp) (thus maximising the Youden index) were calculated (80%) for heart
and respiratory rate. The coefficients and odds ratio with corresponding 95% confidence
interval (CI) were obtained for all variables. The punctuation of the quantified score was
obtained from the coefficients of the multivariable logistic regression. The
discrimination of the model was measured using the area under the receiver operating

characteristic curve, and k-fold cross-validation was used for internal validation.

RESULTS

A total of 266 patients were included, 172 with sepsis and 94 without sepsis. The
median age of the participants was 37.2 months (IQR 4.2-127.8) and 143 (53.8%) were
male. No differences between groups (sepsis/non-sepsis) were found as regards baseline

characteristics.

The bivariate analyses revealed that all four variables were predictive for sepsis

(p<0.05). The multivariable logistic regression was then performed with these four



variables. The cut-offs designed for heart rates were the 90" and 95" percentiles and for
respiratory rate this was the 97" percentile. The multivariable logistic regression is
shown in Table 1. The punctuation of the quantified sepsis code was performed with the

coefficients of the multivariable analysis (Table 2).

The area under the curve (AUC) of the model’s score for sepsis prediction was 0.904
(95% CI 0.866-0.942), p<0.001. After correcting for the optimism bias with 10-fold

cross-validation, the model yielded an AUC of 0.825 (95% CI 0.772-0.878), p<0.001.

For sepsis recognition, a cut-off value of 3 points for the model yielded a sensitivity of
88%, specificity of 62%, positive predictive value (PPV) of 81%, and negative

predictive value (NPV) of 73%.

When a cut-off point of 6 was taken into account, patients with shock were identified

with a sensitivity of 90%, specificity of 45%, PPV of 55% and NPV of 85%.
DISCUSSION

We successfully quantified a qualitative clinical code into a quantified scoring model
with four clinical variables: heart rate, respiratory rate, central nervous system
alteration, and capillary refill. These 4 variables had already demonstrated their
consistency in severe illness in children and adults (10)(11). The punctuation of the

present model ranges from 0 to 8 points and has a good discriminatory power.

The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3)
(12) proposed the quick Sequential [Sepsis-Related] Organ Failure Assessment Score
(qSOFA) to screen for sepsis in settings other than the ICU, such as outside the hospital,
in the emergency room, or in the ward. To design gSOFA, 3 variables were identified

(neurological alteration, systolic blood pressure, and respiratory rate) as a simplification



and to eliminate the analytical variables of the Sequential [Sepsis-Related] Organ
Failure Assessment Score (SOFA). gSOFA offered similar discriminatory power in out-
of-UCI settings to SOFA in the ICU. In our previous study developing the PESERS
score, respiratory and heart rate, neurological alteration, and capillary refill time were
identified as independent predictors of sepsis, so the present quantified code could

become a simplified version of PESERS score, as gSOFA is for SOFA.

When fever due to an infection appears, it is difficult to predict if the child is going to
have a life-threatening disease or just a localised infection. Clinicians have to know how
to distinguish between those patients whose condition is not a concern and those who
need to be evaluated more closely. Diagnostic tests such as a blood test entail a delay in
time, so the very first impression has to be based on vital signs and a quick physical
examination. The sepsis code has helped health care personnel in this task since 2016 in
our centre. To be able to improve the evolution of a health system that is moving
towards the automation of processes, we think that studies like this one are required.
Other groups have already successfully implemented an electronic sepsis screening tool
that is as accurate as the manual process, with the capability of improving the timely
detection of patients at risk of sepsis without disrupting routine clinical workflows (13).
Once validated, the present screening tool could be included in the electronic health
programmes of hospitals as an automatic tool, or it could be included in a mobile phone

as an application, much like a calculator.

Some limitations have to be acknowledged in the study. Firstly, data on the performance
of the traditional sepsis code have not been registered in the electronic health records
during these years, so a comparison between both screening tools will be more difficult
and indirect, taking into account variables such as mortality or days of hospitalisation

for septic patients. The Goldstein 2005 definitions have been used to identify septic



patients, and a problem with using systemic inflammatory response syndrome (SIRS)-
based criteria is that they are very broad and will likely include a high number of
patients that are not really severely ill. Nevertheless, since this model is intended to be a
screening tool to identify patients that need to be more closely evaluated and there is no
more broadly accepted definition than this one, we found it appropriate for our

purposes.

In conclusion, we successfully quantified a clinical qualitative screening tool using four
clinical variables and the resulting model has an excellent discriminatory power. Once
validated, the screening tool is ready to be included in the electronic health programmes

of hospitals.
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Table 1: Multivariable logistic regression

Variables and cut-off Coefficient Odds ratio (95%Cl) Score'
punctuation

Heart rate

<90 percentile 1

90t™-95t™ percentile 0.465 1.592 (0.592-4.283) 0.047 1

>95t™ percentile 1.592 4,916 (1.641-14.723) 0.004 3
Respiratory rate

<97 percentile 1

297" percentile 0.729 2.074 (1.074-6.380) 0.043 1
Disability*

No 1

Yes 0.559 1.720 (1.012-2.904) 0.047 1
Poor skin perfusion or petechiae**

No 1

Yes 1.406 4.079 (1.745-9.538) 0.001 3

*[** See Table 2 for definitions.

Table 2: Quantified screening tool

Variables Points
(0] 1 2 3
Heart rate (beats/minute)
0-1w <180 180-185 >185
1w-1mo <180 180-185 >185
1-3mo <175 175-185 >185
4-11mo <175 175-185 >185
12-23mo <165 165-175 >175
24-59mo <140 140-150 >150
60-143mo <120 120-130 >130
>144mo <110 110-120 >120

Respiratory rate (breaths/minute)

0-1w <64 264
1w-1mo <63 263
1-3mo <63 263
4-11mo <55 255
12-23mo <45 245
24-59mo <35 235
60-143mo <27 227
>144mo <25 225
Disability* No Yes
Poor skin perfusion or petechiae** No Yes

w: week, mo: month(s).

* Defined as neurological dysfunction, neurological impairment, alteration in the Glasgow or APVU
scales, disorientation.

** Defined as an alteration in the capillary refill, presence of petechiae or ecchymosis, paleness, or
acrocyanosis.
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Article 2

Objectiu 2 Avaluar I'ts de I'adrenomedulina com a biomarcador en la sépsia pediatrica en

comparaci6 a la procalcitonina.

Objectiu 2.1 Comparar la utilitat d’ambdés biomarcadors en relacié al diagnostic de sépsia.
Objectiu 2.2 Comparar la utilitat d’ambdés biomarcadors en relacié al pronostic de sépsia.
Objectiu 2.3 Comparar el valor pronostic de I’adrenomedulina amb escores de risc validats.

Article Diagnostic and prognostic value of procalcitonin and mid-regional pro-adrenomedullin

in septic paediatric patients.

Resum El diagnostic precoc de la sépsia i lestratificacié de la seva gravetat a lingrés és
fonamental per millorar els resultats dels pacients i garantir I'as optim dels recursos sanitaris.
Per avaluar el potencial diagnostic de la porcié mitja de la proadrenomedulina (MRproADM) en
pacients pediatrics séptics en comparacié amb la procalcitonina (PCT), i per avaluar la utilitat
d’una tunica determinacié de MR-proADM com a eina de prediccié de gravetat i d’estratificacio,
es va realitzar un estudi observacional prospectiu. Es van incloure setanta-tres pacients pediatrics
amb sospita de sépsia. Es va realitzar una tnica analisi de sang al moment inicial per analitzar
biomarcadors d’infecci6. Els valors de PCT van ser significativament més elevats en pacients séptics
en comparacié amb pacients no séptics (p =0,03) amb un AUC de 0,748 (p = 0,003). Els nivells de
MR-proADM van augmentar significativament en pacients amb sépsia severa (p = 0,048), amb un
AUC de 0,729 (p = 0,013). La MR-proADM va mostrar una correlaci6 positiva amb els escores de

gravetat pSOFA, PRISMIII i PELOD-2. Els nivells de MR-proADM van ser significativament més



60 Material, métodes i resultats

alts en pacients que necessitaven farmacs vasoactius (p = 0,02) o que van presentar una disfuncié
renal (p = 0,004). Conclusio: la PCT sembla ser superior a la MR-proADM en el diagnostic
de sépsia. La determinacié dels nivells plasmatics de MR-proADM a la fase inicial de la sépsia
podria ser una eina tutil per a lestratificacié de la sépsia i la prediccié de la morbiditat abans que
es produeixi una insuficiéncia organica. Els resultats actuals s’han de confirmar amb estudis de

major mida mostral.
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Abstract
Early diagnosis of sepsis and its severity stratification at admission is critical to improve patient outcomes and to ensure the
optimal use of health care resources. In order to assess the diagnostic potential of mid-regional pro-adrenomedullin (MR-
proADM) in septic paediatric patients in comparison with procalcitonin (PCT), and to evaluate the usefulness of a single early
determination of MR-proADM as a stratification and severity prediction tool, a prospective observational study was conducted.
Seventy-three paediatric patients with a suspicion of sepsis were included. A single blood test was carried out at initial time to
analyse infection biomarkers. PCT values were significantly higher in septic patients in comparison with non-septic patients (p =
0.03) with an AUC of 0.748 (p =0.003). Levels of MR-proADM significantly increased in patients with severe sepsis (p =
0.048), with an AUC of 0.729 (p = 0.013). MR-proADM showed a positive correlation with pSOFA, PRISM III, and PELOD-2
severity scores. Levels of MR-proADM were significantly higher in patients who required vasoactive drugs (p =0.02) or
presented renal dysfunction (p = 0.004).

Conclusion: PCT appeared to be superior to MR-proADM in diagnosing sepsis. Determining MR-proADM plasma levels at
the initial phase of sepsis could be a useful tool for sepsis stratification and morbidity prediction before organ failure occurs. The
present results need to be assessed with larger sample size studies.
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What is Known:

*CRP and PCT are already included in clinical practice to assess sepsis and estimate disease severity, although their sensitivity and specificity are lower

than desired.

*ADM is a protein that has immune and vascular modulation actions, and its blood levels are increased in adult and paediatric sepsis.
*ADM is a promising tool for early diagnosis and prognostic assessment in adult sepsis.

‘What is New:

*PCT appeared to be superior to MR-proADM in diagnosing paediatric sepsis.
*MR-proADM plasma levels could be a useful tool for paediatric sepsis stratification and morbidity prediction.

Keywords Sepsis - Adrenomedullin - Procalcitonin - Paediatric - Diagnosis - Stratification

Abbreviations
ACCM

APACHE I

AUC
CRP
GNB
GNC
GNCB
GPC

ICU

IQR

L

LH+

LOS

ml
MR-proADM
MV

ng

nmol
NPV
PCT
PELOD-2

PICU
PPV
PRISM III
pSOFA

ROC
SAPS 11
Se
SOFA
SP
TRACE
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American College of Critical

Care Medicine

Acute Physiology and Chronic Health
disease Classification System II
Area under the curve

C-reactive protein.

Gram-negative bacilli
Gram-negative cocci
Gram-negative cocci-bacilli
Gram-positive cocci

Intensive care unit

Interquartile ranges

Litre

Likelihood ratio

Length of hospitalization

Millilitre

Mid-regional pro-adrenomedullin
Mechanical ventilation

Nanogram

Nanomol

Negative predictive value
Procalcitonin

Paediatric Logistic Organ
Dysfunction Score-2

Paediatric Intensive Care Unit
Positive predictive value

Paediatric Risk of Mortality Score III
paediatric Sequential Organ
Failure Assessment

Receiver operating characteristic
Simplified Acute Physiology Score
Sensitivity

Sequential Organ Failure Assessment
Specificity

Time-Resolved Amplified
Cryptate Emission

Introduction

Sepsis is still a frequent and life-threatening condition in chil-
dren worldwide [1, 2], and a leading cause of mortality in
hospitalized patients. Early diagnosis of sepsis and its severity
stratification at admission is critical to improve patient out-
comes and to ensure the optimal use of health care resources.

A novel approach to assess infection, diagnose sepsis, and
estimate disease severity entails the use of biomarkers. C-
reactive protein (CRP) and procalcitonin (PCT) levels are al-
ready included in the usual clinical practice. Although PCT
seems to be superior to CRP in detecting acute bacterial in-
fection, its sensitivity and specificity is lower than desired.
New hopes are focused on other biological markers, such as
adrenomedullin.

Adrenomedullin (ADM) is a protein that has immune, met-
abolic, and vascular modulation actions. Blood levels of this
molecule are increased in adult and paediatric sepsis [3, 4] and
it plays a role in inducing hyperdynamic circulation during the
carly stages of sepsis [5—7]. In 2004, Struck et al. [8] discov-
ered a more stable mid-region portion of 52 amino acids, mid-
region pro-adrenomedullin (MR-proADM), that directly re-
flects the levels of degradation of active ADM and is easier
to analyse.

Studies on the usefulness of MR-proADM in paediatric
infection are few and controversial. In 2013, Benito et al.
found that MR-proADM levels had poor usefulness in
predicting invasive bacterial infection [9]. On the other hand,
Oncel suggests MR-proADM, in combination with other
acute phase reactants, as a novel approach in diagnosing neo-
natal sepsis [10]. Studies on adults regarding sepsis diagnos-
tics are also few in number, but it seems that MR-proADM
could play a role; its measurement, combined with that of
PCT, could increase post-test diagnostic probabilities [11, 12].

The prognostic value of MR-proADM has been widely
studied in adults. In 2006, Christ-Crain et al. concluded, after
assessing 53 patients admitted to an ICU for sepsis, that levels
of MR-proADM upon ICU admission could predict the pa-
tient’s condition with a precision similar to APACHE II and
SAPS II [4]. Suberviola et al. claimed that MR-proADM was
a better tool for predicting in-hospital death than CRP or PCT
in patients admitted to the ICU [12].
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The Paediatric Risk of Mortality Score III (PRISM III),
Paediatric Logistic Organ Dysfunction Score-2 (PELOD-2),
and possibly the recent adaptation of the Sequential Organ
Failure Assessment (SOFA) in paediatric patients (pSOFA)
[13] are currently the gold standard for risk assessment in
critically ill children. However, risk scores are probably better
at predicting the evolution of groups of patients than individ-
ual risk [14]. Biomarkers are a promising tool that could as-
sess individual mortality risk among septic children, before
organ failure is patent. The results of the study carried out at
our Paediatric Intensive Care Unit (PICU) suggested that MR-
proADM is a good predictor of severity and mortality in chil-
dren with sepsis [15]. Moreover, a positive correlation with
risk score levels has been suggested [16].

Taking the aforementioned data into account, the objectives
of this study were to assess the diagnostic role of MR-
proADM, comparing it with PCT, in septic paediatric patients
and to evaluate a single early determination of MR-proADM
as a stratification and severity prediction tool. The present
study is interesting and important as it addresses the diagnostic
and prognostic role of PCT and MR-proADM in paediatric
sepsis.

Patients and methods

A prospective observational study was conducted at a tertiary
hospital, from December 2016 to February 2018.

Our centre has developed a Sepsis Code, intended for gen-
eral health care workers, that gives guidelines for the initial
management of a suspected sepsis case, as the new guidelines
of the American College of Critical Care Medicine (ACCM)
recommend [17]. This document follows the code format ap-
proved by the Catalan Department of Health (October 2015)
(Paediatric Sepsis Code). Patients in whom the code is acti-
vated are admitted to the PICU.

Inclusion criteria: patients younger than 16 years of age
from the emergency room, general hospitalization ward, or
already admitted in PICU, in whom the Sepsis Code was
activated. Sepsis Code was activated when a patient had a core
temperature greater than 38.5 °C or less than 35.5 °C and a
suspicion of infection, plus one or more of the following
criteria:

—  Tachypnea or respiratory distress

—  Tachycardia or mottled, cold, or pale skin

—  TIrritability, food rejection, altered mental status, fainting,
or meningeal signs

—  Petechiae or ecchymosis

Patients whose legal guardians did not accept participation
were excluded.

Epidemiological, clinical, analytical, and microbiological
data were collected from each patient.

A single blood sample was collected at the time the
Sepsis Code was activated, to determine PCT and MR-
proADM. Serum levels of PCT were determined by im-
munofluorescence, using Time-Resolved Amplified
Cryptate Emission (TRACE) and a KRYPTOR analyser
(Brahms). PCT’s limit of detection was 0.06 ng/mL and
a value of < 0.5 ng/mL was considered normal. Measuring
MR-ProADM was carried out using the KRYPTOR plat-
form (ThermoFisher) automated immunofluorescence
measurement procedure at the laboratory of our centre.
The samples were collected in a tube with K3-EDTA
and centrifuged after being split into two 250-uL aliquots;
these were then identified with an alphanumeric code and
were stored frozen at — 80 °C until processed. The detec-
tion limit for MR-ProADM was 0.23 nmol/L, and a value
of <0.55 nmol/L was considered normal.

The study was approved by the hospital ethics committee
and it was executed in accordance with the Declaration of
Helsinki. Oral and written information was offered to all par-
ticipants that met the inclusion criteria. Parents or legal guard-
ians were required to sign the informed consent document
before their children were included.

