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1- INTRODUCCIO

1.1- Generalitats

Les infeccions son una causa important de mortalitat al mén de forma
global, i la primera causa de mort en nens. Durant el segle XX la mortalitat per
malalties infeccioses va disminuir drasticament amb el consequent increment
d’expectativa de vida. Aquests canvis van ser deguts principalment a l'aparicié
d'antibidtics i als avencos en les técniques diagnostiques i terapéutiques

quirurgiques.

El Centers for Disease Control and Prevention (CDC) reedita el 2004 la
definicio de infeccié nosocomial (IN), préviament publicades I'any 1988, com
aquelles que esdevenen durant I'hospitalitzacié perd que no estaven presents,
ni en periode d’incubacio, abans de l'ingrés del pacient a I'hospital; comprén
aquelles infeccions que es produeixen més de 48 a 72 hores després de

I'ingrés i dins de 10 dies després de la seva alta de I'hospital?.

Actualment, l'atencié hospitalaria esta relacionada amb les cures
ambulatories, I'atencié a domicili, centres sociosanitaris i hospitals de dia.
Totes aquestes zones d’assistencia generen un tipus d'infeccié que s’assembla
més a la nosocomial que a la comunitaria. Aixd ha portat a canviar el concepte
classic de IN pel més actual d’infeccié associada amb I'assisténcia sanitaria

que inclou ambdos tipus d’infeccions. Existeix un desconeixement important
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sobre l'impacte real d'aquestes infeccions associades a 'assisténcia sanitaria
(IAAS), donat que no en tenim tanta informacié com la que tenim de les
adquirides als hospitals. Per tor aixd s’entén que no és suficient amb mantenir
un control estricte d'IN només en el marc de I'hospital, sind que cal tenir una

visio més global, amb una coordinacio d'esforgos en diferents ambits.

Les IN poden ser font d'ingressos en unitats de cures intensives (UCI) i
alhora consequéncia de l'estada en aquestes. Un problema cabdal afegit
d'aquestes malalties és l'aparici6 de resistencia als antibiotics utilitzats.
Aquestes resisténcies son degudes principalment a I'us abusiu i de vegades
inadequat, d'antibiotics. La preséncia de microorganismes multirresistents
(MMR) té importants implicacions pel pacient i el sistema sanitari (costos, brots
d’infeccions i augment de mortalitat i morbiditat). La progressiva disminucio del
temps d'hospitalitzacié amb una millora en I'externalitzacié de I'atencié médica
contribueix a que sovint trobem MMR a la comunitat amb patrons de resistencia

similar a la nosocomial.

1.2- Record historic:

El terme médic “nosocomial” prové de la fusié de lexemes grecs i un
sufixa llati, nos(o)-v6oog gr. 'malaltia’ + kome-kop€w gr. 'cuidar' + -io(n) gr. } + -

al(em) lat.

Els grecs, en el periode hipocratic, sabien que moltes malalties eren

produides per “gérmens” capagos de ser transmesos, i aix0 va induir unes



recomanacions d'higiene amb caracter fins i tot religiés. Romans i grecs van
acceptar el contagi produit per "criatures invisibles" com a fet i a Roma es van
fer obres importants d'higiene publica com del subministrament d'aigua, la
disposicio d’excrements a través del sistema de clavegueram i la creacio de
banys i aigles termals. L'etapa arab-cristiana es va caracteritzar per guerres i
pobresa i per tant, el desenvolupament de la medicina va patir un retard
considerable. A aquesta época pertanyen epidémies com la lepra, la pesta
negra, la febre tifoide i la sifilis. Va aparéixer el concepte de transmissibilitat i

per aquest motiu es van comencar a aillar els pacients malalts®.

La medicina medieval va redescobrir la tradicié hipocratica-galénica. Va
ser al segle XVI, quan Girolamo Fracastoro de Verona (1483-1553) va establir
clarament en el llibre “De Contagione et contagiosis morbis” la hipotesi de la
transmissibilitat de determinades malalties mitjangant una "contagium vivum" o
substancia que es transmet i causa la malaltia®. Se’l considera un dels pares

de I'epidemiologia.

Al segle XVIII, apareixen en medicina primers esbossos del métode
anatomoclinic. Era un fet d'observacié comu que les persones que havien patit
determinades malalties infeccioses no tornaven a patir-les. La verola n’era un
bon exemple. Alguns pagesos sabien que els que havia experimentat la
preséncia de lesions a la pell de la verola de les vaques no patien la verola
humana. Amb aquest coneixement, l'anglés Jenner (1749-1823) realitza
inoculacions als humans utilitzant pustules de verola i va trobar que aquesta

practica protegia 'home de contraure la malaltia®.

L’any 1847, Semmelweis observa I'alta mortalitat causada per infeccions

en dones que donaven a llum a la maternitat de Viena. Va suggerir que els
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metges transmetien aquestes infeccions durant I'exploraci6 manual de les
parteres i va mostrar la reduccié d'aquest problema introduint el rentat de mans

i I'tis de clorur de calc®.

Lister va introduir al Regne Unit la desinfeccio de material quirdrgic i
gasses mitjangant I'ius de fenol, obrint el cami a I'antisépsia. Es va afegir el
concepte d'asepsia com a prevencié de l'entrada de microorganismes en lloc

de destruir-los un cop introduits’.

Florence Nightingale, el 1854 i durant la guerra de Crimea, va demostrar
que netejant els hospitals on eren el soldats ferits, aconseguien reduir la

mortalitat a causa de les infeccions de les ferides del 40% al 2%?®.

Halstead al 1890, defensava I'ius de guants de goma en intervencions
quirurgiques i posteriorment Hunter utilitza mascareta per protegir el pacient de
microorganismes de l'alé del cirurgia®. A finals del segle XIX comenca I'época
bacteriologica i al segle XX es desenvoluparan téecniques d'aillament

bacteriologiques que permeten un ampli desenvolupament en aquest camp.

Durant el segle XX es creen el primers programes de vigilancia i control
de les infeccions hospitalaries. Fins els anys 50 del segle passat, els cocs
grampositius (CGP) eren els bacteris preponderants en la IN. En aquesta
época es reconeix I'epidemiologia hospitalaria com a disciplina necessaria als
centres sanitaris. Cap als anys seixanta canvia I'epidemiologia hospitalaria de
CGP a bacils gramnegatius (BGN) i es comenga a parlar d'adquisicio
hospitalaria de les infeccions. A partir d’aquesta época la preocupacio principal
es deu a les multirresisténcies que presenten els gérmens adquirits en el

hospitals, en particular, a les UCls.



Des de la década de 1970 l'organisme nord-america CDC va fer una
série de recomanacions per a la prevencio i control de les IN. El 1970 es va
crear el National Nosocomial Infections Surveillance System Report (NNIS)
quan diferents hospitals dels Estats Units van comencar a reportar les seves
taxes de IN, en totes les edats, i de manera rutinaria, per conformar una base
de dades nacional. L'objectiu d'aquest registre era establir les taxes i
I'epidemiologia d'aquests, aixi com afavorir la seva prevencié. L'any 1978 es va
considerar que als Estats Units s’aconseguien prevenir el 9% de las IN'™. S’han
anat reportant periddicament les taxes d’IN, amb informes anuals i publicacid
de resultats de periodes. Des de aleshores s’han creat diversos sistemes de

vigilancia i programes encaminats a reduir les taxes de IN.

1.3- Impacte de les infeccions nhosocomials

1.3.1- Importancia global de les Infeccions nosocomials

La IN és un problema de salut que provoca un increment en la morbiditat
i mortalitat dels pacients a totes les unitats dels hospitals. Una quarta part
d'aquestes infeccions es produeixen en pacients admesos a les UCIs, mentre
que aquestes unitats no representen més del 10% dels llits del total dels
hospitals. Als Estats Units afecta 2 milions de persones i causa unes 100000

morts amb un cost aproximat de 5 mil milions de dolars a I'any".



A Espanya, l'informe ENVIN-HELICS (Estudi Nacional de Vigilancia
d’Infeccidé Nosocomial-Hospital in Europe Link for Infection Control through
Surveillance) de I'any 2014 mostra que el 5,47% dels pacients van patir al
menys un tipus de IN a I'ambit de cures intensives'?. Les taxes d’incidéncia o
densitat d’incidéncia (a partir d’ara les anomenarem de forma abreujada, taxes)
van ser 6,31/1000 dies de ventilaci6 mecanica (VM) per la pneumonia
associada a VM (PNAVM), 4,03/1000 dies de sonda urinaria (SU) per la
infeccio de tracte urinari relacionades amb sonda uretral (ITU-SU), i 3,26/1000
dies de catéter venos central (CVC) per les bacteriemies relacionades amb
catéter (BRC) i bacteriemies primaries. La mortalitat en aquests grups de
pacients va ser la seguent: 32% en pacients amb PNAVM; 26,1% en pacients

amb BRC i bacteriémies primaries i 19,8% entre el pacients amb ITU-SU.

Actualment, la IN és I'esdeveniment advers més frequent i més greu als
hospitals. En particular, la UCI és considerada com un espai on poden
apareixer més frequentment IN, a causa de l'elevada complexitat dels pacients
i la sofisticacio de les estratégies diagnostic-terapéutiques. Es pot dir doncs,
que la UCI és un entorn invasiu vers el pacient que propicia I'aparicié
d’aquestes infeccions. Si parlem en termes de seguretat del pacient, la IN és un
efecte indesitjable i perillés. La idea que "moltes infeccions son inevitables i
algunes es poden prevenir" hauria de ser canviat a "les infeccions nosocomials
sén potencialment evitables mentre no es demostri el contrari"™. A la UCI, s’ha

d'entendre la IN com un fet intolerable.

El programes de control i vigilancia d’IN han aconseguit reduir-ne les
taxes. Jain i cols', per exemple, van aplicar una estratégia per disminuir en

nombre d’IN. Es van dissenyar 4 actuacions principals:
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- Debats multidisciplinaris

- Avaluacio6 diaria de les necessitats d'UCI del pacient

- Utilitzacié de paquets de mesures de prevencié de PNAVM, BRC i
ITU-SU

- Canwvi en la cultura de seguretat del pacient

Aconseguiren reduir el 58% de PNAVM, 48% de BRC i 37% d’ITU-SU.
L'estada mitjana dels pacients va disminuir de 5,92 dies a 4,71 i es van reduir
els costos en un 21% per pacient, de 3406 a 2704 dolars americans.

Emfatitzen el missatge del canvi de cultura envers la “seguretat del pacient”.

El "Institute of Healthcare Improvement” (IHI), amb la campanya estalviar
100000 vides, va suposar un canvi en la manera de tractar amb el problema de
salut que plantejaven les IN. Posteriorment, la campanya evitar 5000000 danys
es va centrar en la prevencio d'esdeveniments adversos. Per aturar la IN es
proposaven campanyes de control i prevencid. Es considerava que el costos
derivats d’aquestes campanyes s’aconseguien amortitzar a partir d'una
prevenciéd d’IN del 6%". A partir d’aixd, s’estava parlant d’estalvis nets per
'hospital. Totes aquestes iniciatives van marcar una manera diferent i més
efectiva de lluitar contra la IN, que es veura reflectida en els nombrosos

programes que actualment es segueixen arreu per reduir el taxes d’IN.

Mesurar I'impacte de la IN en la vida del pacient en termes de morbiditat
i discapacitat és complicat. No s'acostuma a fer us de questionaris dissenyats
per mesurar aquest efecte. Mesurar I'impacte sobre la mortalitat hauria de ser
més facil, ja que és una variable ben definida que es pot mesurar
objectivament. No obstant aix0, és dificil atribuir la mortalitat exclusivament per

la preséncia de la IN. Si podem definir quin és I'excés de mortalitat en pacients
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amb IN respecte a aquells que no la pateixen, sense que puguem atribuir la
responsabilitat del decés a la IN a la majoria d'estudis. De forma global, als

Estats Units es considera que la IN és responsable de 100000 morts anuals'®.

1.3.2- Impacte de la Infecci6 nosocomial a les Unitats de Cures

Intensives Pediatriques

La IN és la principal de morbimortalitat prevenible a les unitats de cures

intensives pediatriques (UCIP). Hi ha multiples factors que exposen els nens a

I'aparicié d’IN i fan que siguin especialment susceptibles, entre ells'®"":

Immaduresa de la immunologia cel-lular i humoral, sobretot en el

nens mes petits.

- Us de dispositius externs (cateterisme vends, sondatge uretral,
intubacid, derivacions ventriculars...) i I'is perllongat d’aquests.

- Pacients immunocompromesos: processos oncologics,
immunodeficiencies primaries, terapia amb immunosupressors...

- Antibioterapia d’'ampli espectre, régims llargs d’antibioterapia.

- Nutricié parenteral.

- Ratio infermera/pacient.

La utilitzacié de dispositius externs és el factor principal per al
desenvolupament de la IN, amb la particularitat que la seva indicacio i durada
pot ser més amplia que en el pacient adult. Disposar d’'un accés vascular segur,
és essencial en la UCIP, donada la dificultat que hi pot haver en aconseguir

accessos periférics en aquests nens. La intubacié endotraqueal és frequent per
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indicaci6 de la patologia d'ingrés, (malalties respiratories, fallada
multiorganica...) o per necessitats durant I'ingrés en procediments diagnostics-
terapeutics. El sondatge uretral es realitza de manera rutinaria en pacients
ventilats, en pacients amb patologia renal o impossibilitat per a la mobilitzacid i
es fa més necessari en pediatria per la incontinéncia urinaria propia dels més

petits.

A les UCIPs hi ha una clara associaci6 entre el dies d'Us del dispositiu i
I'aparicié d'IN. Les dades del NNIS dels anys 91-97 pel que fa a la poblacio
pediatrica revelaven que el 91% de les BRC es relacionaven amb |'us de CVC,
el 95% de les PNAVM es van donar en pacients intubats i 77% de les ITU-SU
en pacients amb SU'™. En un altre estudi que analitzava la mortalitat i el
recursos que precisaven el nens que tenien ingressos mes llargs a UCIP, es va
veure que el 96,3% d’ells presentaven IN, i es relacionava amb la necessitat de
dispositius externs'®. Stockwell i cols van publicar una série de 512 pacients a
35 UCIPs dels Estats Units en el que 11,9% dels pacients va desenvolupar al
menys un episodi d’IN'. El tipus d’'IN més comu va ser la BRC (41,3%),
seguida per PNAVM (22,7%) i 1TU-SU (13,3%). El nens amb IN van mostrar
una estada mitana més llarga que els altres (8 enfront de 3 dies,
respectivament) i un augment del risc de mort, ajustat per edat, sent el risc

relatiu (RR) 3,4;95% amb un interval de confianga (IC) de 1,7-6,5.

En un estudi realitzat a I'hospital Sant Joan de Déu per Urrea i cols, en 6
mesos de vigilancia a la UCIP, un 15,9% dels pacients van patir com a minim
un episodi d’'IN. Els pacients amb IN tenien una estada mitjana d’'ingrés a UCIP

de 22,5 dies enfront de 9 dies pels que no van tenir IN®°. En un estudi
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multicentric en UCIPs espanyoles, el 5% dels nens van patir algun tipus de

IN?".

Pel que fa a la morbimortalitat, Raymond i cols. van publicar en un
estudi multicéntric europeu que la mortalitat a UCIP en nens amb IN era del
17% amb un interval que anava del 0 al 23%. La durada de I'estada a UCIP era

més alta en pacients amb IN, 26,1 dies, vers els no infectats, 17,3 dies?.

Totes aquestes dades corroboren l'alt impacte de la IN pels nens

ingressats en UCIP, tant en termes de morbiditat com de mortalitat.

1.4- Tipus d’infeccions nosocomials per localitzacio

Existeixen diferents tipus d'IN i acostumen a classificar-se per

localitzacio d’ infeccio.

A continuacions llistem les més rellevants:

- Bacteriemia primaria, bacteriemia relacionada amb catéter i
bacteriémia secundaria.

- Pneumonia associada a ventilacio mecanica.

- Traqueobronquitis associada a ventilacié mecanica.

- Bronquiolitis nosocomial.

- Infeccid de tracte urinari associat a sondatge uretral.

- Infeccid de ferida quirurgica.

- Gastroenteritis nosocomial.
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- Infeccidé de liquid cefalorraquidi secundari a derivacions, valvules o
manipulacions quirurgiques.

- Infeccions osteoarticulars.

- Infeccions cardiovasculars en relacié a protesis i empelts.

- Infeccions de I'area otorrinolaringologica.

Per la seva rellevancia en termes de morbimortalitat i freqliéncia,
detallarem les infeccions que han estat objecte dels dos treballs que es

presenten i que son la BRC, PNAVM i ITU-SU.

1.5- Bacteriémia relacionada amb catéter

El concepte bacteriémia inclou la bacteriemia primaria (BP), bacteriémia
relacionada amb catéter (BRC) i bacteriemia secundaria. Les definicions que

s’han utilitzat el treballs que presentem son les recomanades per la CDC'.

De forma abreujada, podem dir que s’entén com BP la preséncia de
cultius positius en sang sense font d'infeccié coneguda en un pacient portador

d'un CVC.

Com BRC s’entén l'aillament del mateix microorganisme (espécie i
identic antibiograma) a I’hemocultiu extret d’'una vena periférica i en un
hemocultiu extret a través del catéter, en un pacient amb quadre clinic de

sépsia i sense altre focus aparent d’infeccio.
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La bacteriémia secundaria es presenta en pacients amb evidéncia clinica
i microbiologica d’'infeccié en una altra localitzacié i es considera com el focus

d’'una disseminacié hematogena.

En els dos treballs que es presenten en aquesta tesi es van recollir

nomes els episodis de BRC.

1.5.1- Epidemiologia global

La BRC és una infecci6 comuna, costosa i potencialment letal. Cada
any, als Estats Units, s’estima que els CVC causen 80000 BRC i 28000 morts
relacionades amb la seva aparicié®. Ja que el cost aproximat per cada BRC és

de 45000 dolars, el cost total anual seria de 2,3 bilions de dolars americans®*.

Segons dades reportades al 2011 pel National Healthcare Safety
Network (NHSN) la taxa de BRC en unitats de critics oscil.la entre 0 a 3,7

episodis/1000 dies de CVC, taxes molt menors que en anys previs®.

A Espanya, al 2012 i segons dades del registre ENVIN, la taxa de BP-

BRC era de 2,79/1000 dies de CVC?.

1.5.2- Etiologia

El principals agents etiologics de les BRC son CGP, seguits de BGN i

llevats. Segons dades del registre ENVIN del 2012, el agents causal més
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frequents de BRC van ser per ordre Staphylococcus epidermidis (22,6%),
Staphylococcus plasmocoagulasa negatiu (9.28%) , Enterococcus faecalis
(9%), Klebsiella pneumoniae (8,7%), Pseudomona aeruginosa (7,2%), Serratia

marcescens (4,5%) i Candida albicans (4,3%)%.

A la década anterior, el NNIS identifica els Staphylococcus
plasmocoagulasa negatius com els patdgens més frequents responsables de
les BRC (37,3%), seguit dels Enterococcus spp (13,5%) i Staphylococcus

aureus (12,6%)% .

1.5.3- Bacteriemia relacionada amb catéeter a la Unitat de Cures

Intensives Pediatriques

Les dades del NNIS de 1992 a 2004, donaven una taxa de BRC a UCIPs
de 6,6/1000 dies de CVC. La BRC era el tipus de IN més frequent en nens,
mentre que en adults ho era la ITU-SU, en el mateix informe?®. Les dades del
NHSN pel que fa a les taxes de BRC a UCIPs de I'any 2011, van ser les
seguents: UCIPs médiques i quirargiques: 1,6/1000 dies de CVC i a UCIPs

meédiques: 1,4/1000 dies de CVC?.

A l'estudi d'Urrea i cols realitzat a la UCIP de I'Hospital de Sant Joan de
Déu, la taxa va ser de 12,4/1000 dies de CVC?°. Globalment, la BRC era
responsable de 51% de les IN del periode esmentat d'estudi. Aquestes xifres

eren molt superiors a les aportades pel NNIS i NHSN.
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Pel que fa als costos que genera la BRC a les unitats pediatriques,
Slonim i cols. van fer un estudi cas-control, amb un aparellament basat en
edat, gravetat, diagnostic i necessitats meédiques. Els resultats indicaren que el
cost imputable a la BRC era de 58344 ddlars. A més, allarga I'estada a UCIP

14,6 dies i la mortalitat atribuible va ser de13,1%%°.

1.5.4- Mesures per reduir les taxes de bacteriémia relacionada amb

cateter

Disminuir les taxes de BRC en pacients critics és essencial i cal un
enfocament multidisciplinari que inclou personal i intervencions educatives, aixi
com I'Us de les noves tecnologies. Hi ha nombrosos estudis que mostren que
amb el disseny d’estratégies adequades, disminuir la IN és possible, fins i tot

fins a bacterieémia 03%%'.

Berenholtz i cols. van demostrar que, aplicant un paquet de mesures per
disminuir el BRC, la taxa va disminuir de 11,3 a 0/1000 dies de CVC, durant el
periode d'intervencié. Els autors estimen que van evitar 43 episodis d'infeccio,

8 morts i un cost de 2 milions de dolars®”.

El Dr. Peter Pronovost (Universitat Johns Hopkins Safety Research
Group, JHUQSRG) en col-laboraci6 amb la Michigan Health & Hospital
Association Keystone Center (MHA Keystone) va desenvolupar una intervencio
que va aconseguir eliminar gairebé en la seva totalitat els episodis de BRC a
130 UCIs a l'estat de Michigan®. El projecte es va dur a terme durant 18

mesos i constava de les iniciatives recollides a la Taula 1. Es van analitzar les
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dades de 103 UCIs. La mitjana de la taxa de BRC va caure de 2,7
episodis/1000 CVC a 0/1000 dies CVC dies als de 3 mesos de l'inici i la mitjana
va passar de 7,7 episodis/1000 dies CVC a l'inici de la intervenci6é a 1,4, 16-18

mesos despreés (p <0,002).

El Ministeri de Sanitat i Consum d'Espanya va ser el primer a unir-se a
aquesta iniciativa. Juntament amb la "Sociedad Espafiola de Medicina
Intensiva Critica y Unidades Coronarias” (SEMICYUC) i la “Sociedad Espafiola
de Enfermeria Intensiva y Unidades Coronarias” (SEEIUC) es va crear el
projecte “Bacteriemia zero” amb l'objectiu de reduir la taxa de BRC a menys
de 4 episodis de bacteriemia per 1000 dies de CVC, que representava una
reduccié del 40% respecte a la mitjana dels 5 anys previs a les UCIs*. Hi van
participar el 68% de les UCIs espanyoles. Els components principals de la
intervenci6 inclogueren un conjunt de practiques cliniques durant la insercid i el
manteniment de catéters i un programa de seguretat que incloia la formacié en
seguretat del pacient i identificacié i analisi d'errors a través de rondes de
seguretat. La BRC es va reduir després de 16-18 mesos de participacio (de
3,07 a 1,12 episodis per 1.000 dies de CVC, p < 0,001). La taxa ajustada de
BRC va mostrar una reduccio del 50% risc (95% ClI, 0,39-0,63) al final del
periode seguiment. En aquest projecte només va participar una UCIP, la resta

van ser unitats d’adults.
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Taula1:Paquet d’iniciatives implementades en l'estudi del Dr Pronovost i

cols® per reduir les taxes de BRC:

Implementacié d’una llista d’objectius diaris, que pretenien millorar la
comunicacié entre el personal sanitari de les UCI i estandarditzar el

maneig dels pacients.

