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Para a Beatriz e Madalena

“The beauty of a living thing is not the atoms that go into it,
but the way those atoms are put together.”

Carl Sagan
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RESUMO | ABSTRACT

RESUMO

Esta Tese de Doutoramento é apresentada de acordo com o Regulamento
vigente do ciclo de estudos conducente ao grau de Doutor em Medicina da NOVA
Medical School|Faculdade de Ciéncias Médicas da Universidade Nova de Lisboa,
Regulamento n.2 519/2015 publicado em Diario da Republica, 22 série, N2 153, a 7 de
agosto de 2015. A Tese é apresentada com trabalhos cientificos alternativos a Tese de

acordo com o Artigo 202 do referido Regulamento.
Os trabalhos cientificos propostos sao:

e Artigo 1: Coelho L, Pévoa P, Almeida E, Fernandes A, Mealha R, Moreira P, Sabino
H. Usefulness of C-reactive protein in monitoring the severe community-acquired
pneumonia clinical course. Crit Care. 2007;11(4):R92. do0i:10.1186/cc6105. Factor
de impacto 6.880.

e Artigo 2: Coelho LM, Salluh JI, Soares M, Bozza FA, Verdeal JC, Castro-Faria-Neto
HC, Lapa e Silva JR, Bozza PT, Pdvoa P. Patterns of c-reactive protein RATIO
response in severe community-acquired pneumonia: a cohort study. Crit Care.

2012 Dec 12;16(2):R53. doi: 10.1186/cc11291. Factor de impacto 6.880.

e Artigo 3: Salluh JI, Soares M, Coelho LM, Bozza FA, Verdeal JC, Castro-Faria-Neto
HC, e Silva JR, Bozza PT, Pévoa P. Impact of systemic corticosteroids on the clinical
course and outcomes of patients with severe community-acquired pneumonia: a
cohort study. J Crit Care. 2011 Apr;26(2):193-200. doi: 10.1016/j.jcrc.2010.07.014.

Factor de impacto 2.920.

e Artigo 4: Coelho L, Rabello L, Salluh J, Martin-Loeches |, Rodriguez A, Nseir S,
Gomes JA, Povoa P; TAVeM study Group. C-reactive protein and procalcitonin
profile in ventilator-associated lower respiratory infections. J Crit Care. 2018 Oct

2;48:385-389. doi: 10.1016/j.jcrc.2018.09.036. Factor de impacto 2.920.

e Artigo 5: van Oort PM, Povoa P, Schnabel R, Dark P, Artigas A, Bergmans D, Felton
T, Coelho L, Schultz MJ, Fowler SJ, Bos L. D. The potential role of exhaled breath

analysis in the diagnostic process of pneumonia - a systematic review. Journal of

BIOMARCADORES NA PNEUMONIA 7



RESUMO | ABSTRACT

Breath Research 2018, 12(2):024001. doi: 10.1088/1752-7163/aaa499. Factor de

impacto 3.000.

De acordo com os critérios quantitativos e em cumprimento da metodologia de
calculo do Artigo 202 do Regulamento n.2 519/2015 de 7 de agosto, o total da soma
dos artigos publicados é de 37.78 (Tabela 1).

Tabela 1: Somatdrio do Factor de Impacto dos Artigos Publicados

Revista Factor de impacto N 12 autor Total
Critical Care 6.880 2 2 27.52
Journal of Critical Care 2.920 2 1 8.76
Journal of Breath Research 3.000 1 0 1.5
Total 37.78

Nota: Score calculado com base na soma dos factores de impacto dos artigos publicados de acordo com
a seguinte metodologia: factor de impacto da revista duplicado nos trabalhos em que o doutorando é o
primeiro autor; factor de impacto nos artigos com até 10 autores em que o doutoranto ndo é o primeiro
autor; nos artigos com mais de 10 autores adiciona-se o factor de impacto dividido por 2. O candidato
deve conseguir, segundo a metodologia apresentada, um score de soma de factores de impacto >=20,
devendo obter um score minimo de 10 como 1.2 autor.

Esta Tese de Doutoramento teve por objetivo estudar o papel dos
biomarcadores na pneumonia adquirida na comunidade e na pneumonia adquirida no

hospital.

BIOMARCADORES NA PNEUMONIA 8
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ABSTRACT

This doctoral thesis is presented according to the current regulation of the cycle
of studies leading to the Doctorate degree of NOVA Medical School | Faculty of Medical
Sciences of the New University of Lisbon number 519/2015 published in Diério da
Republica, 2" series, N°. 153, August 7. The thesis is presented in accordance with

article number 20t with alternative scientific published articles.
The proposed scientific articles are:

e Article 1: Coelho L, Pévoa P, Almeida E, Fernandes A, Mealha R, Moreira P, and
Sabino H. Usefulness of C-reactive protein in monitoring the severe community-
acquired pneumonia clinical course. Crit Care. 2007;11(4):R92. d0i:10.1186/cc6105.
Impact factor 6.547

e Article 2: Coelho LM, Salluh JI, Soares M, Bozza FA, Verdeal JC, Castro-Faria-Neto
HC, Lapa e Silva JR, Bozza PT, Pdévoa P. Patterns of C-reactive protein RATIO
response in severe community-acquired pneumonia: a cohort study. Crit Care.

2012 Dec 12;16(2):R53. doi: 10.1186/cc11291. Impact factor 6.547

e Article 3: Salluh JI, Soares M, Coelho LM, Bozza FA, Verdeal JC, Castro-Faria-Neto
HC, e Silva JR, Bozza PT, Pévoa P. Impact of systemic corticosteroids on the clinical
course and outcomes of patients with severe community-acquired pneumonia: a
cohort study. J Crit Care. 2011 Apr;26(2):193-200. doi: 10.1016/j.jcrc.2010.07.014.
Impact factor 2.855

e Article 4: Coelho L, Rabello L, Salluh J, Martin-Loeches |, Rodriguez A, Nseir S,
Gomes JA, Povoa P; TAVeM study Group. C-reactive protein and procalcitonin

profile in ventilator-associated lower respiratory infections. J Crit Care. 2018 Oct

2;48:385-389. doi: 10.1016/j.jcrc.2018.09.036. Impact factor 2.855

e Article 5: van Oort PM, Povoa P, Schnabel R, Dark P, Artigas A, Bergmans D, Felton
T, Coelho L, Schultz MJ, Fowler SJ, Bos L. D. The potential role of exhaled breath

analysis in the diagnostic process of pneumonia - a systematic review. Journal of

BIOMARCADORES NA PNEUMONIA 9



RESUMO | ABSTRACT

Breath Research 2018, 12(2):024001. doi: 10.1088/1752-7163/aaa499. Impact
factor 3.000.

According to the quantitative criteria, the total sum of articles published using

the methodology cited in article 20th has the total punctuation of 37.78 (Table 1).

Table 1: Total Punctuation of Impact factor of Published Articles

Publication Impact factor N 1%t autor Total
Critical Care 6.880 2 2 27.52
Journal of Critical Care 2.920 2 1 8.76
Journal of Breath Research 3.000 1 0 1.5
Total 37.78

Note: Score calculated based on the sum of the impact factors of articles published according to the
following methodology: duplicate journal impact factor in papers in which the doctoral student is the
first author; factor of impact in papers with up to 10 authors in which the doctorate is not the first
author; in papers with more than 10 authors, the impact factor divided by 2 is added. According to the
presented methodology, the candidate must score a sum of impact factors > 20 and must obtain a
minimum score of 10 as first author.

The aim of this doctoral thesis was to study the role of biomarkers in

community-acquired pneumonia and hospital-acquired pneumonia.

BIOMARCADORES NA PNEUMONIA 10



PREAMBULO

1. PREAMBULO

O pulmao foi considerado durante muito tempo um drgao estéril. Por isso, a
identificacdo de agentes microbianos nos produtos bioldgicos, em particular se
profundos, eram considerados sugestivos da presenca de infeccdo ou, mais raramente,
sobretudo em doentes com doencga respiratéria créonica estrutural, colonizagao das
vias respiratdrias. No entanto, ao contrario do que se acreditava, com o recurso a
técnicas de biologia molecular, como por exemplo a identificacdo e sequencia¢do de
regioes varidveis do gene 16S que codifica o RNAr bacteriano, foi possivel verificar que
o pulmdo ndo é um drgao estéril, sendo ‘habitado’ por um conjunto diversificado de
microorganismos comensais que interagem com o hospedeiro e entre si, e modulam a

resposta imunitaria [1].

A pneumonia, a mais grave e mais frequente infeccdo parenquimatosa
pulmonar, resulta do processo inflamatdrio de resposta a agressao do pulmao por um
ou mais agentes microbioldgicos (bactérias, virus, fungos, etc.). Do ponto de vista
anatomo-patolégico, a pneumonia caracteriza-se por preenchimento alveolar por
liquido intersticial rico em proteinas e mediadores inflamatdrios, e pelas células
inflamatdrias envolvidas na resposta do hospedeiro a infeccdo, consequente a um

marcado aumento da permeabilidade do capilar pulmonar.

Ainda que este conceito histoldgico seja considerado o ‘gold standard’ para
diagnosticar infeccdo, na pratica clinica o diagndstico assenta nas manifestacdes
clinicas e laboratoriais, e na demonstracdo da presenca de um infiltrado pulmonar na
radiografia do térax [2]. A identificacdo do agente microbioldgico (bactéria, virus ou
fungo) é fundamental para decidir o tratamento antimicrobiano dirigido. No entanto,
ndo é essencial para o estabelecimento do diagndstico da infeccdo, ou para decidir

qual a terapéutica empirica inicial.

A pneumonia classifica-se consoante o local onde a infeccdo é adquirida.
Designa-se pneumonia adquirida na comunidade (PAC) quando a infec¢do é adquirida
fora do hospital, ou se manifesta nos doentes internados antes das primeiras 48 horas

de internamento [2]. Por outro lado, a pneumonia que ocorre depois do segundo dia

BIOMARCADORES NA PNEUMONIA 11



PREAMBULO

de internamento hospitalar, e que ndo se encontrava em incubacdo na altura da
admissao, é designada pneumonia adquirida no hospital (PAH). A pneumonia que se
desenvolve 48-72 horas apds a intubacdo orotraqueal é designada pneumonia
associada ao ventilador (PAV) [3], a qual constitui um subtipo da PAH. Quando o
doente apresenta um quadro clinico compativel com PAV, mas a radiografia do térax
nao apresenta qualquer infiltrado pulmonar de novo, classificamos como sendo uma

traqueobronquite associada ao ventilador (TAV) [4].

As manifestagdes clinicas da pneumonia incluem sintomas inespecificos como a
febre, as mialgias e os calafrios, e sintomas mais especificos do atingimento pulmonar
tais como a tosse, a expectoracdo purulenta, a dor tordcica tipo pleuritico e a dispneia.
Os sinais classicos de consolidacdo pulmonar (macicez na percussao, crepitages,
aumento da transmissdo das vibracdes vocais) observam-se em apenas 33% dos
doentes internados com PAC confirmada radiologicamente, e em 5-10% dos doentes

tratados em ambulatério [5].

O diagndstico da pneumonia tem-se tornado progressivamente mais dificil. As
causas mais provaveis para esta dificuldade crescente sdo o aumento do numero de
doentes com doenga pulmonar estrutural prévia, com comorbilidades associadas,
institucionalizados e imunocomprometidos, associado a um aumento da diversidade
de agentes microbioldgicos causadores de infeccdo, e a uma prevaléncia crescente de
organismos multirresistentes [5]. Hoje em dia, é claro que ndo existem manifesta¢des
clinicas ou alteracbes do exame fisico isoladas ou em combinacdo, capazes de
confirmar ou excluir definitivamente o diagndstico de pneumonia [6]. Apesar da
radiografia do torax ser fundamental no diagndstico clinico, esta pode ndo apresentar
alteragdes em cerca de um terco dos doentes [7], nomeadamente nas fases iniciais da

doenca.

E sabido que a rentabilidade das amostras microbiolégicas na pneumonia é
baixa. Os exames bacteriolégicos da expectoracdo sdo frequentemente contaminados
com flora da orofaringe e, nos doentes intubados orotraguealmente, apesar de ser
mais facil a obtencdo de amostras com melhor qualidade (ex: aspirado traqueal, lavado

bronco-alveolar), muitos ja se encontram colonizados, sendo mais dificil distinguir

BIOMARCADORES NA PNEUMONIA 12



PREAMBULO

infecgao de colonizagdo [8-10]. Além disso, os exames microbioldgicos tradicionais nao
identificam outros agentes considerados menos comuns, como os virus ou fungos [11,

12].

Outros exames imagiolégicos, como a tomografia computorizada e a ecografia
toracicas, podem melhorar a sensibilidade nos casos em que os aspetos observados na
radiografia do térax ndo sao conclusivos, ou na detegdao de complica¢gdes pulmonares

como o empiema ou o abcesso pulmonar [5].

Para ultrapassar estas limita¢des, diversos biomarcadores tém sido avaliados
no sentido de complementar a avaliacdo clinica e radioldgica. Destes, a proteina C-
reactiva (PCR) e a procalcitonina (PCT) sdo os mais estudados e os que se tém
mostrado mais Uteis na identificacdo de doentes com infecgdo, na estratificacdo da
gravidade da pneumonia, e na monitorizacdao da evolucdo da resposta ao tratamento

antibidtico [13].

Esta Tese tem como objectivo principal a andlise do comportamento destes
dois biomarcadores, PCR e PCT, na PAC e na PAV. Na PAC foram analisadas as
variacOes absolutas e relativas da PCR apds o inicio da terapéutica antibidtica, assim
como o impacto da terapéutica concomitante com corticéides sistémicos nos valores
séricos da PCR durante o tratamento [14-16]. Na PAV foi avaliada a capacidade da PCR
e da PCT para distinguirem duas infeccbes diferentes, a PAV e a TAV [17].
Adicionalmente, foi também realizada uma revisao sistematica sobre o potencial papel

dos compostos organicos volateis (COV) no diagndstico da pneumonia [18].

BIOMARCADORES NA PNEUMONIA 13



BIOMARCADORES
2. BIOMARCADORES

2.1 Introdugao

Um biomarcador é uma molécula biolégica medida objectivamente, com
exactiddo e reprodutibilidade aceitaveis, usada como indicador de um processo
fisioldgico ou patoldgico. Numa infeccdo grave, como a pneumonia, o biomarcador
pode ser usado para identificar um grupo de individuos com alto risco ou
predisposicdo para a infeccdo, como marcador de diagndstico da infeccdo, para
estratificar a gravidade da infeccdo ou para monitorizar a resposta ao tratamento

antibiético (Figura 1) [19, 20].

Figura 1: Utilidade do Biomarcador

Estratificacdo
do risco

—_— — 7 - —

Prognéstico ~ ———|  Biomarcador |  Diagnéstico

T

Monitorizagdo
. daterapéutica

O biomarcador ideal na pneumonia deveria apresentar as seguintes
propriedades: 1) facil de usar e interpretar; 2) ser um teste rdpido e reprodutivel; 3)
ser dinamico com subidas e descidas rapidas; 4) ter elevada sensibilidade e
especificidade, facil de medir e interpretar; 5) permitir um melhor e mais rapido
diagnodstico; 6) ndo ser modificado por outros tratamentos ou interveng¢des nao
dirigidos a infeccdo (que ndo sejam a antibioterapia e o controlo do foco infeccioso); 7)
permitir a diferenciacdo entre infeccdes virais e bacterianas; 8) ter uma boa correlagdo
com a gravidade clinica e a mortalidade; 9) antecipar o diagndstico da infeccdo; 10)

BIOMARCADORES NA PNEUMONIA 14



BIOMARCADORES

apresentar uma grande amplitude de variacdo; 11) ndo apresentar um
comportamento de exaustdo ou fadiga, isto é, numa infecdo prolongada ou em
infeccOes sucessivas 0s seus niveis devem permanecer elevados e responderem
sempre aos estimulos infecciosos; e 12) ter baixo custo e com resultados disponiveis

rapidamente [21-23].

Tabela 2: Caracteristicas de um Biomarcador de Infeccdo Ideal

Critério Caracteristica

Acessivel na rotina diaria
Reprodutivel
Validagao Analitica

Preciso

Boa relacdo custo-eficacia

Boa sensibilidade e especificidade
Valores preditivos elevados

Boa correlacdo com:

Qualificagao e gravidade da apresentacdo clinica
e disfuncdo organica

e controlo do foco

e terapéutica antibidtica

Preditor da mortalidade

Facil de interpretar
Objetivo
Dindmico / Cinética rapida

Cinética independente da disfuncdo de o6rgdo e das
Utilizacao terapéuticas concomitantes (ex: corticoides, dialise)

Cinética afetada apenas pela antibioterapia dirigida a
infeccdo

Minimamente ou n3o invasivo

Variavel continua

BIOMARCADORES NA PNEUMONIA 15



BIOMARCADORES

N3o nos podemos esquecer que as manifestacdes clinicas tipicas da pneumonia
podem ser alteradas pela administragdao prévia de antibidticos, pela administragdo de
outros farmacos (antipiréticos, corticosteroides) ou pelo estado imunitario do doente.
Por vezes, a infecgcdo pode iniciar-se e evoluir com poucos sintomas ou imitar uma
outra situacdo clinica dificultando o diagnéstico [24, 25], em particular se
desencadeadora de uma agudizagdo de uma doenca crénica como a insuficiéncia
cardiaca congestiva ou a doenca pulmonar obstrutiva créonica (DPOC). Se as variacdes
do biomarcador dependerem apenas da reac¢do inflamatdria associada a infeccgdo, a
informacdo que se obtém pode ser determinante na confirma¢do ou exclusdo do
diagnéstico da infec¢do, e ajudar na decisdo de iniciar ou ndo a antibioterapia. Por
outro lado, apds o inicio do tratamento antibidtico, em muitos casos as melhorias
clinica e radioldgica sdo tardias, pelo que, se a antibioterapia for adequada e estiver
associada a melhoria clinica, entdo as concentragées do biomarcador devem diminuir,
e a sua monitorizacdo seriada pode ser utilizada para avaliar a resposta clinica e
orientar a duracdo do tratamento. Por outro lado, a persisténcia de valores elevados
do biomarcador, pode ser indicador da auséncia de resposta ao antibidtico, seja por
inadequacao da antibioterapia empirica, seja pelo desenvolvimento de uma

complicacdo (ex: abcesso pulmonar, empiema) [26].

2.2 Proteina C-reactiva

A PCR sérica é uma proteina de fase aguda, sintetizada exclusivamente pelo
figado, sob regulacdo da interleucina-6 (IL-6) [27]. A concentrac¢do sérica da PCR nos
individuos saudaveis tem uma mediana de 0.08 mg/dL e é inferior a 1 mg/dL em 99%
das amostras normais. A secrecdo da PCR comeca 4-6 horas apds o estimulo
inflamatdrio, duplica a cada 8 horas e atinge o pico em 36-50 horas. Com um estimulo
muito intenso, a concentracdo da PCR pode subir acima de 50 mg/dL, ou seja, mais de
mil vezes o valor de referéncia. Apds o desaparecimento ou a remocao do estimulo, a
sua concentracdao diminui rapidamente com uma semi-vida de 19 horas. A PCR pode

permanecer elevada, mesmo por longos periodos, se o estimulo inflamatério persistir.
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A sua concentracdo sérica estd dependente apenas da intensidade do estimulo

inflamatodrio e da velocidade de sintese hepatica [21, 28].

O nivel da PCR é independente da patologia subjacente e da gravidade da
doenga, das faléncias organicas presentes ou dos tratamentos de suporte instituidos
(ex: ventilacdo mecanica, técnicas de depuracdo renal), sendo a Unica excepc¢do a
insuficiéncia hepatica aguda grave, na qual ndo tem subida significativa devido a
faléncia da sua sintese pelo figado [29]. Apenas as intervencdes com efeito sobre o

processo inflamatério responsavel pela sua elevacao vao modificar o nivel da PCR [21].

Para além da infeccdo, existem situacdes ndo infecciosas que, com frequéncia
provocam modifica¢des significativas da concentracdo da PCR, como o trauma grave,
intervengdes cirurgicas, queimaduras, doencas auto-imunes (ex: artrite reumatdide)
ou neoplasias [27]. Pequenas variacbes das concentracdes da PCR podem também
observar-se em situagdes como o exercicio fisico intenso, o golpe de calor ou o enfarte

agudo do miocardio [30].

A PCR é um marcador inflamatério de fase aguda inespecifico, pelo que o seu
valor pode ser influenciado por multiplos factores. Assim, as caracteristicas gerais de
um individuo, como a idade, o género ou o seu polimorfismo genético, podem
influenciar a concentracao sérica basal de PCR [30, 31]. Os doentes criticos sdo
frequentemente submetidos a procedimentos invasivos, como sejam a colocacdo de
catéteres venosos centrais ou a ventilagdo mecanica, associados a faléncias organicas
ou a comorbilidades, apresentando por isso uma linha de base ou valor “normal” de
PCR geralmente mais elevado quando comparado ao da populacdo geral saudavel [27,
31-33]. No entanto, o diagnodstico de todos os estimulos ndo infecciosos (como trauma,
procedimento cirdrgico ou infarto do miocdrdio) é habitualmente simples e
geralmente n3do apresenta um desafio diagnodstico. Pelo contrario, a infeccdo é mais

dificil de diagnosticar, pode aparecer silenciosamente ou imitar outra situacao clinica.

