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RESUMO

RESUMO

Introducéo e objetivos: Apesar do seu papel central no tratamento dos tumores
sélidos, a cirurgia oncolégica ndo € isenta de efeitos adversos, com as
complicacbes pos-operatorias (CPO) a assumirem-se como uma importante
causa de morbilidade e mortalidade, particularmente em doentes de alto risco.
Estima-se que cerca de 50% das CPO poderdo ser prevenidas, o que tem
motivado mudiltiplos esforcos para compreender melhor esta problematica. E
fundamental conhecer as suas causas, caracterizar o perfil dos doentes mais
susceptiveis e identificar precocemente esses mesmos doentes, sendo também
imperativo identificar estratégias eficazes de prevencéo e de mitigacao de risco.
Pese embora alguns avancos registados a nivel internacional, a reduzida
validade externa do conhecimento gerado € frequentemente uma limitacao a sua
extrapolacdo para populacbes diferentes daquelas em que a evidéncia foi
gerada. Assim, consideramos apropriado caracterizar melhor a realidade da
cirurgia digestiva oncoldgica em Portugal, tendo sido estabelecidos os seguintes
objetivos: 1) Comparar a preciséo de ferramentas de avaliagao de risco cirargico
na predicdo de complicacBes pos-operatdrias em doentes do foro de oncologia
digestiva e propor um novo instrumento de previsdo de risco cirdrgico mais
proficiente e adaptado a nossa realidade; 2) Caracterizar os fatores de risco
perioperatorios para as complicacdes pulmonares de doentes submetidos a
cirurgia abdominal e avaliar a sua associacdo com a morbilidade e mortalidade
pés-operatoria; 3) Elaborar uma proposta de mitigacéo do risco de complicacdes
pos-operatorias através da pré-habilitacdo. Metodologia: Para responder ao
primeiro objetivo, realizamos um estudo de coorte observacional e retrospetivo
com 345 doentes oncoldgicos admitidos na unidade de cuidados intermédios
cirdrgicos do Instituto Portugués de Oncologia (IPO-Porto) no periodo de janeiro
de 2016 a abril de 2018, ap0s cirurgia de cancro gastrointestinal (81,5% eletivos
e 18,5% urgentes). Para o segundo objetivo, realizamos um estudo, também de

coorte observacional e retrospetivo, no Hospital Garcia de Orta, Almada,
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RESUMO

Portugal, tendo sido estudados 60 doentes submetidos a cirurgia abdominal
urgente ou eletiva, que desenvolveram complicagdes pulmonares no periodo
pos-operatorio, motivo pelo qual foram internados na UCIP, entre janeiro a
dezembro de 2017. Para concretizar o terceiro objetivo, promovemos o papel da
pré-habilitacdo cirargica, enquanto estratégia multimodal de otimizacdo pré-
operatoria em doentes de alto risco, através de i) um Essay dirigido as
necessidades da populacéo cirirgica na Africa Subsaariana e ii) uma proposta
para a realizacdo de um ensaio clinico randomizado. Resultados: Os resultados
do primeiro estudo revelaram que a preciséo e concordancia das ferramentas de
avaliacdo do risco cirurgico utilizadas para a predicdo de complicagbes poés-
operatdrias sao limitadas. Com base nas variaveis mais informativas das
ferramentas estudadas, desenvolvemos um novo modelo de predicdo de risco
cirdrgico, o MylPOrisk-score, que demonstrou ter maior capacidade de
discriminag&o do que o obtido com cada instrumento previamente utilizado. Os
resultados do segundo estudo sugerem que as complicac6es pulmonares apos
cirurgia abdominal sdo frequentes, e tém um impacto profundo no prognadstico.
Destaca-se ainda a observacdo de que os doentes com elevado risco pré-
operatorio que foram alvo de alguma otimizagdo antes da cirurgia apresentaram
menos necessidade de ventilagdo mecanica no tratamento das complicacdes
respiratorias, corroborando a importancia do periodo pré-operatorio para
implementar estratégias de mitigacdo de complicacdes poOs-operatorias e de
diminuicdo da mortalidade. Nessa sequéncia, destacamos o papel da preé-
habilitacdo, o qual foi concretizado na reflexdo apresentada no Essay e na
proposta de ensaio clinico dirigida a doentes com adenocarcinoma esofafico ou

do estdmago localmente avancado.

Conclusao: Em termos gerais, 0s principais resultados da nossa investigacéo
evidenciam que as CPO constituem um problema importante em Portugal, sendo
que a sua mitigacdo passara necessariamente pela identificacdo dos doentes
com risco cirdrgico mais elevado, individualizacdo dos cuidados pré-operatorios
(ex: pré-habilitacdo multimodal) e antecipacdo/planeamento de cuidados pos-

operatorios (ex: necessidade de suporte ventilatorio).
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ABSTRACT

ABSTRACT

Introduction and objectives: Despite its central role in the treatment of solid
tumors, cancer surgery is not without adverse effects, with postoperative
complications (POC) becoming a significant cause of morbidity and mortality,
particularly in patients’ high risk. It is estimated that around 50% of POC can be
prevented, which has motivated multiple efforts to understand this problem better.
It is essential to know their causes, to characterize the profile of the most
susceptible patients and to identify these same patients early. It is also imperative
to identify effective prevention and risk mitigation strategies. Despite some
advances at the international level, the limited external validity of the knowledge
generated is often a limitation to its extrapolation to populations other than those
in which the evidence was forged. Thus, we consider it appropriate better to
characterize the reality of oncological digestive surgery in Portugal, having
established the following objectives: 1) To compare the precision of surgical risk
assessment tools in the prediction of postoperative complications in patients of
the digestive oncology patients and to propose a new instrument for predicting
the surgical risk that is more proficient and adapted to our reality; 2) To
characterize the perioperative risk factors for pulmonary complications in patients
undergoing abdominal surgery and to evaluate their association with
postoperative morbidity and mortality; 3) Develop a proposal to mitigate the risk
of postoperative complications through pre-habilitation. Methodology: To answer
the first objective, we carried out an observational and retrospective cohort study
with 345 cancer patients admitted to the surgical intermediate care unit of the
Portuguese Institute of Oncology (IPO-Porto) from January 2016 to April 2018,
after gastrointestinal surgery cancer (81.5% elective and 18.5% urgent). For the
second objective, we carried out a study, also of an observational and
retrospective cohort, at Hospital Garcia de Orta, Almada, Portugal, having
studied 60 patients undergoing urgent or elective abdominal surgery, who

developed pulmonary complications in the postoperative period, which is the
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ABSTRACT

reason for which they were admitted to the PICU, between January and
December 2017. To achieve the third objective, we promoted the role of surgical
pre-habilitation, as a multimodal strategy for preoperative optimization in high-
risk patients, through i) an Essay directed the needs of the surgical population in
sub-Saharan Africa and ii) a proposal for a randomized clinical trial. Results: The
results of the first study revealed that the precision and agreement of the surgical
risk assessment tools used to predict postoperative complications are limited.
Based on the most informative variables of the devices studied, we developed a
new model of surgical risk prediction, the MylPOrisk-score, which demonstrated
greater discrimination capacity than that obtained with each previously used
instrument. The results of the second study suggest that pulmonary
complications after abdominal surgery are frequent and have a profound impact
on prognosis. It should also be noted that patients with high preoperative risk who
underwent some optimization before surgery had less need for mechanical
ventilation in the treatment of respiratory complications, corroborating the
importance of the preoperative period to implement mitigation strategies,
postoperative complications and decreased mortality. In this sequence, we
highlight the role of pre-habilitation, which was realized in the reflection presented
in Essay and the proposal for a clinical trial aimed at patients with oesophagal

adenocarcinoma or locally advanced stomach.

Conclusion: In general terms, the main results of our investigation show that
POC is a fundamental problem in Portugal, and their mitigation will necessarily
involve the identification of patients at higher surgical risk, individualization of
preoperative care (ex: multimodal prehabilitation) and anticipation/planning of

postoperative care (e.g., need for ventilatory support).
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1.1Epidemiologia das neoplasias malignas no mundo e em Portugal

As neoplasias malignas constituem um dos mais importantes problemas de
saude publica mundial [1], com os registos de cancro de base populacional a
ilustrarem um aumento da sua incidéncia em todo o mundo [2]. De facto, desde
o final do século XX que se tem vindo a assistir a um crescimento progressivo
do nimero de novos casos anuais de neoplasias malignas, bem como o aumento
da mortalidade por cancro [3]. Em 2018 foram estimados 18,1 milhdes de novos
casos e 9,6 milhdes de mortes, com as neoplasias malignas a ocuparem a
segunda posicdo enquanto causa de morte por doenca ndo comunicavel no
mundo [1]. A OMS prevé que em 2030 as neoplasias ultrapassarado a doenca
isquémica, tornando-se a principal causa de morte em todo o mundo, sendo

responsaveis por 18,5% de todas as mortes [4].

Para ambos os sexos combinados, o cancro do pulmé&o foi o mais diagnosticado
(11,6% do total de novos casos), seguido de perto pelo cancro da mama feminino
(11,6%), colorretal (10,2%) e prostata (7,1%). Em termos de mortalidade, o
cancro do pulmé&o continua a liderar (18,4% do total de mortes cancro), seguindo-
se o0 cancro colorretal (9,2%), estdbmago (8,2%) e figado (8,2%) [1]. As
estimativas epidemiolégicas sugerem ainda que 0S numeros serao
progressivamente mais preocupantes nos proximos anos, com as projecdes a
apontarem para cerca de 22,2 milhdes de novos casos em 2030 (12,7 milhdes
em 2008) e 13,2 milhdes de mortes (7,6 milhdes em 2008) [5]. Esta tendéncia
reflete ndo so a transicdo demografica atual (o envelhecimento e o crescimento
populacional), mas também a ado¢do de comportamentos que aumentam o risco
de cancro [3], bem como a maior disponibilidade de meios para efetuar

diagnosticos e rastreios [6, 7].
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Sao reconhecidas importantes diferencas epidemiolégicas relativas a incidéncia
e mortalidade das neoplasias malignas quanto ao género. O cancro do pulméo
€ 0 mais diagnosticado (1,4 milhdes) e a principal causa de morte por cancro nos
homens (1,2 milhdes), seguido pelo cancro da prostata (1,3 milhdes) e colorretal
(1 milh&o) para incidéncia e o cancro do figado (548 mil) e esttmago (514 mil)
para mortalidade. Ja para as mulheres, o cancro de mama foi o mais
diagnosticado em 2018 (2 milhdes) e a principal causa de morte por cancro (627
mil), seguido pelo cancro colorretal (795 mil) e pulmé&o (725 mil) para incidéncia
e cancro do pulméo (576 mil) e colorretal (387 mil) para a mortalidade, com o
cancro do colo do atero a ocupar o quarto lugar em termos de incidéncia e
mortalidade [1]. Destacam-se ainda algumas variacbes na incidéncia e
mortalidade entre diferentes regides geograficas e entre paises de renda
baixa/média versus renda elevada. Apesar da menor incidéncia de doenca
neoplasica, cerca de 65% da mortalidade associada ocorre nos paises de baixa
e média renda em comparacdo com o0s paises de alta renda, afetando
particularmente individuos com menos de 65 anos de idade [8]. Os motivos desta
discrepancia incluem diferencas relativas a modos de vida e padrdes de
consumo que afetam a prevaléncia e distribuicdo dos principais fatores de risco
(ex: sedentarismo, obesidade, alimentagdo, tabaco, alcool, infe¢des persistentes
por Helicobacter Pylori, Virus da Hepatite B e Virus do Papiloma Humano),
educacao (ex: sobre sintomas) ou limitacées ao nivel do acesso a servi¢os de
diagnéstico e tratamento de qualidade [9]. De acordo com a OMS, em 2017, mais
de 90% dos paises de alta renda possuiam servi¢os de tratamento disponiveis,
em comparacado com menos de 30% dos paises de baixa renda [10]. De destacar
ainda o facto de que o impacto nos paises de baixa renda podera ser mais grave,
uma vez gue os registos oncoldgicos e sistemas de reporte sao raros e/ou pouco
rigorosos [11]. O enorme impacto econémico da mortalidade prematura e a perda
de anos de vida produtiva imp&em a necessidade de desenvolver e implementar
estratégias de prevencdo, sem descurar o esforco na gestdo dos recursos
necessarios para garantir, paralelamente, o desenvolvimento sustentavel desses
paises [8]. Adicionalmente, é importante lembrar que o sucesso da dete¢do
precoce ficara condicionado a jusante pela disponibilidade de recursos e de

acesso a terapia multimodal adequada, pelo que se antecipam desafios sem
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precedentes sobre a sociedade, saude e economia nos paises de baixa e média

renda, ja por si fragil [8].

Em Portugal, segundo dados da Dire¢cdo Geral da Saude (DGS) e em
consonancia com a tendéncia a nivel mundial, a incidéncia de cancro tem
aumentado 3-4% ao ano, sendo que em 2015 foram registados cerca de 50 mil
novos casos [12]. Num relatério divulgado em 2018, a OMS, através da Agéncia
Internacional para a Investigagdo do Cancro, afirmou que um quarto da
populacdo portuguesa estaria em risco de desenvolver cancro até aos 75 anos
e 10% corria na altura o risco de morrer de doenca oncologica [13]. A
semelhanca do que se passa noutros pontos do globo, os ganhos na esperanca
de vida da populacao portuguesa (Figura 1), bem como as modificagdes dos
estilos de vida parecem ser os principais fatores a influenciar as variacdes da
incidéncia de neoplasias malignas e contribuir para mudancas relativas entre as

mesmas.
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Figura 1. Estrutura da piramide populacional em Portugal em 2015 e previséo para
2030 e 2060. Fonte: Diregdo-Geral da Saude [12]
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A conjugacéao destes dois fatores condiciona uma previsao em alta da evolucao
da incidéncia das neoplasias malignas, estimando-se que em 2030, possa ser
atingido a cifra de 60 mil novos casos em Portugal (Figura 2) [13].
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Figura 2. Previsédo da evolucéo da incidéncia de cancro em Portugal (2015-2035).
Fonte: Direcédo-Geral da Saude [12]

No que concerne ao tipo especifico de tumor maligno, os tumores da prostata,
mama e colon, constituem as neoplasias malignas com maior incidéncia global
em Portugal (Tabela 1) [12].

Tabela 1. Taxa de incidéncia de tumores malignos (por 100 000 habitantes)

TAXA DE INCIDENCIA DE TUMORES MALIGNOS (100000 HABITANTES)

Taxa bruta Taxa pad. (pop. Eur.)

Préstata

Mama

Célon

Traqueia, Bréonquios e Pulmé&o

Estdmago

Reto

Corpo do Utero

Bexiga

Linfoma ndo Hodgkin

Glandula Tiroideia

Total

Fonte: RORENC, ROM 2010

Fonte: Direcéo-Geral da Saude [12]
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Podemos verificar diferencas significativas de incidéncia em termos de
distruibuicdo por género, em alguns dos principais tumores malignos em
Portugal. Se compararmos apenas o0s trés tumores malignos mais incidentes,
verifica-se que os tumores da prostata, do sistema respiratorio (traqueia,
bronquios e pulmao), célon e estbmago sdo 0s mais incidentes no sexo
masculino, enquanto que para o sexo feminino se destacam os tumores da

mama, colon, glandula tiroideia e estbmago (Tabelas 2 e 3).

Tabela 2. Taxa de incidéncia de tumores malignos, (por 100.000), no sexo masculino
(2010) [12]

Taxa bruta Taxa pad. (pop. Eur.)
Prostata 120,3 90,5

Traqueia, Brénquios e Pulmio

Célon

Estdmago
Reto
Bexiga

Linfoma nao Hodgkin

Rim

Laringe 11,7

Eséfago
Total

Fonte: RORENO, RON 2010

Tabela 3. Taxa de incidéncia de tumores malignos, (por 100.000), no sexo feminino
(2010)

Taxa bruta Taxa pad. (pop. Eur.)

Mama

Célon

Glandula Tiroideia

Estomago

Corpo do Utero
Reto

Traqueia, Brénquios e Pulmio

Linfoma ndo Hodgkin

Colo do Utero

Melanoma Maligno da Pele
Total
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Relativamente a mortalidade, o Instituto Nacional de Estatistica (INE), no seu
relatorio anual sobre causas da morte no ano de 2017, enfatiza a importancia do
cancro em Portugal, dando-nos conta de que os portugueses morrem sobretudo
de doencas cardiacas e tumores malignos, representando estas duas causas de
morte mais de metade dos 110 mil 6bitos registados no Pais no referido ano [14].
Em conjunto, estes dois grupos de causas foram responsaveis por 54,4% dos
Obitos, levando-nos a concluir que a mortalidade associada aos tumores
malignos em Portugal continua muito significativa [14]. De facto, se a mortalidade
associada as doencas do aparelho circulatorio tem tendéncia para diminuir
(atingindo mesmo assim 29,4% do total), o numero de 6bitos relacionados com
tumores malignos apresenta uma trajetoria ascendente, sendo ja responsavel
por 25% das mortes (Figura 3) [12].
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Figura 3. Evolucao da proporc¢éo de 6bitos pelas principais causas de morte no total

das causas de morte em Portugal (%), 1988 a 2015.
Fonte: Dire¢édo-Geral da Saude [12]

Fazendo uma avaliacdo do contributo de 36 tipos de doenca oncoldgica para a
mortalidade em Portugal, a OMS reporta que o cancro do pulmdo € o mais
mortal, tal como acontece a nivel mundial, seguido do cancro do cdlon, do
estbmago e da prostata, ocupando o cancro da mama o quinto lugar [13].
Destacariamos nesta altura o cancro gastrointestinal (CGl), enfoque particular

da nossa investigacdo, que compreende o conjunto de tumores malignos que
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afetam o sistema digestivo, interferem fortemente com a qualidade de vida dos
cidaddos e tém uma elevada taxa de mortalidade. Eséfago, estbmago, pancreas,
figado, colon e reto sdo os cinco principais 6rgaos do aparelho digestivo onde
incide o cancro digestivo, dois dos quais (pancreas e figado) sdo dos mais
mortais e com esperanca meédia de vida inferior a um ano. Em 30 de setembro
de 2019, dia nacional contra o cancro digestivo, a Sociedade Portuguesa de
Gastrenterologia (SPG), ao analisar o panorama atual do cancro digestivo em
Portugal, destaca que cerca de um terco das mortes por cancro se encontram
relacionadas com o aparelho digestivo, o que se traduz em cerca de 10 mil por
ano, ou seja, 30 por dia, cerca de 1 por hora. Este nimero tem vindo a aumentar
nos ultimos anos, representando um grave problema de saude publica,
responsavel por cerca de 10% da mortalidade Portuguesa [15]. Nas tabelas 4, 5
e 6 sdo apresentados os indicadores de mortalidade e distribuicdo por género
relativos a neoplasias malignas do aparelho digestivo, em particular do
estbmago, célon, juncéo retosigmoide e reto. Com um diagnaostico e tratamento
precoces e com as novas armas terapéuticas disponiveis sera possivel aumentar

a sobrevivéncia destes doentes.

Tabela 4. Indicadores de mortalidade relativos a tumor maligno do estébmago, em
Portugal (2010-2014) [12]

TUMOR MALIGNO DO ESTOMAGO

2010 2011 2012 2013 2014
AMBOS 05 SEXOS

Numero de 6bitos

Taxa de mortalidade

Taxa de mortalidade padronizada

Namero de 6bitos

Taxa de mortalidade

Taxa de mortalidade padronizada

Nimero de Gbitos

Taxa de mortalidade

Taxa de mortalidade padronizada

Fontes: IME 2016

~
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Tabela 5. Indicadores de mortalidade relativos a tumor maligno do col6n, por sexo, em
Portugal (2010-2014)

TUMOR MALIGNO DO COLON

2010 2011 2012 2013 2014
Namero de 6bitos 2.647 2740 2.686 2724 2.687
Taxa de mortalidade 250 26,0 25,6 26 258
Taxa de mortalidade padronizada 154 15,5 149 15,0 145
Namero de 6bitos 1.511 1.500 1.533 1.560 1.526
Taxa de mortalidade 299 29,8 30,6 314 30,9
Taxa de mortalidade padronizada 21,0 20,5 204 20,5 19,7

L swomwwwo |

Numero de ébitos 1.136 1.240 1.153 1.164 1.161
Taxa de mortalidade 20,6 22,5 21,0 21,2 21,3
Taxa de mortalidade padronizada 11,2 11,8 11,0 11,1 10,7

Fontes: INE, 2016

Fonte: Dire¢do-Geral da Saude [12]

Tabela 6. Indicadores de mortalidade relativos a tumor maligno da juncao retosigméide
e do reto, por sexo, em Portugal (201-2014)

TUMOR MALIGNO DA JUNGAO RETOSSIGMOIDE E DO RETO

2010 2011 2012 2013 2014
Niamero de 6bitos 1.084 1.051 1.088 1.079 1.073
Taxa de mortalidade 10,3 10,0 10,4 10,3 10,3
Taxa de mortalidade padronizada 6,5 6,1 6,2 6,1 6,0
Numero de ébitos 703 661 689 653 655
Taxa de mortalidade 13,9 13,1 13,7 13,1 13,3
Taxa de mortalidade padronizada 9.9 9,2 9,3 89 86

. somwmno

Numero de 6bitos 381 390 399 426 418
Taxa de mortalidade 6,9 T T3 7,8 7,7
Taxa de mortalidade padronizada 4,0 3,8 4,0 4,0 4,0

Fonte: Direcéo-Geral da Saude [12]

Analisando as causas e 0 numero de anos que teoricamente a populacao
portuguesa deixa de viver quando morre antes dos 70 anos de idade (anos
potenciais perdidos), para ambos 0s sexos, as causas neoplasicas, como 0s

[e¢]
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tumores malignos da traqueia, bronquios e pulmdo ocupam as posicoes
cimeiras, em detrimento de outras causas, como por exemplo as doencas
atribuiveis ao &lcool e até as doencas isquémicas do coragcdo muito prevalentes

entre nos [12].

Tumor maligno da traqueia, branquios e puimao [ oo

Doencgas atribuiveis ao alcool
I
Lesdes autoprovocadas imtencionalmente e sequelas
Doenca isquémica do coragdo
Acidentes de trénsito com veiculos a motor
Doenca cerebrovasculares
Tumor maligno do célon, reto e anus _ 11.655
Doencga cronica do figado e cirrose
Doenca pelo virus da imunodeficiéncia humana (VIH)
Tumor maligno do estémago _ 9.068
Tumor maligno do figado e das vias biliares intra-hepaticas
Pneumonia
Diabetes mellitus
Tumor maligno do pancreas _ 4.265
Tuberculose
Bronquite cronica, bronquite ndo especificada, enfisema e asma

Doenga de Alzheimer

D-.

5.000 10.000 15.000 20.000 25.000

N.” de anos (HM)

Fonte:

Figura 4. Anos potenciais de vida perdidos por causas de morte relacionadas,
Portugal Continental (2013). Fonte: Dire¢do-Geral da Satde [12]

Em suma, as neoplasias malignas para além de serem uma doenca do presente,
sdo também uma doenca do futuro e necessitam de uma abordagem clinica
multidisciplinar, alicercada numa perspetiva politica e social concertada, que se
deve estender para além dos muros das estruturas de saude [5]. O seu perfil
epidemiologico € um importante instrumento para gestores, profissionais da
saude e publico em geral, trazendo contribuicbes para o planeamento das
prioridades em termos de acbes em saude, principalmente no que tange a
detecdo precoce e tratamento oportuno. De facto, cerca de um terco dos 10
milhdes de novos casos de cancro diagnosticados todos os anos a nivel mundial
podem ser prevenidos e outro terco curado, se forem detetados e tratados numa

fase precoce [16-18]. A implementacdo e funcionamento dos rastreios
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oncologicos de base populacional, para alguns tipos de neoplasias malignas,
nomeadamente para os cancros da mama, do colo do Utero e colo-retal de entre
outros, ao permitirem a monitorizagdo de uma forma organizada, tem sido muito
importante para a execucao de programas especificos, onde esta informacéo &
particularmente relevante. A titulo de exemplo, este facto pode conduzir ao
desenvolvimento de mecanismos que permitam responder, de forma mais
documentada, as diferencas que sdo determinadas pelo dimorfismo sexual e,
simultaneamente, minorar ou eliminar as iniquidades tecidas a partir deste, ndo
se tratando, contudo, de uma forma de intervencdo em universos separados,
uma vez que, nesta matéria, os fenomenos fisicos mentais e sociais interagem
de forma demasiado complexa para que, sobre eles, se estabelecam grelhas de

leitura estanques e estereotipadas [19].

1.2Tratamento cirurgico em oncologia

A oncologia € a medicina das neoplasias malignas, ndo havendo como separar
o tratamento médico do tratamento cirdrgico. A cirurgia é a forma mais antiga de
tratamento do cancro e pode assumir um carater preventivo, diagndéstico, de
estadiamento, curativo, de suporte e restaurador [20]. Além disso, pode-se
lancar mao da cirurgia para tratamento de eventuais complicacdes de neoplasias
malignas em estadios avancados onde o objetivo é a melhoria de sintomas e
oferecer melhor qualidade de vida ao doente quando nao ha perspetiva de cura
[20].

Estima-se que aproximadamente 80% dos doentes com cancro, em algum
momento do seu percurso, terdo necessidade de tratamento cirdrgico, sendo que
alguns deles serdo submetidos a multiplas intervengdes cirargicas. No caso dos
tumores soélidos precocemente diagnosticados, a resseccdo cirurgica,
isoladamente ou em combinacdo com outras terapias como quimioterapia e
radioterapia, aumenta significativamente as possibilidades de cura [20].
Curiosamente, apesar do seu papel terapéutico central, é dificil saber com
exatiddo qual o real impacto que a cirurgia com intencao curativa, por si so, tem
sobre os ganhos de vida apoés diagnostico. De facto, a informacao proveniente

de estudos observacionais encontra-se limitada por varios vieses
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(particularmente o viés de selecdo dos doentes) [20]. Do lado dos estudos
randomizados, 0s ensaios clinicos das ultimas décadas tém-se focado na
eficacia de cirurgias menos agressivas/extensas (ex: lumpectomia versus
mastectomia) [21, 22], no procedimento cirdrgico (ex: laparoscopia versus
laparotomia) [23, 24], otimizacdo de métodos cirdrgicos para administracao de
quimioterapia [25] ou sobre o impacto da remocdo do ganglio sentinela [26].
Numa andlise retrospetiva de dados de sobrevivéncia ajustada para o estadio de
doentes diagnosticados nos anos 80 e no inicio dos anos 90, altura em que o
tratamento nao-cirdrgico ndo era pratica comum, estimou-se que o tratamento
cirurgico por si so foi responsavel por um incremento de 30-55% na sobrevida
de doentes com cancro da mama (a 5 anos) e colorectal (a 3 anos) [20].

Em termos de volume de cirurgia geral, estima-se que em 2012 tenham sido
realizadas em todo o mundo 313 milhdes de cirurgias major, 0 que representa
um crescimento de 38% face 2004, sendo que apenas 1 em cada 20 cirurgias
foi realizada em paises de baixa renda [27]. Apesar destes avancos, cerca de 5
bilhdes de pessoas carecem de acesso a cuidados cirdrgicos e anestésicos
seguros, acessiveis e oportunos, particularmente em paises de baixo indice de
desenvolvimento humano no Médio Oriente, Asia-Pacifico, Africa e América
Central, regies onde 90% dos individuos ndo conseguem sequer obter cuidados
cirdrgicos considerados basicos [28, 29]. Como consequéncia, um numero muito
significativo de pessoas morre pela falta de tratamento cirdrgico, o que
representou 33% de todas as mortes no mundo em 2010 [29]. Concretamente
no contexto oncoldgico, prevé-se que em 2015 tenham sido necessarias, a nivel
global, 32 milhdes de cirurgias, com as projecdes a indicarem um incremento
substancial até 2030, onde se antecipa que venham a ser necessarias 45
milhdes de cirurgias [20]. Este incremento ndo é de estranhar face a tendéncia
de evolucédo da incidéncia das neoplasias para os proximos anos. De sublinhar
ainda que a necessidade do tratamento cirdrgico no contexto oncologico é
transversal a todas as faixas etarias, sendo crescente até aos 30 anos e
aplanando nas faixas etarias seguintes [20]. Nos paises de elevado indice de
desenvolvimento humano, a proporcdo de doentes oncolégicos adultos
admitidos que necessitam de receber algum tipo de tratamento cirargico varia de

forma consideravel com o tipo de cancro (25% para as admissdes por tumores
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0sseos até mais de 70% para todas as admissdes por cancro da bexiga e mama)
[20]. A nivel global, uma vez mais, as necessidades de cirurgia oncolégica nédo
acompanham as oportunidades de acesso ao tratamento, estimando-se que, em
todo o mundo, apenas 25% dos doentes oncologicos recebam cuidados

cirdrgicos adequados, seguros, acessiveis e atempadamente [20].

1.3 Complicacbes poOs-operatérias

1.3.1. Definicéo e classificacéo

Apesar das melhorias observadas nos ultimos anos em termos de anestesia,
técnicas cirurgicas e cuidados perioperatoérios, o tratamento cirdrgico, em termos
gerais, continua a estar associado a importante risco de morbilidade e
mortalidade, em grande parte devido ao desenvolvimento de complicacbes pos-
operatoérias (CPO) [30]. As CPO séo definidas como uma segunda doenca,
inesperada, que ocorre até 30 dias apds o procedimento, ou a exacerbacao de
uma mesma doenca preexistente em decorréncia da cirurgia [31]. Estima-se que
cerca de 50% das CPO poderao ser prevenidas [32], pelo que o estudo das CPO
(ex: do seu perfil, das suas causas, da sua prevencédo e da reducdo do seu
impacto no progndstico do doente) ocupa um lugar de destaque na atualidade.
Destaca-se também a relevancia que as CPO assumem hoje em dia enquanto
meétrica de qualidade e seguranca do tratamento cirirgico. A comparacdo de
taxas de complicacBes pos-operatdrias observadas e esperadas por instituicao
hospitalar € um relevante critério de benchmarking e, a par do referido, o impacto
das complicacdes pos-operatdrias nos resultados finais ao nivel da efetividade e
da eficiéncia sdo muito importantes para a planificacdo de uma eventual
concentracdo de esforcos e planeamento de recursos [33, 34]. Alguns paises,
no intuito de prevenir e consequentemente melhorar os resultados pés-
cirdrgicos, criaram sistemas de recompensa (modalidade pay-for-performance),
no qual retém o pagamento referente a complicacfes que ocorreram e que sao
consideradas evitaveis [35]. O objetivo € o de prevenir e melhorar os resultados
operatorios, tornando-se para tal muito importante a consciencializagdo e a
preocupacao com as CPO, sobretudo no contexto atual, marcado pelo aumento
da longevidade no mundo, crescente exigéncia e expectativas dos cidadaos,
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elevados custos com as despesas em saude e de alguma forma escassez de
recursos. Em Portugal, conforme demonstram Carlos Costa e Silvia Lopes [36,
37], nos ultimos anos, de entre outros indicadores de resultados, as CPO
também tém sido um parametro de avaliagdo de desempenho hospitalar. No
entanto, reconhece-se uma grande dificuldade nesta area, uma vez que 0s
registos locais ou internacionais de morbidade de qualidade sd&o poucos e
carecem de sistematizagdo na sua codificacdo. Assim, 0s Unicos meios
disponiveis para a comunidade cientifica e a sociedade em geral avaliar a
morbidade pOs-operatdria associada a procedimentos cirurgicos especificos sdo
estudos isolados publicados por servigos cirargicos especificos, que ndo sédo
auditados externamente e que também apresentam as suas limitagdes [38].
Através de uma analise critica da qualidade da literatura cirargica publicada entre
1975 a 2001 sobre o relato das CPO, Martin et al., [39] observaram que apenas
34% dos estudos definiram o termo “complicagéo”, as definigdes utilizadas eram
vérias (ex: para fistula pancreética, foram encontradas 12 defini¢cdes diferentes)
e apenas 20% apresentaram informacao sobre a severidade. Estas dificuldades
sao ainda sentidas nos dias de hoje e dificultam nédo s a caracterizacao real do
problema, mas também a elaboragdo e avaliacdo da eficacia de estratégias
perioperatorias para prevencdo das CPO e mitigacdo dos seus efeitos adversos
[32]. De sublinhar ainda que, sem uma métrica comum, a utilizacdo dos dados
de incidéncia, severidade e morbilidade resultante das CPO para avaliar e

comparar a qualidade dos cuidados prestados estara limitada [40].

Em 1992, Clavien et al., [41] apresentarem uma proposta de classificacdo das
complicagbes cirurgicas baseada em principios gerais e definicbes, para
aplicacao no contexto das colecistectomias. A terapia empregue no tratamento
das complicaces cirurgicas foi o ponto referencial para a diferenciacao dos seus
niveis de gravidade. Apés 12 anos, Dindo et al., em 2004, apresentaram uma
versao aprimorada para classificacdo das complicacdes cirargicas, baseada na
primeira proposta [42]. Desde entéo, o grupo de Pierre Alain Clavien tem vindo
a conduzir uma série de estudos, preconizando novas metodologias para
classificar as complicacdes cirdrgicas, testando a confiabilidade do método e
submetendo-o a testes em diversos centros em varias regides do globo [40, 41,

43, 44]. Existem, no entanto, algumas limitagcdes apontadas, nomeadamente o
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facto do percurso pos-operatorio ser orientado de acordo com a complicacao
mais grave, desconsiderando o eventual contributo cumulativo de outras
complicagbes, nomeadamente as de menor severidade, sendo que entre 44% e
51,5% dos doentes que apresentam morbidade nos servigcos cirdrgicos
apresentam duas ou mais complicacbes menores [38]. Para superar esta
limitacdo e tentar integrar todas as complicacdes, foram propostos outros
sistemas de classificacédo, desenvolvidos a partir do sistema de CCD, dos quais
se destaca o Comprehensive Complication Index (CCI). Proposto em 2013 por
Slankamenac et al [44], este sistema integra todas as complicacdes e a sua
gravidade numa escala linear que varia de 0 (sem complicacdes) a 100 (morte)
[44]. A sua validade externa tem sido estudada [45] e alguns estudos defendem
inclusive a sua superioridade, comparativamente ao CCD, em termos de
associacdo com a morbilidade e mortalidade pos-cirurgica [46-48]. No entanto,
o sistema de Clavien-Dindo (CCD) ainda € o sistema mais utilizado para
classificar CPO de maneira objetiva e reprodutivel, sendo também recomendado

por diversas sociedades internacionais de especialidades médicas [49].

1.3.2. Incidéncia

A incidéncia global das CPO a 30 dias situa-se entre os 5% e 45% para a cirurgia
eletiva [50, 51]. No contexto oncoldgico, e especificamente no CGI, encontram-
se descritas incidéncias de CPO de aproximadamente 33,5 até 51% ap0s
esofagectomia [52, 53], 20 a 40% apds gastrectomia [54, 55], 12 a 30% apods
colectomia (REF), 14 a 27% apos cirurgia colorretal e 30 a 60% apos
pancreatectomia [56]. Estas variacdes refletem a influéncia de maultiplos fatores,
incluindo as caracteristicas do doente (ex: idade, reserva fisioldgica, tipo e
estadio da doenca oncoldgica subjacente, presenga concomitante de
comorbilidades e fatores de risco), o procedimento cirdrgico [57], o volume de
cirurgias realizadas [58] os recursos humanos, técnicos e estruturais disponiveis
[59], mas também a variabilidade inerente a utilizacdo de diferentes critérios para
a descricéo e classificagdo das CPO [60]. Ao mesmo tempo que sao fonte de
variabilidade, todas estas areas correspondem a oportunidades de inovacao,
que carecem de atencdo, na expetativa de melhorar os cuidados de saude

prestados.
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Dentro das CPO secundarias a cirurgia ao trato gastrointestinal, as complicacfes
pulmonares, a infecdo do local cirdrgico e as deiscéncias da anastomose sdo as
mais prevalentes bem como as que maior impacto exerce sobre a mortalidade
pos-cirdrgica, o tempo de internamento e a necessidade de reoperar [57, 61, 62].
A infecdo do local cirdrgico € a complicacdo mais frequente, sendo um
importante motivo de dor e sofrimento para o doente. A nivel global, estima-se
que a sua incidéncia seja de 12,3% até aos 30 dias apods cirargica, com
incidéncias de 9,4%, 14% e 23,2% a serem observadas em paises de elevado,
médio e baixo indice de desenvolvimento humano, respetivamente [63].
Verificou-se ainda que a maior incidéncia de infecdo do local cirtrgico ocorre
apos cirurgia considerada contaminada (17,8%, 31,4% e 39,8% para paises de
elevado, médio e baixo indice de desenvolvimento humano, respetivamente)
[63]. Estima-se que 30% das mesmas poderdo ser prevenidas com a
implementac&o de medidas pré e intraoperatorias [64]. Depois das complicacdes
relacionadas a infe¢cdo do local cirargico, as complicagdes pulmonares poés-
operatorias (CPP) sdo o segundo tipo mais comum, com uma incidéncia que
pode variar de 2 a 40% [65], sendo mais comuns na cirurgia ao abdémen
superior [66]. As CPP mais frequentemente descritas em cirurgia abdominal,
sdo: insuficiéncia respiratéria, pneumonia, reintubacéo traqueal dentro de 48
horas, atelectasia, broncospasmo, exacerbacao de doenca pulmonar obstrutiva
cronica (DPOC), pneumotorax e derrame pleural. Varios estudos sugerem que
as CPP séo inclusive mais comuns do que as complica¢des cardiacas [61]. No
plano infecioso, alguns autores relatam que a pneumonia hospitalar é
considerada a segunda infecdo mais frequente entre as infecdes hospitalares,
chegando a acometer 18 a 68% dos doentes submetidos a cirurgia [67-72]. Além
disso, a pneumonia, entre outras CPP como a atelectasia e a ventilagéo
mecanica, ou ainda a transfusao, choque (séptico, hemorragico ou anafilatico) e
administracdo  excessiva de liquidos  perioperatérios, = aumentam
significativamente a suscetibilidade a sindrome de distress respiratério agudo
(ARDS). Esta sindrome representa a principal causa de insuficiéncia respiratoria
no pos-operatorio, levando & admissao nos cuidados intensivos, com uma taxa
de mortalidade que pode chegar aos 76% [73]. Embora ndo sendo a area de foco
do presente trabalho, gostariamos de destacar que, durante os ultimos anos,

participamos em diversos estudos sobre a ARDS nos doentes admitidos em UCI,
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nomeadamente na sua caracterizacdo epidemiologica, causas e fatores de
agravamento modificaveis, diagnostico precoce, prognéstico e tratamento [74-
81]. O conhecimento acumulado leva-nos a reforcar a importancia das
estratégias de prevencdo, que podem incluir pré-habilitacdo no periodo pré-

operatorio e ventilacdo ndo-invasiva no periodo pos-operatorio.

A maioria dos estudos realizados em Portugal sobre CPO sugerem que muitas
delas tém sido, de alguma forma, relegadas para segundo plano, do ponto de
vista da sua ocorréncia e monitorizacdo, e, sem receio de errar € licito poder
afirmar haver em territério nacional, ainda pouca evidéncia cientifica
especialmente em determinadas cirurgias. Estudar as CPO em cirurgia
abdominal, particularmente as CPP, conhecer a sua real incidéncia e os
mecanismos envolvidos na sua ocorréncia parece-nos muito importante, pois
permitira identificar os fatores de risco predisponentes contribuindo para a sua

identificacdo precoce e para o delineamento de estratégias da sua prevencéo.

1.3.3. Mortalidade e morbilidade p6s-operatéria

A nivel global, a mortalidade pOs-operatoria varia entre 1% a 4% para a cirurgia
eletiva [50, 51, 82]. Uma vez mais, a variabilidade é atribuida a multiplos fatores
(abordados na préxima secc¢ao) [59], mas sem duvida que a propria definicdo de
mortalidade pds-operatéria (ex: 24h, 7 dias ou 30 dias ap0s) também contribuira
[83]. Se atendermos a quantidade de procedimentos realizados em todo o
mundo, a taxa de mortalidade pds-operatdria traduz-se em aproximadamente 4,2
milhdes de mortes, sendo que metade dessas mortes ocorrem em paises de
baixa-média renda. Estes nUmeros correspondem a 7,7% de todas as mortes em
todo o mundo, colocando a mortalidade pds-operatdria como a terceira principal
causa de morte, logo atrds da doenca cardiaca isquémica e do acidente vascular
cerebral [84]. J& a incidéncia de mortalidade por CPO (failure to rescue) varia de
8.0 a 16.9% [85]. Curiosamente, verificou-se que nos paises de menor renda, a
mortalidade por CPO apds cirurgia eletiva geral é duas vezes superior a média
global, apesar dos doentes serem mais jovens, terem um menor perfil de risco
menor e uma taxa de complicacbes mais baixa [86]. Para as CPP, tema de

estudo do presente trabalho, estima-se uma mortalidade de 14-30% aos 30 dias
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apos a cirurgia em doentes que desenvolveram CPP, em comparag¢ao com 0,2-
3% dos doentes sem CPP [87].

A ocorréncia de complicagbes no periodo poés-operatério limita de forma
marcada o prognostico do doente oncoldgico submetido a cirurgia. Se por um
lado podera debilitar o doente, atrasar a quimioterapia e reduzir 0os seus
potenciais efeitos benéficos, por outro poderd prolongar o periodo de
internamento, aumentar o risco de readmissao hospitalar e a necessidade de
cuidados continuados, aumentar os custos, diminuir a qualidade de vida e
precipitar a morte prematura [54, 59, 88-91]. De notar ainda que a ocorréncia de
complicagBes até 30 dias pos-cirurgia major mostrou ser um determinante da
sobrevida a longo prazo [92-94], com impacto mais importante do que 0 risco
pré-operatorio ou do que fatores intraoperatérios [87, 95-97]. Existe também
evidéncia de que as CPO podem induzir um efeito supressor de longa duracéo
no sistema imunoldgico dos doentes, tornando-0s mais suscetiveis a recorréncia
da neoplasia [93, 98, 99]. Foi também demonstrada uma associacao entre CPO
(major e minor) perturbacdo do bem-estar psicossocial do doente,
nomeadamente com niveis elevados de stress e depressao, até 12 meses apos
a cirurgia [100]. Considerando a perspetiva de incremento do volume global de
cirurgias, a transicdo demogréfica populacional e as melhorias no acesso a
tratamento cirdrgico nos paises em crescimento, antevé-se que estes niumeros

possam também aumentar nos proOXimos anos.

De destacar ainda que para a maioria dos doentes, 0s riscos apresentados pela
cirurgia sdo baixos. De facto, oculto dentro da populacao cirdrgica, encontra-se
um subgrupo de doentes, que apesar de representaram apenas 15-20% desta
populacao, contribuem com cerca de 80-90% para a mortalidade pos-operatoria
[59, 89, 101]. Fazem parte deste grupo os doentes geriatricos com necessidade
de cirurgia major ou de urgéncia, nos quais o receio de aumentar a morbilidade
e mortalidade pos-operatoria determina que por vezes 0s procedimentos
cirdrgicos com intencéo curativa ou paliativa sejam preteridos ou subotimizados
em doentes que beneficiaram desses cuidados [102]. No entanto, dentro deste
grupo de doentes existe grande heterogeneidade como sugere a observacéo de
gue apenas uma minoria de doentes com idade superior a 80 anos morre ou
sofre CPO até 30 dias no contexto de cirurgia nao-cardiaca major [103].
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Consequentemente, tem havido um enorme interesse no esclarecimento dos
multiplos fatores que poderdo contribuir para essa variabilidade, com o intuito de
estratificar o risco e aumentar a acuracia da identificacdo do doente de risco,

podendo assim auxiliar verdadeiramente na decisao sobre o plano terapéutico.

Em suma, o produto final das CPO é uma maior morbimortalidade e um
acréscimo no consumo de recursos, que afeta a efetividade dos cuidados e a
sua eficiéncia, com implicagbes para os doentes, hospitais e comunidade [104-
109]. Este facto demonstra a grande importancia clinica das complicacdes pos-
operatorias, ficando subjacente a necessidade de uma analise criteriosa das
mesmas, dos fatores de risco a elas associadas e de como as prevenir [87, 110-
112].