A cada unitat un metge i una infermera es van establir com liders
responsables de difondre informacid i obtenir les dades necessaries per a

I'avaluacio.

Es van establir 5 procediments considerats el que tenien major impacte

en la reduccio de les BRC:
1-Higiene de mans
2-Utilitzar de maxima asépsia durant la inserci6 del CVC
3-Us de clorhexidina al 2% com antiséptic en el punt d'insercié
4-Evitar 'accés femoral

5- Retirar els CVC innecessaris

Us d’un "carro de via central" que incloia tot el material necessari per a la
insercié del CVC i un Checklist per garantir I'adhesié i el compliment de

les practiques de control de la infecci6

Mesura mensual de taxes de BRC a cada unitat d’intervencio

UCI: unitat de Cures Intensives; BRC: Bacteriemia relacionada amb

cateter; CVC: Cateter Venos Central
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L'Alianga Mundial per a la seguretat del pacient va ser creada pel
Director General de la OMS I'any 2004, amb la vocacié de coordinar, difondre i
accelerar les millores en la seguretat dels pacients a tot el mén. Juntament amb
la Universitat Johns Hopkins promou l'aplicacié de la intervencié creada per
Pronovost i col-laboradors globalment amb la intencid d’obtenir resultats

similars als obtinguts en I'estat de Michigan.

Les mesures de prevenciéo de BRC a UCIPs son utils i permeten reduir
les taxes en aquestes unitats igual que a les de pacients adults. Jeffries i cols,
en un estudi multicéntric, aconseguiren disminuir la taxa de BRC de 6,3 a
4,3/1000 dies de CVC, mitjangant mesures de prevencido en la insercid i
manteniment de catéter central®®. Ells van estimar també una reduccié en el
cost de 2,9 milions de dolars. Van fracassar a demostrar una reduccié de
I'estada, probablement a causa de problemes en el disseny de I'estudi. En un
altre estudi fet per Costello i cols, I'Us de mesures preventives va reduir la BRC

en una UCIP cardiaca de 7,8 a 2,3 BRC/1000 dies de CVC*.

1.6- Pneumonia associada a ventilaciéo mecanica

Les infeccions respiratories nosocomials sén frequents i presenten una
elevada morbimortalitat pels pacients. De forma abreujada, podem dir que la
PNAVM es defineix per la progressio de nous infiltrats a la radiografia de torax
no presents en el moment d’ingrés, acompanyats de simptomes respiratoris i
evidencia d’infeccio en els examens de laboratori, segons criteris recomanats
perla CDC".

19



La traqueobronquitis associada a ventilaci6 mecanica (TAVM) correspon a
pacients que no tenen evidéncia clinica o radioldgica de pneumonia pero si que
tenen simptomes respiratoris i evidéncia d’infeccié en els examens de
laboratori®®. Aquest darrer concepte de TAVM ha estat incorporat més
recentment a la lluita contra la IN i encara presenta algunes controversies, per

tant no va ser objecte d’estudi en el dos treballs que es presenten.

1.6.1- Epidemiologia global

La pneumonia és la complicacio infecciosa més important a les UCls, en
general, és responsable del 25% de les IN en aquestes unitats. S'associa amb
un pitjor pronostic, augment de costos economics, augment de I'estada a UCI i
mortalitat®®*3’. Al Canada, s'estima que la PNAVM és causa de 17000 dies
d’'UCl/any (2% dels dies UCI anuals) i d’'una despesa de 46 milions de dolars
anuals®. Les taxes de PNAVM en unitats d’adults aportades pel NNIS (92-
2004), van de 4,9 a 15,2 PNAVM/ 1000 dies de VM, depenent del tipus de UCI
que és: médica, quirurgica, cardiaca o de trauma®. Les taxes proporcionades
pel NHSN l'any 2011 oscil-len de 0 a 4,9 NAV/1000 dies de VM, depenent
també del tipus de UCI?®. A Espanya, les dades aportades per I'estudi ENVIN®®,
referent als anys 2003-5, donen unes taxes de PNAVM entre 15,5y 17,5 /1000
dies de VM i I’ informe de l'any 2012 presenta una taxa de PNAVM de

7,27/1000 dies de VM*®,
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En un estudi multicéntric realitzat a Europa, Koulenti i cols van veure que
el pacients amb PNAVM tenien una major estada a la UCI i una major mortalitat

respecte als que no, 37,7% enfront de 31,5%, p < 0, 05*.

1.6.2- Etiologia

En general I'etiologia depén de la durada de la ventilacié mecanica. La
PNAVM precog sol ser causada per patdgens que acostumen a ser sensibles a
antibiotics (tipicament Streptococcus pneumoniae, Hemophilus influenzae,
Staphylococcus aureus sensible a meticilina, Escherichia coli...), mentre que la
tardana és causada meés frequentment per bacteris amb major resisténcia
(Pseudomona aeruginosa, Staphylococcus. aureus resistent a meticilina
(SARM), Acinetobacter baumanii, i altres BGN). A I'informe del ENVIN-HELICS
2014, la Pseudomona aeruginosa va ser la responsable del 21,2% de les
PNAVM, Klebsiella pneumoniae 8,8%, Acinetobacter baumanii 6.6%,
Escherichia coli 6%, mentre que Staphylococcus aureus va ser el segon

germen més frequentment aillat, 12,4%*".

1.6.3- Pneumonia associada a ventilaci6 mecanica a la Unitat de

Cures Intensives Pediatriques

Igual que a les unitats d’adults, la PNAVM a les UCIPs es considera que

€s una causa frequent i greu d'IN. En un estudi multicéntric europeu de 20
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UCIPs, la PNAVM va ser responsable de 53% de la IN. En aquest estudi el
pacients amb PNAVM tenien una estada a la UCIP més llarga que el que no la

tenien (26, 1 + 17,3 versus 10,6 + 6 dies, p < 0,001)*".

En altres séries, la PNAVM és la segona causa d’IN a la UCIP*. La
PNAVM es produeix en el 5% dels infants ventilats i d'aquests, fins el 20%
mor®’. Al mateix temps, la PNAVM representa un excés de cost a les UCIPs.
En un estudi prospectiu realitzat en 18 mesos, el cost de l'ingrés de pacients
amb PNAVM era de 308534 enfront de 252652 dolars pels que no en patien*.
En el mateix estudi, I'estada mitjana a la UCIP fou de 13 dies en nens amb
PNAVM enfront de 6 dies els altres. També es compara la mortalitat, veient
que en nens amb PNAVM era 10,5% enfront el 2,4% en la poblacié no

infectada.

La taxa del International Nosocomial Infection Control Consortium Report
(INICC) pels anys 2002-2007 era de 7,85/1000 dies de VM**. EI NHSN aporta
una taxa referent a I'any 2011 que oscil-la entre 0,4-1,1/1000 dies de VM per

unitats pediatriques?.

A l'estudi publicat per Urrea i cols a la UCIP de I'Hospital sant Joan de
Déu, la taxa de PNAVM era de 23,9/1000 dies de VM, molt per sobre les taxes
anteriors. El 40,5% d'aquests NAV es van donar en pacients admesos per

patologia traumatica®.

La PNAVM és la rad més comuna d'iniciar el tractament antibiotic
empiric a UCIP. En un estudi prospectiu sobre I'iUs d'antibiotics a UCIP es va
veure que el 47% dels dies de tractament antibiotic eren a causa de la sospita

de PNAVM?*.
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1.6.4- Mesures per reduir les taxes de pneumonia associada a

ventilacié mecanica

La PNAVM és prevenible, i hi ha diverses estratégies per reduir la seva
incidéncia, ja sigui en forma de guies de practica clinica o conjunts de mesures.
Hi ha nombrosos treballs en les que hi ha una reduccio significativa en les

taxes PNAVM seguint la introducci6 d'estratégies de prevencid.

De la mateixa manera que es va fer per prevenir la BRC, els paquets de
mesures aplicades per evitar NAV es van utilitzar dins del marc de la campanya
estalviar 100000 vides de I'lHI. En aquest estudi es va observar una reduccio
del 59% en la taxa de PNAVM en aquelles unitats que tenien un compliment

superior al 95% de les mesures proposades®®.

A Espanya, I'any 2011 s’elabora el protocol de prevencio de les PNAVM
a les UCls espanyoles “Neumonia Zero” en el marc de la col-laboraci6 entre
Ministeri de Sanitat i Consum i la SEMICYUC i SEEIUC. L’objectiu principal era
reduir la taxa de PNAVM a <9 episodis/1000 dies de VM, (reduccié del 40% en
comparacié amb la mitjana dels anys 2000-2008 de I'UCI, i 25% respecte a dels
anys 2009-2010). La intervencio es va fer mitjangant un Pla de Seguretat
Integral (avaluar la cultura de seguretat, formacidé en seguretat del pacient,
identificar errors en la practica habituals dels professionals, aliances amb la
direccié de la institucié per a la millora de seguretat, aprendre dels errors i
augment de comunicacio entre els professionals que assisteixen a pacients

critics a través de la implantacio d’objectius diaris) i es va recomanar un paquet
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de mesures d’obligat compliment i un optatiu perd altament recomanat*® (Taula

2).

Taula 2: Mesures recomanades en el programa “Neumonia zero”:

Mesures de compliment obligat

1-

Formacio i entrenament adequat en el maneig de les vies respiratories
Higiene estricta de mans abans de manipular les vies respiratories
Higiene oral utilitzant clorhexidina 0,12-2%

Control i manteniment de la pressio del pneumotaponament (> 20 cm
H,0)

Evitar, sempre que sigui possible, el decubit supi a 0°

Afavorir procediments que permeten disminuir de forma segura la
intubacio traqueal i/o la seva durada

Evitar el canvi programat canviar de tubuladures, humidificadors i tubs

traqueals

Mesures optatives altament recomanables

1-
2-
3-

Aspiracié continua de secrecions subglotiques
Descontaminacioé selectiva del tub digestiu
Antibiotics sistémics (dos dies) durant la intubacié en pacients amb

disminucio6 del nivell de consciéncia

El resultats d’aquesta intervencid no esta publicats, perd si que

coneixem pels informes de I'ENVIN-HELICS, que la tendéncia és a la baixa,

amb la darrera dada de taxa el 2014 de PNAVM de 6,31/1000 dies de VM.

A I'ambit pediatric, també hi ha hagut esforgos per reduir-ne les taxes.

Brilli i cols. dugueren a terme un estudi que va mostrar que, arran de la

introduccié d'un conjunt de mesures de prevencio de PNAVM a UCIP, aquesta
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taxa va disminuir a de 7,8 a 0,5 dies /1000 de VM, i el cost atribuit a la PNAVM

va ser de 51507 dolars®’.

1.7- Infecciod de tracte urinari associada a sondatge

uretral

La infeccié del tracte urinari associada a sondatge uretral (ITU-SU) es
defineix de forma abreujada per I'existéncia de >10° colonies de bacteris/ml, i

concomitantment, simptomes urinaris o pidria’.

1.7.1- Epidemiologia global

La ITU-SU és una de les IN més frequent en adults. S’ha arribat a
reportar una prevalenga entre 1-10% de tots els pacients ingressats i
representar el 30-40% de totes les IN hospitalaries®***. S’estima que el 95%
de les ITU-SU estan relacionades amb la preséncia de sondatge uretral®’. A
causa de la seva patologia de base i la seva gravetat, el pacients d'UCI sovint
requereixen sondatge uretral i tenen un gran risc de ITU-SU. Les taxes de ITU-
SU proporcionades pel NNIS (periode 1992-2003) oscil-len de 3 a 6,7/1000
dies de SU?. Dades aportades pel NHSN referents al 2011 xifren les taxes de

ITU-SU entre 0,1i 0,79/1000 dies de SU?,
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A Espanya, l'informe ENVIN el 2003-2005 reporta unes taxes de ITU-SU
entre 5 a 6,7/1000 dies de SU®®. Al darrer informe ENVIN-HELICS, es xifra la

taxa de ITU-SU en 4,03/1000 dies de SU*°.

L'impacte econdmic de les ITU-SU és poc estudiat, a diferéncia del que
passa amb la BRC i la PNAVM. El resultat és que el cost atribuit a la ITU-SU
és desconegut. Hi ha alguns estudis en hospitalitzacié general com el de Saint
i cols, en qué es dedueix que el cost de la ITU-SU és de 676 dolars addicionals
per episodi. Si aquesta ITU-SU s’acompanya per bacteriéemia secundaria,
I'excés de cost augmenta 2836 dolars®. Aquest estudi, encara que inclou
pacients critics, no és exclusivament dirigit a UCIs. En un altre estudi publicat
per Inan i cols®, s’estudia exclusivament el cost en I'antibidtic a la UCI. Els
autors estimen el cost dels antibiotics utilitzats per tractar ITU-SU com a 52,37
dolars per dia, molt menys que 99,02 dolars per PNAVM i 94,32 per BRC. Pel
que fa a l'impacte de la ITU-SU sobre la mortalitat, el seu paper és controvertit.
Hi ha un estudi publicat per Platt i cols que va reportar que el risc de mort es
triplicava en pacients que eren diagnosticats d’'una ITU-SU nosocomial®’. En un
altre estudi publicat per Laupland i cols, la presencia de ITU-SU estava
s’associava també amb un augment de mortalitat. No obstant aixo, al realitzar
una analisi multivariant amb altres variables, la ITU-SU no va demostrar que

augmentés la mortalitat®.
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1.7.2- Etiologia

L’etiologia més frequent de la ITU-SU sén els BGN, seguits dels fongs.
Pel que fa als BGN, els enterobacteris son els més habituals. Cal destacar el
paper dels fongs en les ITU-SU que sembla que van adquirint cada vegada
més importancia. Alvarez-Lerma i cols®® en un estudi multicéntric a UCI
espanyoles, recullen que els BGN van ser responsables entre un 55-60% dels
casos (per ordre de frequéncia, Escherichia Coli, Pseudomona aeruginosa,
Klebsiella pneumoniae i Enterobacter cloacae i altres), i el fongs van ser el
agents causals entre un 18,5 i un 25,4% dels casos, sent Candida albicans

I'espécie més aillada. EI CGP van ser el tercer grup de gérmens en frequéncia.

1.7.3- Infeccié de tracte urinari associada a sondatge uretral a la

Unitat de Cures Intensives Pediatriques

En els nens, la ITU-SU és la tercera causa d’'IN en frequéncia. El factor
de risc més important per a desenvolupar-la, €s, com en adults, la preséncia de
SU. La taxa ITU-SU en nens referent al NNIS (95-2003) era de 4/1000 dies de
SU?. EI NHSN a UCIPs, al 2011, mostra una taxa molt més baixa, entre 0,12 i
0,23/1000 dies de SU%. En el treball realitzat per Urrea i cols. a la nostra unitat,
la taxa de ITU-SU era de 10,7/.000 dies de SU?. En aquest estudi es va veure
que un 30% de les ITU-SU es donaven en pacients traumatics i pacients amb

patologia médica.
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1.7.4- Mesures per reduir les taxes d’infecciéo de tracte urinari

associada a sondatge uretral

Igual que en la BRC i la PNAVM, les estratégies de prevencidé son utils
en la reduccio de la frequéncia de la ITU-SU. En un estudi realitzat per Davies,
mitjangant el disseny d'un programa educatiu que feia émfasi en el moment de
la retirada de la SU s’aconsegui reduir la taxa de 1,4/100 ingressos a
0,12/100%. A la mateixa unitat, van avaluar la taxa de ITU-SU 10 anys més
tard i van veure que havia tornat a pujar fins 0,95/100 ingressos. Tots els
pacients que van adquirir la ITU-SU en el segon periode havien portat SU com

a minim 3 dies en el moment del diagnostic®’.

Actualment es considera que encara que en unitats en les que hi hagi
estratégies preventives de BRC i PNAVM, tot i que no hi hagi mesures
especifiques de cara a la ITU-SU, les seves taxes disminueixen, segurament
per la milloria de la higiene de mans abans de manipular el catéters i el

concepte de seguretat del pacient que s’ha extés™.

1.8- Multirresisténcia

Cada any a Europa es considera que 400000 pacients adquireixen IN
per gérmens multirresistents®®. Les taxes de IN per gérmens multirresistents
augmenta a tot el mén, essent les opcions terapéutiques limitades. La seva a

aparicié complica el maneig i prondstic d’aquests pacients a les UCIs®**®°. Son
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responsables de retras en I'inici de I'antibidtic adequat i major mortalitat®. Als
Estats Units s’ha quantificat tant la despesa extra anual (entre 4000 i 5000
milions de dolars) com la mortalitat directa (19000 morts anuals) causada per
MMR®". La definici6 de germen multirresistent ha d'incloure almenys dues
condicions: que hi hagi resisténcia a més d'una familia o grup d'agents
antimicrobians utilitzats, i que aquesta resisténcia tingui rellevancia
epidemiologica i clinica®. Coneixem doncs per “multirresistent” bacteris que
han desenvolupat resistencia a multiples antimicrobians, i que sén capacos
d’ocasionar brots, com Staphylococcus aureus resistent a meticilina (SARM),
Enterococcus spp. resistent a vancomicina (ERV), enterobacteris productors de
betalactamases d’espectre extés (BLEE), i enterobacteris productors de
carbapenemases. La preséncia d’aquestes MMR s’ha convertit en una

emergéncia sanitaria.

L’epidemiologia de la multirresisténcia varia molt entre diferents arees
geografiques i fins i tot entre diferents hospitals dins la mateixa zona. Als Estats
Units hi ha alta prevalenca de SARM i ERV, i a Europa hi ha més prevalenca
de Acinetobacter baumanii comparativament®’°. Per combatre les infeccions
per multirresistents, cal conéixer primer quina és I'epidemiologia en el nostre
medi. D’aqui la importancia que tenen el registres Nacionals. En segon lloc cal
reforcar els programes locals i estatals per optimitzar I'is d’antibiotics,
I'exposicié a factors de risc, millorar el sistemes de vigilancia i implementar

mesures de control de transmissio creuada®®.

L’any 2014, i de manera similar a com es va fer amb el projectes
“Bacteriemia zero i Neumonia zero” es crea el projecte “Resistencia zero”, en el

marc de la col-laboracié entre Ministeri de Sanitat i Consum i la SEMICYUC i
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SEEIUC™. L'objectiu principal del projecte "Resistencia Zero" és reduir en un
20% la incidéncia acumulada de pacients amb infeccions per patdogens
multirresistents adquirits a la UCI. ElI paquet de mesures inclou 10

recomanacions que es resumeixen a la Taula 3:
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Taula3: Mesures incloses en el programa “Resistencia zero”

A cada UCI es designara al menys un intensivista responsable de la utilitzacio

racional d'agents antimicrobians

Administrar empiricament antimicrobians actius contra patdgens multirresistent
nomeés en casos de sépsia greu o xoc séptic i alt risc de patdgens resistents ,

segons el factors de risc i/o el coneixement de l'ecologia local

A cada unitat es designara como lider d’aquest projecte al menys a 1 infermera,
responsable de les mesures de control de les infecciones destinades a reduir la

transmisio de patdgens resistents a multiples farmacs.

Es recomana buscar activament els patdogens multiresistentes en tots els

pacients a l'ingrés a la UCI i al menys una vegada per setmana durant I'ingrés

A I'ngrés a la UCI, es fara una "llista de verificacio" dels factors de risc ha de
ser completat per identificar aquells pacients amb alt risc de ser portadors de

patdgens resistents

Cal mesurar sistematicament el compliment de las mesures preventives,

incloses aquelles basades en lels mecanismes de transmisio.

Totes les unitats han de desenvolupar un protocol de neteja per les habitacions

dels pacients amb patdgens multirresistents

Cal tenir disponible i actualitzat un arxiu o document que especifiqui I'equip

existent a la UCI i els respectius protocols de neteja

Si els pacients ja estan colonitzats o infectats camb patdgens resistents a
multiples farmacs, cal utilitzar productes amb clorhexidina al 4% per la higiene

diaria dels pacients.

10

Davant la sospita d’'un brot, es recomana identificar el microorganisme causal

amb meétodes de caracteritzacié molecular.

UCI: Unitat de Cures Intensives
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1.9- Sistemes de vigilancia i programes de control de la

infeccido nosocomial a les Unitats de Cures

Intensives

L’OMS estableix que la institucié d'un procés de vigilancia per controlar
les taxes de IN és el primer que permetra assenyalar problemes, prioritats
locals i avaluar I'eficacia de I'activitat de control d'infeccions. La vigilancia, per
ella mateixa, ja es considera una forma de reduir les IN"2. El sistema de
vigilancia ha d'utilitzar definicions estandarditzades, que siguin acceptades i
conegudes pel personal i ha ser eficag. La CDC"® considera que un sistema
efica¢ de vigilancia d'IN hauria ser prospectiu i comptar amb un epidemiodleg
especialitzat en control d'infeccions. A més, ha de facilitar I'acord entre clinics i
administracié per tal de coordinar estratégies i politiques de control d'infeccio.
Els professionals que participin en el control d'IN requereixen formacid i
experiencia en diversos temes: malalties infeccioses, epidemiologia,
microbiologia, bioestadistica, informatica, protocols de cures de pacients i

educacié d’adults™.

El programes de vigilancia marcaran les bases dels Programes de
control d’'IN. El hospitals que tenen programes de control actius tenen unes
taxes menors d’IN. A I'any 1985, Haley ja va avaluar l'eficacia d’aquests
programes. L'objectiu era dimensionar les IN, avaluar el grau de compliment
dels programes de control d’infeccid en els hospitals i si el hospitals amb un
major compliment de les recomanacions tenia major reduccié d’aquestes. En
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aquest sentit, van veure que els hospitals amb programes de control d’IN tenien
un 30% menys d’infeccions que els que no en tenien”. El autors van establir
que perqué aquests programes tinguessin éxit havien de cumplir el seguents

requeriments:

Programes estructurats de vigilancia i intervencions dirigides al

control d’infeccions

- Un minim d'una infermera de control d'infeccions per cada 250 llits
d’hospital

- Un epidemidleg hospitalari amb formacié en control d'infeccio

- Pel que fa a les infeccions quirurgiques, feedback sobre les taxes

d'infeccid quirurgica als cirurgians.