Statistical analysis

For the statistical analysis, patients were divided into different
groups:

— No infection: final diagnosis other than infection

—  Localized infection: proven infection caused by any path-
ogen (positive culture, tissue stain, or polymerase chain
reaction test) that does not meet sepsis criteria.

—  Sepsis: as defined by Goldstein 2005 [18]

Septic patients were further divided into sepsis, severe sep-
sis, and septic shock groups, also according to Goldstein 2005
definitions [18].

Firstly, an analysis and comparison of biomarkers between
septic and non-septic patients was carried out in order to deter-
mine their potential in sepsis diagnosis. Then their role in sepsis
stratification (sepsis, severe sepsis, and septic shock) was evalu-
ated, including correlations with severity scores (pSOFA,
PELOD-2, and PRISM III). Finally, prediction of morbidity
was evaluated. Morbidity variables were as follows: need for
mechanical ventilation (MV) and vasopressor drugs, presence
of organ dysfunction (according to Goldstein criteria), days of
PICU stay, and total length of hospitalization stay (LOS).

The results are expressed as counts and percentages for
categorical variables, means and standard deviations for
normal continuous variables, and medians and interquar-
tile ranges (IQR 25-75) for non-normally distributed con-
tinuous variables. A comparison of biomarker levels be-
tween groups was performed using Student’s ¢ test or the

@ Springer
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Table 1 Epidemiological, microbiological and clinical characteristics
of the sample and divided by groups (no infection, localized infection
and sepsis). Results are expressed as counts and percentage (in
parenthesis) for categorical variables and median and interquartile range
(25-75) for non-normally distributed continuous variables. A Mann-
Whitney U test or Fisher’s exact test, depending on the variable, was
performed to compare between groups (“sepsis and no sepsis (no

infection + localized infection), ®no infection and localized infection,
“localized infection and sepsis, “no infection and sepsis). GPC: gram-
positive cocci; GNB: gram-negative bacilli; GNCB: gram-negative coc-
ci-bacilli; GNC: gram-negative cocci. pSOFA: paediatric Sequential
Organ Failure Assessment; PELOD-2: Paediatric Logistic Organ
Dysfunction Score-2; PRISM III: Paediatric Risk of Mortality Score III

All patients No sepsis Sepsis pvalue® pvalue® pvalue® p value
No infection  Localized infection

Number of patients 73 (100) 7 (9.6) 18 (24.7) 48(100)
Median age (in months) 32.4(6.2-100.2) 0.9 (0.6-1.87) 35.32(5.98-73.08) 50.7(19.11-132.71) < 0.001 0.002 0.335 0.092
Sex (male) 46 (63) 2 (28.6) 14 (77.8) 30 (62.5) 0.570  0.058 0.380 0.092
Underlying disease (yes) 38 (52.1) 0 12 (66.7) 26 (54.2) 0.574  0.005 0.413 0.008
Immunocompromised (yes) 14 (19.1) 0 1(5.6) 13(27.1) 0.014 1.000 0.013 0.114
Focus

Respiratory 26 (35.6) 11 (61.1) 15 (31.3)

Abdominal 9 (12.3) 0 9 (18.8)

Bacteraemia 8 (11) 2 (11.1) 6 (12.5)

Meningitis 6(8.2) 1(5.6) 5(10.4)

Soft tissues 8 (11) 0 8 (16.7)

Urinary tract 1(1.4) 0 1.1

Unknown 8 (11) 4(22.2) 4(8.3)
Microorganism

Negative cultures 19 (26) 5(27.8) 14(29.2)

GPC 22 (30.1) 2(11.1) 20(41.7)

GNB 15 (20.5) 5(27.8) 10(20.8)

GNCB 4(5.5) 3(16.7) 12.1)

CGN 1(1.4) 0 12.1)

Virus 5(6.8) 3(16.7) 2(4.2)
Scores

PSOFA (points) 3 (1-11) 3(1-4) 4(2-7) 0.025 0.603 0.016 0.525

PELOD II (points) 2(2-5) 3 (1.75-5) 4(2-7) 0.048 0.712 0.097 0.169

PRISM 1II (points) 0 (0-11.25) 7 (0.5-11) 5(2.25-9.75) 0.637 0.186 0.767 0.120

Organ failure (number) 2 (1-3.5)

Significant p-values are emphasized using italics

Mann-Whitney U test. Spearman correlations were per-
formed between biomarkers, severity scores, and continu-
ous morbidity variables. Receiver operating characteristic
(ROC) curves were constructed and the area under the
curve (AUC) was assessed to compare the diagnostic
and prognostic accuracy of biomarkers and risk scores.
Optimal cut-off points that maximized the weighted com-
bination of sensitivity (Se) and specificity (Sp) (that max-
imized the Youden index) were calculated. Based on the
threshold values, the main diagnostic validity parameters
were estimated: sensitivity (Se), specificity (Sp), positive
predictive value (PPV), negative predictive value (NPV),
and likelihood ratio (LH+). The AUC was estimated by
regression models for different combinations of severity
scores and biomarkers.

@ Springer

Probability values less than 0.05 were considered signifi-
cant. The statistical analysis was performed using the SPSS
statistical software package 22.0 (SPSS, INC., Chicago, III).

Results
Study population

Seventy-three cases were recruited. The characteristics of
these patients are summarized in Tables 1 and 2. The median
age of the sample was 32.4 months (IQR 6.2-100.2), 63%
were male, 38 (52.1%) had some underlying disease, and 14
patients (19.1%) were immunocompromised.
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Table 2  Epidemiological, microbiological, and clinical characteristics
of all septic patients and divided by groups (sepsis, severe sepsis, and
septic shock). Results are expressed as counts and percentage (in
parenthesis) for categorical variables and median and interquartile range
(25-75) for non-normally distributed continuous variables. A Mann-
Whitney U test or Fisher’s exact test, depending on the variable, was

performed to compare between groups (*sepsis and severe sepsis, *severe

sepsis and septic shock, “sepsis and septic shock). GPC: gram positive
cocci; GNB: gram-negative bacilli; GNCB: gram-negative cocci-bacilli;
GNC: gram-negative cocci. pSOFA: paediatric Sequential Organ Failure
Assessment; PELOD-2: Paediatric Logistic Organ Dysfunction Score-2;
PRISM III: Paediatric Risk of Mortality Score I1I

All sepsis Sepsis Severe sepsis Septic shock pvalue® p value® p value®

Number of patients 48(100) 14 (29.2) 6 (12.5) 28 (58.3)
Median age (in months) 50.7(19.1-132.7)  30.38 (19.90-59.51) 40.43 (9.82-93.78) 60.68 (19.38-171.17) 0.934 0.391 0.115
Sex (male) 30 (62.5) 10 (71.4) 4 (66.7) 16 (57.1) 0.613 0.518 0.290
Underlying disease (yes) 26 (54.2) 7(50) 3 (50) 16 (57.1) 0.686 0.548 0.455
Immunocompromised (yes) 13(27.1) 3(21.4) 1(16.7) 9(32.1) 0.627 0416 0419
Focus

Respiratory 15 (31.3) 3(21.4) 3(50) 9(32.1)

Abdominal 9 (18.8) 2(14.3) 1(16.7) 6(21.4)

Bacteraemia 6(12.5) 2(14.3) 0 4(14.3)

Meningitis 5(10.4) 1(7.1) 1(16.7) 3(10.7)

Soft tissues 8 (16.7) 3(21.4) 1(16.7) 4(14.3)

Urinary tract 1(2.1) 1(7.1) 0 0

Unknown 4(8.3) 2(14.3) 0 2(7.1)
Microorganism

Negative cultures 14(29.2) 4(28.6) 1(16.7) 9(32.1)

GPC 20(41.7) 4(28.6) 4(66.7) 12(42.9)

GNB 10(20.8) 6(42.8) 0 4(14.3)

GNCB 1(2.1) 0 0 1(3.6)

CGN 1(2.1) 0 0 1(3.6)

Virus 2(4.2) 0 1(16.7) 1(3.6)
Scores

pSOFA (points) 4(2-7) 2 (1-4.5) 4(2.75-6) 6 (3-7) 0.091 0.210 0.002

PELOD II (points) 4(2-7) 2(1.5-3) 5(4-7.25) 6 (3-7) 0.007 0.964 0.001

PRISM III (points) 5(2.25-9.75)  3(0-6.25) 3 (0-5.75) 7.5 (5-15.25) 0.864 0.016 0.001

Organ failure (number) 2 (1-3.5) 0.5 (0-1) 2 (1-3) 3(24) 0.006 0.136 0.000

Significant p-values are emphasized using italics

Seven of the patients (9.6%) in whom the code was acti-
vated had no infection, 18 (24.7%) had a localized infection,
and 48 (65.8%) had sepsis. Non-infected patients were either
suffering from dehydration or a cardiopathy. Among those
with sepsis, 6 (12.5%) had severe sepsis and 28 (58.3%) pa-
tients were in septic shock.

There were differences between septic and non-septic
groups regarding age and immunological situation.

Diagnostic accuracy

The PCT values were significantly higher in the septic patients’
group when compared to the non-septic group (which included
both the infection and non-infection groups) (p =0.03). Average
values of MR-proADM showed a rising trend in transition be-
tween non-infected patients, patients with localized infection and
septic patients, but the difference between non-septic and septic
groups was not significant (Fig. 1a, b).

PCT AUC for sepsis diagnosis was 0.748 (p=0.003)

(Fig. 2a ), with a cut-off value of 4.650 ng/mL. The ROC
generated by the combination of PCT and MR-proADM
(AUC 0.733) did not provide a superior AUC than that of
PCT alone (supplementary data).

Prognostic value of biomarkers in mortality

Unlike in procalcitonin, levels of MR-proADM gradually in-
creased from sepsis to septic shock, with significant differ-
ences between sepsis and severe sepsis (p =0.048) and be-
tween sepsis and septic shock (p =0.004). (Fig. 1c, d).

The AUC of MR-proADM for severe sepsis was 0.729
(p=0.013) (Fig. 2b) with a cut-off value of 1.37 nmol/L.
MR-proADM showed a positive correlation with pSOFA,
PRISM 111, and PELOD-2 severity scores (r 0.465, p=
0.001; » 0.348, p=0.015; and » 0.527, p<0.001,
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Fig. 1 Box plots comparing biomarkers levels in patients with no
infection, localized infection and sepsis (a, b) and in patients with
sepsis, severe sepsis and septic shock (¢, d). Mann-Whitney U test was
performed and p values between groups are shown [no infection and

respectively). Nevertheless, risk scores obtained a better AUC
in predicting severe sepsis (supplementary data).

Different combinations of severity scores and biomarkers
were analysed to predict severe sepsis. When PCT, MR-
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proADM, or both were added to each score, the increase in
the AUC was minimal over the score alone in predicting se-
vere sepsis. The best AUC was given by combining PELOD-2

and MR-proADM (AUC 0.838).
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Fig. 2 a ROC curves of biomarkers for sepsis diagnosis. b ROC curves of biomarkers and severity scores for severe sepsis prediction
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Prognostic value of biomarkers in morbidity

Out of all septic patients, 25 (53.2%) had pulmonary failure, 30
(62.5%) needed vasoactive drugs, 12 (27.3%) had neurological
impairments, 19 (40.4%) haematologic dysfunction, 9 (19.1%)
renal dysfunction, and 10 (21.3%) hepatic dysfunction. The me-
dian number of organs that failed was 2 (IQR 1-3.5) in the
overall population with sepsis. Three patients (6.4%) died while
admitted, one of them as a result of sepsis. The median stay in the
PICU was 5 days (IQR 3-12) and the median for the total length
of hospitalization was 14.5 days (IQR 9.7-37.7).

Levels of MR-proADM were significantly higher in pa-
tients who required vasoactive drugs: 2.7 (IQR 1.4-4.4) vs.
1.5 (IQR 0.9-2.4) p=0.02, AUC: 0.684 p=0.03 (cut-off
point 1.97 nmol/Se: 65% Sp: 59% PPV: 53% NPV: 59%
LH+: 1.58); and in those who presented renal dysfunction:
4.9 (IQR 3-10.7) vs. 1.8 (IQR 1-2.8) p=0.004, AUC 0.810
p=0.004 (cut-off point 2.89 nmol)/Se: 77.8% Sp: 73.7%
PPV: 53.2% NVP: 93% LH+: 2.96). No significant differ-
ences were observed in patients who required MV compared
to those who did not. PCT values did not show significant
differences in any of the previous variables. Plasma levels of
MR-proADM correlated with the length of PICU stay (»
0.408, p=0.005) and total hospitalization time (» 0.39, p =
0.001); PCT showed no correlation.

Discussion

Endeavouring to seek methods to make an early diagnosis of
sepsis is extremely important. Moreover, initial stratification of
sepsis and the prediction of multiorgan failure could lead to ap-
propriate treatments and distribution of resources. So far, the
clinical history, individual risk factors, and physical examination
remain the most important aspects for sepsis diagnosis.
Regarding blood biomarkers, C-reactive protein, procalcitonin,
and lactate have been included in clinical practice, but their sen-
sitivity and specificity are lower than desired. New hopes are
focused on new biomarkers to help us in sepsis diagnosis and
stratification. Sepsis is a complex affliction, so it is reasonable to
think that there is no perfect biomarker and that the ideal strategy
would be to use some combination of them.

Based on our preliminary data, PCT appeared to be superior to
MR-proADM for the diagnosis of sepsis. Average values of PCT
showed a rising trend in the transition between non-infected pa-
tients, localized infections, and sepsis, while no significant dif-
ference with the increase of sepsis severity was observed, as in
Angeletti et al. [19] The simultaneous use of both biomarkers did
not increase the probability of diagnosing sepsis, in sharp contrast
to data from Angeletti et al. [11] that suggested that the simulta-
neous use of PCT and ADM could substantially improve the
early diagnosis of sepsis in adults.

The prognostic value of MR-proADM has been studied ex-
tensively in adults [4, 12]. In this study, checking plasma levels of
MR-proADM in the initial phase of sepsis seems to be useful to
evaluate the severity and prognosis of these patients and its value
seems to be higher than that of PCT. Levels of MR-proADM
significantly increased with the severity of the sepsis according to
Goldstein definitions. MR-proADM obtained a good AUC in
predicting severe sepsis. MR-proADM and severity scores
showed positive correlation, and risk scores obtained a better
AUC predicting severe sepsis. Despite this, significant biomarker
levels at the time of the suspicion of sepsis could predict the
evolution of an individual patient before organ failure happens,
and therefore prediction could be done earlier than with risk
scores alone. In their article, Jordan et al. propose the use in
tandem of MR-proADM and risk scores [15]. In the present
study, the addition of biomarkers to severity scores minimally
improved the prognostic accuracy. Suberviola et al. found similar
results in adult populations: MR-proADM was better than PCT
at predicting in-hospital mortality, but it was worse than severity
scores [12]. In their study, the addition of the biomarkers to the
severity score only improved the prognostic accuracy slightly.

MR-proADM levels also increased with morbidity variables
and significant differences were found with haemodynamic and
renal dysfunction, days of stay in PICU, and total length of stay.
Due to low mortality, we could not use death as a primary out-
come, so instead, we used organ failures. It is worth highlighting
that the low mortality rate suggests a good sensitivity of the
intrahospital Paediatric Sepsis Code. Future research could ex-
pand on these positive results using a larger sample.

As a limitation, we did not have a healthy control group
available. Mortality due to sepsis in the sample was 1.4% and
so we used mortality risk scores and organ failure as proxies.
The sample is relatively small and heterogenous, with immu-
nosuppressed patients, patients with nosocomial sepsis, and
fragile patients already admitted in PICU for other reasons,
so results should be cautiously interpreted.

Conclusion

Based on our preliminary data, both biomarkers, MR-proADM
and PCT, were useful in sepsis, but PCT appeared to be superior
to MR-proADM for diagnosing sepsis. The simultaneous use of
both did not increase the probability of a diagnosis. Determining
MR-proADM plasma levels in the initial phase of sepsis seems
to be useful to evaluate the severity and prognosis of these pa-
tients, and its value appears to be higher than PCT for this. MR-
proADM levels show a significant positive correlation with se-
verity scores, but its addition improved prognostic accuracy only
slightly. Although the AUC for MR-proADM was lower than
severity scores for severe sepsis prediction, the findings of the
present study are of great interest since, with this biomarker,
stratification could be done before organ failure occurs. The
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present findings should be interpreted cautiously and need to be
confirmed with a larger size sample. Further research should be
focused on validating and incorporating biomarkers into the cur-
rent toolset for the diagnosis and stratification of sepsis.
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Article 3

Objectiu 3 Desenvolupar un escore pel reconeixement i estratificacio de la sépsia en pediatria
amb la combinacié de signes clinics, antecedents de risc, constants vitals ajustades per l'edat i

biomarcadors en sang.
Objectiu 3.1 Determinar la seva utilitat en el diagnostic de sépsia.
Objectiu 3.2 Determinar la seva utilitat en Iestratificaci del pacient séptic.