1.3.4. Fatores de predisposi¢cdo para a morbilidade e mortalidade pés-
operatoria

hY

O conhecimento dos fatores associados a morbilidade e mortalidade poés-
operatoria permitirdo uma melhor tomada de decisdo clinica, ndo apenas para
agir preventivamente e corrigir fatores modificaveis, mas também para operar no
momento certo, otimizar os resultados cirdrgicos e gerir recursos. Dentro desses
fatores encontram-se variaveis relacionadas com o préprio individuo (ex: idade,
caracteristicas anatdmicas, reserva fisiolégica, presenca concomitante de
comorbilidades, fatores de risco e sindromes geriatricos) [95, 113-118], com a
doenca (ex: localizacdo e estadio), com a cirurgia (ex: conhecimento e
capacidades técnicas, experiéncia da equipa cirargica, volume de cirurgias
realizadas, tipo e complexidade cirurgica) [57, 58, 119] e com o sistema de saude
(ex: recursos técnicos e estruturais disponiveis) [120]. Em seguida, faremos uma
breve revisdo sobre aqueles que julgamos serem mais pertinentes para o ambito

do presente trabalho.

Os doentes idosos séo reportados sistematicamente como os mais afetados, por
exemplo, pelas pneumonias [121, 122]. O envelhecimento fisiologico é
caracterizado por reducdo da complacéncia da parede toracica e pelo aumento
da complacéncia pulmonar e resisténcia das vias aéreas, 0 que aumenta o

esfor¢o ventilatorio. A diminuicdo da forca dos musculos respiratérios e dos
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reflexos da tosse e degluticdo, bem como a diminuicdo do numero e
funcionalidade ciliar diminuem a clearance de secre¢fes. Também ocorre uma
diminuicdo da presséo parcial de oxigénio e um aumento do espaco morto o que
provoca uma diminuicdo da relacdo ventilacdo-perfusdo pulmonar [123, 124].
Estes fatores, associados a algumas condi¢cdes do periodo pds-operatdrio como
a imobilidade e o uso de narcéticos, de modo geral, culminam em uma elevada
probabilidade de ocorrerem atelectasias e aspiragdo pulmonar com o
desenvolvimento de pneumonia [125-128]. No entanto, como referido
anteriormente, apesar de se esperar um aumento da incidéncia de complicacdes
pos-operatorias com o aumento da idade, nem sempre isso € observado [103].
As alteragBes estruturais e funcionais dos sistemas fisioldgicos ocorrem a
velocidades distintas entre individuos com a mesma idade, motivo pelo qual o
impacto da idade cronologica deve ser sempre ponderado juntamente com
outras caracteristicas do doente. Alias, mais do que a idade cronoldgica, tem
crescido o0 interesse sobre a idade biolégica na populacdo cirdrgica,
caracteristica esta que reflete as alteracdes da reserva fisioldgica. Fragilidade é
um termo utilizado para definir esse estado de diminui¢do da reserva funcional e
de maior vulnerabilidade a agentes agressores como a cirurgia [129-131].
Estima-se que mais de 50% dos doentes geriatricos oncoldgicos sejam
classificados como frageis ou pré-frageis [132]. Apesar de ndo haver consenso
sobre a ferramenta mais adequada para avaliar a fragilidade [133], a literatura é
unanime em considerar que os doentes com maior indice de fragilidade pré-
operatdria, quando submetidos a cirurgia, apresentam maior risco de
complicagcbes [129, 134, 135], incluindo pulmonares (ex: reintubacéo,
pneumonia, ventilacdo prolongada) [136], maior declinio funcional e perda de
gualidade de vida [135], e maior risco de mortalidade a 30 dias [129] ou a 1 ano
[130]. De destacar que a fragilidade é reversivel, com evidéncia preliminar a
indicar que a otimizacgao pre-cirurgica de doentes oncolégicos frageis, atraves de
programas de pré-habilitacdo, diminuiu a incidéncia de complicacdes severas e

reduziu a mortalidade a 30 dias [137].

E geralmente estabelecida uma associacio importante entre o tabagismo e as
complicagBes pulmonares pds-operatorias, acreditando alguns autores que a

relacédo do tabagismo com as CPP possa ser indireta, uma vez que 0s sintomas
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respiratorios sao trés a quatro vezes maiores nos fumantes que nos nao
fumantes [138-140]. Os fumadores apresentam normalmente alteracbes
fisiologicas que podem alterar as respostas a procedimentos cirdrgicos,
contribuindo para o aumento da morbilidade pds-operatéria pelo risco elevado
de desenvolvimento de complicacbes respiratorias, cardiovasculares e de
cicatrizacdo. Uma das principais alteracdes implicadas no tabagismo é a
danificacdo dos cilios da mucosa traqueobrénquica e o aumento da producao de
muco com consisténcia elevada, além de aumentada suscetibilidade ao colapso
alveolar, levando a maior probabilidade de infecdo nas vias aéreas inferiores e a
ventilagdo mecanica prolongada [141]. Assim sendo, a abstinéncia do cigarro no
periodo pré-operatdrio, principalmente por mais de oito semanas, pode reduzir a
frequéncia e a intensidade dos sintomas e levar a uma reducéo na incidéncia de
CPP (reducéo até 47%) [142-144].

Por outro lado, a presenca concomitante de comorbilidades como a doenca
pulmonar obstrutiva crénica (DPOC), hipertenséo arterial sistémica, cardiopatia
e diabetes mellitus ja foram previamente descritas em associagdo com maior
risco para CPP [145, 146]. Especificamente sobre a diabetes mellitus, os doentes
diabéticos apresentam um risco quase cinco vezes maior de complicagcdes apds
a cirurgia [147], realcando a importancia do controlo metabdlico prévio ao
procedimento cirdrgico como um fator importante na prevencdo de
complicacdes. Hiperglicemia ou valores elevados de hemoglobina glicosilada em
doentes com cancro gastrointestinal encontram-se associados a risco
aumentado de desenvolvimento de varias complicacdes pos-operatérias, como
as infecdes (ex: local cirargico) e as respiratorias (ex: pneumonia) [148, 149]. O
controle glicémico perioperatorio parece reduzir ndo apenas a taxa de incidéncia
de complicacbes pos-operatérias [150, 151], mas também melhorar o
prognostico a longo prazo [152, 153]. J& sobre a doenca pulmonar prévia, esta
também tem geralmente uma associacao significativa com as CPP, sendo que a
presenca de DPOC é um fator de risco importante para o desenvolvimento de
CPP, com um risco maior do que 18% em alguns estudos, que varia com a
gravidade da doenca [154-158]. Embora isso seja verdade, quando tratados e
controlados previamente ao procedimento cirdrgico, os doentes com DPOC

apresentam a mesma incidéncia de CPP que os individuos sdos [159, 160].
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Os extremos do estado nutricional, desnutricdo e obesidade, também tém
influéncia sobre o risco de desenvolvimento de CPP. A desnutricdo pode estar
presente em 80% dos doentes com cancro gastrointestinal em estagio avancado
[161-164], associando-se a maiores riscos de infecdo pds-operatdria e a um
aumento na morbimortalidade [124-126]. Em desnutridos, a albumina sérica
baixa € um risco estabelecido para o desenvolvimento de CPP porque se associa
a alteracdo da dindmica pulmonar e funcionamento de musculos respiratorios,
estando relacionada a maiores taxas de pneumonia [165, 166]. O suporte
nutricional parece reduzir significativamente a morbilidade [167, 168]. Por outro
lado, doentes obesos apresentam alteragfes fisiolégicas importantes, como a
diminuicéo da relacdo ventilagdo-perfusdo devido a hipoventilacdo e a elevada
perfusado tecidual. Apresentam também diminuicdo da complacéncia pulmonar e
do movimento da caixa toracica secundariamente ao acumulo de tecido adiposo
na parede toracica e na cavidade abdominal, dificultando a mobilidade
diafragmética. Além disso, doentes obesos sdo mais dificilmente mobilizados
durante o pOs-operatorio, 0 que implica maior risco de trombose venosa profunda
e consequentemente tromboembolismo pulmonar [169, 170]. JA no outro
extremo, temos o0s doentes com doenca neoplasica maligna grave,
frequentemente com sindrome de anorexia-caquexia (SAC), caracterizando-se
essa sindrome por um intenso consumo, com consequente perda involuntaria de

peso, desnutricdo, alteracdes fisioldgicas, metabdlicas e imunoldgicas [161-164].

Destacam-se ainda a influéncia de fatores operatorios. A anestesia geral pode
associar-se ao desenvolvimento de complicagbes respiratérias, dado que a
intubacdo endotraqueal e o relaxamento muscular a ela associada, pode
provocar aspiracdo bronquica [171, 172]. Por outro lado, a assisténcia
ventilatéria ao deprimir o sistema nervoso central reduz o reflexo da tosse o que
aumenta o risco de pneumonias [173]. Nos procedimentos cirlrgicos e suas
possiveis complicacdes, um dos pontos controversos € a possibilidade de
diferencas significativas entre as complicacfes no caso de cirurgias eletivas e de
urgéncia/emergéncia. Alguns estudos demonstram a existéncia destas
diferencas na incidéncia de complicacdes respiratorias, pois 0s doentes
submetidos aos procedimentos eletivos encontraram-se mais bem preparados

do ponto de vista clinico [95, 174]. Também as incisdes no abddémen superior e
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no torax apresentaram maior incidéncia de complicacdes, 0 que se deve ao fato
de estas vias de acesso reduzirem em 50 a 60% a capacidade vital, e em 30%
a capacidade funcional residual, por disfuncéo do diafragma. De igual modo, a
inibicéo reflexa do nervo frénico pela manipulacéo visceral, a dor pos-operatoria,
o colapso alveolar normalmente presentes nestes tipos de incisbes explicam a
maior incidéncia de CPO, pulmonares em especial [175-177]. A duracao da
cirurgia configura-se como um fator de risco igualmente importante, referindo a
literatura que um tempo de cirurgia entre 210 e 360 minutos determina uma maior
incidéncia de CPP, sendo que quanto mais prolongado o procedimento, maior €
a possibilidade de desenvolvimento de CPP. Tal deve-se a associacdo de varios
fatores de risco, como a exposi¢do prolongada a anestesia geral e seus efeitos
deletérios sobre a funcao respiratoria, a incisdo no abdomen superior ou térax,
assim como procedimentos invasivos, como 0 uso de drenos, de sondas e a
manipulacdo dos doentes que necessitam de cuidados intensivos no periodo
pés-operatorio [178]. O grau de contaminagcdo também € normalmente
associado a maior ocorréncia de CPP em varios estudos, e os doentes
submetidos as cirurgias infetadas tém um maior risco de desenvolver
complicagBes dessa natureza [179]. As reintervengdes cirargicas constituem
também fatores de risco, ao condicionarem a reexposi¢cdo dos doentes ao jejum
prolongado antes e depois da cirurgia, stress cirurgico, anestesia (principalmente
a geral), queda da imunidade, repouso prolongado, dor, procedimentos invasivos
e hospitalizacdo prolongada, propiciando tudo isso ao desenvolvimento de CPP
[180].

1.4 Instrumentos de risco perioperatério e seus resultados

E inevitavel que a morbilidade e a mortalidade perioperatéria sejam influenciadas
pelo estado de saude do doente, a complexidade dos procedimentos cirlrgicos
e 0 sucesso do manejo anestésico. Os preditores de risco cirargico e 0s sistemas
de pontuacgdo co-relacionados, procuram incorporar essas caracteristicas, com
o intuito de fornecer uma estimativa confiavel e objetiva do prognéstico da
doenca, a probabilidade de eventos adversos e sua evolugéo. A procura de uma

metodologia de identificacdo de doentes com risco elevado de desenvolverem

22



Capitulo | - INTRODUGCAO

complicacBes apdés um ato cirargico, reprodutivel e fiavel € uma preocupacéo
antiga. A identificacdo de variaveis informativas, a sua avaliagéo e classificacao,
0 momento em que se realiza, a recolha dos dados, a validade e aplicabilidade
em populacdes distintas, o peso de cada variavel sdo alguns dos desafios e
dificuldades quando se pretende criar um instrumento que permita estimar a

probabilidade da ocorréncia de um evento nefasto.

O primeiro instrumento de avaliacdo de risco cirdrgico publicado na literatura
data da década de 1940 [181]. Este instrumento foi desenvolvido por Meyer
Saklad, que tinha como objectivo uma avaliacdo estatistica e foi denominado
Operative Risk. Este, avaliava o estado fisico do doente e graduava-o em 6
classes nomeadamente: | - sem patologia organica conhecida, Il - patologia
moderada mas definitiva, 11l - patologia sistémica severa, |1V - patologia extrema
sistémica, V - cirurgia de emergéncia envolvendo doentes da classe 1 e 2 e VI -
cirurgia de emergéncia envolvendo doentes da classe 3 e 4. Esta classificagéo
foi revista em 1963 sendo o0 nimero de classes reduzida de sete para cinco e a
operacdo de emergéncia anotada com a colocacéo de um “E”. Posteriormente
foi adotada pela American Society of Anesthesiologist e € conhecida actualmente

como a classificagdo ASA [182].

Posteriormente foram desenvolvidos outros instrumentos preditivos do risco
cirdrgico. O indice de Goldman foi nesse contexto utilizado com sucesso [183].
Copeland e colaboradores desenvolveram um instrumento que incluiu, também,
a complexidade cirargica como variavel e é conhecido como POSSUM score
[184]. Mais tarde Klein desenvolveu um instrumento de avaliag&o intra-operatéria
e evolugcdo no pos-operatério denominado Intraoperative Therapeutic
Intervention Score [185]. Este indice de intervencdo terapéutica intraoperatoéria
(I-TIS) foi desenvolvido usando um esquema de pontuacdo semelhante ao
utilizado pelo sistema de intervengao terapéutica conhecido como TISS e

introduzido por Keene e Cullen [186].

23



Capitulo | - INTRODUCAO

1.4.1. Instrumentos de previsado de risco cardiovascular

Vérios instrumentos avaliacdo de risco cardiovascular perioperatorio foram
construidos, nomeadamente: ASA-PS (American Society of Anesthesiologists
Physical Status Classification), indice de Goldman, indice de Detsky, indice de
Larsen, EMAPO (Estudo Multicéntrico de Avaliacao Perioperatoria), ACS NSQIP
(American College of Surgeons National Surgical Quality Improvement Program,
ACC/AHA (American College of Cardiology/American Heart Association) e o

indice cardiaco revisto por Lee [187, 188].

O indice de risco cardiaco descrito por Goldman et al., em 1977, foi o primeiro
modelo multifatorial especifico para complicacdes cardiacas perioperatorias
[183]. Esse indice contempla variaveis referentes a avaliacdo clinica,
eletrocardiograma e o tipo de cirurgia (intra-abdominal, intratoracica, aortica ou
de emergéncia), conferindo pontuacdes com intuito de estratificar o doente nas
classes | a IV quanto ao risco de apresentar complicacdes cardiovasculares ou

evoluir para obito.

1.4.2. Instrumentos de previsao de risco respiratorio

No que concerne a avaliagdo do risco de CPP, em dois importantes estudos
europeus, um utilizando o ARISCAT risk score e a Avaliagao Prospectiva de um
score de Risco para CPP na Europa (PERISCOPE), séo referenciadas taxas de
incidéncia de 5% e 7,9% em doentes submetidos a cirurgia ndo cardiaca,
respectivamente [189, 190]. Porém, varios estudos sugerem que 0s instrumentos
preditivos de avaliacdo de CPP podem néo ser aplicaveis a todas as populacdes
de doentes [127, 191].

Apesar desta limitagdo, o score ARISCAT conseguiu identificar doentes de baixo
risco, risco intermédio e alto risco com alguma fiabilidade [192, 193]. Assim,
tornou-se rotineira a utilizagdo do ARISCAT risk score na avaliagdo pré-
operatdria no sentido de ajudar a identificar doentes com maior risco de
desenvolver CPP [158, 189, 190, 194].

24



Capitulo | - INTRODUGCAO

1.4.3. Instrumentos de previsado da morbilidade e mortalidade

Em 1991, Copeland e colegas desenvolveram o Physiological and Operation
Severity Score for the EnUmeration of Mortality and Morbidity (POSSUM) para
ajustar o risco as intervencdes cirurgicas, e cujo objectivo final era realizar
auditorias e comparar resultados em distintos centros [184]. Este instrumento
revelou ter maior acuidade na previsdo da morbilidade do que a mortalidade
[192]. A versdo modificada denominada P (Portsmouth) - POSSUM score,
construida mais tarde, prevé o risco de complicacdes e mortalidade nos 30 dias
ap0s a cirurgia [127, 192, 193] e tem sido amplamente recomendado para
previsdo da mortalidade [192, 195-198].

Em varios estudos, o P-POSSUM score foi capaz de prever a morbilidade e a
mortalidade, no entanto a precisdo em doentes com baixo risco de complicacdes
e mortalidade é baixa, uma vez que superestima o risco nesse grupo de doentes,
tornando a ferramenta defeituosa e inadequada para avaliar esse perfil desses
doentes. Quanto mais ‘arriscado’ for o procedimento cirargico, mais preciso € o

risco previsto calculado [193, 199-201].

Em outros estudos o score P-POSSUM foi capaz de prever a morbilidade e
mortalidade de maneira confidvel quando realizada por categorias especificas de
doentes [59, 87, 202-205].

O ACS NSQIP (American College of Surgeons National Surgical Quality
Improvement Program) desenvolveu um instrumento que estima o risco de
complicagBes pos-operatodrias. O risco € estimado com base nas informacdes
que o doente da ao profissional de saude sobre o seu histérico de saude. As
estimativas séo calculadas a partir de dados de um grande numero de doentes
gue tiveram um procedimento cirirgico semelhante. Varios investigadores tém
criticado a acuidade deste instrumento em determinados procedimentos
cirdrgicos. Por exemplo, um estudo sobre cirurgia colorretal descobriu que a
ferramenta "subestimou a infeccdo do local cirargico e as taxas globais de
complicagbes”. Um problema importante € que o0s autores ndo revelam o
algoritmo utilizado o que limita a sua compreensao. A acuidade do instrumento
foi avaliada num estudo realizado em 2017 em que se conclui que as falhas

observadas ndo desqualificam a ferramenta como precisa e apropriada para o
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propésito pretendido que é o de oferecer uma calculadora de risco para uso
geral, aplicavel em muitos dominios cirurgicos, usando facilmente informacgdes
preditivas e geralmente disponiveis. Este instrumento esta disponivel online, é
actualizado regularmente e é utilizado com frequéncia pela comunidade cirargica
[206].

1.4.4. Estudos comparativos entre os instrumentos de previsao de risco

Pese embora a utilizacdo dos varios instrumentos seja referenciada na maioria
dos trabalhos, poucos sao os que os comparam entre si [207, 208], e ndo existe
até ao momento um que se destaque. As comparacdes realizadas tém
encontrado diferencas importantes, porém o tamanho das amostras destes
estudos € reduzido [209, 210].

Em 1997, Prause et al. [211] comparou os indices de Goldman e ASA numa
amostra de 16.227 doentes submetidos a cirurgia ndo cardiaca. Segundo os
resultados, ambos os instrumentos tiveram um alto grau de correlagéo (teste de
correlacdo de Spearman’s: r=0,92). Todas as categorias dos dois indices
apresentaram significancia estatistica com a mortalidade. O score ASA < 3
apresentou uma significancia um pouco mais elevada do que o score de
Goldman. O uso dos dois instrumentos de forma combinada aumentou a
acuracia na predicdo da mortalidade perioperatoria, sendo uma estratégia que

se revelou util [212].

Outros estudos compararam as pontuacdes das variaveis que espelham a
gravidade fisiologica ou a operatéria. O desenvolvimento de modelos de
mortalidade e morbidade poOs-operatoria para populacdes especificas de
doentes, ou de procedimentos em cirurgia oncoldgica tem sido outra metodologia
utiizada na tentativa de se obter maior acuidade [197, 213-215].

Em conclusdo, podemos afirmar que na pratica clinica diaria, a previsao da
morbilidade e mortalidade pds-operatéria pode ser feita utilizando varios

instrumentos de risco cirargico.

As limitagdes encontradas nos diferentes estudos analisados demonstram que a
investigagdo, nesta area do saber, ndo esta concluida. Ha necessidade de mais
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estudos fundamentalmente prospectivos sobre a tematica das CPO em cirurgia
oncoldgica digestiva, de forma a identificar os doentes de maior risco, expondo-
-0s a um programa de pre-habilitacdo pré-operatoria no sentido de melhorar a
reserva fisioldgica. No futuro a aplicacdo da inteligéncia artificial neste contexto

podera melhorar a performance da avaliacéo do risco cirurgico.

1.5 Prevencéao da morbilidade e mortalidade pés-cirurgica

A prevencdo ou mitigacdo da morbilidade e mortalidade pds-cirirgica deve
englobar a implementacdo de um conjunto de medidas ou intervencdes
perioperatorias, que tém inicio com a identificacdo dos doentes de alto risco. A
identificacdo precoce destes doentes facilita a tomada de decisbes sobre o
tratamento cirargico, permite orientar a individualizagdo dos cuidados
perioperatorios [181, 182] e antecipar e planear pds-operatérios (ex:
necessidade de cuidados intensivos) [183, 184]. Como referenciado
anteriormente, exsitem na atualidade varias escalas de avaliagdo do risco de
morbilidade e mortalidade pés-operatéria com objetivo de auxiliar na sele¢éo dos
doentes elegiveis a cirurgia. Entre os mais utilizados, destacam-se instrumentos
de previsdo de risco perioperatério como o0 American Society of
Anesthesiologists (ASA) physical status classification system (ASA PS score), 0
Portsmouth Physiological and Operative Severity Score for the enUmeration of
Mortality (P-Possum score), o American College of Surgeons National Surgical
Quality Improvement Program (ACS NSQIP) Surgical Risk Calculator (SRC), o
Assess Respiratory Risk in Surgical Patients in Catalonia (ARISCAT) [185-191].

Apesar da sua utilizacéo generalizada para predizer a morbilidade e mortalidade
na populacao cirargica, estes instrumentos apresentam importantes limitacées e
nem sempre a sua performance preditiva € adequada, havendo espaco para
melhorias. Desde logo, porque a maioria foi desenvolvida ha varias décadas,
com métodos estatisticos pouco  sofisticados, com base em
variaveis/informacfes limitadas (em quantidade e qualidade) e tendo como
referéncia um perfil de doentes, técnicas cirlrgicas e anestésicas, meios

hospitalares e regimes terapéuticos que néo serdo certamente representativas
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dos dias de hoje [192]. De notar também que, para muitos destes instrumentos,
a validade externa ou utilidade em popula¢des cirdrgicas especificas, como a
concolégica, permanece por esclarecer [193], idealmente através de estudos
prospetivos bem desenhados. De facto, muitos dos estudos que avaliaram a
utilidade destes instrumentos na populacdo oncoldgica sao retrospetivos, logo
sujeitos ao viés na recolha da informacdo (inconsistente e/ou incompleta) e
utilizam coortes de pequena dimensao [194, 195]. Adicionalmente, muitos destes
modelos requerem a introducéo de informacéao intraoperatoria, o que limita a sua
utilizacdo pré-operatoria. Todas estas limitacbes se tornam evidentes, por
exemplo, se verificarmos a abundancia de estudos que, com cada vez maior
frequéncia, observam um desajuste importante entre aquilo que foi predito e
aquilo que foi observado [192, 195, 196] ou ainda a falta de concordancia entre
diferentes instrumentos [197-199]. Sobre este especto, destaca-se o ACS
NSQIP, considerado um dos instrumentos mais robustos [119], o qual é
constantemente atualizado a medida que o conhecimento na area evolui, com
0S promotores deste instrumento a estimularem a comunidade cientifica e
meédica a identificacdo de variaveis criticas especificas (do procedimento
cirdrgico ou do doente) que possam ser utilizadas para melhorar cada vez mais
a performance do modelo. Por exemplo, recentemente, 0 modelo foi otimizado
para predizer outcomes geriatricos (Ulceras de presséo, delirio, necessidade de
auxilio a mobilidade e declinio funcional) [200]. Ainda assim, a sua validade
externa ndo tem sido confirmada em varios estudos [201-204], particularmente
no contexto das neoplasias do trato gastrointestinal.

Portanto, apesar do seu potencial, é determinante analisar e comparar 0s scores
preditivos de risco perioperatérios correntemente usados, comparando a sua
acuracia (isolada ou combinada) enquanto instrumentos especificos de
avaliagéo de risco, de previsdo de morbimortalidade, e ndo menos importante é
identificar as variaveis mais informativas de risco cirargico de cada um dos
diferentes scores preditivos (e/ou incorporar outras), com o objetivo de otimizar
a sua eficacia. Sobre este especto, gostariamos de destacar o nosso contributo
recente através da analise retrospetiva de uma coorte de 128 doentes com
neoplasia da cabeca e pescoco admitidos na unidade de cuidados intermédios

apos a cirurgia [205]. Avaliamos e comparamos a performance dos instrumentos
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ASA PS score, P-POSSUM, ACS-NSQIP e ARISCAT para predizer as
complicacBes e mortalidade pos-cirurgica e verificamos que, individualmente, o
valor destes instrumentos é limitado. Contudo, quando combinamos as variaveis
do ACS-NSQIP e ARISCAT, melhoramos a previsao do risco de complicacdes
graves [205].

E igualmente importante aproveitar a tecnologia mais avancada que dispomos
hoje para desenvolver novos modelos preditivos, que sejam o mais abrangentes
possivel, que considerem todos os fatores de risco possiveis, os avalie
quantitativamente, considere todas as interacfes possiveis entre eles, seja
adequado para qualquer paciente e condicao cirurgica e que seja capaz de
integrar e aprender continuamente com toda a informacéo que vai sendo gerada
ao longo do percurso do doente. No momento podera parecer uma utopia, mas
com o advento da inteligéncia artificial, big data e desenvolvimento de areas
como o machine learning, natural language processing poderéo vir a facilitar a
missao [206, 207]. Além da otimizagdo dos instrumentos de identificacdo dos
doentes de risco, € fundamental desenvolver estratégias capazes de modular
esse mesmo risco e, consequentemente, mitigar a morbimortalidade poés-
cirurgica. Enquanto os doentes considerados de baixo risco poderdo avancar
para a cirurgia sem necessidade de grandes preparacoes, intervencdes ou
atrasos, os doentes de alto risco deverdo ser alvo de intervencdes
perioperatorias individualizas, que sejam capazes ndo s6 de prevenir, mas
também de detetar (precocemente) e tratar as complicacdes pos-operatérias. No
periodo pré-operatorio, a pré-habilitagdo € a maneira mais eficaz de otimizar o
doente de risco e prevenir a morbimortalidade pos-operatoria. Pré-habilitacdo é
um termo abrangente que inclui qualquer intervencdo com a finalidade de
aumentar a reserva fisioldgica e tolerancia ao stress imposto por uma agressao
aguda como o tratamento cirdrgico. Compreende a combinacgéo de intervencgdes
como exercicio fisico, cuidados nutricionais e/ou psicologicos, além da
otimizacdo meédica (ex: controlo de fatores de risco, comorbilidades e
medicacdo) [208]. A evidéncia atual corrobora a sua seguranca e eficacia na
mitigacdo das CPO na cirurgia abdominal e tordcica geral, mas também em
doentes com neoplasia do eséfago, colorretal ou do pulméo [209-211], incluindo

em doentes de alto risco [181], onde se observou uma reducao das complicacdes
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em cerca de 50%. Apesar disto, a pré-habilitacdo é ainda claramente

subutilizada.
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A investigacdo oncoldgica, béasica, translacional, clinica e epidemiologica tem
permitido enormes progressos na prevencdo, diagnéstico e tratamento do
cancro, sendo muito importante o desenvolvimento de projetos inovadores e com
aplicacdo clinica, os quais devem ter uma dimensdo fundamental na
prossecucdo da melhoria constante dos cuidados prestados aos doentes
oncolégicos, no sentido de oferecer diariamente os melhores métodos de
prevencdo e tratamento desta doenca. O presente trabalho, focado na
identificacdo e prevencao das CPO, pretende ser um humilde contributo. Como
observado na nossa breve revisao da literatura, as CPO tém vindo a ocupar um
lugar de destaque na literatura cientifica. Sabemos que representa uma questao
muito importante de grande impacto mundial e nacional, com um amplo espectro
de gravidade e que por menor que seja o procedimento cirdrgico, 0 seu risco de
desenvolvimento estara sempre presente. Observam-se multiplos esforcos no
sentido de as compreender, prever e evitar. Em Portugal, esta questéo constitui
ainda um assunto pouco caracterizado, sendo a incidéncia das CPO em cirurgia
oncoldgica digestiva praticamente desconhecida. Os poucos estudos existentes,
revelam do nosso ponto de vista algumas fragilidades, pese embora em termos
de contetudo evidenciem conceitos e informag¢des importantes. Enquanto
complicagdo pos-operatéria frequente em cirurgia oncologica digestiva,
conhecer a prevaléncia das complicacdes respiratdrias em particular pode
revelar-se de grande utilidade, ao permitir-nos intervir precocemente atraves de
intervencdes programadas (pré-habilitacdo), mitigando o risco de complicacdes
pos-operatorias e em consequéncia melhorar a sobrevivéncia. Assim,

estabelecemos os seguintes objetivos:
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1)

2)

3)

Comparar a precisado de ferramentas de avaliagdo de risco cirargico na
predicdo de complicagbes poOs-operatérias em doentes do foro de
oncologia digestiva e propor um novo instrumento de previsdo de risco

cirdrgico mais proficiente e adaptado a nossa realidade.

Caracterizar os fatores de risco perioperatorios para as complicacdes
pulmonares de doentes submetidos a cirurgia abdominal e avaliar a sua

associacao com a morbilidade e mortalidade pos-operatoria.

Elaborar uma proposta de mitigacdo do risco de complicacdes pos-

operatérias através de um programa de pré-habilitacéo.
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Os estudos realizados para responder as questdes em estudo constituem este
capitulo. Os dados obtidos estdo condensados sob a forma de artigos cientificos.
Sao apresentadas as copias integrais dos estudos apds autorizagdo para
poderem integrar o corpo desta tese.

3.1 Desenvolvimento de um instrumento de avaliacdo do risco cirargico
prévio a admissédo a unidade cuidados intermédios de cirurgia em

doentes com cancro digestivo

A cirurgia do cancro gastrointestinal continua a associar-se uma taxa importante
de complicacbes pos-operatdrias e mortalidade em doentes de alto risco. E
crucial identificar esses doentes. O nosso estudo teve como objetivo avaliar a
precisdo de ferramentas de avaliagdo de risco cirirgico na predicdo de
complicacbes poés-operatoérias, identificando as variaveis mais informativas e
combinando-as, caso nao se revelassem uteis, num modelo de previsao de risco

cirrgico mais proficiente e adaptado a nossa realidade.

Metodologia:

Foi realizado um estudo de coorte prospetivo de 341 doentes submetidos a
cirurgia oncoldgica digestiva e admitidos na unidade de cuidados intermédios do
Instituto Portugués de Oncologia do Porto, de janeiro de 2016 a abril de 2018.
Foram recolhidos os dados demograficos e clinicos, que incluiram o género,
idade, data de diagnéstico, tipo de admissédo (urgéncia ou eletiva) e tipo de
cirurgia. Analisamos e comparamos 0 risco cirurgico obtido através de um
conjunto de instrumentos de avaliacdo do risco cirdrgico nomeadamente o P-
POSSUM Score, ACS NSQIP Surgical Risk Calculator, ASA e ARISCAT Risk

Score e as complicacbes pos-operatorias de acordo com a classificacédo
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proposta por Clavien e Dindo. De acordo com cada sistema de pontuacao de

risco, estudamos as complicacdes pos-operatdrias esperadas e observadas.

Resultados:

Os nossos resultados revelaram que a precisdo e a concordancia dessas
ferramentas € limitada. Assim, com base nas variaveis mais informativas dessas
ferramentas, desenvolvemos um novo modelo de predicdo de risco cirurgico, o
MyIPOrisk-score, que demonstrou ter maior capacidade de discriminagao do que
0 obtido com cada instrumento previamente utilizado (AUC = 0,808; 1C95%:
0,755-0,862).

Concluséo:

Demonstramos a viabilidade e a utilidade do MylPOrisk-score para a avaliacado
de doentes submetidos a cirurgia digestiva oncoldgica. No entanto, sera
necessaria a realizacdo de um estudo prospetivo multicéntrico para validar a

performance preditiva deste instrumento de avaliacdo do risco.
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Abstract

Background: Gastrointestinal cancer surgery continues to be a significant cause of postoperative complications
and mortality in high-risk patients. It is crucial to identify these patients. Our study aimed to evaluate the accuracy
of specific perioperative risk assessment tools to predict postoperative complications, identifying the most
informative variables and combining them to test their prediction ability as a new score,

Methods: A prospective cohort study of digestive cancer surgical patients admitted to the surgical intermediate
care unit of the Portuguese Oncology Institute of Porto, Portugal was conducted during the period January 2016 to
April 2018. Demographic and medical information including sex, age, date from hospital admission, diagnosis,
emergency or elective admission, and type of surgery, were collected. We analyzed and compared a set of
measurements of surgical risk using the risk assessment instruments P-POSSUM Scoring, ACS NSQIP Surgical Risk
Calculator, and ARISCAT Risk Score according to the outcomes classified by the Clavien-Dindo score. According to
each risk score system, we studied the expected and observed post-operative complications. We performed a
multivariable regression model retaining only the significant variables of these toals (age, gender, physiological P-
Possum, and ACS NSQIP serious complication rate) and created a new score (MylPOrisk-score). The predictive ability
of each continuous score and the final panel obtained was evaluated using ROC curves and estimating the area
under the curve (AUC).

Results: We studied 341 patients. Our results showed that the predictive accuracy and agreement of P-POSSUM
Scoring, ACS NSQIP Surgical Risk Calculator, and ARISCAT Risk Score were limited. The MylPOrisk-score, shows to
have greater discrimination ability than the one obtained with the other risk tools when evaluated individually
(AUC =0.808; 95% CI: 0.755-0.862). The expected and observed complication rates were similar to the new risk tool
as opposed to the other risk calculators.
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Conclusions: The feasibility and usefulness of the MylPOrisk-score have been demonstrated for the evaluation of
patients undergoing digestive oncologic surgery. However, it requires further testing through a multicenter
prospective study to validate the predictive accuracy of the proposed risk score.

Keywords: Oncological digestive surgeries, Postoperative complications, Preoperative risk scoring, Prediction of

mortality

Introduction

Population-based cancer registries worldwide show an
increased incidence of gastrointestinal (GI) cancer (Fer-
lay et al.,, 2019; Global Burden of Disease Cancer Collab-
oration, 2017; Gonzilez & Agudo, 2016). GI cancer
includes malignant neoplasms of the esophagus, gall-
bladder and biliary tract, liver, pancreas, stomach, small
intestine, bowel (large intestine or colon and rectum),
and anus. Treatment of these tumors mostly involves
surgery. Despite the improvements in anesthesia and
surgical techniques, GI cancer surgery (GICS) continues
to be a major cause of morbidity and mortality (Jhanji
et al,, 2008; Weiser et al,, 2008), contributing to postop-
erative complications (POC), which in high-risk patients,
may be associated with mortality of up to 80% (Mazo
et al, 2014; Fernandez-Bustamante et al., 2016). The
identification of high-risk patients in the preoperative
phase is of crucial importance as it will offer an oppor-
tunity to optimize the patient’s status with interventions
that contribute to recovery, such as prehabilitation
(West et al., 2017).

The American Society of Anesthesiologists Physical Status
classification system (ASA PS), P-Possum Score, American
College of Surgeons National Surgical Quality Improvement
Program (ACS NSQIP), and ARISCAT Risk predictor score
for postoperative pulmonary complications are some of the
most commonly used perioperative morbidity and mortality
risk prediction tools (Hackett et al,, 2015; Miskovic & Lumb,
2017; Lubitz et al, 2017; Whiteley et al., 1996). The few pro-
spective studies comparing the accuracy of perioperative risk
scoring in GICS and their predictive capacity for mortality
and POC provide divergent results, pointing to some limita-
tions in predicting POC. These facts suggest that this area of
knowledge is still under-researched (Carvalho-e-Carvalho
et al,, 2018). Moreover, the lack of consensus on how to de-
fine and grade postoperative adverse events has dramatically
hampered the evaluation of surgical procedures. To solve
this, Clavien-Dindo Classification revealed as an objective
and reproducible manner to rank POC complications (Dindo
& Clavien, 2004; Chereshneva et al,, 2016). Using the classifi-
cation of surgical complications according to the Clavien-
Dindo score, as the outcome, we performed the analysis and
comparison of a set of measurements of surgical risk, namely
the P-POSSUM Scoring, ACS NSQIP Surgical Risk Calcula-
tor, and the ARISCAT Risk Score. The objective was to
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evaluate their accuracy as perioperative risk assessment in-
struments in the prediction of postoperative morbidity in GI
cancer patients admitted in Surgical Intermediate Care Unit
(SICU). The most informative variables from each risk in-
strument were identified.

Materials and methods

Study design and patient population

A cohort study of GI cancer patients admitted to the
surgical intermediate care unit (SICU) of the Portuguese
Oncology Institute of Porto, Portugal (IPO-Porto) be-
tween January 2016 and April 2018 was conducted
retrospectively. Throughout this period, we included all
consecutive patients aged = 18 years that underwent GI
cancer surgery and stayed in the SICU for z24h. The
IPO-Porto Ethics Committee approved this study. The
ethical standards displayed in the 1964 Declaration of
Helsinki, and its later amendments were followed. Data
were made anonymous for analysis.

Demographic and medical information

Demographic and medical information including sex,
age, date of hospital admission, diagnosis, type of SICU
admission: ward-based postoperative complications or
elective surgery (elective), and type of surgery were col-
lected and retrospectively entered into an Excel spread-
sheet. We also classified patients according to the P-
Possum score (since the POSSUM model overestimates
the rate of complications in our sample; data not pub-
lished), ACS NSQIP (without surgeon adjustment of
risk), and ARISCAT Risk predictor. Scoring systems and
multivariable analysis from the collected data and med-
ical records according to defined criteria were done.
Additionally, we studied POC according to the Clavien-
Dindo classification.

Statistical analysis

Continuous variables were described by their median
and sample range (min-max). Categorical variables were
expressed as actual numbers (1) and percentages (%).

To evaluate the association between the occurrence of
major complications (Clavien-Dindo = 3) and the poten-
tial explanatory variables, we performed a binary logistic
regression model. First, considering each variable separ-
ately and then making a multivariable model retaining
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only the significant variables (MyIPOrisk-score). The
predictive ability of each continuous score and the final
panel obtained was evaluated using receiving operating
characteristic (ROC) curves and estimating the area
under the curve (AUC). According to the ROC curve,
the cutoff was established in order to maximize the You-
den's Index (sensitivity + specificity — 1). Also, the Hos-
mer—Lemeshow test was used to evaluate the fitted
models by comparing the number of predicted compli-
cations with the number of observed complications.

We performed a Venn diagram to enhance the rela-
tionship between different risk assessment tools in de-
tecting high-risk and low-risk patients as defined by the
cutoff value chosen using the criteria explained above.
Additionally, we compared the version used in the study
with the most recent version announced in the mean-
time to verify whether the variable serious complications
suffered significant changes.

Statistical significance was considered at the level of
P <0.05. All statistical analysis was performed using the
software R v3.4.4.

Results

Description of the Gl cancer patients admitted to the
sIcu

The characteristics of the patients admitted at the SICU
are in Table 1. During the study period, a total of 341
patients (59.8% male) that underwent GI cancer surgery
(81.5% elective and 18.5% urgent), were admitted in the
SICU. Their ages ranged from 22 to 94, with a mean age
of 68 years, and approximately 60% of the patients had
an ASA score = IIL

The distribution of the performed surgeries was as fol-
lows: 103 (30.2%) colorectal surgeries, 60 (17.6%)
esophageal-gastric surgeries, 46 (13.5%) hepatic surgeries,
47 (13.8%) urgent laparotomies, 40 (11.7%) hyperthermic
intraperitoneal chemotherapy (HIPEC), 19 (5.6%) pancre-
atic surgeries, and 26 (7.6%) other surgeries.

One hundred and fifteen (33.7%) patients also per-
formed chemotherapy in the preoperative period.

Reasons for admission to the SICU were elective sur-
geries in patients with comorbidities (59, 17.3%), elective
complex surgeries (152, 44.6%), reoperations (63, 18.5%),
step-down care (47, 13.7%), and postoperative complica-
tions (20, 5.9%).

In the universe of 341 patients, the POC rate was
53.1% (181 patients), and its severity according to
Clavien-Dindo's classification was Grade I: 14 (7.7%) pa-
tients, Grade II: 82 (45.3%) patients, Grade IIIA: 24
(13.3%) patients, Grade IIIB: 25 (13.8%) patients, Grade
IVA: 10 (5.5%) patients, Grade IVB: 12 (6.6%) patients,
and Grade V: 14 (7.7%) patients. There were 55 deaths
with the following distribution: 12 deaths in the first 30
days (11 were surgical complication related), 10 deaths
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Table 1 Characteristics of the 341 Gl cancer patients admitted
at the 5ICU

Characteristics No. (%)
Age at admission, mean (min-max) 68 (22-94)
Gender
3 137 (40.2)
M 204 (59.8)
Neoadjuvant chemotherapy
No 226 (66.3)
Yes 115 (337)
Type of surgery (n)
Elective 278 (815)
Reoperations 63 (185)
ASA
2 139 (409)
3 176 (51.7)
4 25 (74)
Surgical category
Colorectal 103 (30.2)
Esophageal-gastric 60 (17.6)
Hepatic 46 (13.5)
Urgent laparotomies 47 (13.8)
Hyperthermic intraperitoneal chemotherapy (HIPEC) 40 (11.7)
Pancreatic 19 (56)
Other 26 (7.6)
Overall complications 181 (53.1)
Clavien-Dindo classification
Grade | 14 (7.7)
Grade Il 82 (45.3)
Grade IIIA 24 (133)
Grade [IIB 25(138)
Grade VA 10 (5.5)
Grade VB 12 (6.6)
Grade V 14 (7.7)
Mortality
30D 12(35)
90D 22 (6.5)

F female, M male, D days

between the 31st and 90th day (3 were surgical compli-
cation related), and 33 deaths after the 90th day.

Analysis post-operative complications by risk score

P-POSSUM predicted a more significant proportion of pa-
tients at high risk of morbidity (58.5% vs. 25.7%, respectively)
and mortality (12.8% vs. 9.7%, respectively) than the ACS
NSQIP Risk Calculator. Venn diagrams in Fig. 1 illustrates
the relationship between these two risk score tools in
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HIGH RISK
ACS NsQlIP P-POSSUM
28.2% 3.5%
LOW RISK
ACS NsQIP P-POSSUM
28.2%

Fig. 1 Venn diagram showing the relationship between different risk
assessment tools in detecting high-risk and low-risk patients

detecting patients at high and low risk of developing compli-
cations. As shown, only 21.2% (1 = 72) of patients were clas-
sified as high risk and 47.1% (1 =161) as low risk by both
tools. Comparing the version used in the study with the most
recent version in relation to the variable serious complica-
tions did not find significant changes.

Regarding pulmonary complications, ACS NSQIP Risk
Calculator predicted that 60.4% of patients could develop
pneumonia, and ARISCAT predicted that 67.5% of the pa-
tients were at risk of respiratory complications. The num-
ber of observed respiratory complications was 38 (11.1%),
of which 22 (6.4%) required intensive care support.

Comparison of the predicted and observed post-
operative complications

The Hosmer-Lemeshow goodness of fit test was used to
assess the calibration of the risk scores by comparing the
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observed with anticipated complications by decile of risk
(Tables 2 and 3). P-POSSUM showed excellent perform-
ance, with an observed and expected complication ratio
ranging from 0.76 to 1.23 and an overall good fit (* =
2.144; P=0.976). On its turn, ACS NSQIP revealed dif-
ferent results. The number of observed complications
was less than expected by this tool in low deciles of risk,
while the number of expected complications was more
significant than the observed ones in higher deciles of
risk. Overall, it presented a significant lack of fit (y* =
18.540; P=0.018).

Multivariable analysis of factors associated with major
postoperative complications

Table 4 shows the results of the univariable analysis for
major postoperative complications. The significant fac-
tors associated with the occurrence of major complica-
tions were gender (P<0.001), surgery type (P<0.001),
P-POSSUM physiological (P <0.001) and surgical sever-
ity (P<0.001), ACS NSQIP (P<0.001), and ARISCAT
(P=0.001).