El NNIS és considerat el primer programa de vigilancia utilitzant una
metodologia estandarditzada, participacié voluntaria i confidencialitat de les
dades. Es va iniciar 'Any 1970 als Estats Units, amb 62 hospitals, per bé
actualment hi ha centenars de centres que participen de forma regular76. A part
de descriure I' epidemiologia de les IN, promouen la seva vigilancia als Estats
Units i afavoreixen la comparacié de taxes entre centres’’. Posteriorment, i
seguint als Estats Units, s’han creat altres sistemes de vigilancia. El NHSN es
crea cap al 2000, i integra tres sistemes de vigilancia diferents (el NNIS, el
National Surveillance System for Health Care Workers i el Dialysis Surveillance
Network). EI NHSN s'organitzen en 3 components diferents: Seguretat del

pacient, seguretat del personal sanitari, i biovigilancia.

A Europa hi havia diferents registres nacionals i sistemes de vigilancia.
En un intent d’estandarditzar definicions i protocols, i d’'obtindre dades d’abast

continental es va crear 'HELICS™. L'objectiu d’aquest sistema era molt
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semblant al del NNIS america. L’any 2005 es crea a Europa el European
Centers of Disease Control and Prevention (ECDC). La missi6é de I'ECDC és
identificar, avaluar i comunicar actuals i emergents amenaces a la salut

humana provenents de patologies infeccioses a Europa’®.

A Espanya, a partir de l'any 1991 es realitza I'enquesta EPINE
(Encuesta sobre la Prevalencia de la Infeccion Nosocomial en Espaia),
promoguda per la Societat espanyola de Medicina Preventiva, Salut Publica e
Higiene. Actualment ja acumula més de 25 anys de recollida i es considera

l'estudi de prevalenca de IN més ampli del mén®.

L’ENVIN-UCI®®, desenvolupat pel grup de treball de malalties infeccioses
de la SEMICYUC, des de 1994 recull dades de les principals IN associades a
dispositius a les UCIs i hi participen més de 100 unitats anualment. Es un
sistema dirigit especificament a la UCI i es monitoritzen les principals IN
associades a dispositius. Les dades d'aquest estudi s'han convertit en
referéncia per avaluar els esforgos que es realitzen en aquest ambit a les UCls
i es poden consultar al web http://hws.vhebron.net/envin-helics/. L’aportacié de
dades al projecte europeu va fer que 'ENVIN-UCI s’anomenés també ENVIN-

HELICS.

A nivell estatal i en I'ambit de Intensius Pediatrics, es va crear el Grup de
Treball malalties infeccioses en la SECIP (Sociedad espafiola de Cuidados
Intensivos Pediatricos). Dins aquest grup es crea el sistema de registre VINCIP
(Vigilancia de Infeccion Nosocomial en Cuidados Intensivos Pediatricos) I'any
2007 amb I'objectiu de realizar estudis multicentrics de incidéncia d’IN a les
UCIPs i revisar els protocols de insercié i manteniment de dispositius per tal

d’'unificar practiques i criteris. Els resultats d’aquest registre els veiem en el
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segon treball presentat en aquesta tesi. Des de I'any 2014 el registre VINCIP

s’ha sumat a 'ENVIN formant-ne la part de registre pediatric.

A Catalunya, diposem també del VinCat (Vigilancia de la Infeccid
Nosocomial a Catalunya)®'. Es tracta d’'un programa del Servei Catala de la
Salut que estableix un sistema de vigilancia unificat de les infeccions
nosocomials als hospitals de Catalunya. La seva missio és contribuir a reduir
les taxes d’aquestes infeccions mitjangant la vigilancia epidemiologica activa i
continuada. Recull dades de totes les unitats dels hospitals participants,

incloent pediatriques i neonatals.

Existeixen nombrosos programes de prevenci6 dIN que han
desenvolupat aquests sistemes de vigilancia i altres més d’ambit local. El
programa del Dr. Peter Pronovost (Universitat Johns Hopkins Safety Research
Group, JHUQSRG)® en col-laboracié amb la Michigan Health & Hospital
Association Keystone Center (MHA Keystone) per reduir les taxes de BRC es
considera el paradigma d’intervencié a seguir per reduir IN i ha estat adoptat
per diferents paisos. Anteriorment ja hem explicat els programes que s’han dut
a terme des de la SEMICYUC, la SEEIUC i amb I'ampara del Ministeri de

Sanitat i Consum, “Bacteriemia zero”, “Neumonia zero” i “Resistencia zero”.
Representen el compromis dels professionals dels nostre pais envers la lluita
contra la IN a les UCIs. Tots aquests programes han inspirat intervencions

locals com la que presentem en el primer treball d’aquesta tesi.
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1.10- La infecciéo nosocomial dins de la cultura de

Sequretat del pacient

Donat que les infeccions nosocomials son la causa d'esdeveniment
advers prevenible més greu en pacients hospitalitzats, entenem que sigui un
dels principals objectius de la cultura de seguretat. La publicacio I'any 2000 per
I'Institute of Medicine (IOM) de “To Err is Human: Building a Safer Health
System” va identificar la IN com un dels principals problemes de salut publica i
va emfatitzar la importancia d'implementar sistemes de prevencié de les IN, per

millorar la qualitat assistencial®®.

La vigilancia d'IN, com a indicador de qualitat de I'hospital esta
promoguda des de la Comunitat Europea per decisié del European Parliament
and of the Council (2119/98). L'informe del ECDC, el juny del 2007, considera
les IN un dels més greus problemes de salut publica. Cada any 3 milions

d’europeus adquireixen una IN i 50000 d’ells moriran per aquesta causa®.

El seguiment de les IN s’ha incorporat a les comissions hospitalaries
creades per la seguretat del pacient. Alhora, s’estan utilitzant les taxes d’'IN

com a indicador de qualitat.

Si bé I'eradicacio total de la IN és complicada, si que es podria arribar a
I'eliminacio de la IN, entenent-la com la maxima reduccio del nombre
d'infeccions a través de la prevencio®. S'ha estimat que la implementacié de
programes de prevencio de IN pot impedir al voltant 65% de les BRC i ITU-SU i
un 55% de les PNAVM i les infeccions de ferides quirurgiques, salvant milers

de vides i milions de euros®.
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El National Patient Safety Goals (NPSGs) ha estat el métode mitjangant
el qual la Joint Commission, promou els canvis importants en seguretat del
pacient. Els criteris utilitzats per determinar el valor d'aquests objectius estan
basats en el seu impacte, cost i eficacia. Alguns d’aquests “Goals” son la
prevencio d’IN i errors de medicacio, a més dels objectius promoure seguretat
quirurgica, correcta identificacié de pacients, la comunicacio entre el personal i
la identificaci6 de pacients amb risc de suicidi. EI NPSG requereix
especificament l'adhesié a les practiques d'higiene de mans. D’aquesta
manera, I'adequada higiene de mans, la vacunacioé de la grip als treballadors
sanitaris, i la prevencio de la BRC, PNAVM i infeccié de ferida quirurgica estan
entre 30 practiques al “National Quality Forum's 30 Safe Practices for Better

Healthcare”.

A Espanya, el Ministerio de Sanidad, Servicios Sociales e Igualdad, en la
seva responsabilitat per millorar la qualitat assistencial en el seu conjunt, tal
com estableix la Llei 16/2003, de cohesid i qualitat del Sistema Nacional de
Salud, ha posat la seguretat del pacient en el centre de les politiques de salut
com un dels elements clau de la millora de la qualitat. Aixd queda reflectit com
la estrategia 8 del “Plan de calidad del Sistema Nacional de Salud” que esta

desenvolupant des de 2005 en coordinacié amb les comunitats autbnomes.

Dins del marc del projecte de la “Una atencié neta és una atencido més
segura” s’han realitzat diferents iniciatives. La campanya mundial “Salvi vides:
netegi’s les mans” impulsada I'any 2009, és un dels principals components
d’aquest programa. Es conegut que la correcta higiene de mans és un del
métodes més simples i eficagos per disminuir les IN®*®. Aquesta campanya

emfatitza en millorar la higiene de mans entre el personal sanitari. Amb aquesta
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campanya s’estableix un dia destinat a millorar la higiene de mans als centres
sanitaris. Aquest dia és el 5 de Maig. El Sistema Nacional de Salud es suma a
la celebracié d’aquesta jornada, junt amb totes les Comunitats Autdonomes i

compta amb un programa propi, “Programa de Higiene de manos”®®.

L’any 2005 es va crear I'Alianga per a la Seguretat dels Pacients a
Catalunya, donat que promoure i millorar la seguretat dels pacients és una de
les prioritats del Departament de Salut. Prevenir les IN i la higiene de mans son
dos dels pilars fonamentals en aquesta alianca®. També compta amb el

registre propi de Vigilancia d’IN a Catalunya, el VinCat.
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2.  JUSTIFICACIO | HIPOTESIS

La vigilancia epidemioldgica de la IN i la creacié sistemes i programes
de prevencio i control dins de la UCIP, ens permet coneéixer les taxes de BRC,
PNAVM i ITU-SU i els microorganismes més frequentment associats. A la
vegada, propicien la implementaci6 d’estratégies enfocades al control
d’aquestes IN, associades a I'exposicio de dispositius externs, permetent que

els nen tinguin una estada més segura a la UCIP.

A la UCIP de I'hospital de Sant Joan de Déu, I'any 2003% es van
reportar unes taxes de IN molt elevades comparades amb les que publicaven
en registres com el NNIS®. Aquest fet que evidenciar que la IN era un
problema greu en aquesta unitat. Conscients de I'impacte que aquestes taxes
tenien en els pacients ingressats, es va dissenyar un estudi prospectiu amb una
intervenci6 de millora de qualitat en IN amb multiples facetes i es va considerar
valorar el seu impacte en els taxes a la unitat i en altres indicadors de
morbimortalitat. Aquesta intervencié va constar de la creacio d’'un grup de
Control d’'Infeccions a la UCI, d’'un programa educacional encaminat a millorar
la higiene de mans i la implementacié d’'un paquet de mesures encaminades a
reduir les IN associades a dispositius. L’esfor¢ es va fer centrat en els tres tipus
de IN més frequents, BRC, PNAVM i ITU-SU. Hi havia hagut diferents
iniciatives a I'ambit pediatric per reduir-ne les taxes de cada una d’elles per

separat, perd no de forma simultania. En el nostre cas, es va considerar oportu
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fer una intervencié que englobés el tres tipus de IN, amb la voluntat d’obtenir un

canvi de cultura i un clima de seguretat pel pacient.

De forma paral-lela I'any 2007 es va crear dins del Grup de Treball de
Malalties infeccioses de la SECIP: el VINCIP, amb I'objectiu de realizar estudis
multicéntrics de incidencia de IN a les UCIPs i revisar els protocols d’insercio i
manteniment de dispositius per tal d'unificar practiques i criteris. Préviament a
la creacié del VINCIP, les UCIPs espanyoles no reportaven les seves taxes a
cap registre especific de I'ambit de cures intensives. Es tenia molt poca
informacio dels microroganismes responsables de la IN a UCIPs i el seu patro
de resisténcies. Per aquest motiu es va considerar oportu reportar el primers

anys de recollida en el segon treball que es presenta.

Els resultats d’aquests estudis havien de mostrar que la disminucio
d’episodis d’'IN havia de repercutir positivament en la morbimortalitat a la UCIP,
reduint-se en la durada d’ingrés hospitalaria i la mortalitat. Aquesta estratégia
podria ser exportada a altres unitats de cures intensives pediatriques mitjangant

una manera de treballar facil i amb poc cost que ens permetria reduir les IN.

El registre multicéntric en UCIPs a nivell nacional hauria de permetre

coneixer i comparar les taxes de IN , aixi com conéixer I'etiologia de les IN.

Es van establir per tant les seguents hipotesis de treball:

La creacio d’'un Grup de control d’infeccions, la campanya educativa

d’higiene de mans i la divulgacio de les recomanacions per prevenir infeccions
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nosocomials a la Unitat de Cures Intensives Pediatrica disminuiria les taxes de
infeccid6 nosocomial a la unitat. La disminuci6 de la infecci®6 nosocomial

implicaria tanmateix una disminuci6 de la morbimortalitat dels pacients.

La creacié i utilitzacio d’'un registre multicéntric nacional d’infecci6
nosocomial a les unitats de cures intensives pediatriques aportaria informacio
sobre I'epidemiologia de la infeccid i el perfil de resisténcies dels gérmens

causants.
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3. OBJECTIUS

D’acord amb les hipotesis descrites es van establir el seguents objectius

pels dos treballs que es presenten en aquesta tesi doctoral:

3.1- Objectius primer estudi

Primer estudi: The Impact of a Quality Improvement Intervention to
Reduce Nosocomial Infections in a PICU*. Pediatr Crit Care Med. 2013

Jun;14(5):525-32.

Objectiu general:

1- Objectivar I'evolucio de les taxes d’infecci6 nosocomial associada a
dispositius externs a la UCIP, abans i després d’una intervencio
multiple de qualitat, que inclou la creaci6 d’'un Grup de Control
d’Infeccions a la UCIP, la implementacié d’'una campanya d’higiene

de mans i la divulgacié de recomanacions per prevenir la IN.
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Objectius especifics:

1- Analitzar si existeix una disminucié de la morbimortalitat després
d’'una intervencié multiple de qualitat que inclou la creacié d’'un Grup
de Control d’Infeccions ala UCIP, d’'una campanya d’higiene de

mans i de la divulgacié de recomanacions per prevenir la IN.

2- Determinar si la preséncia de IN és un factor de risc de mortalitat a la

mostra estudiada.

3- Definir els gérmens que provoquen infeccié nosocomial a la UCIP.

3.2- Objectius segon estudi

Segon estudi: Trends in nosocomial infections and multidrug-resistant
microorganisms in Spanish pediatric intensive care units. Enferm Infecc

Microbiol Clin, acceptat, en premsa.
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Objectius generals:

1- Reportar l'evolucié de les taxes d’infecci6 nosocomial
associada a dispositius externs a les UCIPs espanyoles

col-laboradores en el registre VINCIP.

2- Descriure el gérmens causants d’infecci6 nosocomial a les
UCIPs espanyoles col-laboradores en el registre VINCIP i el

seu patré de multirresisténcia.

Objectius especifics:

1- Descriure la presencia de factors de risc en el pacients amb
infeccio nosocomial a les UCIPs espanyoles col-laboradores

en el registre VINCIP

2- Descriure la mortalitat dels pacients amb infeccié nosocomial i

durada d’estada a les UCIPs espanyoles col-laboradores en el

registre VINCIP
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4, RESULTATS

El resultats dels dos estudis presentats han estat publicats en dos
articles que es presenten, dels quals la doctoranda n’és la primera autora en el

primer i la segona autora en el segon.

El primer article, referent al primer estudi, s’ha publicat en una revista
situada en el primer quartil de la seva area de coneixement. El segon article,
referent al segon estudi, s’ha publicat en una revista situada en el tercer quartil

de la seva area de coneixement.

Primer article:

The Impact of a Quality Improvement Intervention to Reduce

Nosocomial Infections in a PICU.

Elisabeth Esteban, Ricard Ferrer, Mireya Urrea, David Suarez, Librada

Rozas, Monica Balaguer, Antonio Palomeque, lolanda Jordan.

Pediatric Critical Care Medicine. 2013;14(5):525-32

ISI journal Citation reports® ranking 2013: 27/118 Pediatrics;

Impact Factor: 2.326
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Segon article:

Trends in nosocomial infections and multidrug-resistant

microorganisms in Spanish pediatric intensive care units

lolanda Jordan, Elisabeth Esteban, Amaya Bustinza, Juan Carlos de
Carlos, Patricia Garcia, José Andrés Concha, José Carlos Flores, Paula

Madurga, Mercedes Palomar.

Enfermedades Infecciosas y microbiologia clinica, 2015. Acceptat, en

premsa.
ISI journalCitation reports® ranking 2014: 53/78 Infectious Diseases;

Impact factor: 2.172
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The Impact of a Quality Improvement Intervention
to Reduce Nosocomial Infections in a PICU*

Elisabeth Esteban, MD"% Ricard Ferrer, MD, PhD*** Mireya Urrea, MD, PhD¢; David Suarez, PhD’;
Librada Rozas, RN® Monica Balaguer, MD"?* Antonio Palomeque, MD, PhD"% Iolanda Jordan, MD, PhD'

Objective: To evaluate whether a quality improvement intervention
could reduce nosocomial infection rates in a PICU and improve
patient outcomes.

Design: Prospective interventional cohort study conducted dur-
ing three periods: preintervention period, intervention period, and
long-term follow-up.

Setting: A 14-bed medical and surgical PICU in a university hos-
pital for children.

Interventions: The quality improvement intervention consisted
of the creation of an infection control team, a program targeting
hand hygiene, and quality practices focused on preventing noso-
comial infections.

Measurements and Main Results: We included 851 patients in
the preintervention period, 822 in the intervention period, and
940 in the long-term follow-up period. Compared with the pre-
intervention period, in the intervention period, the rates of cen-
tral line—associated bloodstream infection decreased from 8.1
to 6/1,000 central venous catheter-days (p = 0.640), ventilator-
associated pneumonia decreased from 28.3 to 10.6/1,000 days’
ventilation (p = 0.005), and catheter-associated urinary tract infec-
tion decreased from 23.3 to 5.8/1,000 urinary catheter-days
(p < 0.001). Furthermore, hospital length of stay decreased from
18.56 to 14.57 days (p = 0.035) and mortality decreased from 5.1%
to 8.3% (p=0.056). Multivariable logistic regression found that noso-

*See also p. 551.
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comial infections was independently associated with increased mor-
tality (odds ratio, 2.35 [95% CI, 1.02-5.55]; p = 0.046). Compared
with the preintervention period, in the long-term follow-up period, cen-
tral line—associated bloodstream infection decreased to 4.6/1,000
central venous catheter-days (p = 0.205); ventilator-associated
pneumonia decreased to 9.1/1,000 ventilation-days (p = 0.001), and
catheter-associated urinary tract infection decreased to 5.2/1,000 uri-
nary catheter-days (p < 0.001). Hospital length of stay (14.45 days;
p=0.048) and mortality (3.2%; p = 0.058) also decreased.
Conclusions: A multifaceted quality improvement intervention
reduced nosocomial infection rates, hospital length of stay, and
mortality in our PICU. The effects of the intervention were sus-
tained over time. (Pediatr Crit Care Med 2013; 14:525-532)
Key Words: children; healthcare associated; nosocomial infection
rates; pediatric; PICU

osocomial infections (NIs) are a potential cause of

‘ \ | morbidity and mortality. Several institutions such as

the World Health Organization and the Institute for

Healthcare Improvement consider prevention of NI, a priority

to improve the safety of patient care, and they conduct cam-

paigns to achieve it. Currently, most NIs are considered pre-
ventable adverse events.

Children admitted to the PICU are particularly vulnerable
to NIs because of their immunocompromise and the high
prevalence of use of invasive devices during their stabilization.
The prevalence of NI in PICU patients ranges from 5% to
23.6% (1-4). Central line—associated bloodstream infection
(CLABSI) is the most common NI reported in children,
followed by ventilator-associated pneumonia (VAP), and
catheter-associated urinary tract infection (CAUTI) (1, 5).
NIs increase mortality, morbidity, and costs (1, 6-8). A point
prevalence survey (1) from the Pediatric Prevention Network
reported a longer median PICU stay in patients with NI than
in those without (8 vs 2 days, respectively) and a longer median
hospital stay (9.5 vs 4 days). Furthermore, children with PICU-
acquired infections had a higher age-adjusted risk of death
within 4 weeks of the survey (relative risk, 3.4; 95% CI, 1.7-6.5).
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Several studies have shown that quality improvement ini-
tiatives can reduce NI, morbidity, mortality, and associated
costs in critical care units (9-15). In a multicenter interven-
tion, Jeffries et al (10) aimed to reduce CLABSI in PICUs.
Implementing catheter insertion and maintenance bundles,
they reduced the rate of CLABSI from 6.3 to 4.3/1,000 central
venous catheter (CVC)-days, resulting in an estimated savings
of $2.9 million. In another multicenter intervention focused
on CVC insertion and maintenance, Miller et al (12) reduced
the CLABSI rate by 43%.

A previous survey found high prevalence rates of NI in our
PICU (2).For this reason, we conducted a prospective cohort study
and monitored the effects of specific safety measures focused on
preventing NI. We created an infection control team responsible
for devising and overseeing the implementation of strategies to
prevent NI in the PICU. Our main aim was to evaluate whether a
multifaceted quality improvement intervention could reduce NI
rates in our PICU. We also aimed to assess whether an improve-
ment in NI rates would result in better patient outcomes.

MATERIALS AND METHODS

Setting

The study was conducted in a 14-bed medical and surgi-
cal PICU in a 300-bed tertiary care referral center. The PICU
admits critical patients who are 1 week to 18 years of age.

Design
This was a prospective interventional cohort study conducted
in three periods:

1. Preintervention period: from January 2006 to December 2006
2. Intervention period: from January 2007 to December 2007
3. Long-term follow-up: from January 2008 to December 2008

The long-term follow-up period was designed to minimize
loss of gains from the education program that might erode
over time. The quality improvement interventions were imple-
mented during the intervention period and reiterated during
the long-term follow-up.

The institution’s ethical review board approved the study and
waived the need for informed consent because no added risk to
patients was involved and patient anonymity was guaranteed.

Data Collection
Inclusion Criteria. We included all children admitted to the
PICU for more than 24 hours. There were no exclusion criteria.
Clinical and demographic characteristics, including age, sex,
severity of illness assessed by the Pediatric Risk of Mortality
Score (PRISM) II during the first 24 hours of PICU stay (16),
and diagnosis at admission, were recorded (Table 1).
Definitions. NI was considered PICU-acquired if it was
diagnosed greater than or equal to 48 hours after PICU admis-
sion or within 48 hours after discharge from the PICU. The same
infection control team monitored patients for NI throughout
the study, including during the 48 hours after PICU discharge.
We defined CLABSI, VAP, and CAUTTI according to the criteria
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established by the Centers for Disease Control and Prevention
(CDCQ) (17).

Indicators. NI rate (number of episodes/number of patient-
days x 1,000), CLABSI, VAP, and CAUTI rates (number of
device-associated infections for an infection site/number of
device-days x 1,000), and device utilization ratio (number of
device-days/number of patient-days x 100). Outcomes included
PICU and hospital lengths of stay (LOS) and mortality.

Intervention. The multifaceted quality improvement
intervention consisted of the following:

1. The creation of an infection control team: A multidisci-
plinary task force consisting of three physicians and five nurses
from the Infection Control Unit and the PICU was formed
in 2006. The aim of this team was to develop a policy for the
prevention of NI in the PICU and to monitor and encourage
compliance with this policy. The strategies were designed dur-
ing the preintervention period and implemented during the
intervention period. The number of device-days and patient-
days was recorded in a dedicated database by a trained infec-
tion control nurse who visited the PICU daily.