Article New multivariable prediction model PEdiatric SEpsis Recognition and Stratification

(PESERS score) shows excellent discriminatory capacity

Resum Objectiu: desenvolupar un model tipus escala de puntuacié predictiva quantitativa
per al reconeixement i estratificacié precog de la sépsia pediatrica. Meétodes: estudi observacional
prospectiu que inclou pacients febrils del departament d’urgéncies i hospitalitzats menors de 18
anys. El diagnostic de sépsia (definicions de Goldstein 2005) va ser el resultat principal. Les
variables associades al resultat es van incloure en una analisi multivariable. Es van identificar els
punts de tall, la relaci6 de probabilitats i els coeficients per a les variables conservades després
de l’analisi multivariable. L’escala de puntuacio es va obtenir a partir dels coeficients, 'AUC es
va obtenir a partir de 'analisi ROC, i la validaci6 interna es va realitzar mitjancant K-fold cross
validation. Resultats: L’analisi va incloure 210 pacients. Es van avaluar 45 variables i ’analisi
bivariant va identificar 24 variables associades al resultat. Després de la regressié multivariable, es
van mantenir 11 variables i es va obtenir 1’escala de puntuaci6. El model va tenir un AUC excellent
de 0,886 (IC del 95% 0, 845-0, 927), p <0, 001 per al reconeixement de la sépsia. Amb un valor de

tall de 5 de ’escala de puntuacid, es va obtenir una sensibilitat del 98%, una especificitat del 76,7%,



70 Material, métodes i resultats

un valor predictiu positiu del 87,9% i un valor predictiu negatiu del 93,3%. Conclusions: El model
de puntuaci6 proposat per a la sépsia pedidtrica va mostrar una capacitat discriminatoria adequada
i una precisié suficient, la qual cosa té una gran importancia clinica per detectar preco¢gment la
sépsia i predir-ne la gravetat. No obstant aix0, és necessaria una validacié externa abans de 1'is

clinic.
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Abstract

Aim: To develop a quantitative predictive scoring model for the early recognition and
assessment of paediatric sepsis.

Methods: Prospective observational study including emergency department and in-
hospital febrile patients under 18 years. Sepsis diagnose (Goldstein 2005 definitions)
was the main outcome. Variables associated with the outcome were included in a
multivariable analysis. Cut-off points, odds ratio and coefficients for the variables
kept after the multivariable analysis were identified. The score was obtained from the
coefficients, The AUC was obtained from ROC-analysis, and internal validation was
performed using k-fold cross-validation.

Results: The analysis included 210 patients. 45 variables were evaluated and the bi-
variate analysis identified 24 variables associated with the outcome. After the multi-
variable regression, 11 variables were kept and the score was obtained. The model
yielded an excellent AUC of 0.886 (95% Cl 0.845-0.927), p < 0.001 for sepsis rec-
ognition. With a cut-off value of 5 for the score, we obtained a sensitivity of 98%,
specificity of 76.7%, positive predictive value of 87.9% and negative predictive value
of 93.3%.

Conclusion: The proposed scoring model for paediatric sepsis showed adequate dis-
criminatory capacity and sufficient accuracy, which is of great clinical significance in
detecting sepsis early and predicting its severity. Nevertheless external validation is

needed before clinical use.

KEYWORDS
biomarkers, infection, paediatric, prediction model, sepsis, stratification

Abbreviations: AUC, area under the curve; Cl, confidence interval; CRP, C-reactive protein; ED, emergency department; GNB, gram negative bacilli; GNC, gram negative cocci; GNCB,
gram negative cocci-bacilli; GPB, gram positive bacilli; GPC, gram positive cocci; IQR, interquartile range; LOS, length of stay; MR-proADM, mid-regional pro-adrenomedullin; NPV,
negative predictive value; PCT, procalcitonin; PELOD-2, Paediatric Logistic Organ Dysfunction Score-2; PESERS, Paediatric Sepsis Recognition and Stratification; PICU, paediatric
intensive care unit; PPV, positive predictive value; PRISM Ill, Paediatric Risk of Mortality Score Ill; pSOFA, Paediatric Sequential Organ Failure Assessment; Se, sensitivity; SIRS,
systemic inflammatory response syndrome; Sp, specificity.
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1 | INTRODUCTION

Acute febrile illness is one of the most common reasons for visiting
a paediatric emergency department (ED), it accounts for approxi-
mately 5%-10% of the total ED visits and is also frequent in hospi-
talised children.! Only a small minority of them will develop sepsis,
but any delay in recognising this condition gives rise to worsened
outcomes. Severe sepsis and septic shock continue to cause signifi-
cant morbidity and mortality in children around the world. Overall,
there are an estimated 22 cases of sepsis per 100,000 children, a
total of 1.2 million cases per year.? Sepsis and its complications,
multiple organ dysfunction and septic shock, account for approxi-
mately 8% of admissions to Paediatric Intensive Care Units (PICUs).3
In general, there has been a decrease in both hospital and PICU mor-
tality,* thanks to scientific outreach campaigns and clinical practice
guidelines that have made it possible to make an earlier diagnosis
and prescribe more appropriate treatments. However, sepsis mortal-
ity remains at about 20%.° This makes sepsis a major public health
problem.

The early diagnosis of sepsis and accurately assessing it at its
earliest point of presentation, is critical to improving outcomes,
decreasing the mortality rate and ensuring the optimal use of care
resources. However, the identification of this life-threatening
infection in febrile children remains difficult and sepsis is a syn-
drome that mimics many other conditions. The American College
of Critical Care Medicine guidelines for haemodynamic support for
infants and children with septic shock® and the latest guidelines
from the Surviving Sepsis Campaign® recommend that each insti-
tution have an early recognition tool for sepsis. The diagnosis of
sepsis and the evaluation of its severity based only on clinical signs
and symptoms is quite difficult. Furthermore, no single biomarker
has yet been identified to accurately diagnose sepsis and predict
its severity, but a combination of several of them could prove ad-
vantageous.7 In 2016, our institution implemented a Sepsis Code,
which was designed as a government initiative.® It is a manual
qualitative tool to increase awareness, promote early detection
and facilitate initial care and interhospital coordination to treat
septic patients in a homogeneous manner throughout Catalonia.
Although its results have been good, we have seen that there's a
need to quantify the existing items and include additional items
that do not depend on clinician experience to confirm the diagno-
sis and stratify the severity of sepsis once the patient has screened
positive for Sepsis Code.

Regarding risk assessment,” the currently validated risk scores
are complex, derived from adult scores, mainly focus on predicting
survival or death in general critical disease, and/or are probably
better at predicting the evolution of groups of patients rather than
individual risk. Some of them are presented next. For mortality pre-
diction the area under curve (AUC) of the Paediatric Risk of Mortality
Score Il (PRISM [11) was 0.944 +/- 0.021%°; Paediatric Multiple Organ
Dysfunction Score (P-MODS) obtained an AUC of 0.78,* the Sepsis-
Related Organ Failure Assessment (SOFA) AUC was 0.829 (95% ClI
0.791-0.868)'21% and for Paediatric Logistic Organ Dysfunction

Key Notes

e The identification of life-threatening infections in febrile
children remains difficult and no single biomarker has
been identified to accurately diagnose and predict sep-
sis severity.

e This quantitative model has an excellent discriminative
power in febrile paediatric patients (AUC 0.886 [95%
Cl 0.845-0.927], cut-off of 5 [Se 98%, Sp 67.7%, PPV
87.9%, NPV 93.3%)), identifying those children requiring
further investigation and urgent treatment.

o Nevertheless external validation is needed before clini-

cal use.

Score-2 (PELOD-2) the AUC was 0.934.* The recent adaptation of
the SOFA in paediatric patients (pSOFA) has a performance of an
AUC 0.94 (95% Cl1,0.92-0.95) at discriminating in-hospital mortality
and an AUC 0.88 (95% ClI, 0.86-0.91) at discriminating in-hospital
mortality on the day of admission.'®

Our aim was to develop a quantitative predictive score model,
based on age-adjusted vital and clinical signs and blood biomark-
ers, for early sepsis recognition and stratification, in terms of
organ dysfunction and evolution to shock, in emergency depart-
ment or in-hospital paediatric patients presenting with fever and
a suspicion of sepsis, thus improving the management of sepsis in
children.

2 | MATERIAL AND METHODS

2.1 | Study population and data collection

We conducted a prospective observational study at a tertiary
hospital from 2016 to 2020. Patients younger than 18 years old
who consulted at the emergency department or were already ad-
mitted to the hospital with fever and clinical suspicion of sepsis
were included. Clinical suspicion of sepsis was defined as positive
screening in the current Sepsis Code: core temperature greater
than 38.5°C and a suspicion of infection, plus one or more of the

following criteria:

e Tachypnoea or respiratory distress

e Tachycardia or mottled, cold or pale skin

o |[rritability, food rejection, altered mental status, fainting or men-
ingeal signs

e Petechiae or ecchymosis

Patients transferred from other medical centres for whom sup-
portive/antibiotic treatment had already been started, those with
missing data, and those who did not agree to participate in the study
were excluded.
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Sepsis, defined according to that established by the interna-
tional paediatric sepsis consensus conference (Goldstein 2005),'6
was recorded as the main outcome. Septic patients were further
divided into sepsis, severe sepsis and septic shock groups, also ac-
cording to Goldstein 2005 definition to evaluate the stratification
or severity assessment potential. Blood cultures were obtained
in all cases, other cultures or samples for real-time PCR analysis
were taken depending on the suspected origin of the infection.
The other outcomes evaluated were multi-organ failure, pres-
ence of shock, origin of infection, in-hospital mortality, length of
stay (LOS) and main risk score evaluations PRISM Ill, pSOFA and
PELOD-2.

The variables evaluated to create the PESERS score were ex-
tracted from the Catalonian Sepsis Codel’ (heart rate, respiratory
rate, mental status and appearance). Other variables added for
consideration as predictors included sex and age, other vital signs
(temperature, systolic and mean blood pressure, etc.), physical ex-
amination signs, analytical infection-related indicators and analytical
organ dysfunction-related indicators. The presence of a condition
that increases the risk of sepsis (such as the presence of cancer, a
personal history of transplantation, immunodeficiency, immuno-
compromise or asplenia, among others) was also recorded. All vari-
ables were evaluated using data collected from electronic medical
records at the moment a sepsis was suspected. Patient follow-up

continued until they were discharged or died.

2.2 | Ethical statement

The study and its database were approved and declared safe by the
Hospital Sant Joan de Déu ethics committee and by the institutional
review board. The study followed the principles of the Declaration
of Helsinki. Developing the score did not require extra procedures
on patients. Parents or legal guardians were required to sign the
informed consent document before their children were included.

2.3 | Statistical analysis

The sample size was estimated accepting an alpha risk of 5% and a
power greater than 90% in a two-sided contrast using the Ene 2 pro-
gramme. The calculated sample size also satisfies the basis of some
empirical investigations for prediction models, the rule of having at
least 10 outcome events per effective variable.

Categorical variables were indicated as frequency (n) and rate
(%), whereas continuous variables were summarised as median
and interquartile range (IQR) because they were not normally dis-
tributed. Age-dependent variables (heart rate, respiratory rate and
blood pressure) were analysed as percentiles and 8 age groups were
defined for this analysis.'®*’

The comparison of categorical variables was performed using the
x2 test or Fisher's exact test. Continuous variables were compared
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with the Mann-Whitney U test. Probability values of <0.05 were
considered statistically significant.

Variables that were significantly associated with sepsis in the bi-
variate analysis (p < 0.1), had clinical significance, were biologically
plausible, and which were accessible in daily clinical practice, were
entered into multiple forward stepwise logistic regression models.
Significant variables that were thought to covary were grouped,
and only 1 variable from each group was chosen for entry into the
model. Optimal cut-off points that maximised the weighted com-
bination of sensitivity (Se) and specificity (Sp) (thus maximising the
Youden index) were calculated (80%). The coefficients and odds
ratio with 95% confidence interval (Cl) were obtained. During this
process, and according to the significance of the odds ratio, some
cut-offs were pooled, and all were rounded to the nearest inte-
ger in order to yield a user-friendly score. The Paediatric Sepsis
Recognition and Stratification (PESERS) score was obtained from
the coefficients of the multivariable logistic regression. The discrim-
ination of the model was measured using the area under the receiver
operating characteristic curve. K-fold cross-validation was used for
internal validation.?°

We compared the performance of PESERS score with 3other
paediatric organ dysfunction scores PRISM Ill, pSOFA and PELOD-2.
Spearman correlations were performed between PESERS score
punctuation, the other severity scores and morbidity variables.

3 | RESULTS

Among the 219 patients screened, 9 were excluded due to missing
data and 210 patients (95.9%) were included in the final analysis.
Twelve patients had no infection, 52 had a localised infection, and
146 had sepsis. The median age of the participants was 42.7 months
(IQR 5.7-138.6) and 110 (52.4%) were male. The baseline charac-
teristics and outcomes of the enrolled population are detailed in
Table 1. No differences between groups were found as regards base-
line characteristics.

A list of 54 variables was evaluated. The bivariate analy-
ses demonstrated 24 variables that were predictive for sepsis
(Tables S1 and S2). The multivariable logistic regression was per-
formed with these variables, and as a result, 11 variables showed
independent association with sepsis and were the ones kept in the
model. These variables and their cut-offs are listed in Tables 2 and
3, and the multivariable logistic regression is shown in Table 4.
Respiratory rate, C-reactive protein and immature white blood
cells were pooled (Table 5). Mid-regional pro-adrenomedullin (MR-
proADM) cut-off values were rounded to be more user-friendly
when needed.

The construction of the PESERS score was done with 11 vari-
ables, each variable ranging from O to 4, according to the coefficients
obtained (Table 6).

The prediction model was well calibrated (Hosmer-Lemershow
¥2 = 6.57, p = 0.692). The area under the curve (AUC) of the
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TABLE 1 Study population details and comparison of patients regarding the presence or absence of sepsis

Characteristics and outcomes

Median age (months)
Age group
<lw
1w-1m
1-3m
3-11m
12-23m
24-59 m
60-143 m
>144 m
Gender (male)
Outcomes
Hospital admission
LOS (days)
PICU admission
PICU LOS (days)
Death
Community-acquired infection
HAI
Other origin of fever
Infection origin
Respiratory
Abdominal
Urinary
Bacteraemia
Meningitis
Soft tissues
Other or unknown
Microbiology?
GPC
S. pyogenes
S. pneumonia
S. aureus
S. epidermidis
S. agalactiae
Other GPC
GNC
N. meningitidis
GNB
P. aeruginosa
K. pneumoniae
K. oxytoca
E. coli
E. cloacae

H. influenzae

n=210
42.7 (5.7-138.6)

1(0.5)

14 (6.7)
31(14.8)
17 (8.1)
22 (10.5)
34 (16.2)
44(21.1)
47 (22.4)
110 (52.4)

204 (97.1)
14 (8-28)
177 (85.9)
5(2-10.5)
8(3.8)
146 (69.5)
52 (24.8)
12(5.7)

80(38.1)
28(13.3)
9(4.3)
35(16.7)
17 (8.1)
7(3.3)
10 (4.7)

51(24.3)
10(4.8)
14 (6.7)
17 (8.1)
2(1)
5(2.4)
3(1.4)
18 (8.6)
18 (8.6)
56(26.7)
12(5.7)
6(2.9)
2(1)

14 (6.7)
5(2.4)
10 (4.8)

No sepsis (n = 64)
37.24 (4.2-136.6)

7 (10.9)
12 (18.8)
12 (18.8)
13(20.3)
32(50)

58 (90.6)
11 (5-18.5)
39 (60.9)
3(1-13)
2(3.1)

40 (62.5)
12 (18.8)
12(18.8)

33 (51.6)
5(7.8)
1(1.6)
3(4.7)
4(6.3)
1(1.6)
5(7.8)

11(17.2)
1(1.6)
4(6.3)
6(9.4)

Sepsis (n = 146)
49.82 (6.2-138.6)

0

9(6.2)
22(15.1)
12(8.2)
15 (10.3)
22(15.1)
32(21.9)
34 (23.3)
78 (53.5)

146 (100)
15 (9-33)
138 (94.5)
5(2-10)
6(3.7)
106 (72.6)

40 (24.4)

47(32.2)
23(15.8)
8(5.5)
32(21.9)
13(8.9)
6(4.1)
17(11.6)

40(27.4)
9(6.2)
10(6.8)
11(7.5)
2(1.4)
5(3.4)
3(2.1)
18(12.3)
18(12.3)
42(28.8)
9(6.2)
4(2.7)
1(0.7)
12(8.2)
3(2.1)
9(6.2)

p-value ®

0.629

0.493

0.656

0.001
0.002
<0.001
0.706
0.539
0.587

0.002

0.166
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TABLE 1 (Continued)
Characteristics and outcomes n=210 No sepsis (n = 64) Sepsis (n = 146) p-value ?
Other GNB 7 (3.3) 3(4.7) 4(2.7)
GPB 7(3.3) 2(3.1) 5(3.4)
E. faecalis 4(1.9) 0 4(2.7)
Other GPB 3(1.4) 2(3.1) 1(0.7)
GNCB 1(0.5) 0 1(0.7)
Anaerobic 1(0.5) 0 1(0.7)
Fungi 0 0 0
Negative cultures 76 (36.2) 37(57.8) 39(26.7)
PRISM IlI 4 (0-9) 1(0-4) 6.5(2.75-10) <0.001
pSOFA 4(2-7) 2 (1-4) 5(2-7) <0.001
PELOD-2 4 (2-7.25) 2 (0-4.75) 5(3-8.25) <0.001

Note: Results are expressed as frequency and rate, for categorical variables and median and interquartile range (25-75) for non-normally distributed
continuous variables. The comparison of categorical variables was performed using the 2 test or Fisher's exact test. Continuous variables were
compared with the Mann-Whitney U test. Bold values indicates significant p values and values that refer to the total group of microorganisms.