Multivariable logistic regression (Table 5) revealed that
occurrence of major complications decreased signifi-
cantly with age (OR=096; 95%Cl: 0.93-0.98), was
higher in men (OR=2.94; 95%CI: 1.52-5.71) and in-
creased with P-Possum (Physiological) score and ACS
NSQIP (serious complications) score (OR = 1.08; 95%ClL:
1.03-1.12 and OR=1.06; 95%CI: 1.03-1.09, respect-
ively). We used this model to predict probability of de-
veloping postoperative complications and named it as
MyIPOrisk-score. To dicotomize this score in low/high
risk, a cutoff was chosen using the Youden’s index. The
cutoff obtained was 23.5 being low risk attributed to pa-
tients with a score lower than this value. The equation
of predicted postoperative complication (MylPOrisk-
score) was as follows:

Logit (Postoperative complications) = — 2.39 + (- 0.04) x
Age + 1.08 if gender is male + 0.07 x P-POSSUM (Physio-
logical) + 0.06 x ACS NSQIP (Serious complications)

MylPOrisk-score showed no significant lack of fit
(Table 6) (y* = 4.44; P =0.815). The discriminatory ability
of the MylPOrisk-score obtained with the final model
(AUC =0.808; 95%CI: 0.755-0.862) was significantly
higher than the ability of each score individually (Myl-
POrisk-score vs. ACS NSQIP: P = 0.047; MylPOrisk-score
vs. P-Possum: P = 0.028) (Fig. 2).

Discussion

In this study, we analyzed and compared the surgical
risk obtained by P-POSSUM Scoring, ACS NSQIP Surgi-
cal Risk Calculator, and ARISCAT Risk Score according
to the outcomes classified by the Clavien-Dindo score.
We aimed to evaluate their accuracy as perioperative
risk assessment instruments to predict postoperative
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Table 2 Hosmer-Lemeshow goodness of fit test for P-Possum for postoperative complications

Deciles of risk Number of Number of observed Number of expected Mean O (95% Cl) X2HL

(%) patients complications complications risk statistic
0-10 40 4 392 0.10 1.02 (0.27-261) 000

10-20 44 4 522 0.12 077 (021-196) 032

20-30 24 4 326 0.14 123 (033-3.14) 019

30-40 32 6 498 0.16 1.20 (044-262) 025

40-50 47 1 9.24 0.20 1.19 (059-2.13) 042

50-60 27 6 6.30 0.23 095 (035-2.07) 002

60-70 29 6 787 0.27 0.76 (0.28-1.66) 061

70-80 35 10 11.29 032 0.89 (042-1.63) 022

80-90 33 14 13.80 042 1.01 (055-1.70) 0.01

90-100 30 20 19.12 064 1.05 (064-1.62) 0.11

0-100 341 85 85 1.00 (0.80-1.22) 214

X?HL statistic = 2.144; df=8; P=0976

morbidity and to identify the most informative variables. et al, 1991; Haga et al, 1999; Miki et al, 2014; Kim

Overall, our data suggest that (i) these instruments have
a poor predictive performance for POG; (ii) P-POSSUM
and ACS NSQIP Risk Calculator have poor agreement
for the identification of patients at high risk for morbid-
ity; and (iii) combining the most informative variables of
current risk models was superior in predicting POC than
each score individually.

The perioperative period is the perfect opportunity to
identify patients with increased risk profile for shared
and individualized decision-making and preoperative
optimization (e.g., prehabilitation) with the ultimate goal
of providing better outcomes (Hijazi et al, 2017). For
that purpose, several classical risk prediction models
(e.g., P-POSSUM Scoring, ACS NSQIP Surgical Risk
Calculator, and the ARISCAT Risk Score) were devel-
oped and prospectively validated and are currently used
worldwide (Huang et al.,, 2015; Lee et al., 2012; Copeland

et al,, 2008). However, a significant variation in terms of
the diagnostic accuracy of these models has been re-
ported in various surgical specialties, rising doubts about
their generalization (Kumagai et al, 2014; Yu et al,
2016; SAH et al, n.d.). We observed a poor accuracy
and agreement (below 50%) between the studied models
in our cohort of GI cancer patients admitted to the
SICU, cautioning us to their routine use to assess pre-
operative risk for POC and support precision manage-
ment decisions.

To overcome this limitation, we performed this train-
ing set study and identified the most informative vari-
ables from current risk models assessed in our study,
with major complications (Clavien-Dindo =3) as the
outcome measure of reference. Binary logistic regression
identified that the occurrence of major complications

decreased significantly with age (OR=0.96; 95%CI:

Table 3 Hosmer-Lemeshow goodness of fit test for ACS NSQIP for postoperative complications

Deciles of risk Number of Number of observed Number of expected Mean O (95% Cl) X2HL
(%) patients complications complications risk statistic
0-10 34 1 212 0.06 047 (0.01-263) 063
10-20 35 2 3.00 0.09 067 (007-241) 037
20-30 33 2 362 0.11 055 (0.06-1.99) 082
30-40 34 8 4.98 0.15 1(069-3.17) 215
40-50 36 3 6.29 0.17 048 (0.10-1.39) 209
50-60 32 10 6.71 0.21 149 (071-2.74) 2.04
60-70 34 15 872 0.26 1.72 (096-2.84) 6.08
70-80 35 10 11.13 0.32 090 (043-1.65) 017
80-90 33 9 14.69 045 61 (0.28-1.16) 3.98
90-100 34 25 2373 0.70 1.05 (0.68-1.56) 022
0-100 340 85 85 1.00 (0.80-1.22) 1854

X?HL statistic = 18.540; df = 8; P=0.018
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Table 4 Assaciation between explanatory variables and major
postoperative complications (Clavien-Dindo 2 3)

Variable OR (95% CI) P value
Age 0.99 (0.97-1.01) 0.240
Gender

F 1

M 3.53 (1.97-6.34) <0001
Neoadjuvant chemotherapy

No 1

Yes 0.66 (0.38-1.14) 0135
Surgery type

Elective 1

Reoperations 747 (4.12-13.53) <0.001
ASA

2 1

3 1.67 (0.94-2.95) 0.080

4 2127 (7.22-62.68) <0001
P-Possum

Physiological 111 (1.07-1.15) < 0.001

Surgical severity 1.20 (1.14-1.27) <0001
ACS NSQIP 1.09 (1.06-1.11) <0.001
ARISCAT 1.03 (1.01-1.05) 0.001

F female, M male

0.93-0.98), was higher in men (OR =2.94; 95%CI: 1.52—
5.71) and increased with P-Possum (Physiological) score
and serious complications ACS score (OR = 1.08; 95%CI:
1.03-1.12 and OR=1.06; 95%Cl: 1.03-1.09, respect-
ively). The decrease of risk with age is probably ex-
plained by the avoidance of complex surgical procedures
performed in older patients. When considered alone, the
ARISCAT score was also associated with the occurrence
of major complications but lost significance after adjust-
ing for the other variables. Our results are in agreement
with Scott S et al. (Scott et al., 2014), who found that the
Physiological score of POSSUM and P-POSSUM had
higher discrimination than the Operative score in pre-
dicting postoperative mortality at a critical care setting.
We did not find significant POC variation according to
age and gender, although there are references in the

Table 5 Significancy of variables involved in MylPQriskScore

Variables OR 95% Cl for OR
Lower Upper
Age 0.96 093 0.98
Gender (M/F) 294 1.52 571
PP (physiclogical) 108 1.03 1.12
ACS NSQIP (serious complication) 106 1.03 1.09

F female, M male
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literature about a relative preponderance in young pa-
tients undergoing surgery for GI cancer, probably due to
more extensive operations to which they are submitted.
As for gender discrimination, it seems to depend more
on the type of tumor involved (Alves et al.,, 2002; Knoferl
et al.,, 2002; Schroder et al., 1998).

Choi M et al, when testing the potential feasibility
of the ACS NSQIP Surgical Risk Calculator for pre-
dicting long-term cancer outcomes in patients with
resected pancreatic head cancer, found that the
serious complication rate parameter calculated with
this risk assessment instrument was the most inform-
ative (Choi et al,, 2019).

Based on the informative variables of current risk
models, we constructed a model with a greater accuracy
to predict complications in the postoperative period in
GI cancer patients in need of surgery, that we named
MyIPOrisk-score. The discrimination ability of the Myl-
POrisk-score obtained with the final model (AUC =
0.808; 95%CI: 0.755-0.862) was significantly higher than
each score individually (MyIPOrisk-score vs ACS NSQIP:
P=0.047; MylIPOrisk-score vs P-Possum: P =0.028).
These results are very similar to those recently published
by Bihorac A et al. (Bihorac et al,, 2019) that developed
and validated, in a cohort of 51,457 surgical patients
undergoing major inpatient surgery, an automated ana-
lytics framework for a preoperative risk algorithm to
forecast patient-level probabilistic risk scores for 8 major
postoperative complications (acute kidney injury, sepsis,
venous thromboembolism, intensive care unit admission
> 48 h, mechanical ventilation > 48 h, wound, neurologic,
and cardiovascular complications) and death up to 24
months after surgery. This model calculates probabilistic
risk scores for 8 postoperative complications with AUC
values ranging between 0.82 and 0.94 (99% confidence
intervals (ClIs) 0.81-0.94). (Schroder et al., 1998) Import-
antly, the Hosmer—Lemeshow equation revealed that
MyIPOrisk-score presented the best association between
the number of observed complications and the number
of expected complications.

Our study is not free of limitations. It was a single-
center retrospective study, and some of the data were
collected from medical records, which could be a source
of bias due to the need of interpreting data. NSQIP may
change their model discrimination or calibration. How-
ever, our results did not present any quality change
when we used the latest versions of this score and com-
pared with the previous (the rate of serious complica-
tions is stable). Although MyIPOrisk-score needs other
scores to obtain a prediction, these are available for
everyone. The feasibility of the MyIPOrisk-score now re-
quires further testing through multicenter prospective
studies to validate the predictive accuracy of the pro-
posed risk score.
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Table 6 Hosmer-Lemeshow goodness of fit test for MylPQOriskScore for postoperative complications

Deciles of risk Number of Number of observed Number of expected Mean O (95% Cl) X2HL
(%) patients complications complications risk statistic
0-10 34 2 1.15 0.03 1.75 (0.20-6.30) 066
10-20 34 0 207 0.06 0.00 (-) 220
20-30 34 3 306 0.09 098 (0.20-2.86) 000
30-40 34 4 401 0.12 1.00 (0.27-2.55) 0.00
40-50 34 7 525 0.15 1.33 (0.53-2.75) 069
50-60 34 8 6.34 0.19 1.26 (0.54-2.49) 053
60-70 34 7 840 0.25 0.83 (0.33-1.72) 031
70-80 34 M 1091 032 101 (0.50-1.80) 0.00
80-90 34 16 1642 048 097 (056-1.58) 002
90-100 34 27 27.39 081 0.99 (0.65-1.43) 003
0-100 340 85 85 1.00 (0.80-1.22) 444

X?HL statistic = 4.440; df = 8; P=0815

The main interest in the use of this score is to identify ~Conclusion
more accurately patients with high risk of having post- Based on the most informative variables of current risk
operative complications so that they can be subjected to  models, we developed a surgical risk score instrument that
a prehabilitation program in order to optimize their per-  showed greater performance in predicting risk of surgical
formance in preoperative time and a postoperative care  complications in GI cancer surgeries. However, it will be

in the SICU.

necessary to evaluate its performance using a validation set.

Fig. 2 ROC curve for the P-Possum, ACS NSQIP, ARISCAT, and MyIPOrisk-score scoring systems for predicting the rate of postoperative morbidity
(ie, complications according to the Clavien-Dindo classification) in patients undergoing GICS. ROC receiver operating characteristic, AUC area

under the curve
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3.2 Causas e evolucdo das complicagcbes pulmonares poOs-operatérias

apoés cirurgia abdominal: estudo de coorte observacional retrospetivo

As complicacbes pulmonares pos-operatorias contribuem significativamente
para a morbimortalidade perioperatéria geral. Na cirurgia abdominal, as
complicagBes pulmonares pds-operatérias sdo muito frequentes. Este estudo
teve como objetivo analisar o perfil e as consequéncias das complicagbes
pulmonares pdés-operatérias em doentes submetidos a cirurgia abdominal e

admitidos numa unidade de Cuidados Intensivos Polivalente em Portugal.

Metodologia:

De janeiro a dezembro de 2017, na unidade de cuidados intensivos polivalente
do Hospital Garcia de Orta, Almada, Portugal, realizamos um estudo
observacional retrospetivo de doentes admitidos e submetidos a cirurgia
abdominal urgente ou eletiva e que desenvolveram complicagbes pulmonares
poOs-operatorias graves. Foram avaliados os fatores de risco perioperatorios e a
mortalidade associada. Com recurso a regressao logistica tentamos identificar
os fatores de risco perioperatdrios mais importantes na génese de complicagdes

pulmonares pds-operatorias.

Resultados:

Sessenta doentes (75% do sexo masculino) submetidos a cirurgia abdominal
urgente ou eletiva foram incluidos na analise, a idade média da amostra foi de
64,5 (47-81) anos. Trinta e seis doentes (60%) desenvolveram complicacdes
pulmonares nas primeiras 48 horas pos-operatorias e 24 desenvolveram
complicacbes pulmonares pés-operatdrias apods 48 horas. A pneumonia foi a
complicagdo pulmonar pds-operatéria mais frequente nesta amostra. Nesta
coorte, 48 doentes desenvolveram insuficiéncia respiratéria aguda e
necessitaram de ventilacdo mecanica. No cenario de emergéncia, a peritonite

associou-se a maior taxa de complicacbes pulmonares no pdés-operatorio.
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Doentes operados de forma eletiva que desenvolveram complicacbes
pulmonares no pdés-operatério eram na sua maioria portadores de cancro
digestivo. A mortalidade aos trinta dias foi de 21,7%. O risco de desenvolvimento
de complicagcBes pulmonares no pos-operatorio nas primeiras 48 horas esteve
associado a necessidade de utilizacdo de bloqueadores neuromusculares varias
vezes durante a cirurgia e a gasimetrias arteriais alteradas no pré-operatorio. A
incisdo cirdrgica abdominal mediana, cirurgias prolongadas e um indice de
massa corporal elevado foram associados a complicacbes pulmonares pos-
operatorias que ocorreram 48 horas apoés a cirurgia. Doentes com ASA 4 e com
histéria de DPOC ou Asma tiveram menos necessidade de ventilacdo mecanica
no tratamento das complicagfes respiratorias, o que parece dever-se ao facto
de terem otimizados no pré-operatorio. A desnutricdo (baixa albumina) prévia a

cirurgia associou-se a mortalidade em 30 dias.

Conclusdes:

As complicacdes pulmonares apos cirurgia abdominal continuam a representar
um problema significativo, exercendo um impacto muito negativo no prognostico
clinico pés-operatério. Os nossos resultados sugerem gue 0s programas de
intervencdo prévios a cirurgia, envolvendo mudancas de estilo de vida pré-
operatorias, como suplementacdo nutricional, exercicio, reducédo do stress e
cessacao tabagica, foram uma estratégia eficaz na mitigacdo de complicacdes

pds-operatorias, diminuindo a mortalidade.
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Abstract

Background: Postoperative pulmonary complications (PPCs) contribute significantly to overall postoperative morbidity
and mortality. In abdominal surgery, PPCs remain frequent. The study aimed to analyze the profile and outcomes of
PPCs in patients submitted to abdominal surgery and admitted in a Portuguese polyvalent intensive care unit.

Methods: From January to December 2017 in the polyvalent intensive care unit of Hospital Garda de Orta, Almada,
Portugal, we conducted a retrospective, observational study of inpatients submitted to urgent or elective abdominal
surgery who had severe PPCs. We evaluated the perioperative risk factors and associated mortality. Logistic regression
was performed to find which perioperative risk factors were most important in the occurrence of PPCs.

Results: Sixty patients (75% male) with a median age of 64.5 [47-81] years who were submitted to urgent or elective
abdominal surgery were included in the analysis. Thirty-six patients (60%) developed PPCs within 48 h and twenty-four
developed PPCs after 48 h. Pneurnonia was the most frequent PPC in this sample. In this cohort, 48 patients developed
acute respiratory failure and needed mechanical ventilation. In the emergency setting, peritonitis had the highest rate
of PPCs. Electively operated patients who developed PPCs were mostly carriers of digestive malignancies. Thirty-day
rmortality was 21.7%. The risk of PPCs development in the first 48 h was related to the need for neuromuscular blocking
drugs several times during surgery and preaperative abnormal arterial blood gases. Median abdominal surgical incision,
long surgery duration, and high body mass index were assodated with PPCs that occurred more than 48 h after
surgery. The American Society of Anesthesiologists physical status score 4 and COPD/Asthma determined less
mechanical ventilation needs since they were preoperatively optimized. Malnutrition (low albumin) before surgery was
associated with 30-day mortality.

Conclusion: PPCs after abdominal surgery are still a major problem since they have profound effects on outcomes.
Our results suggest that programs before surgery, involve preoperative lifestyle changes, such as nutritional
supplementation, exercise, stress reduction, and smoking cessation, were an effective strategy in mitigating
postoperative complications by decreasing maortality.
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Background

Nearly 234 million patients undergo major surgery world-
wide every year [1]. Approximately 16% will suffer a com-
plication within 30days [2]. In 2015 the European
Perioperative Clinical Outcome (EPCO) standardized the
concept of postoperative complications (POCs) in the vari-
ous organ systems, which constitutes an important advance
in perioperative medicine [3]. One set of under-reported
complications are postoperative pulmonary complications
(PPCs) that are costly and increase patient mortality. After
abdominal surgery (AS), PPCs are one of the most import-
ant causes of postoperative morbidity and mortality [4, 5].
Various perioperative risk factors are related to their ap-
pearance in the postoperative period [6]. Physiological
changes in the respiratory system that occur immediately
after the induction of general anesthesia explain the major-
ity of POCs [7]. Thus, respiratory drive and muscle function
are altered, lung volumes reduced, and atelectasis develops
in more than 75% of patients receiving neuromuscular
blocking drugs (NMBD). The respiratory system may take
6 weeks to return to its preoperative state after general
anesthesia for major surgery [8]. Acute respiratory failure
(ARF) is common in intensive care settings and classified
by some studies as a PPC on its own, and in some patients
its severity that may lead to the need for mechanical venti-
lation (MV) as a method of respiratory support [9]. Previ-
ous respiratory pathology, obesity, and nutritional deficits
also contribute significantly to the occurrence of respiratory
complications in the postoperative period. Some of these
factors are modifiable [10, 11]. Facing the magnitude of
PPCs, performing an early identification of surgical patients
at risk for ARF would allow to intervene in an earlier and
most useful time, increasing the survival of these patients
[12-17]. The American Society of Anesthesiologists phys-
ical status (ASA PS) and ARISCAT score (for PPCs), while
effective risk prediction tools, can help reduce morbidity
and mortality [18, 19]. However, there are few prospective
comparative studies of accuracy between them, and this
knowledge is still poorly investigated [20, 21]. The rationale
of this study was to analyze the incidence, precocity, profile
and the outcome impact of PPCs in patients who under-
went AS and were admitted in a PICU (polyvalent intensive
care unit) in order to find strategies that minimize their
mortality.

Methods

Study patients were included from a universe of medical
and surgical patients hospitalized in PICU of Hospital Gar-
cia de Orta, Almada, Portugal, from January to December
2017. Sixty patients who were submitted to an urgent or
elective AS and developed PPCs in the postoperative period
leading to severe ARF despite the need for MV were retro-
spectively analyzed. The admission criteria in PICU were
the surgical complexity level 4 and 5 according to L. R.
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Pasternak classification (meaning highly invasive procedure,
duration of surgery and intraoperative complications with
usual postoperative PICU stay with invasive monitoring)
and severity criteria (Table 1) of the patient [22]. All pa-
tients received standard clinical care and no research-
related intervention was introduced. An experienced chest
physician assessed the postoperative respiratory status of all
patients. We collected data on the occurrence (<48 h and >
48 h) of symptomatic and clinically significant PPCs using
clinical, laboratory, and radiology data. We evaluated peri-
operative risk factors associated with PPCs, namely age and
gender, body mass index (BMI), previous history of chronic
obstructive pulmonary disease (COPD), serum albumin,
type of anesthesia (general versus spinal anesthesia), type of
surgery (laparotomy versus laparoscopy), use of NMBD
during perioperative period, incision type, surgical interven-
tion time and surgical procedure in urgent or elective con-
text. PPCs have been defined according to EPCO and were
diagnosed by clinical and radiological examinations and ar-
terial blood gases (ABG), examined using the ABL 555
analyzer (Radiometer, Copenhagen, Denmark). Using clin-
ical records, the risk of PPC was retrospectively estimated
according to ASA PS and ARISCAT scores, and this data
was compared with the real incidence. Right after surgery
and 48 h after AS, pulmonary examinations of patients were
repeated and when PPCs were present the following classi-
fications were registered:

1. Atelectasis (by thoracic ultrasound, CT scan and/or
x-ray evidence of the collapse of the alveoli, lung opacifi-
cation with the shift of the mediastinum, hilum, or
hemidiaphragm toward the affected area, and compensa-
tory over inflation in the adjacent non-atelectatic lung);

2. Bronchospasm (newly detected expiratory wheezing
treated with bronchodilators), pleural effusion (chest
radiograph demonstrating; blunting of the costophrenic
angle, evidence of displacement of adjacent anatomical

Table 1 Severity criteria on admission, PICU Length of stay and
mortality of patients undergaing AS

Admitted patients 60 cases
PICU hospitalization time in days 631 days [08-21]
(median, min-max) 228 +8.1points

APACHE Il (mean + standard deviation)
SAPS Il imean + standard deviation)

PICU Mortality rate (n, %)

50.7 £ 17 9points

21.7% (13 patients)
36.7% (22 patients)
068 points [0.53-0.74]
05%

87 [71-103]

Hospital mortality rate (n, %)
SMR for SAPS Il (median, min-max)
Readmission rate <48 h (%)

VAP, number of episodes/1000 days
of IT (median, min-max)

APACHE Acute Physiclogy, Age, Chronic Health Evaluation, AS abdominal
surgery, IT tracheal intubation, PICU polyvalent intensive care unit, PPCs
Postoperative pulmonary complications, SAPS Simplified Acute Physiology
Score, SMR Standardized Mortality Rate, VAP ventilator-associated pneumonia
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structures, or (in supine position) a hazy opacity in one
hemithorax with preserved vascular shadows);

3. Pneumothorax (a collection of air in the pleural
space - an area with no vascular bed surrounding the
visceral pleura);

4. Acute Respiratory Distress Syndrome (ARDS) diag-
nosed by criteria of Berlin definition 2012 [23];

5. Pulmonary emboli (diagnosed if a patient had sug-
gestive clinical findings, blood gas abnormality, consist-
ent image of a pulmonary embolism on computed
tomography with intravenous contrast);

6. Pneumonia (diagnosed if a patient had clinical, la-
boratory and/or radiological evidence of consolidation or
infiltration not present in the preoperative chest roent-
genograms), with or without positive cultures;

7. Tracheobronchitis (diagnosed if the patient had
clinical, laboratory and no radiological evidence of con-
solidation or infiltration in chest roentgenograms);

8. Aspiration pneumonitis (acute lung injury after the
inhalation of regurgitated gastric contents);

9. ARF (postoperative arterial oxygen pressure
(Pa02) < 60 mmHg on room air, a ratio of PaO2 to in-
spired oxygen fraction (FiO2) <300, or arterial oxygen
saturation (5a02) < 90% and requiring oxygen therapy).

10. Patient optimization means control of chronic dis-
eases and kinesiotherapy.

11. The term “prehabilitation”, is a combination of the
words “pre- “"and “rehabilitation”. Prehabilitation con-
of preparational and post-
procedure measures to improve the outcome of a
planned procedure, such as major surgery. Prehabilita-
tion programs are used to improve postoperative out-
These programs before surgery, involve
preoperative lifestyle changes, such as nutritional supple-
mentation, exercise, stress reduction, and smoking cessa-
tion. Therefore structured and sustained exercise over a
period of few weeks leads to improved cardiovascular,
respiratory, and muscular conditioning.

The incidence of PPCs, the profile and the postopera-
tive mortality associated defined as death within 30 days
of surgery were also evaluated.

All statistical analyses were performed with R Statistical
software (version 3.6.0). Continuous wvariables were
described using median and range or mean + standard devi-
ation, and categorical variables were expressed as frequen-
cies or percentages. Student’s t-tests were used for
comparing continuous variables, and chi-squared tests or
Fisher's exact tests were used for comparing categorical
data. A p-value of <0.05 was considered to be statistically
significant. Logistic regression was performed to determine
which perioperative risk factors were associated with the
development of PPCs.

The Ethics Committee of Hospital Garcia de Orta ap-
proved the study protocol.

cerns a combination

comes.
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Results

In our sample, 45 (75%) males and 15 (25%) females,
with a median (min-max) age of 64.5 years (47-81) were
submitted to urgent or elective abdominal surgery. Se-
verity criteria on admission, PICU Length of stay and
mortality of patients undergoing AS are shown in Table
1. Thirty six patients underwent emergency surgery and
the remaining 24, elective surgery (Table 2).

PPC group description

Thirty-six patients (60%) developed PPCs within 48h,
from which 29 (80.6%) were male. The median (min-
max) age was 65 (54—81) years. Twelve patients (20%)
developed additional PPCs related with invasive ventila-
tion side effects after 48 h. Twenty-four (40%) only de-
veloped PPCs after 48 h. From these, 16 (66.7%) were
male. The median (min-max) age was 64.5 (49-81)
years. We did not find significant differences in the me-
dian age of the two groups (p = 0.2).

Pneumonia was the most frequent PPC in the sample
(PPCs <48h and > 48h; Fig. 1). Regarding the patients
who developed additional PPCs after 48 h, the complica-
tions were 7 tracheobronchitis, 6 bronchospasms, 5 atel-
ectasis, 5 ARDS, 3 pleural effusion and 1 pneumothorax.

In the emergency setting, peritonitis had the highest
rate of PPCs. The group of electively treated patients
who developed PPCs was mostly carriers of digestive
malignancies (Table 2).

Perioperative relevant risk factor for the development of
PPCs

Regarding the preoperative variables and the risk of
PPCs, we verified that the knowledge of ASA score 4 be-
fore surgery associated with measures to optimize per-
formance status revealed to be a PPC protection factor
(OR =0.04; 95%CI: 0.01-0.28). Patients with a high risk
ARISCAT score also showed a reduced risk of develop-
ing PPCs after 48h (OR =0.17; 95%CI: 0.03-0.88). In
this group of patients, preoperative performance status
optimization and/or early diagnosis of pulmonary im-
pairment reflected a reduced risk of PCCs, as we men-
tioned before. A significantly lower risk of PCCs was
also observed for patients undergoing a median surgical
incision, in the first 48 h (OR =0.22; 95%CIL 0.06-0.79),
and for patients with more time-consuming surgeries,
after 48 h (OR = 0.29; 95%CI: 0.09-0.90). In contrast, pa-
tients with pre-operative abnormal arterial blood gases
prior to surgery (OR =3.50; 95%CI: 1.14—10.74) or who
required NMBD several times intraoperatively had a
higher risk of PPCs in the first 48 h (OR = 18.40; 95%CI:
2.24—151.35). High BMI was significantly associated with
the occurrence of PPCs after 48 h (OR = 15.40; 95%CI:
1.47-160.97) (Table 3).
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Table 2 AS etiology in patients with PPCs
Etiology Patierts Emergency surgery (n, %) Elective surgery (n, %)

(. %) <4sh >48h <4sh >48h
Peritonitis 11(183) 5 (15.0) 2(33) - -
Colorectal cancer 9(150) - 2(33) 7(1.7) -
Mesenteric ischemia 8(133) 101.7) 717 - -
Cholangiocarcinoma 5 (83) - - 3 (5.0) 2(33)
Bowel obstruction 4 (67) 3(5.0) 1(17) - -
Abdominal trauma 3 (50 2(33) 1017 - -
Acute Pancreatitis 3 (500 - 3 (500 - -
Gastric cancer 5(83) - - 4(67) 101.7)
Esophageal cancer 5 (83) - - 5(83) -
Cholecystitis 5(83) 2(33) 3 (50) - -
Diverticulitis 1017 - - - 101.7)
Abdominal aortic aneurysm 1017 - - - 1(1.7)

No significant differences in APACHE and SAPS
scores were found between the patients that developed
PPCs in the first 48 h and the group of patients that only
developed PPCs after 48 h (APACHE: p = 0.829; SAPS:
p =0.378) (Table 4).

Mechanical ventilation and mortality relevant factors

In our sample, 48 patients developed ARF and needed
mechanical ventilation, 23 (47.9%) patients within 24 h and
25 (52.1%) after 24 h. In only 1 of these patients, a non-
invasive method was the first attempt. Patients with COPD

or asthma history and optimized ASA score 4 were less ven-
tilated. All cases with elevated lactate 12 h after surgery de-
veloped PPCs and required ventilation. Patients with proven
respiratory infection required ventilation within 24 h.
Thirty-day mortality of patients with PPCs was analyzed
and its association with the APACHE II and SAPS II scores
were assessed. No significant association was found be-
tween these scores and 30-day mortality. Mortality was
lower in optimized patients (ASA 4: p = 0.04). Patients with
albumin deficiency before surgery had major and significant
mortality in the first 30 days after surgery (p = 0.01).

PPCs (number of cases)

O =
As piration Pneumoth orax Pleuraleffusion AR5
pneumon itis
m<48h

Fig. 1 Postoperative pulmonary complication in the first 48 h and after 48 h
A

13
I :
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Table 3 Potential perioperative risk factors and PPCS, Mechanical Ventilation and 30-day mortality

Variable n PPC Mechanical Ventilation 30-Day Mortality
(Postoperative Pulmonary Complications)
<48h > 48h
OR (95% CILy OR (95% C1)* OR (95% C1y OR (95% C1)
Sex
M 45 1 1 1 1
F 15 048 (0.15-1.58) 350 (0.87-14.11) 059 (0.15-2.35) 231 (062-8.64)
MNMBD
No 43 1 1 1 1
Yes 17 18.40 (2.24-151.35) 0.67 (0.21-2.08) w 281 (0.78-1012)
Age 60 105 (098-1.13) 0.95 (0.89-1.03) 101 (093-1.10) 1.05 (0.97-1.15)
ASA
1 18 1 1 1 1
2 17 037 (0.07-1.80) 0.56 (0.14-2.21) 0.4 (005-16.35) 1.09 (0.27-4.41)
3 13 032 (006-1.70) 031 (0.07-1.38) 0,13 (001-1.37) 0.17 (0.02-1.60)
4 12 0.04 (0.01-0.28) 250 (D41-15.23) 0.06 (0.01-0.59) e
ARISCAT
Low risk < 26 14 1 1 1 1
Intermediate Risk 26-44 16 165 (037-737) 0.21 (0.04-1.29) 072 (0.10-5.08) 1.50 (0.32-6.99)
High risk > 45 30 098 (0.27-353) 0.17 (0.03-0.88) 055 (0.10-3.06) 0.28 (0.05-1.47)
Respiratory Infection
No 50 1 1 1 1
Yes 10 1.00 (025-400) 1.69 (0.39-7.31) 254(0.29-22.27) 171 (0.38-7.84)
Anemia
Mo 30 1 1 1 1
Yes 30 076 (027-213) 233 (081-6.73) 1.00 (0.28-3.54) 1.22 (036—4.17)
Incision Type
Bilateral subcostal 21 1 1 1 1
Median 39 0.22 (0.06-0.79) 4.14 (1.34-12.72) 0.13 (002-1.07) 0.55 (0.16-1.91)
LPT ws. LPC
LPC (Laparoscopy) 19 1 1 1 1
LPT (Laparotorny) 41 1.14 (038-3.43) 1.14 (0.38-343) 1.73 (047-640) 0.45 (0.13-1.58)
Surgery Duration
< 180 min 42 1 1 1 1
> 180 min 18 318 (050-11.28) 0.29 (0.09-0.90) 250 (049-12.79) 2.50 (0.70-8.92)
Smokers
No 35 1 1 1 1
Yes 25 133 (046-3.83) 0.75 (0.26-2.14) 100 (028-3.61) 0.55 (0.15-2.04)
BMI
<18 12 1 1 1 1
18-25 20 078 (0.15-3.93) 140 (0.33-5.93) o 0.75 (0.14-4.13)
25-30 16 056 (0.11-2.50) 233 (051-10.78) w 1.36 (0.25-7.32)
30-35 12 0.11 (0.02-0.71) 15.40 (1.47-160.97) . 0.27 (0.02-3.09)
COPD/Asthma History
No 42 1 1 1 1
Yes 18 056 (0.18-1.70) 215 (065-7.11) 0.21 (0.06-0.80) 1.63 (045-5.92)
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Table 3 Potential perioperative risk factors and PPCS, Mechanical Ventilation and 30-day mortality (Continued)

Variable n PPC Mechanical Ventilation 30-Day Mortality
(Postoperative Pulmonary Complications)
<48h > 48h
OR (95% CI1)° OR (95% CI)? OR (95% CI) OR (95% CL)
POSA
=350/l 8 555 (064-48.41) 0.63 (0.14-2.79) 188 (021-1692) 19.29(3.23-115.22)
=359/ 52 1 1 1 1
Lactate
<4 mmoaol/l 14 1 1 1 1
>4 mmol/l 46 052 (0.14-1.50) 1.17 (0.35-3.92) w 0.38 (0.10-1.44)
PREOP Abnormal Arterial blood gases
MNo 20 1 1 1 1
Yes 40 3.50 (1.14-10.74) 0.16 (0.04-0.63) 157 (043-5.77) 0.49 (0.14-1.74)
Pa02 <50 2 60 Moderate - Severe ARF
MNo 25 1 1 1 1
Yes 35 236 (082-6.83) 041 (0.14-1.23) 153 (043-544) 1.82 (049-6.74)
Pa02/FiO2
<100 21 083 (028-245) 1.13 (0.38-3.35) 1.80 (043-7.53) .
101-300 39 1 1 1 1
PREOP Abnormal Chest radiography
MNo 36 1 1 1 1
Yes 24 300 (057-930) 037 (0.13-1.09) 423 (0.84-21.40) 2.06 (0.59-7.13)

ASA PS American Society of Anesthesiologists physical status, BMf body mass index, COPD Chronic Obstructive Pulmonary Disease, Fi0> Inspiratory oxygen
fraction, LPC Laparoscopy, LPT Laparotomy, NMBD Neuromuscular blocking drugs, PaO; arterial oxygen pressure, PREOP preoperative period, POSA preoperative
serum albumin. a Unadjusted (Univariable Model);** No cases in at least one of the groups; Bold - significant values.

Discussion

To the best of our knowledge, this is the first study that
evaluates the profile of PPCs in a population submitted
to abdominal surgery in Portugal. We observed that
PPCs occur within 48 h in 60% of abdominal surgical pa-
tients that need ICU care in the immediate postoperative
period. Patients operated in an emergency setting for
peritonitis had the highest rate of PPCs. In the elective
setting, patients who were operated due to a digestive
cancer were more prone to a PPC. Forty-eight patients
developed ARF. In accordance with our results, the
report of Serejo et al. [24] recorded a 28.2% incidence of
pulmonary complications, in patients undergoing emer-
gency abdominal surgery. Kumar et al. studied one hun-
dred and fifty patients who underwent abdominal
surgery, and of these, 16% developed PPCs and the

Table 4 PPCs, 30-day mortality and Severity Indices

highest incidence occurred in the emergency surgery
group too [25]. Verma et al. conducted a study of PPCs
in patients of emergency abdominal surgeries and found
that pre-operative abnormal chest X-ray changes were 3
times more common in the PPCs group as compared to
the control group without PPCs [26]. In our study, no
significant association was observed between this vari-
able and the occurrence of PPCs. On the other hand, re-
garding elective surgery, Yang and colleagues [6]
confirmed this finding, reporting a higher incidence of
PPCs in esophagectomy and other upper abdominal pro-
cedures as we found in our series.

We observed that patients with ASA score 4 and high-
risk ARISCAT score before surgery had a lower risk of
complications within the first 48h and after 48h, re-
spectively, as they were previously optimized. Low

Patients undergoing AS Patients number (%)

30-day mortality

APACHE Il (mean) SAPS I (mean)

oP 0 (100) 217% 28 +81 507 + 179
PPCs <48h 36 (60) 278% (10 patients) 230+65" 490+ 173"
PPCs > 48 h 24 (40) 125% (3 patients) 225+ 102" 532+ 189"

APACHE Acute Physiology, Age, Chronic Health Evaluation, AS abdominal surgery, OF operated patients, PPCs postoperative pulmonary complications, SAPS
Simplified Acute Physiology Score; * (APACHE: p = 0.829; SAPS: p = 0.378). ** statistically not significant
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albumin levels were found to be poor prognostic factor.
It is important to underline that in cases of emergency
surgery we cannot modify these risk factors. However, in
elective surgery, even in digestive oncological diseases,
we have time to optimize these patients. In this sense,
there is evidence that prehabilitation programs reduced
the risk of complications including respiratory ones [27]
and such a prehabilitation program is being imple-
mented in our Institutions.

High ARISCAT score, high BMI, pre-operative abnormal
arterial blood gases, and albumin deficiency before surgery
can be a surrogate marker for prehabilitation measures to
improve their prevention. In several studies, the ARISCAT
score has proved its efficacy in the identification of PPCs
risk in the surgical population, including the population
submitted to abdominal surgery. This score was already
validated for the Portuguese population [28, 29].

We found that, in the first 48 h after ICU admission,
the identification of lactate acidemia or pre-operative
abnormal arterial blood gases plays an important role in
therapeutic measures with a positive impact on the out-
come of these patients. In the group that needed ventila-
tion 24 h after surgery that had alterations in the arterial
gasometry and that required neuromuscular blockade
several times during surgery had an increased risk of
pulmonary complications. Creagh-Brown et al. [30] eval-
uated the effect of the peak serum lactate, in the first 24
h of ICU admission after major gastrointestinal surgery,
in a large cohort of patients from nearly 250 hospitals in
the United Kingdom. In that study, they found an in-
creased in-hospital mortality associated with elevated
lactate levels, with no difference between elective and
emergency surgery. Velickovi¢ et al. showed that lactate
levels measured at 12 h after the operation had the high-
est predictive ability for diagnosis of overall postopera-
tive complications including PPCs and the postoperative
in-hospital mortality [31]. Therefore, lactates should be
monitored in the immediate postoperative because they
help to identify the risk of PPCs.

In our series, patients who required NMBD several times
intraoperatively developed a higher rate of PPCs in the first
48 h. Recent studies evaluating the use of neuromuscular
blocking agents and postoperative complications have dem-
onstrated growing evidence for a clear relationship between
the use of these agents and PPCs complications [32].

It is necessary to underline that the need for invasive
mechanical ventilation was understood by us as the ex-
treme consequence of a PPC. As a respiratory support
technique it is not, by itself, obviously therapeutic, and
may be associated with several complications, namely
mechanical ventilation lung injury, usually manifested in
the form of barotrauma, volutrauma, atelectrauma, bio-
trauma and more recently ergotrauma, globally inserted
in the new energy concept of mechanical power, which
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is now thought to be the basis of mechanical ventilation
lung injury [33, 34]. The severity of mechanical ventila-
tion lung injury is partly dependent on the duration of
the injury, which is why the safety and efficacy binomial
are two important factors. However, in our series venti-
lation was not correlated with 30-day mortality.

Fernandez-Bustamante et al. [7] in a recent report of
1202 patients undergoing non-cardiothoracic surgery
under general anesthesia, patients with at least one pul-
monary complication had higher rates of mortality, ICU
admission, and length of stay, and all patients were ASA
PS class 3 or greater. In our series 25 patients (41.7%)
were classified ASA PS classes 3 and 4, who were re-
sponsible for 10 (16.7%) of the PPCs before 48 h and 15
(25%) of the PPCs after 48 h. As mentioned before, pa-
tients with ASA score 4 had less PPCs in the first 48 h
since they received preoperative optimization.

The 30-days postoperative mortality was higher in PPCs
developed within 48 h (27.8%), therefore these complica-
tions revealed a high lethality rate. Patel et al. also showed
that 30-day mortality was higher in patients undergoing
abdominal surgery with PPCs [4]. Patients with albumin
deficiency prior to surgery had a higher risk of death in
the first 30 days after surgery. Lunardi A et al. showed that
malnutrition is associated with weakness of the expiratory
muscles, decreased chest wall expansion and increased in-
cidence of pulmonary complications in patients undergo-
ing elective upper abdominal surgery [35].

This study has limitations regarding the size of the
sample. On the other hand, the fact that it includes only
patients who required intensive care after abdominal
surgery makes it more homogeneous. Taking our results
together, we consider that it is necessary to define vari-
ables that predict lung complications in the postopera-
tive period and to establish strategies for the mitigation
of PPCs after surgery.

Duarte and Machado reviewed the epidemiology, risk
factors and prevention of PPCs and concluded that the
clinical and social consequences of PPCs are huge and
that prevention of its high incidence continues to be a
growing challenge focusing on the importance of pre-
ventive strategies, which should be systematically applied
in order to achieve better results [36].

Major AS is a great stressor to patients and causes large
physiological changes, leads to tissue trauma, immobility,
psychological distress and reduced quality of life [37, 38].

Physical exercise prehabilitation has been proposed to
improve postoperative outcomes in patients undergoing
major AS. Several studies have been published in the litera-
ture investigating the effect of preoperative exercise training
compared with standard care on postoperative outcomes in
major AS concluding that the effect is beneficial [39].

The improvement of physical capacity through preha-
bilitation may facilitate better recovery after surgery and
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the current evidence is that prehabilitation protocols
and optimization of preoperative care, in particular, re-
spiratory function, may reduce PPCs incidence and mor-
tality [40-42]. In this sense, it is important to study
more comprehensive preoperative risk scores such as P-
Possum and ACS NSIQ Risk Calculator to better identify
risk patients [43-48].

Conclusions

PPCs after abdominal surgery are still a major problem
since they have profound effects on outcomes. Our results
suggest that programs before surgery, involve preoperative
lifestyle changes, such as nutritional supplementation,
exercise, stress reduction, and smoking cessation, recently
defined as prehabilitation, was an effective strategy in miti-
gating postoperative complications by decreasing mortality.

Abbreviations

ABG: Arterial Blood Gases; ARDS: Acute Respiratory Distress Syndrome;

ARF: Acute Respiratory Failure; ARISCAT: Assess Respiratory Risk in Surgical
Patients in Catalonia; AS: Abdominal Surgery; ASA PS: Anesthesiclogists
Physical Status; BMI: Body Mass Index; COPD: Chronic Obstructive Pulmonary
Disease; EPCO: European Perioperative Clinical Cutcome; MV: Mechanical
Ventilation; NMBD: Neuromuscular Blocking Drugs; PICU: Polyvalent Intensive
Care Unit; POCs: Postoperative Complications; PPCs: Postoperative Pulmonary
Complications

Acknowledgments

Group of Experimental and Therapeutic Pathology, Department of Surgical
Oncology and Department of Epidemiology of the Portuguese Oncology
Institute of Porto FG, EPE (IPC-Porto) and the Science and Technology
Foundation (FCT), for the pessibility of assessing a large series of digestive
surgical oncology patients, with the aim of validating a predictive risk score
for the development of POCs

Authors' contributions

AF and LLS were responsible for the primary conception and design of the
article with input from co-authors. Initial drafts of the article were prepared
by LLS, AF, IR, LA, and €SS Additions, modifications, and revisions critical for
the important intellectual content of the article were performed by LLS, CC,
RSC, CSL, PMC, PL, 5L, PM, including final approval of the version to be pub-
lished. All authors read and approved the final manuscript.

Funding
FCT project IPOscore (DSAIPA/DS/0042/2018)

Ethics approval and consent to participate
The ethics committee of the Hospital Garda de Orta approved the present
study. The authors involved agreed to integrate the research.

Consent for publication
The authors gave their agreement for the publication of the manuscript.

Competing interests
There is no competing interests or financial interest amongst authors to
disclose.

Author details

'Experimental Pathology and Therapeutics Group, Instituto Portugués de
Oncologia, Porto, Portugal. “Polyvalent Intensive Care Unit of Intensive
Medicine Service, Hospital Garda de Ora, EPE, Almada, Portugal. *Cancer
Epidemiclogy Group, IPO Porto Research Center (CHPOP), Instituto
Portugués de Oncologia, Porto, Portugal. “General Surgery Service, Hospital
Garcia de Orta, EPE, Portugal and Faculdade de Medicina da Universidade
de Lisboa, Almada, Portugal 5F’clyw:xlent Intensive Care Unit, Hospital Santo
Espitito ilha Terceira, EP.R, Angra do Heroismo, Acores, Portugal. ®Surgical

Page 8 of 9

Oncology Department of Portuguese Instituto Portugués de Oncologla,
Porto, Portugal. “EPIUnIt - Institute of Public Health, Universidade do Porto,
Porto, Portugal. #DMEC, Instituto Superior Técnico, Universidade de Lisboa,
Lisbon, Portugal. "REQUIMTE/LAQV, Department of Chemistry, Faculty of
Science and Technology, Universidade Nova de Lisboa, Caparica, Portugal
"“Bicmedical Sciences Institute Abel Salazar, Universidade do Porto, Porto,
Portugal

Received: 3 July 2019 Accepted: 21 November 2019
Published online: 03 December 2019

References

1. Weiser TG, Regenbogen SE Thempsen KD, Haynes AB, Lipsitz SR, Berry WR,
Gawande AA An estmation of the global volume of surgery: a modeling
strategy based on available data. Lancet 2008372(9633):139-44.