A PCR apresenta grande amplitude de variacdo, pelo que é facilmente
detectada por métodos laboratoriais de rotina, sendo possivel identificar um limiar
aproximado para o diagnodstico de inflamagao aguda, principalmente infecgdo. Por

outro lado, a avaliacdo das variacGes absolutas ou do ‘slope’ da PCR, antes do dia de
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diagnéstico clinico de infeccdo, tem sido repetidamente demonstrado que é util na

identificagdo mais precoce dos doentes em risco de desenvolver uma infec¢ao [34-36].

Diversos trabalhos tém mostrado que o estudo das variacdes relativas da PCR
pode ser mais informativa do que a observa¢do do seu nivel absoluto didrio na
avaliacdo da resposta ao tratamento antibiético. O conceito de PCR-ratio foi pela
primeira vez descrita pelo nosso grupo e consiste na razao entre a concentragao diaria
de PCR e a sua concentracdo inicial (medida no dia do diagndstico da infec¢do e inicio
da antibioterapia). Como demonstramos nos nossos trabalhos, a PCR-ratio
correlaciona-se com a resolugdo da infeccdo, e é mais informativa na monitorizagcao
diaria das variacOes deste biomarcador do que a avaliacdo das variacdes absolutas [15,

37].

2.3 Procalcitonina

A PCT é uma proteina funcional imunomoduladora com varias fungdes. A sua
existéncia foi demonstrada nos anos 80 a partir de células de carcinoma medular, onde
se mostrou que a calcitonina tinha uma molécula precursora [38]. Nos individuos
saudaveis, a PCT é produzida nas células C da glandula tiroideia a partir de um gene no
cromossoma 11. O produto do RNAm é designado preprocalcitonina e posteriormente
modificada para a PCT com 116 aminodcidos. Esta molécula é clivada em 3 moléculas
distintas: a calcitonina activa, a katacalcitonina e a N-terminal PCT [39]. Praticamente,
toda a PCT produzida nas células C da glandula tiroideia é convertida em calcitonina,
pelo que a quantidade libertada para a circulacdo sanguinea é minima. Assim, o nivel
de PCT nos individuos sauddaveis é muito baixa (<0.1 ng/mL). Apés um estimulo
inflamatdrio, a PCT é produzida por 2 mecanismos alternativos: (1) por via directa
induzida por lipopolissacaridos ou outros metabolitos tdéxicos dos microorganismos; e
(2) por via indirecta, induzida por varios mediadores inflamatérios com a IL-6 e o TNF-
o. ApOds a instalacdo duma infeccdo bacteriana os niveis de PCT sobem rapidamente

atingindo o pico as 6-24 horas e tem uma semi-vida de 22 a 35 horas [40].

A PCT tem demonstrado utilidade como biomarcador diagndstico na sépsis. A

semi-vida plasmatica da PCT e a boa correlagdo com a intensidade do estimulo
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inflamatdrio, fazem com que se correlacione bem com a gravidade da reaccdo
inflamatdria e que a sua medi¢dao didria seja adequada na monitorizagdo destes
processos. Pode fornecer informacdo sobre a evolucdo da doenca, o sucesso da
terapéutica ou o progndstico. Nas infec¢cdes, especialmente bacterianas, a
monitorizacdo didria dos seus valores pode fornecer indicacdes importantes sobre a

necessidade, a duragao e a eficacia da terapéutica antibidtica.

Na tabela 3 resumem-se as caracteristicas principais de ambos os

biomarcadores.
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Tabela 3: Principais Caracteristicas, Vantagens e Limitacdes da Proteina C-reactiva e da

Procalcitonina

PROCALCITONINA

PROTEINA C-REACTIVA

Propriedades

Hormonoquina

Proteina de fase aguda
(pentraxina)

Valores normais

<1 ng/mL

0.08 mg/dL (mediana)

>100 ng/mL (>10.000x

>50mg/dL (>1000x valor de

Pico N N
! valor de referéncia) referéncia)
Biologia
Local de produgdo Todas as células Figado
Tempo de subida apds
, P P 3-4 horas 4-6 horas
estimulo
Tempo de
P ~ 8 horas
duplicagdo
Concentragao pico Cerca de 24 horas 36-50 horas
Semi-vida 22-35 horas 19 horas
Factores Modificadores
Corticoides Falsos negativos Sem efeito
frequentes
~ Falsos negativos .
Imunossupressio Sem efeito
frequentes
. Fal ti .
Neutropenia al>0s negativos Sem efeito
frequentes
Insuficiéncia renal T Sem efeito
Terapéuti
€ ap.eu'tuja de 11 Sem efeito
substituigdo renal
Insuficiéncia hepatica .
. P Sem efeito 1 (70% do normal)
crénica
Insuficiéncia hepatica . ~
Sem efeito PCR nao aumenta

aguda

Efeito do cancro e
outras doengas

11 no carcinoma
medular da tirdide e no
cancro do pulmao de
pequenas células

Sem modifica¢do no Lupus
eritamatoso sistémico, esclerose
sistémica, dermatomiosite,
doenca de Sjogren, colite ulcerosa,
leucemia, doencga enxerto vs
hospedeiro

Infecgdo secundaria
(22 episodio)

11 (10% do 12 episédio)

1 (70% do 12 episédio)

InfecgGes bacterianas
Vs virais

Fraco

Fraco
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3. PNEUMONIA ADQUIRIDA NA COMUNIDADE

3.1 Introdugao

A PAC continua a ser uma doenca frequente e grave, com uma incidéncia
estimada na Europa e Estados Unidos da América em 2-12 casos/1,000 habitantes/ano
[41, 42]. A maioria dos casos de pneumonia sdo tratados em regime ambulatdrio. No
entanto, cerca de 20% necessita de internamento hospitalar e aproximadamente 10%
evolui para PAC grave [43], necessitando de tratamento numa unidade de cuidados
intensivos (UCI). Nos doentes que necessitam de admissdao em UCI, a morbilidade e
mortalidade permanecem elevadas, apesar dos avanc¢os nas medidas de suporte vital e
na melhoria da adesdo as normas de tratamento clinico da pneumonia e da sépsis [2,
44]. Nos doentes internados em UCI, mais de 50% necessitam de ventilacdo mecanica
e apresentam choque séptico concomitante [8, 45, 46]. Estes doentes, em algumas
casuisticas, podem apresentar uma taxa de mortalidade superior a 50% [41, 47]. O
maior nimero de mortes ocorre nos primeiros dias de internamento hospitalar [48],
de modo que a identificacao precoce dos doentes com PAC grave é fundamental para
a rapida instituicio da terapéutica antibidtica e implementacdo das medidas de

suporte de 6rgao adequadas.

No entanto, a necessidade do inicio precoce da antibioterapia, aumenta o risco
de sobretratamento das pneumonias cuja etiologia ndo é bacteriana (viral ou fungica).
Também muitos doentes apresentam alteracdes na radiografia do térax que imitam as
alteragdes radioldgicas observadas na pneumonia, mas correspondem a doengas
pulmonares ndo infecciosas ou a doenca pulmonar estrutural prévia. O inicio de
antibioterapia nestes casos é desnecessdria e tem sido um dos principais factores de
aumento da pressdo antibidtica sobre as bactérias, resultando no aparecimento de
organismos multirresistentes como o Staphylococcus aureus resistente a meticilina, as
enterobactereaceas produtoras de beta lactamases de espectro alargado ou de

carbapenemases, e de superinfec¢des fungicas [2, 49].
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Ap0ds o diagnodstico da pneumonia e o inicio da antibioterapia, habitualmente a

partir do terceiro dia (D3) de tratamento, colocam-se varias questées na monitorizagdo

do doente com infecgdo grave (Figura 2):

1.
2.

Se o tratamento esta a ser eficaz.

Quando é que a infeccao estd definitivamente tratada e é seguro suspender a

antibioterapia.

Se a evolucdo clinica ndo é a esperada, se isso se deve a uma complicacdo da

infeccdo inicial (ex: empiema, abcesso pulmonar), a uma nova infec¢do (noutro

foco) ou a antibioterapia inicial inadequada.

Se o doente apresenta uma complicacdo ndo infecciosa (ex: insuficiéncia

cardiaca, cardiopatia isquémica) que influencia negativamente a evolugdao

clinica do doente e apresenta manifestacdes clinicas dificeis de distinguir da

infeccdo inicial.

Se o diagnéstico de infeccdo estava errado.

Figura 2: Avaliagdo Clinica da Pneumonia

Pneumonia

(avaliagao clinica)

O tratamento estd a
ser eficaz?

A antibioterapia é
adequada?

Quando suspender
o antibidtico?

Ha alguma
complicagao da
infecgdo inicial?

O diagnéstico de
infeccdo é correcto?|

Ha alguma
complicagao nao
infecciosa?
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A maior parte dos parametros clinico-laboratoriais (temperatura, frequéncia
respiratdria, glébulos brancos, radiografia do térax) usados na avaliagdo da resposta
clinica [13] tem uma evolucdo irregular ou lenta, e sdo muitas vezes influenciados por
factores que nao estdo directamente relacionados com a infeccdo em curso. Por
exemplo, a radiografia do tdérax, fundamental no diagndstico da PAC, tem um papel
muito limitado na avaliagdo da resposta clinica a antibioterapia, uma vez que em
muitos casos se observa uma deterioracdo inicial do padrao radioldgico, e num grande
numero de casos a resolucdo das alteragdes imagioldgicas é tardia [50]. Por outro lado,
muitos dos farmacos utilizados no tratamento destes doentes, podem influenciar
guase todos os parametros de avaliacdo da melhoria ou deterioracdo clinica. Os mais
frequentemente utilizados sdo os corticéides, os antipiréticos e os bloqueadores beta
adrenérgicos. Assim, a utilizacdo destes marcadores clinico-laboratoriais torna a

avaliacdo da resposta a antibioterapia pouco fidvel [21].

3.2 Biomarcadores na Pneumonia Adquirida na Comunidade Grave

Estima-se que aproximadamente 10-25% dos doentes com PAC ndo tém uma evolucdo
clinica adequada no tempo previsto. O insucesso terapéutico pode resultar de uma
falta de resposta por parte do hospedeiro, ou do desenvolvimento de uma
complicacdo infecciosa local, tais como um empiema ou um abcesso pulmonar [26,
51]. Além disso, a faléncia do tratamento pode ser erradamente presumida quando,
por exemplo, as alteracdes radioldgicas observadas tém uma resolugao lenta, ou o
doente tem um outro problema associado, tal como a febre associada a farmacos, um
tumor maligno, outra patologia inflamatéria, insuficiéncia cardiaca, ou uma infeccdo
hospitalar a partir de outro foco. Nestes casos, é muito dificil identificar qual a causa
da faléncia do tratamento, uma vez que a avalia¢do clinica e radioldgica é insuficiente

para diferenciar uma complicacdo infecciosa de uma complicagdo nao infecciosa [47].

Nestas circunstancias, a utilizacdo de determinacbes sequenciais de
biomarcadores para monitorizar a resposta ao tratamento antibidtico tem sido
avaliada em varios estudos. Um dos biomarcadores mais frequentemente avaliado tem

sido a PCR [13, 52, 53]. E hoje consensual que a monitorizacdo didria da PCR pode
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ajudar na diferenciacdo precoce dos doentes com ma evolucdo clinica dos com boa

evolugao no decorrer do tratamento antibidtico.

Apesar de ser mais comum monitorizar a evolugao dos valores absolutos da
PCR, o nosso grupo mostrou que a monitorizacdo didria da PCR-ratio, é mais
informativa, uma vez que a PCR tem uma cinética de eliminacdao de primeira ordem
[13, 27]. Este conceito é facilmente compreensivel com o exemplo seguinte: uma
diminuicdo absoluta de 5 mg/dL na concentracdo de PCR de um dia para outro tem
uma interpretacdo diferente, se o nivel anterior é de 50 mg/dL ou 10 mg/dL. No
primeiro caso a concentragdo de PCR caiu 10%, enquanto no segundo diminuiu 50%.
Uma diminuicdo acentuada e rdpida da PCR-ratio € um marcador de resolucdo da
infeccdo, enquanto que um valor persistentemente elevado ou um aumento
secundario da PCR-ratio sugere que a infeccdo ndo esta responder a antibioterapia

[54].

Nos nossos estudos [14, 15], acompanhdmos a resolucdo clinica da PAC grave
apos instituicdo da terapéutica antibidtica, avaliando de forma seriada a concentragao
plasmdtica da PCR, a temperatura corporal e a contagem de leucdcitos, a fim de
identificar os doentes com boa e ma evolugao clinica. A avaliagdo da PCR-ratio desde o
dia 0 (DO0), dia de inicio da terapéutica antibidtica, serviu ndo apenas para prever o
progndstico, mas para descrever a evolucdo clinica dos doentes com PAC. Do DO ao D7,
a PCR-ratio mostrou uma diminuicdo significativa e constante nos sobreviventes,
enguanto que nos falecidos permaneceu elevada. Nos sobreviventes, ao D3 a PCR-
ratio tinha diminuido quase 50% em relagao a concentragdo inicial. Uma PCR-ratio >0,5
no D3 de antibioterapia estad associada a ma resposta a antibioterapia e ma evolugdo

clinica, com uma sensibilidade de 0,91 e uma especificidade de 0,55.

Em resumo, demonstrou-se que a medicdo didria de PCR, nomeadamente a
avaliacdo da PCR-ratio, apds a prescricdo da terapéutica antibidtica na PAC grave, é util

na identificacdo precoce (entre D3-D4) dos doentes com boa e ma evolugdo clinica.
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3.3 Padrdes de resposta da PCR-ratio na Pneumonia Adquirida na
Comunidade Grave

As variagGes da PCR durante a evolugao das infecgdes bacterianas, tém vindo a
ser estudadas desde ha vdrios anos por diferentes grupos, e em diferentes situacdes
clinicas. Em 1986, Cox et al, descreveram 4 padrdes basicos de resposta da PCR ao
tratamento da infecgdo bacteriana [55]. As designagdes originais eram padrao de
infeccdo simples, padrao de infec¢Go supurativa, padrdao de infeccdo complicada e

padrao de infecgcdo recorrente.

Baseados nesta classificacdo preliminar de Cox et al, e estudando as varia¢des
relativas da PCR, nds classificAmos, de forma objectiva, quatro padrées de resposta

individual da PCR-ratio a antibioterapia (Figura 3) [15, 54]:

1. Padrdo de resposta rapida — quando a PCR no D4 de antibioterapia tem uma

concentracao inferior a 40% da concentracao do DO;

2. Padrao de resposta lenta — caracterizada por uma diminui¢do continua e lenta

da PCR;

3. Padrdo de n3do-resposta — quando a PCR permanece sempre igual ou superior a

80% da concentragdo da PCR do DO;

4. Padrdo de resposta bifdsica — caracterizada por uma diminuicdo inicial da PCR
para niveis inferiores a 80% do valor de DO, seguido por um aumento

secundario para valores iguais ou superiores a 80% da concentracdo do DO.
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Figura 3: Padrdes Individuais da PCR-ratio de Resposta a Antibioterapia
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Na PAC grave, observamos que os doentes com os padrdes de resposta rapida e
lenta apresentaram mortalidade significativamente menor que a observada nos

doentes com os padrdes de ndo resposta e resposta bifasica [14, 15].

Assim, a identificacdo dos padrdoes de resposta da PCR-ratio, permite
diferenciar precocemente os doentes com boa e ma evolugdo, podendo na pratica
influenciar significativamente o processo de tomada de decisdao clinica [37, 54]. Nos
doentes com valores persistentemente elevados ou crescentes da PCR, ou seja, os
padroes de ndo resposta ou resposta bifasica, podemos considerar que deve ser
necessaria uma reavaliacdo diagndstica e da terapéutica, com o objectivo de evitar
uma maior deterioracdo clinica. Devem procurar-se potenciais complica¢Oes
infecciosas relacionadas ou ndo com a infeccdo primdria, como por exemplo, um
empiema, uma infeccdo intra-abdominal, uma bacteriémia associada a cateter ou uma
antibioterapia inicial inadequada [26]. Por outro lado, os doentes com uma diminuicdo

consistente da PCR-ratio, ou seja, os padrées de resposta rapida e lenta, tém
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geralmente um tratamento antibidtico adequado, resolucdo da infeccdo e bom

progndstico.

Em conclusdo, a identificacdo do padrdo de resposta individual da PCR-ratio a
antibioterapia reflecte a resposta da infeccdo, e além disso é util na avaliagdo da
adequacdo da terapéutica antibidtica, e pode servir como alerta para o aparecimento

de complicagGes infecciosas [37, 54, 56].

BIOMARCADORES NA PNEUMONIA 27



CORTICOTERAPIA NA PNEUMONIA ADQUIRIDA NA COMUNIDADE GRAVE

4. CORTICOTERAPIA NA PNEUMONIA ADQUIRIDA NA COMUNIDADE
GRAVE

A presenca de comorbilidades e a intensidade da resposta inicial do sistema
imunitario a infeccdo, parecem contribuir para aumentar da gravidade da pneumonia,
com evolucdo em choque séptico e assim aumento da mortalidade [57, 58]. Varios
mecanismos podem estar subjacentes a esta expressdao da resposta imunitdria do
organismo, mediados por biomarcadores inflamatdrios (IL-6) e anti-inflamatdrios (IL-
10) [59]. Esta resposta inflamatdria intensa manifesta-se clinicamente sob a forma de
disfuncdo organica, sendo o choque séptico e a sindrome de dificuldade respiratéria

aguda as suas expressdes mais graves [60, 61].

Até agora, tém sido poucos os tratamentos adjuvantes que mostraram
melhorar o progndstico nos doentes com infecgao grave. Na PAC, nos ultimos anos, a
utilizacdo dos corticéides tem sido sugerida como sendo eficaz na melhoria da
evolucao clinica e do prognéstico dos doentes [62]. Em algumas infec¢des graves,
como a pneumonia por Pneumocystis jirovecii em doentes com infec¢dao pelo virus da
imunodeficiéncia humana, a corticoterapia sistémica demonstrou melhorar o
progndstico. No entanto, os resultados obtidos na PAC nem sempre tém sido
concordantes. Entre os estudos randomizados [63-68], nenhum mostrou beneficios da
corticoterapia na mortalidade. Apenas, as avaliagdes em meta-anadlises encontraram
potencial beneficio na mortalidade e apenas na PAC grave [69]. Os efeitos mais
significativos foram a melhoria da relacdo da PaO,/FiO, resolugdo mais rapida da

pneumonia e reducdo do tempo de internamento hospitalar.

No estudo apresentado na nossa tese [16], colocdmos como hipdteses os
corticdides sistémicos poderem reduzir a mortalidade dos doentes com PAC grave, e
acelerarem a resolucdo da disfuncdo organica, do processo inflamatdrio sistémico e da
insuficiéncia respiratéria. Incluimos 111 doentes com PAC grave e necessidade de
ventilagio mecanica invasiva. No nosso estudo, a corticoterapia sistémica ndo
apresentou qualquer impacto na mortalidade na UCI ou hospitalar, e ndo observdmos

diferencas na resolucdo das disfuncbes orgdnicas avaliada pelo ‘score’ Sequential
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Organ Failure Assessment (SOFA). Também a evoluc¢do da PCR na primeira semana de
antibioterapia foi idéntica nos doentes com e sem corticoterapia. Esta observacdo é
muito importante, pois demonstra que este biomarcador mantém a sua capacidade
para monitorizar a resposta a antibioterapia mesmo nos doentes com PAC sob

corticoides sistémicos.
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5. PNEUMONIA ADQUIRIDA NO HOSPITAL

5.1 Introdugao

A PAH é a segunda infecgdao nosocomial mais frequente e a principal causa de
morte por infeccdo adquirida no hospital nos doentes criticos [3]. A sua incidéncia
varia entre 5-20 casos por 1000 admissdes hospitalares, sendo mais frequente nos
doentes imunocomprometidos, nos doentes cirurgicos e nos idosos. A mortalidade da
PAH permanece elevada, podendo atingir os 70%, especialmente quando os doentes
evoluem com um quadro clinico de sépsis ou choque séptico [3]. Em relagdo a PAV,
estima-se que a sua incidéncia seja de 2-16 episédios por 1000 dias de ventilacdo [70].
A incidéncia da PAV tem vindo a diminuir ao longo dos ultimos anos, provavelmente
devido a implementacdo de medidas preventivas mais eficazes (ex: elevacdo da
cabeceira do doente, reducdo do tempo de sedagdo, aspira¢ao das secrecdes sub-
gléticas) [71]. No entanto, a sua incidéncia é ainda elevada nos doentes
politraumatizados e com traumatismo craneo-encefalico que, por serem causas de
diminuicdo do nivel de consciéncia, predispdem para a ocorréncia de microaspira¢des
na altura do traumatismo [4, 72]. A PAV tem um impacto econdmico muito importante
por aumentar o tempo de internamento, e por isso também os custos associados aos
cuidados de saude [73]. As avaliacGes mais recentes da mortalidade atribuivel estimam

que atinja os 13% [74].