Abbreviations: GNB, gram negative bacilli; GNC, gram negative cocci; GNCB, gram negative cocci-bacilli; GPB, gram positive bacilli; GPC, gram
positive cocci; HAI, healthcare associated infections; LOS, length of stay; mo, months; PELOD-2, Paediatric Logistic Organ Dysfunction Score-2;
PICU, paediatric intensive care unit; PRISM lll, Paediatric Risk of Mortality Score Ill; pSOFA, Paediatric Sequential Organ Failure Assessment; W,

weeks.

It includes results from cultures or PCR of samples obtained from normally sterile sites (blood, cerebrospinal fluid, pleural fluid and other deep
cultures when needed), urine obtained via urethral catheterisation, and bronchoalevolar lavage obtained with protected catheter.

TABLE 2 Age-dependent variables and their cut-off

Age

Variable and cut-off <ilw >1 w-<1 mo 1-3 mo 4-11mo  12-23mo 24-59 mo 60-143 mo >144 mo
Heart rate (beats/min)

90 percentile 180 180 175 175 165 140 120 110

g5th percentile 185 185 185 185 175 150 130 120
Respiratory rate (breaths/min)

75" percentile 47 46 44 35 30 25 22 19

90" percentile 54 53 52 43 35 27 25 22

97" percentile 64 63 63 55 45 35 27 25
Systolic blood pressure (mmHg)

5% percentile 60 60 70 70 70-+(age yr*2) 70+(age yr*2) 70+(age yr*2) 90

Abbreviations: mo, month; w, week; yr, year.

PESERS score for sepsis prediction was 0.955 (95% Cl 0.924-0.987,
p < 0.001). After correcting for the optimism bias with 10-fold cross-
validation, the model yielded an AUC of 0.886 (95% Cl 0.845-0.927,
p < 0.001) (Figure 1).

For sepsis recognition, a cut-off value of 5 for the score yielded
a sensitivity (Se) of 98%, specificity (Sp) of 67.7%, positive predic-
tive value (PPV) of 87.9% and negative predictive value (NPV) of
93.3%. The performance of the score at different cut-off levels is
available as a Tables S3-S5. The performance of other scores dis-
criminating sepsis was significantly lower than the PESERS score in
this sample: pSOFA AUC 0.768 (95% Cl 0.702-0.835, p < 0.001),
PELOD-2 AUC 0.735 (95% Cl 0.656-0.813, p < 0.001) and PRISM

I AUC 0.730 (95% CI 0.652-0.808, p < 0.001), with p < 0.001 in
all cases.

Due to the low mortality rate (3.8%), we could not use death as an
outcome. The PESERS score showed a moderate positive correlation
with the pSOFA (r 0.554, p < 0.001), PRISM Il (r 0.531, p < 0.001)
and PELOD-2 (r 0.570, p < 0.001) severity scores and with organ dys-
function count (r 0.644, p < 0.001). It demonstrated a low correlation
with total LOS in hospital (r 0.223, p = 0.001), and no correlation was
found between the PESERS score and PICU LOS. With a cut-off value
of 10 for the score, septic patients with organ dysfunction could be
identified (Se 95.5%, Sp 58.5%, PPV 63.2%, NPV 94.5%). The AUC
of the PESERS score for sepsis with organ dysfunction diagnosis was
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TABLE 3 Candidate variables for the score

No sepsis Sepsis
Variable (h=64)(%) (n=146)(%) p

Age-dependent variables

Heart rate (beats/min)

<Cut-off 1 40 (62.5) 46 (31.5) <0.001
Cut-off 1-cut-off 2 15(23.4) 34 (23.3)
>Cut-off 2 9(14.1) 66 (45.2)
Respiratory rate (breaths/min)
<Cut-off 1 22(34.4) 36 (24.7) 0.033
Cut-off 1-cut-off 2 21(32.8) 39 (26.7)
Cut-off 2-cut-off 3 14 (21.9) 27 (18.5)
>Cut-off 3 7 (10.9) 44 (30.1)
Systolic blood pressure (mmHg)
>Cut-off 1 61(95.3) 106 (72.6) <0.001
<Cut-off 1 3(4.7) 40 (27.4)
Non-age-dependent variables
Disability (yes)? 27 (42.2) 99 (67.8) 0.002
Poor skin perfusion or 25(39.1) 116 (79.5) <0.001

petechiae (yes)?

C-reactive protein (mg/L)

<70 47 (73.4) 38 (26) <0.001
70-85 3(4.7) 4(2.7)
>85 14 (21.9) 104 (71.2)
Procalcitonin (ng/ml)
<2.5 58 (90.6) 24 (16.4) <0.001
>2.5 6(9.4) 122 (83.6)
MR-proADM (mmol/L)
<1 54 (84.4) 24 (16.4) <0.001
1-2.5 6(9.4) 62 (42.5)
>2.5 4(6.2) 60 (41.1)
Immature white blood cells (%)
<5.5 58 (90.6) 44 (30.1) <0.001
5.5-9.5 3(4.7) 18(12.3)
>9.5 3(4.7) 84 (57)
Lactate (mmol/L)
<27 48 (75) 78 (53.4) 0.006
>2.7 16 (25) 68 (46.6)
Immunocompromised 6(9.4) 28 (19.2) 0.015
(ves)®

Note: Results are expressed as frequency and rate. The comparison of
categorical variables was performed using the y2 test or Fisher's exact
test. Bold values indicates statistical reference group.

The cut-offs for age variables are represented in Table 2.
Abbreviation: MR-proADM, mid-regional pro-adrenomedullin.
aSee Table 6 for definitions.

0.882(95% C10.837-0.926, p < 0.001) without significant differences
vs. pPSOFA, AUC 0.912 (95% C1 0.871-0.952, p < 0.001) or PELOD-2,
AUC 0.843 (95% C1 0.787-0.899, p < 0.001),p =0.253 and p = 0.315

TABLE 4 Multivariable logistic regression

Variable and cut-off Coefficient

Heart rate (beats/min)

<Cut-off 1
Cut-off 1-cut-off 2 1.013
>Cut-off 2 1.772

Respiratory rate (breaths/min)

<Cut-off 1

Cut-off 1-cut-off 2 0.085
Cut-off 2- cut-off 3 0.174
>Cut-off 3 1.241

Systolic blood pressure (mmHg)

>Cut-off 1

<Cut-off 1 1.907
Disability®

No

Yes 1.020

Poor skin perfusion or petechiae®
No
Yes 1.797

C-reactive protein (mg/L)

<70
70-85 0.457
>85 2.174

Procalcitonin (ng/ml)
<2.5
22.5 3.895

MR-proADM (mmol/L)

>1.1
1-2.6 3.237
>2.6 3.760

Immature white blood cells (%)
<5.5
5.5-9.5 0.891
>9.5 2.453

Lactate (mmol/L)

<2.7

22.7 0.931
Immunocompromised?

No

Yes 1.761

Abbreviation: MR-proADM, mid-regional pro-adrenomedullin.

QOdds ratio (95% Cl)

1
2.755(1.238-6.129)

5.883
(2.677-12.924)

1
1.088(0.454-2.610)
1.190 (0.446-3.172)

3.459
(1.132-10.566)

1

6.730
(1.989-22.770)

1
2.772 (1.474-5.213)

1

6.032
(3.171-11.473)

1
1.579 (0.332-7.499)

8.797
(4.344-17.813)

1

49.39
(19.049-126.760)

1

27130
(9.628-76.448)

32.783(10.634-
101.061)

1
2.438(0.612-9.707)

11.625
(3.185-42.424)

1
2.615 (1.316-5.197)

1
5.816 (1.294-5.849)

p

0.013
<0.001

0.850
0.729
0.029

0.002

0.002

<0.001

0.566
<0.001

<0.001

<0.001

<0.001

0.206
<0.001

0.006

<0.026

The cut-offs for age variables are represented in Table 2. Bold values

indicates significant p values.
2See Table 6 for definitions.
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TABLE 5 Final logistic regressions
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PESERS

Variable and cut-off Coefficient  Odds ratio (95% Cl) p score points
Heart rate (beats/min)

<90 percentile 1 0

90t"-95t percentile 1.013 2.755(1.238-6.129) 0.013 1

>95™ percentile 1.772 5.883 (2.677-12.924) <0.001 2
Respiratory rate (breaths/min)

<97 percentile 1 0

>97™ percentile 1.060 2.886 (1.057-7.880) 0.039
Systolic blood pressure (mmHg)

>5™ percentile 1

<5 percentile 1.907 6.730 (1.989-22.770) 0.002
Disability®

No 1 0

Yes 1.020 2.772 (1.474-5.213) 0.002
Poor skin perfusion or petechiae®

No 1

Yes 1.797 6.032(3.171-11.473) <0.001
C-reactive protein (mg/L)

<85

285 2.139 8.490 (4.238-17.009) <0.001
Procalcitonin (ng/ml)

<25 1

22.5 3.895 49.39 (19.049-126.760) <0.001
MR-proADM (mmol/L)

<1 1

1-2.5 3.237 27.130 (9.628-76.448) <0.001 3

>2.5 3.760 32.783(10.634-101.061)  <0.001
Immature white blood cells (%)

<10 1

210 2.266 9.644 (2.711-34.313) <0.001
Lactate (mmol/L)

<2.7 1 0

22.7 0.961 2.615 (1.316-5.197) 0.006
Immunocompromised?

No 1

Yes 1.761 5.816 (1.294-5.849) <0.026

Abbreviation: MR-proADM, mid-regional pro-adrenomedullin.
?See Table 6 for definitions.

respectively. But it was significantly higher than PRISM IIl, AUC 0.791
(95% C10.727-0.856, p < 0.001) with p = 0.0133.

As for shock identification, significant differences were
seen between the PESERS AUC of 0.845 (95% Cl 0.792-0.899,
p < 0.001) and the pSOFA AUC of 0.932 (95% Cl 0.899-0.966,
p < 0.001), with p = 0.004; however, this was not the case when
comparing PESERS and PELOD-2, with an AUC of 0.851 (95% ClI
0.794-0.908, p < 0.001) or PESERS and PRISM IlI, with an AUC of
0.797 (95% C1 0.729-0.864, p < 0.001), p = 0.842 and p = 0.1822
respectively.

4 | DISCUSSION

At the onset of a febrile episode, it is extremely complicated for clini-
cians to identify children that will develop sepsis due to its atypical
symptoms, rapid development and dynamic pathophysiological pro-
cess. Thus, practical clinical scoring models with few indicators are
required. We developed a quantitative prediction model to enhance
the prompt diagnosis of sepsis and assess its severity in children that
has an excellent discriminative power in febrile paediatric patients,
identifying those children requiring further investigation and urgent
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Points
PESERS score variables 0 1 2 3
Heart rate (beats/min)
0-1w <180 180-185  >185
1w-1mo <180 180-185  >185
1 mo-3 mo <175 175-185  >185
3 mo-11mo <175 175-185 >185
12 mo-23 mo <165 165-175 >175
24 mo-59 mo <140 140-150  >150
60 mo-143 mo <120 120-130 >130
>144 mo <110 110-120  >120
Respiratory rate (breaths/min)
0-1w <64 264
1 w-1mo <63 263
1 mo-3 mo <63 263
3 mo-11 mo <55 255
12 mo-23 mo <45 245
24 mo-59 mo <35 235
60 mo-143 mo <27 227
>144 mo <25 225
Systolic blood pressure (mmHg)
0-1w >60 <60
1w-1mo >60 <60
1 mo-3 mo >70 <70
3 mo-11 mo >70 <70
12 mo-23 mo >70+ (age yr*2) <70+ (age yr*2)
24 mo-59 mo >70+ (age yr*2) <70+ (age yr*2)
60 mo-143 mo >70+ (age yr*2) <70+ (age yr*2)
>144 mo >90 <90
Disability® No Yes
Poor skin perfusion or No Yes
petechiae®
CRP (mg/L) <85 285
PCT (ng/mL) <2.5
MR-proADM (mmol/L) <1 1-2.5
Immature white blood <10% 210%
cells (%)
Lactate (mmol/L) <2.7 >2.7
Immunocompromised® No Yes

Abbreviation: w, week; mo, month; yr, years; CRP, C-reactive protein; PCT, procalcitonin; MR-pro-
ADM, mid-regional pro-adrenomedullin.

All variables must be collected at the moment of the fever onset. If a variable is not measured, it
should be considered normal.

2Defined as neurological dysfunction, neurological impairment, alteration in the Glasgow or APVU
scales, disorientation.

bDefined as an alteration in the capillary refill, presence of petechiae or ecchymosis, paleness or
acrocyanosis.

“Such as, but not limited to innate immunodeficiency or acquired immunodeficienciy due to
pharmacological treatments (e.g. chemotherapy and long-term corticosteroids) or asplenia.

TABLE 6 Paediatric sepsis recognition

score (PESER score)
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FIGURE 1 Areaunder the curve of the PESERS score for sepsis
prediction: 0.886 (95% CI 0.845-0.927), p < 0.001

treatment. The PESERS score is a continuous scale that includes/
combines 11 readily available variables: 3 vital signs (heart rate, res-
piratory rate and systolic blood pressure), 2 physical examination
signs (disability and poor skin perfusion), 5 blood analysis variables
(rate of immature white blood cells related to systemic inflammatory
response syndrome, C-reactive protein and procalcitonin as stand-
ard biomarkers, MR-proADM as a vascular/vasodilatation biomarker,
and lactate as an oxidative stress biomarker) and the personal his-
tory of immunosuppression.

Scores related to paediatric sepsis are mostly intended for risk
assessment and they either target general critically ill children or
are derived from adult scores.?>?? Some groups have developed
a specific risk scoring model for paediatric patients, although data
was collected during the first 24 h and not upon first suspicion of
infection.?®?* As for the diagnosis, Gabriel J. et al developed a quan-
titative stratification algorithm for the risk of early onset sepsis in
newborns?> and Alishah M. et al. developed a paediatric rapid sepsis
trigger tool to implement in a low income country,?® both with good
outcomes. To our knowledge, there is a lack of predictive models to
aid in the early diagnosis and assessment of paediatric sepsis that
can be applied in the precise moment a fever is detected.

The variables of our model are in line with those of the previous
literature. Vital signs such as heart rate and respiratory rate, as well
as central nervous system alteration and capillary refill are consistent
in severe illness in children and adults.?”-?8 Analytical markers such
as white blood cell count, C-reactive protein and lactate are already
part of the usual clinical management, although with less specificity
and sensitivity than desired. Procalcitonin, already in widespread
use as well, appears to be more specific for bacterial infections.?’
Recently, MR-proADM has been described as an useful biomarker
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in the diagnosis and stratification of septic patients, helping to es-
tablish a prognosis in both adult and paediatric patients.>®3! All
these biomarkers have a good timing and cost-performance index.
Previous studies have shown that no single biomarker has been iden-
tified this far to accurately diagnose sepsis and predict its severity,
and a combination of several of them could be advantageous.”

Although a severe clinical deterioration of a patient means the
clinician must start resuscitation immediately, the implementation
of a prediction model like the PESER score could improve sepsis di-
agnosis; it allows physicians to both initiate prompt antibiotic and
support treatment when sepsis is confirmed and avoid unnecessary
interventions on patients presenting with an inflammatory condition
triggered by other but infection; and fever due to bacterial or viral in-
fections without sepsis. It could supplement existing care protocols,
allowing clinicians to provide more targeted treatments.

Its use in stratifying risk could also enhance septic patient outcomes
and help optimise healthcare resources. PESERS score demonstrated
excellent prognostic accuracy in terms of sepsis with organ dysfunction
and septic shock discrimination, comparable with pSOFA and PELOD-2
and significantly better than PRISM Ill. The biggest advantage is that
this score would allow this prognosis at the time of the fever onset.