2. Kazaure HS, Roman SA, Sosa JA Assodation of Postdischarge Complications
with Reoperation and Mortality in general surgery. Arch Surg. 2012 Now;
147(11):1000-7.

3. Jammer |, Wickbaldt N, Sander M, Smith A, Schulz MJ, Pelosi F, Leva B,
Rhodes A, Hoeft A, Walder B, Chew MS, Pearse RM, European Sodiety of
Anaesthesiology (ESA) and the European Society of Intensive Care Medicine
(ESICM). Standards for definitions and use of cutcome measures for clinical
effectiveness research in perioperative medicine: European Perioperative
Clinical Qutcome (EPCO) definitions. A statement from the ESA-ESICM joint
taskforce on petioperative outcome measures, Eur | Anaesthesiol. 2015;
32(2)88-105

4. Patel K, Hadian F, Ali A, Broadley G, Evans K, Horder C, Johnstone M,
Langlands F, Matthews J, Maravan P, Rallen P, Roberts C, Shah S, Vohra R
Postoperative pulmoenary complications following major elective abdominal
surgery: a cohort study. Perioper Med (Lond). 20165:10.

5. Arczullah AM, Daley ), Henderson WG, Khuri SF. Multifactorial risk index for
predicting postoperative respiratory failure in men after major noncardiac
surgery. The National Veterans Administration Surgical Quality Improvement
Program. Ann Surg. 2000;,232(2)242-53

6. Yang CK, Teng A Lee DY, Rose K. Pulmonary complications after major
abdominal surgery: National Surgical Quality Improvemnent Program analysis.
15urg Res, 2015;198(2):441-9,

7. Fernandez-Bustamante A, Frendl G, Sprung J, Kor DJ, Subramaniam B,
Martinez Ruiz R, Lee JW, Henderson WG, Moass A, Mehdiratta N, Colwell MM,
Bartels K, Kolodzie K, Giquel 1, Vidal Melo MF. Postoperative pulmanary
complications, early mortality, and hospital stay following noncardiotharadic
surgery. a multicenter study by the perioperative research network
investigators. JAMA Surg. 201 7,152(2):157-66.

8  Rehder K Anesthesia and the respiratory system. Can Anaesth Soc J. 1979
26(6)451-62.

9 Zambouri A Preoperative evaluation and preparation for anesthesia and
surgery. Hippokratia. 2007;1:13-21.

10, Miskovic A, Lumnb AB. Postoperative pulmonary complications. Br | Anaesth
2017,118(3):317-34.

11. ODenchue W] Jr. Postoperative pulmonary complicaticns. When are
preventive and therapeutic measures necessary? Postgrad Med. 1992,91(3)
167-70 173-5

12, Smetana GW, Lawrence VA, Cornell JE. American College of Physidians
Preoperative pulmonary risk stratification for noncardicthoradc surgery: a
systematic review for the American College of Physicians, Ann Intermn Med
2006;144(8):581-95.

13, Canet J, Mazo V. Postoperative pulmonary complications. Minerva
Anestesiol. 2010;76(2):138-43.

14, Barisione G, Rovida S, Gazzaniga GM, Fontana L. Upper abdominal surgery:
do a lung function test exist to predict early severe postopetative
respiratory complications? Eur Respir J. 1997,10(6):1301-8

15, Kocabas A, Kara K, Qzgur G, Sonmez H, Burgut R. Value of preoperative
spirometry to predict postoperative pulmenary complications. Respir Med
1996;90(1):25-33.

16, Brooks Brunn JA. Predictars of postoperative pulmaonary complications
following abdominal surgery. Chest 1997;111:564-71

17, Ford GT, Rosenal TW, Clerque F, Whitelaw ‘WA, Respiratory physiology in
upper abdominal surgery. Clin Chest Med. 1993;14:237-52.

18, Gass GD, Olsen GN. Preoperative pulmonary function testing to predict
postoperative morbidity and moertality. Chest. 1986,89:127-35.

69



Capitulo Il - RESULTADOS

Fernandes et al. Patient Safety in Surgery

20.

21.

22

23

24,

25.

26,

27

28

29.

30

3l

32

33

34,

35.

36.

37,

38

39

70

(2019) 13:40

Kupeli E, Er Dedekarginoglu B, Ulubay G, Oner Eyuboglu F, Haberal M
Arnerican Society of Anesthesiologists Classification Versus ARISCAT Risk
Index: Predicting Pulmenary Complications Following Renal Transplant. Exp
Clin Transplant 2017; Suppl 1: 208-213

CGhaferi AA, Birkrneyer JD, Dimick JB. Variation in hospital mortality
associated with inpatient surgery. N Engl J Med. 2009;361(14):1368-75.
Pearse R, Moreno RP, Bauer P, Pelosi P, Metnitz P, Spies C, Vallet B, Vincent
L, Hoeft A Rhedes A; European Surgical Outcomes Study (EuSOS) group
for the Trials groups of the European Society of Intensive Care Medicine
and the European Sodety of Anaesthesiology. Mortality after surgery in
Europe: a 7-day cohort study. Lancet. 201 2380(9847):1059-65.

Pasternak R. Screening patients- strategies and studies. In: McGoldrick K,
editor. Ambulatory Anesthesiology- A problem-oriented approach
Philadelphia: Williams and Wilkins; 1995,

ARDS Definition Task Force, Ranieri VM, Rubenfeld GD, Thompsan BT,
Ferguson ND, Caldwell E Fan E, Camporota L, Slutsky AS. Acute respiratory
distress syndrome: the Berlin Definition. JAMA. 2012;307(23):2526-33

Serejo LG, da Silva-Junior FP, Bastos JP, de Bruin G5, Mota RM, de Bruin PF
Risk factors for pulmonary complications after emergency abdominal
surgery. Respir Med. 2007 Apr;101(4)808-13.

Kumar L, Satheesan KN, Rajan S, Vasu BE, Paul ). Predictors and outcomes of
postoperative pulmonary complications following abdominal surgery in a
south Indian population. Anesth Essays Res. 2018;12(1):199-205,

Verma 5, Bhardwaj A, Patil SM. Study of postoperative pulmanary
complications in patients of emergency abdominal surgeries. Int Surg J
20185(9):3057-65.

Bolshinsky v, Li MH, [smail H, Burbury K, Riedel B, Heriot A. Multimodal
Prehabilitation programs as a bundle of Care in Gastrointestinal Cancer
Surgery: a Systematic Review. Dis Colon Rectum. 201861(1):124-38.
Brueckmann B, Villa-Uribe JL, Baternan BT, Grosse-Sundrup M, Hess DR,
Schlett CL Matthias Eikermann. Developrnent and validation of a score for
prediction of postoperative respiratory complications. Anesthesiology. 2013;
1181276

hlazo W, Sabaté 5, Canet J, Gallart L, de Abreu MG Belda J, Langeron ©, Hoeft
A, Pelosi P. Prospective external validation of a predictive score for
postoperative pulmonary complications. Anesthesiology. 2014,121(2):219-31
Creagh-Brown BC, De Silva AP, Ferrando-Vivas P, Harison DA, Relationship
between peak lactate and patient cutcome following high-risk
gastrointestinl surgery: influence of the nature of their surgery: elective
versus emergency. Crit Care Med. 2016:44:918-25

Velickovic 1, Palibork |, Miligic B, Velickowic D, Jovanavic B, Rakic G, Petravic M,
Bumbasirevic V. The assodation of early postoperative lactate levels with
marbidity after elective major abdominal surgery. Bosn J Basic Med Sci
2019;19(1):72-80.

Mathews L, Ehrenfeld JM. Neuromuscular Blocking Drugs and Postoperative
Pulmonary Complications. Curr Anesthesiol Rep. 8(2):157-60

Niernan GF, Satalin J, Andrews P, Aiash H, Habashi NM, Gatto LA,
Personalizing mechanical ventilation according to physiologic parameters to
stabilize alvecli and minimize ventilator-induced lung injury (VILI). Inten
Care Med Exper. 2017,5:8

Gattinoni L, Marini 11, Colline F, Maiolo G, Rapetti F, Tonetti T, Vasques F,
Cuintel M. The future of mechanical ventilation: lessons from the present
and the past Critical Care. 2017,21:183.

Lunardi AC, Miranda CS, Silva KM, Cecconello |, Carvalho CR. Weakness of
expiratory muscles and pulmonary complications in malnourished patients
undergeing upper abdominal surgery. Respirclogy. 2012;17:108-13.

Duarte AT, Machado HS. Postoperative pulmonary complications: an
epidermniological, risk factors, and prevention Review. J Anesth Clin Res. 201671
Renee Havey, Emily Herriman, Denise O'Brien. Guarding the Gurt Early
Mobility After Abdominal Surgery. Crit Care Nurs Q Vol. 36, No. 1, pp. 63-72.
Ajitsaria P, Eissa 5Z, Kerridge RK. Risk Assessment. Curr Anesthesiol Rep.
20188:1-8.

Heger P, Probst P, Wiskemann J, Steindorf K, Diener MK, Mihaljevic AL A
Systermnatic Review and Meta-analysis of Physical Exercise Prehabilitation in
Major Abdominal Surgery (PROSPERO 2017 CRD42017080366). | Gastrointest
Surg. 2019,

Berkel AEM, Bongers BC, van Kamp M-JS, Kotte H, Weltevreden P, de Jongh
FHC, Eijsvogel MMM, Ymenga ANM, Bigirwamungu-Bargeman M, van der
Palen J, van Det hJ, van Meeteren NLU, Klaase JM. The effects of
prehabilitation wversus usual care to reduce postoperative complications in
highrrisk patierts with colorectal cancer or dysplasia scheduled for elective

41.

42

43.

45.

47.

Page 9 of 9

colorectal resection: study protocol of a randomized controlled tial. BMC
Gastroenterol. 2018;18:29.

Boden |, Skinner EH, Browning L, Reeve J, Anderson L, Hill C Robertson IK,
Story D, Denehiy L. Preoperative physiotherapy for the prevention of
respiratory complications after upper abdominal surgery: pragmatic, double-
blinded, multicentre randomized contrelled trial. BMJ. 2017;360:j5916.
Doganay E, Moorthy K. Prehabilitation for esophagectomy. J Thorac Dis,
201911(Suppl 5)5632-8.

Mayo NE, Feldman L Scott 5, Zavorsky G, Kim DJ, Charlebeis P, Stein B, Carli
F. Impact of preoperative change in physical function on postoperative
recovery: argument supporting prehabilitation for colorectal surgery.
Surgery. 2011;150(3):505-14.

Shulman M, Myles P. Measuring perioperative outcome. Curr Opin
Anaesthesiol. 2016;29(6).733-8

Maonesinghe SR, Mythen MG, Das P, Rowan KM, Grocott MP. Risk
stratification tools for predicting morbidity and mortality in adult patients
undergoing major surgery. A systematic qualitative review. Anesthesiology.
2013;1195958-81

Koo CY, Hyder JA, Wanderer JP, Eikermann M, Ramachandran SK. A meta-
analysis of the predictive accuracy of postoperative mortality using the
American Society of Anesthesiologists’ physical status classification system
World J Surg. 2015;39(1):88-103

Stonelake 5, Thomson P, Suggett M. Identification of the high-risk
emergency surgical patient: which risk prediction model should be used?
Ann Med Surg (Lond). 2015;4(3):240-7.

Foster CA, Charles EJ, Charles EJ, Florence E, Turrentine M-WS, Kron IL, lones
RS, Development and Validation of Procedure-Spedific Risk Score for
Predicting Postoperative Pulmonary Complication: A NSQIP Analysis. J Am
Coll Surg. 2019220:355-365.e3.

Publisher's Note
Springer MNature remains neutral with regard to jurisdictional claims in
published rmaps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

» fast, convenient online submission

» thorough peer review by experienced researchers in your field

# rapid publication on acceptance

» support for research data, including large and complex data types

= gold Open Access which fosters wider collaboration and increased citations
= maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




Capitulo Il - RESULTADOS

3.3 E imperioso um programa de pré-habilitacdo para doentes cirrgicos

na Africa Subsaariana

Um relatério recente da revista médica Lancet aponta que pelo menos 4,2
milhdes de pessoas em todo o mundo morrem 30 dias apés a cirurgia por ano.
Metade dessas mortes ocorre em paises de baixa e média renda. Esse numero
de mortes no pos-operatorio € responsavel por 7,7% de todas as mortes no
mundo, tornando-se o terceiro maior contribuinte apds as doencas cardiacas e
cerebrovasculares. Na Africa Subsaariana, ha uma taxa mais elevada de
mortalidade ap6s complicagBes pos-operatdrias em comparagdo a observada
nos paises de alta renda. A OMS apresentou planos e instrumentos para ajudar
0S paises a garantir uma cirurgia mais segura. Contudo, a implementacao ainda
é fragil na maioria dos paises africanos. Em geral, as interven¢des para melhorar
0 prognaostico pés-operatdrio concentram-se na aplicagdo de medidas intra ou
pos-operatorias, que podem ser tardias para doentes de alto risco. Clinicos e
investigadores ha muito reconhecem a associacdo entre a baixa capacidade
funcional cardiorrespiratoria pré-operatéria e resultados adversos no poés-
operatoério, incluindo complicagbes na recuperacdo, maior tempo de
internamento em unidades de cuidados intensivos, maior tempo de internamento
hospitalar e menor qualidade de vida no pés-operatério. As evidéncias atuais
revelam que um programa de otimizacdo médica das doencas crénicas, diminui
a taxa de complicacbes poés-operatorias, o tempo de internamento e a
mortalidade. O que é que os paises da Africa Subsaariana podem fazer para
garantir uma cirurgia mais segura? Uma parte importante da solucdo para a

reducéo da morbimortalidade apés a cirurgia na Africa inclui:

1. Identificar doentes cirurgicos que podem estar em risco de complicacdes
apos a cirurgia e fornecer aos profissionais de saude recursos para tratar

precocemente as complicacdes no pos-operatorio.

2. Aumentar a reserva funcional pré-operatoria dos doentes cirlrgicos

eletivos para melhorar a recuperacdo apés o tratamento cirargico. Essa
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abordagem é viavel, mas 0s ensaios clinicos sdo essenciais para

identificar as dificuldades e objetivar os seus beneficios.
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Abstract

Approximately 4.2 million people worldwide die within 30 days of surgery each year. Half of these deaths occur in low- and middle-income countries.
Postoperative deaths account for 7.7% of all deaths globally, making it the third-highest contributor to deaths, after heart disease and stroke. In
sub-Saharan Africa, there is a higher rate of mortality following postoperative complications compared to high-income countries. The WHO has tools
to help countries provide safer surgery. However, implementation remains poor in most African countries. Interventions focused on intraoperative or
postoperative measures to improve perioperative prognosis may be too late for high-risk patients. Poor preoperative cardiorespiratory functional
capacity, poor management of pre-existing comorbidities and risk factors and no assessment of the patient s surgical risk is associated with adverse
postoperative outcomes, including mortality, complications, slower recovery, longer intensive care stay, extended hospital length of stay and reduced
postoperative quality of life. To significantly decrease morbidity and mortality following surgery in Africa, we propose the implementation of a
comprehensive preoperative intervention, that must include: i) risk assessment of surgical patients to identify those at greater risk of postoperative
complications for elective surgery; ii) increase the preoperative functional reserve of these high-risk patients, to enhance their tolerance to surgical
stress and improve postoperative recovery; iii) anticipate postoperative care needs and organize tools, resources and establish simple workflows to
manage postoperative complications. We believe this approach is simple, feasible and will significantly reduce postoperative burden for both patients,

hospitals and society.
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An African continental study of 25 low- and middle-income countries
was recently published by Biccard BM et al characterizing
perioperative outcomes of 11193 surgical patients. The patients were
66.4% women, 87.3% classified with an American Society of
Anesthesiologists (ASA) score of T and II, 29.7% undergoing major
surgery and 57.1% urgent/emergency surgery [1]. Arterial
hypertension (16.3%), diabetes mellitus (6.8%) and HIV
positive/AIDS (11%) were the main comorbidities of the operated
patients, Non-communicable diseases (NCD) were the most frequent
indication for surgical treatment (42.2%), followed by caesarean
section (27.3%), trauma (17.8%) and acute infection (12.7%).
Despite being younger, presenting a lower risk profile and low
complication rates, surgical patients in Africa were twice as likely to
die after surgery in comparison to the global average. Indeed, in
hospital mortality was 2.1%, with 18% developing postoperative
complications (POC) and 9.5% of the patients died following POC [1].
When considering elective surgery (ES) only, mortality occurred in 1%
of 4658 patients, with an incidence of postoperative complications of
13.4% and death after POC of 4.8%.

A greater incidence of POC and death were reported following surgery
for NCD (37.3% and 40.3%, respectively), infection (20.2% and
26.5%, respectively) and trauma (20.5% and 25.5%, respectively).
Infectious, cardiovascular and respiratory complications were the
most prevalent [1]. The factors contributing to POC and death are
multifactorial and may include insufficient medical staff, poor
infrastructure, low procedural volumes and failure to identify and/or
treat POC by health professionals [2,3]. Intensive care admission
should also be scheduled in advance. In their study, Biccard BM
et al. [1] identified that only 16.3% of patients who developed POC,
the vast majority after ES, were admitted to intensive care units (ICU)
to prevent and treat early complications. The lack of immediate
postoperative surveillance and intervention is responsible for many
deaths in many African countries. Therefore, acute care surgery (ACS)

services should be implemented even in a low-resource setting [4].

In Rwanda, the implementation of an ACS service resulted in
decreased length of hospital stay [5]. Thus, while surgical care is a
major need for African countries, surgical outcomes will remain poor
unless effective perioperative care based on affordable resources is
made universally available. Perioperative care is a multicomponent
intervention implemented by a multidisciplinary team with the purpose

to provide safe surgery, accelerate recovery and reduce morbidity and
mortality (Figure 1). While the intra- and postoperative care have
already received some attention, the potential of the perioperative
period remains poorly explored in African countries [6-11]. This time
frame represents a major opportunity for decreasing postoperative
morbidity and mortality through appropriate surgical risk stratification
and patient optimization [12].

Risk assessment of surgical complications in sub-Saharan
Africa: in an environment with limited resources for postoperative
care, the early identification of high-risk patients for POC is likely to
be a key factor to consider. Several tools are available to estimate
perioperative risk for both planned and emergency surgeries in
high-income countries [13,14]. However, their use in low-income
countries is often limited because the pattern of risk for poor outcomes
differs from high-income countries and due to the lack of resources,
the access to biochemical and imagological tests required by more
sophisticated tools is reduced [15]. Recently, Kluyts H-L et &l
proposed the use of the ASOS surgical risk calculator as a simple tool
to identify African surgical patients at risk for in-hospital postoperative
mortality and severe complications and thus, to identify those patients
in greater need for enhanced postoperative surveillance [16].
However, its external validation needs to be assessed before. To
predict complications and risk of death before surgery, other African
authors have conducted relevant studies, including the use of online
tools, provided that this tool has wide distribution [17,18]. This is a
field that deserves further research effort as it may greatly contribute
to save lives.

Estimating the risk of complications and mortality of surgical
patients before surgery can be helpful: risk stratification of
patients is supposed to support better decisions by informing about
the risks and benefits of proceeding with surgery, about discussing
treatment alternatives and guide the use of available resources, with
the ultimate purpose of improving postoperative outcomes. Ntobeko
Ntusi, a South African cardiologist, in a recent editorial in the South
African Medical Journal, asked: "does the preoperative evaluation of
patients improves surgical outcomes?”. He found that the data on the
effect of preoperative medical consultation on cost measures is
conflicting [19]. While some studies reveal a decrease in-hospital stay
after preoperative evaluation and care of patients [20,21], other
studies have shown an increase in costs and a similar length of stay
for consulted patients [22-24]. He also points that while medical teams
can successfully identify conditions that may affect surgical outcomes,
it is not clear if they make evidence-based recommendations to target

Page number not for citation purposes 2
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those conditions and assuming they make it, it is also not clear if the
consultative recommendations are implemented [19]. With this data
and his experience, Ntusi argued that an experienced perioperative
medicine physician should be able to identify the pertinent medical
problems, anticipate potential perioperative problems, recommend
evidence-based interventions to optimize the patient and
communicate and work effectively with all the preoperative team
members (e.g. nursing, physiotherapist, medical, surgical and
anesthetic) [19]. Thus, to deal with the problem of postoperative
morbidity and mortality, the perioperative care, particularly the
potential of the pre-surgical period to optimize the patient for surgery,
needs to be taken more seriously. These patients need and deserve
better care and prehabilitation programs can make the difference once

incorporated in the routine practice of surgical teams.

Prehabilitation to prepare for surgery: the impact of surgery
leads to significant homeostatic disturbance which, together with
reduced functional capacity (physical, nutritional and psychological
status) and poor medical optimization (e.g. unappropriated
management of chronic diseases, anemia, hypertension,
hyperglycemia and smoking), act as risk factors for negative surgical
outcomes [25]. Prehabilitation is a multimodal strategy implemented
in the preoperative period, aiming to increase preoperative functional
reserve and leading to better postoperative functional recovery and
reduced incidence of complications. In practice, prehabilitation
programs may include cardiovascular and resistance training
exercises, nutritional advice designed to support an increase in lean
body mass, the introduction of coping strategies to deal with surgical
anxiety, smoke cessation support, treating preoperative anemia and
other modifiable risk factors [26]. An increasing number of studies
support the safety, feasibility and efficacy of multimodal
prehabilitation to improve surgical outcomes in cancer patients
undergoing major abdominal and cardiothoracic surgery [27]. The
benefits range from lower rate of postoperative complications, to less
deterioration of physical function and better quality of life [28].
However, this evidence comes mainly from high-income countries and
thus, there is an urgent need to test the potential of prehabilitation

programs in African countries.

Conclusion

care planning. Preoperative diagnosis of comorbidities and social
habits that are considered risk conditions for surgery should be
identified throughout appropriate risk assessment tools. Patients
considered to be at high-risk for complications following surgery
should be proposed for prehabilitation to increase their preoperative
functional reserve and enhance recovery following surgical treatment.
The knowledge about most comman surgical complications should be
used to anticipate postoperative burden, care needs and organize
available resources in advance. We believe that this approach to
perioperative care will play a decisive role in sub-Saharan Africa in
changing surgical morbidity and mortality for better.
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Figure

Decreasing morbidity and mortality following surgery in Africa will
require adequate perioperative optimization and better postoperative
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Figure 1: stratification of measures to decrease perioperative
morbidity and mortality in surgical patients
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Figure 1: stratification of measures to decrease perioperative morbidity and
mortality in surgical patients
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3.4 Um programa de pré-habilitagdo domiciliar, implementado através de
uma plataforma digital, em doentes com adenocarcinoma gastrico ou
juncdo gastoesofagica localmente avancado, submetidos a
guimioterapia perioperatéria com regime FLOT: protocolo de um
estudo multicéntrico, randomizado, controlado para avaliar a

viabilidade e aceitacao.

Submetido para publicacdo a Revista Portuguesa de Cirurgia

7

Importancia: A quimioterapia perioperatéria é a abordagem de tratamento
padrdo para doentes com adenocarcinoma gastrico ou esofagico localmente
avancado. Apesar dos ganhos de sobrevida, esta terapia multimodal néo € isenta
de efeitos adversos, colocando uma proporcao significativa de doentes em risco

de morbimortalidade pds-operatoria.

Objetivo: Testar a aceitagdo, viabilidade e seguran¢ca de um programa de preé-
reabilitacdo domiciliar, implementado por meio de uma plataforma baseada na
Internet, em doentes submetidos a quimioterapia neoadjuvante (QNA) e
ressecgao cirdrgica para adenocarcinoma gastrico ou juncdo gastroesofégica
(JGE).

Métodos: Realizaremos um estudo multicéntrico, simples-cego, de dois bracos,
randomizado e controlado com proporcédo de alocacdo de 1: 1, comparando o
programa de pré-habilitacdo domiciliar com o atendimento padrdo. Doentes com
adenocarcinoma gastrico ou JGE localmente avancado, potencialmente
ressecavel, submetidos a quimioterapia perioperatoria com regime FLOT serdo
recrutados no IPO-Porto e randomizados (propor¢éo de 1: 1) para grupo controlo
(CONT; cuidado usual com otimizagdo médica, atendimento nutricional e
psicoldgico) ou grupo de pré-habilitacdo (PREHAB, cuidados usuais + programa

de exercicio fisico no domicilio). A intervencdo com exercicio incluira treino
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aerobico e resistido. Todos os participantes serdo submetidos a avaliacdes no

inicio do estudo, ap6s a QNA, antes da cirurgia e no momento da alta.

Resultado: O principal resultado deste estudo é testar a aceitacdo, viabilidade e
seguranca da intervencdo. Como objetivos secundarios, pretendemos avaliar o
impacto da pré-reabilitacdo domiciliar na capacidade funcional, severidade da
fragilidade, tolerancia e eficacia do FLOT, qualidade de vida, incapacidade,
complicagBes pos-operatodrias e mortalidade, tempo de internamento hospitalar,

necessidade de UCI, readmissédo hospitalar e local apés a alta.

Discusséo: Este estudo fornecera informacdes para realizar um futuro ensaio
clinico multicéntrico randomizado com o objetivo de reduzir a morbidade e

mortalidade pds-operatdria nesta populagéo.
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Title: A home-based prehabilitation program, delivered through an internet-
based platform, in patients with locally advanced gastric or oesophagal
adenocarcinoma, undergoing perioperative chemotherapy with FLOT regimen:
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ABSTRACT

Introduction: Perioperative chemotherapy is the gold standard treatment
approach for patients with locally advanced gastric or oesophagal
adenocarcinoma. Despite the gains in survival, this multimodal therapy is not free
of adverse effects, putting a significant proportion of patients at risk for
postoperative morbidity and mortality. The purpose of this study is to test the
acceptability, feasibility and safety of a home-based prehabilitation program,
delivered through an internet-based platform, in patients undergoing neoadjuvant
chemotherapy (NAC) and surgical resection for gastric or oesophagal
adenocarcinoma. Methods: We will conduct a multicenter, single-blinded, two-
arm, randomized controlled trial with 1:1 allocation ration, comparing home-
based prehabilitation program versus standard care. Patients with locally
advanced, potentially resectable gastric or GEJ adenocarcinoma, undergoing
perioperative chemotherapy with FLOT regimen will be recruited at IPO-Porto
and randomized (1:1 ratio) to control (CONT; usual care with medical
optimization, nutritional and psychological care) or prehabilitation (PREHAB,
usual carethome-based exercise training program) groups. Exercise
intervention will comprise aerobic and resistance training. All participants will
undergo assessments at baseline, after NAC, before surgery and at time of
discharge. The primary outcome of this study is to test the acceptability, feasibility
and safety of the intervention. As secondary outcomes, we intend to assess the

impact of home-based prehabilitation on functional capacity, frailty status,
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tolerance and efficacy of FLOT, quality of life, disability, postoperative
complications and mortality, length of hospital stay, need of ICU, hospital
readmission and place for discharge. Discussion: This trial will inform about a
future multicentre randomized clinical trial to reduce post-operative morbidity and

mortality in this population.

1. INTRODUCTION

1.1. Background and rationale

Adenocarcinoma of the gastroesophageal junction (GEJ) and stomach are
among the most common malignancies and causes of cancer death worldwide,
including Portugal which has one of the highest incidence rates in Europe,
predominantly occurring in patients > 65 years of age [1]. In patients with locally
advanced disease, perioperative chemotherapy (PCT) is considered standard of
care, as different clinical trials demonstrated its superiority in improving survival
when compared to surgery alone [2]. However, this multimodal therapy is not free
of adverse effects. PCT promotes significant deconditioning and physiological
deterioration [2], impacting the patient’s tolerance to surgery, which puts them at
higher risk for postoperative morbidity and mortality [3]. Even with the most recent
PCT regimes, around 50-60% of patients develop postoperative complications
[2], with pulmonary complications on the top of the list. Postoperative
complications can impose a significant burden by increasing morbidity and
mortality, in-hospital length of stay, utilization of critical care and need for a
greater level of care at discharge [4, 5]. Moreover, postoperative complications
may prevent or cause delays in the administration of adjuvant chemotherapy,
which is associated with worse disease-free and overall survival [6]. Given the
growing incidence of proximal gastric cancer and GEJ tumours and because
these patients often present with age-related functional decline, comorbidities
and geriatric syndromes (e.qg. frailty), these patients are at greater risk for adverse
postoperative outcomes [7]. Presumed fear of more significant postoperative
morbidity and mortality often results in suboptimal delivery of cancer surgery,
which is the most efficient curative approach for solid tumours. Thus, it is
mandatory to invest in strategies capable of minimizing the adverse effects of

PCT and surgery by boosting the patient’s physiological reserve.
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Interventions to improve postoperative outcomes have usually been intra- and
postoperative, which might be too late for these high-risk patients. The
preoperative period is now regarded as an excellent window of opportunity to
optimize patients by intervening with factors known to contribute to postoperative
outcomes. The process of enhancing the functional capacity to cope with an
incoming stressor and optimize recovery has been termed prehabilitation [8]. A
growing body of evidence supports the role of prehabilitation to improve
postoperative outcomes such as physical fitness, quality of life, the incidence of
postoperative complications and length of hospital stay in cancer patients
submitted to significant surgery [9-11]. However, existing studies show a clear
bias towards certain types of cancers (oesophagal, colorectal, lung) and are
underpowered to address significant outcomes like postoperative complications.
Moreover, the effectiveness of prehabilitation in high-risk patients for
postoperative complications remains discussed poorly, and these are the patients
who are in greater need of better care. Besides, the majority of the prehabilitation
programs are developed under supervision in an outpatient clinic, which might be
an obstacle for those patients with geographical and/or travelling constraints [12].
Community-based programs, with the support of telehealth resources, were
already shown to be a convenient way to surpass these barriers and provide safe
and effective cardiac rehabilitation care [13]. Using this approach to deliver
prehabilitation could be very useful to prepare cancer patients at higher risk for

postoperative burden.

1.2. Objetives

The primary outcome of this study is to test the acceptability, feasibility and safety
of a home-based prehabilitation program, delivered through an internet-based
plattorm, in patients with locally advanced gastric or oesophagal
adenocarcinoma, undergoing perioperative chemotherapy with FLOT regimen.
As secondary outcomes, we intend to assess the impact of home-based
prehabilitation on functional capacity, frailty status, tolerance and efficacy of
FLOT, surgical stress, quality of life, disability, postoperative complications and
mortality, length of hospital stay, need of ICU, hospital readmission and place for
discharge. This trial will inform about a future multicentre randomized clinical trial

to reduce postoperative morbidity and mortality in this population.
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1.3. Trial design

This protocol is reported according to the Standard Protocol Items:
Recommendations for Interventional Trials (SPIRIT) [14]. We will conduct a
multicenter, single-blinded, two-arm, randomized controlled trial with 1:1
allocation ration, comparing home-based prehabilitation program versus
standard care. Patient recruitment is programmed to start in October 2020 until
April 2021.

2. METHODS

2.1. Study setting and design

The study will be conducted in two Portuguese tertiary centres (Instituto
Portugués de Oncologia do Porto Francisco Gentil, E.P.E, Porto (IPO-Porto) and
Hospital Garcia de Orta, Lisbon (HGO-Lisbon)). All the assessments will take

place in the aforementioned hospitals, and the intervention will be home-based.

An overview of the study design is shown in a schematic diagram (Figure 1).

83



Capitulo Il - RESULTADOS

84

Patients identified at
the MDT meeting

h 4

Checking eligibility
criteria and invitation

h 4

Telephone contact

24h

later

h 4

Signed

consent

h 4

Randomization 1:1

— T

CONT PREHAB
NAC > “ NAC
< Assessment after [
Recover o NAC P Recover
from NAC g N from NAC
| Assessmentbefore [ |
Surgery
A A
Surgery

At hospital discharge

7, 30 and 90 days after

Assessment after surgery

Data

analysis

Figure 1: Consort diagram of the study




Capitulo Il - RESULTADOS

2.2. Recruitment

Potential participants will be identified at the multidisciplinary oncology meeting,
where the management plan of the patient is decided. All consecutive patients
with locally advanced, potentially resectable adenocarcinoma of the stomach or
GEJ junction undergoing perioperative chemotherapy with FLOT regimen will be
signaled. In the first clinic visit to discuss the therapeutic plan, a surgeon or
medical oncologist, or anesthesiologist will screen for eligibility and ask the
patient to consider participating in the trial. Patients will receive a handout
detailing the rationale of the study, what participation will implicate obligations
and possible risks. After 24 hours, a team member will contact patients by phone
to clarify any issue related to the trial and to schedule the first research visit to
complete the enrolment for those willing to voluntarily participate.

During the first research visit, participants will sign the consent form and only
consenting patients will proceed to further evaluations. Participants will also be
informed that they may discontinue and/or withdrawal the trial at any time without
compromising their standard care. The investigator or the medical team may stop
a participant from the test due to the following reasons, but not limited to: i)
withdrawal of consent; ii) not compliant with study arm and procedures; iii)
development of a new medical illness restrict the participation in physical
exercise; v) adverse events considered incompatible with the safe continuation
in the trial; vi) the investigator and/or the medical team decide it is for the best
interest of the patient. The reasons for the participant’s withdrawal and/or

discontinuation from the trial will be recorded.

2.3. Eligibility criteria

We will include consecutive patients with locally advanced, potentially resectable
adenocarcinoma of the stomach or GEJ junction undergoing perioperative
chemotherapy with FLOT regimen that fulfil the following criteria: i) >18 years old
i) with no contraindications for physical exercise [15]; iii) returning signed
informed consent; iv) accepting to comply with the trial procedures.

Patient treated for another cancer within five years (except basal cell skin

carcinoma or carcinoma in situ of the cervix), with legal incapacity (person
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deprived of liberty or under guardianship), cognitive or severe psychiatric
disorders, breastfeeding, pregnancy (or planning to become pregnant) will be
excluded.

2.4. Randomization and group allocation

Eligible patients will be randomized using computer-generated blocks of 4, with
an online tool (Sealed Envelope Ltd. 2019. Create a blocked randomization list.

[Online] Available from https://www.sealedenvelope.com/simple-
randomiser/vl/lists) and sequentially allocated in a 1:1 ratio to either
prehabilitation (PREHAB) or a control (CONT) group. A designated staff member,

with no involvement on trial, will carry out the randomization.

2.5. Intervention

2.5.1. CONT group

Participants assigned to the CONT group will receive standard care, which
includes medical optimization (ex: control of risk factor and chronic diseases),
nutritional and psychological care (in case of need). A clinical nutritionist
evaluates the need of nutritional care through the Patient Generated Subjective
Global Assessment (PG-SGA), where and a score 29 indicates a critical need for
nutrition intervention [16]. An individualized plan in then offer to the patient, which
may include suggestions of meals and a list of foods to avoid/to favor, to help to
obtain the recommended amount of protein intake (1.2-1.5 g/kg/d) [17]. A clinical
psychologist evaluates the need of psychological care with the NCCN Distress
Thermometer and Problem List (DTPL) (Version 2.2020). Patients indicate their
level of distress over the course of the week prior to assessment. In those patients
reporting high levels of distress (score >4), the accompanying 40-item problem
list, detailing common problems related to the cancer experience, will be reviewed
and a personalized intervention is developed. This may include training on
strategies to cope with stress and anxiety, relaxation exercises and good sleep
hygiene, as needed. Patients also receive general instructions about the

importance of remaining physically active during treatment as part of the standard
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care, but no formal exercise prescription is provided. Patients will be asked to

record their activity on a logbook.

2.5.2. PREHAB group

Patients allocated to the PREHAB group will have usual care plus a specific
exercise training program to be performed at home. The intervention will start as
soon as possible after treatment decision and will be interrupted at time of
hospital admission for surgery (x15 weeks). We will use multimodal
prehabilitation, which means combining exercise interventions with nutritional
and psychological care, on top of medical optimization. Since medical
optimization, nutritional and psychological care are already part of usual care, a
structured exercise program will be added.

The exercise training program will consist of combined exercise training (aerobic
exercise plus resistance exercise) and inspiratory muscle exercises, which was
shown to be safe and effective to improve functional capacity in patients during
chemotherapy [11]. A baseline fitness assessment will inform about the
participant’s fitness level and assist the tailoring of the exercise program,
objectives and progression. Participants will be invited to perform, as tolerated,
three sessions per week of combined exercise. For aerobic exercise (AEX),
participants may opt for walking, jogging or cycling. After warming up for 5
minutes at their perceived exercise intensity of “light” (9-11 Borg’ scale), patients
will be asked to engage on 30 min of Aex at “moderate” intensity (12-13 Borg’
scale). The intensity and/or duration level will be adjusted through the
intervention, if necessary. After Aex, the participant will be asked to start 1 set of
8 to 15 repetitions of the following exercises: i) chair squats (modified to the
individual's level of function as squats); ii) wall press iii) seated row with
resistance bands; iv) chair dips; v) bicep curls with resistance bands; vi)
abdominal crunches (modified to be performed sitting in a chair). When a
participant completes the 15 repetitions before the point of muscle fatigue, the
progressive addition of sets of exercises will be asked, as tolerated. This will take
10-15 minutes. At the end of each exercise session, participants will be asked to
perform some stretch exercises. PREHAB patients will be recommended to walk
in the remaining days (except on days of prescribed training sessions), for >30

minutes/day at moderate intensity. If the participant has a poor baseline
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conditioning, the day after their exercise session will be used to rest and allow
recovery. As their fitness improves, rest days will be replaced by walking.

In order to deliver and monitor our home-based prehabilitation, participants will
be assigned with individual credentials to access an internet-based platform
(therapy) via computer or mobile devices. Therapy is a responsive and
customizable platform, with an embedded data collection system (e.g.
Participants reported outcomes, questionnaires, etc.), that allows delivery of
different treatment modalities (text, graphical content and video) and access to
an end-to-end encrypted internal communication system (e-mail, chat and
videoconference) [18]. This platform is currently being used by our team
members to deliver a psychosocial intervention targeting breast cancer survivors
[19]. Therapy features will be used throughout the intervention to i) provide the
tailored prehabilitation intervention (information about exercise prescription,
instructions and videos exemplifying the exercises and with verbal explanations
of most important aspects to consider); ii) facilitate bi-directional communication
in case of need; iil) measure the compliance and adherence to the program; iv)
obtain information about the weekly progress and adjust the intervention; v)
assess/report the occurrence of any adverse events; vi) clarify any issue and
reinforce the importance of maintaining the prescribed program. For patients
unable to use therapy, a book with instructions and cartoons exemplifying the
exercises will be provided, followed by a particular explanation and
demonstration. A member of the trial team (ideally a physiotherapist or exercise
physiologist) will contact each participant by telephone weekly to collect

compliance and adherence metrics.

2.6. Assessments

2.6.1. Demographic and clinical data

Baseline demographic, clinical characteristics and physical activity levels of
consented patients will be captured at the moment of their initial assessment
during the first research visit. Clinical files might also be used to complete and
confirm the patient’'s profile. The following information will be recorded: age,
gender, marital status anthropometry, risk factors, chronic drug therapy, type and

complexity of the surgery, the surgical risk with standard tools (e.g. ASA score,
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ECOG, P-POSSUM, Charlson Comorbidity Index) and with the MylPOscore [20].

MylPOscore is a tool developed by us and is currently being prospectively

validated at our institution. This stratification will not affect clinical decision but will

be used for subanalysis to compare outcomes between high and low-risk

patients. Clinical files might also be used to complete or confirm the patient’s

profile.

2.6.2. Outcome measurements

Table 1: Provides a timeline of assessments of the outcome measures

Outcomes

Assessment
measure

Baseli
ne

Intervention

During After
NAC NAC

Before
surgery

Surge
ry

After surgery

days

30 90
days | days

Dischar

ge

Primary outcomes

Feasibility

Willingness
of clinicians
to recruit

participants

Feasibility
Acceptability

Willingness
of patients to
be
randomized

Recruitment
rate

Eligibility
rate

Adherence
rate

Number of
patients
declining to
participate

Safety

Number and
severity of
adverse
events

Secondary outcomes

Morphometry

Weight

Morphometry
Body composition

Height

BMI

Bioimpedanc
e

Physical activity
levels

Acceleromet
er

Physical fithess

6MWD

Physical fithess
Frailty status

30-second
chair stand

30-s arm curl

Chair sit-
and-reach

Back scratch
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8-foot up-
and-go

Fried’s frailty
phenotype

HRQoL

EORTC
QLQ-C30,
version 3

Tolerance to NAC

Dose

Tolerance to NAC
Eficacy of NAC

Adverse
effects

Completion
rates

Reduction of
tumor size,
number and
size of lymph
nodes
measured by
endoscopic
ultrasound
(EUS) or CT-
Scan

Eficacy of NAC
Disability

RO-resection
rate

Pathologic
complete
response
(pCR) rate

Histologic
tumor
regression
grade

WHO
Disability
Assessment
Schedule
V.2.0

Morbidity

Postoperativ
e Morbidity
Survey

Morbidity
Mortality

Clavien-
Dindo

Comprehens
ive
Complication
Index

Death from
any cause

Health-care
resources

In-hospital
length of
stay

Health-care
resources

Need of
intensive
care

Readmission
S

Place for
discharge
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2.6.2.1. Primary outcomes

2.6.2.1.1. Feasibility

The feasibility of the intervention will be measured by i) assessing the willingness
of clinicians to recruit participants, ii) willingness of patients to be randomized, iii)
recruitment rate (number of patients recruited per month), iv) eligibility rate
(number of patients fulfilling inclusion criteria per month), iv) retention
(participants retained and assessed in the follow-up period), v) adherence rate to
the prehabilitation program (the degree to which patients correctly follow
prescription instructions) and vi) the generalizability of trial participants
(comparing their demographic and clinical features with all other patients

submitted to surgery). Data will be collected during the entire period of the trial.

2.6.2.1.2.  Acceptability
Acceptability of the intervention will be measured by assessing the number of
patients declining to participate in the trial. Reasons for non-participation will be

recorded.

2.6.2.1.3. Safety

The safety profile of the intervention will be assessed by measuring the number
and severity of adverse events occurring during the exercise training sessions.
The reporting period will be during the prehabilitation program. In the unlikely
possibility of happening, AE may be spontaneously reported by the participants

or recorded by the trial team members during the weekly follow-up phone calls.

2.6.2.2. Secondary outcomes

2.6.2.2.1. Tolerance and efficacy to chemotherapy

Patients will receive six cycles of neoadjuvant FLOT consisting of 5-FU 2600
mg/m2 (24-hr infusion), leucovorin 200 mg/m2 (1-hr infusion), oxaliplatin 85
mg/m2 (2-hr infusion), docetaxel 50 mg/m2 (1-hr infusion) repeated every two
weeks. Information about the dose, adverse effects, and completion rates

(dividing the dose of chemotherapy per square meter in each cycle by the number

91



Capitulo Il - RESULTADOS

of weeks in a cycle) will be extracted from the medical records. A chemotherapy
completer will be defined as having received dose intensity of 100%, while
someone below 100% will be considered a non-completer. To evaluate the
impact of the intervention in response to chemotherapy, we will assess reduction
of tumour size, number and size of lymph nodes measured by endoscopic
ultrasound (EUS) or CT-Scan before and after NACT termination. Because these
patients will then proceed to surgery, we will also compare RO-resection rate,
pathologic complete response (pCR) rate (defined as TONO) and histologic
tumour regression grade (TRG) between PREAHB and CONT group, obtained

from surgical and pathological reports.

2.6.2.2.2. Physical and functional assessments

These assessments will be made at four time-points: i) before starting
chemotherapy (define baseline level), ii) after chemotherapy and iii) before
surgery (comparison with baseline levels and test if the program mitigates
functional decline), and iv) time of discharge (compare with previous levels and
correlate with clinical outcome measures). It will include measuring morphometry
(weight, height and BMI), body composition (bioimpedance), physical activity
levels, physical fithess and frailty status. The Senior Fitness Test measures basic
mobility-related parameters: aerobic endurance (6 min walking distance test,
6MWD), lower and upper body strength (30-second chair stand and 30-s arm
curl, respectively), lower and upper body flexibility (chair sit-and-reach and back
scratch, respectively), and agility/dynamic balance (8-foot up-and-go). This is a
valid instrument that provides fitness standards (performance cut points) to
identify individuals at greater risk of premature loss of mobility and independence
[21, 22]. Moreover, the performance at the 6MWD was previously shown to be
independently predictive of post-operative complications and recovery in cancer
patients [23-25]. Regarding frailty status, in the absence of a well-accepted gold
standard tool to assess frailty, we will use the phenotype model proposed by Fried
[26]. Fried's frailty phenotype considers the analysis of five physical health items:
unintentional weight loss; exhaustion; low energy expenditure (or inactivity
status); slowness; and weakness. Deterioration of each of these domains is
scored as one if present or O if absent, giving a potential score spanning from 0

to 5. Ultimately, three phonotypical categories will be obtained: fit (no
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deterioration); prefrail (one or two items); or frail (three or more things). Multiple
epidemiological studies have found that frailty diagnosis with this tool was
predictive of postoperative complications and mortality in older surgical patients
[27, 28].