O risco de PAV ndo é constante durante todo o tempo da ventilagdo mecanica.
Estima-se que o risco seja de 3% por dia durante os primeiros 5 dias de ventilagao
mecanica, 2% por dia entre o quinto e o décimo dia, e 1% por dia nos dias seguintes
[75]. No entanto, estudos mais recentes tém mostrado que a maioria das PAV ocorre
nos primeiros 7 dias de ventilagdo mecanica [4, 36]. Por outro lado, o tempo até ao
aparecimento da PAV também afecta a etiologia microbioldgica, o tratamento
antimicrobiano empirico e o progndstico [76]. A PAV pode, por isso, classificar-se
guanto ao tempo de diagndstico e de acordo com a duracdo da ventilagdo mecanica

em precoce, quando se instala até ao 42 dia de ventilagao, ou tardia, quando se instala
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a partir do 52 dia de ventilacdo [77]. Na PAV precoce os microrganismos mais
frequentemente envolvidos sdo o Streptococcus pneumoniae, o Staphylococcus aureus
sensivel a meticilina (SAMS), o Haemophilus influenzae e bacilos entéricos Gram
negativo ndo pseudomodnicos (Enterobacter spp, E. coli, Klebsiella spp, Proteus spp,
Serratia spp). Na PAV tardia para além dos microrganismos isolados na PAV precoce,
sdao também agentes frequentes microorganismos multirresistentes como a
Pseudomonas aeruginosa, o Acinetobacter spp e o Staphylococcus aureus resistente a

meticilina (SAMR).

5.2 Diagndstico da Pneumonia Adquirida no Hospital

A suspeita de PAH ocorre quando um doente apresenta na radiografia do térax
um novo infiltrado pulmonar ou agravamento de infiltrados pulmonares prévios,
associado a pelo menos duas das seguintes manifestac¢des clinico-laboratoriais: febre,
leucocitose ou leucopenia e alteracdo do volume/puruléncia das secre¢des bronquicas.
A presenca das manifestacdes clinicas sem as altera¢des na radiografia do térax sugere

a presenca de tragueobronquite nosocomial [9, 10].

Nos doentes criticos, os sinais clinicos sugestivos de pneumonia sdao geralmente
pouco especificos. Além disso, a radiografia do torax é mais dificil de interpretar nestes
doentes, porque a presenga ou modificacdo dos infiltrados pulmonar pode ter
multiplas causas como o edema pulmonar, a contusdo pulmonar, atelectasia ou
sequelas de doenca pulmonar prévia. Para melhorar a sensibilidade diagndstica,
podemos recorrer a escalas como o Clinical Pulmonary Infection Score (CPIS), baseados
na avaliacdo clinica, manifesta¢Ges radioldgicas e avaliacdo do aspirado traqueal [78].
No entanto, a utilidade destas escalas permanece por definir, uma vez que ndo estado
validadas para utilizacdo generalizada, e apresentam limitagGes importantes,

especialmente nos doentes que apresentam infiltrados pulmonares bilaterais.

Por outro lado, a presenca de bactérias nas vias aéreas inferiores dos doentes
intubados ndo é suficiente para diagnosticar infeccdo pulmonar, pois a sua arvore
traqueobronquica apresenta-se frequentemente colonizada por multiplas estirpes

bacterianas como, por exemplo, bacilos Gram negativo entéricos. As normas
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publicadas mais recentemente recomendam a colheita de amostras das secrec¢des
respiratdrias para culturas quantitativas ou qualitativas, de forma a poder usar-se os

resultados microbioldgicos para estreitar a antibioterapia sempre que possivel [9, 10].

5.3 Biomarcadores na Pneumonia Adquirida no Hospital

A medicao dos biomarcadores no dia do diagndstico da PAH, ou nos dias que o
antecedem, pode permitir um diagndstico mais precoce e mais preciso desta infeccdo,
em conjugacdo com a restante informacdo clinica, laboratorial, microbioldgica e
radiolégica. Em varios estudos [34, 36, 79], tem-se demonstrado que as variacdes dos
biomarcadores nos dias que antecedem o diagndstico de infecgdo, podem ser Uteis no
diagnodstico precoce da PAH. A sua utilidade poderda nao sé limitar-se a fornecer

informacao sobre a existéncia de infeccdo, mas também a exclui-la de forma segura.

O papel dos biomarcadores no diagndstico da PAH tem sido amplamente
estudado, nomeadamente a PCR e a PCT. A PCT tem mostrado um desempenho
bastante limitado [79-82], embora a sua utilizagdo clinica seja crescente. Em varios
estudos a PCR tem mostrado resultados muito promissores [36, 83] e ser segura
mesmo nos doentes imunocomprometidos [84]. Outros biomarcadores como o soluble
triggering receptors expressed on myeloid cells-1 (STREM), a interleucina (IL)-1b, a IL-6,
a IL-8, o granulocyte colony-stimulating factor (G-CSF) e a macrophage inflammatory
protein (MIP)-1a [85-92], também foram avaliados em multiplos estudos, mas nenhum
deles mostrou sensibilidade ou especificidade suficientes para que a sua utilizagdo
isolada na pratica clinica fosse considerada util, ndo estando por isso recomendada
pelas principais normas de tratamento da PAH das sociedades cientificas europeias ou

americanas [9, 10].

No nosso estudo [17], avalidmos pela primeira vez a capacidade de dois
biomarcadores, a PCR e a PCT, para distinguir entre duas infeccdes nosocomiais com
gravidade diferente, a PAV e a TAV. Incluimos 404 doentes com PAV e TAV
microbiologicamente documentadas. Ambos os biomarcadores apresentaram valores

significativamente mais elevados nos doentes com PAV, contudo com grande
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sobreposicdo dos valores de ambos os biomarcadores nos dois tipos de infec¢do. Por

isso, nem a PCR nem a PCT parecem ser Uteis para distinguir estas duas infeccdes.

Também demonstramos que os valores de PCR e PCT eram idénticos nos
doentes com infec¢Ges por agentes Gram positivo e Gram negativo, por agentes
multirresistentes e ndo multirresistentes e em diferentes agentes microbiolégicos
(Staphylococcus aureus, Pseudomonas aeruginosa, Enterobacteria spp e Acinetobacter
baumanii). Ou seja a avaliacdo destes biomarcadores ndo é util na identificacdo do

agente etioldgico envolvido na TAV/PAV [17].
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6. BIOMARCADORES DO AR EXPIRADO NO DIAGNOSTICO DA
PNEUMONIA

A principal fungdo dos pulmdes é realizar as trocas gasosas de oxigénio e
didxido de carbono. Estes dois gases, em conjunto com o azoto e o vapor de agua,
constituem a maior parte do volume de ar mobilizado no ciclo respiratério. No
entanto, o ar expirado é constituido por muitas outras substancias volateis presentes
em quantidades muito pequenas. Muitas destas moléculas sdo COV que podem
resultar do metabolismo das células do pulmao, de bactérias presentes no pulmao, da
resposta do hospedeiro a infeccdo ou, nos doentes com neoplasias do pulmao,

resultado do metabolismo das células neoplasicas [93, 94].

A analise dos COV no ar expirado tem varias vantagens: o material de colheita é
facil de obter, o procedimento da colheita pode ser realizado as vezes que forem
necessarias, a colheita pode ser feita facilmente a cabeceira do doente sem qualquer
risco e os resultados das colheitas estdo rapidamente disponiveis. Desta forma, a
analise dos COV tem vindo a demonstrar utilidade no diagndstico de varias doencas

respiratorias [94].

No artigo 5 é realizada uma revisdo sistematica para avaliar o valor potencial da
analise dos COV no diagndstico de pneumonia [18]. Foram analisados os estudos
encontrados em pesquisa na Medline até 7 de Margco de 2017 relacionados com os
seguintes tépicos: 1) diagndstico de pneumonia, 2) deteccdo do agente microbioldgico
especifico causador da pneumonia, e 3) valor dos COV na monitorizacdo da resposta
ao tratamento antibidético da pneumonia. Resultante desta pesquisa, foram
identificados e analisados 18 artigos referentes a 13 estudos em humanos e 5 estudos
em animais. A analise destes estudos mostrou que existe uma relacdo entre a presenca
de COV especificos no ar expirado e a existéncia de infecgcdo respiratéria, embora ndo
se tenha encontrado ainda um teste suficientemente especifico para afirmar o

diagndstico de pneumonia de forma inequivoca.
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7. PUBLICACOES

Neste capitulo apresentam-se os trabalhos cientificos publicados propostos
alternativos a tese (Artigo 202, Regulamento n.2 519/2015 publicado em Diario da

Republica, 22 série, N2 153, a 7 de agosto de 2015).
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Abstract

Background The aim of the present study was to evaluate the
C-reactive protein level, the body temperature and the white cell
count in patents after prescnption of antibiotics In order to
describe the clinical resolution of severs community-acquired
pREumenia

Meathods A cohort of 53 consecutwe patients with severs
community-acquired pneumonia was studied. The C-reactive
proten levels, body temperature and white cell count were
monitored daily.

Results By day 3 a C-reactive protein level 0.5 times the initial
level was & marker of poor cutcome (sensitiaty, 0.91; specificity,
0.53). Patentz were dwvided according to ther C-reactive
protein patterns of response to antibiotics, into fast response,
slow response, nonresponse, and biphasic response. About
96% of patients with a C-reactive protein pattern of fast

response and 74% of patients with a slow response pattem
survived, whereas those pabients with the patterns of
nonresponse and of biphasic response had a mortality rate of
100% and 33%, respactively (P < 0.001). On day 3 of antibiotic
therapy, 8 decrease in C-reactive protein levels by 0.31 or more
from the previous day's level was a marker of good prognosis
(senartivity, 0.75; specificity, 0.B5).

Conclusion Daly C-reactive protsin measurement after
antibiotic prescrption iz useful in identification, as early as day
3, of severs community-acquired pneumonia patients with poor
outcome. The identification of the C-reactive protein pattern of
response to antibictic therapy was useful in the recognition of
the ndiwdual climcal courss, either improving or worsening, as
well as the rate of improvement, in patients with severe
community-acquired pneumonia.

Introduction

Community-acquired preumonia (CAP) remains a common
and serious illness, with an estimated incidence of 2-12
cases/1,000 population per year [1]. The majority of cases are
managed outside hospital, but approdmately 20% require
hospital admission. Out of this group of patients, around 10%
develop severa CAP [2] requiring treatment in an intensive
cara unit ({CU) with a martality rate exceeding 50% [1.3]. Tha
largest numbers of deaths occur in the first few days of hospi-
talization [4], so the early recognition of patients with severe
CAP not only aids in the early initiation of antibiotic therapy but
al=o in adequate supportive care.

It has been estimated that approximately 10-23% of patients
with CAP do not resolve within tha anticipated timea [5]. Treat-
mant failure can result from a lack of response by the host or
from the development of an infectious complication, such as
postobstructive pneumonia, empyema, or lung abscess. In
addition, treatment failure may be wrongly presumed when
radiologic infiltrates are resolving slowly but the patient has a
superimposed problem, such as drug fever, malignancy,
inflammatory conditions, heart failure, or a hospital-acquired
infection from another source [3]. In such clinical situations, it
is very difficult to identify the cause of the presumed treatmant
failure, since clinical and radiclogical evaluation is insufficiant
to differantiate an infectious complication from a noninfectious
complication. Some studies [8,7] evaluated the value of some

ALC = area under the curve; CAP = community-acquired pneumonia; CRP = C-reactive protein; FiQ), = fractional inspired oxygen; ICU =intensive
care unit; IL = interleukin; PaO, = arterial axygen tension; SOFA = Sequential Organ Failure Assessmant; WCC = white call count.
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sarum markers of infection, such as C-reactive protein (CRF)
and interleukins, in monitoring the response to antibiotic freat-
meant. In the presant study we hypothesize that daily monitor-
ing of plasma CRP can recognize patients with bad outcome
and patients with good outcome early in the course of anfibi-
ofic treatmant.

Plasma CRP is an acute phase-protein synthesized only by the
liver largely under transcriptional control of IL-6 [8]. CRP levels
rise rapidly in response 1o several inflammatory stimuli, bacte-
rial infection being one of the most potent. The secretion of
CRP begins within 4-6 hours of the stimulus, doubling evary
8 hours, and peaking at 36—30 hours. After the disappearance
of or removal of the stimuluz, the CRP concentration
decreases rapidly with a half-life of 18 hours [9].

Tha aim of the present study was to assess the value of serial
CRP determinations after prescription of antibiotics in the
evaluation of the resolution of severe CAP, in order to recog-
niza, early in the clinical course, patients with good outcome
and patients with bad outcome, as well as to identify the indi-
vidual pattems of the CRP response to anfibiotics.

Materials and methods

Study subjects

A prospective observational cohort study was conducted
betwesn Movember 2001 and December 2002 in the ICU of
Garcia de Orla Hospital (Almada, Porfugal). All patients who
were aged =18 years and admitted for severe CAP wera
enrclled. The Ethics Committes of Garcia de Orta Hospital
approved the study design; informed consent was waived as
there was no need for additional blood samples.

Study design

The data collected included the admission diagnosis, the past
medical history and vital signs. The CRP conceniration, the
body temparatura, the white cell count (WCC), the Sequential
Organ Failure Assessment (SOFA) score [10,11] and the
Pa0,/HO, ratio were recorded daily. After clinical CAP diag-
nosis, all patients received ampirical antibiatic therapy accord-
ing to tha American Thoracic Sociaty CAP guidalinas [2].

For the purposes of time-dependant analysis, day O was
defined as the day of CAP clinical diagnosis. The following
days wera successively dafined as day 1, day 2, and sa on.

Withdrawal of the inflammatory stimulus results in a sharp
decreasein the serum CRP concentration, similar to first-ordar
elimination kinatics [B]. As a result, ime-dependant analysis of
the relative CRP concentration (CRP ratio) was also per-
formed. The CRP ratic was calculated in relation to the day O
CRP concentration. The maximal relative CRP variation from
the previous day's CRP level was also analysed.

Page 2 of 9
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Patients were followad-up until pneumonia was curad or until
death. The progression of the CRP concentration, thea CRP
ratio, the body temperature and the WCC throughout the
course of savere CAP was analysed, comparing survivors with
NONSUrVIvOrs.

Definitions

Savere CAP was defined according American Thoracic Soci-
aty guidelines [3]. Previous antibiotic treatment was defined as
any antibiotic treatment in the week before ICU admission.
Adequate antibiotic therapy was defined, in the empirical ther-
apy prescrived by the onsat of severe CAP, as at laast ona
antibiotic covering all of the pathogens isolated, as determined
by the sensitivity pattarn in tha antibiogram. In patiants startad
with initially inadequate treatment, antibiotics wera changad
according to the pathogan izolated and according to antimi-
crobial suscoptibility testing.

Patients were retrospectively classified according to pravi-
ously defined CRP pattens of the response fo antibiotic
[12,13]: fast response occurred when the CRP ratio at day 4
was <0.4 relative to the day 0 CRP; slow response was char-
acterized by a continuous and slow decrease in the CRP ratio;
nonresponse was when the CRP ratic remained =0.8; and
biphasic response was characterized by an initial CRP ratio
decrease to levels <0.8 followed by a secondary rize to values
20.8. CAP patients were retrospactively divided into four
groups according to their pattern of CRP responsa.

Analysis

Continuous variables are presented as the mean + standard
daviation, unless stated otherwise. The Shapiro—Wilk test was
used for normality assessment. Comparisons batwean groups
wera parformed using the parametric unpaired and paired +
test, or the nonparametric Mann—Whitney U-test and the Wil-
coxon signed-rank test for continuous variables according to
data distribution. The chi-squared test was used to cary out
comparisons between categorical variables. Time-depandent
analysis of different variables was performed via genaral linear
modal univaniate rapeated-measures analysis using a split-plot
dasign approach.

Receivar-operating characteristic curves were drawn for tha
CRF ratio, the body temperature and the WCC on day 3 of
antimicrobial therapy. The indicative accuracy of these vana-
bles at day 3 was assessed by calculation of the area under
the curve (AUC), as described elsewhera [14]. In medical
practica, a diagnostic test with an AUC <0.75 is regarded as
noncontributive [15]. Comparison of the AUC of two variables
was parformed using the mathod of Hanley and McNeil [18].
Results are reported with the 95% confidence interval. Signif-
icance was accepted at P< 0.05.

BIOMARCADORES NA PNEUMONIA 37



PUBLICACOES

Available online httpo/coforum.comd/content/{ 1 /4/R32

Tablea 1
Characteristics of the patient population with ity-acquired p
Survivors (n = 40) Monsurvivors (n= 13} P valug

Age (years) 004+ 148 611 £124 0.220
Sex (malefemale) 3im a5 0.257
C-reactive protein day O (mgtdl) 236+ 184 o+118 061
Acute Physiology, Age, and Chronic Heakh Evaluation | score 178157 261 8 <0004
Seguentizl Organ Failure Assessment score day 0 665+ 25 a7+29 0.002

Data presented as the mean + standard dewviation.

Resulis

Dwring the study period, 53 patients were admitted to the ICU
with sevare CAP. Of these 53 patients, 13 (24.5%) died in the
G, all deaths occurring while patients were still on anfibiotic
treatment and were mechanically venlilated. Fourteen patients
(26.4%) wera already raceiving empiric antibiotic treatmant on
ICU agmizsion; all patients maintained tha antibiotic treatment
already prescribed. The microbiological diagnosis was estab-
lighed in 11 patients (21%:). All patients with microbiological
diagnosis had initial adequate antibiotic treatment; only one
patient with iniial adequate antibiotic therapy died. Five
patients (2.4%) were on corticosteroid treatment on ICU
admission for chronic obstructive pulmonary disease axacar-
bation. The demographic charactenstics of the patiants with
savera CAP are presentad in Table 1. On ICU admission, 91%
of patients wiare already machanically ventilated.

At day 0, the CRP concentration, the body temperature and
the WCC of survivors and nonsunvivors weare not significantly
different: 23.6 + 18.4 mg/dl versus 238 £+ 11.6 mg/dl (P=
0.591) (Fgure 1), 3B.0 £ 0.75°C versus 379 £ 1.1°C (F=
0.856) and 16.2 + 13.9 x 102 collz/ul versus 130 + 12.7 x
102 callaful (F=0.227), respactively. From day 0 to day 7 of
antibiotic therapy, time-dapendent analysis of the CRP ratio in
survivors showed a more steady and significant decrease than
that in nonsurvivors (P=0.039) (Figure 2). Over the samea fime
period, the body temperature decreased likewise in bath
groups (P = 0.249). Analysis of the WCC showad no diffar-
ences betweean survivors and nonsurvivors (P = 0.423).

At day 3, tha CRP ratio in survivors was (.49 ralative to tha ini-
tial lavel (P < 0.001), wharaas in nonsurvivors the CRP ratio
remained alevated at 0.71 (P =0.002). The AUC for tha CRP
ratio by day 3 was 0.76 (5% confidence interval = 0.61-
0.87), whereas the AUCs of the WCC and the body tempera-
ture by day 3 were 0.45 (85% confidence interval = 0.25-
065) and 0.44 (95% confidence interval = 0.24-0.64),
respectively. The AUC of the CRP ratio by day 3 was signifi-
cantly graater than that of the WCC and the body temparature
(P=0.022 and F=0.047, raspactivaly). & CRP ratio >0.5 of
the day 0 concentration by day 3 was a marker of poor out-
coma, with a sensitivity of 0.91, a specificity of 0.55, a negative

pradictive value of 0.95 and a positive predictive value of 0.4
[positive likelihood ratio, 6.05; negative likelihood ratic, 0.49).

At the end of antibiotic therapy, the CRP conceniration of sur-
vivors was D.4 = 4.2 mgfdl. In nonsurvivors, on the day of
death tha CRP concentration increasad from the day 7 valua,
raaching 16.3 + 8.8 mg/dl (P 0.001). The body temperatura
at the end of antibiotic therapy in survivors was similar to that
in nonsurvivors on the day of death (371 £0.9°C and 37.5 £
0.7°C, respectively; P=0.60} and the WCC was not signifi-
cantly different (11.1 £ 5.0 = 10° cells/ul versus 163 £ 9.8 =
107 cells/|l, respactively; P = 0.163). Only survivors showed
a significant decrease in body temperaturs (P 0.001).