This study is subject to some limitations. To date, definitions
released in the Barcelona 2005 Consensus have been the most
widely used to define and classify sepsis in children. The SIRS cri-
teria has been criticised mainly because they are very broad and
they will likely include a high number of patients not being se-
verely ill, so the appearance of SIRS criteria may be an adequate
host response to infection. We are aware of the limitations of the
definition but until societies come to an agreement with the new
definition, we think the Goldstein definitions are the appropriate
to use. Nevertheless the performance of the score in identifying
patients with sepsis associated to organ dysfunction is also good
and comparable to other validates scores. Our cohort may not be
representative of all children due to its size and single-centre de-
sign and also because only patients with fever and clinical suspi-
cion of sepsis assessed by a clinical decision tool, the Sepsis Code,
were included. This could narrow the clinical application and rep-
resent a bias. Also, since we have used the same patient cohort to
both develop and test our score, there is a high risk of overfitting.
For both reasons, external validation is needed before its appli-
cation in clinical practice. Regarding score variables, because the
gold standard for sepsis diagnosis is the Goldstain 2005 criteria,
some predictors included in the model are also diagnostic criteria.
Two of the variables included are still not quantitative. These vari-
ables may, however, be critical when they are present; thus, we in-
cluded them. Also, MR-proADM analysis is currently limited to few
centres around the world, although its use in our area is increasing.
It is worth highlight the comparability of PESERS score to other
validated scores such as pSOFA or PELOD-2. Based on the results
of this study, the performance of the score should be good, but it
has yet to be proven, so external prospective validation should be
carried out before its clinical application.
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5 | CONCLUSION

The proposed scoring model for paediatric sepsis showed adequate
discriminatory capacity and sufficient accuracy, which is of great
clinical significance for the early diagnosis of sepsis and predicting
its severity and progress. Its results are comparable with other vali-
dated scores with the advantage that its use is intended to make also
a diagnosis and to be used at the time of the fever onset. Further

studies are needed for external validation before clinical use.
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Supplementary table 1. Variables evaluated as possible predictors of sepsis

Epidemiologic Neurological

Age Glasgow

Gender AVPU scale

Immunosupression Neurological dysfunction or impairment

Duration of symptoms Irritability/restlessness

High risk conditions Convulsing

Underlying disease Bulging fontanelles

Healthcare-acquired infection Neck pain/stiffness

Infection origin Reduced spontaneous movements
Vital signs Pupillary reaction

Temperature Analytical

Heart Rate Hemoglobin

Respiratory Rate White blood cell count

Systolic blood pressure Neutrophil

Oxygen Saturation Immature white blood cell
Respiratory Platelets

Chest in-drawing pH

Apnea Bicarbonate

Increased respiratory effort Base excess

Central cyanosis Lactate

Grunting C-reactive protein

Difficulty breathing (reported) Procalcitonin
Circulation Mid-regional pro-Adrenomedullin

Capillary refill time (poor skin perfusion) Creatinine

Alteration of the quality of pulse Bilirubin

Pallor Aspartate aminotransferase

Cold Skin Alanine aminotransferase

Total proteins

Blood glucose
Prothrombin time
Thromboplastin time
Fibrinogen



Supplementary table 2. Candidate variables for the score.

Variable

No sepsis (n=64) (%)

Sepsis (n=146) (%)

Age-dependent variables
Heart rate (percentile)

Respiratory rate (percentile)

Systolic blood pressure (< 5™ percentile)
Non-age-dependent variables

Immunocompromised (yes)

Underlying disease (yes)

Infection origin

Capillary refill time (> 2 seconds)

Alteration of the quality of pulse (yes)

Glasgow scale (punctuation)

AVPU scale (altered)*

Neurological dysfunction or impairment

(ves)

White blood cell count (n/mm?3)

Neutrophil count (n/mm3)

Immature white blood cells (%)
Platelets (n/mm?3)

Bicarbonate(mmol/L)

Base excess (mmol/L)
Lactate (mmol/L)
C-reactive protein (mg/L)
Procalcitonin (ng/mL)
MR-proADM (mmol/L)
Total bilirrubin (mg/dL)
Prothrombin time (%)
Thromboplastin time (sec.)

77 (50-90)
75 (50-95)
2(0.3)

6 (9.4)
19 (29.7)
14 (21.9)

4(6.3)
15 (15-15)
12 (18.8)
27 (42.2)

11,050
(7,300-15,675)
6,050
(4,200-10,850)
3(2-8)
279,000
(203,750-409,750)
22.5(18.9-24)
-1.5 (-5.1-1)
1.8 (1.4-2.8)
19.6 (4.4-83.1)
0.14 (0.06-0.6)
0.6 (0.4-0.8)
0.4 (0.2-0.6)
78.8 (69.3-88)
26 (22.7-29.4)

95(80-98)
90 (75-98)
41 (28)

28 (19.2)
64 (43.8)
98 (67.1)
34 (23.3)
13 (11-15)
61 (41.8)
99 (67.8)

9,200
(3,475-17,700)
5,100
(1,175-10,675)
12 (4-21.8)
216,500
(121,000-358,750)
20.3 (18.2-22.6)
-4.5 (-6.9-(-)1,4)
2.6 (1.6-3.9)
151.7 (65-237.9)
17.3 (3.9-51.1)

2 (1.3-4.1)
0.6 (0.4-1.8)
54.4 (43-65.2)
31.9 (28.1-37.6)

0.002
0.093
<0.001

0.010
0.092
0.035
<0.001
0.005
0.027
0.001
0.001

0.077

0.077
<0.001
0.004

0.010
0.002
0.011
<0.001
<0.001
<0.001
0.002
0.010
0.010

Results are expressed as frequency (n) and rate (%) or as median and interquartile range (IQR)
depending on categorical or continuous variables. The comparison of categorical variables was
performed using the X2 test or Fisher’s exact test. Continuous variables were compared using Mann-
Whitney U or Wilcoxon test. MR-proADM: Mid-regional pro-adrenomedullin
*Defined as response to voice, pain or unresponsive



Supplementary table 3. Performance of the score at different cut-off levels for sepsis
discrimination

PESERS punctuation Sensitivity | Specificity

1 100 19.4 74.7 100
2 100 30.6 77.5 100
3 100 43.5 80.9 100
4 99.3 61.3 86 97.4
5 98 67.7 87.9 93.3
6 96.6 77.4 91.1 90.6
7 94.6 85.5 92.9 86.9
8 92.2 87.1 94.2 79.4
9 89.9 90.3 95.7 78.9
10 87.2 92 96.3 75

Results are expressed as rates. PPV: positive predictive value. NPV: negative
predictive value

Supplementary table 4. Performance of the score at different cut-off levels for
sepsis with organ dysfunction discrimination

PESERS punctuation Sensitivity Specificity

99.9 41.5 55.8 98
7 98.9 48.3 58.5 98.3
8 96.6 50.8 59.4 95.2
9 95.5 54.3 60.9 94.1
10 95.5 58.5 63.2 94.5
11 90.9 64.4 65.6 90.5
12 88.6 72.9 70.9 89.6

Results are expressed as rates. PPV: positive predictive value. NPV: negative
predictive value



Supplementary table 5. Performance of the score at different cut-off levels for
septic shock discrimination

PESERS punctuation Sensitivity | Specificity

11 91.7 58.2 54.1 92.9
12 90.3 66.4 59.1 92.7
13 81.4 70.1 59.6 87.9
14 75 77.6 64.3 85.2

Results are expressed as rates. PPV: positive predictive value. NPV: negative
predictive value






87

Article 4

Objectiu 4 Descriure els pacients séptics sotmesos a ECMO dels tltims 15 anys i analitzar

els possibles factors predictors de pronostic per millorar la seva indicacio.

Article Venoarterial extracorporeal membrane oxygenation support for neonatal and pediatric

refractory septic shock: more than 15 years of learning

Resum L’objectiu de I'estudi és donar a conéixer la nostra experiéncia institucional en el
maneig de nens i nounats amb xoc séptic refractari que van requerir tractament amb oxigenacio
per membrana extracorporia veno-arterial (ECMO VA) i identificar factors relacionats amb el
pacient i factors relacionats amb la infeccié associats a la mortalitat. Es tracta d’una série de
casos retrospectiva en una unitat de cures intensives d’un hospital de tercer nivell. Els criteris
d’inclusi6 van ser pacients < 18 anys que es van sotmetre a una ECMO VA a causa d’un collapse
circulatori per un xoc séptic refractari. Les variables recollides van ser ’estat del pacient i el suport
immediatament abans de la ECMO, I'evoluci6 dels parametres analitics i hemodinamics durant la
ECMO i els resultats després de la de-canulaci6. Es van incloure vint-i-un pacients, 13 d’ells nens
(65%). Nou eren pediatrics i 12 eren nounats. La durada mitjana del xoc séptic abans de TECMO
va ser de 29,5 h (RIQ: 20-46). Onze pacients (52,4%) van patir una aturada cardiaca. Els pacients
neonatals tenien pitjor puntuacio a lescore de gravetat SOFA (Sepsis Organ Failure Assessment),
pitjor index d’oxigenaci6 i relaci6 PaOs/FiOq, gasos en sang, nivells de lactat i fraccio d’ejeccio
del ventricle esquerre en comparacié amb pacients pediatrics. La supervivéncia va ser del 33,3% en
els pacients pediatrics (60% si excloem els casos de pneumococ) i del 50% en nounats. Les hores
d’evolucio de la sépsia i la pressié mitjana de les vies respiratories (MAP) abans de 'ECMO van
ser significativament més altes en els no supervivents. Haver patit una aturada cardiaca no va ser

un predictor de mortalitat. La infeccidé per Streptococcus pneumoniae va ser un factor de risc de
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mortalitat. Hi va haver una millora de la supervivéncia durant el segon periode d’estudi, passant
del 14,3 al 57,2%, relacionada amb una evolucié més curta de la sépsia abans d’iniciar la ECMO,
amb la millor seleccié de candidats i el major suport I’ECMO un cop iniciada aquesta terapia en

el pacient.
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Abstract

The objective of the study was to report our institutional experience in the management of children and newborns with refractory
septic shock who required venoarterial extracorporeal membrane oxygenation (VA ECMO) treatment, and to identify patient-and
infection-related factors associated with mortality. This is a retrospective case series in an intensive care unit of a tertiary pediatric
center. Inclusion criteria were patients < 18 years old who underwent a VA ECMO due to a refractory septic shock due to
circulatory collapse. Patient conditions and support immediately before ECMO, analytical and hemodynamic parameter evolu-
tion during ECMO, and post-canulation outcome data were collected. Twenty-one patients were included, 13 of them (65%)
male. Nine were pediatric and 12 were newborns. Median septic shock duration prior to ECMO was 29.5 h (IQR, 20-46). Eleven
patients (52.4%) suffered cardiac arrest (CA). Neonatal patients had worse Sepsis Organ Failure Assessment (SOFA) score,
Oxygenation Index and PaO,/FiO, ratio, blood gas analysis, lactate levels, and left ventricular ejection fraction compared to
pediatric patients. Survival was 33.3% among pediatric patients (60% if we exclude pneumococcal cases) and 50% among
newborns. Hours of sepsis evolution and mean airway pressure (MAP) prior to ECMO were significantly higher in the non-
survivor group. CA was not a predictor of mortality. Streptococcus pneumoniae infection was a mortality risk factor. There was an
improvement in survival during the second period, from 14.3 to 57.2%, related to shorter sepsis evolution before ECMO
placement, better candidate selection, and greater ECMO support once the patient was placed.

Children and newborns with sepsis have significant mortality rates due to
development of shock. ECMO is recommended in septic shock
management but estimated survival is lower than 50%. It has not been
stratified according to germ. In the present study, we have demonstrated
that children with vasoplegic pattern shock or S. pneumoniae sepsis
infection have poor outcomes while children with cold or warm septic
shock achieve better outcomes.
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Conclusion: Patients with refractory septic shock should be transferred precociously to a referral ECMO center. However,
therapy should be used with caution in patients with vasoplegic pattern shock or S. preumoniae sepsis.

What is Known:

* Children with refractory septic shock have significant mortality rates, and although ECMO is recommended, overall survival is low.
* There are no studies regarding characteristics of infections as predictors of pediatric survival in ECMO.

What is New:

* Septic children should be transferred precociously to referral ECMO centers during the first hours if patients do not respond to conventional therapy.
* Treatment should be used with caution in patients with vasoplegic pattern shock or S. pneumoniae sepsis.

Keywords Sepsis - Septic shock - Pediatric - Neonatal - Extracorporeal membrane oxygenation - Mortality factors

Abbreviations

CA Cardiac arrest

CI Cardiac Index

CVVHDF  Continuous veno-venous
hemodiafiltration

ELSO Extracoporeal Life Support
Organization

iNO Inhaled nitric oxide

LOS Hospital length of stay

LVEF Left ventricle ejection fraction

MAP Mean airway pressure

MV Mechanical ventilation

NICU Neonatal intensive care unit

Ol Oxygenation Index

PCR Polymerase chain reaction

PCT Procalcitonin

PICU Pediatric intensive care unit

PEEP Positive end-expiratory pressure

PRISM III  Pediatric Risk Score of
Mortality I1I (PRISM III)

SNAPPE II  Score for Neonatal Acute
Physiology Perinatal Extension II

SOFA Sepsis Organ Failure
Assessment score

VA ECMO  Veno-arterial extracorporeal

membrane oxygenation
VIS Vasoactive-Inotropic Score

VV ECMO Veno-venous extracorporeal
membrane oxygenation
Introduction

Despite treatment advances in critical patient management,
septic shock is one of the leading causes of death among
children worldwide. In developed countries, mortality in sep-
tic children ranges from 2 to 13%, and it is higher among those
with underlying diseases [17]. Shock development and
multiorgan dysfunction syndrome are the most determinant
factors of mortality [13, 21]. The American College of
Critical Care Medicine published guidelines in which veno-

@ Springer

arterial extracorporeal membrane oxygenation (VA ECMO) is
suggested in pediatric and newborn patients with unrespon-
sive refractory septic shock to fluids and inotropic support [5,
6, 15]. In addition, a recent (2017) review by Extracoporeal
Life Support Organization (ELSO) pointed out that survival of
pediatric refractory septic shock in ECMO has improved [7],
although it still has a wide range (between 27 and 70% de-
pending on the series) [2, 10—12, 19], perhaps due to different
ECMO strategies and causative microorganisms.

The aims of the present study were to describe our
VA ECMO experience in the management of refractory
septic shock in our pediatric and neonatal intensive care
units, to compare newborns and pediatric patients, and
to identify patient- and infection-related factors associat-
ed with mortality.

Patients and methods

This is a single-center retrospective observational study car-
ried out at Hospital Sant Joan de Déu, Barcelona (Spain), a
tertiary referral pediatric hospital. We reviewed our ECMO
database to identify those newborns and children who re-
ceived VA ECMO from January 1, 2001, to January 31, 2017.

Patients were included in the study if they met the follow-
ing criteria:

— Refractory septic shock according to the 2005 Pediatric
Sepsis Consensus Conference criteria [8] requiring VA
ECMO for circulatory collapse despite mechanical venti-
lation (MV), fluid resuscitation, and inotrope therapy.

— Positive bacterial culture or real-time polymerase chain
reaction (PCR), before ECMO support.

Patients were excluded if:

— infection was diagnosed once the patient was placed in
ECMO, and

— patients required ECMO for other non-septic causes or
were placed on ECMO mainly due to respiratory failure
secondary to infection.
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General management of septic shock

Our septic shock guidelines follow those published by
Dellinger et al. [6]. These are clinical assessment, central
venous oxygen saturation, lactate measurements, and
echocardiography used to guide therapy. Once the patient
is admitted to the unit, antibiotic infusion and volume
loading with crystalloids are started. Cultures are taken
before antibiotic infusion when possible. If there is no
response to fluid therapy, vasoactive agents are indicated.
Generally, dopamine, in neonates, and epinephrine (cold
shock) or norepinephrine (warm shock), in children, are
the first inotropic choices (Davis 2017) [5]. In cases of
myocardial depression and low cardiac output with ade-
quate blood pressure, dobutamine is used. If there is sus-
picion of suprarenal suppression, corticoid therapy at
stress doses (50100 mg/m?) is given. In newborns with
signs of pulmonary hypertension, nitric oxide is started.

VA ECMO is set up when persistent shock with hypoten-
sion and progressive organ dysfunction occur despite previous
support. Before ECMO entry, all patients undergo a functional
echocardiography.

The evidence of severe and irreversible neurological find-
ings is an exclusion criterion for VA ECMO. Cardiac arrest is
not an exclusion criterion.

ECMO management

Patient cannulation is performed by trained surgeons, with
general anesthesia in the intensive care unit. Cannulas are
usually placed in the right jugular vein and the right carotid
artery. In larger children, if there is need for greater flow, the
femoral vein or artery may be also cannulated. The pumps
used during the study period were Maquet® centrifugal
pumps, and the membrane oxygenator was the Maquet
Quadrox-iDpediatric®.

Currently, initial targeted flows are generally 150—
200 ml/kg/min for newborns and 2.4 1/m*/min for chil-
dren. Once the patient is placed in ECMO, individually
directed target goals are normal lactate, venous oxygen
saturation > 75%, mean arterial pressure (p50), and rever-
sal of organ dysfunction. Input pressure is tolerated to
20 mmHg. Anticoagulation is administered with intrave-
nous unfractionated heparin to maintain activated clotting
time between 200 and 220 s. In cases of severe bleeding,
clotting time target is reduced to 160 s. Platelet count is
maintained above 100,000/mm>. When diuresis is <
0.5 ml/kg despite diuretic therapy, or when high volume
of blood products is required, continuous renal replace-
ment therapy (Prismaflex®) is started. Once ECMO is
established, inotropes are weaned and ventilator settings,
minimized.