2.6.2.2.3. Patient-reported outcomes

Patient-reported outcomes will be measured in the same four time-points
previously defined for functional capacity. Health-related quality of life will be
assessed by the European Organization for Research and Treatment of Cancer
Quality of Life Questionnaire Core-30 (EORTC QLQ-C30, version 3). The
EORTC QLQ-C30 is areliable and valid measure of the perceived health-related
quality of life of patients diagnosed with cancer in the multicultural clinical
research setting [29]. Patent-reported disability will be measured using WHO
Disability Assessment Schedule V.2.0, which is a questionnaire that assesses
activity limitations and participation restrictions (i.e. disability) in the prior month
[30]. It covers six domains of functioning, including 1) understanding and
communication; 2) self-care; 3) mobility (getting around); 4) interpersonal
relationships (getting along with others); 5) work and household roles (life
activities); and 6) community and civic roles (participation). This tool was
validated in a variety of disease states, including surgery [31], and was found to

be as responsive to change as disorder-specific functional measures [32].

2.6.2.2.4. Postoperative burden

These outcomes will be measured at 7, 30 and 90 days postsurgery. Data will be
collected by an outcome assessor blinded to the intervention and with no role in
any other part of the trial or in the patient’s clinical care pathway. Data will be
retrieved from the hospital clinical information system as well as from the patient’s
files, clinical notes and caregivers. If needed, the discharged patient will be
contacted by telephone and interviewed around day 90 after surgery. The
Postoperative Morbidity Survey (POMS) will be used to describe postoperative
morbidity [33]. The POMS contain 18 items that address nine domains of
postoperative morbidity (pulmonary, infectious, renal gastrointestinal,
cardiovascular, neurological, haematological, wound and pain). For each part,

either presence or absence of morbidity is recorded on the basis of objective
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criteria. The severity of the complications will be graded by using the Clavien-
Dindo classification system [34] and the Comprehensive Complication Index [35].
The outcome assessor will record the number of events per participants as well
as the number of participants with a complication. Death from any cause will be
recorded until day 90 after surgery. Health-care resource utilization will be
assessed by measuring the in-hospital length of stay (number of days in hospital
after the surgery, with the day of surgery counting as day 0), need of intensive
care (number of days in intensive care unit), readmissions (number of hospital
admittance after discharge, with the day of discharge counting as 0) and place

for release after leaving the hospital (institution versus home).

2.7. Data collection, management and monitoring

Patients will be informed and explicitly authorize the collection, storage and use
of data for the research purpose in the signed consent form.

Data will be collected from clinical records and database systems at the hospital
or assessed with the patients (e.g. questionnaires and physical fitness). All
documents will be stored securely in confidential conditions where only the
principal investigator has key access. In all other project-specific documents
(including any database), other than the signed consent, the participant will be
referred by the trial participant number and subject number (if applicable), not the
name. Tissue samples collected as part of routine care according to procedures
of standard clinical practice implemented at participating institutions will be coded
in collaboration with the Clinical Pathology Department, and only then provided
to team members. A cloud-based platform (Azure) will be designed and open to
all project members, to centralize data into a repository. Security and privacy will
be granted according to The European Union General Data Protection Regulation
(approved by the European Parliament in 14/4/2016; Enforcement date:
25/5/2018). The trial data will be regularly monitored and audited at regular
intervals by the local clinical trials department and Experimental Pathology and

Therapeutics Group.
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2.8. Blinding

Participants will be informed that they are being enrolled in a study that aims to
assess the relationship between their presurgical physical activity levels and their
postoperative outcomes and thus, will not be blinded to the intervention. To avoid
bias, care providers and outcome assessors will be blinded to the participation in
the clinical trial. Data analysts will also be blinded to the treatment allocation. Only
those directly involved with the management of the intervention will not be
overwhelmed. Unblinding will be permissible in case it is essential for the
participant’s standard care. The request needs to be submitted to the chief
investigator, who will decide if revealing the allocation status will influence the

continuity of the participant in the trial.

2.9. Ethics and dissemination

The project will be conducted in accordance with the Declaration of Helsinki and
National Legislation. Team members are committed to working according to the
Good Clinical Practices, in agreement with the Declaration of Helsinki and
respecting patients’ confidentiality. The local Ethical Authorities already approved
the study protocol and informed consent (supplement).

Adverse events caused by prehabilitation exercises are rare and of minor impact
[11]. We will minimize this by screening the patients for the presence of absolute
and relative contraindications to exercise [15] and by following the exercise
guidelines for cancer patients [36]. Participants will be submitted to the standard
procedures related to their treatment plan, decided at the multidisciplinary
oncology meeting, as usual. Thus, participants in the study will have the risks
associated with the procedures they usually are submitted (e.g. collection of
blood and urine samples, imaging for disease staging, adverse effects of
chemotherapy and surgery), which excludes the need for additional trial
insurances.

Research findings will be disseminated through peer-reviewed journals with
impact to the scientific community, and public presentations (to clinicians, to
academic audiences, and in national and international meetings). Data produced

will be made available to the scientific community and the society according to
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the ethical and social rules of involved institutions and government. The laws on
open access publications (Green or Gold) will have complied. All academic
journals (e.g. final articles or manuscripts accepted for publication, thesis) will be
deposited into the institutional repository of the involved research institutions

respecting the embargo period.

2.10. Statistics

No sample size calculation was preestablished as we are primarily interested in
precise estimates of feasibility and acceptability, as well as outcome variability
that will aid in the planning of a larger, sufficiently powered efficacy trial to
compare the effectiveness of prehabilitation to reduce postoperative morbidity
and mortality in patients elected for surgery. This exploratory pilot study will
enable us to collect the preliminary data we require to perform an accurate
sample size calculation for the full review.

The analysis will be conducted with SPSS, version 28 (IBM Corp., USA).
Normality of data will be determined by using the Shapiro-Wilk test. Baseline
features will be described as meantSD or median (interquartile range) for
continuous data and as frequency and percentage for categorical data.
Comparison between independent groups will be analyzed using Student t-test
or Mann-Whitney'’s test for continuous variables or Chi-squared or Fisher’s exact
test for categorical variables.

Statistical comparisons of secondary outcomes across the intervention and
control arms will be performed for patient demographics (age, frailty, physical
fitness, surgical risk score), duration of surgery, site of surgery (upper vs lower
abdominal), use of regional anaesthesia and blood product utilization. If there are
differences between the intervention and control arms, multivariate models will
be performed to adjust for these baseline differences. A two-sided p-value <0.05

will be considered to indicate statistical significance.
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Capitulo IV - DISCUSSAO, CONCLUSOES E TRABALHOS
FUTUROS

Neste capitulo fazemos a discusséo global e integrada dos nossos resultados
apresentando as principais conclusdes dos nossos trabalhos, salientando a
potencialidade do emprego do MyIPOrisk-score como instrumento de avaliacao
do risco pré-operatério em cirurgia oncoldgica digestiva. De igual modo expomos
e discutimos algumas das possibilidades de desenvolvimentos futuros deste

trabalho.

4.1 Instrumentos de avaliagdo de risco cirurgico na predicdo de
complicacbes poOs-operatdérias em doentes do foro de oncologia

digestiva

O doente oncoldgico apresenta um risco elevado de CPO quando submetido a
cirurgia do trato gastrointestinal, as quais se associa uma taxa de morbilidade e
mortalidade importante, particularmente naqueles que apresentam,
concomitantemente, comorbilidades e sindromes geriatricos [1-5]. Com o intuito
de prever a morbilidade e a mortalidade associada a uma determinada
intervencao cirdrgica, a cirurgia oncoldgica utiliza instrumentos de avaliacdo de
risco cirdrgico, tendo em conta a complexidade clinica e anatomo-cirdrgica de
cada doente [6, 7]. O conhecimento do risco no periodo pré-operatdrio tem como
finalidade auxiliar a decisdo médica sobre a elegibilidade do doente para o
tratamento cirdrgico e/ou orientar sobre a necessidade de instituir um programa
de otimizacédo pré-cirdrgico com o intuito de aumentar a tolerancia para o stress
cirirgico e mitigar os seus efeitos adversos [8-12]. No entanto, como revisto
previamente (Capitulo I) sdo cada vez mais os estudos que alertam para a baixa
validade externa destes instrumentos na populacdo cirargica em geral.

Adicionalmente, sdo também cada vez mais abundantes os estudos que
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reconhecem a falta de concordancia entre diferentes instrumentos (apesar
amplamente utilizados a nivel global) que avaliam o mesmo indicador de

prognastico.

Estes factos revelam a capacidade limitada de previsibilidade que existe neste
campo da atividade clinica, ao qual a cirurgia oncologica néo é excecdo. Com o
intuito de contribuir para o esclarecimento da utilidade atual dos instrumentos de
risco em doentes submetidos a cirurgia oncoldgica digestiva, no nosso primeiro
trabalho, analisamos e comparamos o risco cirdrgico previsto pelo P-POSSUM
Score, ACS NSQIP Surgical Risk Calculator, ASA e ARISCAT Risk Score [13].
Os nossos resultados revelaram que a precisdo e a concordancia dessas
ferramentas eram limitadas. Num estudo idéntico envolvendo doentes com
neoplasias malignas da cabeca e pescoco [14], também realizado pelo nosso
grupo, verificdAmos que o instrumento ACS-NSQIP falhou na previsdo de
complicagBes, porém teve uma capacidade de discriminacdo aceitavel para
prever a mortalidade e o instrumento ARISCAT previu as complicacdes
respiratorias de forma aceitavel. Ja os instrumentos ASA e P-POSSUM

revelaram-se preditores fracos para mortalidade e morbidade.

Tudo isto coloca enormes desafios ndo s6 na altura de selecionar o instrumento
adequado, mas também na confianca sobre a acuracia da informacéo gerada
que se pretende que auxilie a decisdo clinica. Uma forma de ultrapassar esta
limitacdo (falta de acuracia) podera passar por identificar as variaveis mais
informativas de risco cirargico de cada um dos diferentes scores preditivos (e/ou
incorporar outras), com o objetivo de otimizar a sua eficacia. Assim, no Nnosso
primeiro trabalho, exploramos as variaveis que compdem cada instrumento e,
com base nas mais informativas (idade, género, P-POSSUM fisiologico e
complicacéo séria do ACS NSQIP), desenvolvemos um novo modelo de
predicao de risco cirurgico, que denominamos MyIPOrisk-score. No training data
set, 0 novo modelo demonstrou ter maior capacidade de discriminacdo dos
doentes em risco de complicacdo major (AUC = 0,808; 1C95%: 0,755-0,862) do
que cada um dos instrumentos individualmente e apresentou a melhor
associagao entre o numero de complicac6es major observadas versus previstas
[13]. Ja para a coorte de doentes com neoplasias malignas da cabeca e pescoco,
0 nosso novo modelo de previsao incluiu o ACS-NSQIP e ARISCAT (AUC=
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0,750, 1C95%: 0,63-0,87). Portanto, concluimos que ha um valor limitado dos
instrumentos de risco habituais quando analisados individualmente e que a
combinacao das varidveis mais informativas podera ser Gtil para melhor predizer
o risco de complicacdes graves, sendo que as variaveis discriminativas de risco,

compreensivelmente, poderéo variar com o tipo de cancro.

Como perspetivas futuras, consideramos ser de importancia crucial e imediata a

validagdo do MylPOrisk-score em cirurgia oncoldgica digestiva (Figura 5).

S MV IPOrisk Optimizagdo Pré- Optimizagdo

Pré- ST Pos- VNI
score Criaey habilitacao Operatéria

Figura 5. Pathway de direcionamento de estudos futuros sobre CPO.

A direcdo futura dos estudos a realizar neste ambito deve contribuir para
esclarecer as problematicas levantadas no nosso trabalho, direcionadas ao
periodo pré- (validacao prospetiva do MylPOrisk-score e prehabilitacdo) e pos-
operatorio (utilidade profilatica e terapéutica da VNI), de forma a propiciar uma
prestacdo de cuidados verdadeiramente de qualidade, num processo continuo

para a obtencéo dos resultados desejados em saude.

Atendendo a que os dados que estdo na base do nosso modelo foram recolhidos
retrospetivamente, estamos de momento a realizar a sua avaliagédo prospetiva.
Este passo é fundamental para que este recurso possa entao ser transformado
num instrumento de apoio a decisao clinica em oncologia na nossa populacéo.
Também, como destacado anteriormente, acreditamos que a baixa validade
externa dos instrumentos atualmente em uso nao é de estranhar, uma vez que
a maioria foi desenvolvida ha varias décadas, com métodos estatisticos pouco
sofisticados, com base em variaveis/informacdes limitadas (em quantidade e
qualidade) e ndo acompanha nem incorpora o dinamismo que caracterizada as

caracteristicas dos doentes, das técnicas cirdrgicas e anestésicas, dos meios
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hospitalares disponiveis e regimes terapéuticos dos dias de hoje. As novas
tecnologias associadas a inteligéncia artificial, a qual assenta na ideia de que os
sistemas podem aprender com os dados, identificar padrbes e tomar decisoes,
oferecem hoje novas oportunidades que virdo certamente melhorar a
estratificacdo de risco e aumentar a preciséo preditiva dos instrumentos de risco,
com o minimo de intervencdo humana [15, 16]. Nesse sentido, destacamos a
colaboracgéo estabelecida com o Instituto Superior Técnico da Universidade de
Lisboa, com quem temos vindo a explorar as potencialidades destras tecnologias
nao s6 para validar, mas também para otimizar a efetividade e robustez do
MyIPOrisk-score na previsdo de CPO, tendo em vista melhorar o progndstico
perioperatorio e a reducdo da mortalidade perioperatéria. O projeto esta ja em
curso e a analise preliminar dos dados evidéncia a existéncia de uma associacéo
entre determinados padrbes (de variaveis) com efeitos adversos (ex:

complicagbes graves, mortalidade e tempo de internamento).

4.2 Caracterizacdo os fatores de risco perioperatérios associados a
complicacfes pulmonares graves de doentes submetidos a cirurgia

abdominal

As complicacdes pulmonares sao frequentes em doentes de risco submetidos a
cirurgia abdominal em geral e a cirurgia oncoldgica digestiva em particular [17,
18]. Este tipo de complicacdo pode evoluir em termos de gravidade implicando
a necessidade de suporte ventilatério e tem elevada morbimortalidade.
Atendendo a sua elevada incidéncia e impacto negativo no prognéstico do
doente oncologico, 0 nosso segundo trabalho focou-se na compreenséao do perfil
de risco perioperatério dos doentes que desenvolveram complicagcbes
pulmonares pds-operatorias graves, tendo necessitado de cuidados intensivos
apos cirurgia abdominal urgente ou eletiva [19]. Com o intuito de melhorar a
identificacdo precoce destes doentes, estudamos ainda a associacao entre 0s
fatores de risco perioperatorios e a mortalidade associada. Verificamos que o0s
doentes operados de forma eletiva e que desenvolveram complicacdes
pulmonares no pdés-operatério eram na sua maioria portadores de cancro

digestivo. A mortalidade aos trinta dias foi de 21,7%. O risco de desenvolvimento
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de complicagcBes pulmonares no pos-operatorio nas primeiras 48 horas esteve
associado a necessidade de utilizacdo de bloqueadores neuromusculares,
gasometrias arteriais alteradas no pré-operatorio. A desnutricao (baixa albumina)
prévia a cirurgia associou-se a mortalidade em 30 dias. A incisdo cirdrgica
abdominal mediana, cirurgias prolongadas e um alto indice de massa corporal
foram associados a complica¢des pulmonares pos-operatdrias que ocorreram 48
horas apds a cirurgia. Doentes com ASA 4 e com histéria de DPOC ou asma
tiveram menos necessidade de ventilagdo mecanica no tratamento das

complicacbes respiratorias.

A insuficiéncia respiratéria aguda (IRA), enquanto entidade clinica resultante da
evolucdo de CPP, pode em cirurgia oncoldgica digestiva assumir particular
importancia e relevancia, e o ARDS, a sua expressao sindromatica mais grave,
assume-se como um verdadeiro desafio para a medicina intensiva, com uma
taxa de mortalidade que pode chegar aos 76% [20]. Paralelamente aos estudos
desenvolvidos no ambito do presente trabalho, desenvolvemos investigagéo no
sentido de melhor conhecer a epidemiologia e a evolucdo das complicacdes
pulmonares graves em geral e da insuficiéncia respiratéria aguda hipoxémica e
do ARDS, em particular [21-28]. Participamos também na elaboracéo do Tratado
Lus6fono de Terapia Intensiva [29]. Os nossos estudos [21-28] sublinharam a
necessidade de um melhor e mais precoce diagnoéstico da ARDS. Foi notério a
auséncia de reconhecimento desta situacao clinica, motivando sub-tratamento e
uma alta taxa de mortalidade. Verificamos também que grau de envolvimento
pulmonar tem impacto na evolugdo negativa ou positiva destes doentes. No
nosso estudo, as o desenvolvimento de complicacbes pulmonares graves nas
primeiras 48 horas do pos-operatorio (com ou sem ARDS) associou-se a
utilizacdo repetida de blogqueadores neuromusculares durante a cirurgia,
gasometrias arteriais alteradas no pré-operatorio, incisao cirdrgica abdominal
mediana, cirurgias prolongadas e um indice de massa corporal elevados. Estes
aspetos exercem um efeito negativo na mecanica pulmonar, alterando as trocas
gasosas e favorecendo o aparecimento de atelectasia pulmonar [30]. O perfil das
CPP leva-nos a refletir sobre os potenciais beneficios da utilizacao profilatica e
terapéutica do suporte ventilatorio mecanico sob presséo positiva ndo invasivo

no periodo pos-operatorio imediato.
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O suporte respiratorio ndo invasivo no tratamento da insuficiéncia respiratoria
aguda no periodo perioperatdrio pode incluir varias técnicas, nomeadamente
oxigenoterapia convencional, canula nasal de alto fuxo (HFNC) e ventilacdo n&o
invasiva com pressao positiva (NIPPV) em particular a pressao positiva continua
nas vias aéreas (CPAP) e o Bilevel Positive Airway Pressure (BiPAP) [31]. Ha
evidéncia que no pos-operatdrio, a utilizacdo de CPAP pode melhorar as trocas
gasosas, ndo comprometendo a integridade das anastomoses gastrointestinais
superiores [32]. Varios estudos demonstraram até que o uso profilatico de BiPAP
nas primeiras 12-24 horas apos cirurgia de bypass gastrico em pacientes obesos
morbidos melhora significativamente a funcdo pulmonar [33-37]. O BiPAP pode
ultrapassar os problemas causados pela disfuncdo dos musculos respiratorios
apos a cirurgia abdominal superior a qual reduz as pressfes maximas
inspiratoria e expiratoria devido a fatores como irritagéo e inflamacéao ou trauma
proximo ao diafragma, o que pode originar insuficiéncia mecéanica local, inibicdo
reflexa e dor. Estas sdo responsaveis por hipoventilagdo alveolar e retencéo de
CO2[38]. Huerta et al.[39], avaliaram a seguranca e a eficacia do uso da CPAP
apos gastroplastia, ndo tendo sido observados casos de deiscéncia de

anastomose.

Parece-nos assim razoavel advogar que a utilizagdo de NIPPV no pos-operatoério
de cirurgia digestiva oncolégica pode ser util para melhorar a oxigenacéo, nao
se antevendo o aumento da incidéncia de fistulas ou a deiscéncia de
anastomose, desde que sejam empregues niveis adequados de pressdo de
insuflacao. Isto significa indicagdes corretas, equipamento adequado e treino da
equipa. Pretendemos desenvolver num futuro breve condi¢cdes para avaliar o
beneficio desta intervencéo terapéutica na mitigacdo das complicacbes pos-

operatorias pulmonares (Figura 5).

4.3 Mitigacao do risco de complicacfes pos-operatdrias através de um

programa de pré-habilitacao

No nosso segundo trabalho, verificAmos que os doentes de oncologia cirtrgica
digestiva que desenvolveram complicacdes graves no pos-operatorio tinham
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uma performance fisica diminuida e a sua fragilidade era refletida nas variaveis
fisiol6gicas dos instrumentos de risco estudados [19]. Observamos também que
os fatores de risco mais importantes para as complicagdes sdo modificveis e
que a sua otimizacao pré-cirurgica resultou na reducédo da taxa de complicacdes
graves e da mortalidade pos-operatoria. Os nossos resultados corroboram o
papel relevante que tem vindo a ser progressivamente reconhecido a pré-
habilitacao [40-42]. Em termos de estratégia, a aposta na pré-habilitacdo revela-
se inteligente e crucial. Enquanto intervencdo multimodal, a pré-habilitacdo tem
como objetivo principal aumentar a reserva funcional pré-operatdria, melhorando
assim a tolerancia ao stress cirurgico, o que se reflete na recuperacéo funcional

pés-operatoria mais rapida e na reducao da incidéncia de complicagdes.

A preméncia da pré-habilitacdo € particularmente sentida nos doentes com
comorbilidades cronicas e/ou sindromes geriatricos, onde a sua aplicacdo no
periodo pré-cirurgico permite de uma maneira geral melhorar os niveis basais
dos parametros de salde necessarios para a cirurgia, mitigando o risco de CPO,
podendo por si sé melhorar os resultados dos cuidados de saude, reduzir custos
e diminuir as readmissdes hospitalares [43-46]. Assim sendo, pretendemos
acrescentar a pré-habilitacdo ao tratamento usual dos doentes considerados de
risco. Para tal, desenvolvemos a nossa proposta de intervencdo que sera
iniciada com um estudo piloto de pré-habilitacdo em doentes com
adenocarcinoma da juncdo eso6fago-gastrica e do estdbmago que serédo
submetidos a cirurgia e envolvidos num programa de quimioterapia
perioperatoria (Figura 5). Para além de validarmos a eficacia do programa,
estabelecemos como objetivo secundario, a avaliacdo do impacto da pré-
habilitacdo domiciliar na capacidade funcional, estado de fragilidade, tolerancia
e eficacia do FLOT, qualidade de vida, incapacidade, CPO, mortalidade, tempo
de internamento hospitalar, necessidade de UCI, readmisséo hospitalar e local
de alta. Este estudo fornecera informacdes para orientar a realizagcdo de um
futuro ensaio clinico multicéntrico aleatorizado para testar a eficacia da preé-
habilitacdo na reducdo da morbidade e mortalidade pos-operatoria nesta

populacao.

Ao analisarmos as CPP, verificamos ainda que 18,3% dos doentes estudados e
que evoluiram no periodo pés-operatério com CPP eram imigrantes dos PALOPs
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[19]. A maioria deles tinha um nivel socioeconémico baixo, o que nos levou a
admitir que a condigcdo social provavelmente tem uma importancia né&o
desprezivel na génese das CPP observadas. Com o intuito de compreender
melhor este subgrupo de doentes, fomos rever algumas publicacdes sobre os
efeitos adversos a cirurgia referentes aos seus paises de origem e regido
subsaariana, tendo-nos deparado com o artigo de Biccard et al. [47]. Nele, os
autores descrevem uma taxa de mortalidade por CPO ap0s cirurgia eletiva geral
duas vezes superior a média global, apesar dos doentes serem mais jovens,
terem um menor perfil de risco menor e uma taxa de complicacdes mais baixa.
Para além dos aspetos organizacionais, de défice de recursos e treino,
verificamos que uma parte importante dos doentes com uma evolucédo fatal
tinham comorbilidades passiveis de serem minimizadas por um programa de preé-
habilitacdo, o que motivou a realizacdo de um ensaio, em que defendemos a

necessidade de um programa de preabilitacdo adaptada aquela regido [48].

4.4 Fatores limitantes da investigacao e recomendacdes

Os estudos que constituem o corpo principal da tese incluiram uma amostra
importante de doentes [14, 19, 29, 48]. As diversas variaveis estudadas foram
objecto de avaliacdo com recurso ao processo clinico electronico e avaliado por
3 investigadores independentes no sentido de diminuir a subjectividade. Apesar
da revisdo ter sido realizada retrospectivamente, o que pode permitir
enviesamento de dados, foi construido um modelo de recolha de dados que foi
seguido estritamente pelos investigadores. Foi determinada a metodologia e as
definicdes a utilizar. Sempre que se constatou auséncia de concordancia o
processo de revisdo foi realizado pelos 3 investigadores em conjunto. As
variaveis qualitativas a incluir nos distintos instrumentos de avaliacdo do risco,
provieram de dados numeéricos recolhidos de forma semelhante. Porém, este
esforco metodoldgico ndo suplanta a realizagdo de um estudo prospectivo em
que a sistematiza¢do na recolha de dados é mais conseguida e programada.

Outro aspecto a ter em conta € que apesar de incluir um ndmero importante de

doentes 0 nosso estudo envolveu apenas uma instituicdo. Assim, a validacéo
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das nossas conclusdes devera passar pela realizacdo de um estudo semelhante
mas de forma prospectiva e multicéntrica.

O facto do instrumento MylPOrisck-score incluir no seu modelo uma variavel
obtida pelo instrumento ACS-NESQIP risk score, no qual ndo se conhece o
algoritmo utilizado nos calculos e o facto deste instrumento sofrer actualizagdes
regulares poderia diminuir a sua validade. No sentido de avaliar se este aspecto
conferia limitagbes ao nosso modelo, estudamos a nossa série com as versdes
distintas do instrumento e obtivemos os mesmos resultados. Este facto permite
concluir que as actualiza¢cdes nao alteraram a variavel que foi incluida no nosso
modelo, essa variavel € denominada taxa de Complica¢des Graves.

Uma das recomendacfes aos utilizadores do nosso modelo € que ndo devem
introduzir dados na variavel Surgeon Adjustment of Risks. Todos os casos por
nos estudados foram calculados sem este ajustamento. Pretende-se assim nao
introduzir heterogeneidade na avaliagao.

O tipo de cirurgia a introduzir no instrumento ACS foi sempre decidido pelos 3
investigadores em conjunto escolhendo o procedimento mais proximo aos
realizados inclusive nos detalhes ou sempre que possivel a cirurgia
sobreponivel. No sentido de validarmos a acuidade do nosso modelo aplicamo-
lo em duas amostras diferentes de doentes que foram admitidos na unidade
hospitalar em anos distintos. A area sob a curva obtida e a eficiéncia na previsado
de complicac¢bes, foi semelhante nos dois grupos.

Apesar de estudarmos fundamentalmente a morbilidade utilizamos os dados da
avaliacao fisioldgica obtidos pelo instrumento P-POSSUM que, como referimos
na introducdo, tem melhor acuidade para a previsdo da mortalidade. A razao
para esta decisdo aparentemente contradioria, prende-se com o facto de que
nos nossos estudos o instrumento POSSUM subestimava a taxa de
complicagBes ao contrario do que era obtido quando utilizavamos o instrumento
P-POSSUM.

O nosso modelo associou um risco mais elevado de complicacbes a doentes
menos idosos. Este facto € aparentemente um contra-senso mas explica-se
porque na populacdo menos idosa (<70 anos) a radicabilidade cirurgica, isto

procedimentos cirirgicos mais agressivos e extensos sao mais vezes realizados.
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Este tipo de procedimentos associam-se, como € usual, a uma maior
probabilidade de complicagdes.

O instrumento por nds desenvolvido (MylPOrisk-score) revelou maior acuidade
ao comparamos a taxa de complicacdes prevista com a real, do que a observada
com o P-POSSUM, ACS-NESQIP e ARISCAT. Porém, é imperioso como ja
referimos validarmos 0s nosso resultados num estudo perspectivo e

multicéntrico.

4.4.1. Perspetiva futura

A nossa série de doentes (“dataset”) esta no presente momento a ser estudada
com recurso a metodologias de inteligéncia artificial. Os modelos de
aprendizagem automatica revelaram-se bastante interessantes e atrativos na
detecéo de padrbes em dados complexos e heterogéneos de elevada [49]. Com
0 objetivo de estender e melhorar as previsées do risco pds-cirargico em doentes
com cancro obtidas através da ferramenta “MyIPOriskScore”, foram explorados
alguns modelos baseados em aprendizagem automatica (“machine learning”).
Numa primeira abordagem, estamos a analisar a quantidade de “features”
existentes no nosso “dataset” e foi feita uma limpeza/pré-processamento aos
dados, tendo em conta algumas inconsisténcias e erros de “input” encontrados
(e.g. 14,.8 ou 2,2,). Para lidar com os “missing values” no “data” e imputar estes,
foi utilizada uma técnica multi-variavel disponivel através da biblioteca “scikit
learn” para a linguagem de programacdo Pyhton. Posteriormente, foram
implementados alguns algoritmos mais populares em aprendizagem automatica
(classificadores) de uma forma exploratoria com o objetivo de prever se um
doente ir4 ter (ou nao) alguma probabilidade de CPO (classe objetivo
“complicacgéo pés-cirargica”) tendo em conta o conjunto de fatores da nossa base
de dados clinicos. Entre os classificadores disponiveis no sklearn (biblioteca em
python) foram utilizados: Naive Bayes, K-Nearest Kneighbours, Support Vector
Machines, Decision Trees, Random Forests e o Multi-Layer Perceptron [50-53].
Como forma de avaliar a performance destes modelos foram utilizadas as
seguintes métricas:

¢ RMSE (Root Mean Square Error), MAE (Mean Absolute Error) e MAPE

(Mean Absolute Percentage Error).
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Os dados obtidos em breve serao objecto de publicagcdo. Em termos de trabalho

futuro no que diz respeito aos modelos de classificagdo serdo ajustados os

parametros dos varios modelos (e.g. pesquisa Bayesiana) [51, 54] e explorados

quais as “features” sdo relevantes para o processo de classificacdo, e quais

poderédo ser descartadas para reduzir a dimensionalidade do conjunto de dados.

O objetivo é construir um instrumento cada vez mais robusto na definicdo do

risco cirurgico dos doentes com patologia oncoldgica digestiva que podem

beneficiar de tratamento cirirgico curativo.
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5.1 Anexo I: Trabalho original V

Optimizing classical risk scores to predict complications in head and neck

surgery: a new approach

Ana Sousa Menezes, Antero Fernandes, Jéssica Rocha Rodrigues, Carla
Salomé, Firmino Machado, Luis Antunes, Joaquim Castro Silva, Eurico Monteiro,
Lucio Lara Santos.

European Archives of Oto-Rhino-Laryngology
https://doi.org/10.1007/s00405-020-06133-1

PMID: 32556466, Fator de Impacto: 1.840

Objetivo: Validar ferramentas para identificar doentes em risco de complicacdes
perioperatorias para implementar programas de pré-reabilitacdo em cirurgia de
cabeca e pescoco (C&P).

Métodos: Coorte retrospetiva incluindo 128 doentes submetidos a crurgia de
C&P, com internamento em Unidade de Cuidados Intermédios pOs-operatorios.
A precisao dos scores de risco ASA, P-POSSUM, ACS-NSQIP e ARISCAT para
prever complicacfes pds-operatérias e mortalidade foi avaliada. Uma analise
multivariavel foi subsequentemente realizada para criar uma nova ferramenta de
previsao de risco modelo para CPO no IPO-Porto.

Resultados: A nossa morbilidade e mortalidade em 30 dias foi de 45,3% e 0,8%,
respetivamente. O ACS-NSQIP falhou em prever complicacdes e estd associado
a uma capacidade de discriminacéo aceitavel para prever a morte. A habilidade
de discriminacdo de ARISCAT para prever complicacdes respiratorias foi
aceitavel. Os scores ASA e P-POSSUM revelaram-se fracos preditores de
mortalidade e de morbilidade. O nosso novo modelo de previséo incluiu o ACS-
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NSQIP e ARISCAT (area sob a curva 0,750, intervalos de confianca de 95%:
0,63-0,87).

Conclusao: Apesar do valor insuficiente dessas calculadoras de risco quando
analisadas individualmente, projetamos uma ferramenta de risco combinando-as

qgue melhor prevé o risco de complicacdes graves.
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Abstract

Purpose To validate tools to identify patients at risk for perioperative complications to implement prehabilitation pro-
grammes in head and neck surgery (HEN).

Methods Retrospective cohort including 128 patients submitted w H&N, with postoperative Intermediate Care Unit admit-
tance. The accuracy of the risk calculators ASA. P-POSSUM, ACS-NEQIP and ARISCAT to predict postoperative com-
plications and mortality was assessed. A multivariable analysis was subsequently performed to create a new risk prediction
model for serious postoperative complications in our institution.

Results Our 30-day morbidity and mortality were 45.3% and 0.8%. respectively. The ACS-NSQIP failed to predict complica-
tions and had an acceptable discrimination ability for predicting death. The discrimination ability of ARISCAT for predicting
respiratory complications was acceptable. ASA and P-POSSUM were poor predictors for mortality and morbidity. Our new
prediction model included ACS-NSOIF and ARISCAT (arca under the curve 0.750, 95% confidence intervals: (0.63—(0.87).
Conclusion Despite the insufficient value of these risk calculators when analysed individually, we designed a risk tool com-
bining them which better predicts the risk of serious complications.

Keywords P-POSSUM - ACS-NSQIP - ASA - ARISCAT - Head and neck

Introduction

Major surgery implies significant homeostatic disturbance
to the patient and it is well established that patients who
cxpericnee postoperative complications within 30 days of
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20-40% reduction in postoperative physical function and
a significant deterioration in the quality of life after major
surgery [1, 3].

It has long been accepted that individuals who have
limited pre-operative physical fitness have higher rates of
maorbidity and mortality during their hospital stay [4. 5].
Om the other hand, individuals who have better preopera-
tive physical fitncss expericnee less posioperative pain and
have betier physical functional status postoperatively [6]. For
this reasom, there has been a growing interest in the concept
of prehabilitation which is defined as a multidimensional
programme that aims to optimize physical functionality
preoperatively to achieve a quicker recovery of functional
status in the postoperative period [7]. Prehabilitation has
a paticnt-centered strategy, focused on optimizing patient
eligibility for surgery and improving surgical outcomes [7].
Some authors state that prehabilitation is analogous to mara-
thon training [ 1]. In fact, they both require training. Similar
to marathon training, prehabilitation programmes acknowl-
edge the multidimensional aspects of prooperative propara-
tion to include nutritional, psychological, and behavioural
interventions in addition to exercise [1].

Various scoring systems have been developed to estimate
the risk of perioperative morbidity and mortality and these
might be valuable in the selection of patients for prehabilita-
tion before surgery. This is particularly important in the head
and neck oncology discipline where complications such as
fistula development can result in the significantly extended
length of stay and decreased quality of life [].

The American Society of Anesthesiologists physical sta-
tus (ASA} is perhaps the best known and widely used grad-
ing system for prooperative health of the surgical paticnis
[9]- It relics on a subjective assessment of a patient’s overall
health that is based on six classes, with ASA I being a nor-
mal healthy patient. and ASA VI a brain-dead patient [9]
[Appendix A).

Another scoring system is the Physiological and Opera-
tive Severity Score for the enumeration of Mortality and
maorbidity (POSSUM) which was initially developed by
Copeland et al. and later adjusted in 1998, into Portsmouth-
POSSUM (P-POSSUM} [10, 11]. It aimed to provide both
retrospective and prospective analysis of the risk of mortal-
ity and morbidity of surgical paticnts within 30 days aficr
surgery and to facilitaic surgical audit and companison of
the performance of individual units. The P-POSSUM score
includes 18 parameters divided into two components; 12
physiological and 6 operative factors, to make a minimum
score of 18 and a maximum score of 136 and then converted
to a percentage with a logistic regression [ 10, 11] (Appendix
B).

More recently, the American College of Surgeons
National Surgical Quality Improvement Program {ACS-
NSQIF) developed an universal surgical risk calculator

41 Springer

based on preoperative risk and postoperative morbidity and
maortality [12, 13]. This risk calculator is an open-access
online tool that accepts the input of 21 comorbidity and
demographic-related, patient-specific variables, in conjunc-
tion with a surgery-specific Current Procedure Terminology
code, to predict patients’ risk of 12 postoperative outcomes
within 30 days after surgery (Appendix C).

Likewise, the acknowledgment that postoperative pulmo-
nary complications can contribute significantly to overall
perioperative morbidity and mortality, motivated the devel-
opment of The Assess Respiratory Risk in Surgical Patients
in Catalonia (ARISCAT) risk scale [14]. The ARISCAT
score predicts the overall incidence of postoperative pul-
monary complications, by assigning a weighted point score
to four patient-related factors and three surgical procedure-
related factors [ 14] (Appendix D). It finally categorizes risk
as follows: Low risk {0-25points), Intermediate risk {26—34
peints) and High risk (45-123 points).

Ower the years, the aforementioned risk tools have been
studicd in head and neck surgery with conflicting results.
Therefore, we have evaluated these surgical risk calculators
comparing several predicted outcomes with the observed
outcomes in our population, to develop a model to estimate
the degree of risk and afterwards implement prehabilitation
programmes in our institution.

Material and methods

The medical records of all patients submitted to head and
neck major surgery with Intermediate Care Units (IMCL)
adminance for postoperative care, in atemiary care hospital,
from January 2016 1w December 2017, were retrospectively
reviewed. An additional cohort of patients admitted in 2018,
was included for validation purposes of our risk model.

The admittance to the IMCU was due o the complex-
ity of the surgical procedure andfor due to comorbidities
of patients.

The following surgical risk calculators were used: P-POS-
SUM, ACE-NSQIF, ASA and ARISCAT, to predict the risk
of postoperative outcomes [9-12, 14]. In this study, on-line
calculator tools were used to obtain P-POSSUM scores
(www.riskprediction.org.uk) and ACS-NSQIP scores {www.
riskcalculator.facs.org) [ 13, 15]). Clinical information was
manually entered into the siudy database. For the ACS-
NSQIP risk calculator, the most relevant Current Proce-
dural Terminelogy (CPT) codes were selected based on the
type, extent, and attributes of the procedure. When multiple
procedures were performed that could not be captured by a
single code, the principal CPT code, after consultation with
the surgeon, that represented the most clinically complex
procedure among all procedures done during that operation,
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was chosen. To maintain consistency, “Surgeon Adjustment
of Risk™ was not altered.

The occurrence of postoperative complications within
30 days was registered. The severity of complications was
evaluated using Clavien-Dindo (none/minor if inferior or
equal to grade 2 and major if equal or superior to grade
3)and ACS-NSQIP (“any complications™ or “serious com-
plications’") classifications [12, 16, 1T]. The ACS-NSQIP
defines “serious complications™ as the presence of any of
the following: cardiac arrcst, myocardial infarction, pncu-
monia, renal insufficiency and failure, pulmonary embolism,
deep venous thrombosis, return to the operating room (OR),
deep incisional surgical site infections. organ space surgi-
cal sitc infections, systemic scpsis, unplanned intubation,
urinary tract infection, and wound disruption. “Any com-
plication”™” was defined as superficial incisional surgical site
infections, stroke, or ventilator support > 48 h or any of the
aforementioned scrious complications [12]. In cases with
multiple complications, the case was assigned a grade cor-
responding o the highest graded complication according o
Clavien-Dindo and ACS-NSQIP classifications.

The hospital length of stay (LOS) and mortality (at | and
12-months after surgery) were also evaluated. Despite the
fact that the risk instruments included in this study were
designed to predict 1-month mortality, only one patient died
in the first month aficr surgery in our sample. Therefore, the
analysis of the 1-month mortality was not feasible. Although
niot the most recommended, we decided to analyse the 1-year
mortality using the same risk tools.

The body mass index, a variable included in the ACS-
NSQIP score, was also included and analysed individually
in this study.

The study was approved by the Institutional Review
Board and the Ethics Committee of the hospital. The proto-
cols conformed to the ethical guidelines of the World Medi-
cal Association Declaration of Helsinki (version 2002).

Statistical analysis

Continuous variables are presented as mean # standard
deviation and categorical variables as frequencies and
percentages.

Chi-squared or Fisher's exact tests were used to evaluate
the association between two categorical variables, namely,
the occurrence of postoperative complications (within
30 days after surgery) or death {within 30 days and 1 year
after surgery) with different categories of ASA score and
ARISCAT.

Comparisons between groups were performed, using
independent samples t-tests (or Mann-Whitney) and
ANOVA (or Kruskal Wallis) tests for continuous vari-
ables as appropriate. P-POSSUM and ACS-NSQIP scores
were compared between patients with the occurrence of

postoperative complications within 30 days. Body mass
index, P-POSSUM and ACS-NSQIP scores were compared
between patients with the occurrence of death within 1-year
after surgery.

Survival analysis after surgery of patients with different
ASA categories was performed using the Kaplan—Meier
methodology.

The ability of the risk tools P-POSSUM, ACS-NSQIP
and ARISCAT for predicting post-operative complications
and dcath was asscssed using Recciver Operating Char-
acteristic (ROC) curves and estimating the area under the
curve (AUC). The discrimination ability of cach score was
considered acceptable for 0.7 < AUC < 0.9 and excellent
for AUC = 0.9 [18]. The 95% confidence intervals (CT) are
reported.

Binary logistic regression analysis was performed to eval-
uate the association of each risk score with the occurrence
of major complications {Clavien-Dindo classification = 3
and Serious complication according to ACS-NSQIP score).
An univariable model was first built for cach score. Then
a multivariable model was built using a stepwise variable
sclection algorithm which retained in the final model only
the significant variables. The prediction ability of the final
pancl of variables was also evaluated using ROC curves and
the corresponding ALUC.

Significance was scitled for p < 0L05.

Statistical analysis was performed using the SPSS soft-
ware, version 22,

Results
Demographic and clinical characterization

There were 128 patients submitted to surgery in the first
period of study. Of these, 106 (82.8%) were male and 22
(17.2%) were female. The mean (standard deviation) age
of paticnts was 62.6.4 10.1 years (min—max 41-91 years).

The mean LOS, in days, was 2.1 +2.2 (min-max
1-138 days] in the IMCU and globally in the Institution was
2204 19.1 {min—max 2-113 days).

Most patients were admitted for elective surgery (93%,
n=119). Six patients needed unplanned Intensive Care Unit
Admission (4.7%, n=6).

Muost patients were independent (34.4%, n= 108) or par-
tially dependent (9.4%, n= 12} with only eight patients being
totally dependent (6.3%) for the activities of daily living.

Around 23% of our patients presented Diabetes Mellits
(n=29). The majority of these (n=26) was under oral medi-
cation and only three paticnts were performing insulin treat-
ment. Almost 60% (1 =T76) presented hypertension requiring
medication and 21% (n=27) had a history of congestive
heart failure 30 days prior to surgery. Over 40% (n=33)
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were active smokers in the previous year and 28.1% (n=36)
had severe chronic obstructive pulmonary disease history.
Around 30% (n=40) presented dyspnea within 30 days of
surgery. None had a history of dialysis or systemic sepsis
within 48 h prior to the procedure.

The most common procedures which required admit-
tance in the IMCL in our series were laryngectomy {16.4%),
glossectomy with surgical excision of the floor of mouth
(13.3%), COMMANDO operation (7.8%) and pharyngolar-
yagectomy (6.3%). The surgical procedures of our sample
are summarized in Table 1.

Fifty-eight patients experienced one or more postop-
crative complication within 30 days after surgery (43.3%)
{Fig. 1. The most common postoperative complication was
surgical infection (31.0%:; n=18). followed by respiratory
infection or insufficiency {25 9%, n= 14). Respiratory insuf-
ficiency was defined as postoperative Pa0), < 60 mmHg and/
or PaC0y, > 50 mmHg. When we analyse the complications,
according to Clavien-Dindo classification, most paticnts
prescnted grade 11 (ie., requires phammacological treatment,
28.1%). grade Ib (i.c., requires surgical reatment under
general anesthesia, 6.3%) and IVa (i.e_, life Threatening
complication-single organ dysfunction, 3.9% ). Globally, the
incidence of major postoperative complications according
to Clavien-Dindo Classification (grade equal or superior to
grade 11} was 14.8% (n= 19). Twenty-two patients (17.2%)
presented a serious complication according to the ACS-
MNSQIP classification.

Thirty-nine patients died during the study period: one
died in the first month afier surgery (overall mortality at
I-month of 0.8%) and 29 patients died in the first year
[22.7%).

We analysed the effect of the nutritional stams in the
1-year mortality. Patients with death in the first vear after
surgery had a significantly lower mean body mass index
(229+39 Kg.l'mz]l than patients who survived (25.3+4.9
Kg/m?) {p={1.006).