Patiants with sevare CAP wara retrospectivaly divided accord-
ing to four pattarns of the CRP ratio course during antibiotic
therapy. Twenty-two patients were classified as fast response,
23 pationts as slow response, five patienis as nonresponsa
and three patients as biphasic response. Time-dependent
analysis of the CRP ratio of the four different patterns showed
that these patterns of progression were significantly different
(P<0.001). By day 3, the CRP ratio was 0.31 £ 010,130+
1.50, 0.90 = 0.26 and 0.97 + 0.27 in patiants axhibiting a fast
response, a slow response, nonresponse and a biphasic
raspanse pattern, respectively (P < 0.001). Conversaly, during
the same time period, no significant difference betwean the
different patterns was found in the progression of the WCC
and the body temperature (P = 0.731 and P = 0.152,
raspectivaly).

W then went on in our analysis to study the comrelation
batwean tha CRP ratio patterns and the outcoma. About 96%
of patianis with a CRP ratio pattarn of fast response and 74%
of patiants with a slow response pattern survived, whereas
those patients with the patterns of nonresponse and biphasic
rasponse axhibited overall mortality rates of 100% and 33%,
raspectively (F < 0.001). Together, the combined mortality
rate of patients with these two latter patterns was 79%.

Vi analysed the maximal daily relative CRP concantration var-
iation from the previous day's level batwean day 0 and the last
day of antibiotic therapy. The receiver-operating charactaristic
curva AUC for maximal daily relative CRP variation was 0.76
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C-reactive protein levels. C-reactive protein (CRP) levels on the day of antibiotic prescription (&, day 0) and on the last day of antibiotic therapy in
survivors or at death in nonsurvivors (). Data prasented as the mean + standard deviation. #P = 0.601. TP = 0,021, *P < 0.004.

(95% confidence interval = 0.61-0.86) (Figure 3). A decrease
in CRFP levels by 0.31 or more from the previous day's concen-
tration was a marker of good prognosis (sensitivity, 0.75; spe-
cificity, 0.85; positive likelihood ratio, 4.87; negative likelihood
ratio, 0.30; negative predictive valua, 0.92; positive predictive
value, 0.E1).

During antibiotic therapy, 2% out of 53 patients with savera
CAP had, at least once, a relativa CRP variation from the pre-
vious day's level 20.31. Out of these 29 patients, 27 wara sur-
vivors and two patients were nonsurvivors (P = 0.001); in
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addition, in one-half of the patients this variation tock place in
the first 3 days of antibiotic therapy. By day 3, 80% of sevara
CAP patients with a fast response pattern had had at least ona
relative CRP variation from the previous day's level of 0.31 or
more, whereas this was observed in only 60% of patiants with
a pattern of slow responsa.

Clinical progression during antibiotic therapy was monitorad
with daily measurameant of the SOFA score and the PaO,FO,
ratic. The rasult of time-dependent analysis of tha PaO_/FO,
ratic from day O to day 7 of antibiotic therapy in survivors and
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Time-dependent analysis of the C-reactive protein ratio duning anfibiotic therapy. Time-dependent enalysis of the C-reactive protein (CRP) ratio dur-
ing antibictic therapy, from day 0 to day 7 of antibiotic therapy, was significantly different between survivors (&) and nonsurvivors (l). P = 0.030.

Nonsurvivors was not significantly diffarant (F = 0.339). More-
over, the same analysis of the PaO./RO, ratio for the four
different CRP ratio patterns from day O to day 7 showed no
significant differances betweoen the patterns (P = 0.224).

During the =ame pericd, the SOFA score progression
betwaen survivors and nonsunivors was significantly diffarant
{P=0.013). The azzassmant of the SOFA score prograssion
according to the four different CRP ratio patterns, howewver,
showed no differences (P=0.142).

BIOMARCADORES NA PNEUMONIA

Discussion

In the present study, we maonitored the clinical resclution of
savara CAP after institution of antibiotic therapy assessad by
gerial measurements of the CRP concentration, the body tem-
peratura and tha WCC, in order to identify, early in the clinical
coursa, patientz with good outcome and patients with bad
outcoma.

Tha evaluation of clinical resolution of CAP is prasently based
on the daily assessment of the same parameters used in
diagnosis, namaly X-ray scan, body tempearatura and WCC.
Most of thase parameaters are unspecific, howevear, and can be
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Maximal daily C-reactive protein varation. Receiver-operating charactenstics curve of the maximal daily C-reactive protein varation from the lavel of
the pravious day. Area under the curve, 0.76 (25% confidence interval =0.61-0.BE).

influenced by factors not related to CAP itself. In addition, the
radiological resclution often lags behind the clinical improve-
ment from CAP, so it is not a useful tool to predict outcome
[247 18].

The use of biomarkers to estimate the presance of an infection
and its treatment response is not well studied in CAP patiants.
Sevaral studies have shown that CRP is a good marker of CAP
diagnosis, as well as useful for assessing its clinical severity
[18-21]. Other markers, such as procalcitonin, have proved to
be good pradictors of complications and mortality [221.
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Smith and colleagues studied 28 CAP patients after the pra-
scription of antibiotics, from day 1 until day 5§ of therapy,
assessing the seral changes of the plasma CRP, tumour
necrosis factor alpha and IL-6 [7]. In that study, on the day of
CAP diagnosis all patients presented high CRP levels, >3 mg/
dl. Ancther interesting finding was that the admission CRP
conceniration was significantly influenced by the antibiotic
prescription prior o hospital admission in comparison with
those patients without therapy (10.7 = 4.2 varsus 13.2 £ 4.4,
respactively; P =0.023). The authors showed that in patients
with a good outcome the CRP concentration fell sharply,
whereas in patients who died of pneumonia there was a pro-
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gressive rize in the CRP level prior to death, to concentrations
>10 mg/dl. We found in our study a similar CRP coursa in sur-
vivors and nonsurvivors. The other biomarkers studied by
Smith and colleagues wera not helpful in the assessment of
tha CAP clinical course. Tumour necrosis factor alpha was
detactabla in only six patients on the day of hospital admission,
and only a further seven patients had detectable concentra-
tions during the period of follow-up. Concerning IL-6, only six
patients had detectable concentrations during some point of
thair hospital stay.

In a pravious study, our group assessed the value of daily
measuraments of CRP, WCC and body temperatura after the
prescription of antibiotics in ventilator-associated pneumonia
patients [1 Z]. In that study, daily CRP measurementis after anti-
biatic prescription ware useful in the identification, as early as
day 4, of ventilator-associated pneumonia patients with poor
outcome. Moreover, bath the WCC and the body temperature
wera not useful early markers of the ventilator-associated
pneumonia course. Patients ware also divided according to
tha pattern of CRP responsa to antibiotics; all patiants with
fast and slow response pattems survived, whereas those
patients showing nonresponse and a biphasic responsa pat-
tern exhibited a mortality of 78% and 73%. respectivaly. The
influence of adequate initial antibiolic tharapy on the cutcome
of venfilator-associated pneumonia patients was also studied.
Patients with inadequate initial antibiotic therapy had a mortal-
ity rate of 66.7%, while patients with adequate therapy
showed mortality of 18.4%.

In the prasant study, serial measurements of the CRF concen-
tration, the body temperature and the WCC wara parformed
in patients with severe CAP from the day of antibiotic
prescription (day 0) to the day of death or to the end of antibi-
otic therapy, dividing patients into survivors and nonsurvivors.
Draily CRP measurements wara performed not to predict out-
come but to describe the clinical course. From day O to day 7
tha CRP ratio showed a significant and steady decrease in
survivors, whareas in nongurvivors it remained elevated. In sur-
vivors, by day 3 the CRP ratio had decreased by almost 50%
from the admission concentration. Comparisons of receivar-
operating charactenstic curves showed that the prognostic
performanca of the CRP ratio by day 3 was significantly bettar
than that of the body temperature and the WCC. A CRP ratio
>0.5 by day 3, with a sensitivity of 0.81 and a specificity of
0.55, was associated with the diagnosis of nonreschving
sevare CAP.

We additionally performed the analysis of the maximal relative
variation of CRP from the pravious day's level. We found that
a decrease higher fham 0.31 from the previous day was a
marker of good prognosis, with an AUC of 0.76, a sensitivity
of 0.75 and a specificity of 0.85. Almost 80% of survivors
showed a decrease higher than 0.31. In addition, the rate of
the CRF decrease axpressed by the maximal relative CRP var-
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iation from the previous day's level had a good correlation with
a good clinical course.

Tha CRP ratio pattemns of patient response to antibiotics weare
fiound to be closely comelated with outcome. About 76% of
patients with fast and slow response patterns survived,
wharaas the combined mortality rate of the patients showing
the nonresponse and biphasic response patterns was 75%.

The optimal duration of anfibictic tharapy in CAP is still
unknown, and possibly should vary from patient to patiant
dapending of the savarity of the pneumaonia as well as the clin-
ical course. Currant guidelines recommend antibiotic courses
from 7 to 21 days, depending on the pneumonia severity and
the type of pathogen [2,3]. In a recent published study, Christ-
Crain and colleagues proposed procalkcitonin to diagnose and
guide the duration of antibiotic therapy in CAP patients.
Pafients in the procalcitonin guidance group reduced their
antibiotic therapy duration to 5 days, compared with 12 days
in patients treated according with guidelines [23]. Twenty-ning
per cent of tha patients included in this study, however, had an
almost undatectable level of procalcitonin an the day of diag-
nosis. Consequently, in thosa patients it is virtually impossible
to evaluate the rate of procalcitonin decling since it is already
very low. As a result, procalcitonin can hardly be a valuable
marker to guide the duration of antibiotic therapy or to predict
outcome at least in patients that were diagnosed as CAP but
had unexpectadly very low procalcitonin lavels.

The avaluation of changes in clinical wariables, such as the
SOFA score and tha PaO. /RO, ratio, can be helpful in the
azzezsment of tha effect of differant therapeutic interventions
[24]. In this study, the PaC./FO, ratio did not discriminata
betwean survivors and nonsurvivors during the first week of
antibiotic therapy, confirming the data published previously for
ventilator-associated pneumonia patients [12]. This ratio
paramater depends profoundly on noninfectious factors and
can be easily influanced, for example, by the O, administerad
or by the ventilator settings.

Conversaly, a significant decrease in tha SOFA scora from
day 0 to day 7 was found in survivors, wharaas in Nonsunivors
the valuas remain almost unchanged. Pationts with good out-
come had a progressive decrease in the CRP ratio, showing a
good corralation with the resclution of organ failure measured
by the SOFA score. Lobo and colleagues [24] found that
increased CRP concentrations were associated with organ
failure, prolonged ICU stay and high infection and mortality
rates. Increasing or persistently high levels (suggesting ongo-
ing inflammatory activity) indicated poor prognosis, whils
declining values (suggesting a diminishing inflammatory
reaction) wara associated with a more favourable prognosis.
In our study, patients who maintained high levels of CRP, sug-
gesting a persistent inflammatory response — namely those
with nonresponse and biphasic response patiemns of
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response — had significantly higher SOFA scores as wall as
higher maortality rates. On the contrary, patients who presented
progressively declining levels of CRP showed a SOFA score
improvamant and a batter prognosis. The SOFA scora is not 3
sapeig-related score as the authors initially thought, howevar,
but just an organ failure/dysfunction score [10,11]. Conse-
quently, the SOFA score can be influenced by several nonin-
fectious conditions unrelated to the course of the primary
infection.

Wa should note some limitations of the present investigation.
The study is a cohort, single-centra, observational study using
variables collected daily at the bedside to evaluate the clinical
coursa of severa CAP. We should note that this issue was only
fully addressed in a very limited number of studies, however —
and the CRP concentration used in only one other study [7]1 -
20 it ig very difficult to compara results.

Conclusion

In summary, it has been demonstrated that daily CRP meas-
urements after prescription of antibiotic therapy are usaful in
the identification, as early as day 3, of severe CAP patients
with poor outcoma, and the measurameant parforms batter
than the commonly used markers of infection, such as body
temperatura and WCC. In addition, recognifion of the pattern
of the CRP ratio response to therapy could provide more infor-
mation about the individual clinical course improving or wors-
aning, as wall as the rate of improvement. In addition, our data
suggest that, in patients with sevara CAP with a rapid CRP
ratio decline, a shorter duration of antibiotic therapy could be
equally effective, reducing toxicity, reducing the risks of emer-
gence of resistant straing and reducing costs. Conversely, for
patients showing the patierns of nonresponse and biphasic
response, we should perform an aggressive diagnostic and
therapeutic approach to pravent further clinical worsaning. If
these findings ara confirmed, the duration of antibiotic therapy
could be tailored to each patient's clinical response, and CRP
can be an impartant marker in daily manitoring for the efficacy
of antibiotic therapy of patients with severs CAP. Further stud-
ies o aszess tha clinical impact of daily monitaring should be
parformad.
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Abstract

Introduction: Community-acquied pneurnonia (CAP) requining intensive care unit (ICL]) admission emains a
severe medical condition, presenting ICU mortality rates reaching 30%. The aim of this study was to assess the
value of different pattems of C-reactive protein [CRP}-ratic response to antibiotic therapy in patients with severe
CAP requiring ICL) admission a5 an early maker of outcome.

Methods: In total, 19 patients with severe CAP were prospectively included and CRP was sampled every other
day from 01 to D7 of antibiotic prescription. CRP-ratio was caloulated in relation to D1 CRP concentration. Patients
were classified according to an individual pattem of CRP-ratio response with the following criteria: fast response -
when D5 CRP was less than or equal to 04 of D1 CRP concentration; skow response - when D5 CRP was > 04 and
D7 less than or equal to 08 of D1 CRP concentration; nonmesponse - when D7 CRP was > 08 of D1 CRP
concentration. Comparison between KU survivors and non-survivors was performed.

Results; CRP-ratio from 01 to D7 decreased faster in survivors than in non-survivors (p = 0.01). The ability of CRP-
ratio by 05 to predict ICU outcome assessed by the area under the ROC curve was 073 (95% Confidence Interval,
054 - 082). By D5, a CRP concentration above 0.5 of the initlal level was a marker of poor outcome [sensitivity
081, specificity 058, positive likelihvood ratio 193, negative likelihood ratio 0.33). The time-dependent analysis of
CRP-ratio of the three patterns (fast response n = 65; slow response n = 81; nonnesponse = 44 was significanthy
different between groups (p < G0 The ICL) morality ate was considerably different according to the pattems
of CRP-ratio response: fast response £8%, slow response 17.3% and nonresponse 36.4% (p < 001}

Conclusions: In severe CAP, sequential evaluation of CRP-mtio was useful In the eary identification of patients
with poor outcome. The evaluation of CRP-ratio pattem of response to antibiotics during the first week of therapy
was usefu in the recognition of the individual clinical evolution.

Introduction

Community-acquired pneumonia (CAF) is a major cause
of death due to infectious diseases in the Western world
[1]. Among hospitalized patients, up to 36% require
admission to the intensive care unit (ICU), and despite
advances in antimicrobial therapy, more than one third
of the patients will die during hospital stay [2-6].
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After prescription of antibiotics, the evaluation of the
individual clinical response and the assessment of reso-
lution of pneumonia usually rely on the monitoring of
the same criteria used for clinical diagnosis. Commonly
used variables, such as temperature and white blood cell
count, have a limited value in the assessment of clinical
response to antibiotics [7,8] since both present signifi-
cant improvements late in the course and can be influ-
enced by drugs frequently used in LCU, such as steroids,
antipyretics, or beta blockers.

To overcome these limitations, physicians frequently
use serum biomarkers to assist in the clinical decision-
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making process, namely in the assessment of clinical
response to antibiotic therapy. C-reactive protein (CRP)
is one of these biomarkers and probably the most widely
used [9]. In different infections and clinical settings,
CRP discriminates, early in the clinical course, survivors
from non-survivors. In addition, the course of relative
CRP variations, the CRP ratio, after prescription of anti-
biotic therapy, can be classified in different patterns as
fast response, slow response, and non-response [7,8].
Previous studies have demonstrated that the identifica-
tion of the individual pattern of CRP ratio response to
antibiotic therapy appears to be a reflection of the clini-
cal course of infection independently of other possible
confounders [7.8,10].

The aims of the present study were to evaluate the
course of CRP ratio and identify the patterns CRP ratio
response to antibiotic therapy during the first week in
patients with severe CAP in order to differentiate
between patients with good and poor outcome early in
the clinical course and potentially provide a useful and
easy-to-use tool for antibiotic stewardship.

Materials and methods

Study subjects

We conducted a prospective observational cohort study
in two medical-surgical ICUs at tertiary hospitals (Barra
D'Or Hospital, Rio de Janeiro, Brazil, and Garcia de
Orta Hospital, Almada, Portugal). Patients with severe
CAP that required ICU admission were consecutively
included between November 2001 and December 2002
at Garcia de Orta Hospital and between August 2003
and June 2007 at Barra D'Or Hospital. To perform the
present analysis, the independent databases were
merged. The institntional review boards approved the
study design and waived the need for informed consent.
The present study was strictly observational and did not
interfere in the decision-making process or clinical man-
agement. Patients were treated according to best stan-
dard ICU practice without any reference to the response
patterns of CRP in their daily evaluation.

Study design and definitions

Demographic, clinical, laboratory, and outcome data
were prospectively collected. The Acute Physiology
and Chronic Health Evaluation Il (APACHE II) score
was calculated after 24 hours of ICU admission [11].
Severe CAP was diagnosed according to the American
Thoracic Society (ATS) criteria, and the CURB-65
scale - confusion of new onset (defined as an abbre-
viated mental test score of 8 or less), urea of greater
than 7 mmol/L (19 mgfdL), respiratory rate of 30
breaths per minute or greater, systolic blood pressure
of less than 90 mm Hg or diastolic blood pressure of
60 mm Hg or less, and age of at least 65 years - was
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used to evaluate its severity [12]. Patients were fol-
lowed until death or hospital discharge. Antimicrobial
therapy was prescribed in accordance with the ATS
guidelines to all patients [12]. Patients with severe
immunosuppression (for example, from solid organ or
bone marrow transplant, HIV infection, or immuno-
suppressive treatment) and tuberculosis were excluded
from the present study.

CRP, arterial oxygen tension/inspiratory oxygen frac-
tion ratio (PaC:Fi(): ratio), and Sequential Organ Fail-
ure Assessment (SOFA) [13] score were routinely
measured during the first week of ICU stay at day 1
(D1), D3, D5, and D7. The CRP ratio was calculated in
relation to the D1 CRP concentration. Patients were ret-
rospectively classified with a modified version of pre-
viously defined CRP ratio patterns of the response to
antibiotics [7,14]: fast response - when D5 CRP was not
more than 04 of D1 CRP concentration; slow response
- when D5 CRP was greater than 0.4 and D7 CRP was
not more than 0.8 of D1 CRP concentration; or non-
response - when D7 CRP was greater than 0.8 of D1
CRP concentration. Comparison between survivors and
non-survivors was performed.

Statistical analysis

Continuous variables are presented as the mean + stan-
dard deviation unless stated otherwise. Comparisons
between groups were performed by using the parametric
unpaired and paired ¢ test or the non-parametric Mann-
Whitney U test and the Wilcoxon signed-rank test for
continuous variables according to data distribution. The
chi-squared test was used to carry out comparisons
between categorical variables. Time-dependent analysis
of different variables was performed via general linear
model univariate repeated-measures analysis using a
split-plot design approach. Receiver-operating character-
istic curves were drawn for the D5 CRP ratio. The opti-
mal CEP ratio cutoff was defined as the value associated
with the highest sum of sensitivity and specificity (Y ou-
den’s index).

To identify the variables (independent variables) pre-
dicting ICU outcome of severe CAP (dependent vari-
able) during antibiotic therapy, a multivariable logistic
regression model was constructed. Age, sex, APACHE I
score, D1 Pa(,/Fi(); ratio, mechanical ventilation, ICL-
acquired infection, septic shock, D5 CRP ratio of greater
than 0.5, and D1 SOFA score were included in the
initial model to control for potential confounding fac-
tors. Backward stepwise variable elimination was then
performed in order to develop the final model, and a P
value of less than 0.05 was a requirement for accep-
tance. Model calibration and discrimination were
assessed by using the Hosmer-Lemeshow goodness-of-
fit test and the c statistic, respectively. Results are
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reported as adjusted odds ratio (AOR) with 95% confi-
dence interval (CI). Data were analyzed by using PASW
version 18.0 for MAC (SPSS, Inc, Chicago, IL, USA).
All statistics were two-tailed, and the significance level
was set at 0,05

Results

A total of 191 patients with severe CAP requiring [CU
admission were included. The main characteristics of
the study population are presented in Table 1 The KU
and hospital mortality rates were 21.9% and 24.6%,
respectively. A microbiological diagnosis was established
in 33 patients (17.2%) (Table 2). All patients with micro-
biclogical diagnosis had initial adequate antibiotic treat-
ment. On ICU admission, 111 patients (58.1%) required
invasive mechanical ventilation.