2. An educational program targeting hand hygiene: All
nurses and physicians participated in eight 1-hour workshops
focused on hand hygiene, led by the infection control nurse,
based on the “Clean Care is Safer Care” campaign (http://www.
who.int/gpsc/) and the literature (18). Posters displaying step-
by-step instructions for hand hygiene were widely distributed
in the PICU. Alcohol solutions were available on both sides of
every bed. During every shift, nurses member of the Infection
Control Team reminded colleagues of the importance of hand
hygiene and informed nurses and physicians when they failed
to use the proper technique.

3. Implementation of simple quality practices focused on
preventing NI derived from the literature, CDC, and local
staff reccommendations (19-23). Staff were urged to use a ster-
ile technique with skin antisepsis with povidone-iodine and
maximal barrier precautions for insertion of CVCs and urinary
catheters (UCs) (24). Other efforts for preventing NI focused
on maintenance of CVCs, UCs, and endotracheal tubes (ETs).
A total of 12 1-hour workshops aimed at nurses and physicians
were held, and the practices were also available as protocols.

CLABSI Prevention. 1) Use of a proximal SmartSite needle-
free valve (Cardinal Health, Alaris Products, Dublin, OH) in all
CVC lumens; 2) infusion sets labeled with the substances infused;
3) replacement of administration sets every 72hours except for
lipid substances (changed every 24hr) or for blood products
(every set changed after use); 4) label with the date of CVC
insertion; and 5) handling of the catheter with sterile gauze and
specific alcohol solution.

VAP Prevention. 1) Head of bed elevation 30°; 2) oral care
with 2% chlorhexidine every 8 hours; 3) closed suction cath-
eter systems for patients ventilated more than 24 hours; and 4)
use of cuffed ETs when not contraindicated.

CAUTI Prevention. 1) Aseptic insertion; 2) use of closed
antireflux drainage systems; 3) maintenance of the drainage
bag under the bladder level; and 4) closed drainage systems
during transports.
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TABLE 1. Demographic and Clinical Characteristics of Patients in the Preintervention,
Intervention, and Long-Term Follow-Up Periods

Long-Term
Preintervention Intervention Follow-Up
Patients admitted 851 822 940
> 924 hr
Sex, n (%) 0.299 0.024
Men 512 (60.2) 474 (B77) 516 (54.8)
Women 339 (39.8) 348 (42.3) 424 (45.9)
Age (d)
Mean % sb 2,164.96+2242.62 2,106.76+£2,200.91 0.592 1,9568.16+2,174.7 0.041
Diagnosis at 0.004 0.836
admission, n (%)
Medical pathology 388 (45.6) 318 (37.8) 494 (44.9)
Surgical pathology 463 (b4.4) 504 (62.2) 516 (54.9)
Pediatric Risk of
Mortality Score 2
Mean = sp 5.49+5.611 5.33+5.864 0.668 5.61+5.60 0.658
Antibiotic (as treatment 0.001 < 0.001
or prophylaxis) at
admission, n (%)
No 238 (27.9) 175 (21.3) 193 (20.53)
Yes 613 (72.1) 647 (78.7) 747 (79.5)
Corticosteroids, n (%) 0.647 0.003
No 702 (82.4) 685 (83.3) 723 (77)
Yes 149 (17.6) 137 (16.7) 217 (23)
Inotropic infusion, n (%) 0.800 0.178
No 670 (78.7) 643 (78.2) 715 (76)
Yes 181(21.2) 179 (21.7) 295 (24)
Parenteral nutrition, 0.226 0.433
n (%)
No 805 (94.5) 787 (95.7) 881 (93.7)
Yes 46 (5.4) 34 (4.3) 59 (6.3)
Blood product transfusion, 0.410 0.889
n (%)
No 503 (59.1) 470 (57.1) 516 (54.9)
Yes 408 (40.89) 352 (42.8) 424 (45.1)

2p compared with the preintervention period.

The entire staff was given feedback about NI rates and
problems detected during the implementation every month.
During the intervention period, meetings with small groups
of professionals were held to emphasize the importance of NI
reduction and to provide an open forum for questions. Every
quarter, the infection control team organized meetings to dis-
cuss rates and adherence.

Pediatric Critical Care Medicine

Statistical Analysis

Descriptive statistics included frequencies and percentages
for categorical variables, and means and standard deviations
for continuous variables. To compare study periods, we used
Student f test or the Mann-Whitney test, as appropriate, for
continuous variables and the chi-square test for categorical
variables. All tests were two-tailed and p values of less than or
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equal to 0.05 were considered significant. NI rates were com-
pared using tests based on the normal distribution or exact
tests when appropriate. A multivariable logistic regression
model was fitted with mortality as the dependent variable and
the presence of NI, PRISM II, diagnosis at admission, and age
as independent variables. As several patients were admitted
to our PICU more than once during the study, a generalized
estimating equation model approach with a logit link and an
exchangeable correlation matrix was used to account for cor-
relation among observations. The effect of the intervention
was also assessed by means of statistical process control charts
using quarterly data throughout the study.

RESULTS

Study Population

A total of 2,613 patients (4,317 patient-days) were included,
and 30 CLABSI, 49 VAP, and 38 CAUTI episodes were diag-
nosed. The most frequent microorganisms isolated were
Gram-negative bacteria (65%), followed by Gram-positive
bacteria (24%), and fungi (11%). The distribution of patho-
gens differed according to the type of NI, with Gram-negative
bacteria the most frequent in VAP and CAUTI episodes, and
Gram-positive bacteria in CLABSI episodes.

Preintervention and Intervention Periods

During the study, 851 patients (1,918 patient-days) were
included in the preintervention period and 822 patients
(2,399 patient-days) were included in the intervention period.
Patients were similar on clinical and demographic variables
except diagnosis and antibiotic treatment at PICU admission
(Table 1); the intervention period included a greater propor-
tion of surgical patients and more patients received antibiotics.

Table 2 summarizes the results regarding adherence to rec-
ommendations recorded by a trained nurse from the infection
control team. Adherence to the recommendations in the inter-
vention period increased with respect to the preintervention
period; the use of cuffed ETs increased from 26% to 47.3% in
the intervention period and the consumption of alcohol solu-
tions for hand hygiene increased from 57 to 105L.

Table 3 shows NI rates, device utilization ratios, and out-
comes in the two periods. The NI rate was significantly lower
in the intervention period than in preintervention period
(12.5/1,000 vs 32.8/1,000 patient-days; p < 0.001). The VAP
rate was significantly lower in the intervention period than
in the preintervention period (10.6/1,000 vs 28.3/1,000 ven-
tilation-days; p = 0.005). The CAUTI rate was significantly
lower in the intervention period than in the preintervention
period (5.8/1,000 vs 23.3/1,000 UC-days; p < 0.001). There
was a trend toward lower CLABSI rate in the intervention
period with respect to the preintervention period (6/1,000 vs
8.1/1,000 CVC-days; p = 0.640). The device utilization ratio
was similar between the two periods, except for UC utilization,
which increased significantly during the intervention.

Figures 1,2, and 3 show control charts illustrating quarterly
CLABSI, VAP, and CAUTI rates, respectively. The prevalence
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of VAP and CAUTI dropped at the start of the intervention
and was sustained during the long-term follow-up period. This
relation was not so clear for CLABSI rates.

With respect to outcomes, mean LOS in the PICU was similar
in the two periods, but mean hospital LOS was shorter in the
intervention period compared with the preintervention period
(18.56 vs 14.57 days; p = 0.035). We observed a trend toward
decreased mortality in the intervention period compared with
the preintervention period (27 [3.3%] vs 44 [5.1%]; p = 0.056).
The multivariable logistic regression model to adjust for pos-
sible confounders (age, PRISM 1I, and diagnosis at admission)
showed that NI was independently associated with increased
mortality (odds ratio [OR],2.35 [95% CI, 1.02-5.55]; p=0.046).

Long-Term Follow-Up Period

This third period was designed to measure the long-term effects
of the multifaceted quality improvement intervention. During
this period, 940 patients were admitted and 2,626 patient-days
were recorded. Compared with the preintervention period,
in the long-term follow-up period, the proportion of female
patients was higher, more patients received antibiotics at the
time of admission, and more patients received corticosteroids
during the hospital stay (Table 1).

Adherence to the recommendations remained stable with
respect to the intervention period (Table 2). Table 3 summa-
rizes the results in the long-term follow-up period. The NI
rate (11/1,000 patient-days) was lower than in the preinter-
vention period (p < 0.001). The CLABSI rate was 4.6/1,000
CVC-days lower than the preintervention and the intervention
rates, but without statistically significant differences. The VAP
rate (9.1/1,000 ventilation-days) and CAUTI rate (5.2/1,000
UC-days) were lower than in the preintervention period
(p = 0.001 and p < 0.001, respectively). The ET utilization
ratio was lower (49.6% vs 41.8% in the preintervention period;
p < 0.001), and the UC utilization ratio was higher (49.1% vs
57.9% in the preintervention period; p < 0.001). Hospital LOS
was shorter in the long-term follow-up period (14.45+16.18
days vs 18.56+56.15 days in the preintervention period;
p = 0.048), and there was a trend toward decreased mortality
(3.2% vs 5.1% in the preintervention period; p = 0.058).

DISCUSSION
Implementing a multifaceted intervention consisting of the
creation of an infection control team, an educational pro-
gram targeting hand hygiene and quality improvement prac-
tices decreased NI rates and hospital LOS. In 2003, NI rates
in our PICU were very high compared with those published
by National Nosocomial Infections Surveillance and National
Healthcare Safety Network (NHSN) (2, 5, 25), and so decreas-
ing the prevalence of NI to improve patient safety was a priority.
This study reports an attempt to simultaneously decrease the
three most common NIs in PICUs. Importantly, the effects of
the multifaceted intervention were sustained during the long-
term follow-up; the NI rates improved and outcomes remained
stable with respect to the intervention period. To our knowledge,
this is the first study to evaluate the impact of a multifaceted
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TABLE 3. Nosocomial Infection Rates, Device Utilization Ratio, and Outcomes in the

Preintervention, Intervention, and Long-Term Follow-Up Periods

Preintervention

Episodes NlI/total admissions 63/851
No. patient-days 1918
No. patients with NI/total admissions (%) 48/851 (5.6)
No. NI episodes/ 1,000 patient-days 32.84/1,000
Catheter-associated bloodstream infection

Episodes 11

No. CVC-days 1,357

Rate: episodes/ 1,000 CVC-days 8.11
Ventilator-associated pneumonia

Episodes 27

No. ventilation-days 953

Rate: episodes/ 1,000 ventilation-days 28.33
Catheter-associated urinary tract infection

Episodes 22

No. urinary catheter-days 943

Rate episodes/ 1,000 urinary catheter-days 23.32

Device utilization ratio (number of device-days/number of patient-days) in %

CVC utilization ratio 70.7

Endotracheal tube utilization ratio 49.6

UC utilization ratio 491
Outcomes

PICU length of stay 4.40£791

Hospital length of stay 18.66+£56.15

Mortality (%) 44 (5.1)

Long-Term
Intervention Follow-Up
30/822 < 0.001 29/940 < 0.001
2399 2616
26/822 (3.1) 0.018 26/940 (2.7) 0.003
12.56/1,000 < 0.001 11/1,000 < 0.001
10 9
1,662 1,951
6.01 0.640 461 0.205
12 10
1,126 1,095
10.65 0.005 9.13 0.001
8 8
1,361 1516
5.88 < 0.001 5.27 < 0.001
69.2 0.659 74.5 0.252
46.9 0.288 418 0.001
56.7 0.006 579 0.001
4591863 0.636 4.40+5.79 0.728
1457+16.81 0.035 1435+16.18 0.048
27 (3.3) 0.056 31(3.2) 0.058

NI = nosocomial infections, CVC = central venous catheter.
2p compared with the preintervention period.

intervention to reduce the three most frequent NIs in PICUs and
to measure the effects of this intervention during the long-term
follow-up. There are few data about similar surveys in PICUs
with the aim of decreasing NI globally. Gurskis et al (26) eval-
uated the prevalence rates of NI in three PICUs after a multi-
modal intervention. They reported decreases in the rates of VAP
and CLABSI, but did not report long-term follow-up data.

In the present study, the prevalence of NI decreased from
5.6% in the preintervention period to 3.2% in the interven-
tion period. These values are lower than the total PICU NI
(11.9%) reported in a national point-prevalence survey in the
United States (1) or the 5% reported in a multicenter survey
conducted in 36 PICUs in Spain (4).

We observed a downward trend in the CLABSI rate, which
decreased by 26% between the preintervention and interven-
tion periods and by 43% between the preintervention and
530
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long-term follow-up periods. Other studies report similar
reductions (10, 12). We attribute this reduction to the mea-
sures to decrease CLABSI through hand hygiene campaigns or
specific bundles as reported in other studies (11, 14, 27, 28).
However, the CLABSI rate in the long-term follow-up period
remains high compared with other studies, where the rate was
reduced to zero (11). We need to continue working to reduce
CLABSI rates further.

The VAP rate in the preintervention period was high com-
pared with values published by the NNIS (5, 25). From the
preintervention period to the long-term follow-up period, the
VAP rate decreased by 67%. Previous surveys demonstrated
the effectiveness of interventions to decrease VAP in PICUs
(13, 26, 29). Bigham et al (29) used a bundle to reduce VAP in
the PICU, and their VAP rate decreased from 5.6 to 0.3/1,000
ET-days (p < 0.001).
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Figure 1. Control chart showing the prevalence of central line—associated
bloodstream infections (CLABSI) expressed per 1,000 central venous
catheter (CVC)-days on a quarter-by-quarter basis. PA = process average,
UCL = upper control line, LCL= lower control line.

CAUTI rates also decreased dramatically (77%) during our
study. CAUTI is the most prevalent NI in critically ill adults,
but only the third most prevalent in children. However, in our
unit, CAUTI was the second most prevalent NI before the study.
After the study, our CAUTI rate (5.2/1,000 UC-days) remains
higher than the 4.2/1,000 UC-days published by the NHSN in
2008 (25), but is lower than other reported UTI-UC rates in
PICUs (30) and similar to the 5.5/1,000 UC-days rate published
recently in a multicenter survey in Spanish PICUs (4).

With respect to the outcome indicators, hospital LOS
decreased by 4 days from the preintervention to the interven-
tion period, and this reduction was during the long-term fol-
low-up. In a retrospective cohort study to evaluate the influence
of adverse patient occurrences, Dominguez et al (30) found that
NI was associated with longer LOS. In our study, we cannot
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Figure 2. Control chart showing the prevalence of ventilator-associated
pneumonia (VAP) expressed per 1,000 days’ ventilation on a quarter-by-
quarter basis. PA = process average, UCL = upper control line, LCL =

lower control line.
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Figure 3. Control chart showing the prevalence of catheter-associated
urinary tract infections (CAUTI) expressed per 1,000 urinary catheter-days
on a quarter-by-quarter basis. PA = process average, UCL = upper control
line, LCL = lower control line.

know which part of hospital LOS was attributable to NI with-
out a matched analysis. During the intervention period, more
surgical patients were admitted and this might help explain the
shorter hospital LOS. However, during the long-term follow-up,
we found no differences in the proportion of surgical and medi-
cal admissions compared with the preintervention period, and
hospital LOS was significantly shorter. Mortality decreased from
5.1% in the preintervention period to 3.3% in the intervention
period, and the decrease was sustained in the long-term follow-
up period. In a European multicenter study in PICUs, mortality
because of NI was 10% (range, 0%—27.3%) (3). Although we
cannot attribute the reduction in mortality to the decrease in
NI, the multivariable logistic regression analysis found that the
presence of NI was an independent risk factor for death.

This study has several limitations. The number of patients
who received antibiotic treatment at admission increased during
the study; however, short courses regimens and de-escalation pro-
tocols were used, it is unlikely that this increase would affect the
risk of NI. There were some weak points in the quality improve-
ment interventions; we did not directly measure adherence to
hand hygiene recommendations and we did not use a checklist
to record adherence to recommendations for full maximum bar-
rier precautions during catheter insertion (24); rather, our main
efforts focused on maintenance. We did not include a recommen-
dation for skin preparation with 2% chlorhexidine, which is supe-
rior to other skin antiseptics for catheter insertion (31), because
this antiseptic was not available in our hospital at that time.

The use of cuffed ETs doubled after the intervention but
remained low (53%). It was traditionally taught that only
uncuffed tubes should be used for intubation in children
younger than 8 years, and changing this deeply rooted belief
proved difficult. Currently, the use of cuffed tubes is largely
accepted in PICUs (23, 32).

Although CLABSI is the most frequent NI in PICUs (1, 5),
in the preintervention period VAP was the most frequent N1 in
531
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our PICU, followed by CAUTI. A previous effort focusing on
catheter insertion in our PICU lowered CLABSI rates, whereas
no previous efforts had sought to reduce VAP and CAUTI.
Decreasing the device utilization ratio was not a priority
in our study. Thus, the CVC utilization ratio did not decrease,
and the UC utilization ratio increased, probably at least, in
part, because a greater proportion of surgical patients were
admitted in the intervention period, and surgical patients usu-
ally require a UC during their stay in the PICU. Finally, the
ET utilization ratio decreased from the preintervention to the
long-term follow-up; this decrease is probably related to a par-
allel increase in the use of noninvasive ventilation in our unit
during the study period. The results of this study have made
efforts to decrease device-days a new priority in our unit.

CONCLUSIONS

Nosocomial infection rates in our unit were high at the onset
of this study. Multifaceted quality improvement efforts signifi-
cantly reduced NI rates in our PICU. Hospital LOS decreased,
and there was a trend toward reduced mortality that did not
reach statistical significance. The effects of the interventions
were sustained in the long-term follow-up. Further efforts are
required to bring NI rates closer to the standard.
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4.2- Resum del primer article

Es va tractar d’'un estudi prospectiu amb una intervencié multiple per
reduir la IN a la UCI pediatrica de I'hospital Sant Joan de Déu. Es va dividir en
tres periodes durant els anys 2006-2008: periode pre-intervencio (2006),
periode intervencio (2007) en el que es van fer les tres accions principals de la

intervencio i periode de seguiment a llarg termini (2008).

La intervencidé que es va aplicar va consistir en tres accions principals:

- Es crea un Grup de Control d’Infeccions a la UCIP
- Programa educacional encaminat a millorar la higiene de mans
- Implementacié d’'un paquet de mesures encaminades a reduir les IN

associades a dispositius.

Es van incloure nens ingressats a la UCIP durant més de 24 hores. Es
van recollir dades cliniques i demografiques que van incloure edat, sexe,
gravetat i diagnostic a l'ingrés, i dies de dispositiu, CVC, tub endotraqueal

(TET)i SU.

Es van recollir els episodis d'IN associada a dispositius (BRC, PNAVM |
ITU-SU) i es van calcular les taxes dels tres tipus d’IN (Episodis d’IN/1000 dies
de dispositiu), Episodis d’IN/1000 dies d’ingrés i la ratio d’us de dispositiu.
També es va recollir el grau de compliment de les recomanacions realitzades.

Les definicions d’IN es van fer utilitzant les recomanacions de la CDC".
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L’hospital de Sant Joan de Déu (Barcelona) és un centre monografic
pediatric de tercer nivell, amb 280 llits d’hospitalitzacié pediatrica i una UCIP
que en el moment de l'estudi comptava amb 14 llits. Es tracta d’'una unitat
polivalent amb capacitat per assumir pacients que necessitin suport circulatori
i/o pulmonar amb oxigenacié extracorporea. Es un centre de referéncia per

pacients traumatics, neurocritics, oncologics, cardiacs i metabadlics.

Durant tot I'estudi es van incloure 2613 pacients i es van diagnosticar 30
episodis de BRC, 49 de PNAVM i 38 de ITU-SU. Els gérmens més
frequentment aillats van ser BGN, seguits de CGP i fongs. La distribucié de
microorganismes per localitzacié de la IN va ser la seguent: BGN van ser

predominants en PNAVM i ITU-SU, i CGP ho van ser en BRC.

Els resultats es presenten comparant els dos primers periodes i

posteriorment comparant el periode de seguiment a llarg termini:

1- Comparacié dels resultats en els dos primers periodes (pre-

intervencio i intervencio):

e Es van incloure 851 i 822, respectivament. No hi va haver
diferéncies en les caracteristiques cliniques i
epidemiologiques, excepte que en el segon periode hi va
haver més pacients quirurgics i més pacients que rebien
antibiotic a l'ingrés.

e Pel que fa a 'adheréncia a les recomanacions, destaca que al

segon periode hi va haver un notori increment de I'is de TET
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amb pneumotaponament respecte al primer (26% en el pre-
intervencio versus 47,3% durant el d’intervencié p<0,001). El
consum de solucions alcoholiques per higiene de mans va
passar de 57 a 105 litres.

e Totes les taxes de IN es van reduir del primer periode al
segon. La taxa de IN va passar de 32,8 episodis d’'IN a
12,5/1000 dies de pacient, p<0,001. La taxa de PNAVM va
disminuir de 28,3 a 10,6/1000 dies de VM, p= 0,005). La de
ITU-SU va passar de 23.3 a 5,8/1000 dies de SU, p< 0,001.
Tot i que la taxa de BRC també va disminuir, no ho va fer amb
significacio estadistica, 8,1 a 6/1000 dies de CVC.

e La mitjana de dies d’estada a UCIP va ser similar entre els dos
periodes, mentre que l'estada hospitalaria va disminuir al
segon, 18,56 versus 14,57 dies, p= 0.035. La mortalitat global
va disminuir de 44 casos (5,1%) a 27 casos, 3,3% pero sense
diferéncies estadisticament significatives.

e L’analisi multivariat va mostrar que la presencia d’IN
s’associava independentment amb increment de mortalitat

(Odds Ratio, OR, 2,35, IC 95%, 1.02-5.55, p 0.046).

2- Resultats en el seguiment a llarg termini:

e Aquest tercer periode es va afegir per mesurar |'efecte de
la intervencid i comprovar si els seus efectes es mantenien
a llarg termini. Es van incloure 940 pacients, amb les
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mateixes caracteristiques cliniques que en el primer
periode, excepte en que hi va haver més nenes, van rebre
meés antibiotic a I'ingrés i menys corticosteroides, respecte
al periode pre-intervencio.

L’adheréncia a recomanacions es va mantenir estable
respecte al periode d’intervencio.

Pel que fa a la taxa d’IN, va ser de 11/1000 dies de pacient
(p<0,001 respecte al periode pre-intervenci). La taxa de
BRC va seguir baixant fins 4,6/1000 dies de CVC pero
sense diferéncies significatives. La taxa de PNAVM va ser
de 9,1/1000 dies de VM i la de ITU-SU, 5,2/1000 dies de
SU (p=0,001 i p<0,001 comparant amb el periode pre-
intervencio, respectivament).