Five patients (3.9%) had prior chemoradiation, six
paticnts (4.7% ) had a history of radiotherapy only and seven
patients (5.5%) had a history of chemotherapy only. There
was no association between history of prior chemo and/or
radictherapy and the occurrence of postoperative complica-
tions (pz0.05}). On the other hand, prior radiotherapy was
associated with 1-year mortality (3"=6.22; p= 0.010).

The cohort of patients subsequently added to the original
sample for validation purposes consisted of 45 patients and
was similar to the training cohort considering major demo-
graphic and clinical characteristics.

ASA physical status

Muost of the patients were ASA 2 (50.8%) and 3 (47.7%),
with only two patients being ASA 4 (1.6%). Of the 58
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paticnis who presented postoperative complications, 25 were
ASA 2, 31 were ASA 3 and 2 were ASA 4. Of the 18 patients
presenting major complications according to the Clavien-
Dindo classification (grade = 3), the majority were ASA 3
{(n=13/61% ). No significant association between ASA score
and the occurrence of complications was found (p=10.111).

A higher ASA score was positively associated with 1-year
mortality (p=0.005). In fact, in the first year afier surgery,
16.2% of the ASA two paticnts, 34.4% of the ASA three
patients and 100% of the ASA four patients, died.

P-POSSUM

The overall P-POSSUM predicted morbidity raic was
4793 (+23.93)% and the predicted mortality rate was 6.42
(+ 11.36)%. This means that the P-POSSUM scoring system
predicted that 61 patients would develop postoperative com-
plications {47.9% ), comparing with the 58 (45.3% ) patients
who did effectively had complications and that cight paticnis
were expected to die (6.42%), but only one patient did effec-
tively died in the first month after surgery ((0L8% )L

The physiological and operative severity scores were
compared between patients with and without death 1-year
after surgery, and no significant differences between groups
were observed (p=0.100 and p =0.253, respectively)
(Table 2). Also, there were no differences between these
groups considering the predicted mortality rate (p=10.116).

The predicted morbidity rate was significantly higher in
paticnts who died in the first year after surgery (p=(0.049)
(Table 2). P-POSSUM mortality discrimination ability was
only reasonable according to the analysis of ROC curves
(AUC 0.60; 95% C10.49-0.71).

The physiological and operative severity scores were
compared among patients with and without complications
after surgery, and no differences between groups were
observed (p=0.499 and p = [L69E, respectively ) (Table ).
In addition, there were no differences between these groups
considering the predicted morbidity rate (p=0.673).
P-POSSUM discrimination ability for serious complications
according to ACS-NSQIP classification and major compli-
cations according to Clavien-Dindo classification was only
reasonable (AUC 0L63; 95% CI 0.48—0.77 and AUC 0.69;
95% C1 058081, respectively).

ACS-N5QIP

Patients who developed complications in the postoperative
period presented a higher predicted ACS-NSQIP risk of
complications pre-operatively, specifically the risk of scvere
complication (p=0.001). any complication {(p < 0.1}, risk
of surgical site infection (p=0.030), risk of pneumonia
(p=0.170) and risk of cardiac complications {p=0.040]
(Tahle 3).
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Table 1 Head and Neck procedures with Intermediate Care Unit admi

Muost common procedures with 10U admitlance " Relative Fre- Associated procedures
guency (%)
Larympectomy 21 16.4 Neck dissection 16
Partial 7 Recomstruction (pedicled Bap) 1
Toaal 14 Thyreddectony 2

Pharyngolaryngectomy B 6.3 Meck dissection T
Recomstruction (pedicled Bap) 2
Thyroddectomy 1

Chossectomy with surgical excision of foor of mouth 17 13.3 Mandibulectomy 10
Meck dissection 15
Recomstruction (pedicled Bap) 7
Recomstruction (free fap) 2
Tracheostomy 10

Closseciomy 15 1.7 Recomstruction (pedicled Bap) 4
Recomstruction (free fap) 1
Tracheostomy 1
Neck dissection 6
Pharyngectomy 1

COMMANDO operalion i} 1.8 Recomstruction (pedicled Bap) T
Tracheostomy 2

Mandibulecomy 12 a4 Recomstruction 9
Tracheostomy 3
Meck dssection 2
Surgical excision of Beor of mouth 1

Partial pharyngectomy 11 BB Meck dissection 10
Tracheostomy and glossectomy 1

Maxilectomy 7 55 Neck dissection 1
Recomstruction (pedicled Rap) 1
Oirbital exenteration 1
Oirbital enwucleation 1
Pharyngectomy and glosseciomy 1

Todal parobdeciomy 1 08 Reconstruction (pedicled Bap) 1

Endoscopic cticn af malig i | bamsouars 2 L&

Excigion of malignamcy From the Eip with reconstruction 5 R Meck dissection 1

Revision of hemostasis from the surgical wound 3 23

Suspension micrelaryngoscopy with biopsy i 4.7 Neck dissection 1

Total troédectomy 1 0.8 Neck dissection 1

Partial rhinectomy 1 (1%.3 Neck dissection and Reconstruction

with local flap

Neck dissection 4 il Reconstruction (pedicled fap) 1

Tracheastomy 1 0E

Deep neck abscess drainage 1 0E

Trans-oral epiglobectiomy 1 0k

Removal of osleosynibesis material from the mandible 1 0B

ACS-NSQIP did not show discrimination ability for pre-
dicting surgical site infection (AUC 0.47; 95% CI (.29-0.65)
and pneumonia (AUC 0.5%; 95% CI 0.40-0.78) and had a
reasonable accuracy for cardiae complications in our sample

(AUC 0.65; 95% CI10.48-0.82).

The mean predicted ACS-NSQIP risk of death was sig-
nificantly higher in patients who died (458 + 8.12 versus
1134193, p=0.020). The ACS-NSQIP discrimination
ability for predicting the risk of death in the postoperative
period was acceptable (AUC 0074; 953% CI 0.65-0.84).
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Fig.1 Postoperative complica-
lioms in patients submitted o
Head and Neck surgery with
Intermediate Care Unit admit-
lamoce (k= 5B patienls)

Cardiorespiratory arrest
Acute pulmonary edema
Comvulsive Eplsode

Thoraclc duct fistula

Sepsls

Vascular Cerebral Acchdent
Hidro-electrolytical inbalance

1 (L7}
= oam
17
e 2 (3.5%)
b 2 {3.5%)
J— 3(5.2%)
e 3(5.2%)

Pharyngocutaneous fistula  jesd 3 [5.2%)
Hemorrhage |l 4 (7.0%)
Cardiac arrhythmia _i_ 9 (15.5%)
1 |
Surgical wound dehlscence T T d 12 [30.T%)
Respiratory infection/Insufficiency I I 4 15 (25.9%)
Surgical Wound infection T ; 1E [31.0%)
]
o 5 io 15 20
Absohite Numbir
"F:""‘* ISE:"“P"“'”“? of P-POSSLIM predicted risk Physiclogi- Operative % mortality % morhidity
H SCLEES AMONE cal Seome severity P-POSSUM  FPOSSUM
patients considering mortality PP N
and morbadity paramelers
Deeath | -year afier surgery MNoir=94) INS5+60 128431 514+R7 4544231
Yesn=3) I321+83 136+35 9%+ 164 54 E+252
P value 0. 1(Hy 0.253 wlle kg
Jiday post-operative complications No{r=T0) JL9+6.5 13.0+£29 54+75 47.1+£237
Yes (n=58) I1.7+£7.1 132436 Th+14.7 489+243
P value 049 LGSR L2196 0675
Table 3 Comparison of ACS-NSQIP predicted risks among patients with the oceurrence of complications and death
ACS-NSIP Postoperative Complication o value ALC (CT)
predicied risks Mo (n=70) Yes (m=58)
Severe Complication 173106 43+116 < 0.00H 069 (055-0.81)
Any Complicalion 19.0+12.3 176+123 < 0.00H 059 (048-0. T}
Surgical Sile Infection 58+59 BI+6.2 0025 0.AT (0.29-0L65)
Pneumonia 317+34 53+4.0 170 059 (D.40-0.TE)
Cantiac complications 0.7 +08 15+£19 040 A5 (D48-0.82)
Death 1-year afler surgery o value ALC (CT)
Mo (n=94) Wes (n=34)
Rizk of death 1.13+15%3 4.58+8.12 020 .74 (L65-0.84)
ARISCAT score than patients without (15.1 £49.9) this complication

The mean ARISCAT score in our sample was 16,2 + 10,3,
ranging from 0 to 39. Therefore, there were no patients in
the preoperative high-risk category (score = 43).

Fatients who developed pulmonary complications had
significantly higher {24.1 +9.7) preoperative ARISCAT
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120

(pr=0.001).

ences {p=_0.001) (Table 4).

In 41 patients with intermediate preoperative ARISCAT
score, 12 (29.3%) developed pulmonary complications
(Table 4). Patients with low-risk scores had lower rates of
pulmonary complications {4.6%) than those in the interme-
diate-risk group (29.3%). with statistically significant differ-
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Tabled Comparison of ARISCAT predicied risk scores among
patients with the oceurrence of respiralory complications and death
afler surgery

Oulcome ARISCAT predicted P wvalue
rizk
Lava risk Inter-
(<26 points}  mediate
ek
(2644
peimis |
Respiratory Compli- Yes (n=16) 4 12 ool
cation Nain=112) %3 9
Death 1-year after Yes (n=34) 22 12 .905
Surgery No(n=%) &3 29

Table5 Edimated Odds Ratio of Servous Complications (ACS class-
Bcation) uxing uni- and multivariable binary bogistic regression maod-
els

Variahle Univariable OR (95% Mulivariable OR (95%
CIy Ladi]

ARISCAT 1.07{1.02-1.12) 106 (LOI-1.11}

ACE 1.05{1.02-1.09) 1.05 ( L01-1 09y

P-POSSUM 1.00 {(LEB-1.13) -

ASA 21

3 201 (ET-4.62) -

The discrimination ability of ARISCAT score for predict-
ing respiratory complications was acceptable (ALUC 0.75;
95% CI1 0.61-0.88).

ARISCAT score was not associated with death 1-year
after surgery (p=0.903), nor were there differences of the
ARISCAT score between the individuals with and without
death after surgery (p=0.905). (Table 4).

Multivariable analysis

A binary logistic regression model was built to predict the
occurrence of major complications within 30 days after sur-
gery (according to ACS-NSQIP classification), considering
as potential independent variables the risk tools: P-POS-
SUM, ACE-NSQIP, ASA and ARISCAT.

Only ACS-NSQIF and ARISCAT were found statisti-
cally significant in the multivariable model and have been
included in the final model {Table 5). The occurrence of seri-
ous complications increases significantly with ACS-NSQIP
score and ARISCAT score (OR = 1.05; 95% CI 1.01-1.10
and OR = 1.08; 95% CI 1.02-1.15, respectively). The AUC
obtained with this model for the training set (patients admit-
ted in the period 2016-2017) was 0.75 (95% CI 0.63-0.87)
(Fig. 2a). A cut-off between low and high risk was chosen
to maximize sensitivity with an acceptable specificity. For

the chosen cut-off a sensitivity of 81.8% and a specificity of
54.8% were obtained for the training set.

Given the small sample size of the original training set,
we decided to append an additional dataset of 45 patients
admittcd in 2018, that was subscquently included for valida-
tion purposes to have a larger sample and to refit the model.
A sensitivity of B2.8% and a specificity of 32.8% were
obtained. The results are presented in Fig. 2b and Table 5.

No significant model was obtained considering the clas-
sification of Clavien-Dindo and the risk tools P-POSSUM,
ACS-NSQIF, ASA and ARISCAT.

Discussion

Agcurate estimates of postoperative complication risks are
undoubtedly important to patients, caregivers, and clini-
cians. To our knowledge, this is the first study performing
a comprehensive analysis of the four most imporant risk
scores in the surgical community, ASA, P-POSSUM, ACS-
NSQIF and ARISCAT in head and neck procedures. We
have studied the theoretically considered high-risk patients,
by including patients admitted in the IMCL for postopera-
tive carc duc to ancsthetic or surgical risk. Given the ques-
tionable value of the risk scores individually evaluated in
this study, we performed a multivariate analysis combin-
ing them and designed a new risk tool for our institution
which better predicts the risk of serious complications in
our patients.

The topic of surgical complications and mortality is a
relatively delicate and difficult to report subject. However,
our crude 30-day morbidity and mortality were broadly con-
sistent with those in other published reports, at 43.3% and
less than 1%, respectively [19-21]. Globally. the incidence
of major postoperative complications according to the Cla-
vien-Dindo classification (grade equal or superior to grade
3) was 14.8% (n=1%) which is also in line with other reports
[19, 200

The ASA classification was established in the 1940 and
has since undergone multiple revisions [22]. Today. the
ASA classification is universally recorded for any surgi-
cal case performed under anesthesia. While not intended
to predict risk, increasing ASA class has been associated
with increased perioperative morbidity and mortality [9, 22,
23]. It is also included in other surgical risk calculators, as
ACS-NSQIP [12]. In our sample. the ASA score was not
associated with the occurrence of complications (p=0.111).
However, the association between the ASA score and post-
operative complications has been reported in the literature
in many surgical specialties, including (Morhinolaryngol-
ogy. Hackett and colleagues confirmed the potential of ASA
score for risk stratification not only for medical complica-
ticns but also for mortality after surgery. The same study
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Fig.2 a Receiver-operating a 1o
characteristic curves and perfor.
mance melrics for our algorithm
in precicting the occurrence

of serious complicalions in the
trazning sel of patients (n= 128}
b Recerver-operaling charac-
leristic curves and performance
melrics for our algorithm in
predicting the occurrence of
serious complicabions m a larger
sample of patients (original
trazning sel plus an additional
dataset of 45 patients, r= 173)

b 10

0.8

0.6

Sensitivity

reported that patients with greater ASA classes developed
substantially higher rates of postoperative medical complica-
tions and mortality when compared to patients in lower ASA
classes [22]. In our study, a higher ASA score was positively
associated with 1-year mortality (p=00005) and a lower sur-
vival time was observed in patients with higher ASA grades.
In spite of the ASA classification being simple and widely
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AUC:

ACS-NEOIP: 0.70 (0US5-0.81)
ARISCAT: 0.72 (0.E0-0.B5)
Ligistic Modiad: 075 (0.63-0.8T)

1-Specificity

ARISCAT = Logutic Madil

ALUC:

ACS-NSQIP: 0.66 (0.56-0.77)
ARISCAT: 0.66 [0 58-0.79)
Lagistic Model: 0.71 (0.61-0.81)

0.4 0.6 0.8 10

1-Specificity

ACS-MSQIP ------ - ABISCAT

Logistic meodal

understood, a great variability between assessments has
been reported as it relies on a subjective evaluation [24].
Also, it does not describe individual patient risk and can-
not. therefore, account for a surgical procedure, preopera-
tive optimization or individual differences in postoperative
care setting |24, 25]. Nevertheless, the ASA classification
system is a simple, valid metric for determining the risk
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of complications and mortality, being extremely useful for
clinical communication between colleagues. However, we
agree that for more detailed case analysis, for auditing, risk
management and funding allocation purposes, ASA clas-
sification is insufficient [24].

The P-POSSUM system has been recommended as an
accurate method in evaluating surgical outcomes and allow-
ing direct comparisons, despite distinct patterns of refer-
ral and populations. It has the advantage of being simple
and including variables that are easy to collect. It considers
the physiological condition of the patient at admission and
the severity of the surgical procedure to predict the rates
of morbidity and mortality. It has been already evaluated
in head and neck surgery with controversial results. In our
study, P-POSSUM discrimination ability for mortality and
morbidity was only reasonable according to the analysis of
ROC curves. Also, there were no differences between groups
with and without complications within 30 days after surgery
or death until 1-year after surgery considering the physi-
ological and operative severity scores and also considering
the predicted morbidity and mortality rates, respectively. In
our sample, P-POSSUM overpredicted 30-day mortality, as
a total of eight deaths were predicted but only one occurred.
Other authors reported that P-POSSUM overpredicted the
occurrence of death and had no relevance in predicting mor-
tality in a population undergoing head and neck surgery [ 20,
26). However, the analysis of mortality in our study is lim-
ited by the small number of patients who died in a relatively
reduced sample. Also, P-POSSUM slightly overpredicted
morbidity, as a total of 61 patients were predicted to develop
postoperative complications (47.9% morbidity rate) but
only 58 cffectively did (43.3%). Other colleagues reported
divergent results in head and neck surgery for P-POSSUM.
Ribeiro and Kowalski used the original POSSUM score to
predict complications in 530 patients having orofacial sur-
gery for cancer [21]. The findings in this study mirror those
of Griffiths et al. who, in a similar population, reported that
POSSUM under-predicted morbidity in the low to moderate
risk categories [21, 26]. More recently, Tighe audited 360
operations in 245 patients submitted to orofacial surgery for
cancer and concluded that P-POSSUM under-predicted mor-
bidity in the low-risk groups and over-predicted mortality in
all risk groups [ 20]. Unfortunately. in our study, P-POSSUM
has revealed itself not suited to predict outcomes in head and
neck surgery. Indeed, the variables that comprise the P-POS-
SUM scoring system were designed for a general surgical
population, and variables like “peritoneal soiling™ and the
“(lasgow Coma Scale”™ are probably not relevant to head and
neck surgery. Remarkably, poor nutritional status is another
factor shown to be significantly associated with postopera-
tive mortality in our sample. Considering the similar results
of other studies in the head and neck cancer population,
wee consider that the inclusion of the variable “nutriticnal

status™ in the P-POSSUM score should be equated [26. 27].
Griffiths et al. also suggested that radiotherapy and previous
surgery were both significant for the development of post-
operative complications and were worthy of inclusion in the
original Possum score for head and neck surgery [26]. In our
sample, previous radiotherapy was not associated with the
occurrence of postoperative complications, possibly due to
our small sample size. On the other hand, prior radiotherapy
was associated with 1-year mortality.

Considering the ACS-NSQIP calculator in our patients,
one may conclude that it had an insufficient accuracy for
predicting complications. In spite of the existence of signifi-
cant differences for the ACS-NSQIP predicted risks between
groups with and without specific complications, the discrim-
ination ability for predicting the most common complica-
tions (surgical site infection, pneumonia and cardiac compli-
cations) is nearly reasonable or worse. Regarding mortality,
although ACS-NSQIP was not designed to predict 1-year
maortality. it showed an acceptable discrimination ability for
predicting the risk of death in the postoperative period in
our sample. Also, the predicted ACS-NSQIP risk of death
was significantly higher in patients who died (p=0.0201.
There have been studies previously showing that the ACS-
NSQIF database may not adequately predict postoperative
complications in complex surgical procedures. Prasad et al.
concluded. in a cohort of %8 patients, that ACS-NSQIP risk
calculator was a poor predictor of perioperative complica-
tions following major head and neck operations [23]. Other
two recent studies pertaining to microvascular head and
neck reconstruction showed poor prediction performance
of ACS-NSOQIP [29, 3. In addition, Schneider et al. have
added total laryngectomy to the list of complex procedurcs
for which the MSQIP risk calculator may not be as accu-
rate in predicting postoperative adverse events [31]. More
recently, Vosler et al. evaluated 131 patients and reported
efficacy of ACS-NSQIP surgical calculator for predicting
postoperative complications in head and neck oncology sur-
geries that do not require microvascular reconstruction [2].
The same authors suggest that this surgical caleulator can
be improved by the inclusion of several factors important
for risk stratification in head and neck cncology, namely,
the performance of free flap reconstruction. Furthermore,
other study concluded that ACS-NSQIP calculator may be
insufficiently calibrated to accurately predict postoperative
complication risk for patients previously exposed to chemo-
radiation undergoing salvage laryngectomy [32]. The same
authors, advised caution when estimating postoperative risk
among patients undergoing salvage procedures, especially
those of older age, poorer functional status, and those requir-
ing neck dissection [32]. There is increasing recognition of
the importance of a specialty-specific ACS-NSQIP and were
many the studies proving that this scale is currently inad-
equate for head and neck surgery. Indeed. efforts to develop
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disease- and procedure-specific preoperative, intraoperative,
and postoperative varighles specific to head and neck surgery
have been undertaken [8, 32]. We agree with other authors
who state that an essential first step in mitigating the inac-
curacy of ACS-NSQIP for head and neck procedures, is the
combination of CPT codes [28]. In fact, many of the opera-
tions performed included multiple high-risk procedures done
concurrently, and the final CPT code attributed was not truly
representative of the actual complexity of each surgery.

Ouwr study demonstrated that the ARISCAT score was
a relizhle nsk calculator for predicting postoperative res-
piratory complications. Other studies had conflicting results
regarding the value of ARISCAT scale in head and neck
patients. Wood et al. shserved poor predictive performance
of ARISCAT in a cohort of 794 patients admitted for major
head and neck surgery at their institution [33]. These dis-
crepancies in the literature concerning the accuracy of ARI-
SCAT scale in head and neck patients might be explained by
a number of factors. First, the ARISCAT score was validated
in a large surgical population in which a very reduced frac-
tion were head and neck surgeries. In addition, the variable
“surgical sitc™ is not as important for major head and neck
surgery as it is for other surgical specialities where chest
wall and diaphragm manipulation might occur and signifi-
cantly contribute to the risk of postoperative pulmonary
complications. Furthermore, the distortion of the upper air-
way, the frequent use of tracheostomy or surgical resections
that might alter the upper acrodigestive anatomy and imply
the potential risk for aspiration are unique features in this
subgroup of patients [33]. Nevertheless, we consider that
ARISCAT score might useful to stratify risk when advising
paticnts before surgery and, to identify paticnts most likely
to benefit from risk-reduction interventions.

We managed to design a new risk tool for our institution
which better predicts the risk of serious complications in
our patients. It should be emphasized that apparently mod-
est predictive values for the risk scores and for our regres-
sion model that would not be acceptable in diagnostic tests,
where accuracy is essential, may still be very helpful in
prognostic models, which are used in preoperative visits
to predict a complication risk higher than average. There-
fore, these results allow us to define our model as a tool
with moderate to good clinical utility to estimate the risk of
complications. Dur next goal is to implement prehabilitation
programmes, including its four dimensions, in our high-risk
patients undergoing major head and neck surgery.

There are several limitations to this study worthy of
discussion. First. it is a retrospective study with a low
population number from a single institution. Secondly, we
have used general surgical risk calculators which are not
vel adapted to head and neck procedures. Other important
limitation to mention is that our final model was devel-
oped from the compilation of other risk models already
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existent which results in a high number of vanables to be
collected and computed. Nevertheless, we have a created
a validated risk tool adapted to our population which suc-
cessfully selects high-risk patients who may require addi-
tional care to preempt complications or to resolve them
after they occur.

Further research is needed to understand whether addi-
tional patient attributes should be supplemented in the
calculator to improve its predictive value.

Despite all that has been said, and recognizing the
valuable benefits of the risk tools we have analysed, risk
prediction models cannot take into account subtleties in
paticnis, their discases or the technical difficultics of every
single operation, the individual performance of the sur-
geon and the fulfilment of good care standards of every
institution. Therefore, whenever necessary. clinical judg-
ment should override any predicted outcome of any risk
scales.
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Appendix A- The American Society
of Anesthesiologists physical status

ASAL
ASA N

Narmal bealthy patient
Patients with mild syslemsc
disease
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Preoperative patient and surgical NSOIP risk oulcomes
inputs

ASA I Patients with severe syslemic
disease

ASA TV Patienis with severe syslemsc
disease thal is a constant threat
b lifie

ASAY Muribund patients who are mot
expected 1o survive without the
operation

ASA YL A declared bruin-dead patient
whase organs are being removesd
for donar purposes

Appendix B- P-POS5UM SCORE

Physidogic scone Oiperative scane

Age (Years) Oiperative severily Score

Cardiac signs Multiple procedures

Respiratory history Total hlood koss

Systalic hlood pressure {mm Hg) Peritoneal soiling

Pulse (beats/minj Presence of maligrancy

Glasgow comia score Muode of surgery

Haemaglobim gidl)

White cell count (x 10 /L

Urea {mg/dl.)

Sodium {mmaol/L)

Potassium {mmol/L)

Electrocantiogram

Appendix C- ACS NSQIP risk calculater

Preoperative patient and surgical  NSOIF risk oulcomes

impuls

Age group Sernous complication

Sex Any complication

Fumctiomal stalus Preumonia

Emergency case Candiac complcation

ASA class Surgical site infection

Wiund ches contamination

Steroid we for chronic condition

Ascites within 30 days prior o
Surgery

Syslemic sepsis within 48 h prics
I} SUTRETY

Wentilaor dependent

Dhsseminated cancer

Dhabetes

Hyperiension requiring medsca-
o

Urinary tract Infection
Venous thromboembaodism
Renal failure

Readmision
Eeturn 1o OR

Dreaih

Drischarge 1o nursing or Rebab
facility
Predicted length of bospital stay

Congestive hearl failure in
I days prior b surgery
Dryspnea
Current smokoer withim 1 year
History of severe COPDY
Drialysis
Acule renal failune
Body mass index calculation
{weizht and height)

Appendix D—The seven ariscat risk predictors

1. Age (year) (<50 51-80, > B0 year)

A ]

. Preoperutive Spal (> %6, $1-95%. <90%)

. Respiratory infection in the last month

. Preoperative anemia (Hb < 10 g/dl)y

. Surgical incision (Peripheral; upper abdomimal, mirathoracic)
. Duration of surgery (h)

- Emergency procedurs
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5.2 Anexo Il: Trabalho original ndo integrado na investigacdo nuclear do
ciclo de doutoramento, porém com ele relacionado, citado no capitulo

de discusséao, conclusdes e trabalhos futuros

Epidemiology, Patterns of Care, and Mortality for Patients With Acute
Respiratory Distress Syndrome in Intensive Care Units in 50 Countries

Giacomo Bellani, MD, PhD; John G. Laffey, MD, MA; Tai Pham, MD,; et al
eAPPENDIX 1 NATIONAL COORDINATORS: Portugal: Antero do Vale
Fernandes

JAMA. 2016;315(8):788-800. d0i:10.1001/jama.2016.0291

PMID: 26903337, Fator de impacto: 47,7

Importancia: As informacdes sobre a epidemiologia, reconhecimento, gestéo, e
desfechos de doentes com sindrome de Distress Respiratério Agudo (ARDS)
séo ainda limitadas.

Objetivos: Avaliar a incidéncia e o desfecho do ARDS em unidade de cuidados
intensivos (UCI) e avaliar o seu reconhecimento clinico, gestdo da ventilacdo
mecanica, uso de adjuvantes, como por exemplo o decubito ventral na pratica
clinica de rotina para doentes com critérios de ARDS segundo a definicdo de
Berlim.

Projeto, ajuste e participantes: Estudo internacional, de coorte prospetivo,
multicéntrico observacional amplo, com o obejtivo de compreender o Impacto
global da Insuficiéncia Respiratéria Aguda Grave (LUNG SAFE), submetidos a
procedimentos invasivos ou n&o invasivos. A ventilagdo mecanica foi
monitorizada, durante 4 semanas consecutivas. Participaram 459 UCIs de 50
paises em 5 continentes.

Principais resultados e medidas: O outcome primario foi a incidéncia de ARDS
na UCI, e os outcomes secundarios incluiram a avaliacdo do reconhecimento
clinico do ARDS, a gestdo da ventilagdo mecéanica, o uso de intervencdes

adjuvantes na pratica clinica de rotina, e os resultados clinicos do ARDS..
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Resultados: Dos 29.144 pacientes admitidos nas UCIs participantes, 3.022
(10,4%) preencheram criterios de ARDS. Destes, 2.377 doentes desenvolveram
ARDS nas primeiras 48 horas e a insuficiéncia respiratoria foi tratada com
ventilagcdo mecanica invasiva. A prevaléncia de ARDS leve foi de 30,0% (IC 95%,
28,2% -31,9%); de ARDS moderado, 46,6% (IC 95%, 44,5% -48,6%); e ARDS
grave, 23,4% (IC 95%, 21,7% -25,2%). O ARDS representou 0,42 casos por
cama de UCI durante 4 semanas e representou 10,4% (IC 95%, 10,0% -10,7%)
das admissbes na UCI e 23,4% dos doentes que necessitam de ventilacdo
mecanica. O reconhecimento clinico de ARDS variou de 51,3% (IC de 95%,
47,5% -55,0%) em leve a 78,5% (IC de 95%, 74,8% -81,8%) no ARDS grave.
Menos de dois ter¢cos dos doentes com ARDS receberam um volume corrente
de 8 mL / kg de peso corporal previsto. A presséo de platé foi medida em 40,1%
(95% Cl, 38,2-42,1), enquanto 82,6% (95% CI, 81,0% -84,1%) receberam uma
pressao positiva expositiva final (PEEP) inferior a 12 cm H20.

O decubito ventral foi usado em 16,3% (IC 95%, 13,7% -19,2%) dos doentes com
ARDS grave.

O reconhecimento clinico de ARDS foi associado a maior PEEP, maior uso de
blogueio neuromuscular e decubito ventral. A mortalidade hospitalar foi de 34,9%
(IC de 95%, 31,4% -38,5%) para os doentes com ARDS leve, 40,3% (95% ClI,
37,4% -43,3%) ARDS moderado, e 46,1% (95% CI, 41,9% -50,4%) para ARDS
grave.

Conclusdes e relevancia: Nas UCIs dos 50 paises estudados, o periodo de
prevaléncia de ARDS foi de 10,4% das admissdes. Esta sindrome foi sub-
reconhecida, subtratada e associou-se a uma elevada taxa de mortalidade.
Esses achados traduzem grande potencial de melhoria no manejo de doentes
com ARDS.
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Epidemiology, Patterns of Care, and Mortality

for Patients With Acute Respiratory Distress Syndrome
in Intensive Care Units in 50 Countries

Giacomo Bellani, MO, PhD; John G Laffey, B0, M Tai Pham, MD; Eddy Fan, MO, PhD; Larent Brochard, MD, DR Andres Esteban, 8D, PhD;
Lusciama Gattimani, MO, FROP; Frank wvan Haren, MO, PhD; Anders Larssan, MO, PhD; Daniel F. MoAuley, MO, PhD: Marca Ranieri, MD;

Gordan Rubenfeld, MDD, MSc; B. Taylor Thompson, MD, PhD; Hermann Wiigge, MO, PhD; Arthur S Sy, MD, MASC: Antonio Pesent, MD;
for the LUNG SAFE meestigators and the ESIOM Triak Group

IMPORTANCE Limited information exists about the epidemiology, recognition, management,
and outcomes of patients with the acute respimtory distress syndrome (ARDS).

OCEJECTIVES Toevaluate intenshve cane unit (ICU) incidence and outcome of ARDS and to
assess cdliniclan recognition, ventilation management, and use of aduncts—for example prone
positoning—in routine clinical practice for patients fulfiling the ARDS Berlin Definition.

DESHEH, SETTING, AND PARTICIPANTS The Large Observational Study to Understand the
Global Impact of Severs Acute Fespiratory Failure (LLING SAFE) was an intemational,
multicenter, prospective cohort study of patients undergoing invasive or nonirashe
wentilation, conducted during 4 consecutive weeks in the winter of 2014 in a convenlence
sample of 459 ICUs from 50 countries across 5 continents.

ENPOSURES Acute respiratony distress syndrome.

MAIN OUTCOMES AND MEASURES The primary outcome was ICU incidence of ARDS.
Secondary outcomes induded assessment of cliniclan recognition of ARDS, the application of
wantilatory management, the use of adjunctive interventions in routine clinical practice, and
dinical outcomes from ARDS.

RESULTS Of 29 144 patients admitted to participating K0Us, 3022 (10.4%) fulfilled ARDS
critenia. Of these, 2377 patients developed ARDS in the first 48 hours and whose respiratony
failure was managed with invasive mechanscal ventilation. The period prevalence of mild ARDS
was 30.0% (95% CI, 28.2%-31.9%): of moderate ARDS, 46.6% (95% C1. 44.5%-48.6%): and
of severa ARDS, 23.4% (95% O, 21.7%-25 F4%). ARDS represented 0.42 cases per ICU bed over
4 weshs and represented 10.4% (95% O, 10.0%-10007%) of ICU admissions and 23.4% of
patients requiring mechanical ventilation. Clinical recognition of ARDS ranged from 51.3%
(95% C1, 47.5%-55.00¢) in mild to 78.5% (95% C1, 74.83%-818%) in severe ARDS. Less than
two-thirds of patlents with ARDS received a tidal volume B of miL'kg or less of predicted body
weight. Plateau pressure was measured in 40019 {95% CI, 38.2-42.1), whereas 82.6% (95% C1,
B1.0%:-84.1%]) received a positive end-expository pressure {PEEP) of less than 12 om H,0.
Frone positioning was used in 16.3% (95% O, 13.M%-19.2%) of patients with severe ARDS.
Clinician recognition of ARDS was associated with higher PEEP, greater use of neuromuscular
blockade, and prone positioning. Hospital mortality was 34,945 (95% Cl, 31.4%-38.5%) for
those with mild, 40.3%: (95% C1, 37.4%-43.3%) for those with moderate, and 46.1% (953 C1,
41.9%-50.4%) for those with severe ARDS.

COMCLUSIONS AND RELEVANCE Among ICUs in 50 countries, the period prevalence of ARDS
was 10.4% of ICL admissions. This syndrome appeared to be underrecognized and
undertreated and associated with a high moertality rate. These findings indicate the potential
fior Improvement in the management of patients with ARDS.

TRIAL REGISTRATION clinicaltrials.gov identifier: NCTOR2010073

Cormected on July 19, 2016

Copyright 2016 American Medical Association. ANl rigivts resorved.
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Trerds in Acute Respiratory Disiress Syndrome in 50 Countries

inflammatory lung injury, associated with increased

pulmonary vascular permeability, increased lung
weight, and loss of aerated lung tissue.' Although pricr epi-
demiologic studies have provided substantial insights into
ARDS,** there remains limited information about the eplde-
miology, recognition, management, and outcomes of pa-
tients with the ARDS, especially in the era of the current Berlin
Definition.! This definition was constructed empirically and
validated using retrospective cohorts'; however, prospective
studies of the Berlin Definition have been limited to small num-
bers of centers and patients.*”

We set out to address some clinically important gues-
tions regarding ARDS. The curent incidence and mortality of
ARDS in a large international cohort is not known. Large re-
glonal differences have been suggested; for example, the in-
cidence of ARDS in Eurape® is reported tobe 10-fold lower than
in the United States.* A number of ventilatory interventions,
such as lower tdal volumes,® higher positive end-expiratory
pressure (PEEP),” and adjuncts such as prone positioning,'™
neuromuscular blockade," and extracorporeal membrane
oxygenation™ for ARDS have been proposed. It is not clear how
these interventions are applied in routine practice in the
breader international context. Implementation of effective
therapies may be limited by lack of recognition of ARDS by
clinicians Y4 Understanding the factors associated with ARDS
recognition and its effect on management could lead to effec-
tive interventions to improve care.

Therefore, we undertook the Large Ohservational Stdy
to Understand the Global Impact of Severa Acute Respiratory
Failure (LUNG SAFE) to determine the intensive care unit (1CL)
epidemiobogy and outcomes from ARDS, assess cliniclan rec-
ognition of ARDS, and understand how clinkcans use mechani-
cal ventilation and adjunctive interventions in routine clini-
cal practice.

n cute respiratory distress syndrome (ARDS) is anacute

Methods

Study Design

This study was an international, multicenter, prospective oo-
hort study. The enrollment window consisted of 4 consecutive
winter weeks (February-March 2014 in the Nomhem hemd-
sphere and fune-Augnst 2014 in the Southern hemisphere), as
sedected by each IOU. We aimed o recruit a broadly represen-
tative sample of 1CUs by public announcements by the Euro-
pean Society of Intensive Care Medicine, by national societies
and networks endorsing the study, and by designated national
coordinators (eAppendix 1 in the Supplementh. The study 1CUs
represent a convenience sample of those that agreed to partict-
pate in the study and had enrolled at least 1 patient. Different
ICUs from the same hospital were considered as separate cen-
ters; each ICU provided baseline data concerning its resources
(eTable1in the Supplement). All participating H-Us obtained eth-
ics committes approval and obtained either patient comsent or
ethics committes walver of consent. We recruited physicians
from each participating country as lead site investigators and
national eoordinators. Site investigators (eAppendix 2 in the

Jjama.com
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Supplement) were also responsible for ensuring data integrity
and validity, and were offered web-based training to enhance

chest x-ray interpretation reliability as part of a substudy.

PFatients, Study Design, and Data Collection
All patients, including 10U transfers, admitted to an 1CU within
the 4-week enrollment window and receiving invasive or non-
invasive ventilation were enrolled. Exclusion criteria were age
younger than 16 years or inability to obtain informed con-
sent, when required. Following enrollment, patients were
evaluated daily for acute hypoxemic respiratory fallure, de-
fined as the concurrent presence of (1) ratio of arterial oxygen
tension to inspired fraction of cecygen (Pao,/Fio.) of 300 mm Hg
of less; {2) neww pulmonary parenchymal abnormalities on chest
®-ray or computed tomography; and (3) ventilatory support
with continuous positive airway pressure (CPAP), expiratory
positive airway pressure (EPAP), or positive end-expiratory
pressure (PEEP) of 5 cm Hy0 or more

Day 1 was defined as the first day that acute hypoxemic re-
spiratory failure criteria were satisfied, imespective of ICU ad-
mission date. The case report form (eAppendix 3 in the Supple-
ment) automatically prompted investigators to provide an
expanded data set for days 1, 2,3, 5, 7, 10, 14, 21, and 28 or at
1CU discharge ordeath. All data were recorded at the same time,
normally as close as possible to 10 awm each day. Patient out-
comes induded date of liberation from mechanical ventila-
tion and vital status at 10U discharge and ateither hospital dis-
charge or at day 90, whichever occumed earlier.

Quality Control

At the time of data entry, the site investigators were required
to answer all queries raised by the case repart form before they
oould electronically finalize a patient data set. Patient data sets
that were not finalized were not included in the analysis
{Figure 1). In addition, prior to analysis, all data were scresned
for potentially erronecus data and outliers. These data were
wverified or corrected by site investigators. We followed the
Strengthening the Reporting of Observational Studies in Epé-
demiokegy (STROBE) statement guidelines for observational
cohort studies. '

Identification and Recognition of ARDS
The dizgnosis of ARDS was made by a computer algorithm in the
analysis phase of the study using the raw data that made up the
wvarious componants of the Berlin ARDS Definition: (1) presence
of acute hypaxemic respiratory failure criteria, (2) onset within
I'week ofinsult, or new (within 7 days) or worsening respiratory
symptoms; (3] bilateral airspace disease on chest x-ray or com-
puted tomography not fully explained by effusions, lobar or lung
collapse, or nodules; and (4} cardiac failure not the primary cause
of acute hypoxemic respiratory failure.

We assessed clindcian recognition of ARDS at 2 ime polnts.
On day 1 of study entry, site investigators indicated the rea-
=oms fior the patient's hypoxemia, with ARDS inchuded as a po-
tential cause. If the answer was “yes” ARDS was deemed to
have been clinician-recognized on day 1. When patients ex-
ited the study, investigators were asked if the patient had ARDS
at any stage during their ICU stay. ARDS was deemed to have

JAMA Febraary2d, 2016 Yolume 315, Mumber 8
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Figure 1. Flow of Patient Screening and Enrollment
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obstructive pulmonary disease, pneumnonia, etc were left to
clinician discretion.

ARDS Severity and Mechanical Ventilation Parameters
Patients with ARDS undergoing invasive ventilation were cat-
egorized on the day of ARDS diagnosis based on their
Pan./Fio, ratio into mild (200 <Paco/Fio: =300 mm Hg),
moderate (100 <Pao./Fro, =200 mm Hg), and severe
(Paoy/Fio; <100 mm Hg) based on the Berlin Definition.!
Given the lack of clarity in the Berlin Definition regarding the
severity dassification of patients managed with noninvasive
ventilation, and the difficulty in comparing noninvasive ven-
tilation settings to invasive modes, we excluded patients ven-
tilated on noninvasive ventilation from the analyses pertain-
ing to severity, ventilator management or outcome. To
ensure a more homogenoos data set, we restricted subse-
guent analyses to the large subset of patients (93.1%6) fulfill-
img ARDS criteria on day 1 or 2 from onset of acute hyposxermic
respiratory faflure.

Invasive ventilator-free days were calculated as the num-
ber of days from weaning from invasive ventilation to day 28.
Patients who died before weaning were considered to have a
ventilator-free-day value of 0. Driving pressure was defined
as plateau pressure (P,,.) minus PEEP.

Patients were considered to have no evidence for sponta-
neous ventilaton when set and measured respiratory rates
were equal.

Caloulation of Period Prevalence

and Per-I0U-Bed ARDS Incidence

The period prevalence of patients with ARDS was calculated by
dividing the number of patients fulfilling ARDS criteria by the
total number of patients admitted tothe ICU in the 28-day study
peried (ie, 29 160). The numbser of patients with ARDS per 1CU
bed over the 4-week study period was caleulated as number of
patients with ARDSnumber of 1CU beds available.

ICU Enroliment and Statistical Analysis

The primary outcome was to determine the 1ICU incldence of
ARDS. Secondary outcomes included assessment of clinkcian
recognition of ARDS, the application of ventilatory manage-
ment, the use of adjunctive interventions in routine clinical
practice, and the cutcomes from ARDS. We wished to enroll
at least 1000 patients with ARDS. Assuming a 307% mortality,
300 deaths would allow us to evaluate at least 30 associated
variables in multivariahle models.*® Prior epldemiological stud-
les reported an ARDS incldence ranging between 2.2% and 19%
of ICU patients. ** Based on a conservative a prior estimate that
%% of BCU admissions would have ARDS and projecting that a
medium-sized 1CU admits 50 patients per month, we planned
to enroll at least 500 1CUs worldwide.

Descriptive statistics included proportions for categorical
and mean (standard deviation) or median (interquartile range
RO for continons variables. The amount of missing data was
lovwy, with the exception of plateau pressure P, and arterial oxy-
gen saburation (Sao.), and is detailed ineTable 2 in the Supple-
ment). Noassumptions were made for missing data. Data were
unadjusted unless specifically stated otherwise. Proportions

jama com
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Table 1. Characteristics of Patients With Aoute Respiatory Distress
Syndrome

F Walue
Mo. of patents
ARDE 3022
ARDE in first 48 h after AHRF 2813
lnmuwlmﬁcmm:m!ﬂh 486 (17) [15.9-18.7]
Mo. (%) [95%C1]
{Chimi cian recogel tiem of ARDS, 1820 (60) [539-62.0]
Mo. (%) [95%.C1]
Age, mean (35% Cly B1.5 {E0.9-62.1)
‘Women, No. (%) 1151 (38)
Height, mean (35% CI), om 168 (167 E-168.4)
‘Weight, mean (95% C1), kg 7.0 {77-79)
(hronic dscase, Mo. (%)
CoPD B57 (21.7)
Duabetes B57 (21.7)
Immumcincompetenoe: 365 (12.1)
Chreniccandac falere 314 {10.4)
Chranic renal failure 306 {10.1)
Mictive neoplasm 258 (8.5)
Hematologecal disease 142 (4.7
Risk factor for ARDS, Ko (%)
Prneumaonia 1794 (59.4)
Extrapulmasary sepsis 484 (16.00
Aspirabeon 430 (14.2)
Homcardeogess: shock 226 (7.5)
Trauma 127 (4.2
Blood transfusion 118 (3.9)
Pulmosary contusion 87(3.1)
Inhalatan 71(2.3)
Dvug cverdose: 56 (1.9)
Pulmosary wasculstis a1 {1.4)
Burm 9(0.3)
Dvowming 2(0.1)
Drther risk factor B2(2.7)
Mo risk factor 252 (8.3)
Duration of enasve mechanical ventilation, B {a-18)
maedian {1QR), d
Duratsen of ICL stay, mediam (GR), d 10({5-15)
KU surwival, Koo (%) [95% C1] 1994 (66.0) [64.3-67.7)]
Duraticn of Bespital stay, median {IQR), d 17 {9-32)

Hoszpital mervieal, No. (%) [25% O 1828 (B60.4) [58.7-82.2]

Abbreviations: AHRF, aoute hypoxemic respiratony falure; ARDS, acute:
respicatony distress syndrome; OOPD, chronic shstructive pulmonary disease:
W), inbensive care unit; BJR (imorguartie range).