D1 CRP and CRP ratio course from D1 to D7

At D1, CRP concentration was not significantly differ-
ent between survivors and non-survivors (155 versus
143 mg/dL, P = 0.91). The course of CRP ratio during
the first week of antibiotic therapy showed a steady
and significant decrease in survivors (P = 0.01). As
early as D3, the CRP ratio of survivors decreased by an
average of 24% but by only 11% in non-survivors (P =
0.106). By D5 of antibiotic therapy, this divergent evo-
lution of CRP ratio was markedly different; the CRP
ratic was 0.46 (P < 0.001) in survivors but remained
elevated in non-survivors, at 0.79 (P = 0.313). The ahil-
ity of the CRP ratio by D5 to predict outcome assessed
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Table 2 Microorganisms isolated from the 33 (17.2%)
patients with severe community-acquired pneumonia

Mic rossrgga il sm n=33

CranposTive Grganisms
Sreplomcous prewnmoniae 1%
wethicillin-sensitive Stqphpomas auews
Goun A STEpECEOE
Sreplomcous agtlactios
Grannegative arganisms
Hgemaghius influenane
Payabmandgs Seugingg
Kebsialls prasmoniae
Alypical
Myroplasma preumoniae 2

B L bl -

by the area under the receiver operating characteristic
curve was 0.73 (95% CI = 0.64 to 0.82). By D5, a CRF
concentration of above 0.5 of the initial level was a
marker of poor outcome (sensitivity of 0.81, specificity
of 0.58, positive likelihood ratio of 1.93, and negative
likelihood ratio of 0.33).

In the multivariable analysis, only three variables - D1
SOFA score (per 1-point increment AQR = 1.20, 95%
(1 = 1.06 to 1.37; P = 0.00%), D5 CRP ratio of greater
than 0.5 (AOQR = 447, 95% Cl = 1.64 to 12.20; P =
(1003), and mechanical ventilation (AOR = 9.39, 95% CI
=263 to 33.00; P = 0.001) - were independently asso-
ciated with ICU mortality (model m = 175 and goodness
of fit = 0.447).

Table 1 Comparisons between survivers and non-survivors of severe community-acquired pneumonia

All patients Non-survivors SUFVVOrS P value®
In=191] ln=a2) in =149

AQE i years A Eaa1) 776483 69 {53-79) (5]
Male gemder, numDer | pencentags) 102 (53.4%) 19 M52 83 (557 02
APATHE B score i points 15 12-19) 18 114-23) 15{11-19) 0004
CURE-G5 i points 3 34 4 {F5) 3 008
FalyFid, @t i mm Hg 244 (17 2-255) 210 {157 -266) 250{177-300) as2
S0OFA scofe in poine 534 F1A-10 41370 0004
Fositve Dlood oultues, nember (perenaoe) 22 {11.5%) s 15 1.4% 99
nvasive medhanical venslation, member {parcantags] 1171 {58.1%) 34 B09%) 77 516% Q0007
Septc shock at WOU admisson, numter [Dencentags) 79 1.3%) 26 1617 53 355% Q0007
GO0, mmbses | pescantags) A1 (271.48%%) 8 {199 33 0% 83
Diabotas, msmibar {parcantags) 36 (128 7 1685% 20 194% 86
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CRP ratio patterns of response to antibiotic therapy
Patients with severe CAP were retrospectively divided
according to three patterns of the CRP ratio course dur-
ing antibiotic therapy. Sixty-six (35%) patients were clas-
sified as fast response pattern, 81 (42%) as slow
response, and 44 (23%) as non-response. The time-
dependent analysis of CRP ratio (Figure 1) variations of
the three different patterns was statistically different (P
< 0.001). By D5, the CRP ratios were 0.23, 0.74, and
1.47 in patients exhibiting a fast response, a slow
response, and a non-response pattern, respectively (P <
[ILET

When we analyzed the correlation between the CRP
ratio patterns and outcome, we found marked differ-
ences in [CU mortality rate. Patients with the fast
response, slow response, and non-response patterns pre-
sented ICU mortality rates of 4.6%, 17.3%, and 36.4%,
respectively (P < 0.001) (Figure 1). Simiarly, the hospital
maortality was significantly different according to the
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CRP ratio pattern: fast response, 9.5%; slow response,
25.9%; and non-response, 43.2% (P = 0.001).

CRP ratio patterns of response and dinical course

The clinical course during antibiotic therapy was moni-
tored with SOFA score and the PaQz/FiQ: ratio. The
time-dependent analysis of the PaO./FiQ, ratio from D1
to 7 of antibiotic therapy in survivors and non-survi-
vors was significantly different (P < 0.001) but was not
different between the different patterns of CRP ratio (P
= 0.210). However, the SOFA score from D1 to D7 of
antibiotic therapy in survivors and non-survivors was
significantly different (P < 0.001) as well as between the
different patterns of CRP ratio response (P < 0.001)
(Figure 2).

Medhanically ventilated patients with CAP
In the subpopulation of mechanically ventilated patients
(=111, ICU mortality of 26.1%), the time-dependent
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Figure 1 Timedependent analyss of C-reactive protein (CRP) ratio in different pattermns of response during first week of antibiotic
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Figure 2 Time-dependent analysis of the Sequential Organ Failure Assessment (S0FA) score during first week of antibiotic therapy in

analysis of CRP ratio was also significantly different
between survivors and non-survivors as well as between
the different patterns of CEP ratio response to antibio-
tics (P = 0002 and P < 0001, respectively). In addition,
in this subgroup of patients, the course of PaOy/Fi0,
ratio during the first week of antibiotic therapy in the
different patterns of CRP ratio response was not signifi-
cantly different (# = 0.437). However, again, the SOFA
score according to the different patterns of CRP ratio
response during the same time pericd was significantly
different (P = 0.001).

Discussion

In the present study, we described the patterns of serial
measurements of CRP ratio and its relation with clinical
resolution of severe CAP in a large cohort of patients
requiring intensive care admission. With the resolution
of infection, the concentration of CRP decreases at a
rate that is dependent on its half-life, since this marker

exhibits a first-order elimination kinetics [15]. So the
assessment of relative variations is more informative
about the course of infection than absolute variations
are [9,16]. In our study, survivors showed a continuous
and significant decrease of CRP ratio during the first
week of antibiotic therapy. Conversely, in non-survivors,
CRP ratio remained elevated, and at D5, a CRP ratio of
higher than 0.5 was associated with a fivefold increase
in the risk of death in the ICU. Interestingly, in our
study, patients with the non-response CRP ratio pattern
presented a significantly higher ICU mortality than
patients with fast or slow response patterns. Addition-
ally, the identification of CRP ratio pattern of response
to antibiotics, during the first week of therapy, was use-
ful in the recognition of the individual clinical evolution
of patients with severe CAP.

These data suggest that persistently elevated CRP
values are indicative of poor response to antibiotic ther-
apy. This could be the result of inadequate initial
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antibiotic therapy [78], the presence of other infectious
complications [17], or a newly developed infection in
another location [9,16]. Several studies have confirmed
that serial measurements of CEP are useful in the moni-
toring of clinical course as well as assessment of patient
outcome in different severe infections. In all of these
studies, survivors by D3 to D4 presented values of CRP
ratioc of between 0.5 and 0.8 of the initial value
7,8,18-23]. This means that, after 72 to 9% hours of
antibiotic therapy, the CRP of survivors decreases by
30% to 50% of the initial concentration. Besides, serial
measurement of CRP allows the identification of various
patterns of response to antibiotic therapy, as previously
described by our group [7].

This concept of patterns of CRP ratio response to
antibiotics has been tested in different clinical settings
and reproduced by different research groups. In a recent
study, Moreno and colleagues [20] studied the value of
daily measurements of CRP in a cohort of 64 patients
with nosocomial pneumonia. Patients were classified
according to the CRP matio in two groups: ‘good’
response (CRP ratios of lower than 0.67 at D10) and
‘poor’ response (non-response or biphasic response).
The poor-response group (n = 34) had a mortality rate
of 53% in comparison with 20% in the good-response
group (n = 30) (relative risk = 2.65, 95% CI = 1.21 to
5.79; P = 0.01). Significant differences between the two
groups were found on CRP ratios at D4 (P = 0.01).
Also, in a cohort of 891 patients who had community-
acquired sepsis and who were admitted to the ICU,
Povoa and colleagues [19] found that patterns of CRP
ratio response to antibiotics presented a marked correla-
tion with hospital mortality. Patients with a non-
response pattern had a 2.5 times higher probability of
dying in comparison with patients with fast response
(AOR = 2.5, 95% Cl = 1.6 to 4.0; P < 0.001). Slow
responders showed a non-significant increase on the
odds of mortality in comparison with the fast respon-
ders (AOR = 1.5, 95% CI = 09 to 2.5; P = 0.124). The
results of the present study are in agreement with this
concept in the population of patients with severe CAP.

In all of these studies, the patterns of CRP ratio
response allowed the early identification (between D3
and D4) of patients with poor response to antibiotics
and consequently with poor prognosis. In our study, by
D5, a CRP concentration of above (L5 of the initial level
was a marker of poor outcome.

The evaluation of changes in organ dysfunction /fail-
ure, assessed by the PaOo/FiO; ratio and the S0OFA
score, could be helpful in the assessment of the effect of
different therapeutic interventions. However, the PaOyf
Fi(); ratio was not helpful in distinguishing between the
different patterns of CRP ratio response during the first

PUBLICACOES

Page & of 8

week of antibiotic therapy. The same was true in the
subgroup of mechanically ventilated patients. Similar
results were found in other studies in patients with ven-
tilator-associated pneumonia and bloodstream infection
[7 8]

When we studied the SOFA score from D1 to D7, we
found a significant decrease in survivors in comparison
with non-survivors. Also, patients with CRP ratio pat-
terns of fast or slow response presented a significant
decrease of SOFA score, whereas in patients with non-
response, SOFA score remained almost unchanged.
Similar findings were observed in the subgroup of
mechanically ventilated patients. In our study, we show
a good correlation between CRP ratio course and organ
failure evolution measured by the SOFA score, either
improving or not as well as the rate of improvement,
respectively. In fact, the decrease of CRP ratio by D3
anticipates the decrease in S0OFA score, and this could
suggest that CRP is a better marker of resolution of
severe CAP. Similar results were observed in patients
with ventilator-associated pneumonia and bloodstream
infections [7,824]. Additionally, the clinical application
of the SOFA score is not as easy and straightforward as
CRP interpretation, since SOFA score calculation
implies the collection of data of several clinical and
hboratorial parameters. S0 SOFA score determination is
more time-consuming and difficult to perform routinely
at the bedside. Consequently, the identification of the
CRP ratio patterns of response in combination with the
clinical evaluation could become a useful tool with good
potential to reduce the length of antibiotic therapy as
well as to reduce the risks of emergence of resistant
strains and costs of medication, a hypothesis to be
tested in future trials of CRP-guided therapy.

Owr study has important strengths. It contained a rea-
sonably large sample collected in two ICUs and evalu-
ated the CRP ratio patterns of response to antibiotics in
patients with severe CAP. However, there are limitations
to the study; namely, it was an observational study.
Also, the data came from two independent databases
and were collected in different periods. As a result, we
cannot exclude the possibility of time-dependent effect
on the results. Most of the diagnoses were made on the
basis of clinical and radiological criteria according to the
ATS criteria, although only 17.2% of the patients were
found to have microbiclogically documented pneumo-
nia. In addition, we have no information concerning
antibiotic therapy previous to ICU admission. Besides,
the attending physicians were not blinded to the CREP
results. Finally, in this study, we evaluated only one bio-
marker, namely CRP. S0 we cannot exclude the possibi-
lity that similar results could be obtained with other
biomarkers.
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Conclusions

Serial evaluation of CRP ratio was useful in the early
identification of patients with severe CAP with a poor
outcome. Besides, the recognition of the patterns of
CRP ratio in patients with severe CAP provided addi-
tional information about the individual clinical course
and this information could significantly influence the
clinical decision-making process at the bedside. In
patients with persistently elevated or rising CRP ratio
(that is, a non-response pattern], an aggressive diagnos-
tic and therapeutic approach should be attempted in
order to prevent further clinical deterioration in an
effort to change the poor associated prognosis. In con-
trast, patients with consistent CRP ratio decrease (that
is, patterns of fast or slow response) usually have an
adequate antibiotic therapy, rapid resolition of infection,
and good prognosis.

Key messages
+ Serial evaluation of C-reactive protein (CEF) ratio
is useful in the early identification of patients with
severe community-acquired pneumonia (CAP) with
a poor outcome,
+ Recognition of the patterns of CRP ratio in
patients with severe CAP provides information about
the individual clinical course.
+ In patients with a non-response pattern, an aggres-
sive diagnostic and therapeutic approach should be
attempted in order to change the poor associated
Prognosis.
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¥ Introduction: Our aim was to evaluate the impact of corticosteroids on clinical course and outcomes of

Corti |.dg patients with severe community-acquired preumonia (CAF) requiting invasive mechanical ventilation.
m‘tu:n:g. oo, ’ Methods: This was a cobort study of patients with severe CAP from 2 intensive care units in tertiary
C-reactive protein; . . .
Mechanical ation: hospitals in Brazl and Portugal.
Multinle fail N Results: A toml of 111 patients were included (median age, 69 years; 56% men; 34% hospital
oy “’?’E R meartality). Corticosteroids were prescribed in 61 {55%) patients. Main indications for their use were

hiromec heospasm { 52.5%) and septic shock (36%). Mortlity mte of patients treated with and withowt
corficosteroids was comparshle (29.5% w2 32%;, P =_E37). No significant differences were observed on
clinical course from day | to day 7 as assessed by the Sequential Organ Failure Assessment scone (P =
95). Furthermaore, C-reactive protein declined similarly in both groups (P = .147). In a multivariate
analysiz, monality was associated with older age and higher Acute Physiology and Chronic Health
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Conclusions: In patients with severe CAP requiring inv asive mechanical ventilation, adjunctive therapy
with corticosteroids did not influence intensive care unit and hospial monality. In addition, no changes
were observed on weaning from vasopressors, on necovery from organ failureid ysfunction as assessed
by the Sequential Organ Failure Aszsessment scone, a8 well as on C-reactive protein course.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

Community-acquired  pneumonia (CAP) is the most
common cause of death associated with mfectious disease
and a major cause worldwide [1,2]. More than 1 million
patients with CAP require hospitalization annually, 10% of
whom will be admitted to an intensive care unit (ICTN [1].
Despite improvements in critical care support [1,3] and
antimicrobial therapy [1A4], mortality rates remam excesd-
ingly high. Among ICU patients, it can be as high as 50% in
those requinng mechamical ventilation (MV) or vasopressors
[5]. To date, Bew adjunctive therapies are associated with
improved outcomes in patients with severs infiections [3]. In
recent years, the use of corticostervids has been sugpestad to
be effective in selected patients with CAP [6-8]. Meverthe-
less, recent reviews concludad that available studies cannot
support recommendation for the wse of coticosteroids as
standand of care for all patients with severe CAP [9,10].
Finally, data from a recent prospective mndomized con-
trolled trial (RCT) showed absence of cotticosteroids impact
on outcoms noa cohort of hospitalized non-ICU CAP
patients [11]. Therefore, further studies evaluating a large
number of severs CAP patients are needad. We hypothesized
that the use of coticosteroids could reduce mortality and
hasten the resolution of systemic inflammation, organ
dvsfunction, and gas exchange in patients with severs CAP
requiring invasive MV

2. Patients and methods
2.1. Design and setting

This cohort prospective observational study was perfonmed
in 2 medical-surgeal 10U s at tertiary hospitals (Bara D Or
Huspital, Rio de Jangim, Brazil, and Garcia de Orta Hospital,
Almada, Portugal). The mstitutional review boands approved
the study design and waived the need for informed consent.
There wens no patient interventions perfirmead for the study.

2.2. Selection of participants, data collection,
and definitions

Patients with CAP that required ICU admission wens
consecutively included betwsen Wovember 20001 and
December 2002 at Garcia de Orta Hospital [12] and between
August 2003 and June 2007 at Barra D*Or Hospital [13]. To

perform the present analysis, these independent databases
were joined together, seprepating CAP patients requiring
mvasive MV,

Patients with severs immunosuppression (g, from solid
organ or bone marrow transplant, HIV infection, or
immunosuppressive treatment) and tuberculosis wene ex-
cluded froom the present study.

Demogmaphic, clinical, laboratory, and outcome data were
prospectively collected. The Acute Physiology and Chromic
Health Evaluation (APACHE) 1T score [14] was calculated
after 24 hours of ICU admission. Severe CAP was diagnosed
according to the American Thoracic Society (ATS) criteria
[15], and the CURB-65 scale was used to evaluate its
severity [16]. Sepsis was strutified according to the American
College of Chest Physicians/Society of Critical Care
Medicine Consensus Conference crteria [17]. Patients
were followed until death or hospital dischargs. Intensive
carg unit—aequired infections were defined according to the
Centers for Diseass Contmol and Prevention definitions [ 18],
Antimicrobial therapy was presenbed in accordance with the
ATS puidelines [15] to all patients. In patients with
microbiologic documentation, the appropriatensss of empiric
antibiotic thempy was monitored. Appropriate antibiotic
therapy was considerad if, in the empiric therapy prescribed
by the omset of CAP, at least one antibiotic covers all
pathogens isolated as determined by the sensitivity pattern in
the antibiogram. In patients started with initial appropriate
treatment, antibiotics were changed according to the isolated
pathogen and the antimicrobial susceptibility testing.

C-meactive  protein  (CRP), artedal oxygen tension/
inspiratory oxygen fraction ratio (P/F mtio), and Sequential
Oman Failure Assessment (SOFA) score [19] were
routingly measured during the first week of ICU stay at
day (D) 1, D3, D5, and D7. The decision to treat patients
with corticosteroids, as well as the steroid weaning, was at
the discretion of the attending physician. Reasons for the
use of corticosteroids were routinely recorded. To
homogeniee data, corticosteroid doses ame presented as
equivalent doses of methylprednisolone. Etomidate, keto-
congzole, and rifmpicin were not used in any of the
screenad patients. The primary end point was n-hospital

death from any cause,
2.3. Data presentation and statistical analysis
Standard descriptive statistics were uwsed Continuous

varighles wene reported as median (interquanile range
[IQR]). Univariate analvsis was used to identify factors
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Fig. 1  Study flowchart,

associated with hospital mertality, Univanate and multivar-
iate logistic regressions wers used to identify factoms
associated with hospital mortality, Linearity betwesn
continuous varables and the dependent variable was
demonstrated wsing locally weighted scatterplot smoothing
[20]. Variables vielding P values < 2 by univariate analysis
were entersd nto a forward multivariate logstic regression
analvsis, Multivariate analysis results wene summarized by
estimating odds mtios (0Bs) and respective 95% confidence
intervals (Cls). Possible interactions wene tested. To adjust
for the influence of potential selection bias reganling the

patient’s likelibood of having received corticosteroids, a
propensity score was built and forced nto the final models.
Vanables associated with a P owvalue < 2 in univariate
analysis between patients who have received or not
corticosteroids were used to buld the popensity scome.
The following vanables wene retained for propensity score:
CURB-5 score and chronie obstructive pulmonary disease
(COPDY). This propensity score was entered as a continuous
varighle mto the models [21,22]. The area under the receiver
operating characten stic curve was used to assess the models”
discrimination [23]. The Hosmer-Lemeshow goodness-of-fit
test was used to evaluate agresment betwesn the observed
and expected results across all strata of probabilities of the
outcome of interest (calibration) [20]. P values = 05 indicate
a good fit for the model. Time-dependemt analysis of
different variables was performed via peneml linear model
univariate repeated-measures analysis using a split-plot
design approach,

Two-tailed P values < 05 were considersd statistically
significant. The PASW Statistics 18.0 software packape
(Chicagn, IL) was used for statistical analysis.

3. Results
3.1. Characteristics of the study population

A total of 111 patients who fulfilled the entry entena,
severe CAP and invasive MV, were enrolled in the study

Tablel Demographic and clinical variables of patients with severe CAP requining invasive MV and acconding to corticosteroid treatment
Variahles All patients Treated with corticosteraids P value®
NIy Yes MNao
(n= 61, 55%) (m= 50, 45%)

Age, ¥ 69 (15) T3 (20) 39 (23) =001
Male zex, m (%) 62 (559) 32 (52.5) 30 {B0.0) A2
APACHE 1T score 17 (&) 18 () 165 (%) M7
CURB-G5 4(1 4 (2) 33 <. 001
PF matio, mm Hg 190 (123) 2 (114) 159 {140) 196
SOFA score T(3) T (6) T (5 95
Positive blond cultures, n (%) 14 (126) 10 (16.4) 4 (B0 154
Duration of MV, d 9{11) 95 (15) B9 a3
Septic shodk at WCU admission, n (%) 59 (622) 39 (63.9) 30 {&0.0) JGOE
Weaned from vasopressors on D3, n (%) 30 (435) 13 (33.3) 17 (36.7) 053
COPT, m (%) 28 (252) 13 (37.7) 5 (10,0 001
CRP, mg/dL 16.3 (15) 15.7 (12.9) 178 (16.2) 014
ICU-acquired infection, n (%) 36 (324) 13 (37.7) 13 (26.0) 125
ICU LOs, d 13(15) 15 (15) 11 {10 003
Hospital LOS, d 18 {24) M (2B) 14 21} o3
ICU meortality, m (%) 29 (261) 15 (24.6) 14 (28.0) B8
Hospital mortality, n (%) 34 (306) 18 (29.5) 16 (32.0) 37

Results are expressed s median (25%75% IQR)L

* For comparsmns among patients trested with and without systemic corlicodenmds
" Excluding those who died before 15, & sl of 68 patients were on vasopresions =t [,
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(Fig 1). The main characteristics of the study population are
presented in Table | Owverall, 86 (78%) patients had relevant
comorhidities; and 28 (25%) had a disgnesis of COPD. All
patients were directly admitted to the ICU from the
emergency depantment.  Antimicrobial therapy was  pre-
seribed in accordance with the ATS puidelines [15] to all
patients. In our group of CAP patients, we identified 25
micrvhial apents in respimtory samples andfor blood coltures
from a total of 23 patients. All patients received appropriate
empiric antibiotic thempy.