La mortalitat va ser de 3,2%, inferior al periode pre-
intervencio, perd sense diferéncies significatives. L’estada
hospitalaria va disminuir respecte al periode pre-intervencié

(18,56 versus 14,45 p=0,048).
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ABSTRACT

Introduction: Nosocomial infections (NI) are a major healthcare problem. National surveillance systems
enable data to be compared and to implement new measures to improve our practice.
Methods: A multicentre, prospective, descriptive and observational study was conducted using the data
from surveillance system for nosocomial infections created in 2007 for Spanish pediatric intensive care
units. Data were collected for one month, between 01 and 31 March, for every study year (2008-2012).
The objective was to report 5-years of NI surveillance data, as well as trends in infections by multidrug
resistant organisms in Spanish pediatric intensive care units.
Results: A total of 3667 patients were admitted to the units during the study period. There were
90 (2.45%) patients with nosocomial infections. The mean rates during the 5 years study were: cen-
tral line-associated bloodstream infection, 3.8/1000 central venous catheter-days, Ventilator-associated
pneumonia 7.5/1000 endotracheal tube-days, and catheter-associated urinary tract infections 4.1/1000
urinary catheter-days. The comparison between the 2008 and 2009 rates for nosocomial infections did not
show statistically significant differences. All rates homogeneously decreased from 2009 to 2012: central
line-associated bloodstream infection 5.83 (95% CI 2.67-11.07) to 0.49 (95% CI 0.0125-2.76), P=0.0029;
ventilator-associated pneumonia 10.44 (95% CI 5.21-18.67) to 4.04 (95% CI 1.48-8.80), P=0.0525; and
Catheter-associated urinary tract infections 7.10 (95% CI 3.067-13.999) to 2.56 (95% CI 0.697-6.553),
P=0.0817; respectively. The microorganism analysis: 63 of the 99 isolated bacteria (63.6%) were Gram-
negative bacteria (36.5% were resistant), 19 (19.2%) Gram-positive bacteria, and 17 (17.2%) were Candida
spp. infections.
Conclusions: The local surveillance systems provide information for dealing with nosocomial infections
rates.

© 2015 Published by Elsevier Espafia, S.L.U. on behalf of Sociedad Espafiola de Enfermedades

Infecciosas y Microbiologia Clinica.

* Corresponding author.

E-mail address: ijordan@hsjdbcn.org (1.J. Garcia).
i See Appendix A for members of the collaboration.

http://dx.doi.org/10.1016/j.eimc.2015.07.010
0213-005X/© 2015 Published by Elsevier Espafia, S.L.U. on behalf of Sociedad Espafiola de Enfermedades Infecciosas y Microbiologia Clinica.

Please cite this article in press as: Garcia IJ, et al. Trends in nosocomial infections and multidrug-resistant microorganisms in Spanish
pediatric intensive care units. Enferm Infecc Microbiol Clin. 2015. http://dx.doi.org/10.1016/j.eimc.2015.07.010



dx.doi.org/10.1016/j.eimc.2015.07.010
dx.doi.org/10.1016/j.eimc.2015.07.010
www.elsevier.es/eimc
Original text:
Inserted Text
givenname

Original text:
Inserted Text
surname

Original text:
Inserted Text
givenname

Original text:
Inserted Text
surname

Original text:
Inserted Text
givenname

Original text:
Inserted Text
surname

Original text:
Inserted Text
givenname

Original text:
Inserted Text
surname

Original text:
Inserted Text
givenname

Original text:
Inserted Text
surname

Original text:
Inserted Text
givenname

Original text:
Inserted Text
surname

Original text:
Inserted Text
givenname

Original text:
Inserted Text
surname

Original text:
Inserted Text
givenname

Original text:
Inserted Text
surname

Original text:
Inserted Text
givenname

Original text:
Inserted Text
surname

mailto:ijordan@hsjdbcn.org
dx.doi.org/10.1016/j.eimc.2015.07.010
Elisabeth
Nota adhesiva
Givenname: Iolanda

Elisabeth
Nota adhesiva
Surname: Jordan Garcia

Elisabeth
Nota adhesiva
Givenname: Elisabeth

Elisabeth
Nota adhesiva
Surname: Esteban Torné

Elisabeth
Nota adhesiva
Givenname: Amaya

Elisabeth
Nota adhesiva
Surname: Bustinza Arriortua

Elisabeth
Nota adhesiva
Givenname: Patricia

Elisabeth
Nota adhesiva
Surname: García Soler

Elisabeth
Nota adhesiva
Givenname: José Andrés

Elisabeth
Nota adhesiva
Surname: Concha Torre

Elisabeth
Nota adhesiva
Givenname: José Carlos

Elisabeth
Nota adhesiva
Surname: Flores González

Elisabeth
Nota adhesiva
Givenname:Paula

Elisabeth
Nota adhesiva
Surname: Madurga Revilla

Elisabeth
Nota adhesiva
Givenname: Mercedes

Elisabeth
Nota adhesiva
Surname: Palomar Martínez

Elisabeth
Nota adhesiva
It's OK

Elisabeth
Nota adhesiva
It's OK


29

30

31
32
33
34
35
36
37
38
39
40
41
)
43
44
45
46
47
48
49
50
51

53

54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

77
78
79
80

81

82

83

84
85

G Model
EIMC 1385 1-7

Palabras clave:

Nosocomial

Pediatrico

Tasas

Microroganismos multirresistentes
Vigilancia

LJ. Garcia et al. / Enferm Infecc Microbiol Clin. 2015;XXX(XX):XXX~XXX

Tendencia de la infeccién nosocomial y microorganismos multirresistentes en
unidades de cuidados intensivos pediatricas en Espaiia

RESUMEN

Las infecciones nosocomiales son un problema de salud publica. Los sistemas nacionales de vigilancia
permiten comparar datos e implementar medidas para mejorar la practica asistencial.

Meédodo: Estudio multicéntrico, prospectivo, descriptivo y observacional. En 2007 se cred un sistema de
vigilancia para infeccién nosocomial en las Unidades de Cuidados Intensivos Pediatricas Espafiolas. Se
recogieron datos durante un mes (Marzo) por afio (2008-2012). El objetivo fue reportar las tasas de los
5 afos de vigilancia de la infeccién nosocomial y la evolucién de las infecciones por microorganismos
multirresistentes.

Resultados: Ingresaron 3667 pacientes. Nimero de pacientes con infeccién nosocomial: 90 (2.45%).
Tasas medias de los 5 afios de estudio: Bacteriemia relacionada con catéter 3.8/1000 dias de catéter
venoso central, Neumonia asociada a la ventilacién mecanica 7.5/1000 dias de tubo endotraqueal e Infec-
ciones urinarias asociadas a sonda 4.1/1000 dias de sonda urinaria. La comparacién de tasas entre 2008
y 2009 no mostré diferencias estadisticamente significativas. Todas las tasas se redujeron homogénea-
mente desde 2009 a 2012: Bacteriemia relacionada con catéter 5.83 (95% CI 2.67-11.07) a 0.49 (95% CI
0.0125-2.76), P=0.0029; Neumonia asociada a la ventilacién mecanica 10.44 (95% C1 5.21-18.67) a 4.04
(95% CI 1.48-8.80), P=0.0525; Infecciones urinarias asociadas a sonda 7.10 (95% CI 3.067-13.999) a 2.56
(95% C10.697-6.553), P=0.0817; respectivamente. Microorganismos: 63 de 99 (83.6%) microorganismos
aislados fueron bacterias gram-negativas (36.5% resistentes), 19 (19.2%) bacterias gram-positivas y 17
(17.2%) infecciones por Candida spp.

Conclusiones: Los sistemas de vigilancia local aportan informacién para mejorar las tasas de infecciéon

nosocomial.

© 2015 Publicado por Elsevier Espafia, S.L.U. en nombre de Sociedad Espafiola de Enfermedades

Infecciosas y Microbiologia Clinica.

Introduction

Nosocomial infections (NI) are a major healthcare problem.
Children admitted to the pediatric intensive care unit (PICU)
are particularly vulnerable to NI because of their immunocom-
promised and the high prevalence of use of invasive devices
during their stabilization. The prevalence of NI in PICU patients
is approximately 3-23.6%.!-% NI increases mortality, morbidity
and costs.!” Infections with multidrug-resistant microorganisms
(MDRO) complicate the treatment and often implicate a worse
outcome.®’ The incidence of MDRO varies according to geograph-
ical region and type of intensive care unit. International and
national surveillance systems allow to compare data and to imple-
ment new measures to improve our practice. Several initiatives
have been performed in order to reduce the prevalence of NI as
a priority to improve the safety of patient care.*3° Regarding
to MDRO, the local information that these surveillance systems
provide is especially useful to prevent and treat these infec-
tions.

National surveillance of adult patients has been carried out
during the last 20 years, by the ENVIN-HELICS database. The Span-
ish Society of Pediatric Intensive Care Units developed in 2007 a
similar program to report NI rates and information about MDRO
infections.? This program noticed the NI situation in our country
and in each unit in order to reach better NI rates. Few current
data is available about European PICUs and most of data are about
a unique hospital.*1%11 In this article, we aim to report 5-years
of NI surveillance data and trends in MDRO infections in Spanish
PICUs.

Methods
Design
It was a multicenter, prospective, descriptive and observational

study. The institution’s ethical review board of each hospital
approved the study and waived the need for informed consent

because no added risk to patients was involved and patient
anonymity was guaranteed.

Setting

Spanish PICU who were part of the group of Infectious Dis-
eases of the Spanish Society of Pediatric Intensive Care. The centers
recruitment was progressive from 2007 to 2012. In 2007 a surveil-
lance system for nosocomial infection was created and called
VINCIP (“Vigilancia de Infeccién nosocomial en Cuidados Inten-
sivos Pediatricos”, surveillance of nosocomial infection in Pediatric
Intensive Care). The objective of this surveillance system was to
collect data about NI and MDRO infections to describe the epi-
demiology of NI in Spanish PICU.3 The priority of this group was
the implementation of the data collection system and its stan-
dardization. VINCIP did not performed any intervention in order
to decrease NI during this period as a group, but most of PICU
implemented measures to decrease NI, especially Center-line asso-
ciated bloodstream infections (CLABSI) and Ventilator-associated
pneumoniae (VAP) and introduced bundles in order to get the zero
bacteremia (ZB) and zero VAP (ZVAP) rates. The ZB and ZVAP pro-
grams required one or two year to be correctly implemented in
most of the units. The protocol differed from the adult one, espe-
cially in the NI definitions, regarding the bundles were really near
to the adult protocol with low exceptions (subglottic aspiration).
In 2008, 9 PICU participated in VINCIP and it increased to 28 PICUs
in 2012, which represented around the 80% from all national units.

Study design

Data were collected one month, between 01 and 31 March, for
every study year (2008-2012). The same month for each year was
selected to avoid a seasonal bias.

Inclusion criteria

We included all children admitted to the PICU more than 24 h,
aged 7 days to 18 years who need almost one of the following
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external devices: central venous catheter (CVC), endotracheal tube
(ET) or urinary catheter (UC).

Exclusion criteria

Children younger than 7 days or older than 18 years or chil-
dren admitted with a NI acquired out of the PICU. Children with
venous peripheral insertion catheter or permanent venous cen-
tral catheter (port-a-cathTM Smiths-medical, Inc., BroviacTM Bard
Access Systems, Inc.) and arterial catheters were neither recruited.

Definitions

NI was considered PICU-acquired if it was diagnosed greater
than or equal to 48 h after PICU admission or within 72h after
discharge from the PICU. We defined CLABSI, VAP or catheter-
associated urinary tract infection (CAUTI) according to the criteria
established by the Centers for Disease Control and Prevention
(CDC).12

Definition of MDRO: was defined as acquired non-susceptibility
to at least one agent in three or more antimicrobial cat-
egories, extensively drug resistance (XDR) was defined as
non-susceptibility to at least one agent in all but two or fewer
antimicrobial categories and pandrug resistance (PDR) was defined
as non-susceptibility to all agents in all antimicrobial categories.'3

Variables analyzed from cases of NI: Clinical and demographic
characteristics (age, sex); severity of illness assessed by the Pedi-
atric Risk of Mortality Score (PRISM) Il during the first 24 h of PICU
stay'4; diagnosis at admission; risk factors; NI risk factors (Table 1);
time before PICU admission; and outcome based on PICU and hos-
pital length of stay (LOS) and mortality, were recorded.

NI indicators were: NI prevalence (number of episodes/number
of patient-days x 100) and CLABSI, VAP and CAUTI rates (num-
ber of device-associated infections for an infection site/number
of device-days x 1000); and device utilization ratio (number of
device-days/number of patient-days) for CVC, ventilator and UC.
Other related collected data was time to develop a NI from the PICU
admission; and device days until NI episode.

During the study period, different UCIPs were incorporated to
the zero bacteriemia (ZB) and zero pneumonia (ZP) programs and
this data was also collected.'> 16 These programs are based on bun-
dles and check-list measures, and follow the national guidelines.

Microorganism isolated and antibiotic resistance was collected
for all NI cases. Selected resistant bacteria (RB) were those reported
in the protocol of the Estudio Nacional de Vigilancia de Infec-
cién Nosocomial-European surveillance of ICU acquired infections
ENVIN-HELICS-ICU (hws.vhebron.net/envin-helics/) and published
in 2004.17

Statistical analysis: Descriptive statistics included frequencies
and percentages for categorical variables and medians and per-
centiles 25-75 for continuous variables. To compare study periods
we used the t test or the Mann-Whitney test when appropriate,
for continuous variables. Categorical variables were analyzed by
means of the x2 test. All reported P-values were two-sided; a P
value of 0.05 or less was considered to indicate statistical signif-
icance. NI rates were compared using tests based on the Normal
distribution or exact tests when appropriate.

Results

During all the study period 3667 patients were admitted to the
PICUs. The number of patients with a NI diagnosis was 90 (2.45%),
with 99 NI episodes. Patients with NI had a median age of 8 months
(p25-753-18) and 64 (56.1%) were males. Median PRISM III punc-
tuation was 10 points (p25-75 6-16) and the admission cause was

14

12 41—

10

== CLABSI
VAP
CAUTI

T T T 1
2008 2009 2010 2011 2012

Fig. 1. Trends in nosocomial infection rates (number of device-associated infections
for an infection site/number of device-days x 1000) along the study.

variable. There were underlying diseases in 59 patients (65.5%).
Risk factors for NI were present in 55 (61.1%) of cases, from these
patients 14 (25.4%) had more than two risk factors. Median time
to hospital admission prior to PICU was 1 day (p25-75 1-10). All
this data did not show statistically significant differences along the
time. Patient’s characteristics are described in Table 1.

Attending to the outcome, the median time of PICU LOS in
patients with NI was 18 (p25-75 12-28), range 2-345, with a
median hospital LOS of 31 days (p25-75 20-49), range 8-295.
There were 7 patient (6.14%) who died and in three cases it was
attributable to de NI. Patient’s characteristics are described in
Table 2.

Mean rate of NI the 5 years study were: CLABSI 3.8/1000 CVC-
days, VAP 7.5/1000 ET-days and CAUTI 4.1/1000 UC-days. There
were a total of 8523 days of CVC exposition, 5873 days of ET expo-
sition and 6357 days of UC exposition; and a total of CVC utilization
ratio of 0.578, ventilator ratio of 0.398 and a UC utilization ratio of
0.423. All data is detailed regarding the year of analysis, from 2008
to 2012 in Table 3.

In the 2008 analysis, CLABSI and CAUTI rates were lower than
2009rates with a VAP rate higher. The comparison of 2008 and 2009
rates for CLABSI, VAP and CAUTI did not show significant statisti-
cally differences, P=0.1800, P=0.7694 and P=0.1078 respectively.
All NI rates homogeneously decreased from 2009 to 2012: CLABSI
5.83 (95% CI 2.67-11.07) to 0.49 (95% CI 0.0125-2.76), P=0.0029;
VAP 10.44 (95% CI 5.21-18.67) to 4.04 (95% CI 1.48-8.80),
P=0.0525; and CAUTI 7.10 (95% CI 3.067-13.999) to 2.56 (95% CI
0.697-6.553), P=0.0817; respectively.

Regarding CLABSI rate, the decrease was statistically signifi-
cant just between 2011 and 2012, P=0.0182. For VAP rate, the
statistically significant differences were between 2009 and 2011,
P=0.0428. In CAUTI, there was a tendency in decreasing this NI rate
between 2009 and 2012, P=0.0817. With respect to the 3 types of
NI, comparisons between the other years did not demonstrate any
special significant difference, unless the rate decreasing trend along
the study period (Fig. 1).

Regarding NI indicators, median time to develop a NI from the
PICU admission date was 15 days (p25-75 7-22) for CLABSI, 6 for
VAP (p25-75 3-7.5) and 7.5 (p25-75 3-12.2) for CAUTI. Days of
device exposition in patients with NI was a median of 11 days
(p25-75 3-18) for central venous catheter (CVC), 9 days (p25-75
3-20) of mechanical ventilation (MV), and 12 days (p25-75 5-18)
for urinary catheter (UC).

At 2011, the 57.2% of PICU had developed a specific bacteriemia
zero program, which increased up to 78.6% at 2012. With respect to
the pneumonia zero specific program, it was conducted in the 50%
and 60.7% of units in 2011 and 2012 respectively. The microorgan-
ism analysis of NI cases, demonstrated that 63 from 99 isolated
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Table 1
Clinical data of patients with nosocomial infection (NI). Data comparison between 2009 and 2012 years. NI: nosocomial infection; PRISM: pediatric risk score of mortality.
Patients with NI 2009-2012 2009 2012 P
(n=90) (n=26) (n=11) (2009-12)
n (%) n (%) n (%)
Age (months) median (p25-75) 8 6 9 NS
(3-18) (2.9-14) (2.7-16)
7 days- 17.1 years 15 days-13.2 years 10 days-15.3 years
Gender (male) 64 (56.1). 21(52) 6 (54.5) NS
PRISM III (points) 10(6-16) 10.2 (5-13)2-26 11(5-14) 1-31 NS
0-38
Underlying disease 61(67.8) 16 (61.5) 6 (54.5) NS
Cardiac 16 5 2
Respiratory 14 2 1
Neurological 12 2 1
Hematology-oncology 10 1 1
Non cardiac congenital 5 1 -
malformation
Other problems 4 2 1
Admission cause
Cardiac problem 26(28.9) 8(30.8) 4(36.4) NS
Respiratory problem 20(22.2) 6(23.1) 3(27.3) NS
Infection 16(17.8) 13 (14.4) 4(15.4) 2(18.2) NS
Neurological disorder 8(8.9) 3(11.5) 1(9.1) NS
Polytrauma patient 7 (7.8) 2(7.7) 1(9.1) NS
Other problems 3(11.5) NS
NI Risk factors (>1) 55(61.1) 14 (53.8) 6(55) NS
Surgery 16 5 5
Parenteral nutrition 15 4 2
Malnutrition 14 5 1
Immunosuppression 8 2 8
Renal-hepatic failure 7 2 -
Other 9 4 -

M: Male; F: Female; RF: respiratory failure; CCD: congenital cardiac disease; EA: esophageal atresia; PN: parenteral nutrition; CRF: chronic renal failure; CRD: chronic
respiratory disease; PRISM: pediatric risk score of mortality; NI: nosocomial infection; SB: secondary bacteremia; CLABSI: central line-associated bloodstream infection;
VAP: ventilator associated pneumonia; CAUTI: catheter-associated urinary tract infection; MDR: multidrug resistant; XDR: extremely resistant; ESBL: extended-spectrum
beta-lactamases; MV: mechanical ventilation; PICU LOS: pediatric intensive care length of stay.

bacteria (63.6%) were Gram negative bacteria (GNB), 19 (19.2%)
Gram positive bacteria (GPB) and 17 (17.2%) were Candida spp.
infections. Different species distribution is described in Table 4,
regarding the year of analysis. There were not statistically signif-
icant differences between the types of microorganisms along the
time, P=0.340, (as is represented at Fig. 2). There was some kind
of resistance in 23 (36.5%) from all GNB cases, with 10 (15.8% of
total GNB infections) extended-spectrum beta-lactamases (ESBL)
and 6 resistant to third generation cephalosporin (RTGC) enter-
obacteriaceaes, as a major cause of GNB resistance. It differed
along the study period, but without statistically significance. With
respect to GPB, 3 cases were Methicillin-Resistant Staphylococcus
aureus (MRSA) and 1 was a Staphylococcus pneumoniae resistant to
penicillin. The only microorganism with XDR was Staphylococcus
maltophila in 1 case of CAUTI.

Table 2
Clincial data of patients who died during the study.

Discussion

As far as we know, this is the first published study with a con-
tinued evaluation of PICUs NI rates, in Europe. The prevalence of
NI in the first year of the study was low, regarding CLABSI and
CAUTI However, only 9 units participate in data collection during
one month, so the results probably would be biased. Due to the low
number of centers recruited in the first study year only data from
2009 to 2012 were compared and discussed. Results demonstrated
that all NI rates homogeneously decreased from 2009 to 2012. We
roughly estimated that the reason was the introduction of BZ and
ZP programs in the different units. In 2011 most of the units had
implemented this NI control measures. Other explanations for the
rate lowered were excluded: cases were collected always in March
and during the same study period (one month), so it cannot be

Age Sex Admission  Risk factors PRISM NI type NI etiology MDR MV Inotropic PICU
(month) (male) cause suport LOS
Case 1 106 M RF No 16 SB E. fecalis Yes Yes 13
Case 2 4 M RF, CCD PN 15 CLABSI VAP S. epidermidis Yes Yes 305
P. aeruginosa
Case 3 2 M CCD CRF 35 VAP CAUTI S maltophilia (XDR) Yes Yes 30
A. baumanii
Case 4 9 F RF CRD 10 VAP P. aeruginosa Yes No 316
Case 5 F Sepsis No 17 CLABSI K. pneumoniae (ESBL) Yes No 16
Case 6 11 M EA Surgery PN 38 SB S. marcescens Yes Yes 30
Case 7 M Traumatic  No 9 CLABSI E. cloacae (ESBL) Yes Yes 46
injury
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Table 3

Hospital admissions characteristics. Exposition data, NI rates and device utilization ratio, regarding the type of infection, and attending to the type of the device (CVC, ETT or

UC). CVC: central venous catheter, MV: mechanical ventilation, UC: urinary catheter.