Data collection

The following information was recorded for each patient:

Patient conditions and support immediately before ECMO:
sex, age, weight, body surface, identified microorganism, in-
fection site, antibiotic treatment, sepsis shock evolution time
(defined as the time from sepsis diagnosis until ECMO start),
cardiac arrest (CA) prior to ECMO, Sepsis Organ Failure
Assessment (SOFA) score, Pediatric Risk Score of Mortality
II (PRISM III) for pediatric patients, Score for Neonatal
Acute Physiology Perinatal Extension II (SNAPPE II) for
neonatal patients, mean airway pressure (MAP), positive
end-expiratory pressure (PEEP), PaO,/FiO, ratio,
Oxygenation Index (OI), Vasoactive-Inotropic Score (VIS)
(dopamine in mcg/kg/min + dobutamine in mcg/kg/min +
milrinone 10X mcg/kg/min + noradrenaline 100x mcg/kg/
min + adrenaline 100x mcg/kg/min), blood gas analyses,
and blood lactate. Organic dysfunction was defined according
to Goldstein B [8], and multiorganic dysfunction was defined
when more than two organs were involved. Functional echo-
cardiography was performed to evaluate left ventricular func-
tion and pulmonary hypertension, and left ventricle ejection
fraction (LVEF) was recorded.

Analytical parameter evolution and hemodynamic support
during ECMO: need for continuous veno-venous
hemodiafiltration (CVVHDF), blood analyses with lactate,
procalcitonin (PCT) and C-reactive protein (CRP), and VIS
were evaluated at 24, 48, and 72 h, and percentage of Cardiac
Index (CI) support at 24 and 48 h. ECMO complications such
as thrombosis, bleeding, and circuit change were also record-
ed. Outcomes: mortality at hospital discharge, neurologic
complications, total days on ECMO, days on MV, and ICU
and hospital length of stay (LOS) were collected.

Patients were classified in two groups: pediatric patients
and neonatal patients (those less than 7 days of life).

Statistics

In order to explore the sample, a descriptive statistical analysis
of data was performed. Afterwards, a comparative analysis
was made between pediatric and neonatal (those with less than
30 days of life) patients, between survivors and non-survivors,
and between two equal periods of time (2001 to 2008 and
2009 to 2017). Quantitative variables were expressed as mean
and standard deviation or median and interquartile range
(IQR) (percentile 25-75), depending on the normal or non-
normal distribution of the variables. Frequencies and percent-
ages were used for qualitative variables. Data were compared
using Student or Wilcoxon, or Fisher signed rank test, when
variables had a normal or non-normal distribution, respective-
ly. Descriptive analysis was performed overall for patients and
also for separated groups, pediatric and neonatal. For the mul-
tivariate analysis, a logistic regression model was used,
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introducing variables with a p value <0.1 in the univariate
analysis. This was done with the total cohort of patients and
then separately for the pediatric and neonatal groups.

The SPSS® 20.0 statistical software package (SPSS, Inc.,
Chicago II) was used. A p value under 0.05 was considered
statistically significant, and the confidence interval (CI) was
estimated using a confidence level of 95%.

The ECMO database was historically approved by the
Institutional Review Board. The study was carried out in ac-
cordance with the Declaration of Helsinki, and it was ap-
proved by the Sant Joan de Déu Institutional Review Board.
Written informed consent was not required due to the retro-
spective nature of the study and the previous approval of the
database.

Results

During the last 16 years, 156 ECMO procedures took place in
our intensive care units. Of these patients, 21 (13.4%)—14
boys and 7 girls—underwent ECMO due to a refractory septic
shock and were included in our study. Nine (42.8%) were
pediatric patients and 12 (57.2%), newborns. Median age
and weight in the pediatric group was 3.3 years (IQR, 0.7—
4.7) and 15 kg (IQR, 8.3-17.5), respectively; in the neonatal
group, the median age and weight were 1 day (IQR, 1-5) and
4.1 kg (IQR, 3.5-14.2). They were diagnosed with septic
shock for a median duration of 29.5 hours (hrs) before
ECMO was started (IQR, 20—46), with significant differences
between the pediatric and neonatal groups (p =0.02)
(Table 2), and between the two periods of time (61.5 hrs
IQR, 13.25-108.00 in the first period vs 11 hrs IQR, 5-22.5
p=0.039 in the second) (Table 4). Only one pediatric patient
had an underlying disease (non-cyanotic congenital heart dis-
ease: ventricle septal defect).

All patients had microbiological evidence of infection, and
all of them were receiving the appropriate antibiotic before
being placed in ECMO (Table 1). Among neonates, the most
frequent microorganisms were S. agalactiae (33.3% of neo-
nates) and E. coli (25%). In the pediatric population, 44.4% of
the infections were due to S. prneumoniae.

Patient conditions and support immediately
before ECMO

Before ECMO, all patients were intubated, connected to MV,
and receiving inotropic support. Table 2 summarizes patient
conditions and support before ECMO. The median PRISM III
for pediatric patients at admission was 30.5 (IQR, 22.75—
39.75), and for neonate patients, SNAPPE II was 95 (IQR,
48-103). We found statistical differences in SOFA score with
worse scores in the in neonatal population (p =0.01). There
were no differences between the two time periods (Table 4).
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All patients had failure of at least three organ systems, with a
median number of 4 (IQR, 3-5). Functional echocardiography
was performed on all patients; a median LVEF 0f27.3% (IQR,
12-56.3) was obtained, which was worse in the neonatal pop-
ulation with 21.3% (IQR, 10-28.5), p =0.002. Moreover, the
neonatal group also had pulmonary hypertension diagnosis
and required inhaled nitric oxide (iNO) in 100% of cases.

All patients received infusions of at least two inotropes
with a median of VIS 77.5 (IQR, 61.25-214.65) with no dif-
ference between the neonatal and pediatric groups. Moreover,
20 patients (95.2%) received hydrocortisone, and 13 patients
(62%) received adrenaline boluses. Eleven patients (52.4%)
suffered cardiac arrest (CA) and required external cardiac
compressions immediately before or during ECMO cannula-
tion, without differences between the two periods (Table 4).

In addition to the differences between groups mentioned
above, there were also statistical differences in Oxygenation
Index and PaO,/FiO, ratio, blood gas analysis, and lactate
levels, all of which were worse in the neonatal intensive care
unit (NICU) patients.

Analytical parameter evolution and hemodynamic
support during ECMO

During ECMO, 71.4% of the patients underwent continuous
veno-venous hemodiafiltration, including all PICU patients
(100%) and 41.6% of NICU patients (p =0.014) (Table 3).
Also, analytical parameters were monitored (lactate, CRP,
and PCT) at 24, 48, and 72 h of ECMO. Lactate levels
remained significantly higher in neonates, and analytical acute
phase reactants were higher in in the pediatric intensive care
unit (PICU) population although with no significant differ-
ences (Table 2). VIS score was significantly lower compared
to the score before ECMO as expected. Median assistance at
24 and 48 h was 65% of the total CI. Assistance was higher in
the second time period (Table 4).

Ten patients (47.6%) had mechanical problems with the
ECMO circuit, without differences between NICU and
PICU groups. All of them were episodes of clotting in the
circuit requiring circuit changes, which is a reasonable occur-
rence after 7 days in ECMO but not earlier.

Outcome data

Nine patients (42.8%) survived to be decannulated from
ECMO. Of the 12 deaths (57.1%), 6 patients (66.6%) were
in PICU and 6 (50%) in NICU, 4 developed irreversible organ
failure, 7 were certified brain dead, and 1 had a massive brain
hemorrhage with treatment withdrawn. All patients with dis-
tributive septic shock (8) died, including the four cases of
pediatric S. pneumoniae infection. If these patients with
vasoplegic shock had been excluded as ECMO candidates,
our global survival would have been 70% during the global
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Table 1 Microbiology

Patient Unit Microorganism Site Appropiate antibiotic Mortality
1 PICU S. aureus Ulcer Yes Yes
2 PICU S. pneumoniae Blood culture Yes Yes
3 PICU S. pyogenes Pleural fluid Yes No
4 PICU P. aureginosa Peritoneal fluid Yes No
5 PICU N. meningitidis Blood culture Yes No
6 PICU N. meningitidis Blood culture Yes Yes
7 PICU S. pneumoniae Blood culture Yes Yes
8 PICU S. pneumoniae Blood culture Yes Yes
9 PICU S. pneumoniae Blood culture Yes Yes
10 NICU E. cloacae Blood culture Yes Yes
11 NICU S. agalactiae Blood culture Yes No
12 NICU S. agalactiae Blood culture Yes Yes
13 NICU E. coli Blood culture Yes Yes
14 NICU S. pneumoniae Blood culture Yes No
15 NICU E. faecalis Blood culture Yes No
16 NICU L. monocytogenes Blood culture Yes No
17 NICU S. agalactiae Blood culture Yes Yes
18 NICU S. agalactaie Blood culture Yes Yes
19 NICU E. coli Blood culture Yes No
20 NICU E. coli Blood culture Yes Yes
21 NICU S. pyogenes Blood culture Yes No

PICU, pediatric intensive care unit; N/CU, neonatal intensive care unit; S. aureus, Staphyloccocus aureus; S.
pneumoniae, Streptococcus pneumoniae; S. pyogenes, Streptococcus pyogenes; P. aureginosa, Pseudomonas
aureginosa; N. mengitidis, Neisseria mengitidis; E. cloacae, Enterobacter cloacae; E. coli, Escherichia coli; E.
faecalis, Enterobacter faecalis; L. monocytogenes, Lysteria monocytogenes; S. agalactiae, Streptococcus

agalactiae

period. No patient died after ECMO decannulation or required
a second ECMO run. We noted an improvement in the surviv-
al of our patients from 14.3% during the first period to 57.2%
during the second period (Table 4).

Of the nine survivors, only one had a small right brain
stroke without clinical repercussion. The patient in question
was from the first period, none of the patients from the second.

The median time on ECMO was 3.5 days (IQR, 1-5). If we
exclude patients decannulated within the first 24 h either for
fulminant evolution or due to brain death, the median time on
ECMO was 5 days (IQR, 3.5-9) with no differences between
AGE groups in any case. The median UCI and hospital LOS
were 10 (IQR, 2.3-19) days and 10 (IQR, 2.3-39.5), respec-
tively. Differences were not observed either in MV days, ICU
admission, or LOS in the hospital between the neonatal and
pediatric groups.

An analysis in order to detect predictors of mortality was
performed (Table 4) comparing the previous variables be-
tween survival and non-survival groups, for the global patients
and for the two time periods. In the global cohort of patients,
longer evolution of sepsis and elevated values of MAP prior to
ECMO, and persistent high levels of lactate at 48 h of ECMO

were of greater note in the non-survivor group. Neither in
neonatal nor in pediatric patients was cardiac arrest found to
be a mortality predictor. Other variables, such as respiratory
support parameters and hemodynamic requirements, had
worse values in the mortality group, but without statistically
significant differences. Concerning outcomes, no conclusion
could be drawn due to premature mortality in the non-survivor
group.

Multivariate analysis was not able to define any other in-
dependent risk factor for mortality.

Discussion

Our study shows that ECMO may be a useful tool for refrac-
tory septic shock. ECMO therapy should be considered in
septic children with persistent catecholamine resistance shock.
In patients with vasoplegic septic shock, this indication is less
clear and should be evaluated with caution. As time might be
an important predictor for survival, early transfer of patients
with septic shock to an ECMO referral center for further eval-
uation is in order.
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Table 2 Patient conditions and
cardiac and ventilator support

immediately before
extracorporeal membrane
oxygenation implantation
(ECMO)

Parameters before ECMO Global (n=21) PICU patients NICU patients P
n=9) (n=12)
Sex (male)* 14 (66.6) 4 (44.4) 10 (83.3) 0.160
Age (years/days) - 3.3(0.74.7) 1 (1-5) -
Weight (kg) - 15 (8.3-17.5) 4.1 3.5-14.2) -
PRISM III (points) - 30.5 (22.75-39.75) - -
SNAPPE II (points) - - 95 (48-103) -
SOFA (points) 19 (14-20) 14 (14-15.5) 20 (19-21) <0.010
Sepsis hours prior-ECMO 29.5 (2046) 40 (29.5-80) 24 (19-30) 0.020
(hours)
Transferred from other 12 (57.1) 5(55.5) 7 (58.3) 0.455
hospitals (yes)*
FiO, 1(1) 1(0.7-1) 1 (1-1) 0.017
MAP (cmH,0) 23.5 (18.5-25) 24 (14.5-25) 23 (20-26) 0.909
PEEP (cmH,0) 8 (6-10) 8 (7.2-10) 10 (6.14.5) 0.456
PIP (cmH,0) 35(32-44) 35(29.5-38.75) 35(30-44.5) 0.714
HFO (yes)* 13 (62) 3(33.3) 10 (83.3) 0.065
iNO (yes)* 13 (62) 1(11.1) 12 (100) 0.000
pH 7.11 (7-7.23) 7.24 (7.17-7.32) 7.04 (6.98-7.1) 0.000
Bicarbonate (mmol/L) 16.1 (13.4-17.8) 17 (15-21.7) 15.7 (11.9-16.2) 0.138
PaCO, (mmHg) 59 (40.9-70) 46.5 (32.5-60.3) 67 (54-72.3) 0.011
PaO, (mmHg) 49 (31.1-75) 76 (49.5-146) 39 (26.3-49) 0.001
Lactate (mmol/L) 13.3 (5.6-17.8) 5.9 (3.8-14.5) 16.8 (7.5-20) 0.037
Oxygenation Index 50.5 (16.7-71.5) 26.4 (13.3-50.5) 69.2 (47.6-85.7) 0.010
Pa0,/FiO, ratio 46 (35.5-146.3) 155 (61.5-177) 39 (31-45) 0.002
CRP (mg/dl) 109.6 (59.8-237.5) 141 (82-254.8) 90.7 (46.9-190.3) 0.131
PCT (ng/ml) 85 (26.1-167.5) 125 (41-407.8) 38.8 (14.4-93.8) 0.086
VIS (points) 77.5 (61.25-214.65) 65 (43.35-271.85) 85 (65-120) 0.789
LVEF (%) 27.3 (12-56.3) 36.5 (18.3-65.5) 21.3 (10-28.5) 0.002
Hydrocortisone (yes)* 20(95.2) 8 (88.9) 12 (100) 0.45
CA (yes)* 11 (52.4) 4 (44.4) 7 (58.3) 0.653

PICU, pediatric intensive care unit; N/CU, neonatal intensive care unit; PRISM 111, Pediatric Risk Mortality Score
1II; SNAPPE II, risk of mortality; SOFA, Sepsis Organ Failure Assessment score; MAP, mean airway pressure;
PEEP, positive end-expiratory pressure; PIP, positive inspiratory pressure; HFO, high frequency oscillation
ventilation; iNO, inhaled nitric oxide; CRP, C-reactive protein; PCT, procalcitonin; VIS, Vasoactive-Inotropic
Score; LVEF, left ventricular ejection fraction; CA, cardiac arrest

*Statistics are quoted as medians, and interquartile range, or absolute number and percentage in parenthesis

Until the last decade, ECMO for refractory septic shock
was known for its high mortality and morbidity; hence, it
was not recommended or was even contraindicated.
Nevertheless, recent reports from MacLAren et al. includ-
ed a survival rate between 47 and 75% [11, 19]. This
success could be explained by the greater experience of
the ECMO reference medical centers and the improvement
in the equipment required to implement ECMO. Moreover,
a recent Clinical Guideline by the American College of
Critical Care Medicine rates ECMO as a suitable therapy
in septic shock management [5]. In our study, we saw an
improvement in the survival of our patients from 14.3%
during the first 7 years to 57.2% during the last 8 years,
and none of the survivors in the latter group had any
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neurological disability. Reliability was related to early re-
trieval from other centers, better candidate criteria exclud-
ing those patient’s affected by S. pneumoniae sepsis, and
improved ECMO support.