3.2. Outcome analysis

Owerall, the ICU and hospital mortality of CAP patients
requiring invasive MV was 26% and 34%, mespectively.
Table 2 shows detailed data of survivors and nonsurvivors.
As expected, age and APACHE 11 were significantly higher
in nonsurvivors. However, there were no significant
differences between the 2 groups for baseline CURB-65,
SOFA scomes, CRP levels, frequency of positive blood
cultures, or the presence of COPD.

Ape, vasopressor use, septic shock, ICU-acquired
infection, CURB-65, S0OFA, and APACHE W scoves
were entered in multivariate  analyses. As expected,
potential collinearity between the SOFA and APACHE
I scores (Pearson comelation coefficient, r = 422) was
ohserved. Therefors, 2 models weme fitted containing
either the APACHE IT or the S0OFA score. Older age was
selected in both models; APACHE 11 was retained, but
SOFA score was excluded fom the respective final
mioddel (Table 3). Both models had reasonable discrimination
and calibration.

Table 3  Multivariale analyses of fackors associated with
increased hospitsl mortality in patients with severe CAP
requiring invasive ventilation (M = 111)

Variahles Coefficient OR {95% CT)
Modsl comtaining the APACHE IT score

P value

Age ¥ 0.037 1038 {1.007-1.07) .015

APACHE IT score,  0.078 1.OEL (1.006-1.16) .033
o inits

Constant —4. 817

Maodel containing the S0OFA seore

Age, ¥ 0.039
Constant =3.434

1.039 (101-1.07) 009

Maodel contxining the APACHE 1 scone: ares under receiver operating
charscienishe aurve (o stabises) = 0,714 (95% CL 061 50 809); Hosmer.
Lemeshow goodnes-ol-ft {f =T M¥, FP= 51} Model contsminyg the
S0FA soome: aras under moetver opemting cherscleritic curve (o sliios)
= (0649 (95% CL 05460, 753); Hosmer-Lemeshow goodnes-ol-fi {f =
5.663, P = HHS).

3.3. Use of corticosteroids and mortality

Corticosteroids werne always prescribed by parenteral
route in the first 24 hours of ICU admission, A total of 61
(55%) patients meceived corticosteroids at an equivalent of
methylprednisolone  dose (median) of 60 mgd for a
median duration of 7 davs. The main reasons for their
use were bronchospasm (n = 32, 52.5%) and septic shock
(n = 22, 36%).

Mo significant differences in mortality were observed in
patients treated with and without corticosterids (29.5% vs

Table 2 Comparisons between survivors and nonsurvivors of severe CAP requining invasive MV
All patients Nonsurvivors Survivors P value*
M=111) {n =34, 30.6 %) {n =77, 69 .4%)
Age.y &9 (25) TLE(18) 64 (25) 002
Male sex, n (%) 62 (559) 19 (559 43 (55.8) 1.0
APACHE M scone 17 (&) 20 (E) 17(%) 013
CURB-65 4(1 4(1) 41 375
F/F ratio, mm Hg 190 (123) 207 (138) 1BE(117T) JGTE
SOFA score T(H B(6) T3 ATT
Positive blond culures, n (%) 14 (126) 5(14.7) 91T JT58
Septic shock at IC1 admission, n (%) 69 (622) 24 (T06) 45 (58.4) 200
COFD, n (%) 28 (252) 9(265) 19{4.7) E1E
CRP, mg/dL 16.3 (15) 15.2(188) 16.3 (14.1) 60
Use of conticosternids, n (%) 6l (550 18 (529 43 (55.8) B37
Median daily dose of corticosterids, 60 (16) &0 (20 60 (14) 539
oquivalent to methylprednizolone in mg

Duration of corticosteroids, d T(6) 6 {6) T6) JTRT
ICULOS, d 13 (15) 13 (23) 13 (10} 505
Hospital LOS, d 18 (24) 19(1% 15.5 (36) 307
ICU-acquired infection, n (%) 36(324) H(312) 12(353) JB6T

Resuls expressed = median (25%75% 1R )
* For compartions among survivors and nomsuryivons
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Table &4 Propensity score for the use of systemic
corticosteraids in patients with severe CAP roquining invasive
MV (N=111)

Warishles Caoefficient OR (95% O) P value

COPD 1933 691 (2.034-2347) ooz
CURB-65 0927 2527 (1.67T9-3.802) =001
Comnstant —2239

32, P = 81T In addiion, corticosterids therapy had no
significant impact on the weaning fom vasopressors of
septic shock patients (n = 69) by D5 (33% s 57,
respectively; P = 053),

Furthermons, patients treated with and without corticos-
teroids developed similar rates of KCU-acquirsd infections
(38% ws 26%, respectively; P = 225). Fmally, no
differences in mortality were observed when subgrmoup
analvsis was performed for the presence of septic shock
and SOFA score.

However, significant imbalances were present when the
2 populations were compared. Patients treated with
cotticosteroids were older (73 [20] v 59 [25] veam, P =
L01), had higher CURB-65 scome (4 [2] v 3 [2], P =
001, had more frequent diagnosis of COPD (37.7% s
10,0%, P = 001}, and presented a lower CRP level at
admission (157 [129] vs 17.9 [16.2] mgidL, P = .014).
Mevertheless, we performed a logistic regression analysis
and did not chserve an ndependent association betwesn
the use of coicosteroids and hospital mortality. Finally,
the propensity score for the use of corticostervids was
forced into the final models and was not selected (OR =
1140 [0.998-1.303], P = 053 for the model containing the
SOFA score and OR = 266 [0.36-1.974], P = 195 for the
maodel contmining the APACHE 1T score, respectively)
(Table 4); and again, no association with improved
martality could be demonstrated.

In addition, the use of corticostemids was not indepen-
dently associated with an mersased risk of 1CU-acquired
infection (OR = 1.723 [0.761-3.809], P = 192),

Finally, both the ICU and hospital lengths of stay (LOSs)
were significantly higher in corticosteroid-treated  patients
(1515 vs 11 [10] days, P = 003; 20 [28] vs 14 [21] days,
P =023, respectively).

We also analyzed patients treated with comticosteroids
acconding to the clinical ndication, namely, for septic shock
(n = 22) and bronchospasm (n = 32), to examing possible

Fig. 2 Time-dependent analysis of CRP, S0FA score, and P'F
ratio during antibiotic therapy, acconding to corticoseroid therapy.
Data are presented as boot plots. From D1 to D7, CRP, SOFA, and
F/F matio courses were not statistically different in severe CAP
patients requiring invasive MV treated with and without corticos-
teroids (P =147, P = 952, and P = 737, respectively ).
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differences in these subgroups, Concerning age (75 [23] vs
73 (20) years, P= _58), sex distibution (male, n [%5]: 7 [31.8]
vi 19 [59.4); P=.071), DI SOFA sconz (7.5 [R] vs 6 [5], P=
205), KCULOS (14 [18] vs 15 [11] days, P= 1.0), hospital
LOS (22,5 [36] vs 20.5 [18] days, P = 839), ICU montality
(22.7% vs 18.8%, P = .103), and hospital morality (36.6%
vi 18.8%, P = .105), no significant & ferences were found
betwesn patients with septic shock and bronchospasm
treated with corticosteroids, respectively.

3.4. Impact of corticosteroids in the course of CRP,
SOFA score, and oxygenation

At DI, before steroid thempy was stanted, CRP levels
were somewhat lower in patients treated with corticoster-
oids (15,7 [12.9] vs 17.8 [16.2] mgidL, P = 014). Even
s, the time-dependent analvsis of CRP (Fig. 2), from DI
to D7 of antibiotic therapy, showed that CRP decreased
similarly in both groups (P = .147). At D1, S0OFA scome (7
[6]vs 7 [5], P = .95} and P/F ratio (202 [114] vs 189 [140]
mm Hg P = .196) wenr: comparable m patients treated
with and without corticostervids, mespectively. Likewise,
the time-dependent analysis of SOFA score and P/F mtio
showed an almost parallel course in both groups (P = 952
and P = T37, respectively), decreasing in the SOFA scome
amalysis and increasing in the P/F mtio analysis.

4. Discussion

To date, only a few studies evalumted the impact of
systermnic corticosteroid admmistmtion on the outcomes of
patients  with severs CAP [782426] most mvolving
small samples and only  one evaluated  exclusively
crtically ill patients [7]. Owr study is the lamgest cohon
of severe CAP patients requinng mvasive MV (N = 111}
whene the impact of systemic corticostemids on mortal-
ity, organ failures, and the evolution of systemic in-
flammation, assessed by serial measurements of CRP,
could be evaluated.

In the 61 (55%) patients who received corticostemids, we
were unahle to find any positive impact in survival rate, in
resolution of organ filures, or in the couse of CRP, even
after adjusting for other relevant clinical characteristics and
for the probability of having received corticosteroids,

The potential benefits of corticosteroids in severe CAP ane
usually attributed to their immunomodul atory and hemody-
marmic effects [6,9,27], In addition, in recent guidelines, their
use i recommended for patients with severe CAP [4].
Confalonieri et al [7], ina small (N = 45) RCT, evaluated 23
patients treated with parenteral corticosteroids, with a dose
equivalent to 48 mg/d of methylprednisolone, for 7 davs. The
authors observed significant improvements in monality,
systemic inflammation, and oxygenation [7]. Thess results
were not subsequently reproduced [11]. In fact, neither a

recent systematic review of the literature [10] nor an RCT
inval ving non-1CU patients hospitalized for CAP [11] could
demonstrate significant survival benefits from corticostemid
therapy. In addition, subgroup analysis of mechanically
ventilated CAP patients also showed no differences n
outcomes [117]. In addition, in this study, Snijders et al [11]
found a significant increase in the mcurrence of signs and
symptoms of pneumonia after 72 hours of treatment, despite
an initiall v beneficial response to treatment in pati ents treated
with systemic corticosteroids.

Besides mortality, the resolution of systemic inflamma-
tion 15 wsually considerad a relevant end point for studies
assessing the efficacy of adjuvant therapies in sevens CAP
[28]. C-renctive protein is the prototype of an acute phase
reactant [29]; and treatments and'or interventions that
resolve or control the primary inflammatory msult, respon-
sihle for the acute phase reaction, should change its
concentration [12]. In a previous study, we demonstrated
that persistently elevated CRP levels are associated with an
ongring bacterial infection refractory o antibiotics [30,31].
However, the available data concerning the effect of
corticosteroid therapy on CRP course are still a matter of
debate. One study that evaluated patients with severs CAP
reported that corticosteroid therapy could blunt CRP
response to infiection [7). In contrast, Perren et al [24] were
unable to demonstrate any difference in the time course of
CRP ina small group of CAP patients (N = 20) that received
systemic corticosteroids, as compared with controls that
received only antimicrobials, Also in the present cohort of
patients with severe CAP requiring invasive MV (W= 111),
we observed that the CRP time course over the first week of
antibiotic therapy showed similar mies of decling in patients
treated with and without corticosteroid therapy. These results
are consistent with a recent RCT involving non-ICT patients
with CAP, where CRP concentrations at the end of the
secmd week were comparable in patients treated with and
without prednisolone [117].

We also assessed the time courses of the resolution of
extrapulmonary organ failures and of oxygenation recovery
and observed that they were not affected by the use of
corticosteroids. These findings were consistently demon-
strated by the monitoring of SOFA score and the P/F ratio
and during the first week of ICTU stay.

Altogether, we were unable to demonstrate any
beneficial effect from the use of corticostemids in our
cohort of severe CAP patients mequiring invasive MV,
namely, KU and hospital mortality. However, corticosts-
roid therapy was not associated with a higher ncidence of
ICU-acquired infection. Themesfore, n sevens CAP patients
requiring steroids for clinical conditions such as broncho-
spasm or in patients on chromic stemid treatment, their
administration seems to be safe and not associated with an
ingrease risk of death. Finally, we found that patients
treated with corticosterids had a longer length of 1CU and
hospital stay (P = 003 and P= 023, respectively) and that
these differsnces could not be atnbuted to differences in
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clinical seventy at admission, as both APACHE W and
SOFA scores were well matched. Because myopathy and
other steroid-related adverse events were not systematically
evaluated, we cannot exclude that the findings in the
present study could be associated with these factons.
However, the higher rate of ICU-acquired infections
patients treated with corticosteroids could by itself prolong
the LOS. Mevertheless, in a recent RCT involving non-1CU
patients with CAP, with a low number of patients on MV,
LOS was not signi ficantly different in patients treated with
and without prednisolons [11].

Our study has important strengths. 1F this is the lagest
multiplecenter epidemiologic study assessing the impact
of parenteral corticosteroids in severe CAP  patients
requiring invasive MV, the study also has limitations,
Furthennore, the data in the present study came from 2
independent databases collected in different periods. As a
result, we camnot excludes a time-dependent effiect on the
results, Becanse the study was not mndomized, the wse of
coicosteroids could not be controlled The indications,
doses, and weaning of steroids varied among patients. As
previously mentioned, adverse events such as hypenzlyce-
mia and myopathy were not systematically  addressed.
Mevertheless, despite adjusting for seventy of illness and
confounding factors, no bensficial effects of coticosteroids
on the outcomes could be observed. Moreover, adjustment
for potential bias of indication and use of steroids was
performed wsing propensity  analysis; and the nesuls
rermained unchanged

5. Conclusions

In the present study involving a large cohort of patients
with severe CAP who required invasive MV, adjunctive
comticosteroid therapy had no influence on maortality; on
clinical course, evaluated both by SOFA score and P/F ratio;
or on the resolution of the systemic inflammatory process,

assessed by serial CRP measurements.
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ARTICLE INFO ABSTRACT

Kok Purpoze: Ventilator-associated tracheobronchits (VAT) has been suggested a5 an inie mediate proces between
Hiamarkers tracheotwonchial colonization and ventilator-associated preumaonda (VAP in pa tents recelving mechandcal ven-
Cereaictive protein til athon. The aimof this study was to evalwate the abi ity of C-reactive protein [CRP) and procalcitondn {PCT) to
Procilamnin differentiate between VAT and VAP

lenweer respiratary Tac infsctians Methads: Pre-planned analysis of the prospective multinational TAVeM datbase, performe d on 2960 patie nts re-
m:ﬁm‘d cetving me chandcal ventiladon for =48 h,including 683 patients wi th VA-LRTL Patients with the diagnosts of VAT
Trachedhonchitis ar VAP microlalogically documented and with ome me asureme nt of CRP andjor PCT on the day of di apmosis

were incClded.

Resuls: Fowr hundred and four patients | mean age &3 years, 258 men, 10U mortal iy 40%) were studied, 207 with
WAT and 197 with VAP On the day of infect on dizgnos s, themedian CRPwas e levaied inboth growps but sindf
icantly higher in VAP [ 18 mg/dL vs. 14 mg/dL, p = 001). Median PCT was ako significantly higher in VAP
(21 mgydL ve. (064 ngd L, p 000 | Both blomarkers could not help dist nguish betveen VAT and VAP
Condusion: AlthoughPCT and CRP presented lower valises in VAT a5 compared to VAP, there was a marked over-

It sives care umi t

Lap of both biomarkers values in both WA-LET] ot al kowi ng adequate disorimination.

© 2018 Ebevier Inc. All rights reserved

1. Introduction

Ventilator-associated lower respiratorny tract infections [VA-LRTI)
are the mest common nosocomial infections in the intensive care unit
[ICL)), affecting up to half of the mechanically ventilated patients [1.2].
These infections comprise ventlator-associated pneumaonia [VAP) and
ventilator-associated tracheobronchitis (VAT). VAP is assocated with
increased duration of MV, intenswve care unit (10U and hospital length
of stay (LO%), morbidity, mortality, antibiotic consumption and costs
|3.4). On the other hand, VAT is considered an intermediate process be-
tereen cokonization of the lower respiratony tract and VAP | 5] We re-
cently published the TAVEM study |2] showing that VAT is a frequent

* Correspondingauthar 2: Umdade Cuidados Intensivos Polivalene, Hospital de Sio
Francism Mavier, Estrada do Forte do Alo do Dugue, 1449-005 Lishoa, Porgl
Esmazil addrecs: husmigueknelho16@gmalom (L Coslhol

et Y o oo 0L 106/ e 301 80910 36
A 54401 40 2018 Elsevier Inc All rights reserved.

complication of MV and itis also assocated with increases in the dura-
tionof MV and LOS in the 10U but presents lower mortality than VAP, Al-
though it remains a controversial issue, an appropriate antibiotic
treatment for both VAT and VAP was assodated with improved out-
comes and on the other hand inadequate treatment of VAT was associ-
ated with a higher risk of progression to VAP | 5] Thus, the ability to
distinguish between these two infections is critical of a successful
treatment

Several biomarkers have been studied with potential usein the diag-
nosis of respimtory infection. The two of the most studied biomarkers
are C-reactive protein (CRP) and procakitonin (PCT) |6]. Both bio-
markers have been assessed in several infectious clinical settings and
also have strengths and limitationsthat should be acknowledge. Several
factors, such as immunosuppression, renal or hepatic failure can influ-
ence their behavior |7-9).

Inthe present study, we aimed to compare CRP and PCT concentra-
tons and evaluate its ability to distinguish between VAP and VAT.
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2 Materials and methods

The TAVEM study | 2] was a prspective intemational mu licenter
observational study in 114 10U across eight countries in Europe and
South America (Spain, France, Portugal, Brazil, Argentina, Ecuador,
Bolivia, and Colombia ). Data were prospectively collected from patients
older than 18 years admitted to their 10U who received MV for =48 h
between the preplanned dates of Sept 1, 2013, and July 31,2014 All par-
tcipating centers received ethics approval from their insttutions. In-
lormed consent was waived because of the observational nature of the
study.

Patients weme prospectively followed up for outcome unti] death or
ICU discharge. Demographical data were obtained along with clinical
data inchuding comorhidities, severity of illness scores, antibiotic use,
and diagnoetic procedures for VAP and VAT, Patients with severe hepat-
ic failure were excluded from data analysis. The diagnosis of VA-LRTI
was based on the presence of at least two of the following criteria:
body temperature = 385 °C or < 36-5 *C lencogyte count =12,000
cellsful or = 4000 cells/pl, and purulent endotracheal aspirate [ETA).
Additionally, all episodes of infection had to have a positive microbio-
logical isolation in the ETA of at least 10° colony-forming units [CFU)/
ml, or with bronchoahveolar lavage [BAL) of at least 10* CRU/mL, to be
included in the final anahysis.

VAT was defined with the aforementioned criteria with no
rAdiographical signs of new infiltate; VAP was defined by the presence
af new or progressive infiltrate on chest radiograph. VAP wasdeemed as
ooruming subsequently to VAT if it was diagnosed in the 96 h period
after diagnosis of tracheshmonchitis and the same microorganism. VAP
was considered as eary-onset when it was diagnosed <54, and late-
onset when it was diagnosed =54, after starting MV [10]. Empirical an-
tihiotic therapy was defined as that gven before microbiological docu-
mentation of infection. Antbiotic treatment was considered
appropriate when at least one antibiotic, active in vitro on all micmor-
mnisms causing VA-LRT], was administated to treat these infections
|11]. Microbiological identification and susceptibility tests were per-
Bmed using standard methods. Multidrug-resistant (MDR ) was de-
fined as acquired non-susceptibility to at least one agent in three or
maore antimicrobial categories | 12] Circulating levels of CRF were mea-
sured using an immunoturbid imetric method and PCT was measured in
serum by immunoluminometry. For purposes of infection diagnosis it
were considered a cut-off of 4 mg/dL for CRP and of 025 ng/dL for PCT
|6]. Biomarkers were measured in each hospital at the day of microbio-
logical sampling, Only the first episode of VA-LRT] was considered per

|

patient inthe final analysis. More details on methods are available else-
whem |2].

2.1 Statistical malysis

Data are expressed as medians | with interguartile range ()R]} un-
less specified otherwise and were compared as follows: comparisons
between grmoups were performed with unpaired Student’s t-test, one-
way ANOVA, Mann—Whitney U or Kruskal-Wallis H-tests for continu-
ous variables acconding to data distribution. Chi-sguare tests wemn
used o camy out comparisons between categorical variables. Multiple
receiver-operating characteristics [ROC) cunves were used to compare
each biomarker for the ability to differentiate between VAT and VAP
This analysis was performed with SPSS Statistics 21, A two-sided p
vahe <05 was considered statistically significant.