2008 2009 2010 2011 2012
Hospitals (n) 9 14 20 26 28
Total Admissions (n) 375 753 636 976 927
Stays (days) 1372 2552 3259 3840 4159
Patients with NI n (%) 9(24) 26(3.4) 22(3.4) 22(2.2) 11(1.2)
Episodes of NI 1 (%) 11(2.9) 28(3.7) 23(3.6) 25(2.6) 12(1.3)
CVC exposition data
CVC days/patient 937 1543 1625 2398 2020
CLABSI episodes 2 9 9 12 2
CLABSI rate/1000 CVC days 2.1 5.8 5.5 5.0 1
CVC utilization ratio 0.68 0.60 0.50 0.62 0.48
MV exposition data
MV days/patient 669 1054 942 1724 1484
VAP episodes 8 11 7 7 6
VAP rate/1000 MV days 119 104 7.4 4.1 4.0
Ventilator utilization ratio 0.49 0.41 0.29 0.45 0.36
UC exposition data
UC days/patient 661 1126 1066 1941 1563
CAUTI episodes 1 8 7 6 4
CAUTI rate/1000 UC days 1.5 7.1 6.5 3.1 2.5
UC utilization ratio 0.48 0.44 0.32 0.50 0.37

explained because the seasonality or recruitment time duration.
There were not significant changes in patient’s clinical data or in
device utilization ratio during the study period that could explain
this decrease in NI

Mean NI prevalence of 2.45% was lower than the total PICU NI
(11.9% of patients) reported in a National point-prevalence survey
in United States,! the 5% in a previous multicenter survey con-
ducted in Spain in 20073 and similar to 2.7% reported by Esteban
etal?

In the NI rate follow up, there was a downward trend in the
CLABSI rate, obtaining similar results to other reported in adults
in Spain'® and similar to the CLABSI rate reported in medical and
surgical PICUs in the National Healthcare Safety Network (NHSN).!8
Although this improvement, CLABSI mean rate between 2009 and

2011 was 5.4/1000 CVC-days, so measures for control this type of
NI needs to be maintained, as hand hygiene campaigns and specific
bundles.31?

VAP rate decreased in 28.8% from 2009 to 2010 and 44.5%
from 2010 to 2011, and kept stable in 2012. Although CLABSI
rate is usually higher than VAP in PICU we found that in our
study VAP rate was the highest along the time in our study.>° We
think that ZB measures were previous than ZP actions, so they
became more integrated at units. VAP rates are far higher than
those reported by Brilli et al.,>% or than published by NHSN with a
VAP rate of 1.2/1000 ventilator-days in pediatric medical-surgical
units.2! An accurate VAP bundles implementation would help to
reduce our VAP incidence as has been demonstrated in previous
works.2223

100%
80% 7 [l Other
. W Candida spp
70% - -
. [0 GpPB
T 33%
50% MDRO 53.3% 33.3%
33% MDRO MDRO
40% - e
75%
30% - MDRO
]
20% -
20% 66.6%
10% 20% so%
0% : . | | |

2008 2009 2010

2011 2012

MDRO: Multidrug-Resistant Organisms
MRSA: Methicillin-Resistant Staphylococcus aureus

Fig. 2. Types of microorganisms along the study.
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Table 4
Microorganism distribution according to the site of NI and year.

Year CLABSI VAP episodes CAUTI episodes
episodes
2008
GPB 1 SPCN
GNB 4 H. influenzae
P. aeruginosa
(ESBL)
1K
pneumoniae
(ESBL)
A. baumannii
(ESBL)
1E. coli
2009
FUNGI 1Candida spp. 1 C albicans
GPB 3 SPCN 1S. aureus
GNB 1K 2 H influenzae 1 Pseudomona
pneumoniae P. aeruginosa (1 spp. (CFXR)
(ESBL) CBPR) E. coli
E. asburiae 1E. cloacae 1 P. mirabilis
2 E. cloacae (1 E. aerogenes C. koseri
TGCR) 3E coli(1 1 S. maltophila
E. coli TGCR) (XDR)
Fungi 1C 1 Aspergillus sp. 2 C. albicans
parapsilopsis
2010
GPB SPCN 1 2 S. aureus 1S.
MRSA 1 S. pneumoniae haemolyticus
(R. penicillin)
GNB 1 P. aeruginosa 1 P. aeruginosa 1 P. aeruginosa
(PTR) E. cloacae E. coli
K. oxytoca (1 1 Acinetobacter 1 E. cloacae
ESBL, 1 TGCR) sp. E. faecalis
1 E. cloacae
(ESBL)
S. marcescens
Fungi 1C 1 Candida spp. 2 Candidas spp.
parapsilopsis
C. glabrata
2011
GPB 3 SPCN 1S. aureus
Enterococus
spp.
GNB 2 P. aeruginosa 1 H. Influenzae 2 E. cloacae (1
(1 TGCR, 1 P. aeruginosa TGCR)
CFXR) (TGCR) E. coli (1 ESBL)
K. pneumoniae 1 Klebsiella spp.
(TGCR) E. cloacae
2 E. cloacae (1 1 E. coli (ESBL)
ESBL) P. aeruginosa +
Acinetobacter Acinetobacter
Spp. Spp.
Fungi 2C 1 C. albicans
parapsilopsis C. lusitaniae
2012
GPB 1 MARSA 1MARSA
E. fecalis
GNB 1 P. aeruginosa 2 Klebsiella spp.
E. cloacae (1 CBPR)
1E. coli (ESBL) E. cloacae
Fungi 1 Candida spp. 1 C. albicans 1 C. albicans

ESBL: extended-spectrum beta-lactamases; RTGC: third generation cephalosporin
resistance; CBPR: carbapenemase ressistance; TGCR: third generation
cephalosporin; CFXR: ciprofloxacin resistance; XDR: extremely drug resis-
tant; SPCN: plasmocoagulase-negative Staphylococcus; MRSA: Methicillin-resistant
Staphylococcus aureus PTR: piperacillin tazobactam resistance.

CAUTI rates also showed a remarkable 64.8% decrease from
2009, and specially fall down from 2011. Although CAUTI is
described to be the third NI in children, it was the second prevalent
form of NI in all but 2011 year in our study. Measures to reduce
time of exposition are useful to reduce CAUTI as Saint et al. has
demonstrated.?*

Different aspects could modify the NI rates so they are difficult
to compare in children. Some of these aspects are the setting (car-
diothoracic, medical or surgical PICUs), the country socioeconomic
level and the previous risk factors of the patients (hematological,
surgical). Despite of it, we can conclude that our rates seem to be
similar to other recent published data,'® with CLABSI and CAUTI
good rates but VAP rate was susceptible to improve. The fact that it
was a multicenter study, with an extended national participation,
has allowed to standardize diagnosis criteria and to be conscious of
the NI impact, with a progressively implementation of the bundles
and a consequently decreasing NI rates.

Regarding other NI indicators, median time to develop CLABSI
from the PICU admission date was 15 days, which seems to be fewer
days than in adult published data.?> More important seems to be
the dwell time with a device exposition.2326 It results in a median
of 11 days for CVC, 9 days for MV and 12 days for urinary catheter
(Uuc).

Mortality prevalence was 6.14% and 42.8% of these cases where
clearly due to the NI. Other studies report a mean mortality preva-
lence of 3.3% or 10%,2* but it is always difficult to known the NI
attributable mortality.

With respect to isolated microorganisms, in our study, GNB have
any kind of resistance in 36.5% from all the GNB infections. Most fre-
quent resistance was extended-spectrum beta-lactamases (ESBL)
infection in Enterobacteriaceae infections. Our data is according
with the reported increase in the incidence of GNB NI and in bac-
terial resistance, in the last years and all over the world.!?27.28 [n
Europe it has been registered an important increase of resistance
in GNB, and by GPB as MRSA in adult population?® but pedi-
atric patients data is limited. Lee et al. found in a retrospective
study, a GPB and GNB NI incidence of 30.4% and 56.2% respec-
tively; with MRSA, carbapenem-resistant Pseudomonas aeruginosa,
and ESBL-producing Klebsiella pneumoniae as the major concerns in
the study.” All this data is very similar that reported in our study,
with an important fact to be considered, GNB NI is reported to be
related with higher mortality rate.2%-30

The Candida incidence was low. There were considered 2 cases
of VAP by Candida due to there was a broncoalveolar lavage count
up to 10,6 with clinical and radiological findings of pneumonia.
There were 9 CAUTI episodes by candida, all of them with significant
leucocyturie and clinical data of urinary tract infection.

This study has some limitations. First, it was not designed as
an interventional study so we only can hypothesize that the rates
decrease was secondary to the national interventions to reach BZ
and PZ. The implementation of these programs for quality improve-
ment was not at the same time in all PICUs. In addition, multifaceted
intervention (Infection control team, hand hygiene educational
program and bundles design) was not exactly the same in all hos-
pitals.

Microbiologic surveillance and assessment of antimicrobial
resistance is important for dealing with nosocomial infections
rates. The surveillance systems set up a patient safety climate with
the decrease of the prevalence of NI. Further efforts must be made
to bring down NI rates closer to the standard.
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4.4- Resum del seqon article

Es tracta d’'un estudi multicéntric prospectiu, descriptiu i observacional.

L'any 2007 es va crear un sistema de vigilancia per la infeccio
nosocomial a les UCIPs espanyoles dins Grup de Treball de Malalties
infeccioses de la SECIP. Aquest sistema és el VINCIP (Vigilancia de Infeccion
Nosocomial en Cuidados Intensivos Pediatricos). Es van recollir dades durant
un mes (1-31 de Marg) per cada any d’estudi (2008-2012). No es va fer cap
intervencio especifica durant aquest periode com a grup, pero la majoria de les
UCIPs van implementar mesures per reduir la IN, especialment la BRC i la
PNAVM i van introduir paquets de mesures per aconseguir taxes de

bacteriemia i pneumonia zero.

L’any 2008, 9 UCIPs van participar i el nombre de centres es va
incrementar fins 28 el 2012, que representen aproximadament el 80% de totes

les UCIPs espanyoles.

Es van incloure els nens ingressats a la UCIP més de 24 hores, entre de
7 dies i 18 anys d’edat que necessitessin al menys un dels seguents dispositius

externs: CVC, TET o SU.

La IN es va considerar adquirida a la UCIP si es diagnosticava = 48
hores després de l'ingrés o en les primeres 72 hores després de ser donats
d’alta de la unitat. Les definicions de BRC, PNAVM i ITU-SU es van fer seguint

els criteris de la CDC".
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Es van recollir dades cliniques i demografiques, aixi com dades referents

als resultats (estada a UCIP i a I'hospital i mortalitat).

Es van recollir els episodis d’'IN associada a dispositius (BRC, PNAVM |

ITU-SU) i es van calcular les taxes dels tres tipus de IN (Nombre de IN/1000

dies de dispositiu), Taxa de IN/1000 dies d’'ingrés i la ratio d’us de dispositiu.

Els gérmens aillats també es van recollir, aixi com els patrons de

resisténcies.

Els resultats van ser els seglents:

Caracteristiques cliniques i epidemiologiques: Durant I'estudi van
ingressar 3667 a les UCIPs. El nombre de pacients amb IN va ser
de 90 (2,45%), amb 99 episodis. Van tenir un mediana d’edat de
8 mesos (p25-75, 3-18) i 64 (56,1%) eren nens. El 65,5% tenien
malalties de base i en 55 (61,1%) hi havia factors de risc, com
haver estat sotmés a alguna cirurgia, rebre nutricidé parenteral,
presentar malnutricid, rebre antibidtic d’ampli espectre, rebre
immunodepressors i altres.

La mediana de dies d’estada a la UCIP va ser de 18 dies (p25-75
12-28), amb una mediana d’estada hospitalaria de 31 dies (p25-
75 20-49). De tots els pacients, 7 van morir (6,14%) i en 3 casos
la mort va ser atribuible a la IN.

Les mitjanes de les taxes van ser les seguents: BRC 3,8/1000
dies de CVC, PNAVM 7,5/1000 dies VM i ITU-SU 4,1/1000 dies

de SU.
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Hi va haver una exposicio a CVC de 8523 dies, a TET de 5873
dies i a SU de 6357 dies

La ratio d’us de CVC va ser de 0,578, de TET de 0,398 i de SU de
0,423.

L’evolucid de les taxes al llarg de I'estudi va ser la seguent: No hi
va haver diferéncies significatives entre les taxes entre 2008 i
2009. Totes les taxes de IN van disminuir homogéniament des de
2009 a 2012: BRC 5,83 (95% IC 2,67- 11,07) a 0,49 (95% IC
0,0125- 2,76), p =0,0029; PNAVM de 10,44 (95% IC 5,21-18,67) a
4,04 (95% IC 1,48-8,80), p= 0,0525; i ITU-SU de 7,10 (IC 95%
3,067-13,999) a 2,56 (IC 95% 0,697-6,553), p= 0,0817,
respectivament.

Pel que fa a l'exposicid a dispositius, la mediana de dies de
dispositiu per IN va ser de 11 dies de CVC (p25-75 3-18) per
BRC, 9 dies de VM (p25-75 3-20) per PNAVM i 12 dies de SU
(p25-75 5-18) per ITU-SU.

Dels microorganismes aillats, 63 de 99 (63,6%) van ser BGN, 19
(19,2%) CGP i 17(17,2%) Candida spp. No hi va haver diferéncies
entre els tipus de microorganismes al llarg de I'estudi. Hi va haver
algun tipus de resisténcia en 23 (36,5%) dels BGN, amb 15,8% de
productors de betalactamases d’espectre estés i 6 resistents a
cefalosporines de tercera generacié. Respecte als CGP, 3 casos
van ser Staphylococcus aureus resistents a meticilina i 1

Streptococcus. Pneumoniae resistent a penicil-lina.
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5. ANNEX DE RESULTATS

Durant la realitzaci6 dels estudis que conformen aquesta tesi, la
doctoranda ha participat en un altre projecte, vinculat al primer estudi que s’ha
presentat. En aquest treball que s’annexa, s’analitzen les diferéncies entre
sexes en nens amb malalties critiques, en concret, respecte a les causes
d’'ingrés i la mortalitat. Es tracta d’'un estudi prospectiu realitzat a partir de la
base de dades utilitzada en el primer article presentat®. Aquest article s’ha
realitzat en col-laboraci6 amb la Unitat d’Antropologia del Departament de
Biologia animal, Facultat de Biologia de la Universitat de Barcelona i amb

I'Institut de Recerca de la Biodiversitat de la Universitat de Barcelona.

5.1- Tercer article

Sex Differences in Children with Severe Health Conditions: Causes

of Admission and Mortality in a Pediatric Intensive Care Unit
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Sex Differences in Children with Severe Health Conditions: Causes of
Admission and Mortality in a Pediatric Intensive Care Unit

ELISABETH ESTEBAN, " ESTHER BUJALDON,?' MIREIA ESPARZA,? IOLANDA JORDAN,' axp MARIA ESTHER ESTEBAN?3#
1Pediatric Intensive Care Unit Service, Hospital de Sant Joan de Déu, Barcelona, Spain

2Unit of Anthropology, Department of Animal Biology, Faculty of Biology, University of Barcelona, Barcelona, Spain

3Institut de Recerca de la Biodiversitat (IRBio), Universitat de Barcelona, Barcelona, Spain

Objectives: Based on the existing sex differences in mortality rates in children, we would like to explore whether
girls and boys respond differently under severe health conditions, in terms of mortality and cause of admission.

Methods: We analyzed demographic characteristics (age and sex), causes of admission, clinical parameters, and
mortality in a sample of 2,609 patients from a Pediatric Intensive Care Unit (PICU) in a children’s hospital in Barce-
lona, Spain.

Results: PICU admittance was significantly higher in boys (567.5% vs. 42.5%) whereas PICU mortality was signifi-
cantly higher in girls (4.9% vs. 3.3%). Female sex was a risk factor for PICU in-hospital mortality (OR = 1.55,
P =0.033), while increasing age had a protective effect (OR = 0.808, P = 0.021). In cases of PICU mortality, girls died
from a broader range of causes and boys were more affected by respiratory and polytraumatic injuries. Boys were
affected by polytraumatic injuries throughout the year, less frequently in winter, while girls showed a higher occur-
rence in holiday months.

Conclusions: Although more boys were admitted to the PICU, a significantly higher number of girls died. Younger
age and higher occurrence of nosocomial infection among girls could explain this finding. More frequent polytraumatic
injuries in boys could reflect an increased exposure to risky activities and/or more careless behavior. Am. J. Hum. Biol.
00:000-000, 2015. © 2015 Wiley Periodicals, Inc.

It is a well-known fact that women live longer than
men. For instance, in Catalonia (Spain), where this study
has been conducted, men’s life expectancy in 2012 was
79.2 years while women’s was 85.3, a difference of nearly
6 years. Back in 2000, this difference was almost 7 years,
meaning that this gender gap has narrowed. Despite this
trend, more men than women continue to die in both
childhood and adulthood (Spanish Statistical Office,
2014).

It has been observed that, although more male embryos
are conceived, a higher number of male fetuses result in
stillbirth (estimated sex ratio at birth 1.05) (Rosen and
Bateman, 2010; Sieff, 1990). Several hypotheses try to
explain this excess male mortality. In utero, male embryos
develop at a faster pace than their female counterpart. As
a result, males have larger body dimensions and a higher
basal metabolic rate (BMR), which may give them an
advantage for implantation survival. However, this may
decrease their longevity and make them more susceptible
to disease. Some authors (Sandman et al., 2013) consider
the possibility of a trade-off between viability of the
embryo and vulnerability of the individual to sickness. If
this were true, a poorer outcome later in life would be the
price that males have to pay for their more successful con-
ception. It has been observed that males have worse neo-
natal and infant health and are more prone to suffer
preterm births, sudden death syndrome, congenital mal-
formations, developmental retardation, and respiratory
afflictions, among other conditions (Rosen and Bateman,
2010; Sandman et al., 2013).

Taking into account environmental factors and how
they influence birth outcome and children’s health, male
fetuses and infants seem to be more affected by environ-
mental stress and damaging factors like maternal smok-
ing, drug taking, or gestational diabetes. Some studies

© 2015 Wiley Periodicals, Inc.

(Clifton, 2010; Mikkola et al., 2013) show that in certain
adverse intrauterine environments, such as maternal
asthma or pre-eclampsia, or even when exposed to envi-
ronmental pollution, male fetuses continue to grow nor-
mally while female fetuses slow their growth rate with
several adaptations in placental function. Some of these
sex-specific alterations are related to cytokine expression,
insulin-like growth factor pathways, and placental
response to cortisol. The male’s placenta seems to be less
sensitive and tends to focus efforts on growing, apparently
unaware of the detrimental surrounding environment. It
has been suggested that, by taking an adaptive and more
conservative strategy and reducing their development
pace, females are able to cope with hostile circumstances
more successfully. This would give them higher neonatal
and postnatal survival chances, even in preterm girls
with very low birth weight, and a particular protection or
lower susceptibility to a wide range of diseases (Clifton,
2010; Mikkola et al., 2013).

Excess male mortality has been studied in multiple
occasions but mostly in the adult population (Carey and
Lopreato, 1995; Nathanson, 1984). The classical explana-
tion for gender disparity in mortality was related to differ-
ential behavior: male’s higher smoking rate and
involvement in risky activities, more dangerous jobs, or
even unequal marital roles or nutritional differences, for
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example, may explain the higher death rate in men as
compared with that of women. Similarly, other factors
were considered, such as health care utilization. However,
the hypotheses stated above do not seem to be solid
enough, at least in the present time, when women have,
in general, acquired practically the same behavioral hab-
its as men. A mortality study was conducted in nuns and
monks in Bavarian cloisters (Luy, 2003), assuming that
men and women under the same strict rules could reduce
their environmental and behavioral differences (work,
nutrition, social class). In these cloistered communities,
although the life expectancy gap between sexes was sig-
nificantly narrower than in the general German popula-
tion, life expectancy for nuns at age 25 was still 2.3 years
greater than that of monks, suggesting a relevant role of
biological factors in life expectancy.

Concerning childhood, Balsara et al. 2013 recently pub-
lished an extensive analysis evaluating sex and age differ-
ences in mortality rates among pediatric individuals in
the United States, between 1999 and 2008, as well as the
risk of developing certain pathologies. The results of this
study show a higher number of male deaths for all ages
(from gestational period to 19 years of age). There is also a
higher relative risk for males to develop a wide scope of
pathological conditions that eventually become a major
cause of death. Balsara et al. 2013 concluded that the
excess of male mortality in children could be due to the
fact that boys had an elevated risk of both contracting
high-mortality conditions and, once afflicted, dying from
these conditions. However, this trend is not universally
observed. Sex differences in parental treatment that could
lead to mortality differences have been described for soci-
eties in non-developed or developing countries, or for pre-
industrial/rural Western populations (Luna et al., 2014;
Madrigal, 1992; Obermeyer and Cardenas, 1997). Sawyer
2012, who has been estimating sex differences in child-
hood mortality since the 1970s, concluded that some world
regions (Middle and West Sub-Saharan Africa, North
Africa/West Asia, and South Asia) and countries (India
and China) exhibit higher mortalities for girls. In these
regions, the trend toward a reduction of childhood mortal-
ity is observed for boys but not for girls. This difference
could be explained by an unequal access by both sexes to
health resources. This has been especially observed in
India and China, suggesting that girls may not be treated
equally compared to boys in terms of marginalization and
sex preference due to social or cultural issues.

In children, the effect of severe stress on sex-related
survival has only been analyzed for concrete diseases,
such as autoimmune and pulmonary pathologies (Nussi-
novitch and Shoenfeld, 2012; Sheares, 2010). In these
cases, boys had higher mortality and worse prognoses.
However, as far as we know, there are no studies evaluat-
ing this aspect in a large number of children under a wide
variety of medical conditions.

In this work, we would like to explore whether girls
show better survival than boys under severe health condi-
tions. To do that, we have analyzed a large set of data
from a Pediatric Intensive Care Unit (PICU) including
children from all ages with a wide spectrum of diagnoses
at admittance. Our main objectives have been to check for
sex differences and risk predictors associated with age
and sex in mortality and morbidity patterns. This last
included cause of admission, several clinical markers of
disease severity and progression and, finally, the seasonal
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distribution of some of the major causes of admission to
the PICU.

MATERIALS AND METHODS

This study has been conducted with the available data
of 2,609 patients admitted to the PICU in the 300-bed ter-
tiary care Hospital Sant Joan de Déu (Esplugues de Llo-
bregat, Barcelona, Spain). This PICU is a 14-bed medical
and surgical unit, which admits patients from 1 week to
18 years of age. The hospital belongs to the Public Health
System, thus children attending this hospital could be
considered a sample of the general pediatric population of
the metropolitan area of Barcelona (5,012,961 inhabi-
tants). In the hospital, around 4,200 babies are delivered
every year and over 25,000 admissions are accepted, with
more than 100,000 children seen each year in the Acci-
dent and Emergency (A&E) Department alone. More than
1,000 cases are admitted to the PICU. This intensive care
unit admits not only the most serious cases seen in the
A&E department, but also critical children from other
services such as cardiology, neurosurgery, and oncology,
as well as patients from other hospitals.