Sepsis pathogenesis involves modulation of systemic in-
flammatory response which leads to hemodynamic dysfunc-
tion. Myocardial dysfunction occurs in 40-60% of septic pa-
tients [9]; it is characterized by ventricular dilatation and re-
duction of the left ventricle output and is more frequent in
newborns and young children. Although ECMO is not cura-
tive, this therapy replaces heart and lung function temporarily
and can be helpful in refractory septic shock patients with
myocardial failure pattern [18]. Other patients, mainly older
children and adults, may appear with vasoplegic septic shock.
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Table 3 Analytical parameters evolution and hemodynamic data during ECMO and outcomes

Parameters during ECMO

CVVHDF (yes)*
CVVHDF (days)
Lactate 24 h (mmol/L)
Lactate 48 h (mmol/L)
Lactate 72 h (mmol/L)
CRP 24 h (mg/dl)
CRP 48 h (mg/dl)
CRP 72 h (mg/dl)
PCT 24 h (ng/ml)
PCT 48 h (ng/ml)
PCT 72 h (ng/ml)

VIS 24 h (points)

VIS 48 h (points)

VIS 72 h (points)

Assistance 24 h (% cardiac output)
Assistance 48 h (% cardiac output)

Outcomes

ECMO (days)

MV (days)

UCI admission (days)
Hospital LOS (days)
Exitus (yes)*

Global (n=21)
15(71.4)

2.5 (1-6.5)

8.9 (3.2-15.2)
53(2-7.2)

42 (2.1-7)

41.7 (21.1-171.2)
94.6 (53.1-168.4)
78.1 (49.1-140)
85.4 (24.6-163)
43 (10.1-265.8)
0 (0-15)

6.2 (5-18.5)
5(5-12.5)
5(3.7-6.8)

65 (51.75-70)

65 (55-80)

Global (n=21)
3.5(1-5)

7.5 (2.2-13.7)
10 2.3-19)

10 (2.3-39.5)
12 (57.1)

PICU patients (n=9) NICU patients (n=12) P

9 (100) 6 (50) 0.014
1.5 (1-5) 2 (8-13) 0.088
3.35(2-10.7) 13 (5.4-18) 0.026
2 (1.9-3.3) 7 (5.3-9.1) 0.019
1.7 (1.4-1.7) 5@3.7-1.7) 0.078
130 (57.3-228) 33.5(20-75.1) 0.109
197 (110-197) 66 (38.3-135.2) 0.175
157.5 (140-157.5) 74.1 (48.4-122.4) 1

141 (62.3-422.6) 50.6 (16.6-89.8) 0.0838
210 (29.5-585) 16.4 (8.1-57.1) 0.052
0 (0-113.6) 1.5 (0-7.57) 0.059
8.65 (6.4-6.87) 5(-7 0.069
11.6 (5.7-16.1) 5(5-6) 0.187
3.7 (0-3.7) 5(5-8.6) 0.109
60% (53.5-75) 65% (45-70) 1

75% (53.5-100) 65% (54.3-78.1) 0.623
PICU patients (n=9) NICU patients (n=12) P

1 (1-3.5) 5(2-9) 0.024
5(1.5-9.5) 13 (4-14) 0.158
5(1.5-17) 14 (4-20) 0.380
5(1.5-39.5) 14 (4-41) 0.567
6 (66.6) 6 (50) 0.670

ECMO, extracorporeal membrane oxygenation; PICU, pediatric intensive care unit; N/CU, neonatal intensive care unit; CVVHDF, continous veno-
venous hemodiafiltration; CRP, C-reactive protein; PCT, procalcitonin; VIS, Vasoactive-Inotropic Score; MV, mechanical ventilation; UCI, intensive care

unit; LOS, hospital length of stay

*Statistics are quoted as medians, and interquartile range, or absolute number and percentage in parenthesis

Revealing data suggest that, in these cases, ECMO may not be
useful. In addition to age, pathogens may also establish
the hemodynamic dysfunction pattern. In our study, S.
pneumoniae sepsis, well known for its high cardiac output
with refractory vasoplegia, like gram-negative bacteria [1],
had a very poor outcome in ECMO (80% mortality). As sug-
gested by MacLaren et al., central cannulation ECMO may
be a solution for these cases because increased flows are
possible [19].

No clear predictors of positive or negative outcome have
been reported besides the association with central cannulation
which achieves greater flows and survival [19]. Our patients
were in very poor condition with high PRISM III (30.5 (IQR,
22.75-39.75)) and SNAPE II (95 (IQR, 48-103)) scores that
predict risk of mortality higher than 80%, as in other reports
[1]. In our study, those with longer sepsis evolution prior to
ECMO (most of them transferred from other hospitals and
with greater respiratory support and worse hemodynamic con-
dition) had significantly less chance of survival. A recent
study by Cvetkovic [3] showed that more than a half of the
deaths of children referred to PICU with severe sepsis

occurred during the first 24 h, and up to 26% of deaths oc-
curred before PICU admission. Therefore, these patients
should be transferred precociously to an ECMO center.
Another suitable option is early retrieval by an ECMO team
using a mobile ECMO service, especially for newborns with
pulmonary hypertension and right ventricular failure [4].

Cardiac arrest before ECMO is considered by some adult
reports a contraindication for ECMO as it is recognized as a
mortality risk factor [14]. As in other recently published pa-
pers [20], our results, with a survival rate of 52.4%, show that
cardiac arrest should not be an exclusion criterion in pediatric
patients for ECMO therapy although neurological review
should be done precociously.

The only infection-related mortality risk factor identified was
the S. pneumoniae infection. Multivariate analysis was not able
to define any other independent risk factor for mortality.

In our series, while PICU patients had a longer evolution in
hours of sepsis, NICU patients had a worse condition before
ECMO placement, in terms of oxygenation status and myo-
cardial dysfunction, with higher lactate, but with no differ-
ences in survival. This could be explained by the presence of
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pulmonary hypertension as a sepsis response in this age group,
which worsens the oxygenation status but is rapidly improved
once ECMO is placed [16], leading to a better result once the
patient is placed in ECMO, as explained above.

Our study has several important weaknesses. First, it is lim-
ited by its retrospective, observational, and single-center design.
Data were collected from medical records which means that
some data could be missing. Second, there is the limited mean-
ing of performing statistical assessment on such a small sample.
Nevertheless, apart from the McLaren group [2, 12], no larger
series have been published. We acknowledge this, but we be-
lieve this is offset by the utility of these data.

In conclusion, patients with refractory septic shock should
be transferred within hours of diagnosis to a referral ECMO
center. However, therapy should be used with caution in pa-
tients with vasoplegic pattern shock, gram-negative infection,
or S. pneumoniae sepsis. Further studies are required in order
to detect other variables that could predict mortality.
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Discussio conjunta

El recorregut d’aquesta tesi ha fet possible 'adaptacié de ’actual eina de cribratge de sépsia en
pediatria en una eina composta de criteris clinics quantificats o bé dicotomics, ponderats segons
la desviacio de la normalitat i diferenciats segons l’edat del pacient, per una deteccié de sépsia
més objectiva en el pacient pediatric febril. S’ha demostrat, una vegada més, que els biomarca-
dors, inclosa ’adrenomedulina, sén recursos ttils en el diagnostic i pronostic del pacient séptic.
Combinant-los amb criteris clinics, hem creat un escore senzill, per confirmar el diagnostic i deter-
minar el pronostic del pacient pediatric séptic en el moment d’aparicié de la febre, novament amb
variables quantificades segons edat i ponderades segons la desviacié estandard de la normalitat.
Aixi mateix, gracies al seu format, les dues eines podrien ser facilment incorporades al sistema
informatic per un calcul automatic, o bé convertir-les en una aplicacié6 mobil. L’estudi de I'expe-
riéncia del nostre centre en pacients séptics sotmesos a ECMO ens ha permés conéixer els nostres

resultats i poder selleccionar millor els pacients tributaris d’aquest suport.

La consulta per febre és molt freqiient en pediatria i suposa fins al 5-10% de les visites als serveis
d’urgencies (91). Els pacients ingressats també estan subjectes a la possibilitat de fer febre, éssent

I’alerta de sospita de complicacions infeccioses com la infeccié nosocomial. Quan apareix febre a
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causa d’una infeccio, que és en la majoria de casos, és dificil predir en un primer moment si el
nen tindra una infeccié localitzada, sense complicacions, o una malaltia que amenagara la seva
vida, com la sépsia. Aquest fet és degut a que el simptomes de la sépsia solen ser inespecifics, el
desenvolupament és rapid i el procés fisiopatologic és dinamic. Només una petita part dels pacients
febrils tindran sépsia, no obstant, el retard en la identificaci6 d’aquests té implicacions negatives
i condueix a un pitjor resultat individual. La sépsia greu i el xoc séptic continuen causant una
morbiditat i mortalitat significatives en nens de tot el mon. En total, s’estima que hi ha 22 casos
de sépsia per cada 100.000 nens i any, un total d’1,2 milions de casos per any (92). La sépsia i les
seves complicacions, la disfuncié multiple d’organs i el xoc séptic, representen aproximadament el
8% dels ingressos a les unitats de cures intensives pediatriques (93). En general, s’ha produit una
disminuci6 de la mortalitat tant hospitalaria com a UCIP (94), gracies a campanyes de divulgacio
cientifica i guies de practica clinica que han permés fer un diagnostic més precog i prescriure
tractaments més adequats. Tanmateix, la mortalitat per sépsia es manté al voltant del 20% (95).
Aixo fa que la sépsia sigui un problema de salut publica important. Per aquest motiu, les ultimes
directrius de la Surviving Sepsis Campaign i de la American College of Critical Care Medicine per
al suport hemodinamic de nadons i nens amb xoc séptic (84) recomanen que tots el centres tinguin

una eina de reconeixement preco¢ de sépsia.

El cribratge sistematic deriva de la premissa que el reconeixement precog porta a iniciar més aviat
el tractament, el que es tradueix amb una millora de la morbiditat i la mortalitat. Les eines de
cribat es dissenyen per incrementar la seguretat en el reconeixement de sépsia i empoderar als
professionals de la salut a buscar una valoracié médica rapidament. Tot i que el métode optim o
I’eina de cribratge no s’especifica, en aquestes guies, es suggereix que s’adapti ’eina al tipus de
pacient, recursos i processos de cada institucié. A més, s’ha vist que una eina de cribratge basada
en els registres electronics pot augmentar el rendiment millorant la sensibilitat; i, quan s’acobla a

una avaluaci6 clinica, s’incrementa 1’especificitat.

Seguint 'esquema d’altres codis vitals posats en marxa pel servei catala de salut (CODI ICTUS,

CODI IAM,...), es va implementar, el 2015, el Codi Seépsia Interhospitalari per proporcionar una
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cobertura homogénia a tots els pacients independentment del lloc on es produeixi la primera
atenci6. L’objectiu general del Codi Sépsia és facilitar la deteccié precog dels signes de disfuncio
d’organs en aquells pacients amb una historia clinica compatible amb infeccid, ’atencié inicial i la
coordinacié interhospitalaria per optimitzar el tractament dels pacients amb sépsia o xoc séptic en
format codi de risc vital. Requereix un suport tecnologic minim i pot iniciar-se en el lloc de deteccio
on es troba el pacient, ja sigui hospitalari o extra hospitalari ja que els resultats de laboratori
no en formen part per no endarrerir innecessariament l'inici de les maniobres o tractament. La
proposta és que es valori si existeix o no repercussié sistémica en cada pacient que presenti una
anamnesis compatible amb infeccio, primer clinicament en format ABCDE i només si es necessari, i
posteriorment, mitjangant biomarcadors analitics. Aixi es va proposar que s’avaluéssin els segiients

punts pel pacient pediatric:

e A: anamnesis compatible (febre o hipotérmia compatible amb infeccio) més 1 o més criteris

de:

e B: breathing (taquipnea)

C: Circulation (taquicardia o mala perfusio)

D: Disability (decaigut o alteracio del nivell de consciéncia)

E: Exploracio fisica (mal aspecte, petéquies o equimosis)

En funcio del nivell d’afectacioé de cada punt, es generen dos nivells d’actuacié diferents: la valoracio
clinica prioritzada o la valoracié immediata i inici de la cadena de supervivéncia (16)(17) (Figura

1.8).

Aquest esquema, molt similar al gSOFA d’adults, no pondera de forma quantitativa cap de les
variables. Aquest fet fa que la identificacié de pacients séptics sigui més observador depenent i

menys acurada que una avaluacié quantitativa.

La possibilitat de disposar de sistemes d’avaluacié de pacients quantificables és un pas previ i

necessari cap a la innovacié tecnologica de ’atencié médica. La informatitzacié del sistema sanitari
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i1’ts de la historia clinica electronica a la majoria d’hospitals han ajudat al personal sanitari a donar
una millor i més rapida atenci6 als pacients, i té encara molt recorregut pendent. La incorporacié
de les eines de cribratge electroniques/automatiques en l’atencié del pacient, com seria en el cas de
la sépsia, ha demostrat ser exitosa per diferents grups de recerca (96). Per arribar a aquesta eina
de cribratge electronica (definides com eTOOL a la literatura) i donat que els pacients pediatrics
tenen parametres especifics per a ’edat i no tots els parametres del codi sépsia tenen el mateix
pes a ’hora de predir la sépsia, vam observar que era necessari un primer pas de quantificacio
estadistica del codi. Aixi doncs, per poder satisfer I’evolucié d’un sistema sanitari que avanca cap
a 'automatitzacié de processos i per ponderar el pes de cada variables hem quantificat amb éxit
un Codi Sépsia clinic en un model de puntuaci6é que inclou les mateixes 4 variables del codi original
(freqiiéncia cardiaca, freqiiéncia respiratoria, estat mental i aparenca)(Estudi 1). Les 4 variables
incloses, ja havien demostrat ser consistents en predir malalties greus en nens i adults (97)(98). La

puntuacié del model que oscilla entre 0 i 8 punts i té un bon poder discriminatori.

L’aplicaci6 practica de I’eina de cribratge seria la segiient. El procés s’iniciaria per part de personal
meédic o d’infermeria fent-se la pregunta inicial per garantir una inclusié adequada al cribratge:
“existeix preocupaci6 de que el pacient pugui tenir una infeccié i/o té o ha tingut febre o hipotérmia
en les ultimes 4 hores?”. En cas afirmatiu es calculara la puntuacié del Codi Sépsia Quantificat.
La obtencié d’una puntuacié menor de 3 punts treu el pacient del circuit de cribratge i per tant
s’ha de pensar un una infecci6 localitzada o en un diagnostic alternatiu. Una puntuacio igual o
major de 3 perd menor de 6 punts indica que el pacient pugui estar séptic i per tant s’ha de fer
una valoraci6 clinica prioritzada. Si s’obté una puntuaci6 igual o superior a 6 punts indica que el
pacient esta en procés de xoc i per tant la valoracié ha de ser immediata i s’ha d’iniciar la cadena

de ressuscitacio (figura 6.1).

Un cop un pacient ha donat positiu en una eina de cribratge de sépsia, i per tant es té una
sospita de sépsia, cal una avaluacié clinica i iniciar tractament si es considera oportid perd també
son necessaris métodes de confirmacioé del diagnostic i estratificacio de la gravetat. Esforgar-se

per buscar métodes per fer un diagnostic precog de la sépsia és extremadament important per
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No <

Existeix preocupacio de que el pacient pugui tenir una
infeccio i/o té o ha tingut febre/hipotérmia en les

ultimes 4 hores

Si
CALCUL CODI SEPSIA
QUANTIFICAT
<3 p"‘”ltf,ﬂ punts (< 6 pun_l:_s-__"""--—-:.—i_e_’_?_':‘nts
SCREENING DE SEPSIA VALORACIO VALORACIO IMMEDIATA
NEGATIU CLINICA IINICI DE CADENA DE
INFECCIO LOCALITZADA PREFERENT LA SUPERVIVENCIA
O DIAGNOSTIC ~ —
ALTERNATIU -
CALCUL PESERS SCORE

(incorporacio de dades
analitiques, a les cliniques, quan
estiguin disponibles)

<5 punts o Co— =10 punts
_— =zopunts | < 10punts T
INFECCIO LOCALITZADA O PACIENT PACIENT SEPTIC AMB DISFUNCIO
DIAGNOSTIC ALTERNATIU SEPTIC ORGANICA ASSOCIADA
I INICIAR/CONTINUAR TERAPIA ADEQUADA

I Avaluacio periodica durant la seva estada a "hospital I

Figura 6.1: Aplicacié practica en pacient individual del Codi Sépsia Quantificat i I’escore PE-

SERS. Imatge generada pel present grup de recerca

millorar els resultats dels pacients. A més, l'estratificacié inicial de la sépsia i la prediccio de la
fallida multiorganica condueixen a tractaments més adequats i precogos, i a garantir 1'as Optim
de recursos sanitaris. Arribar a aquests objectius basant-se només amb signes i simptomes clinics
és dificil i aqui és on tenen un paper fonamental les proves diagnostiques, com els biomarcadors,

encara que amb les seves limitacions.

Respecte a les proves diagnostiques per a la confirmacié diagnostica d’infeccié bacteriana, el gold
standard ha estat la presa de cultius (sang i altres liquids estérils), pero tenen el problema de
ser poc sensibles. A la literatura es documenta, en el millor dels casos, només entre un 30 i un
50% d’identificacié de patogens en pacients pediatrics séptics. Un altre problema és el retard en el
temps de creixement dels cultius, que s’ha millorat parcialment amb 1’4s d’espectrometria de masses
(MALDI-TOF) i de panells de PCR multiplex en temps real. En qualsevol cas, el fet d’obtenir un

cultiu positiu pot demostrar ’existéncia d’una infeccié bacteriana perd no necessariament d’una
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sepsia.

Pel que fa a 'avaluacio del risc de sépsia (99), les puntuacions de risc validades actualment son
complexes, adaptades de puntuacions d’adults (100)(101), i es centren principalment en predir
la supervivéncia o la mort en malalts critics. A més, aquestes puntuacions de risc han estat
principalment dissenyades per predir ’evolucié de grups de pacients enlloc del risc individual. Les
millors escales de risc semblen ser el pSOFA i el PELOD-2 que han estat avaluades en pacients
ingressats per infecci6 i, tenint en compte els criteris diagnostics de Sepsis-3, han demostrat bons
resultats per predir mortalitat intrahospitalaria (80). No obstant estableixen el risc mitjangant

variables de les primeres 24 hores i no en el moment inicial d’atencié al pacient.