“Total s greater than 100%, berause patients omld have more than sk facton
" Data are missing for 10 patients.

were compared using x* or Fisher exact tests and continuous
variables were compared using the t test or Wilcoxoen rank-
sum test, as appropriate. Toevaluate variables sssociated with
climirian recognition of ARDS, covariates determined a prion to
be associated with ARDS recognition and covariates associ-
atesd with ARDS recognition with P = _20 in bivariate analyses
were entered into multivariable regression models with vari-
ahle selection based on & stepwise backward elimination pro-
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Table 2. Organizational and Patient Factors Associated With Clinician Recognition of ARDS in Invasively Ventilated Patients

ARDS OR Multivariable OR
Mo, Total No. (%) {95% C1) {95%C1) Palee® {952 C1) PVl

Mo. of patsents/statf physician, -1.30 {-0.74 to -1 68  0.960 {0,545 to 0976} =001 0953 {0.542 b0 05T} =001
for each add itonal patient
Mo. of patsentsnerse, for cach -0.24 {0055 to —-0L13F 0911 {0L8E0 ko Q95T =001 0USH0 {0LETD bo 0.S6E) oz
adddt ional patsent
e, por year -403 {-5.43 to -2 &5 098 (0580 ko 050} <001 OUSET (0580 b0 0993) <001
Predicted body weight per kg -137 {-218 b0 -0.38F 0959 (0580 ko 0557} 006 0954 (0574 k0 0993} <001
Monpulmonary SOFA per point 081 {048 b0 1.13)° 1054 {1.031 ko 1.077) <001 1057 {1.030 b0 1.085) <001
PanyFin; rato, per mm Hg -300{-355 to -24 4)° 0.3 (0952 to 0995} <001 0993 {0552 bo 0995) <001
Medcal or surgical Admission
warth Erauma

Wiz 147742274 (65.0) 1 [Referemce] 1 [Reference]

Yes 48/103 (46 &) -18.4 {-28.7 to 80} 04710316 to OLT00) <0001 0539 (0,334 to 0868} 11
Moplastic or immene or
Bematologic disease

Ko 11731842 (&2.0) 1 [Feference] 1 [Feference]

Yes 353/485 (T18) 1006 {E.0 ko 151} 1623 {1.305 to 2.027) <001 1396 {1.07%9 to 1.51&) o1z
[Pneemaonia

o 440/1002 (43.5) 1 [Referemce] 1 [Reference]

Yes S63/1375 (0.0} 361 {22.2 to 30,0} 1230 {1.544 to 2.170) <001 1338 {1.073 to 1LETO) a1
Pancreatitis

™ 244/2328 (36 3) 1 [Reference] 1 [Reference]

Yes 41189 (837} 474 (36.9 to 58.0) 2915 {1.436 to £.733) 006 1506(1439t0 10543} 01
KRDS risk factors

Yes 1454/2187 (B6.5) 1 [Referemce] 1 [Reference]

™ T1/190 (37.4) -F91{-36.3t0-220) 0301 {0220 bo 0408} <001 0408 {0220E00591) <001
With heart failune

] 13472027 (66.5) 1 [Referemce] 1 [Reference]

Yes 178,350 (50.5) -156{-21.2 to -100) 05X (D415 bo QLEST) <001 0496 {0377 bo 065) <001
Abbreviations. ARDS, acute respirabony distress syndrome; Pacy/Fao; partial “ Branate analyss.

presmure of arygen to fraction of inspired coygen; SOFA, Saquential Organ
Fallure Assevament.

* &l variables inchuded in the multivanable analyss are neported in this Table.
% These vakses are the mean difference (S5% C1)

cedure using Pvalues. The association of dinician recognition
with ventilatory management of ARDS was determined for tidal
volume, PEEP, P, measurement, and use of prone position-
ing and neurormuscular blockade in separate multivariable step-
wiise backward logistic or multiple linear regresséon models as
appropriate. We did not perform any longitedinal data analy-
ses. A Kaplan-Meler estimate of the cumulative probability of
unassisted breathing and survival to day 28 was performed. Pa-
tents discharged from the hospital before day 28 were as-
sumed alive at this time point. Statistical analyses werne per-
formed with B 3.2 3 (http: (www. B-projectong) All Pvalnes were
2-ghded, with Pvalwes < 05 considered statistically significant.
The study protocol, case report form and full statistical analysis
plan are included in eAppendix 3 in the Supplement.

|
Results

Participating ICUs and Patients Enrolled

Six hundred sixty-six ICUs registered for the study. Following
data verification and elimination of nonrecruiting sites, 459
1CUs from 50 countries were included in the final analysis
{eTable 1 and eTable 3 in the Supplement). OF the 29144 pa-

T4z JAMA  February 23, 2006 Volume 315, Mumber B
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tients admitted to these 1CUs during the enrollment period,
13566 patients recelving ventilatory support were ennolled.
Complete data sets from 12 906 patients were analyzed
(Figure 1}. Tahle 1 outlines their key characteristics.

Characteristics of Patients Enrolled

Of 4499 patients with acute hypoxemic respiratory failure,
3022 (67.2%) fulfilled ARDS criteria during thedr 1CU stay. Of
these, 2B13{93.1%) developed ARDS at day 1 (n = 2665) or day
2{n = 148), whereas 209 patients (6.9%) developed ARDS af-
ter day 2 of scute hypoxemic respiratory failure (Figure 1). The
436 patients (14.4%) with ARDS who received noninvasive ven-
tilation were excluded from analyses regarding ARDS sever-
ity, mechandical ventilation settings, and outcome.

ICU Incidence of ARDS

ARDS represented 10.4% (95% CI, 10.0%:-10.7%) of total 10U
admissions and 23 4% (95% O, 21 79%-25 2% )of all patients re-
guiring mechanical ventilation and constituted 0.42 cases)
U bed over 4 weeks. There was some geographic variation,
with Europe having an incldence of 0.48 cases/ICU bed over
4 weeks; North America, 0.46; South America, 0.31; Asia, D.27;
Africa, 0.32; and Oceanda, 0,57 cases/I0U bed per 4 weeks.

jama.com
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Table 3 Baeline Characterstics of Patients With Acute Respiratory Distress Syndrome Treated With Irncasive Ventilation by Severity Category

at Diagriasis
Al wild Moderate Severe
Paramseher (M = 2377) {m= 704} {m = 1106} {m = 557} Plialue
Age. median (IOR), y B1 (61-63) B1 (B0-£3) B2 (61-63) 57 [55-58) <001
M |ong e et SRDS oriteria after 24 h, 486 (17.3) 190 (366} 152 (13.7) T1 (1185 <001
e () [95%.C1] [15.59-18.7] [23.4-30.0] [11.8-15.5] [10.1-15.8]
Sexerity of dinews, meas [95% C1), SOFA soore”
Dayl 10.1 (9.59-10.3) B8 (25-5.1) 10.2 (3.5-10.4) 11.4 (11.1-11.8) <001
Day 1 mongelmonary® 6.9 (6.7-7.00 6.7 (6.4-7.00 6.8 (&.7-7.1) TOET-7.4) .34
Worst 11.1 {10.9-11 3} 10.3 (10.0-10.6) 11.8 (115120} 130 {126-13.3) =001
Wiorst nonpulmanary B0 (7882) B0 (7.T-83) 8.7 (2485 9.0 (2.4-8.5) =il
Viestitatar settings, first day of ARDS
Finy, mean {35% CI) 0.65 (064-0065) 0.48 (0.47-0050) 0.62 (061-0063) 0.90 (0.85-0.91) <001
Ml am (MOFE) 0.6 (0.45-D.85) 0.4 (0.4-0.5) 0.6 (0.5-0.7) 1(0u8-1)
Set respiratory rate, meam (95% C1, 1imin 18.6 (18 3-19.0) 17.4 (165-178 18.4 (180-18 5} 20.4 (19.2-21 &) =001
Tokal respiratory rate, mean (95% C1), 1fmin 20.8 (21.5-21.3) 18.5 (19.0-19.9) 20.7 (30.3-21.1) 22.7 (31521 8) =001
T, memm (955 19, mi kg FEW 16(7577 18 (1678 1E(15T7 75 (1318 a2
Control went mode 1.5 (74-78) 76 (75-78) 747378 74121 E) i3
Spontaneous vent mode 7.9(7.5-8.1) Ta(1.7-82) B.O(7.7-8.2) TI(74-81) .55
Pvalkee {conirol vi spont mode) <001 bas <01 53
Set PEEP, mean {955 CI), cm Hyo B4 (8388 747278 8.3 (8.1-85) 10.1 (9.8-10.4} =001
Prak prewune, mean (355 C1), omH;o® 270 (36.7-27.4) 24.7 (34.1-25.4) 269 (36,527 4) 30.3 (39.6-30.5) <.bii1
Fatients inwhom gy measwed, Mo, (%)
Amang all ewasively ventated patients, 954 (401} 260 (36.4) 463 (41.3) 231 [41.5) 05
e () [95%.C1] [38.3-42.1] [325.40.1] [38.9.44.8] [37_3.45.7]
Amaong patiens with controlled wenkitation, 756 (485} 198 [46.1) 363 [49.8) 185 [48.8) 48
M (%) [95%.C1) [46 0-51.0] [41.2.51.0] [45.1.53 5] [43.5.53.5]
Py, mizan £35% €1}, cm Hyo* 2312 (226237 20.5 (19.8-21.3) 231 (3 6-237) 26.2 (35.3-27.1) =01
Stamcirdized minute ventkation, 10.8 (10.6-11.0) 8.3 (9.1-5E) 10.7 (10.5-11.0) 12.8(123.113) <01
mieam [95% 13, fmin’
Spontaneous ventilation, K. (%) [95% £1] 7231(304 260 [36.4) 336 (30.4) 127 (X2 8) =001
[2.6-32.3] [315.40.0] [25.7.35.3] [19.3.28.5]
Gas pachange, first day of AR0S
Fany oy ratio, mean (35% C1, mmbg 161 (158-163) 246 (144 248) 148 (147-150) 75 (M- =001
Spiy, mean [95% C1) 5 [94-55) a7 (a7-58) 85 [95-56) 90 (£3-51) =001
Median (10R) 96 (3258} g (2655} 95 [S4-58) 83 (8855}
PFaroy, mean {$5% CI), mm Hp 460 (45.4-46.6) 415 (40.7-42 3} 45.8 (44.9-46 &) 52.2 (SO.T-517) =001
PH, mean (955 1) 7.33 (7.32.7.33) 7.36 (7_36-7.37) 7.33 (7.32.7.33) 7.27 (7.26-735) =001

Abbeediations: ARDE, J0ube respiratory distres syndroma; 10R. imenuartie

range; PEW: predicted body weight; FEER, positive end-expiratony pressure;

Fao/Fo, partial pressane of axpgen to fraction of inspined coygen; Py, .

plteau prewwore; S0FA, Sequential Organ Failore Asceswment; VT, ticdal wolume;

Spoy;. penpheral artenal coygen saburation

“ Pyalue represenits comparsons across the ARDS severity categories for each
wanatike.

* For all S0F & scones for which data points wene missing, this value was cmitted
and the: denominator acjusted accordinghy

= The nonpulmorary SOFA score and the pulmenary component: of the soone
was omitted and the denceninator adjsbed accondinghe

“For peakl pRESSUNe MaEEr Bments, patients recering high-frequency
eacilabory ventilation (HFOV) or extracorporeal membrane ooygeration
ECMO) were excluded.

“ Plateau pressune vakses are imited to patients in whom this value was.
repanted and in whom either an assist control mode was used or in whom
amode permitting sportaneous ventilation was =ed. The set and total
FESpEIDry rates mnqtul.P‘:bu'ﬂ;rmmng HFOV or ECAM0 were
alzo escluded.

¥ Stancardized minute ventlation = minute ventilibon = Paco, 40 mm Hg.

Recognition of ARDS

ARDS was underdiagnosed, with 60.2% of all patients with
ARDS being clinician-recognized. Clinician recognition of
ARDS ranged from 51.3% (95% C1, 47.5%-55.0%) for mild
ARDS o 7B.5% (95% CI, 74_8%-81.8%) for severe ARDS
{(eTable 4 in the Supplement). Cliniclan recognition of ARDS
at the time of fulfillment of ARDS criterla was 34.0% (95%
Cl, 32.0-36.0), suggesting that diagnosis of ARDS was fre-
gquently delayed.

jAma.com
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A multivariable analysis including variables from the
bivariable analyses (eTable 5 in the Supplement), revealed
several patient and organizational factors associated with
clinician recognition of ARDS. Higher nurse-to-patient
ratiog, higher physician-to-patient ratios, younger patient
age and a lower Pao,/Fioy, ratio, and the presence of pneu-
mania of pancreatits were factors independently associated
with higher probability of clinician recognition {Table 2).
Absence of a risk factor and presence of concomitant

JAMA  Febnory 1, 2016 Volume 315, Numbar 8
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Table 4_ Lise of Adjunctive and Other Optimization M i Imvasively Vientilabed Patients

Patiesisof Mo. {3) [95% O1)

AL Mild* Mederate® Severe™
in = 2377) in=458) {m=1150) in = 725) P Walee"
NEswomisoular 516 (21T} 34 {6.5) 208 (18.1) 174 {37 5) <001
Elockade [20.1-23.4) [4.8-5.4] [15.9-20.4] [34.1-41.2]
Recruitment 456 (30:9) SE{1L7) 200(17.4) 238 {32.7) <001
ENEUVETS [19.2-22 ) [5.0-14.%] [15.2-19.7] [29.3-36.3]
Prone postioning 187 (7.9) 5 {1.0} 63 (5.5) 119 {16.3) =001 Abbrevabons: ARDS, acute
[6.2-5.0] [0.3-2.3] [4.2-7.0] [13.7-15.3] respiatony distress syndrome;
ECMD 76(3.2) 14{0.2) 27 (2.4) 48 {E.6) <001 B0, extracorporeal membrane
[2.5-4.0] [0.05-13]  [L6-3.4] [4.9-8.E] coygenation; HFOW, Figh-frequency
nkailed vasodators 182 (7.7} I7{34)  FO(61) 95 (13.0) <001 ascilabory ventitation; PEEF, positive
[6.6-8.8] [02.0-5.4]  [4.8-7.6] [10.7-15.7] endh eIy pressune.
HFOW 28 (1.3) 1.8 14 {1.2) 3a7 * For this analysis, ARDTS severity was
[0.8-1.7] [01-17]  [07-2.0] . defired based on the pationts”
Moneof the above 1431 (B0 F) 397 (ra7)  750(E5.2) 284 {35.0) <001 WOrst sewerity categony cwer the
[58.2-62.2] [75.5-822] [&2.4-68.0] [35.4-42 8] «course of ther ICL stayin patients
Esophageal prevase 15 {0.8) (0.4} 8 (0.7} 5{1.2) 233 whe developed ARDS on day 1or 2.
catheter [0.04-1.4] [O04-1.4]  [0.3-1.3] [0.6-2.3] B P yalue represents compansons
Trachemtomy 309 {13.0) 48 {9.5) 155 (11.5) 1D€ {14.5) 034 across the ARDS seventy categories
[11.6-14.4] [7.3-128] [11.6-15.8] [12.1-17.3] for each vanabie.
High-gese 425 (17.9) EL{113} 194 (16.9) 170 {23.3) <001 © High-doese conticosternids was
coticosheros” [16.4-19.5] [9.5-15.5] [14.7-19.2] [20.3-26.8] defined as doses that were pqua
Pulmanary artery 107 {4.5) 9 {18} 53 (4.6) 45 (8.2} 001 o or greater than the equhakent
catheter [3.7-5.4] [0.8-1.4] [3.4-6.0] [4.5-8.2] of 1 mg/kg of methyiprednisolone.
Tabie 5. Qutcome of Invasively Vemilated Patierts by Acute Respiratory Distress Syndrome Severity at Diagnosis
All Mild Moderate SeweTe
Parameter in = 1377) in=714) {n = 1106} {n = 557) P Walue®
Progression of ARDS severity,
Mo{x) [95% o)®
Progression to moderate® 184 {255} LT LT/
[22.8-29.1]
Progression io severe* 32 {a.5) 140 (12.7) MR
[3.1-6.3] [10.8-14.8]
Dweaith i the 15t wi withowt caiegory change 3 (8.8} 136 (11.4) 117 (210}
[6.8-11.1] [2.6-12.4] [17.7-24.6]
kvaasive venbilation - froe days to day 28, 100-22) 16 {0-24} 11 (0-21} 0{0-18} <M1
median {19R),
(Duration of Ewasive ventilation,
median {19R), d
Ml patients B(4-15) 7 {3-18) 8 (4-18) 9 {4-18) na
Serviving patients B(4-15) B{3-13) & (4-15) 11 (6-18} <1
KU length of stay, media (10R), d
Al patients 10(5-20) 10 {5-15} 11 (&30} 11 {5-15} L]
Serviving patients 11{7-11) 10 {5-15) 12 (7-21} 14 (7-23} 03
WU mestality, Mo, (%) [95% C1] £38(35.3) 12297} 387 (35.0) 239 (429) <1001
[32.3-27.7] [26.4-33.3] [32.2-37.9] [38.8-47.1)
Iy 38 mortality, No. (%) [95% 1] 828 (34.8) 211 (296} 389 (35 3) 228 (409} <11
[319-36.5] [26.2-33.0] [32.4-28.1] [36.8-45.1]
Huospital length of stay, medan (IR, &
All patients 17 (8-33) 18 {10-33) 17 (8-33} 16 {E-31} 22
Serviving parbients 23 (14-40) 23 {14-40) 212 (13-40) 26 {14-43) A1
Hospital mortality, No. (%) [{95%C1] 52 (40.0) 243 {349) 446 (40.3) 25T (461} <M1
[38.1-42.1] [31.4-38.5] [37.4-43.3] [41.5-50.4]
Abbrevitions: ARDS, acute respitony distress syndrome, 10U, intersive care * Most sewere is caloulted for time period up today 7 postdiagnosisof ARDS.
unit; 3R, interquartile ange. Aralysis was mited to the first 7 days due to the less freguent samgling
# Pvakss represants compansons across the ARDS severity cabegones after that day
for eachivariable. “In patients in whom death ocoues while receiving invasive mechanical
© iritial ARDS severity determined from worst partial pressure of coygen ventiation, imeshe ventiation froe days anecounted as .
e frachon of inspired cxygen ratic within ficst 24 hours following
ARDS diagnosis.
T34 JAMA February 23, 2005 Volume 315, Numiber B Jama.coem

135



Capitulo V — ANEXOS

136

Trenchs in Acute Respirabory Distress Syndrome in 50 Countries

cardiac failure were associated with reduced likelihood of
clinician recognition of ARDS (Table 2). The mean tidal vol-
ume was 7.5 mL/kg (95% CI, 7.4-7.6 mL/kg) of predicted
body wekght (PEW) among patients whose physicians reoog-
nized ARDS, marginally lower than that of 7.7 mL/kg {95%
CI, 7.6-79 mL/kg) in patients whose ARDS was not recog-
nized (P = .01). The mean PEEP level was .9 cm Han {95%
CI, B.8-91 cm H o) in patients whose ARDS was recognized,
higher than that of 7.5 cm Hyo (95% CI, 7.3-7.7 cm Hyo) in
patients whose ARDS was not recognized (P = 001). Physi-
clans who recognized ARDS used adjunctive treatments
maore than physicians who did not (43.9% vs 21.7%,
P = 001; eTahble 4 in the Supplement). After adjusting for
potentially confounding variables, there was no statistically
significant association between clinician-recognized ARDS
and tidal velumes (eTable € in the Supplement} or Pp,,
recording {eTable 7 in the Supplement). In contrast, clind-
clan recognition of ARDS was statistically associated with
the use of higher levels of FEEF, and greater use of prone
positioning and newromuscular blockade (eTables B-10 in
the Supplement).

ARDS Severity

A total of 2377 patients developed ARDS in the first 48 hours
of acute hypoxemic respiratory failure and received invasive
mechanical ventilation. The period prevalence of mild ARDS
was 30.0% (95% C1, 28.2%-31.9%); moderate, 46.6% (95%
CI, 44 5%-48 6%); and severe, 23 4% (95% CI, 21 7%-25.2%)
(Figure 1). Ventilator management differed among the ARDS
severity groups, while the use of adjunctive measures
increased and mortality was higher with greater ARDS sever-
ity (Table 3, Table 4, and Table 5). At diagnosis, increasing
ARDS severity was paralleled by worsening Sequential Organ
Failure Assessment {SOFA) scores, which was largely
accounted for by the pulmonary component. The nonpul-
monary component of the SOFA score was higher in patients
with an increased ARDS severity category (Table 3). The
Pacn, increased and pH decreased in patients with increased
ARDS severity category (Table 3, eFigure 1A-E in the Supple-
menth. Three hundred sixteen patients {13.3%) with ARDS
had a Paco, of 60 mm Hg or higher. However, the extent and
severity of hypercapnia was relatively modest, even in
severe ARDS.

Mechanical Ventilation in ARDS

Ventilator management varied with ARDS severity (Table 3).
However, the decrease in tidal volume and increase in PEEF,
from mild to moderate to severe ARDS, while statistically sig-
nificant, was clinically modest (Table 3). In patients with ARDS
35.1% (95% C1, 33.19-37.1%) received a tidal volume of more
than B mL/kg PEW (Figure 24 and eFigure 1C in the Supple-
ment), while 82 6% (95% CI, B10%%-B4.1%) received a PEEP of
less than 12 cm Hyo.

The distribution of P,,,,, differed significantly with ARDS
severity (Figures 2B and eFigure 10 in the Supplement). P,
was measured in 40.1% (95% CI, 46.0%-51.0%) of patients,
irrespective of ARDS severity. This rose to 48.5% (95% CI,
46.09%-51.00%) of patients in whom there was no evidence fior
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[Figure 2. Ventilation Parameters in Patients With ARDS
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D4
B:EA
E 3E
4
K [LEL —— All {a=2I55)
=]
AR wrwr iy
i ] e Wil 1= BT 2
) e Wikt (w105
Svira fim 533)
o4
o 2 4 B 8 m 12 14 15

Tidall Valuma, mLjkg of Prediciod Eody Waight

E Cumalative frequency dstribution of plateau presoure

L (ET TR
oy
. .® t:,-'
St
o L i [
Eu.s. ———
I -
= [ .
E 4 L w Al (=753
- *a et AR ity
3.1 "R e - Ml s e 196)
it W Modirate s 362)
FHT ——)
ofus
1 15 0 15 o 35 40 &

Platec Frespang, cm M0

E Distribution of tidal volume v plateau pressune on day 1 by ARDS wverity

A7 Wi (=5 - r Wik (n=T1

wn

=3

Plane Presaure, com b0
"
=

Wi (1= 155}
B Marrata (s

i ¥ 4 5 & 7 & 9 W i1 12 1¥ 14 15
Tital Wolima, miL kg of Fradicted Body Weght

&, Curmalative frequency distribution of tidal voleme was similar in patients

In each severity cabegory, with 5% of patients with acute respiratony distress:
syndrome [AAD5] recefving 3 boal volume of B mLjkg of predicted body weght
of less. B, Incontrast, a right shift of the comdative frequency distribution
urves of plabeau pressures was seen for increasing ARDS severity category,
warith plarteas pressure of mone than 30cm M0 in & 5% of patients for which
these data are avallable. C, Represents the distribution of day-1 tidal volume vs
plateau pressure for each patient for which these data are avalable.
Two-thines of thie paesents fell waithin the Bmms for prococtve ventianon,
defined as plateau pressure less than or equal to 30 cm M0 and tdal wolume
of b= than orecqual to B miL kg of predicted body wieight. Data refer to

the first day of &ROS.

JAMA Febroary 23, 2016 Volume 315, Number B

TI5



Capitulo V — ANEXOS

Reseaech Diiginal Investigation

Figgure 3. Mechanical Ventilation
Distress Syndrome:

s in Early Acute Resy ¥
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spontanesus ventilation. Two-thirds ﬂﬂ!ﬁﬂ! in whom
Py was reported received protective mechanical ventilation
as defined by a tidal volume of 8 mLikg of PEW or less and
a Py, of 30 cm Hyo or less (Figure 20). In patients in whom
P, Was measured, 91.9% (95% Cl, BB.1%-04.9%) of those
receiving a tidal volume of more than B mLIkg PEW had
a P, of 30 cm H0 or less (Figure 2C). Less than 3% of
patients received a tidal volume of more than B mL/kg and
had a Py, pressure of morse than 30 em Hyo {Figure 2C).

There was norelationship between tidal volume and either
peak inspiratory pressure, P, of lung compliance (Figure 34
and eFigure 2 in the Supplement). Tidal volume was signifi-
cantly higher in patients in a spantaneous breathing mode (7.5
95% O, 7.4-7.6 v& 7.9; 95% CI, 7.8-8.1 mL/kg PEW, P = .001;
Table 3).

Pesitive end-expiratory pressure levels wene relatively low
(Table 3) and were higher in patients with higher peak inspi-
ratory pressure and higher P, In addition, no relationship
was found between PEEP and the Paoy/Fio, ratia, Flo,
(Figure IB) or lung compliance (eFigure 2 in the Supple-
ment). In contrasy, there was an inverse relationship between
Fio, and Spo., suggesting that clinicians used Fio,, to treat hy-
poxemia (Figure 3C).

Use of Adunctive Measures

The use of adjunctive treatments in patients with ARDS on
day 1 or 2 was relatively low but increxsed with ARDS sever-
ity (Table 4). Continuous neuromuscular blocking agents,
high-dose steroids, and recruitment maneuvers were the
most frequently used adjuncts. In patients with severe
ARDS, continuous nedromuscular blockads was used in
I7.5% (95% CI, 34_I%-41.2%), prone position in 16.3% (95%
CI, 13.7%-19.2%), and recruitment mansuvers in 32. 7% (95%
CI, 29.3%-36. 2%}

ARDS Dutcomes

Severity af ARDS worsened in 356 (19.6%, 95% CI, 17.8%-
21.5%) patients with mild or moderate ARDS (Table 5).
There was a decreased likelihood of unassisted breathing
(Figure 4A) and survival (Figure 4B) at day 28 with increas-
ing severity. Overall, unadjusted 10U and haspital mortality
from ARDS were 35. 3% (95% CI, 33.7%-37.2%) and 40.0%
(95% CI, 38.1%-42_1%), respectively (Figure 4 and Table 5).
The number of ventilator-free days decreased (eFigure 3 in
the Supplement), and the length of ICU-but not hospital—
stay, increased with greater ARDS severity category. Both
ICU and hospital survival decreased with increased ARDS
severity (Table 5). Patients with a driving pressure (e, Pog.-
PEEP) of more than 14 cm Hyo on day 1 had a worse out-
come (Figure 4C). There was a direct relationship between
bath plateau and driving pressure quintile and mortality
rate (Figure 5).

——
Discussion

In this prospective study carried out in 459 ICUs in 50 coun-
tries in 5 continents, ARDS appeared to reprasent an impaor-

jama.com

137



Capitulo V — ANEXOS

138

Trandsin Ansbe Respianory Disrness Syndnome in 50 Countries

tant public health problem globally, with some geographic
variation and with a very high monality of approximately
409 A major finding was the underecognition of ARDS by
clinicians, the low use of contemporary ventilatory strate-
pgies and adjuncts, and the limited effect af physician diag-
nesis af ARDS an treatment decisions. These findings indi-
cate the potential for improvement in management of
patients with ARDS.

In this study, the geographic variation in ARDS inci-
dence ranged from 0.27 ta 057 cases per ICU bed per 4
weeks and preentage of ICU admissions. Because we could
not estimate the population served by the ICUs in this
study, we could not caleulate population incidence for
ARDS; therefore, relatively limle can be inferred about the
burden of ARDS in participating countries. The nearly 2-fold
variation in ICU incidence in this study and the known
variation in ICU resources internationally may well explain
the variability in ARDS studies that invelved specific geo-
graphic populations,® with the highest estimates in the
United States™* and Australia """ Our ICU incidence data
are concordant with other estimates using similar
approaches that have generated reliable population inei-
dence data 20

These results suggest that ARDS continuwes to be under-
recoghized by clinicians in the era of the Berlin Delinition,
similar to previows findings using the American-European
consensus conference (AECC) definition. ™" & key fea-
ture of our study design was that data were collected for
each component all the Berlin Definition in all patients with
hypoxemia breathing with the aid of a ventilator, which
allowed us o identify patients with ARDS from the raw
data_ We chose this approach to enable a mone rabust evalu-
ation of the incidence, as well to assess clinician recognition
of ARDS. The rate of clinician recognition of ARDS was low,
with 40% of all cases not being diagnased. Clinician recog-
nition rates increased with increasing disease severity but
wias still less than 80% in severe ARDS. Independent factors
contributing to clinician recognition were younger patient
age, lower predicted body weight, the presence of extrapul-
monary sepsis or pancreatitis, and greater disease severity.
Conversely, the absence ol a risk factor for ARDS was associ-
ated with underrocagnition of ARDS. Lower aumbare af
nurses and physicians per ICU patient were both associated
with reduced clinician recognition of ARDS. It is possible
that the way in which the data were collected contributed,
in part, to clinician underrecognition of ARDS. Specifically,
it & possible that the ICU clinician knew that the patient had
ARDS, but this was not made known to the site investigators
or reparted in the patient chart. However, not indicating the
diagnosis af ARDS in the chart constitutes a form of under-
recognition. In addition, that the study had an explicil focus
on ARDS, that all participants were offered online training
on ARDS diagnosis, and that the case report form asked at 2
separate points in the study if the patient had ARDS, make
thiz prveaihility lase likely

It is unclear whether clinician recognition of ARDS
affects outcome because recognition may be anly one of a
number of barriers to the use af ventilatory and adjunctive

jama com

Diiginal Investigation Reseaech

Figure 4. Outcome From Acute Respiratory Distress Syndrome
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Figure 5. Driving Pressure and Plateas Pressure and Outcome From ARDS.
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treatment strategies, while the sickest patients are more fre-
guently diagnosed."*** After adjusting for potential con-
founders, clinician diagnosis of ARDS was not indepen-
dently associated with the use of lower tidal valume.
Conversely, clinician diagnosis of ARDS was significantly
associated with the use of higher PEEP, prone positioning,
and neuromuscular blockade. Although the reasons for this
are unclear, clinicians do not appear influsnced by the pres-
ence or absence of ARDS for setting tidal volume and may
be maotivated by ather factors (g, percsived comfort, pH,
Paco,, ele).

Our data appear to demonstrate the predictive validity
of the Berlin Definition, and are consistent with a recent
obaervational study.” Increasing ARDS severily was associ-
ated with langer ICU stay, more days of invasive ventilation,
longer hospital stays, and higher mortality. Patients with
severe ARDS were younger, had fewer comorbidities but
had a significantly worse outcome. The propartion of
patients in each severity category was similar to that deter-
mined in retrogpective analyses.!

ARDS appears to be undertreated in terms of the use of
optimal, proven, or recommended approaches to mechani-
cal ventilation and regarding the use of some adjunctive
measures. Platean pressure was reported in only 40.1% of all
patients with ARDS, which increased 1o 48 5% of patients in
whom there was no evidence for spontanecus ventilation.
Although it B possible that patients in whom platean pres-
sure wad measured were ventilated differently, this did not
appear 1o be the caae, al least in terms of tidal velume. We
found no evidence to suggest that lower tidal volumes ar
higher PEEP were used in patients with a leds compliant
respiratory system or greater ARDS severity as reported in
prior studies.®® Low tidal volume ventilation was the most
Frequently used imervention, but mone than one-thind of all
patients with ARDS received a tidal volume of more than 8
ml(kg of FEW, and approximately 60% received a tidal val-
ume of mone than 7 mLkg of PEW. This nding i consistent
with recent nonprotecoelized RCTs in which patients
Per el T Tl wliniied Pham A feecied 00 Tin il
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study, PEEP was relatively low and eonstant across the spec-
trum af ARDS severity, with more than 80% af patients with
ARDS receiving PEEP of 12 em Hzo or less. Hypaxemia
appeared to be treated predominantly by increasing
Fiog. High levels of permissive hypercapnia were infre-
guent. Adjunctive measures were used infrequently; this
appeared to be the case for less expensive interventions
such as prone positioning and neuromuscular blockade, as
well as for expensive and invasive technologies such as
extracorporeal membrane oxygenation. It is possible that
thes relatively bow use of adjunctive mexsures such a3 newro-
muscular blockade or prone positioning reflects ongoing
uncertainty about the quality of evidence supporting these
interventions.

ARDE continues to have a high mortality, despite
advances in supportive care. There was a significant
increase in mortality with each increase in ARDS severity
category. Overall, 40% of patients with ARDS died in the
hospital. Although detailed analyses of the factors contrib-
uting to outcome are beyond the scope of this article, we
ales confirmed a recent repart™ suggesting that higher driv-
ing pressure is associated with increased risk of death;
albeit, our data should be interpreted cautiously as Pr,, was
available in a minority of patients.

This study has a number of limitations. Our focus on
winter months, while allowing us to examine the burden af
ARDS during the same seadon acrows the glabe, may over-
state ICU incidence figures for ARDS, due to specific dis-
sased cueh a8 influenzs 3 In additien, decpite anralling a
large number of ICUs from arcund the world, our conve-
nience sample may be prone to selection biases that may
lismit generalizability; thensfore, we are unable to caleulate
population-based incidence figures for ARDS. Similar 1o
ather epidemiological studies, we did not have access to the
source data for the patients in the enrolling ICUs. a0 it is
pasgible that not all patients with ARDS in participating cen-
vers were enrolied. However, enrollment of patlents with
ARDS from participating 1CUs met expectations based on
Bl Tt 2007 adiviidainm rates wiliile data B e

jama.com

139



Capitulo V — ANEXOS

140

Tranck in Acute Regpirsory Disness Syndromie in 50 Countries

recruiting ICUs was not dilferent from that I'rom higher
enrolling ICUs, suggesting the absence of repanting hiases,

ensure data quality, we instituted a robust data quality-

ontral program in which all centers were requested to
werily data that appeared inconsistent or erronesus.
Although chest ¥-ray interpretation was performed by
on-site clinicians, which potentially increased variability,
we attempted to standardize interpretation by offering all
the investigators web-based training. Another limitation is
the lack of data collection concerning the use of conserva-
tive Muid steategy. Lastly, our assumption that patients dis-
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5.3 Anexo llI: Trabalho original n&do integrado na investigagcao nuclear do
ciclo de doutoramento, porém com ele relacionado, citado no capitulo

de discussdao, conclusdes e trabalhos futuros

Outcomes of Acute Hypoxaemic Respiratory Failure. Insights from the
Lung Safe Study

Tai Pham; Antonio Pesenti; Giacomo Bellani; Gordon Rubenfeld; Eddy Fan;
Guillermo Bugedo; José Angel Lorente; Antero do Vale Fernandes; Frank Van
Haren; Alejandro Bruhn Cruz; Fernando Rios; Jose A. Lorente; Andres Esteban,
Luciano Gattinoni; Anders Larsson; Daniel F. McAuley; Marco Ranieri; B. Taylor
Thompson; Hermann Wrigge; Arthur S. Slutsky; Laurent J. Brochard and John G.
Laffey on behalf of the LUNG SAFE; Investigators and the European Society of
Intensive Care Medicine Trials Group

Em revisdo na revista European Respiratory Journal

ERJ-03317-2020, Fator de impacto: 12,242

Importancia: Para além dos doentes com critérios de ARDS, a Insuficiéncia
Respiratoria Hipoxémica Aguda (IRHA) ainda € uma entidade ndo bem
caracterizada.

Objetivos: Avaliar a incidéncia, as razdes da hipoxémia, os outcomes dos
doentes com IRHA e determinar se os doentes que ndo evoluiram com ARDS
apresentam outcomes diferentes.

Projeto, cenario e participantes: Estudo de coorte prospetivo multicéntrico
internacional (LUNG SAFE) de doentes que apresentam IRHA no inicio do curso
de ventilacdo mecanica, conduzido durante 4 semanas consecutivas no inverno
de 2014 em 459 UCIs de 50 paises.

Exposicdes: IRHA definida por PaO2 / FIO2 de 300 mmHg ou menos, novos
infiltrados pulmonares em imagiologia do térax e necessidade de suporte
ventilatério com pressao positiva no final da expiragdo (PEEP) de pelo menos 5
cm H20.
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Principais outcomes e medidas: O outcome primario foi a incidéncia de IRHA
na UCI. Os outcomes secundarios incluiram a distribuicdo das causas da
hipoxemia, sobrevida hospitalar, fatores associados a mortalidade hospitalar e
comparacao de doentes com opacidades unilaterais versus bilaterais na imagem
do térax e preenchimento de outros critérios para ARDS.

Resultados: De 12.906 doentes em ventilagdo mecanica, 34,9% apresentaram
critérios de IRHA com mortalidade hospitalar de 37,6%. A maioria dos doentes
intubados com IRHA tinha critérios de ARDS (69,0%), enquanto 22,7%
apresentavam opacidades unilaterais de imagem do térax e 8,2% tinham
insuficiéncia cardiaca congestiva (ICC) como principal causa de hipoxemia. Os
doentes com ICC tiveram uma mortalidade de 44,1%, comparavel ao ARDS
(40,4%), embora os sobreviventes tenham tido menor tempo de ventilacdo
mecanica e de permanéncia na UCI do que o ARDS. Doentes com IRHA
unilateral apresentaram uma mortalidade n&o ajustada mais baixa, mas a
mortalidade ajustada foi semelhante a do ARDS. A analise multivariada mostrou
gue o numero de quadrantes envolvidos na imagem do térax aumenta o risco de
morte. A comparacdo de doentes com IRHA unilateral vs. ARDS com 2
quadrantes ndo mostrou diferenca na mortalidade ajustada ou ndo ajustada.
Conclusdes e relevancia: A IRHA atinge 34,9% dos doentes em ventilagéo
mecanica na UCI e a mortalidade hospitalar é de 37,6%. O outcome do doente
depende mais do grau de envolvimento pulmonar do que do subtipo especifico

de IRHA presente, enfatizando a necessidade de enfocar o IRHA além do ARDS.
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Abstract

Background: The current incidence and outcome of Acute Hypoxaemic
Respiratory Failure (AHRF) in the intensive care unit are unknown. Whether
AHRF patients without acute respiratory distress syndrome (ARDS) have
different outcomes than patients with ARDS has important implications.
Methods: An international, multicentre, prospective cohort study of patients
presenting with AHRF early in the course of mechanical ventilation, conducted
during 4 consecutive weeks in the winter of 2014 in 459 ICUs from 50 countries
(LUNG SAFE). AHRF was defined by PaO2/FiO2 <300 mmHg, new pulmonary
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infiltrates and mechanical ventilation with positive end-expiratory pressure
(PEEP) of at least 5 cm H20. ICU prevalence, causes of hypoxemia, hospital
survival, factors associated with hospital mortality were measured. Patients with
unilateral versus bilateral opacities were compared.

Findings: 12,906 critically ill patients received mechanical ventilation, and 34.9%
had AHRF. Their hospital mortality was 38.6%. AHRF was related to ARDS
(69.0%), to unilateral opacities (22.7%) or to congestive heart failure (8.2%,
CHF). CHF patients had mortality comparable to ARDS (44.1%vs. 40.4%).
Patients with unilateral-infiltrate had lower unadjusted mortality but similar
adjusted mortality than ARDS. The number of quadrants on chest imaging was
associated with an increased risk of death. There was no difference in mortality
comparing patients with unilateral-infiltrate and ARDS with only two quadrants
involved.

Interpretation

AHRF affects 34.9% of the patients receiving mechanical ventilation, and hospital
mortality is 38.6%. Survival is dependent on the degree of pulmonary

involvement, whether or not ARDS criteria are reached.

Funding: European Society of Intensive Care Medicine
246 words.

Trial registration

ClinicalTrials.gov Identifier: NCT02010073

Keywords: cardiac insufficiency; pneumonia; aspiration;

Take-Home Message

Patients with hypoxemic respiratory failure (AHRF) represent more than a third
of patients requiring mechanical ventilation and their mortality often exceeds
40%. Mortality is similar for ARDS and unilateral AHRF when only two quadrants

are involved on the chest X-Ray.
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INTRODUCTION

Acute hypoxaemic respiratory failure (AHRF) is a leading cause of admission and
need for mechanical ventilation in Intensive Care Units (ICU). Studies have
usually focused on patients meeting the criteria for Acute Respiratory Distress
Syndrome (ARDS) [1-3]. There are limited data on hypoxaemic patients who do
not fulfil the definition of ARDS [4-6]. A large prospective observational study in
Sweden, Denmark, and Iceland had examined patients with acute respiratory
failure requiring mechanical ventilation regardless of the level of FiO2 and found
more than 20 years ago a mortality rate around 40% with or without ARDS [5].
AHRF patients without ARDS can have a cardiac failure or fluid overload, or only
unilateral infiltrates on chest imaging. These patients are excluded from
epidemiological studies addressing ARDS and exploring this population is
important. First, the definition of ARDS is subject to variations into clinicians’
interpretations such as the relative contribution of heart failure or fluid overload
[7], and, or the analysis of chest X-ray for the diagnosis of bilateral pulmonary
infiltrates [8-10]. Understanding the differential impact of unilateral versus
bilateral airspace disease is also important because they may overlap with ARDS.
In addition, it is essential to determine whether these patients can benefit from
lung-protective approaches like those used for patients with ARDS [11, 12].
Although the underlying biological mechanisms may differ across these different
groups, the symptomatic management of the lungs, e.g., ventilator settings,
sedation, proning, could be comparable. Therefore, understanding the behaviour
of hypoxaemic ‘non-ARDS’ ventilated patients might optimize the management
strategy of these acutely hypoxaemic critically ill patients and may help to better
understand the limits of the current ARDS definition.

The Large Observational Study to Understand the Global Impact of Severe Acute
Respiratory Failure (LUNG SAFE) is the most recent and largest international
prospective cohort of patients with AHRF [1]. In this prespecified analysis, we set
out to describe the global burden of AHRF and compare the different sub-groups
of patients who make up AHRF: those who fulfil the criteria for the Berlin definition
of ARDS; patients whose failure was entirely explained by cardiac failure or fluid
overload as declared by clinicians; and patients with unilateral infiltrate on the

chest imaging.
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MATERIALS AND METHODS

Study Design

LUNG SAFE (ClinicalTrials.gov identifier NCT02010073) was a prospective
multicentre observational study conducted in 459 ICUs from 50 different
countries. All participating ICUs obtained ethics committee approval and patient
consent or ethics committee waiver of consent, depending on local regulations.
National coordinators and site investigators were responsible for obtaining ethics
committee approval and for ensuring data integrity and validity. Participating
centres screened all newly admitted patients for four consecutive winter weeks
(February-March 2014 in the Northern hemisphere, June-August 2014 in the
Southern hemisphere). A total of 4,499 patients had acute hypoxaemic
respiratory failure (AHRF) defined by a PaO2/FIO2 <300 mmHg, new pulmonary
infiltrates on chest imaging, and requirement of ventilator support with a positive
end-expiratory pressure (PEEP) >5 cm H20. The detailed methods and design of
LUNG SAFE have been previously described [1]; some results of this study have
been reported in abstract form [13].

Participants and data definitions

Patients presenting with AHRF were divided into 3 groups:

- Acute Respiratory Distress Syndrome (ARDS): patients fulfilling the Berlin
criteria for ARDS [4].

- Congestive Heart Failure (CHF): patients in whom respiratory failure was
considered by clinicians to be fully explained by cardiac failure or fluid
overload.

- Unilateral-infiltrate: patients fulfilling Berlin definition for ARDS criteria
except that they presented with only unilateral infiltrates on chest imaging.

To ensure homogeneity in the analysis, we kept patients with early-onset (first 48

hours post ICU admission) of AHRF, not treated with ECMO in the first 48h, and

not admitted to another ICU for >2 days before being transferred to the

participating ICU.
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Statistical analyses

Continuous variables are reported as mean = SD or median (interquartile range
[IQR]), and categorical variables as count and proportion. Comparisons of
proportions were made using Chi-square and Fisher exact tests. Three groups
were compared (unilateral-infiltrate, ARDS and CHF), and continuous variables
were compared using ANOVA or Kruskall-Wallis test, as appropriate. We
included geo-economic grouping in multivariable analyses, using the 2016 World
Bank country classification [14]. When global comparisons were statistically
significant, pairwise comparisons adjusting for multiple testing were performed
using Tukey or Benjamini and Hochberg method.

Prognostic risk factors from previous literature and variables found to be
associated in bivariate analysis with a P value <0.20 were entered in stepwise
(forward and backward) multivariable logistic regression analyses with
significance a levels of 0.05 or less for retention.

As basic analysis of chest imaging (quadrants involved) was an important focus,
this component was introduced in mortality models using either: 1) considering
bilateral opacities as a dichotomous variable; 2) considering the number of
quadrants involved as an ordinal variable. To better examine the specific impact
of bilateral versus unilateral opacities, mortality analyses were repeated
restricting the population to patients having two quadrants involved whether they
were unilateral (i.e. non-ARDS) or bilateral (i.e. ARDS).