All patients admitted to the unit for more than 24 h,
between January 2006 and December 2008, were consid-
ered suitable for the study, with no exclusion criteria.
Data were collected with the approval of the Hospital’s
Ethical Committee. The database used in this study was
collected as part of a quality improvement intervention
study to reduce nosocomial infections in the PICU
(Esteban et al., 2013).

Demographic characteristics (age and sex) and diagno-
sis at admission were considered in the study. Once
admitted to the PICU, patients were diagnosed into the
following categories: respiratory diseases, infections, neu-
rologic disorders, cardiovascular surgery, neurosurgery,
orthopedic surgery, pediatric (thoracic and digestive) sur-
gery, diverse polytraumatic injuries, metabolic disorders,
endocrine-related diseases, otolaryngology, oncology, and
patients derived from cardiology, hematology, nephrology,
and gastroenterology services.

The diagnoses with a higher number of cases were: respi-
ratory diseases including bronchiolitis, bronchitis, asthma,
and acute respiratory distress syndrome; infections includ-
ing sepsis of any origin and severe viral infections; poly-
traumatic injuries comprised of all kinds of trauma
patients with respiratory and/or hemodynamic instability
and patients with severe head trauma. PICU in-hospital
mortality and several prognostic parameters of disease
severity were recorded. These parameters of severity were
PICU and hospital length of stay (LOS) measured in days,
and need for mechanical ventilation, inotropic infusion for
hemodynamic unstable patients, corticosteroids, and anti-
biotic. Finally, occurrence of nosocomial infection was also
recorded. This pathology comprises infections acquired
during the PICU stay from 48 h after admission to 48 h
after PICU discharge. Nosocomial infections are related to
the immuno-compromised status of these critical patients,
the external devices used in their stabilization, and other
factors such as corticosteroid administration, parenteral
nutrition, and infusion of inotropes among others.

Statistical analyses

Categorical variables were described through frequen-
cies and percentages. Continuous variables were
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TABLE 1. Demographic characteristic of the sample

Total Boys Girls P value®

Patients considered, n (%) 2609 1500 (57.5) 1109 (42.5) < 0.001
Age 0.840

Mean (SD) 5.6 (5.9) 5.7 (6.02) 5.6(5.9)

Median (IQ25-1Q75) 3.1(0.6-10.6) 3.19(0.5-10.3) 3.02(0.6-10.7)
Age categories according to WHO classification 0.705

Neonates, n (%) 153 (5.9) 90 (6) 63 (5.7)

Infants, n (%) 1,007 (38.6) 570 (38) 437(39.4)

Young children, n (%) 470 (18) 271(18.1) 199 (17.9)

Children, n (%) 430 (16.5) 251 (16.7) 179(16.1)

Adolescents, n (%) 483 (18.5) 274 (18.3) 209 (18.8)

Adults, n (%) 66 (2.5) 44(2.9) 22 (2)

“Probability values for sex comparisons (chi-square or Fisher exact test).

described by means of mean, standard deviation, median,
and 25th and 75th percentiles. Age was recorded into a
categorical variable according to the World Health Orga-
nization position paper (World Health Organization,
2007): Neonates (less than 30 days of age), Infants (1
month to 2 years of age), Young children (2-6 years of
age), Children (6-12 years of age), Adolescents (12-18
years of age), and Adults (more than 18 years of age).
Comparisons between categorical variables were assessed
through a Fisher exact test or chi-square test, with a sig-
nificant two-tailed P value of 0.05. Probability for multiple
comparisons was corrected using the Bonferroni method.
Comparison between continuous variables was performed
with the Mann—Whitney test because our variables did
not fit a normal distribution.

A multiple regression was performed to evaluate which
variables were more related to in-hospital mortality and,
therefore, more predictive for this outcome. To do this, we
conducted a logistic forward Wald stepwise regression
test. The predictor variables included were: sex, age cate-
gories according to the WHO, diagnoses at admission, and
occurrence of nosocomial infection. In a second set of
regressions, each diagnosis was specified as a dependent
variable. In these regressions, the predictor variables
used were sex and age. The final results were presented
as odds ratios (ORs) with 95% confidence intervals (CIs).
Analyses were (gerformed with the IBM® SPSS® Statistics
22.0 software ("IBM Corporation. Armonk, NY).

Lastly, we estimated the monthly distribution of those
diagnoses that could be influenced by seasonality (respira-
tory diseases and polytraumatic injuries) following the
method described by Henry 1976. We recorded the cases
of respiratory diseases or polytraumatic injuries that
occurred in each month during the 2 years of the study.
The absolute value in each month was transformed into a
coefficient following the formula Cm = 1,200 X (Nm/Dm)/
> (Nm/Dm). Cm is the coefficient for the m month, Nm is
the number of cases recorded that month, and Dm is the
number of days of the month. Coefficients were plotted to
graphically display monthly fluctuations in cases of respi-
ratory diseases and polytraumatic injuries. The statistical
significance of these monthly distribution was checked
through a Goodness of fit test (y%11)).

RESULTS
Sex differences in PICU admittance

Demographic characteristics of the sample are recorded
in Table 1. There were a statistically significant higher

TABLE 2. Comparison of PICU in-hospital mortality, diagnoses at
admission, and clinical variables between sexes

Boys Girls P value®
In-hospital mortality, n (%) 49 (3.3) 54 (4.9) 0.042
Diagnoses at admission, n (%) <0.001
Respiratory, n (%) 295 (19.7) 165 (14.9) 0.002
Infectious, n (%) 123 (8.2) 84 (7.6) 0.608
Neurologic, n (%) 102 (6.8) 95 (8.6) 0.099

Cardiovascular surgery 206 (13.8) 187 (16.9) 0.031N8
Neurosurgery 221(14.7) 146 (13.2) 0.279
Orthopaedic surgery 125 (8.3) 174 (15.7) <0.001
Pediatric surgery 100 (6.7) 62 (5.6) 0.286
Polytraumatic injuries 154 (10.3) 53 (4.8) <0.001

Metabolic disorders 3(0.2) 9(0.8) 0.036N8
Other® 171(11.4) 134 (12.1) 0.622
Nosocomial Infection, n (%) 51(3.4) 49 (4.4) 0.182
Inotropic infusion, n (%) 316 (21.1) 269 (24.3) 0.058
Mechanical ventilation, n (%) 571 (38) 420 (37.9) 0.935
Antibiotic, n (%) 1,132 (75.4) 871 (78.5) 0.061
Corticosteroids, n (%) 296 (19.7) 209 (18.8) 0.582
Parenteral nutrition, n (%) 77(5.1) 63 (5.7) 0.540

“Probability values for sex comparisons (chi-square or Fisher exact test);
NS = non-significant after Bonferroni correction.

POther: Endocrine-related disorders, otolaryngology, oncology and patients
derived from other services.

proportion of boys (57.5%) than girls (42.5%) admitted to
the PICU. The mean age of patients was close to 5 years
and a half, with a median value of 3.19 for boys and 3.02
for girls. If we focus on age categories, the distribution of
girls and boys was similar in all cases.

In-hospital mortality, diagnoses at admission, and clini-
cal variables related to patients’ stay at PICU are shown
in Table 2 for boys and girls, respectively. In spite of the
extremely low proportion of patients (3.9%) who died in
the PICU, we observed a higher in-hospital mortality for
girls than boys (4.9% vs. 3.3% in boys; P = 0.042). The OR
of girls was 1.51, with a 95% confidence interval of 1.02—
2.25.

We also found sex differences in the overall diagnoses at
admission (P < 0.001). When diagnoses were individually
considered, only three major causes of admission at PICU
remained statistically significant after Bonferroni correc-
tion. Respiratory diseases affected more boys than girls
(19.7% vs. 14.9%; P = 0.002), whereas orthopedic surgery
showed an opposite trend (15.7% in girls vs. 8.8% in boys;
P <0.001). However, the most relevant difference was
observed in polytraumatic injuries. The percentage of
boys was 2.5 times that observed in girls (10.3% vs. 4.3%,
respectively; P < 0.001). This trend was similar in each of
the three years recorded (data not shown). The occurrence
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TABLE 3. Comparisons of age and other clinical characteristics in
cases of PICU in-hospital mortality

BoysN=49  GirlsN=54  Pvalue®
Age categories according to WHO, n (%) 0.131
Neonates 4(8.2) 4(7.4) 1
Infants 23 (46.9) 34 (63) 0.116
Young children 3(6.1) 7(13) 0.325
Children 10 (20.4) 5(9.3) 0.162
Adolescents 9(18.4) 4(7.4) 0.138
Diagnosis at admission, n (%) 0.289
Respiratory 14 (28.6) 10 (18.5) 0.252
Infectious 11 (22.4) 7(13) 0.299
Polytraumatic injuries 6(12.2) 2(3.7) 0.146
Other* 18 (36.8) 35 (64.7) 0.006
Nosocomial Infection, n (%) 5(10.2) 10 (18.5) 0.273
Inotropic infusion, n (%) 35(71.4) 38(70.4) 1
Mechanical ventilation, n (%) 47 (95.9) 50(92.6) 0.680
Antibiotic, n (%) 33 (67.3) 41(75.9) 0.384
Corticosteroids, n (%) 12 (24.5) 9(16.7) 0.341
Parenteral Nutrition, n (%) 8(16.3) 15 (27.8) 0.236

“Probability values for sex comparisons (chi-square or Fisher exact test).

*QOther: Neurologic, Cardiovascular surgery, Neurosurgery, Orthopaedic sur-
gery, Pediatric surgery, Metabolic disorders, Endocrine-related disorders, Oto-
laryngology, Oncology and patients derived from other services

TABLE 4. Multivariate predictors of PICU in-hospital mortality

OR 95% CI Wald P

Female sex 1.550 1.035-2.320 0.033
Age® 0.808 0.674-0.968 0.021
Diagnoses at admission

Respiratory 1.501 0.896-2.516 0.123

Infections 2.875 1.628-5.078 <0.001

Polytraumatic injuries 1.572 0.711-3.476 0.171
Nosocomial infection 4.556 2.501-8.298 <0.001
Nagelkerke’s r 0.062

OR, odds ratio; CI, confidence interval.
?Age categories according to WHO: Neonates (reference category), Infants,
Young Children, Children, and Adolescents & Adults.

of nosocomial infection and other clinical variables did not
show any difference between sexes.

With regard to the quantitative clinical variables taken
as indicators of the patients’ state of severity, the mean
length of stay at the intensive care unit was slightly over
4 days for both sexes, while the total stay in hospital was
~15 days. No significant sex-differences were detected.

Sex differences for PICU in-hospital mortality

Of the 2,609 patients considered, 103 died in the PICU
during the study representing nearly 4% of the total sam-
ple. Sex comparisons of age and other qualitative clinical
characteristics for PICU in-hospital mortality are
recorded in Table 3. With regard to age, the highest num-
ber of deaths, in both sexes, occurred in infants (1 month
to 2 years). In girls, this trend was more acute as more
than 60% of the girls’ deaths were in patients of this
category.

Sixty-three percent of the boys who died were admitted
with three different diagnoses: respiratory diseases, infec-
tions, and polytraumatic injuries. Only 35% of girls were
represented in these categories. In girls, almost 65% of
deaths were due to a wide range of causes that made it
necessary to group them into a cul-de-sac category labeled
“Other.” Differences between sexes are only statistically
significant for this category (P = 0.006).

Clinical characteristics of patients in cases of PICU in-
hospital mortality reflected their more severe condition as
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compared to the general sample shown in Table 2, but no
sex differences were detected in any of the variables
analyzed.

Regression analyses

The main results obtained from the logistic forward
stepwise-multivariate regression tests are summarized in
Table 4.

As risk predictors of mortality, we included in the analy-
sis sex, age according to WHO categories, diagnoses at
admission, and occurrence of nosocomial infection (Table
4). Sex (P =0.033), age (P =0.021), diagnosis of infection
(P <0.001), and nosocomial infection (P < 0.001) were sig-
nificant predictors of mortality in our sample. Girls were
at a higher risk of dying at the PICU than boys (OR =
1.55, 95% CI 1.03-2.32), agreeing with what we observed
in the univariate analysis. Increasing values of age
showed lower odds (OR =0.81, 95% CI 0.67—0.97) under-
lining the well-known vulnerability of neonates. Patients
diagnosed with infectious diseases were nearly three
times more likely to die at the PICU (OR = 2.87, 95% CI
1.63-5.08).

Respiratory diseases and polytraumatic injuries also
had higher odds (OR = 1.50 and 1.57, respectively) but
they did not reach statistical significance. Finally, nosoco-
mial infection showed the highest odd (OR = 4.56, 95% CI
2.50-8.30). According to Nagelkerke’s r2, these variables
explained 6.2% of the PICU mortality outcome.

We have conducted three new regression analyses with
each of the main diagnoses at admittance as the outcome
variable (data not shown). We observed that sex and age
were relevant to explaining PICU admittance by respira-
tory and polytraumatic injuries. In both cases, girls
showed lower odds (OR=0.69 P<0.001 and 0.426
P <0.001, respectively) leaving boys as the gender with
higher risk. Patients of young ages were more susceptible
to suffering respiratory and infectious diseases (OR = 0.55
P <0.001 and 0.69 P <0.001, respectively). As expected,
in the case of polytraumatic injuries, older children were
at a higher risk (OR = 2.02, P < 0.001).

Monthly distribution

As respiratory diseases and polytraumatic injuries
could be associated with seasonality events, we estimated
the monthly distribution of these two diseases in boys and
girls to check for sex differences. As expected, there was a
strikingly marked seasonal distribution of respiratory
causes, as most of the cases are concentrated in winter,
most notably in December. Girls and boys followed the
same pattern.

Regarding polytraumatic injuries (Fig. 1), the girls’ dis-
tribution showed two marked peaks around April and
July—August whereas the boys’ trend was over the mean
value for the majority of months, with the exception of the
winter ones. In spite of the finding that girls showed a
more pronounced seasonality than boys, both patterns
failed to show significant differences (P = 0.930).

DISCUSSION

The decrease of infant and child mortality played a cru-
cial role in the demographic change of the industrialized
world. Today, child mortality in Western countries is at
least seven times lower than that observed in less devel-
oped regions. Sex differentials in child mortality are also
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Fig. 1. Yearly distribution of polytraumatic injuries among
patients at the PICU.

different when industrialized countries are compared
with other less favored regions. In the first case, the
excess male mortality has been attributed to a natural/
biological vulnerability of males, whereas in the latter
regions, where female mortality is higher, this has been
associated with environmental circumstances such as a
differential treatment of sons and daughters (Madrigal,
1992; Obermeyer and Cardenas, 1997; Sawyer, 2012). The
aim of this study is to explore sex differences in mortality
in a very specific environment: an intensive care unit
attending to children with severe health conditions in a
Western country. Our results will contribute new data
about the widely reported biological vulnerability of males
(Rosen and Bateman, 2010; Sandman et al., 2013).

To do this, we have studied mortality and some morbid-
ity traits in a cohort of more than 2,600 patients, recorded
from 2006 to 2008, in a pediatric intensive care unit in
Barcelona, Spain. Only patients who were admitted at the
PICU were taken into account for the study. Conse-
quently, all cases where the patient died before admit-
tance to the unit, and the cases not severe enough to
require intensive care were not included. For this reason,
we would like to underline that this is not a study of child-
ren’s general mortality, and thus the results cannot be
extrapolated to the general pediatric population of Spain.
However, a summary of the main traits of child mortality
in Spain will help to understand the results obtained in
this study.

Regarding the general population, in 2008, data from
the Spanish Ministry of Health, Social Policy and Equal-
ity (Regidor et al., 2011) showed that men had a 76%
higher age-adjusted mortality rate than women. Child
mortality rate was 3.3 deaths in children younger than 1
year per 1,000 live births, 23.5% less than in 2000, with a
male/female ratio of 1.1. The lowest mortality sex ratio
was 1.06, recorded in the age category of 1-4 years of age.
This value progressively increased throughout childhood
and adolescence. For the 15-19 years age group, mortality
sex ratio was 2.67, the highest of all age categories.

In both sexes, the leading causes of infant deaths were
mainly related to birth defects (congenital malformations,
deformities, and chromosomal abnormalities) and new-
born complications (hemorrhages, bacterial sepsis of the
newborn, intrauterine hypoxia, and asphyxia at birth,
respiratory distress syndrome, sudden infant death, and
unintentional injuries among others). A comparison
between sexes showed that perinatal conditions and con-
genital malformations are still the major causes of death
for both girls and boys of 0—14 years, but boys have higher
mortality rates. Less frequent causes of death include
cancer and neuropsychiatric conditions. These leading
causes were responsible for 60% of total infant deaths in
2008 in both sexes. However, girls displayed a slightly
wider variety of diagnoses than their male counterpart
(Regidor et al., 2011).

Boys up to 14 years of age showed a higher number of
deaths due to infectious diseases (estimated total deaths,
in thousands: 0.05082 for boys vs. 0.04128 for girls) and
general respiratory diseases (0.02182 vs. 0.01753 for
girls), only surpassed by girls in asthma. Deaths by unin-
tentional and intentional injuries were almost twice as
likely in males (0.16823 vs. 0.09044). In both sexes, road
traffic accidents are the major cause of unintentional inju-
ries followed by drowning and falls (World Health Organi-
zation, 2011).

In our study, we have found a significantly higher pro-
portion of boys (15% more than girls) admitted to the
PICU, in accord with the vast majority of the bibliography
that suggested higher mortality and morbidity in boys
(Balsara et al., 2013; Elsmén et al., 2004). In both cases,
the median age has been around 3 years, with infants
from 1 month to 2 years as the highest represented cate-
gory. These data agree with what we stated before; how-
ever, and contrary to what we expected, PICU in-hospital
mortality rate has been significantly higher for girls. We
cannot discard the effect of the relatively small sample of
patients who died at the PICU, only 3.5% of the total sam-
ple. Unfortunately, the lack of other similar studies pre-
vents any comparison. When we explored mortality
through logistic regression, we found higher odds associ-
ated with being female, with diagnosis of infection, and
with occurrence of nosocomial infection. In addition, as
expected due to the vulnerability of neonates and infants,
higher ages showed lower odds. Taking into account the
relevant influence of nosocomial infection in mortality
(Esteban et al., 2013), the high proportion of this compli-
cation in girls as compared with boys may contribute an
explanation for this finding. The fact that mortality in
girls occurs at younger ages than boys should also be
taken into account. This scenario could point to a higher
vulnerability of girls in these severe circumstances. How-
ever, this conclusion should be taken with caution because
we have no means, through our current data, to demon-
strate it. The possible implications of female vulnerability
in cases of severe disease are far from being solved. A bet-
ter knowledge of the demographic pattern of children
admitted to pediatric intensive care units, maybe through
multi-center designs that incorporate more cases, could
help to clarify this scenario.

The role of nosocomial infection and its differential pro-
portion in boys and girls who died at the PICU is notewor-
thy. This could be associated with the fact that girls had a
longer PICU stay, and the duration of central catheter
and mechanical ventilation, although these differences
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were not statistical significant, probably due to the sam-
ple size.

Sex differences on diagnoses deserve a particular com-
ment. In girls, almost 65% of deaths were due to a broad
range of causes, whereas boys seemed to be more
restricted to some concrete diagnoses. With regard to
infectious diseases, boys died in a higher proportion than
girls. Likewise, boys were significantly more affected by
and died from respiratory diseases. According to previous
findings, sex differences in the development and matura-
tion of the lungs in the fetus may play a role in the suscep-
tibility to respiratory diseases later in life (Sheares, 2010).
Six to sixteen-week female fetuses already have advanced
breathing function. From week 26 to 36, hormones may
enhance female surfactant protein production, responsi-
ble for alveolar stability. This delay in surfactant produc-
tion leaves males with a decreased airflow rate and higher
risk of respiratory distress syndrome (RDS) or asthma, for
example. In our study, of the 460 patients diagnosed with
a respiratory disease, precisely 64.1% of them were boys.
This overwhelming male majority is present in every age
category and increases as patients grow older. As
expected, the incidence of cases of respiratory diseases
treated at the PICU was higher in winter months.

We found a relevant excess male incidence of polytrau-
matic injuries requiring intensive care (10.3% vs. 4.8%;
P <0.001), and also PICU higher mortality in boys (12.2%
vs. 38.7%; P =0.146). Unintentional injuries counted for
the 5th major cause of death in the Spanish population of
all ages in 2008 (Regidor et al., 2011) and the 3rd for chil-
dren aged 0—14 years (World Health Organization, 2011).

Injury is the leading cause of children mortality in most
of the developed world (Parkkari et al., 2013; Pearson
et al.,, 2009). Injury-related mortality follows a clear
gender-biased pattern, since boys are prone to suffer acci-
dents more frequently and severely than girls. The reason
for this excess male incidence and mortality by injury is
not clear, but differential exposure to risky activities and
less careful behavior could be an explaining factor (Pear-
son et al., 2009). For example, boys are more likely to par-
ticipate in team and/or contact sports and have more
incidences of traumatic injuries than girls (Stracciolini
et al., 2014). Road traffic accidents, including those where
pedestrians were involved, accounted for the major cause
of death by injury, followed by drowning and suffocation
and intentional injuries (Pearson et al., 2009; Viner et al.,
2011). In a study of underage pedestrians and bicyclists
struck by motor vehicles, boys display a higher accident
incidence, whether they are pedestrians or riding a
bicycle or moped, in every age category considered. Com-
mon accident causes include risky street crossing, unsu-
pervised care, use of electronic devices while walking or
driving, and poor safety gear use (Glass et al., 2014).

In our case, as we were not given access to the specific
cause, we were not able to stratify those injuries into spe-
cific causes. However, the different monthly distribution
of polytrauma between sexes may contribute to an under-
standing of the high proportion in boys. Whereas multiple
trauma accidents in girls were more concentrated in
months associated with Easter and summer break, an
excess of male accidents in boys was observed for almost
all months with the exception of the winter ones. The gen-
erally pleasant weather in Spain during most of the year
allows plenty of time for playing outdoors, and hence,
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increasing the chance of suffering accidents, as it seems to
be the case in boys.

CONCLUSIONS

This study explored, for the first time, whether mortal-
ity showed a differential sex pattern in children with
severe health conditions. The study has been conducted in
a pediatric intensive care unit, and it is not representative
of the general mortality trends of the pediatric population
because it excluded all children who died outside of the
PICU. Likewise, it is not representative of the general
patterns of children’s disease because it includes only crit-
ically ill patients.

We have found a significantly higher proportion of boys,
15% more than girls, admitted in the PICU. However,
PICU in-hospital mortality has been significantly higher
for girls (1.6% more). The high proportion of nosocomial
infection in girls as compared with boys, and the fact that
mortality in girls occurred at younger ages, could explain
this finding.