3. Results

Among the 2960 mechanically ventilated patients, 689 patients de-
veloped VA-LRT] with microbiok gical documentation, being 320 VAT
and 369 VAP. On the day of infection diagnosis, a measurement of PCT
and for CRP was performed in 404 patients (207 with VAT and 197
with VAP) whose fulfilled digibility criteria and wereevalated (Fig. 1).

Patients with VAT and VAP presented overall similar characteristics
as age, Simplified Acute Physiology Score (SAPS) 1l score, Sequential
Ormgan Failure Assessment [ S0FA) score, MoCabe's score, duration of
MV, acute respiratory distress syndrome [ARDS), ICU and hospital
length of stay [Table 1 ). The thempy with systemnic corticosteroids had
no influence on the CRP levels [n = 31 v n = 373, median | )R] 139
|143] me/dL vs. 156 |172] mg/dL, p = 346, respectively). Howewver,
PCT was significantly kower in patients under systemic cortico steroids
therapy (rn = 31 ws.n = 373, median |IQR] 0.4 |2.2] mg/dL v=. 1.4
|7.2] mgidL p = 003, respectively). Patients with VAP had a higher in-
cidence of septic shock and 10U mortality (p-c 001).

On the day of infection diagnosis, plasma CRF concentration in VAP
patients was significantly higher than in VAT (median [IQR] 18 [18.9]
mg/dL vs. 14| 166 ]| mg/dL respectively, p = .001). Similarly, plasma
PCT was also significantly higher in VAP than in VAT [median |IQR]
21 [129]ngfdL vs (64 [2.9] ng/dL, respectively, p < .001) (Fig. 2). CRP
and PCT concentrations presented a marked overlap between both
groups. On the day of diagnosis of VA-LRT] the area under the ROC
curve [ ALC) for the ability of CRP to differentiate between VAT and

2960 ventilsted patients

EES partianits with vantilataor-
assoclated lower respiratory
tract infection

e

Exclisdied 285 patients without
C-reactive protein and
pracalcitanin measurmmsnt

|

207 patients with ventiliter-
associated trachecbronguitis

)

197 patierits with ventilatar-
associated pneumania

Fig. 1. Study flowchart
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Tabie 1
Hasdine characeristics of patents.

All patients with VA-LRTI VAT VAP pvahus
(N = a0d) {m=207) (m=187)

Age [years) a3 a5 a2 0103
f25] [24] [27]

Male gender, n (1) 298 (74L) 139 [67) 159 (81 onz

SAPS2 (points) 50 51 a8 0134
26] [26] [26]

S0FA (paints) 6] 8]5] 5] 0500

Mechamical ventilation (days) 16 14 15 0570
17 4] 18]

ARDS atdisgnosis, n () €2 12 4 0254
L] (&x) )

Septic shock atdisgnasis, n (3) 17 33 94 = 0001
(3 [16%) [aEL)

10U LS [days) n n n 0350
23] f20] [23]

Huospial LOS (days) k) -] 34 0300
0] 4] 137]

10U martality, n () 162 () 68 [35) a3 [473) el ]

VA-LRTI: ventilsor-zeo dated kower respigtary tract infections, VAT: vent btorassocised tracheobronchitis, VAP: vent btorassociged preumonia, SAPS Simplified Acute Physidogy
Srare, SOFA: Sequential Organ Failure Azseccment, ARDS: acute neqimtory d isress synd mome, 10L: intensive @reumnit, LOS: gt of stay.

VAP was (L6 [95% confidence interval [0, 0.54-0.65) and that of PCT
was (63 (95X C1 0.57-0.70) (Fg. 3).

We assessd both biomarkers in earhy-onset and late-onst VAT and
VAP and did not found any differences [CRP in early-onset vs late-onset
VAT median [IQR] 154 15]mgdL vs 125 [ 15.2] mg/dL, respectively, p
= 122; PCT in earhy-onset vs late-onset VAT median [IQR] 1 |56] ng/dL
vs 05 [1.1] ng/dL, respedtively, p = 584; (RP in eady-onset vs late-
onset VAP median |IQR] 193 | 19.4] mg/dL vs 17 |17.4] mg/dL respec-
tively, p= .156; PCT in early-onset vs late-onset VAP median [IQR] 36
|120.3] ngfdLvs 1.1 | 11.9] ng/dL, respectively, p = 074).

We also found that roughly 15% of VAT patients and 12% of VAP
patients had PCT values below 025 ng/dL (p = 32), and 24% of
VAT patients and 23% of VAP patients had PCT values below 0.5 ng/dL
[p= .75), while 14% of VAT patients and 7% of VAP patients had CRP
values below 4.0 mg/dL (p =< 05).

Patients with VAT and VAP were divided into 3 clinical groups ac-
cording to the ACCPS00M Consensus Conference criteria [13)], namely
those with sepsis, severe sepsis, and sepic shock. The levels of PCT
were significantly different according to the clinical severity (p =
D08, whereas, with CRP thatwas not the case [p = {097). In patients
with sepsis (n = 211, severe sepsis [(n = B0) and septic shock (n =
113), PCT concentrations were (69| 5.1], 1.09 |8.1] and 2.5 |5.4] ng/
dL, respectively whereas CRP levels were 15 [ 16], 16 [13.9] and 20
|120.9] mg/d L, respectively. Comparing patients with (N = 113) and
without [N = 201 septic shock PCT was again significantly higher
[PCT 2.5 vs 08 ng/dL, p = 005; CRP 20 mg/dL vs 13.3 mg/dL p = 052).

L

C-Reackhes Protsin {mg/dl)
1

i

L

b

3.1. Microbiological chancterishcs

Assessing the infections caused by Gmam-posiive and Gam-
negative pathogens we ohserved similar plasma CRP and PCT concen-
trations (159 [175] mg/dL vs 155 [168] mgdL p = 81; 0L55 |3.5]
ng/dlvs 1.4 |7.1] ngid L, p = .10, respectively).

The concentrations of both biomarkers in VAT and VAP caused by
MDR [r = 275) and non-MDE (r = 129) microorganisms were not sig-
nificantly different [ CRP 16.3 | 17.1] mg/dLvs. 141 |17.8] mg/dL respec-
twvehly,p = 21; PCT 1.17 5.2 ngfd Lvs. 098 |B] ng/dL, respectively, p =
53). Also, in patients with VA-LRTL, the comparison of both biomarkers
between different microorganisms showed no significant diflerences.
Median plasma CRP values in Staphylecocoues gurens (n = 84), Peudo-
monas oeruginess (R = 109), Enterobacteria spp (r = 180) and
Acinetobacter boumannii (n = 31) were 16 [16.3] mg/dL, 12.5 [16.2]
mg/dl, 158|175 | mg/dLand 20.7 | 145] mg/dL (p = .72), res pectively.
Median plasma PCT values of the same micreorganisms described above
weme respectively 061 |3.14] ng'dL, 0.8 |4 4] ng/dL, 1.8 |6.9]ng/dL and
52 [133] ngdL, respectively (p = .13).

4. Discussion

Cur study showeed that PCT and CRP presented lower values in VAT
in comparison with VAF, however, as there was a large overlap of
both biomarkers they are not useful in distinguishing these infections,
VAT from VAP. Also none ofthe biomarkers were able to distinguizh be-
twreen the different microbiological etiologies of VAT and VAT,

E

Precalcitsnin (ngimi)

VAT VAP

WAT VAR

Fig. L Box-pilat of {~reactive protein and procidtonin levels on the ventl ator-zsodater] rachenbmnchits and ventilor-associzted pnenmonia & day of disgnosis. (RF: Cereartive
jproein; PCT: prociaonin; VAT: vertilaor-2socaed tracheobronchits; VAP: Vemtilaor-as socaesd pneumonia. Note: PCT presente] with logaithmicsale.
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1 - Specificity

Az A Reraiver operating chamcten sics [ROC) curves of Creadtive protein ((RP) (dashed line) and proaiatanin | PCT) {salid line) an the day of diagnosis of VA-LRT] for the ability of
iomarkes to differentiate betwesn ventilor-zxariaed tochashonchitis and vertilgor-zx odated pnaumonia

Several studies had already demonstmted that CRP and PCToould be
helpful in the diagnosis of VAP [14,15], but data in VAT are scarce. Our
study showed that in VAT both CRP and PCT rise but less than in VAP,
Asignificant number of patients with VA-LET] presented very low lewels
of both biomarkers despite the microbiological confirmation. This has
already been observed in other studies, espedally with PCT, being par-
tially explained by the relatively low virulence of many of the cau=sative
microorganisms found in wentilator-associated pneumonia 9,16

In a previous study |17 ], imvolving 34 patients with documented
VAP, the PCT walues of patients infected with Gram-positive and
Gram-negative microorganisms were not significantly different. Inour
shudy, with a much larger sample size (N = 404), both biomarkers did
not show different values according to the isolated microorganism as
well as according to the Gram stain. Mome recently, Thomas-Ruddel
et al. found significant higher PCT concentrations in patients with
Gram-negative bacteremia than in patients with Gram-positive hacter-
emia or candidemia |[18]. In other study, patients with Legionella
preumophila community-acquired pneumaonia had higher CRP levels
than those with pneumaonia of any ot her astiology | 19).

Likewrise, biomarkers values, CRP and PCT, were not significanthy dif-
Erent between infections caused by non-MDR and MDE microorgan-
isms. Therefore, these biomarkers at baseline were not useful to
distinguish VAT from VAP nor to muide in the presumption of the caus-
ative microorganism, namely GrRm-positve/Gram-negative or the
presence of MDR agents.

Patients with septic shock had significantly higher PCT values than
patients with sepsis and severe sepsis. As in other studies, PCT showed
to be useful in stratifying patients’ severty |17,20-22]. In the study by
Hillas etal |23 | whichincduded 45 patientswith microbiologically doc-
umented VAP, patients who developed septic shock had significantly
higher PCT levels on D1 and D4, Onthe other hand, CRP was not associ-
ated with clinical severity as we hawe already showed |24]. Owverall, CRP
has a better performance as a diagnostic marker of infection than as
prognostic marker [15]

In the present study we came to similar results since systemic ste-
mids at the day of LRTI diagnosis (either VAT or VAP) had no impact
on CRP levels. Our group have already showed that in severe
community-acquired pneumonia [SCAP) patients the CRP course was
not influenced by the adjuvant thempy with systemic steroids |25). In
other words, it seems that in infected patients CRP levels are not

BIOMARCADORES NA PNEUMONIA

dependent of the undedying pathoogy and not modified by any treat-
ment or intervention | sterids nevtmo penia/renal eplacement thera-
py) unless interventons related to the source control and/for antibiotic
therapy |8,25,26]. In contrast, we found that PCT levels were significant-
ly lower in patients under systemic corticosteroid therapy. Similar re-
sults have been previously found by al-Mawas [27] et al., in a cohort of
immunosupressed seplic patients.

The main limitation of our study is that itwas not desined specifi-
cally to assss the diagnostic value of biomarkers in VAP and VAT . Sec-
ond, we could only evaluate one measurement of the biomarkers, not
being able to assess the relative variations of both biomarkers before
the day of infedtion diagnosis or in response to antimicrobial therapy
which could have been helpful to identify cases of inadequate antimi-
crobial therapy such as in MOR pathogen infection. Third, we could
notevaluate the diagnostic value of CRP and PCT, since our study didn't
have a control groupwith patients without infection as in other studies
|14,28-30]. Finally, we did not evaluate the influence of several factors
such as immunosuppression, corticosteroids or dialysis in the results
131].

5. Conchmsion

In our study, we evaluated, for the first time, the ability of bio-
markers, CRP and PCT, to distinguish VAT from VAP, Due to the overlap
of the values of both biomarkers, CRP as well as PCT cannot help
distinguishing VAT from VAP,

Moreover, we cleardy show thatin VA-LRTL CRP and PCT levels are
not dependent of the isolated microorganism, nor the presence of
Gram-positive /Gram-negative microorganisms nor the presence of
MDR
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Abstract

Diagnostic strategies currently used for pneumonia are ime-consuming, lack accuracy and suffer
from large inter -observer variability, Exhaled breath contains thousands of volatile or ganic
compounds (VOCs), which include products of host and pathogen meaabolism. In this systematic
review we investigated the use of so-called breathomics' for diagnosing pneumonia. A Medlinesearch
yielded 18 manuscripts reporting on animal and human studies using or ganicand inorganic molecules
in exhaled breath, thatall could be used to answer whether analysis of VOC profiles could potentially
improve the diagnostic process of pneumonia. Papers werecategorised based on their spedfic aims;
the exclusion of pneumonia; the detection of specific respiratory pathogens; and whether targeted or
untargeted VOC analysis was used. Ten studies reported on the association between VOCs and
presence of pneumonia. Fight studies demonstrated a difference in exhaled VOCs between
pneumonia and controls; in the individial stadies this discrimination was based on unique sets of
VOCs. Eight studies reported on the accuracy of a breath test for aspecific respiratory pathogen: five of
these concerned pre-clini calstudies inanimals. All studies were valued as having a high risk of bias,
except for one study that used an exter nal validation cohort. Thefindings in the identified studies are
promising. However, as yet no breath test has been shown to have sufficient diagnostic accuracy for
preumonia, We arein need of studies that further translate the knowledge fromdiscovery studies to
clinical practice.

Introduction causative pathogen) and for the community (eg.

minimising the duration of expoaire to broad spec-

The prevalence of community-acquired pneumonia
{CAP) [1] and nosocomial pneumonia [2, 3] is high
with substantial impact on morhidity and mortality
[4-10]. Treatment of pneumonia is a balance between
optimal antibiotic therapy for the patient {eg a
combination of antibiotics that effectively target the

trum antibiotics to limit antimicmbial resistance)
[11]. In the ideal world, this halince would be met
through a diagnostic test that is not only quick, non-
invasiee, reliable and awvailable in real-time at the
bedside, but most of all {1} excudes pneumonia in
order to withhold antibiotic treatment from patients
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without an infection; (2) enables targeting of antibiotic
treatment of the cansative pathogen; and (3 ) facilitates
evaluation of the treatment response aiming to refine
antibiotic de-escalation and duration of antibiotic
treatment.

‘Breathomics' refers to the analysis of volatile com-
pounds in exhaled breath that reaulted from, or are
affected by metabolism [12]. The complete human
breathome conssts of thousands of compounds
[13-17]. The volatile organic compounds {Vi(Cs) that
arepresent in the exhaled breath have various origins.
Exogenous Vs are derived from the environment
and are taken in through inhalation or ingestion {e.g.
viafoodor dmgs). VOCs that are produced within the
body can ememge as products of physological meta-
balic processes from the host, as productsof metabalic
processes from micmbial pathogens, or results from a
host response to pathological processes such as mfec-
tion or inflammatien [ 18-20]. Changes, therefore, in
host or microbial metabolism might lead to an mpact
onthe compaositionof the exhaled breath profile.

In this systematic review we aim to investigate the
potential rale of exhaled breath analysis for diagnosing
prneumaonia, by providing (1) sensitive detection of
pneumaonia; () specific detection of the causative
organiam{s}; and (3) a tool to monitor the treatment
response  after the initiation of antbiotics (see
figure 1). Wehypothesze that changed concentrations
of Vs in exhaled breath can be used to accurately
discriminate patients with pneumonia from patients
without pneumonia and may beused for specific iden-
tification of the causative pathogen.

Methods

Search

This is a systematic review following preferred report-
g items for systematic reviews and meta-analyses
midelines, performed by two independent research-
ers. We searched Medline for potentially relevant
articles up to 7 March 2017, using the following search
terms: *({{Chromatography OR Specrometry OF M5
OR (Volatile AND Crganic) OR Metabol™) AND
breath) OR {volatile fingerprint™) OR (breathprin®)
OR (dectronic AND nose)) AND {pneumonia OR
{lung infection”) OR {respratory infection”) OR (ung
hacteria”) OR (respirator” hacteria”™))’. There was no
restriction with respect to human or animal studies;
but articles written in a language other than English
and smdies performed in vitro were exduded. Two
authom (Pv() and LE) reviewed the abstracts and /or
full-text manuscripts independently and  selected
those that were regarded to be relevant. Mo disagree-
ment on selection of articles was scen between the two
TEviewWers.

Selection criteria

Inchision criteria were (1) human or animal studics
that (2) studied wolatiles in exhaled breath to (3)
diagnose bacterial pneumonia or identify the cansative
organism of pneumonia (hjective 3 as mentioned in
theintraduction( the evaluation of the treatment effect
in patients with pneumonia) was let go, dueto alack of
sgudies specifically investigating this. We ewhided
m wiro studies and studiesthat focused onveryspecific
atypical cansative organisms {such as Aspergilius).
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Reference test

The diagnosizof pneumonia could be based on dinical
symptoms alone, or could be supported by chest
radiography and/or microbiology testing {cultures of
endotracheal aspirate (ETA), non-directed bronchial
lavage (MBL or mini-BAL) or bronchoalveolar lavage
{BAL)) For CAP, the combination of dinical signs and
symptoms with an evident infiltrate on the chest
radiograph was considered a good reference test, while
anything less was considered too nom-specific. For
ventilator-associated  pneumonia,  dimical  signs,
laboratory parameters, an infiltrate on chest radio-
graphy and quantitative cultures of BAL or NBL were
considered an appropriate reference standard.

Indextest

Adwances in chemical analytics have emabled the
measurement of morganic [21, 2X] and organic
compounds [23-25] in biological matrices such as
exhaled breath Volatidle molecules in breath can be
studied via a tamgeted and an untargeted approach
[12). With the targeted appmach the researcher
identifies the molecules of interest beforchand and
uses analytical assays to measure those compounds
quantitatively. The untargeted approach entails analy-
tical techniques that measure moltiple molecules
present in the breath. Untargeted analysis can be
performed with mass-pecrometry-based techniques
aimed to identify a variety of V(s [26] or with so-
called elecronic nose technology that is hased on
pattern recognition [14, 27, 28] The analytical details
ofthese techniques are discussed in detail in previous
publications [27, 29]. Figure I saimmarises the analy-
tical methods that will be referred toin this systematic
review. Mo single method i superior to the others,
they provide different types of mformation, therefore
the quality of the ndex test was assessed based on the
use of an independent validation cohort, which has

beenshownto imit bias| 27].

Methodological assessment and categorisation

The methodological quality of each selected full
manusipt was evaluated uang the (UADAS-2 tool
by the same authors as describes above [30). Risk of
bias was assessed concerning patient selection, the
interpretation or conduct of the index test, the
interpretation or conduct of the reference standard
and the patient flow. The papers were dasdfied as
either (1) studies concerning sensitive detection of the
presence of pathogenic bacteria, either concerning
studies investigating inorganic compounds, untar-
geted amalysis of VOCs or eNose technology for
discrimination between pneumonia and no pneumo-
nig or (2) studies investigating the use of VO analysis
for spedfic detection of pathogenic bacteria, in
animalsorin humans

PM vanDorteral

Results

The search was last updated on 7 March 2017 and
vielded 321 articles, of which 18 were selected after
screening on title/abstract and full text (figure 33 OF
these, 13 studies were in humans and five were
performed in murine models. Eight studies dealt with
the detection of spedfic pathogenic bacteria, the others
focused on discrimination between patients with and
without pneumonia One of the studies disoussed
treatment response. Table | demonstrates the areas of
mnterest for each smdy and summarises the methodal -
ogyused.

The studies were critically appraised and risk of
hias was assessed regarding patient selection, index
test, reference standard and flow and timing (table 2).
The domain “patient selection’ was considered not
applicable in the five animal studies. For most smdies
the risk of hias was valued as high, except for one that
used avalidation cohort [21], resulting in a low risk of
hiasregarding the index test.

Discrimination between patients withand without
poeumonia

Deteion of volatile inorganic compourds

M} wasnot increased in the breath of a amall group of
patients admitted with pneumonia, when compared
with control patients [32]. As expected it was elevated
in patients with an exacerbation of asthma. This result
was in contrast to the results of a larger study at less
risk of hias (table 2) n which echaled NO was
measured in tracheal and naml gas m patients venti-
lated within 72 h of BCOU admission [31 ] Someof these
patients were later diagnosed with VAP and this was
used as the reference standard A validation cohort
consisting of similar patients to the first group was
used to determine sensitivity and spedficity of the MO
threshold that was caloulated in the preceding group.
M) concentrations were measured at multiple sam-
pling points in the airway as well as in the nasal cavity,
and sgnificantly higher MO levels were found at all
points in patients with pneumonia Of these, the
maximum (end-expiratory) trached MO values
resulted in the highest sensitivity and specificity forthe
diagnosis of pneumonia 88% and 76% respectively
{zee tahle 1) Results from onestudy with an mperfect
reference test, namely sibjective symptoms of lower
respiratoryinfection, suggested a possible relationship
between clevated echaled CO levels and the clinical
presence of pneumania [33 ). Matahly, the edhaled CO
concentration follewed similar trends as the patients’
symptoms after antimicrobial treatment.