Un enfocament per avaluar la infeccio, diagnosticar la sépsia i estimar la gravetat de la malaltia
implica, probablement, I'as de biomarcadors. Tot i aixi, encara no s’ha identificat cap biomarcador
que diagnostiqui amb precisié la sépsia i predigui la seva gravetat. Esta descrit en la literatura
que una combinaci6 de diversos d’ells podria resultar avantatjosa (19). Els nivells de proteina C
reactiva, procalcitonina i lactat ja estan inclosos a la practica clinica habitual. Tot i que la PCT
sembla ser superior a la PCR en la deteccié d’infeccions bacterianes agudes, la seva sensibilitat
i especificitat pel diagnostic i estratificacié de la sépsia és inferior a la desitjada. Les noves es-
perances es centren en altres marcadors biologics, com ’adrenomedulina. L’adrenomedulina és
una proteina que té accions de modulacié6 immune, metabolica i vascular. Els nivells sanguinis
d’aquesta molécula augmenten en la sépsia d’adults i pediatrica (102)(103) i té un paper en la
induccio de la circulacié hiperdinamica durant les primeres etapes de la sépsia (61)(104)(105). Els
estudis en adults sobre el diagnostic de sépsia sén pocs, perd sembla que la MR-proADM podria
tenir un paper; la seva mesura, combinada amb la de la PCT, podria augmentar les probabilitats
de diagnostic (106)(107). El valor pronostic de MR-proADM ha estat més ampliament estudiat en
adults. Els nivells de MR-proADM a l'ingrés a la UCI podrien predir Iestat del pacient amb una
precisio similar a Acute Physiology and Chronic Health disease Classification System II (APACHE
IT) i Simplified Acute Physiology Score II (SAPS II) (103) i podria predir la mortalitat intrahos-

pitalaria millor que la PCR o la PCT en pacients ingressats a la UCI (107). Els estudis sobre
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la utilitat de MR-proADM en la infeccié pediatrica soén encara escassos. En la sépsia pediatrica
sembla ser util per a l'estratificacio, la prediccié de la disfunci6 organica i la mortalitat, amb punts
de tall consistents (47)(64)(108). La seva capacitat d’identificar infeccions bacterianes invasives en
nadons febrils de bona aparenca és escassa, pero millora en combinacié amb altres biomarcadors,
com la PCT (109). En la pneumonia sembla identificar pacients amb complicacions, encara que
amb punts de tall dispars (110)(111)(112)(113). En el pacient oncologic amb neutropénia, no pre-
diu un hemocultiu positiu, perd sembla identificar pacients d’alt risc, de totes maneres, cal més
investigacio i possiblement cal diferenciar entre pacients amb tumors solids i pacients amb tumors
hematologics (114)(115)(116)(117). En pacients amb abdomen agut, es proposa el seu tis combinat
amb PCR per identificar pacients de baix risc (118)(119). Finalment en les infeccions del tracte
urinari sembla identificar pacients amb pielonefritis i pacients amb pielonefritis que desenvoluparan

cicatrius renals (120)(121)(122)(123)(124).

Els resultats de I'estudi 2 inclos en aquesta tesi indiquen que la PCT sembla ser superior a MR-
proADM per al diagnostic de sépsia en pediatria, resultats similars als d’Angeletti i col. en adults.
En contrast amb aquest autor pero, 'is simultani d’ambdés biomarcadors no va augmentar la
probabilitat de diagnosticar sépsia. La comprovacio dels nivells plasmatics de la MR-proADM en
la fase inicial de la sépsia si que va ser tutil per avaluar la gravetat i el pronostic d’aquests pacients i
el seu valor sembla ser superior al de la PCT. La MR-proADM va obtenir una bona AUC per predir
una sépsia greu. Els nivells d’aquest biomarcador també es van veure significativament elevats en
diferents variables de morbilitat: disfuncié hemodinamica i renal, els dies d’estada a la UCIP i la
durada total de I'estada hospitalaria. A causa de la baixa mortalitat, no es va poder utilitzar la
mort com a resultat principal, de manera que en comptes d’aixd vam utilitzar fallides d’organs.
Els nivells de MR-proADM també es van correlacionar amb els escores de gravetat, encara que
la capacitat discriminativa del biomarcador va ser lleugerament menor. En poblacions d’adults
s’han trobat resultats similars: la MR-proADM sembla millor que la PCT per predir la mortalitat
hospitalaria, éssent pitjor perd que les puntuacions de gravetat(107). En aquest estudi, ’addicio

dels biomarcadors als escores de gravetat només va millorar lleugerament la precisié pronostica. En
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I’estudi 2 presentat, I’addicié de biomarcadors a les puntuacions de gravetat va també va millorar
minimament la precisi6 pronostica. Malgrat aixo, cal tenir en compte que nivells significatius de
biomarcadors en el moment de la sospita de sépsia podrien predir I’evolucié d’un pacient individual
previ a que es produeixi una insuficiéncia organica i, per tant, la prediccié es podria fer abans que

només amb les escores de gravetat.

Els bons resultats d’aquest biomarcador en la sépsia pediatrica va motivar el seu s en un escore
dissenyat per confirmar i estratificar la sépsia una vegada hi hagi un cribratge positiu detectat
pel Codi Sépsia, i que, per tant, minimitzi el factor experiéncia del clinic per a tractar aquests
pacients. Aixi doncs, en 'estudi 3 vam desenvolupar un model de prediccié quantitativa per
millorar el diagnostic rapid de la sépsia i avaluar la seva gravetat en nens. Aquest model té un
excellent poder de discriminaci6é en pacients pediatrics. L’escala de puntuacié, que hem anomenat
PESERS, és una escala continua que inclou/combina 11 variables facilment disponibles: 3 signes
vitals (freqiiéncia cardiaca, freqiiéncia respiratoria i pressio arterial sistolica), 2 signes d’exploracio
fisica (discapacitat neurologica i mala perfusi6 de la pell), 5 variables analitiques en sang (el % de
globuls blancs immadurs, relacionat amb la sindrome de resposta inflamatoria sistémica, la proteina
C reactiva i la procalcitonina, com a biomarcadors d’infeccié bacteriana, la MR-proADM com a
biomarcador vascular/vasodilatacio i el lactat com a biomarcador d’estrés oxidatiu) i la historia
personal d’immunosupressio. Tots els biomarcadors inclosos tenen un bon index de rendiment i de

temps.

L’aplicacio en la practica clinica d’aquest model de predicci6 esta esquematitzada en la figura 6.1.
Un pacient amb un cribratge positiu, puntuacié igual o major de 3 en el Codi Sépsia Quantificat,
passaria a fer-se una analitica. Amb el resultat de I’analitica es calcularia I'escore PESERS. Una
puntuacié menor de 5 punts indica que el pacient té una infeccié localitzada o que s’ha de buscar
un diagnostic alternatiu. Una puntuacié igual o major de 5 pero inferior a 10 selecciona pacients

séptics i una puntuacié igual i major de 10, pacients séptics amb disfuncié organica.

Fins la data, hi ha una manca de models predictius que ajudin en el diagnostic i 'avaluaci6 precog

de la sépsia pediatrica que es puguin aplicar en el moment precis de detectar la febre. Alguns
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grups han desenvolupat un model de puntuacié de risc especific per als pacients pediatrics, tot
i que les dades es van recollir durant les primeres 24 hores (125)(65). Pel que fa al diagnostic,
Ecobar GJ. i col. van desenvolupar un algorisme d’estratificacié6 quantitativa per al risc de sépsia
d’inici precog en nounats (126) i Alishah M. i col. va desenvolupar una eina de desencadenament
rapid de sépsia pediatrica per implementar-la en un pais de baixa renta per capita (127), ambdos

amb bons resultats.

Tot i que un deteriorament clinic greu d’un pacient implica que s’ha de comencar la reanimacioé
immediatament, la implementaci6 d’un model de prediccié com la puntuaci6 PESER podria mi-
llorar el diagnostic de sépsia, permetria al clinic un tractament més dirigit en els casos de sépsia
i evitaria intervencions innecessaries o inadequades en pacients que presentin una malaltia infla-
matoria desencadenada per una altra procés no relacionat amb infeccié o que presentin febre per

infeccions bacterianes o viriques sense sépsia.

La puntuacié PESERS va demostrar també una excellent precisié pronostica en termes de sépsia
amb disfuncié d’organs i discriminacié de xoc séptic, comparable amb pSOFA i PELOD-2 i sig-
nificativament millor que PRISM III. El seu ts per estratificar el risc també podria millorar els
resultats dels pacients séptics i ajudar a optimitzar els recursos sanitaris i el flux de pacients. El
major avantatge és que aquesta puntuacié permetria aquest pronostic en el moment de I'aparicio

de la febre i de forma individualitzada, dirigint-nos cap a la medicina personalitzada.

De la mateixa manera que és dificil predir I’evolucié a sépsia d’un pacient febril en el primer
moment, també és dificil, una vegada arribat al punt de la fallida multiorganica i del xoc séptic,
saber en quins casos sera reversible amb técniques de suport “convencional” i en quins casos es
requeriran técniques més invasives. Dit d’una altre manera, és dificil seleccionar el moment i els

pacients qui sotmetre a ECMO donat que no és una técnica exempta de riscos.

Ja s’ha comentat que tot i els avengos en els tractaments del pacient critic, la sépsia és una causa
de important mort entre els nens a tot el moén, essent el desenvolupament de xoc i la sindrome de
disfuncié multiorganica els factors més determinants de la mortalitat. En les guies de I’American

College of Critical Care Medicine pel suport hemodinamic del nen i nounat séptics i en les guies



108 Discussié conjunta

de la Surviving Sepsis Campaign es suggereix 1'is de ECMO en pacients pediatrics i nounats amb
xoc séptic refractari que no respon als fluids ni al suport inotropic (84)(95)(128)(129). Fins a
I'altima década, 'ECMO per al xoc séptic refractari era coneguda per la seva elevada mortalitat
i morbiditat; per tant, no es recomanava o fins i tot estava contraindicada. No obstant, una
revisié recent (2017) de 1'Extracoporeal Life Support Organization (ELSO) va assenyalar que la
supervivéncia del xoc séptic refractari pedidtric sotmés a ECMO havia millorat en els tltims
anys , tot i que el rang de supervivéncia encara és ampli, entre el 27 i el 75% depenent da la série
(83)(85)(87)(130)(131). Aquest éxit es podria explicar per la major experiéncia dels centres meédics

de referéncia A’ECMO i la millora de ’equipament necessari per implantar aquest suport.

L’estudi 4 de la present tesis dona suport a I'is de 'ECMO en el xoc séptic refractari, i també vam
veure una millora de la supervivéncia en els darrers anys. La disfuncié miocardiaca es produeix en
el 40-60% dels pacients séptics ; es caracteritza per la dilataci6 ventricular i la reduccié de la sortida
del ventricle esquerre i és més freqiient en nounats i nens petits. Tot i que 'ECMO no és curativa,
aquesta terapia substitueix temporalment la funcié cardiaca i pulmonar i pot ser 1til en pacients
amb xoc séptic refractari amb patré d’insuficiéncia miocardiaca. Altres pacients, principalment
nens grans i adults, poden manifestar un xoc séptic vasoplégic, no només relacionat amb ’edat
sind també amb certs patogens com S. pneumoniae i els bacteris gram negatius (134). Tal com
suggereixen MacLaren i col., 'ECMO de canulaci6 central pot ser una soluci6 per a aquests casos
perqué és possible un augment dels fluxos (131). En el nostre estudi, els pacients amb xoc séptic
vasoplégic, van tenir pitjors resultats (mortalitat del 80%) aixi que, en aquests pacients, la indicacio

d’ECMO és menys clara i s’ha d’avaluar amb precaucio.

En el darrers anys, s’ha publicat un article amb un model de prediccié6 de mortalitat en nen que
entren en ECMO (135), pero no s’han informat predictors clars de resultats positius o negatius en
el pacient pediatric que entra en ECMO per sépsia, tret de ’associacié amb la canulaci6é central
que aconsegueix majors fluxos i la supervivéncia . En el nostre estudi, aquells amb una evolucio
de sépsia més llarga abans de FTECMO (la majoria d’ells transferits d’altres hospitals i amb ma-

jor suport respiratori i pitjor estat hemodinamic) tenien significativament menys possibilitats de
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supervivéncia, fet que recolza l’estudi de Cvetkovic i col. (136). Per tant és convenient traslladar
aquests pacients a un centre amb el suport necessari en cada moment. No obstant, la infeccié per
S. pneumoniae va ser I'inic factor independent de mortalitat al fer ’analisi multivariant. També,
d’acord amb el reportat a la literatura, els pacients nounats, a pesar d’estar més deteriorats a
I’inici de la ECMO, tenen millors resultats. Una possible explicacié és la preséncia d’hipertensio

pulmonar secundaria a sépsia que milloraria immediatament al iniciar el suport extra corpori.

6.1 El futur

Com s’ha detectat en aquesta tesi, i de forma repetitiva en la literatura, son necessaries, i de forma
urgent, noves definicions de sépsia en pediatria, aixi com criteris d’insuficiéncia organica pediatrica

unificats.

Un cop validats el Codi Sépsia Quantificat i 'escore PESERS, el segiient pas és transformar-los
en calculadores que es podran incorporar a la historia clinica informatitzada del nostre centre.
D’aquesta manera el calcul d’ambdoés serda més senzill, tot i que en un primer moment les vari-
ables s’hauran d’introduir de forma manual. En un futur proper, les variables es podran captar
directament des de la historia clinica informatitzada de forma automatica, per a fer els calculs i
generar directament un sistema d’alarmes en forma de semafor de colors. Seguidament es podran
definir els passos a seguir per a poder transferir la calculadora a altres centres sanitaris per tal
d’automatitzar el procés de cribratge, diagnostic i estratificacié de sépsia, ajudant als professionals

en el seu dia a dia.

Com a alternativa per aquells centres on el sistema informatic no suporti aquesta tecnologia, una

aplicacié mobil tipus calculadora podria ser d’utilitat.

L’automatitzacié els dos processos també permetra disposar d’informacié emmagatzemada en el
nivol, que capacitara ’analisi de grans volums de dades relacionades amb la sépsia en poc temps.
Per tant, es podran reavaluar de forma peridodica aquestes eines i hi haurd la possibilitat de

desenvolupar-ne d’altres que permetin, per exemple, seleccionar els millors candidats a suport
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amb ECMO, oferint més possibilitat de supervivéncia.

Per ultim cal continuar la recerca de biomarcadors que identifiquin pacients en risc de disbalang
entre la lluita contra el microorganisme i la sobre inflamacié descontrolada. El desenvolupament
del panell amb la combinacié correcte de biomarcadors permetria tant la identificacié de pacients
febrils amb facilitat de fer sépsia com aquells amb disfuncié multiorganica poc probable de revertir

i per tant tributaris d’ECMO.
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Conclusions

1. S’ha quantificat amb éxit el Codi Sépsia com a eina de cribratge de sépsia en pediatria, i el
model resultant té un excellent poder discriminatori. Es necessiten estudis addicionals per
a la validaci6 externa abans d’implementar-la com a eina electronica automatica.
2. Ambdoés biomarcadors, PCT i MR-proADM, sén tutils en la sépsia:
2.1. La PCT sembla ser superior a MR-proADM per diagnosticar la sépsia. L’as simultani
d’ambdés biomarcadors no augmenta la probabilitat d’'un diagnostic.
2.2. La determinaci6 dels nivells plasmatics de MR-proADM en la fase inicial de la sépsia
és util per avaluar la gravetat i el pronostic d’aquests pacients, i és superior a la PCT.
2.3. Els nivells de MR-proADM mostren una correlacié positiva significativa amb les pun-
tuacions de gravetat PRISMIII, PELOD-2 i pSOFA, pero la seva addicié millora la
precisio del pronostic només lleugerament. Tot i que la capacitat discriminatoria de
la MR-proADM per identificar pacients amb sépsia associada a disfunci6 organica va
ser inferior a les puntuacions de gravetat avaluades (PRISM III; PELOD-2 i pSO-
FA), aquest biomarcador podria ajudar a fer I'estratificacié abans que es produeixi la
insuficiéncia organica.

3. L’escala de puntuacié o escore PESERS es proposa com a model multivariable per la con-
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firmaci6 i estratificacié de la sépsia pediatrica.

3.1. El model va mostrar una capacitat discriminatoria adequada i una precisié suficient
en 'identificaci6 dels pacients séptics, la qual cosa té una gran importancia clinica per
la potencial millora del resultat individual del pacient i 'optimitzacié de recursos.

3.2. Els resultats de ’escore PESERS en quant a estratificacié i predicci6 de gravetat
son comparables amb altres escores validats (PRISM III, PESERS-2 i pSOFA) amb
I’avantatge que esta dissenyada pel seu s en el moment d’inici de la febre i no per
I’avaluacié durant les primeres 24 hores.

4. Un cop confirmat el diagnostic de sépsia, si ’evoluci6 és cap fa fallida multiorganica i xoc
séptic refractari a catecolamines s’ha de valorar 1'is de oxigenacié per membrana extracor-
poria com a suport. Si es preveu aquesta evolucid, el pacients ha de ser traslladat en un
centre amb capacitat de realitzar ECMO el més aviat possible. No obstant, aquesta terapia
s’ha d’utilitzar amb cautela si ens trobem davant d’un pacient amb patr6 vasoplégic i no es

té capacitat d’aplicar alts fluxos en la terapia.
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