With regard to sex differences on diagnoses, almost 65%
of girls’ deaths were due to a broad range of causes,
whereas boys seemed to be more restricted to some con-
crete diagnoses: respiratory diseases, infections, and poly-
traumatic injuries. In this last case, the proportion of boys
admitted to the PICU for polytraumatic injuries was dou-
ble the proportion of girls. Differential exposure to risky
activities and less careful behavior could be an explaining
factor since we have observed an excess of accidents in
boys in all months of the year except the winter ones.

We would like to conclude that, contrary to what we
expected, subtle female vulnerability may also be
observed in children from Western countries. In this case,
it is not related to environmental circumstances linked to
social inequalities, but to some traits such as age and
higher occurrence of nosocomial infection that should be
explored in future research.
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5.2- Resum del tercer article

Es tracta d’'un estudi prospectiu amb |'objectiu principal d’analitzar els
factors de risc associats amb sexe i edat en la mortalitat en nens ingressats a
la UCIP. Es va analitzar una base de dades de 2609 pacients ingressats més
de 24 hores a la UCIP de I'Hospital De Sant Joan de Déu entre Gener de 2006 i
Desembre de 2008. Aquesta base de dades va ser recollida com a part d’'un
estudi amb una intervencié multiple per reduir la IN a la UCI pediatrica de
I'hospital Sant Joan de Déu, presentat préviament en aquesta tesi®. Es van
incloure dades demografiques (edat i sexe) i el diagnostic a I'ingrés. Un cop
admesos a la UCIP, els pacients es van classificar en categories segons el
motiu d’ingrés, i van ser: patologia respiratoria, infecciosa, neuroldgica,
cardiologica, cirurgia cardiovascular, neurocirurgia, cirurgia ortopedica, cirurgia
toracica i digestiva, pacients politraumatics, malalties metaboliques, endocrines,
otorrinolaringologiques, oncologiques, nefrologiques i hematoldgiques. Es van
recollir altres indicadors clinics, com la necessitat de ventilaci6 mecanica o
suport inotropic, tractament amb corticosteroids i antibiotics, dies d’estada a

UCIP i hospitalaria, adquisicié d’IN i mortalitat.

Els resultats obtinguts van ser els seguents:

e Diferéncies entre sexes a lingrés a UCIP: Hi va haver una

proporcid major de nens ingressats que de nenes, durant el
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periode a estudi (57,5% versus 42,5%) amb diferéncies
significatives. La mediana d’edat va ser de 3,19 anys pels nens i
3,02 per les nenes. Hi va haver diferéncies en els diagnostics a
l'ingrés, per sexes (p<0,001). La patologia respiratoria va ser meés
frequent en nens que en nenes (19,7% vs. 14,9%; P 0,002),
mentre que la cirurgia ortopédica va mostrar una tendéncia
oposada (15,7% en nenes vs. 8,8% en nens P<0,001). Les
diferéncies més rellevants es van trobar en els pacients
politraumatics, amb predomini en nens (10,3% vs. 4,3%;
P<0,001). No es van trobar diferéncies entre sexes pel que fa a
I'estada a UCIP i hospitalaria.

Diferéncies en mortalitat entre sexes: La mortalitat global va ser
del 3,9%, i es va observar un percentatge més elevat de mortalitat
en nenes que en nens (4,9% versus 3,3%; p 0,042). El sexe
femeni va representar un risc de mort amb una OR de 1,51, IC
95% (1,02-2,25). La major part de morts es van produir en nens
entre 1 mes i 2 anys, en el cas de les nenes, el 60% de les morts
es van produir en aquest rang d’edat.

Regressio logistica de risc per mortalitat. El sexe femeni, tenir
menor edat, un diagnostic de infeccidé a l'ingrés i patir una IN van
ser predictors de mortalitat amb significacio estadistica.
Destaquem el fet de que ingressar per una infeccié suposava tres
vegades més risc de morir respecte als pacients que ingressaven
per altres causes, OR 2,97, IC 95% 1,63-5,08. A més, patir una IN

durant l'ingrés va representar el major factor de risc de mortalitat,
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amb una OR 4,56, IC 95% 2,5-8,3. Pel que fa als motius d’'ingrés
a UCIP, es va veure que el sexe femeni era protector respecte a
ingrés per patologia respiratoria i politraumatica, OR=0,69
P<0,001 i 0,426, P<0,001, respectivament.

e Distribucio estacional: Es va estudiar la distribucié estacional dels
pacients amb patologia respiratoria i politraumatica, per sexes. Es
va observar que en el cas de la patologia respiratoria, la
incidéncia va ser molt major en mesos d’hivern, en concret al
Desembre, sense diferéncies entre sexes. Pel que fa als pacients
politraumatics, la distribuci6 en nenes presentava dos pics
d’incidéncia clarament marcats, Abril i Juliol-Agost, mentre que en
el cas dels nens, es distribuien més homogéniament en tots els

mesos, excepte els d’hivern.

Com a conclusio, tot i que van ingressar més nens que nenes, elles van
presentar major mortalitat. El fet que les nenes tinguessin menys edat i més

incidéncia de IN podria explicar aquest fet.
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6. DISCUSSIO

En aquesta tesi doctoral que presentem s’ha demostrat que la
implementaciéo d’un programa de prevencido d'IN ha aconseguit reduir-ne les
taxes a la UCIP de I'hospital Sant Joan de Déu. Alhora, la creacié d’un registre
multicéntric a UCIPs d’arreu del pais, ha aportat informacid sobre la incidencia

de la IN, I'etiologia a les unitats pediatriques i els seus patrons de resisténcies.

A continuacio discutim al detall I'efecte de la intervencioé implementada i

la utilitat del registre multicéntric.

6.1- Intervencidé multiple dirigida disminuir la infeccio

nosocomial a la Unitat de Cures Intensives

Pediatrica

La implementacié de la intervenciéo multiple amb la creacié del grup d’IN
a la UCIP, la campanya d’higiene de mans i les mesures per prevenir la IN es
crea a la unitat com una necessitat donades les elevades taxes d’IN existents®.
S’havien publicat nombroses iniciatives per reduir les taxes de IN a
UCIPs®***9! perd la majoria d’elles anaven encaminades a reduir un dels tipus
d'IN més frequents. En el primer article d’aquest dossier es presenta, per

primera vegada en pediatria, com una intervencié focalitzada en reduir els tres
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tipus d’'IN més frequents de manera simultania aconsegueix reduir-ne les taxes.
Alhora, es recull com I'efecte de la intervencié es manté durant el periode de
seguiment a llarg termini. Gurskis i cols van realitzar una intervencié amb la que
van aconseguir disminuir les taxes de BRC i NAV, perd no es va fer un

seguiment a llarg termini, i no es van reduir les taxes d’ITU-SU%.

6.2- Prevalenca de la infeccid nosocomial a les Unitats de

Cures Intensives Pediatriques

Es coneix que les IN a les UCIPs son un efecte advers frequent. Als
Estats Units, I'any 2007, Stockwell i cols reportaren una prevalenga de 11,9%
en nens ingressats a la UCIP'®, justament en el moment d’iniciar el primer
estudi presentat. A la nostra unitat, a 'estudi de Urrea i cols, publicat el 2003, el
15,9% dels nens ingressats van patir al menys un episodi de IN?°. Pel que fa a
altres dades en el nostre ambit, la primera publicacié que es va fer del VINCIP
va mostrar que el 5% dels nens de les UCls adquirien IN?'. En el primer estudi
que s’ha detallat, veiem com després de la intervencid, hi ha una davallada
significativa de la IN passant de 5,6% a 3,2%. En el segon article d’aquest
dossier, i referent a I'estudi multicéntric, es reporta una prevalenga de 2,45%,
seguint la mateixa tendéencia. En el segon article, es reporta com el 61,1% dels
pacients presentaven algun factor de risc, i el 25,4% d’ells, tenien més d’un

d’aquests factors predisposants.
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6.3- Bacteriemia relacionada amb catéter

En el primer article presentat, la intervencio realitzada va reduir les taxes
de BRC en un 26% el primer any i un 46% entre el periode pre-intervencié i el
seguiment a llarg termini, de manera similar a com ho havien fet altres
intervencions  publicades®*®. Els autors atribuim aquesta davallada
principalment a la campanya d’higiene de mans i a les mesures especifiques
adoptades per reduir la BRC. En el periode de seguiment a llarg termini, la taxa
de BRC va ser de 4,61/1000 dies de CVC. Malgrat aix0, no es van aconseguir
que la reduccio de taxes fos significativa. Si es tenen en consideraci6 les taxes
inicials per cada tipus d’infeccio (8,11/1000 dies de CVC, 28,33/1000 dies de
VM i 23,32/1000 dies de SU), veiem que les de BRC eren amb diferéncia les
més baixes. S’havien fet esforgcos previs a la intervencié presentada per reduir
la BRC, i creiem que eren el motiu pel qual era el tipus d’IN menys frequent a la
unitat. La taxa a la unitat, malgrat que va disminuir, continua sent més alta que
les reportades més recentment®>®'. El Programa “Bacteriemia zero” no s’havia
implementat a la nostra UCIP en el moment del primer estudi presentat. Les
ratios d’utilitzacié de CVC es van mantenir estables al llarg de I'estudi, sense

disminuissin en cap periode.

Pel que fa a les taxes de BRC que es reporten al segon article presentat,
s’observa que el registre multicéntric també apunta a una disminucié de la
BRC, amb una mitjana de 5,4/1000 dies de CVC entre 2009-2011 fins a 1/1000
dies de CVC al 2012. Els autors atribuim la disminucié a que al 2011 el 57,2%

dels centres havien desenvolupat un programa tipus “Bacteriemia zero”, i al
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2012 ho havien fet el 78,6%. Malgrat la reduccido observada, cal mantenir

mesures preventives perque les taxes segueixin millorant.

6.4- Pneumonia associada a ventilacio mecanica

Les taxes de PNAVM en el periode pre-intervencié del primer article
d’aquest dossier eren molt altes, comparant-les amb les publicades pel NNIS i
el NHSN en aquell moment®®%*. Després de la intervencié realitzada, la taxa de
PNAVM va disminuir significativament, en un 67%. Hi havia hagut treballs
previs que havien demostrat que les mesures preventives disminuien les taxes
de PNAVM, com el treball de Bingham i cols, que va reduir la taxa, mitjangant la
implementacié d’'un paquet de mesures especific, de 5,6 a 0,3/1000 dies de
VM%. Els autors volem destacar lincrement en Gs de TET amb
pneumotaponament al llarg de I'estudi, formant part del paquet de mesures de
les recomanacions fetes. Tanmateix, la ratio d’us de TET va disminuir des de
I'inici de I'estudi al periode de seguiment a llarg termini, de manera significativa,

coincidint amb un increment en la utilitzacié de ventilacié no invasiva a la unitat.

Les taxes de PNAVM presentades en el segon article d’aquesta tesi,
també mostren una reduccid, un 28,8% de 2008 a 2009, i un 44,5% de 2010 a
2011. En aquest registre multicéntric, la NAV va ser la IN més frequent, mentre
que en altres unitats, la BRC és la que tenia major incidéncia'?'. Creiem que
el fet de que les mesures per prevenir la BRC tipus “Bacteriemia zero”
s’adoptessin abans que les de “Neumonia zero”, fa que les taxes de BRC
fossin més baixes, de manera similar a el que va passar al primer estudi que
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hem presentat. Malgrat la reduccié observada, les taxes de PNAVM dels dos
estudis continuen sent altes comparades amb les reportades pel NHSN,
1,2/1000 dies de VM, en UCIPs médico-quirl]rgiques%. Calen nous esforgos
per reduir la taxa de PNAVM a les nostres unitats, com s’ha fet en altres

centres® 8 donat I'alt impacte de la PNAVM en termes de morbimortalitat**.

6.5- Infeccio de tracte urinari associada a sondatqge uretral

En el primer estudi d’aquest dossier, a la fase pre-intervencio, la taxa
d’'ITU-SU era molt elevada, igual que la de PNAVM. Després de la intervencio,
va caure un 77%. Malgrat la reducci¢ significativa, la taxa final continua sent
més alta que les reportades pel NHSN el 2008%, i per descomptat, les dels
darrers anys®. Tot i que el cost de la ITU-SU nosocomial és menor que el de la

PNAVM i la BRC® i que és dificil atribuir-li un excés de mortalitat®®, |

a
prevencio de la ITU-SU es va considerar igual que la de les altres IN al nostre

centre.

Les taxes de ITU-SU també van disminuir en el segon treball presentat,
amb un descens del 64,8%. Durant el temps d’aquest segon estudi, no es van
adoptar mesures especifiques per reduir les taxes de ITU-SU, i es va veure un
descens molt similar al de la PNAVM. Les mesures recomanades en el primer
estudi tampoc sembla que puguin explicar la milloria que es va observar. Aixo
es pot explicar pel fet que la milloria d’higiene de mans abans de manipular el
catéters i el concepte de seguretat del pacient que s’ha extés beneficia tots els

tipus de IN, fins i tot, sense mesures especifiques*. La mesura més efectiva
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seria la reduccio de dies d’Gs de SU'®, que no va ser una prioritat en el disseny

del primer projecte.

6.6- Dies d’estada a la Unitat de Cures Intensives

Pediatriques i hospitalaria

Es conegut el fet de que les IN allarguen I'estada a UCIP i hospitalaria
dels pacients que les pateixen'%'%' En el primer estudi que hem presentat,
després de la intervencio6 realitzada, I'estada hospitalaria global es va reduir en
4 dies des de la pre-intervencié al seguiment a llarg termini, sent aquesta
reduccié estadisticament significativa. Es dificil atribuir la reduccié global de
'estada hospitalaria al fet de que els pacients patissin menys episodis d’IN,
amb el disseny d’aquest estudi. Durant el periode de intervencié, hi va haver
més pacients quirurgics, i aixd0 podria explicar que la seva estada fos menor.
Malgrat aix0, al periode de seguiment a llarg termini, hi va haver més pacients
medics, i la reducci6 de I'estada en 4 dies es va mantenir. L’estada a UCIP no

es va modificar.

En el segon estudi presentat en aquesta tesi, es va mesurar el temps
que trigaven els pacients en desenvolupar BRC, i va ser de mediana 15 dies,
que sembla ser menys temps que dades publicades en adults'®. Donat que el
temps d’exposicid al dispositiu sembla determinant®®'%, es va analitzar el
segon estudi, i es va veure que la mediana d’us de CVC era de 11 dies per la
BRC, de 9 dies de VM per la PNAVM i de 12 dies de SU per la ITU-SU. En el

primer estudi d’aquesta tesi, no es va analitzar aquesta variable.
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6.7- Mortalitat

En el primer estudi presentat, veiem com la mortalitat global es va reduir
de 5,1% al periode pre-intervencio fins el 3,2% en el seguiment a llarg termini,
tot i que no va arribar a la significacié estadistica. Tot i que aquest estudi no ha
estat dissenyat per atribuir mortalitat a la IN, a I'analisi multivariat, la IN va ser
un factor de risc independent de mort (OR 2.35 95% IC, 1,02-5,55, p=0,045).
Aquests resultats concorden amb altres publicats a la literatura® %1%, Pel que
fa al segon article que conforma aquesta tesi, la mortalitat en els pacients amb

IN va ser de 6,14% i en 3 casos es va atribuir la mort a la IN.

6.8- Etiologia de les infeccions nosocomials i patrons de

multirresisténcia

En el primer article presentat, els microorganismes meés frequentment
aillats, de forma global, van ser els BGN, seguits dels CGP i dels llevats. Els
BGN van ser els més frequents en NAV i els CGP en les BRC, d’acord amb

%627 Pel que fa a les dades respecte a etiologia que

altres dades publicades
reportem en el segon article, es va mantenir la mateixa distribucié de gérmens
per tipus d’'IN. No es van observar diferéncies respecte als microorganismes al

llarg dels anys de registre.

Dels gérmens aillats, 36,58% van presentar algun tipus de resisténcia.
Pel que fa als patrons de resisténcia, la més frequent va ser les betalactamases
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d’espectre extés, BLEE, seguit de resistencia a cefalosporines de tercera
generacio, en els enterobacteris. Només es van identificar 3 SARMi un
Streptococcus pneumoniae resistent a penicil-lina. Tan sols es va identificar un
germen extremadament resistent que fou una Stenotrophomona maltophila. El
patré de resistencies no va variar al llarg dels anys de registre. Aquestes dades
coincideixen amb l'increment de resisténcies que s’estan registrant a nivell
mundial’®'%%% A Europa també s’ha reportat un augment de resisténcia en
BGN i SARM en poblacié adulta’®”, perdo les dades pediatriques sén molt
limitades. Lee i cols, en un estudi retrospectiu a UCIP, reportaren el SARM, la
Pseudomona aeruginosa productora de carbapenemases i les BLEE com a
principals resisténcies a destacar'®®. Aquests resultats sén similars als que es
presenten al segon article, amb un fet a destacar, i és que la mortalitat per BGN
en IN és major, i més si presenten algun tipus de resisténcia’®”'%. En la série
que s’ha detallat, 5 dels 7 nens que van morir per IN tenien una infeccio per

BGN, i en tres casos presentaven algun tipus de resisténcia antibiotica.

6.9- Limitacions

Els dos treballs que conformen aquesta tesi presenten algunes

limitacions.

Pel que fa al primer estudi, comparant les mostres, el nombre de
pacients que van rebre antibiotic a I'ingrés va augmentar del primer al segon
periode. En aquell moment a la unitat, es van comencar a utilitzar régims curts

d’antibioterapia i pautes de desescalament, de manera que els autors no

118



creiem que aquesta dada hagi fet que disminuissin les taxes d’IN després de la
intervenci6. Un dels punts febles de la intervencié que es va fer referent a la
BRC, és que no es va incloure la desinfeccio amb clorhexidina al 2%, malgrat

ser considerat el millor antiséptic a utilitzar 3%'"°

, perqué no estava disponible
en el nostre centre. Posteriorment, el seu us si que s’ha implementat a la UCIP.
Seguint amb la intervencid, no es va mesurar directament I'adheréncia a la
recomanacio d’higiene de mans, ni es va fer un checklist especific de durant la

inserci¢ del catéter, com es recomanava®’®?

, 1 que ara és una practica habitual
a la unitat, ja que es va emfatitzar més el manteniment dels CVC. Pel que fa a
I'is de TET amb pneumotaponament, tot i que veiem un increment significatiu
del primer al segon periode, el percentatge total de pacients que el portaven
seguia sent baix (53%). Tradicionalment, s’havia cregut que en nens per sota
de 8 anys era millor la intubacié sense pneumotaponament, i tot i que es va
recomanar, s’ha de considerar que va estar dificil canviar habits arrelats a
I'activitat médica. Actualment, la gran majoria dels TET que s'utilitzen a la UCIP

111;112. Una

sén amb penumotaponament, seguint les recomanacions actuals
limitacié important és que disminuir la ratio d’utilitzacié de dispositius a la unitat
no va ser un dels objectius en el moment que es va dissenyar la intervencio.
Segurament per aquest motiu la ratio d’utilitzacié de CVC no es va modificar. El
descens que es va veure en la ratio d’utilitzacio de TET es justifica pel major us
de ventilacié no invasiva I'any 2008. La ratio d’utilitzacio de SU fins i tot es va
incrementar. El fet de que en el segon periode hagués més pacients quirurgics
podria explicar aquest fet. Perd durant el seguiment a llarg termini, la tendéncia

va ser la mateixa, malgrat que hi va tornar a haver més pacients meédics. Els

autors no tenim resposta a aquest fet. Actualment la retirada de dispositiu és
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prioritaria a la nostra unitat, dins del paquet de mesures que s’utilitza per la

seguretat del pacient a UCIP.

Pel que fa al segon treball que s’ha presentat, la limitacié més important
€s que, en no dissenyar-se cap intervencié uniforme com a grup, només es pot
fer la hipotesi que el descens que es va veure en les taxes al llarg dels anys de
recollida, van ser a que els centres, de forma individual van anar implementant
programes de tipus “Bacteriemia zero” i “Neumonia zero”. Aquests programes

van ser diferents a cada centre, en estructura i contingut.

Seguint amb la BRC, en el segon estudi presentat, no es va poder

mesurar I'adherencia a recomanacions del programa BZ i NZ.
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7. CONCLUSIONS

7.1- Primer estudi

1. Laintervencié multiple de qualitat, que inclogué la creacioé d’un Grup
de Control d’Infeccions, la implementacié d’'una campanya d’higiene de mans i
la divulgacié de recomanacions per prevenir la IN, va disminuir les taxes d'IN a

la UCIP de I'hospital Sant Joan de Déu.

2. Després de [l'aplicaci6 de la intervenci6 multiple de qualitat,
encaminada a reduir les taxes d’IN, la mortalitat a la mostra es va reduir, tant
en el periode d’intervencié com en el seguiment a llarg termini, perd no ho va
fer amb diferéncies estadisticament significatives. L’estada a UCIP no es va
modificar, perd si que es va reduir I'estada hospitalaria en 4 dies, tant en el

periode d’intervencio com en el seguiment a llarg termini.

3. Els pacients que van patir algun episodi d’IN van tenir un major risc
de mortalitat en l'analisi multivariat, després d’ajustar per edat, gravetat i

diagnostic a I'ingrés amb una OR de 2,35, IC 95% 1,02-5,55, p 0,046.
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4. L’etiologia de les IN diagnosticades durant I'estudi va seguir els
patrons habituals descrits per aquest tipus d’IN, amb un predomini de BGN en
les PNAVM i les ITU-SU i de CGP en les BRC. De forma global, els BGN van

ser els més frequentment aillats, seguits de CGP i fongs.

7.2- Seqgon estudi

1. Les taxes d'IN associada a dispositius externs, a les UCIPs

nacionals col-laboradores en el registre VINCIP, van disminuir globalment al

llarg dels anys d’estudi.

2. Respecte als gérmens causants d’IN, els microorganismes meés
frequentment aillats van ser els BGN, seguits dels CGP i de Candida spp,
sense que aquest patré es modifiqués al llarg de I'estudi. El 36,5% dels BGN
van presentar algun tipus de resisténcia amb un 15,8% de productors de BLEE
i 6 de resistents a cefalosporines de tercera generacié. Només es van aillar 3
casos de Staphylococcus aureus resistents a meticilina i 1 de Streptococcus.

pneumoniae resistent a penicil.lina.

3. El percentatge de pacients amb IN que tenien factors de risc va ser
elevat, de 61,1%. El 25,4% dels que tenien factors de risc, en tenien més d’'un.
Haver patit una cirurgia, rebre nutricio parenteral, presentar malnutricio i rebre

tractament immunosupressor, van ser els factors de risc més frequents.
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4. La mortalitat en els pacients amb IN va ser de 6,14%. En tres casos
es va atribuir la mort a la IN que havien adquirit, i també en tres casos es van
aillar germens multirresistents. Les medianes dels dies d’estada a UCIP i a

I'hospital en els pacients amb IN van ser llargues (18 i 31 dies, respectivament).
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