Urrtargeted analysis of Vs

The abundance of particular V(s seems to be
different in the breath of mechanically ventilated
patients with pneumonia compared with those with-
out pneumonia [34-36). The results of studies using
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analytical
principles.eNose Conventional dectranic nasesconsistof n arrayofgas sensorsusing ransducer principles(e g through metal
axide sensors, conducting polymer sensorsarsurface or hulk acoustic wave sensors) [§ 4], whereas newapproaches inwhe optical
sensorsystems and colorimetric sensors | 1 7]; GG MS: Gas chromatog aphy-mass speﬂmmmylscmnﬂysenuﬂ!pm&md
methad for separation, detection and identification of individual VOCs; SEST-MS: Secondary
specmmqmbhnpd&tmnnd\'o&n&mtd\enedbrnmpleyretrmmt[\:\). Aftnm'oduaxm nothesm

de techniques and accom panying

reaction chamber the sampl ugh an elect

doudthationisesthe volatiles, afierwhich the ionised VOCsare detected
in the mass spectrometer. The met Modumdbemedtoqmnﬁyuﬂmdd\'ﬂ(k asmany volatiles have similarmolecular weghts

and the methodology relieson pattern recognition. GC-MSandSESI-MScan both be wred fortargetad and untargeted analysic
| PubMes search (n= 321) |
Excluded tie/absiract (n= 303) |
| Full text selected (n=18) |
Exciuded full text (n=0) |
| inclugedin=18) |
L “ —
Exclust?:!::)\moma Mmc::lg\a?amoqen See Figure 1
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4 4 B -
Single (\;8(; )sonsor G('&'::ng)s sr(s;ugs 7‘1‘4:: See Figure 2

SESI-MS: Secondary dectraspray ionisation -mass spectrometry.

Fgure 3. Bowdizg am of artide sdecBon. VOC: Volatile organic compound; GC-MS: Gaschromatography-m s spectrometry;

gas chromatography and mass spectrometry (GC-MS,
see figure 2), however, were not uniform. The
described VOCs differed between studies and two
compounds that were identified as being assodated
with VAP (ethanol and heptane) showed conflicting
results intwo studies (as shown in table 3). Differences
between studies regarding investigated cohorts, refer-
ence standards and outcome measures (sensitivity,
spedficity and/or accuracy) can be found in table I.
Nevertheless, breath tests showed promising

discrimination between patients with and without
pneumontia in the included dinical studies The most
frequently isolated pathogens in these studies were
Staphylomccus aureus, Haemop hilus influenzae, Pseu-
domonas aerugmosa, Escherichia coli and Klebsiella
prieumonia | 34-36].

Hectronic nose technology
Preliminary results indicated a potential correlation
between chest CT scans [37] or clinical pulmonary

4
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Study Risk afbias
Year Patient s=lection Index st Reference standard PFlowand timing

Adrie [31] 1 Ha Ha Ha Ha
Ali-Afi [52] P i Yes b Yes Mo
Tezan [44] 4 MN/A s Ha Ha
Bezan [45] s H/A Y Ha Ha
Biernacki [5 3] P i} Yes R Yes Ma
Chiu [&3] 214 Yes Ve Yes Undear
Filipiak [44] s Yex Y Ha Ha
Fowder [55] s Unclear Y Ha Ha
(zan [47) 216 Yes Ve Ha Mo
Hadestedn [37] 04 Yex Y Yes Ha
Haodkstedn [ 58] 205 Yex Y Yes Ha
Schnahd [34] s Unclear Y Ha Ha
Schnahd [40] s Ma Y Ha Ha
Wan Ceeffen [349] & Yoz Yo Na Ma
Wan Oart [ 4] w7z Ma Yo Na Ma
Thu[4Z] il K] N/A Yes Ha Ha
Zhu[41] i} K] MN/A s Ha Ha
Thu[43] o i K] H/A Y Ha Ha

infection score (CPIS) [ 28] and the subsequent eMose
sensor responses in mechanically ventilated patients.
The eMose (see figure 2) seemed to distingnish patients
with and without bacterial infection [29] (table 1).
When spedfically focusng on diagnoss of VAP, the
eMose appeared to have good accuracy, moderate
sensitivityand a rather poor specficity [40].

Spedfic detection of pathogens by VO(C analysis
Secondary clectrospray ionisation-mass spectrometTy
{5 ESI-MS, see figure 1) breathprint analysis was used
to investigate the ability to identify respiratory mfec-
tion caused by strains of Haemophilus influenzae,
Klebsiella preumoniae, Legionella pneumophila, Mor-
axella aatarhalis, Psewdomonas aerugioss, Staphils-
OO AUFEUS OT SIreptococcts preuraorize no mice
[4 1—=44]. Crverall SESI-MS breathprints seemed to be
ahle to distinguish between respiratory mfection and
no infection in mice and enabled differentiation
between strains of aforementioned pathogens A high
degree of variation was seen when translating in vitne
experiments to the in vive VO fingerprints [42]. The
relative contribution of bacterial metabolism and host
response on the exhaled breath profile could be
inferred through an experiment in which mice were
exposed to bacterial cell lysates [45 ). This experimental
set-up, wsing these hacterial cell bysates, allows for host
and pathogen derived metabolites to be ditferentiated.
The obtaned SESI-MS breathprints changed over
time after bysate ex posure and appeared to(1 ) correlate
to the host immune response; and (2) digtinguish
active infections of P. aeruginess or 5. aurews from cell
lyzate exposure.

Also usng GC-MS specific VOCs in the exhaled
breath seemed to reflect the presence of particular
microorganisms in the respiratory tract and, in line

with the use of SESI-MS, direat transhtion of bio-
markers from the in vitre to the in vive setting proved
difficult [46, 47). In clinical studies, the evidence for
pedfic detection of particular cansative pathogens
seemed speculative; as the published papers did not
provide data on the accuracy of such measurements
[46]. The only study that reported a high diagnostic
accuracy for the identification of a cansative pathogen
focused on Acmetobacter baurnannii. A set of cight
compoundsresulted in eccellent separation of patients
with A baumannii pneumonia, colonisation with the
mme hacterium and controls. The major limitation of
the described studieswas that they did not evaluate the
diagnostic accuracy of a breath test in the dinical sce-
nario where such a tegt would be used, e.g. in patients
witha dinical suppicionof VAP,

Discussion

Based onoursystematic review, the presence of certain
profiles or patterns of volatile molecules in the exhaled
breath appeared to be assodated with pneumonia
However, the predise identity of these volatile biomar-
kers remains largely unknown Furthermore, none of
thestdied breath tests delivered resultswith sufficient
dinical diagnostic accuracy that would likely impact
on dinical dedsions. Most of the available studies
provided feasibility or proof of concept data with a
substantial risk of bias and did not test a clear, pre-
defined hypothesis.

There are two leads to follow in the diagnosis of
pneumoni: measurement of the host response or
direct identification of the pathogen [48, 49], both
mpaortant establishing the ideal diagnostic test. In
vitre results suggested that different pathogenic bac-
teria produced different volatile molecules, which

6
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Tahle 5. V0Cs identified by (O -M5: increased | Thordeacnessed (| yin breath ofpnenmonia versus no pnenmaonia patients.

Classification Vaolatile organic compound Reporting article
Schnahe [54]) Fonaler[35] Van Orart [ 345
Feinne Aminmne 1 1
methyl grolopentanone 1
Mahpisohuylkeinne 1
Aldshyde Acrolein 1
Monanal 1
Tetradacanal T
Ether Sevoflurane 1
Tetrahydrofuran 1
Alkans Z-methy]l butane T
Z-ethoxy- Z-methyl propane 1
Carane T
Daodecans 1
Heptane T 1
Tetradecans T
24, 11,15-tetrameth pl-hexadecane T
Alkene Crdohexene 1
Terpene J.carens T
Akohal Ethanol T 1
Tsopropyl Alcohal 1
Hexaflun roi sopr apanal 1
1-propanal 1
Arene Ethyhenzens 1
Ester M-butyricacid 2-ethyTheary] ester t
Sulfide Carhon disulfide 1
Amide M- gpchoh eyl N 2-hpd roxpethyljthio-ur=a 1

might be used for identification [ 20]. Omne of the major
challenges is that hacterial growth and metabolism are
influenced by the chosen culture media, iming and
the selection of particular strains and, therefore, may
not be representative of growth in wive [20] A sterile
inflammatory response altered the VOC release in sev-
eral animal models of lunginjury [21]. Thus, pneumo-
niamay be recognised through exhaled breath analysis
by detection of molecules produced cither divectly by
the pathogen or through an altered host metaboliam
amociated with the host response. Animal studies
might offer advantages enabling the investigation of
(1)a single bacterial nfection, (2) theinfluence of tim-
ing on disease progresion and (3) post-mortem his-
tology for the gold-standard diagnosis of respiratory
infection.

This systermatic literature review demonstrates
that certam volatile molecules could be nseful as possi-
ble biomarkersfor the diagnosisof pneumonia One of
them is nitric cedde (MO), a compound that has a
bronchodilating and vasodilating effect in the respira-
tory tract and plays a key mle n local inflammatory
response [22] MOY & relatively easy to measure and
thus forms an attractive candidate for diagnostic pur-
poses [ 50, 51). In the airways MO is produced by endo-
thelial, epithelial and inflammatory cells. Generation
of M} involves the oxidation of the ammnoacid
L-arginine, a process that is catalysed by the enmyme
M(} synthase [5I]. An increased concentration of
exhaled MO is sen in asthma, bronchiectass and

sepais [53], and has ako been associated with rhinitis,
active pulmonary sarcoidoss and viral respiratory ill-
nesses [52]. Table 3 shows other biomarkers of poten-
tial interest regarding the discrimination of patients
with and without pneumonia. However, hardly any
overlapis seen between the different V OCsreportedin
separate studies and they also show conflicting realts
for heptane and ethanol. Two studies found an asso-
dation betwern pneumaonia and a decrease in exhaled
breath acetone. Generally, acetone is present in large
quantities in the exhaled breath. s decrease m the
breath of pneumonia patients might be explained by a
reduced ketogenesis that is seen during inflammation
or infection [34].

As soon as a breath test fulfils the requirements for
adiagnostic test for pneumonia, it shall be able to fulfil
arole alongsde the currently available and frequently
used alternatives [54, 55] and can either compete with
them, or complement them. The diagnosis of pneu-
monia relies on a combination of physical examina-
tion and chest radiography [56], potentially
accompanied by measurement of nflammatory mar-
kers in plasma, urinary antigen testing [ 54], repeated
determination of C-reactive protein [57] and collect-
ng arway samples for microbiology cultures [58].
Current diagnestics lack clinical accuracy [59] and
have high inter-ohserver variahility [60]. Microbiology
results take 48-72 h to hecome positive. The unneces-
mry prescription of antimicrobial treatment increases
antimicrobial resistance |6 1-62 ], whereas applying the
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wrong antibiotics is likdy to ncrease mortality
[64—66]). In order to withhold antibiotics, the CPIS
[57] combines dinical and physiological data, pul-
maonary radiography and microbiology results into a
numeric score that can be used to exclude pneumonia
with moderate accuracy due to substantial inter-
ohserver variahility [ 68, 69]. Additionally, biomarkers
like pulmonary interleukin-15 (IL-14) and inter-
leukin-& (IL-8) measured in BAL fhiid have shown
promising reailts as discriminators for VAP [70, 71].
In the near future polymerase chain reaction of
respiratory samples might be used to identify the cau-
sative pathogen rapidly and spedfically [72-74] and
serum procalcitonin has been pr. a5 an attrac-
tive candidate for determining antibiotic duration
[75, 76]. How would exhaled breath analysis compete
with these alternatives? In contrast to blood or BAL
samples, breath can be collected completely non-inva-
sive and it is comtinuously available. A breath test
could also provide results rapidly and cost-effectively,
which iz important in the setting of pneumonia A
breath test with the right test characteristics could thus
provide real opportunities for improved real-time
diagnostic  utility, patient acceptability and cost
effectiveness.

Many different methods for breath sampling have
been described in the literature, induding but not lim-
ited to glass syringes, needle traps [77] steel or glas
tubes filled with sorbent material and/or breath gas
bags (eg. Tedlar bags). Pre-concentration of the
breath sample could be cstablished through the
ahsorption of the ¥(Cs udng for instance organic
polymers (e.g Tenax TA), graphitized carbon, acti-
vated charcoal or carbon molecular sieves [ 78], A chal-
lengein the process of breath sampling is the humidity
of exhaled breath—especially true for mechanically
ventilated patients—which possibly affects precon-
centration, separation and detection of individual
compounds [ 16]. The use of storage containers such as
Tedlar bags has been linked to loss of analytes or con-
tamiration of samples [77]. The lack of standardisa-
tion of analytical methods leads to a wide variation of
results among studies Application of a standardised
method of exhaled breath anabysis wonld lead to com-
parahle results, thereby fadlitating the potential use of
breath biomarkers inthe future [79].

Based on the results from the studies induded in
this review, we can condude that the Vs that are
measurable in exhaled breath are altered during pneu-
monia and can derive from the bacterial metabolism
as well as the host esponse. However, these results do
not yet allow us to link spedfic compounds to part-
icular pathogens or discase states, nor does itallow us
to pool data from different experiments or studies due
to bias and heterogeneity in experimental procedures.
Future studies should utiise this understanding and
not only focus on VOCs produced by bacteria or the
host, but should also combine these two for optimal
diagnostic accuracy. Additionally, a more stringent

P van Qorteral

approach towards the methodological design of the
gudies is recommended. This includes following the
STARD guidelines for reporting studies on diagnostic
accuracy to limit theamount of bias |80, £1]. Previous
reviews [27, 82] properly summarised the necessary
steps tovalidate preliminary results in breath research.
Importantly, future studies should foos more on the
dinical application of a breath test. As advocated in
this review such a test would (1) excude preumoniain
order to withhold antibiotic treatment from patients
without an mfection; (2 ) enable targeting of antibiotic
treatment to the causative pathogen; and /or (3) fadl-
itate evaluation of the treatment response aiming to
refine or gopping antibiotics. To date, most focus has
been on VAP rather than on CAF, implicating that
currently most evidence is available for this particular
respiratory infection actiology. Therefore, this might
also be the dinical problem that might require direct
tocusin the forthecoming years of breath research.

This systematic review of the literature has several
grengths and weaknesses. We chose to apply wide
inchision criteria in order to fully cover the hiterature
in this relatively nascent field of research. Naturally,
this resulted in a wide diversity of selected artices and
made it impossible to pool data due to the underlying
heterogeneity, which can be seen asa limitation of our
review. In general one can also wonder to what extent
the results provided by animal experiments can be
translated to the human situation. This study also has
several strengths: clinical and pre-dinical studies with
multiple analytical devices were induded and the
results were dustered into the dinical perspective of
three scenarios where a biomarker could alter clinical
dedsion-making,

This review demaonstrates that areltionship exists
between respratory infection and the presence of
particular Vs in the exhaled breath. Presently, no
available breath test & acourate enough to qualify for a
role within the diagnostic process of pneumonia
Future studies should focus on dinical scenarios in
which a breath test could impact on antimicrobial
stewardship and should limit hias by strictly adhering
tothe latest guidelines
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Apesar de toda a investigacdo basica e clinica, a mortalidade e morbilidade
associada a infecgbes graves como a pneumonia permanecem elevadas. Os
biomarcadores, em alguns casos, tém melhorado a nossa capacidade diagndstica e a
identificacdo dos doentes com ma evolugao clinica, estando a sua utilizagdo na pratica
clinica muito generalizada. Por outro lado, a resisténcia aos antibidticos representa
uma ameaga crescente para a saude global, sendo por isso necessarias abordagens
alternativas para o controlo da infeccdo e da emergéncia das resisténcias antibidticas
[49]. Desta forma, conhecer melhor os mecanismos imunolégicos envolvidos na defesa
da infeccdo, compreender como é que a imunidade do hospedeiro contribui para a
eficacia do tratamento com os antibidticos e como o tratamento antibiético modula a
resposta imunitaria durante a infec¢ao, sdao aspectos fundamentais para conseguir um

avanco no tratamento da pneumonia e das outras infec¢des de uma forma geral.

Os biomarcadores classicos estudados representam apenas uma pequena parte
dos processos inflamatdrios sistémicos que acontecem nas infec¢Oes respiratérias
graves. A natureza complexa destas infec¢des e a interacgdo com o sistema imunitario
do hospedeiro necessitam de uma avaliagdo mais ampla. A titulo de exemplo, o LBA
contém dezenas de proteinas, muitas das quais envolvidas nos processos inflamatdrios
do pulmao. O estudo dessas proteinas pode vir a ser importante na diferenciacdo da

lesdo pulmonar aguda causada ou nao por infecgdo [95].

No seguimento dos trabalhos apresentados nesta tese, seria interessante
avaliar no futuro préximo, num estudo multicéntrico, a utilidade e seguranca da
utilizacdo dos padrdoes da PCR-ratio para reduzir o tempo de antibioterapia nos
doentes com PAC e PAH, de forma a diminuir a pressdo antibidtica e eventualmente

diminuir a emergéncia de estirpes bacterianas resistentes.

Nos ultimos anos, a andlise dos COV no ar expirado e da sua relagdo com as
infeccOes respiratdrias tem sido investigada mais exaustivamente. Estes COVs medidos
no ar expirado, podem derivar do metabolismo bacteriano ou da resposta do
hospedeiro a infec¢do. A sua medicdo ainda ndo estd padronizada, mas os estudos

realizados tém demonstrado o seu potencial para um diagndstico mais precoce e ndo
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invasivo das infec¢des pulmonares [18]. No futuro, os estudos a realizar devem focar-
se na avaliagdo da aplicagdo clinica da medigcdo dos COVs, especialmente em trés
aspectos importantes: (1) capacidade para excluir a existéncia de pneumonia de forma
a decidir ndo iniciar ou interromper a antibioterapia nos doentes que nao apresentem
infeccdo, (2) identificar o provavel agente bacteriano envolvido de forma a instituir
antibioterapia mais dirigida, e (3) permitir a avaliagdo da resposta ao tratamento e

eventualmente definir quando é seguro suspender o tratamento antibidtico.
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9. CONCLUSAO

Esta Tese estudou a utilidade de dois biomarcadores, a PCR e a PCT, no
diagndstico das infecgdes respiratdrias das vias aéreas inferiores associadas ao
ventilador e da PCR/PCR-ratio no tratamento da PAC. Nos dois primeiros trabalhos,
demonstrou-se que a monitoriza¢dao didria da PCR e da PCR-ratio pode ser util na
identificagdo precoce dos doentes com boa e ma evolugao clinica. A identificagao
precoce destes doentes pode levar a modificagbes da abordagem terapéutica que

potencialmente melhorem o seu progndstico.

Para além disso, o reconhecimento dos padrdes de resposta da PCR-ratio apds
o inicio da antibioterapia, pode diferenciar individualmente os doentes com boa e ma
evolucdo clinica. Nos doentes com os padrdes de ndo resposta e resposta bifdsica,
justifica-se uma atitude de reavaliagdo clinica mais agressiva de forma a procurar
eventuais complicagbes da infec¢do inicial ou considerar a possibilidade da
antibioterapia inicial ndo ser adequada. Por outro lado, nos doentes com o padrdo de
resposta rapida pode considerar-se a suspensdo precoce da antibioterapia se o doente

apresentar também uma boa evolugao clinica.

No terceiro trabalho, demonstrou-se que a terapéutica adjuvante da PAC grave
com corticoides sistémicos nao contribui para a melhoria do progndstico destes
doentes. Além disso, ficou ainda demonstrado que a corticoterapia nao influencia
significativamente a evolu¢do da PCR no decurso do tratamento antibidtico nos
doentes com PAC. Este biomarcador mantém por isso a sua utilidade na monitorizacao
do tratamento desta infeccdo mesmo nos doentes imunossuprimidos pela

corticoterapia sistémica.

No artigo 4, mostrou-se que a PCR e a PCT ndo sdo uteis na distincdo entre duas
infeccdes com gravidade clinica diferente como a PAV e a TAV, devido a sobreposicdo
dos valores de ambos os biomarcadores, nem permitem a distin¢cdo entre as diferentes

etiologias microbioldgicas destas infec¢des.
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No artigo 5, mostrou-se que a analise dos COV no ar expirado, pode vir a ter um
papel importante no diagndstico de pneumonia e na possivel analise do agente

microbioldgico envolvido na infeccao.

Estes trabalhos contribuiram para um melhor conhecimento do
comportamento dos biomarcadores na pneumonia, e abriram caminho a uma melhor
utilizacdo dos mesmos na pratica clinica diaria na abordagem diagndstica e terapéutica

dos doentes criticos.

A importancia dos resultados destes estudos reflecte-se, entre outros, no facto
do artigo n21 se encontrar citado nas duas principais normas de tratamento da PAC

europeias [96, 97].
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