Multicollinearity was evaluated with variance inflation factors for each variable
and ruled out if the variance inflation factor was <4 (relatively conservative). The
results are shown as odds ratios with 95% C. Models’ performance was assessed
using the Hosmer-Lemeshow goodness-of-fit test statistic. We used a Kaplan-
Meier analysis to estimate the likelihood of hospital mortality or invasive
ventilation discontinuation within 90 days of onset of AHRF.

No statistical power calculation was conducted before the study, and the sample
size was based on available data. For all numerical variables, outliers were
assessed and corrected by contacting site investigators if needed. The remaining
outliers were plausible values that were kept in the analysis. No assumptions
were made for missing data, and we followed the Strengthening the Reporting of

Observational Studies in Epidemiology (STROBE) recommendations [15].
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Statistical analyses were done with R (version 3.5.5, http://cran.r-project.org,
accessed August 2019). All P values were two-sided, and values <0.05 were
deemed statistically significant. Data are presented unadjusted unless
specifically stated. We assumed that patients discharged alive from the hospital

before 90 days were alive on day 90.

RESULTS

Prevalence and outcomes of AHRF in LUNG SAFE Cohort

A total of 29,144 patients were admitted to participating ICUs during the LUNG
SAFE study, and 12,906 patients received mechanical ventilation. Among them,
4,499 patients (15.5% of the total admissions, and 34.9% of hypoxemic patients
requiring mechanical ventilation) fulfilled criteria for AHRF with a mortality of
37.6% (1685/4481). The 4,499 AHRF patients represented 0.63 cases/ICU bed
over four weeks.

N=3,834 (more than 85%) had data available in the two first days of AHRF (Figure
1). Patients receiving NIV or under early ECMO are shown in Figure 1, but they
were not included in the subsequent analysis. The majority of patients (N=3,176;
83%) received invasive ventilation. Of the AHRF patients, 2193 (69.0%) fulfilled
all the Berlin criteria for ARDS, 261 (8.2%) had CHF and 722 (22.7%) had
unilateral-infiltrate, of whom 143 (19.8% of the latter group) developed full ARDS
criteria (bilateral images) later during their ICU stay. The hospital mortality of

patients with AHRF receiving invasive ventilation was 38.6%.

Patients with CHF

Patients with congestive heart failure were older, presented more frequent
comorbidities such as diabetes, chronic renal failure or chronic cardiac failure
(NYHA class 3 or 4), and less frequently chronic obstructive pulmonary disease
(COPD) or immunocompromised status compared to patients with ARDS (Table
1 and e-Table 1). Many baseline characteristics were similar to patients with
ARDS (SOFA score, arterial pH, PaO2/FiO2) but ventilatory parameters indicated
lower PaCO2, PEEP and peak inspiratory pressure (PIP) (Tables 1 and 2). They
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received higher tidal volumes, lower respiratory rates, and lower standardized
minute ventilation (Table 2). Mortality was 44.1%, not different from the mortality
of patients with ARDS (40.4%). Survivors from CHF had shorter durations of
mechanical ventilation, length of stay in the ICU and in the hospital than ARDS
(e-table 1).

Patients with unilateral-infiltrate

Characteristics

Compared to patients with ARDS, the 722 patients with unilateral-infiltrate had
many similar characteristics. COPD was more frequent, but other comorbidities
did not differ (Table 1 and e-Table 1). The three main risk factors for hypoxemia
were similar in patients with unilateral-infiltrate and with ARDS, namely
pneumonia, gastric aspiration and extrapulmonary sepsis. Aspiration was more
frequent in patients in unilateral-infiltrate while pneumonia and extrapulmonary
sepsis rates were more prevalent in ARDS.

Patients with unilateral-infiltrate had lower baseline respiratory and systemic
illness severity than patients with ARDS, lower SOFA and non-pulmonary SOFA
scores, and higher arterial pH, PaO2/FiOz2ratio, and lower PIP (Table 1). Plateau
pressure (Plat) and driving pressure (reported in only 31.1% of the patients), were
lower in patients with unilateral-infiltrate than in ARDS (Table 2, e-table 1 and

Figure 2).

Management

Patients with unilateral-infiltrate received higher tidal volumes but lower PEEP,
FiO2, respiratory rate and standardized minute ventilation than patients with
ARDS (Table 2).

‘Protective’ ventilation defined as receiving tidal volume lower than 8 mL/kg PBW
and a plateau pressure lower than 30 cmH20 (when available) was delivered at
a similar rate in patients with unilateral-infiltrate and in patients with ARDS (63%
vs 67%, P=0.250; e-Figure 1). The use of adjunctive therapies was low in the
whole population but was higher in patients with ARDS than in unilateral-infiltrate

patients (e-Table 2).
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Unadjusted outcomes

Overall, unadjusted ICU and hospital mortalities were lower in patients with
unilateral-infiltrate than in patients with ARDS (26% vs. 35% and 35% vs. 40%)
(Table 2, e-Table 1 and Figure 3, panel A) and patients with unilateral-AHRF had
more invasive-ventilation free days than patients with ARDS (Table 2). In an
analysis confined to survivors, ICU stay was shorter in patients with unilateral-

infiltrate than in patients with ARDS, but hospital length of stay was similar.

Impact of the number of quadrants involved in patients without CHF

1) Risk factors for death in unilateral-infiltrate and ARDS

Comparison of survivor's vs non-survivors is shown in e-Table 3. Multivariable
analysis of the factors contributing to outcome in these patients with ARDS or
unilateral-AHRF adjusting on main confounders demonstrated that the presence
of bilateral opacities on the chest imaging (i.e. ARDS) was an independent risk
factor for death (e-Table 4). A similar model adjusting on the same confounders
using the number of quadrants involved instead of the bilateral opacities
characteristics showed that having 3 or 4 involved quadrants was significantly
associated with a higher risk of hospital mortality. Independent risk factors for
mortality also included age, immunocompromised status, chronic liver failure,
higher extrapulmonary SOFA score, concomitant cardiac failure, medical
indication or trauma, and location in a middle-income country, higher respiratory
rate and peak inspiratory pressure and lower ph. Conversely, higher body mass
index, higher PEEP, drug overdose as the cause of respiratory failure were
associated with better outcomes (e-Table 4). The multivariable analysis of factors
associated with hospital mortality restricted to patients with unilateral-AHRF

found similar results, although with less significant variables (e-table 5).

2) Patients with infiltrates in only two quadrants of chest X-ray

Of 1094 patients with two-quadrant infiltrates on CXR, 172 (16%) had unilateral
opacities (unilateral-AHRF), while 922 (84%) had bilateral opacities (ARDS)
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(Table 3). Unilateral-AHRF patients had more immunosuppression, gastric
aspiration, contusions, and less extrapulmonary sepsis, but most of the other
patients’ characteristics, gas exchange variables and ventilator management
were identical. The unadjusted mortality rates and different outcomes were
similar between groups (Figure 3, panel B). In a multivariable analysis adjusting
on the same covariates as the model performed for the whole population of
AHREF, the presence of bilateral (vs. unilateral) opacities was not associated with
mortality (e-Table 6).

3) Development of ARDS in patients presenting initially with unilateral-
infiltrate

Of patients with unilateral-infiltrate on day 1 and 2, 143 (20%) subsequently
developed ARDS. Patients who developed bilateral infiltrates were more severely
ill than patients who never developed ARDS as evidenced by lower PaO2/FIO2
ratio in the first two days; higher hemodynamic SOFA score; lower pH; and higher
PIP. Patients who developed ARDS had similar mortality rates but longer stays
and duration of MV (e-Table 7). In multivariable analyses adjusting for age, SOFA
score, pH and PF ratio, only PIP was associated with the evolution towards ARDS
(e-Table 8).

DISCUSSION

The LUNG SAFE study shows that slightly more than a third of patients requiring
mechanical ventilation in the participating ICU have PaO2/FIO2 ratio <300
mmHg. Patients with CHF receiving mechanical ventilation have a mortality rate
comparable to patients with ARDS. Patients with unilateral-infiltrate have lower
severity of illness than patients with ARDS, and the extent of the infiltrates on the
chest imaging is associated with mortality. The outcome of patients with two-
quadrant involvement on the chest X-ray is similar whether the distribution is
bilateral (i.e. qualifying them for ARDS) or unilateral. In patients with unilateral
AHRF, the peak pressure is the only independent risk factor for developing
ARDS.
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AHREF is prevalent among critically ill patients, representing more than 15% of all
admissions and more than one-third of patients who received ventilation in this
large international observational study. It has a high mortality rate. AHRF, as a
whole, has an important impact on health-care systems worldwide, larger than
ARDS alone [1, 16, 17]. While the subgroup with ARDS is well characterized and
studied [1, 4], the population that have AHRF not fulfilling ARDS criteria is under-
appreciated as a clinical entity and incidence and outcomes have not been often
reported to date [5, 6, 18, 19]. The lack of consensual definition for AHRF and
the heterogeneity of this group are potential explanations. In addition, ARDS is
considered as an archetypal condition in the critically ill and has dominated the
research agenda [20-24].

Few data are available for this category of patients. In a prospective study in
Sweden, Denmark, and Iceland, Luhr et al. examined the prevalence and 90-d
mortality of acute respiratory failure (ARF), defined as intubation and mechanical
ventilation > 24 h, as well as acute lung injury (ALI) and ARDS based on
American-European consensus definition [5]. They did not use any oxygenation
criteria for ARF, making comparisons difficult they included 1231 ARF patients,
287 ALl and 221 ARDS. Ninety-day mortality was 41% for all ARF, 42% for ALI
and 41% for ARDS. The severity of illness and any chronic disease (except
COPD) was more important for mortality and outcome than the definitions of
ARDS if the patient was invasively ventilated more than 24 hours (defined as
ARF). Vincent et al. reported the results of a sub study to validate the sequential
organ failure assessment score looking at patients having PaO2/FiO2 below 200
mmHg and mechanical ventilation [6]. They reported a prevalence of 54% with
an ICU mortality of 34%. In the present study, the SOFA is similar in ARDS and
AHRF when the patients have more than two-quadrant opacities. The number of
opacities seems to be a strong and noteworthy marker of severity of illness
independent of whether it is defined as ARDS. This was an unexpected finding,
given the low reproducibility of X-Ray imaging in intensive care [25]. The
classification based on quadrants is, however, ultrasimple and may have a better
reproducibility. In our study, patients presenting with ARDS and unilateral-AHRF
had quite similar profiles. Comorbidities and main reasons for hypoxemia were
comparable, although patients with aspiration were more frequent in unilateral

injury. Patients with unilateral-infiltrate received slightly higher tidal volumes and
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lower PEEP than patients with ARDS. When adjusted, similarly high mortality
between patients with unilateral-infiltrate was observed compared to patients with
ARDS and the same number of quadrants involved. This suggests that the extent
of lung involvement is the predominant factor influencing the outcome, rather than
the bilateral characteristic. There was a stepwise increase in mortality when the
number of quadrants involved raised from 2 to 4, whereas patients with two
guadrants, whether unilateral or bilateral, had the same outcomes.

Regarding the ARDS definition, our data confirm that patients with unilateral-
infiltrate are not fundamentally different in terms of poor outcome from patients
with ARDS [5]. They also have similar underlying risk factors, comorbidity profiles,
are managed similarly. The need for subdividing these patients into ARDS and
unilateral-infiltrate, at least based on the current clinical criteria, can be
rediscussed depending on what is studied. Given the lack of knowledge regarding
this condition, unilateral patients might be enrolled in studies of ARDS, perhaps
with stratification based on the number of quadrants involved to understand if
similar management approaches should be used. The pathophysiology or
biological mechanisms differ, but the management may not be so different
regarding, for instance, the ventilation of a baby lung. High PIP was the main risk
factor for developing ARDS in patients with unilateral-infiltrate. The poor outcome
of this population justifies further research.

Physiological studies looking at unilateral versus bilateral injury are needed to
understand the impact of ventilator settings. For instance, the respective effects
of PEEP or large tidal volumes in the presence of asymmetrical injury is an
important question to address. Our data suggest that the same ventilator
parameters seem to influence the outcome in unilateral or bilateral lung injury.
The failure of current clinical criteria to meaningfully subgroup AHRF patients
underlines the need to explore alternative classification approaches, including
phenotyping based on biologic/immunologic profiles [26, 27] if specific treatments
can be applied according to these phenotypes [28]. In our study, the basic clinical,
though likely imperfect, classification of the number of quadrants involved had a
strong prognostic value. Re-examining the impact of the number of quadrants
may help to determine whether this parameter could be included as a severity
criterion in the ARDS or AHRF definition.
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Patients with cardiogenic AHRF receive a different therapeutic management
approach compared to other types of AHRF. Although data are scarce,
mechanical ventilation has always been associated with a poor prognosis [29,
30]. Although patients had a shorter duration of support, they had similar mortality
than patients with ARDS, again in line with Luhr et al. [5]. One study compared
outcomes of patients with cardiogenic pulmonary oedema to patients with ARDS
[31]. In this retrospective study, authors found a four-fold increased risk of
hospital mortality for patients with ARDS as compared to patients with
cardiogenic pulmonary oedema, but definitions differed from ours (limited to need
for mechanical ventilation and a PEEP of =5). This population of patients with
cardiac failure may need more specific research attention. One could question
the accuracy of the clinical classification of CHF by investigators in Lung SAFE.
Differentiating ARDS from pure cardiac failure can be challenging [7, 32, 33]
especially since the Berlin definition clearly states that patients could present with
ARDS and concomitant heart failure [4] Patients were classified as CHF in the
present study when hypoxemia was fully explained by cardiac failure or fluid
overload per the treating clinician. This analysis reflects the clinical practice and
the way patients are enrolled in or excluded from clinical trials.

Our study has the limitations of an observational design with the risk of
unmeasured confounding factors. Regarding the quality of data collection, all
numerical variables were checked, outliers were detected and queries to confirm
their values were sent to investigators. This ensured the quality of our dataset
and explains the low number of missing data, mostly reflecting lack of clinicians’

monitoring of certain variables (e.g., plateau pressure).

CONCLUSION

Patients with AHRF represent a high global burden of iliness, affecting one-third
of the patients receiving ventilation in the ICU with mortality close to 40% in this
cohort. Patients with unilateral-infiltrate have high mortality compared to patients
with ARDS of similar severity. Regarding the outcome, the global extent of lung
involvement seems more important than the unilateral vs. bilateral distribution of
the lung opacities. These findings emphasize the need for greater attention to

patients with unilateral-infiltrate in future studies.
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Table 1: Baseline and outcomes of all patients and separated by population category

ARDS CHF Unilateral-AHRF | Overall P N

N= 2193 N= 261 N= 722 value
Age, y 61.0+16.8 68.1+13.5* 62.1+17.2 <0.001 3176
Female gender, n(%) 821 (37.4%) 108 (41.4%) 254 (35.2%) 0.056 3012
Weight, kg 77.6£24.0 74.9+17.4 75.8+£18.6 0.056 3012
BMI, kg/m2 27.3+8.6 26.9+5.8 26.5+6.2 0.061 2938
lliness Severity Indices
SOFA Score 10.0[7.0;13.0] | 10.0[8.0;12.0] | 9.0[6.0;12.0]* <0.001 3161
Non-pulmonary SOFA
score 6.7 [4.0,10.0] 7.0[5.0,9.0] 6.0 [3.8;9.0]* <0.001 3139
CXR quadrants
involved <0.001 2991
1 0 (0.0%) 34 (14.9%) 429 (71.4%)
2 922 (42.6%) 72 (31.6%) 172 (28.6%)
3 507 (23.5%) 33 (14.5%) 0 (0.0%)
4 733 (33.9%) 89 (39.0%) 0 (0.0%)
Bilateral opacities 2193 (100.0%) | 187 (74.8%)* 0 (0.0%) <0.001 3165
PaC0O2, mmHg 45.9+14.9 42.8+14.3* 44.8+15.2* 0.003 3133
pH 7.32+0.12 7.330.13 7.3420.12* <0.001 3133
PaO2/Fi02, mmHg 161.0+67.9 170.8+67.4 190.0+63.8* <0.001 3159
Worst PaO2/FiO2 in the
first 2 days, mmHg 153.2+66.1 159.0+64.3 178.7+62.8* <0.001 3170
Initial Severity, n(%) * * <0.001 3169
Mild 663 (30.2%) 87 (34.3%) 330 (45.7%)
Moderate 1024 (46.7%) 120 (47.2%) 313 (43.4%)
Severe 506 (23.1%) 47 (18.5%) 79 (10.9%)
Comorbidities, n(%)
Diabetes 482 (22.0%) 79 (30.3%)* 158 (21.9%) 0.009 3176
COPD 448 (20.4%) 38 (14.6%)* 179 (24.8%)* 0.001 3176
Chronic Renal Failure 210 (9.6%) 51 (19.5%)* 68 (9.4%) <0.001 3176
Immunosuppression 455 (20.7%) 16 (6.1%)* 133 (18.4%) <0.001 3176
Chronic Cardiac Failure 211 (9.6%) 106 (40.6%)* 71 (9.8%) <0.001 3176
Chronic Liver Failure 96 (4.4%) 5 (1.9%) 28 (3.9%) 0.157 3176
At least 1 comorbidity 1287 (58.7%) 181 (69.3%)* 425 (58.9%) 0.004 3176
“Cause of hypoxaemia”
(more than 1 cause is
possible), n(%)
Pneumonia 1478 (67.4%) 17 (6.5%)* 453 (62.7%)* <0.001 3176
Non pulmonary Sepsis 384 (17.5%) 11 (4.2%)* 103 (14.3%)* <0.001 3176
Gastric aspiration 357 (16.3%) 22 (8.4%)* 149 (20.6%)* <0.001 3176
Trauma 103 (4.7%) 3 (1.1%)* 47 (6.5%) 0.002 3176
Pancreatitis 47 (2.1%) 0 (0.0%)* 10 (1.4%) 0.013 3176
Pulmonary contusion 74 (3.4%) 3 (1.1%) 34 (4.7%) 0.023 3176
Pulmonary Vasculitis 29 (1.3%) 1 (0.4%) 6 (0.8%) 0.356 3176
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Non cardiogenic Shock 184 (8.4%) 6 (2.3%)* 46 (6.4%) 0.001 3176
Overdose 45 (2.1%) 0 (0.0%)* 21 (2.9%) 0.018 3176
TRALI 98 (4.5%) 11 (4.2%) 24 (3.3%) 0.412 3176
CHF 326 (14.9%) 261 (100.0%)* 75 (10.4%)* <0.001 3176
COPD 218 (9.9%) 0 (0.0%)* 103 (14.3%)* <0.001 3176
Asthma 30 (1.4%) 0 (0.0%) 11 (1.5%) 0.101 3176
No Cause identified 94 (4.3%) 0 (0.0%)* 34 (4.7%) 0.002 3176

*:P<0.005 vs ARDS
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Table 2: Ventilatory Management and Outcomes in Patients with AHRF and with ARDS

ARDS patients CHF Unilateral-AHRF
N=2193 N=261 N=722 P value N

Ventilation Management
VT, ml’/kg PBW 7.7£1.8 8.3+1.8* 7.9+£1.9* <0.001 3009
RR, b/min 20.8+8.7 18.9+5.6* 19.1+5.5* <0.001 3155
PEEP, cmH20 8.0 [5.0;10.0] 6.0 [5.0;8.0]* 6.0 [5.0;8.0]* <0.001 3159
FiO2 0.6 [0.4;0.8] 0.6 [0.4;0.9] 0.5[0.4;0.6]* <0.001 3161
Plateau pressure, cmH20 23.3+6.1 21.845.8 20.145.2* <0.001 1002
Driving pressure, cmH20 14.91£5.6 14.0+5.4 13.1+4.9* <0.001 999
PIP, cmH20 26.918.2 24.7+8.2* 24.84£8.0* <0.001 3041
Minute ventilation
(standardized), L/min 10.87+4.77 9.95+4.49* 10.20+4.41* <0.001 3103
Outcomes
Duration of invasive MV 8.0 [4;15] 4[2;9]* 6 [3;12]* <0.001 3003
- in hospital survivors, days 8.0 [4;14] 4.0 [3;10]* 6 [3;12]* <0.001 1784
VFD, days 11.0[0;20] 16 [0;24] 18 [0;24]* <0.001 3003
ICU Length of Stay 10 [5;19] 6 [3;12]* 9 [5;16]* <0.001 3176
-in ICU survivors, d 11 [6;20] 7[4,13]) * 9[5,17]* <0.001 2116
Hospital Length of Stay 17 [8;32] 12 [5;24]* 17 [9;30]* <0.001 3108
- in hospital survivors, days 23 [13;40] 19 [11;31] * 21[13;36]* 0.008 1882
ICU mortality, n(%) 774 (35.3%) 98 (37.5%)* 188 (26.0%)* <0.001 3176
Hospital mortality, n (%) 882 (40.4%) 115 (44.1%)* 229 (31.8%)* <0.001 3165

PBW: predicted body weight
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Table 3: Demographics, iliness severity, management and outcomes of patients with AHRF and
with ARDS with 2 CXR quadrants involved

Unilateral-
AHRF with 2 Bilateral with 2
quadrants quadrants(ARDS)
N=172 N=922 p-value N
Age,y 61.2+18.0 62.3+16.6 0.452 1094
Female gender, n(%) 63 (36.6%) 356 (38.6%) 0.685 1094
Weight, kg 75.1+20.8 78.2426.8 0.104 1032
BMI, kg/m2 25.946.5 27.6+10.2 0.008 1008
SOFA 9.6 [7.0;12.0] 9.8[7.0;12.0] 0.249 1094
Comorbidities, n(%)
Diabetes 40 (23.3%) 210 (22.8%) 0.969 1094
COPD 36 (20.9%) 201 (21.8%) 0.878 1094
Chronic Renal Failure 15 (8.7%) 96 (10.4%) 0.591 1094
Immunosuppression 43 (25.0%) 157 (17.0%) 0.018 1094
Chronic Cardiac Failure 16 (9.3%) 91 (9.9%) 0.928 1094
Chronic Liver Failure 4 (2.3%) 34 (3.7%) 0.504 1094
At least 1 comorbidity 103 (59.9%) 536 (58.1%) 0.732 1094
“Cause of hypoxaaemia”
(more than 1 cause is
possible), n(%)
Pneumonia 118 (68.6%) 584 (63.3%) 0.217 1094
Non pulmonary Sepsis 21 (12.2%) 177 (19.2%) 0.038 1094
Gastric aspiration 43 (25.0%) 147 (15.9%) 0.006 1094
Trauma 13 (7.6%) 57 (6.2%) 0.612 1094
Pancreatitis 0 (0.0%) 22 (2.4%) 0.036 1094
Pulmonary contusion 16 (9.3%) 40 (4.3%) 0.012 1094
Oxygenation and Ventilation
PaO2/Fi02, mmHg 18563 178466 0.196 1094
Mild 56 (32.6%) 318 (34.5%) 0.509 1094
Moderate 91 (52.9%) 446 (48.4%)
Severe 25 (14.5%) 158 (17.1%)
PaCO2, mmHg 46+15 44+13 0.134 1084
pH 7.3320.12 7.3420.11 0.148 1084
FiO2 0.5[0.4;0.8] 0.5[0.4;0.7] 0.247 1094
Vt, ml’/kg PBW 7.6+1.8 7.8+1.7 0.153 1046
RR, b/min 20+6 206 0.444 1091
Minute ventilation, L/min 10.33+4.50 10.31+4.62 0.942 1071
PEEP, cmH20 6.0 [5.0;10.0] 8.0 [5.0;10.0] 0.101 1094
Plateau pressure (n=336 ),
cmH20 20.845.8 21.845.4 0.238 336
Driving pressure (n=336 ),
cmH20 13.145.9 14.1+4.9 0.282 336
PIP (n=1056), cmH20 25.9+8.2 25.7+8.0 0.847 1056
Outcomes
Duration of invasive MV 7[3;12] 7 [4;14] 0.281 1036
- in hospital survivors, dyas 7 [4;13] 7 [4;14] 0.844 652
VFD28, days 16 [0;23] 15 [0;23] 0.581 1036
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ICULOS 9 [5;16] 10 [5;19] 0.291 1094
- in ICU survivors, days 10 [6;16] 11 [6;20] 0.402 766
Hospital LOS

- in hospital survivors, days 17 [10;35] 17 [9;33] 0.866 1070
ICU mortality, n(%) 48 (27.9%) 280 (30.4%) 0.578 1094
Hospital mortality, n(%) 58 (33.9%) 328 (35.7%) 0.720 1090

PBW: predicted body weight

REFERENCES

1. Bellani G, Laffey JG, Pham T, Fan E, Brochard L, Esteban A, Gattinoni L, van Haren
F, Larsson A, McAuley DF, Ranieri M, Rubenfeld G, Thompson BT, Wrigge H,
Slutsky AS, Pesenti A, LUNG SAFE Investigators, ESICM Trials Group.
Epidemiology, Patterns of Care, and Mortality for Patients With Acute Respiratory
Distress Syndrome in Intensive Care Units in 50 Countries. JAMA 2016; 315: 788—
800.

2. Caser EB, Zandonade E, Pereira E, Gama AMC, Barbas CSV. Impact of distinct
definitions of acute lung injury on its incidence and outcomes in Brazilian ICUs: a
prospective evaluation of 7,133 patients*. Crit. Care Med. 2014; 42: 574-582.

3. Villar J, Blanco J, Aién JM, Santos-Bouza A, Blanch L, Ambrés A, Gandia F,
Carriedo D, Mosteiro F, Basaldia S, Fernandez RL, Kacmarek RM, ALIEN Network.
The ALIEN study: incidence and outcome of acute respiratory distress syndrome in
the era of lung protective ventilation. Intensive Care Med. 2011; 37: 1932-1941.

4. ARDS Definition Task Force, Ranieri VM, Rubenfeld GD, Thompson BT, Ferguson
ND, Caldwell E, Fan E, Camporota L, Slutsky AS. Acute respiratory distress
syndrome: the Berlin Definition. JAMA J. Am. Med. Assoc. 2012; 307: 2526—-2533.

5. Luhr OR, Antonsen K, Karlsson M, Aardal S, Thorsteinsson A, Frostell CG, Bonde
J. Incidence and mortality after acute respiratory failure and acute respiratory
distress syndrome in Sweden, Denmark, and Iceland. The ARF Study Group. Am.
J. Respir. Crit. Care Med. 1999; 159: 1849-1861.

6. VincentJ-L, Ak¢a S, De Mendonca A, Haji-Michael P, Sprung C, Moreno R, Antonelli
M, Suter PM, SOFA Working Group. Sequential organ failure assessment. The
epidemiology of acute respiratory failure in critically ill patients(*). Chest 2002; 121:
1602-1609.

7. Komiya K, Akaba T, Kozaki Y, Kadota J-I, Rubin BK. A systematic review of
diagnostic methods to differentiate acute lung injury/acute respiratory distress
syndrome from cardiogenic pulmonary oedema. Crit. Care Lond. Engl. 2017; 21:
228.

8. Figueroa-Casas JB, Brunner N, Dwivedi AK, Ayyappan AP. Accuracy of the chest
radiograph to identify bilateral pulmonary infiltrates consistent with the diagnosis of
acute respiratory distress syndrome using computed tomography as a reference
standard. J. Crit. Care 2013; 28: 352—-357.

9. Goddard SL, Rubenfeld GD, Manoharan V, Dev SP, Laffey J, Bellani G, Pham T,
Fan E. The Randomized Educational Acute Respiratory Distress Syndrome
Diagnosis Study: A Trial to Improve the Radiographic Diagnosis of Acute
Respiratory Distress Syndrome. Crit. Care Med. 2018; 46: 743-748.

161



Capitulo V — ANEXOS

10. Sjoding MW, Hofer TP, Co I, Courey A, Cooke CR, lwashyna TJ. Interobserver
Reliability of the Berlin ARDS Definition and Strategies to Improve the Reliability of
ARDS Diagnosis. Chest 2018; 153: 361-367.

11. Neto AS, Simonis FD, Barbas CSV, Biehl M, Determann RM, Elmer J, Friedman G,
Gajic O, Goldstein JN, Linko R, Pinheiro de Oliveira R, Sundar S, Talmor D, Wolthuis
EK, Gama de Abreu M, Pelosi P, Schultz MJ, PROtective Ventilation Network
Investigators. Lung-Protective Ventilation With Low Tidal Volumes and the
Occurrence of Pulmonary Complications in Patients Without Acute Respiratory
Distress Syndrome: A Systematic Review and Individual Patient Data Analysis. Crit.
Care Med. 2015; 43: 2155-2163.

12. Writing Group for the PReVENT Investigators, Simonis FD, Serpa Neto A,
Binnekade JM, Braber A, Bruin KCM, Determann RM, Goekoop G-J, Heidt J, Horn
J, Innemee G, de Jonge E, Juffermans NP, Spronk PE, Steuten LM, Tuinman PR,
de Wilde RBP, Vriends M, Gama de Abreu M, Pelosi P, Schultz MJ. Effect of a Low
vs Intermediate Tidal Volume Strategy on Ventilator-Free Days in Intensive Care
Unit Patients Without ARDS: A Randomized Clinical Trial. JAMA 2018; 320: 1872—
1880.

13. Pham T, Laffey JG, Bellani G, Fan E, Bugedo G, Lorente JA, Rios F, Bruhn A,
Brochard LJ, Rubenfeld GD. Do patients with unilateral opacities have a similar
outcome than patients with ARDS? An ancillary analysis of the LUNG SAFE stud.
Intensive Care Med. Exp. 2017; 5: 0406.

14. Laffey JG, Madotto F, Bellani G, Pham T, Fan E, Brochard L, Amin P, Arabi Y, Bajwa
EK, Bruhn A, Cerny V, Clarkson K, Heunks L, Kurahashi K, Laake JH, Lorente JA,
McNamee L, Nin N, Palo JE, Piquilloud L, Qiu H, Jiménez JIS, Esteban A, McAuley
DF, van Haren F, Ranieri M, Rubenfeld G, Wrigge H, Slutsky AS, Pesenti A, et al.
Geo-economic variations in epidemiology, patterns of care, and outcomes in
patients with acute respiratory distress syndrome: insights from the LUNG SAFE
prospective cohort study. Lancet Respir. Med. 2017; 5: 627—-638.

15. von Elm E, Altman DG, Egger M, Pocock SJ, Ggtzsche PC, Vandenbroucke JP,
STROBE Initiative. The Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement: guidelines for reporting observational studies.
Lancet Lond. Engl. 2007; 370: 1453-1457.

16. Herridge MS, Tansey CM, Matté A, Tomlinson G, Diaz-Granados N, Cooper A,
Guest CB, Mazer CD, Mehta S, Stewart TE, Kudlow P, Cook D, Slutsky AS, Cheung
AM, Canadian Critical Care Trials Group. Functional disability 5 years after acute
respiratory distress syndrome. N. Engl. J. Med. 2011; 364: 1293-1304.

17. Pham T, Rubenfeld GD. Fifty Years of Research in ARDS. The Epidemiology of
Acute Respiratory Distress Syndrome. A 50th Birthday Review. Am. J. Respir. Crit.
Care Med. 2017; 195: 860-870.

18. Prescott HC, Sjoding MW, Langa KM, lwashyna TJ, McAuley DF. Late mortality after
acute hypoxic respiratory failure. Thorax 2018; 73: 618—625.

19. Pefiuelas O, Muriel A, Abraira V, Frutos-Vivar F, Mancebo J, Raymondos K, Du B,
Thille AW, Rios F, Gonzalez M, Del-Sorbo L, Ferguson ND, Del Carmen Marin M,
Pinheiro BV, Soares MA, Nin N, Maggiore SM, Bersten A, Amin P, Cakar N, Suh
GY, Abroug F, Jibaja M, Matamis D, Zeggwagh AA, Sutherasan Y, Anzueto A,
Esteban A. Intercountry variability over time in the mortality of mechanically
ventilated patients. Intensive Care Med. 2020;.

162



Capitulo V — ANEXOS

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Herridge MS, Angus DC. Acute lung injury--affecting many lives. N. Engl. J. Med.
2005; 353: 1736-1738.

Henderson WR, Chen L, Amato MBP, Brochard LJ. Fifty Years of Research in
ARDS. Respiratory Mechanics in Acute Respiratory Distress Syndrome. Am. J.
Respir. Crit. Care Med. 2017;.

Sahetya SK, Mancebo J, Brower RG. Fifty Years of Research in ARDS. Vt Selection
in Acute Respiratory Distress Syndrome. Am. J. Respir. Crit. Care Med. 2017; 196:
1519-1525.

Sahetya SK, Goligher EC, Brower RG. Fifty Years of Research in ARDS. Setting
Positive End-Expiratory Pressure in Acute Respiratory Distress Syndrome. Am. J.
Respir. Crit. Care Med. 2017; 195: 1429-1438.

Beitler JR, Goligher EC, Schmidt M, Spieth PM, Zanella A, Martin-Loeches |, Calfee
CS, Cavalcanti AB, ARDSne(x)t Investigators. Personalized medicine for ARDS: the
2035 research agenda. Intensive Care Med. 2016; 42: 756-767.

Rubenfeld GD, Caldwell E, Granton J, Hudson LD, Matthay MA. Interobserver
variability in applying a radiographic definition for ARDS. Chest 1999; 116: 1347—
1353.

Calfee CS, Delucchi K, Parsons PE, Thompson BT, Ware LB, Matthay MA, NHLBI
ARDS Network. Subphenotypes in acute respiratory distress syndrome: latent class
analysis of data from two randomised controlled trials. Lancet Respir. Med. 2014, 2:
611-620.

Bos LD, Schouten LR, van Vught LA, Wiewel MA, Ong DSY, Cremer O, Artigas A,
Martin-Loeches |, Hoogendijk AJ, van der Poll T, Horn J, Juffermans N, Calfee CS,
Schultz MJ, MARS consortium. Identification and validation of distinct biological
phenotypes in patients with acute respiratory distress syndrome by cluster analysis.
Thorax 2017; 72: 876-883.

Calfee CS, Delucchi KL, Sinha P, Matthay MA, Hackett J, Shankar-Hari M,
McDowell C, Laffey JG, O’Kane CM, McAuley DF, Irish Critical Care Trials Group.
Acute respiratory distress syndrome subphenotypes and differential response to
simvastatin: secondary analysis of a randomised controlled trial. Lancet Respir.
Med. 2018; 6: 691-698.

Alviar CL, Miller PE, McAreavey D, Katz JN, Lee B, Moriyama B, Soble J, van
Diepen S, Solomon MA, Morrow DA, ACC Critical Care Cardiology Working Group.
Positive Pressure Ventilation in the Cardiac Intensive Care Unit. J. Am. Coll. Cardiol.
2018; 72: 1532—-1553.

Vallabhajosyula S, Kashani K, Dunlay SM, Vallabhajosyula S, Vallabhajosyula S,
Sundaragiri PR, Gersh BJ, Jaffe AS, Barsness GW. Acute respiratory failure and
mechanical ventilation in cardiogenic shock complicating acute myocardial infarction
in the USA, 2000-2014. Ann. Intensive Care 2019; 9: 96.

Schmickl CN, Biehl M, Wilson GA, Gajic O. Comparison of hospital mortality and
long-term survival in patients with acute lung injury/ARDS vs cardiogenic pulmonary
edema. Chest 2015; 147: 618-625.

Maw AM, Hassanin A, Ho PM, Mcinnes MDF, Moss A, Juarez-Colunga E, Soni NJ,
Miglioranza MH, Platz E, DeSanto K, Sertich AP, Salame G, Daugherty SL.
Diagnostic Accuracy of Point-of-Care Lung Ultrasonography and Chest
Radiography in Adults With Symptoms Suggestive of Acute Decompensated Heart
Failure: A Systematic Review and Meta-analysis. JAMA Netw. Open 2019; 2:
€190703.

163



Capitulo V — ANEXOS

33. Vassallo MC, Tartamella F, Bhakta P, Palazzolo G. ARDS Cannot Be Accurately
Differentiated From Cardiogenic Pulmonary Edema Without Systematic Tissue
Doppler Echocardiography. Chest 2018; 154: 226-227.

Figure legends

Figure 1: Flowchart of the patients screened and included in the analysis
Abbreviations: AHRF: Acute Hypoxaemic Respiratory Failure; ARDS: Acute
Respiratory Distress Syndrome; CHF: Congestive Heart Failure; ECMO:
ExtraCorporeal Membrane Oxygenation; NIV: Non-invasive Ventilation

Figure 2: Boxplots of respiratory parameters according to the population
category (Unilateral-infiltrate in blue vs ARDS in black). P-values are results of
Student test comparisons. Outliers appear as dots.

Panel A: Tidal Volume the first day of AHRF. Data is available for 2769 patients
(95.0% of the patients).

Panel B: Plateau pressure on the first day of AHRF. Data is available for 912
patients (31.2% of the patients).

Panel C: Driving pressure on the first day of AHRF. Data is available for 910
patients (31.2% of the patients).

Abbreviations: AHRF: Acute Hypoxemic Respiratory Failure; ARDS: Acute
Respiratory Distress Syndrome; mL/kg PBW: millilitre per kilogram of predicted

body weight; Pplat: plateau pressure

Figure 3A: Probability of discontinuing mechanical ventilation and of hospital
survival in patients with unilateral-infiltrate (Blue) vs ARDS (Black). Solid lines
represent the probability of hospital survival and dotted lines, the probability of

mechanical ventilation discontinuation. P-values are the results of log-rank tests.

Figure 3B: Probability of discontinuing mechanical ventilation and of hospital
survival in patients with two quadrants and unilateral-infiltrate (Blue) vs 2
quadrants and ARDS (Black). Solid lines represent the probability of hospital
survival and dotted lines, the probability of mechanical ventilation
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Figure 1: Flow of patients
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Figure 3 Panel A: Probability of discontinuing mechanical ventilation and of hospital survival in patients
with unilateral-AHRF vs ARDS
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5.4 Anexo IV: Outros trabalhos cientificos efetuados na forma de capitulos
publicados em livro, comunicacdes orais e posters, e palestras
realizadas, em relacdo com a investigacdo base do ciclo de

doutoramento

Capitulos publicados em livro

1. Antero Fernandes, Paula Mendes, Lucio Lara Santos. Insuficiéncia
Respiratoria Perioperatéria. Seccéo V: Respiratorio: Tratado Luséfono de
Medicina Intensiva. Editores: Fernando Suparregui Dias, Rui Moreno,
Ederlon Rezende, Ciro Leite Mendes, Antero Fernandes. AMIB, SPCI.

Editora Atheneu. Rio de Janeiro, Brasil. Em publicacao.

Trabalhos apresentados na forma de comunicacéo oral e poster

1. Pedro Correia de Azevedo, Rui Gomes, Lucinda Oliveira, Antero
Fernandes. Pneumonia associada ao ventilador. XVIII Congresso
Nacional de Medicina Intensiva. 12 de maio de 2015. Lisboa, Portugal.

2. Rita Varudo, Inés Pimenta, Vania Brito, Antero Fernandes. Pneumonia
como complicacdo pos-operatoria numa unidade de cuidados
intensivos: preditores de mortalidade e influéncia dos isolamentos
bacterianos nos outcomes. XXI Congresso nacional de Medicina
Intensiva. 10 - 12 de maio de 2018, Porto.

3. Rita Varudo, Inés Pimenta, Vania Brito, Antero Fernandes. Pneumonia
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5.5 Anexo V: Abstract: Identify patients at risk for surgery who benefit from

a pre-habilitation program: Preliminary results
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L. Lara Santos®

IHospital Divino Espirito Santo, General Surgery, Ponta Delgada, Portugal

2Hospital Garcia de Orta, Intensive Care Unit, Lisboa, Portugal

SInstituto Portugués de Oncologia Francisco Gentil, Statistics, Porto, Portugal
4Instituto Superior Técnico de Lisboa, Academic, Lisboa, Portugal
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Objectives

The aim of this study is to create and validate a new score to predict the risk of
postoperative complications in esophagogastric surgery.

Methods

This is an observational retrospective study. Based on the preexisting scores like
P-Possum, ACS and ARISCAT, a new score was developed (MylPOrisk-score).
Using the Clavien-Dindo classification for postoperative complications (major vs
minor/none) as the outcome and the three referred scores as explanatory
variables; a logistic regression model was fitted to a sample of 496 patients. This
new score was applied to a set of 58 risk patients submitted to esophagogastric
surgery between July 2016 and April 2018 and admitted on the post-operative
period in an intensive or intermediate care unit.

Results

Fourteen patients had significant postoperative complications. The sensitivity and
specificity of IPO score were 85.7% and 65.1%, respectively, compared to
Charlson Index with 71.4% and 18.6%, P-Possum with 50% and 81.4%, ACS
with 71.4% and 44.2% and ARISCAT with 100% and 11.6%.

Conclusions
Those are preliminary results of more considerable work, in progress. It was

shown that in this population IPO score was a better predictor for morbidity and

170



Capitulo V — ANEXOS

mortality than other scores. We intend to extend the study to a larger sample with
the same characteristics to validate the score and establish it as an indicator for
pre-habilitation need.
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INSUFICENCIA RESPIRATORIA PERIOPERATORIA
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DESTAQUES

174

O sistema respiratoério é particularmente vulneravel aos efeitos da anestesia
geral e da cirurgia, e no periodo pds-operatdrio 0 compromisso respiratorio

€ comum.

Em geral, os efeitos residuais da anestesia, a dor pés-operatéria e a
alteracdo da mecéanica toraco-abdominal contribuem para diminuir a
capacidade residual funcional (CRF), originando um colapso progressivo

das unidades alveolares dependentes.

A Insuficiéncia respiratoria aguda € comum no periodo pos-operatorio,

sendo a atelectasia a sua causa mais frequente.

A insuficiéncia respiratoria perioperatéria, também designada insuficiéncia
respiratoria aguda (Tipo 3) representa geralmente um subconjunto da
insuficiéncia respiratéria do tipo 1, porém as vezes € considerada

separadamente porque € muito comum.

A sindrome clinica reflete os sinais e sintomas de hipoxemia, hipercapnia

ou do aumento do trabalho respiratorio compensatorio.

O diagnéstico de insuficiéncia respiratdria perioperatoria € essencialmente
clinico, devendo sempre ser confirmado laboratorialmente, através da

gasometria arterial.

A imagiologia do térax e muito importante para o diagnéstico, no qual a
avaliacao do raio - X do térax se revela de grande importancia, sobretudo
em termos etioldgicos, e a ultrassonografia pode dar-nos um diagndstico
preciso das condi¢cdes que comumente causam insuficiéncia respiratoria
aguda, podendo melhorar a precisao geral do diagnéstico, particularmente
em ambiente de cuidados intensivos, comparativamente as abordagens de

diagnostico padréo.
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O manejo da insuficiéncia respiratoria aguda pode ser dividido em uma fase
de ressuscitacdo urgente seguida de uma fase de atendimento continuo e

quase todos os doentes necessitam de oxigénio suplementar.

Apesar de dados limitados e da necessidade de novos ensaios
randomizados, a ventilacdo nao invasiva sob pressao positiva (VPPNI)
pode ser considerada uma ferramenta profilatica e terapéutica na melhoria

das trocas gasosas no periodo pds-operatorio.

A potencial gravidade da insuficiéncia respiratéria pés-operatéria podera
necessitar de recurso a ventilagdo mecanica invasiva por pressao positiva
(VIPP), onde diferentes estratégias de abordagem poderdo ser tidas em

conta, em dependéncia da etiologia presente.
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1. INTRODUCAO

O sistema respiratorio é particularmente vulneravel aos efeitos da anestesia
geral e da cirurgia, e o compromisso do sistema respiratério no periodo poés-
operatorio € comum, sendo que as suas alteracoes podem ocorrer ainda na
inducéo da anestesia geral, podendo o sistema respiratério levar até 6 semanas
para retornar ao estado pré-operatério em cirurgias de grande magnitude. [1,2,3]

O drive respiratorio, fungcdo muscular e os volumes pulmonares alteram-se de
forma frequente, e a atelectasia, enquanto principal causa de insuficiéncia
respiratéria aguda perioperatéria (IRAPO) desenvolve-se em mais de 75% dos

doentes que recebem um medicamento bloqueador neuromuscular. [1,2,3]

Em doentes jovens e saudaveis, as alteracbes do sistema respiratério séo
geralmente moderadas e bem toleradas, mas em idosos e em doentes com

doenca pulmonar pré-existente pode ter sérias consequéncias. [4]

Vérios fatores de risco para o desenvolvimento de complica¢des no periodo pos-
operatorio (CPOs) e em particular as complicacdes pulmonares pds-operatoérias
(CPPO) causadoras de IRAPO estao descritos na literatura, e os médicos devem
estar cientes dos fatores ndo modificaveis e modificaveis, reconhecendo a sua
importancia, no intuito de intervir precocemente através da otimizacdo dos
cuidados perioperatorios, de forma a mitigar o risco de desenvolvimento de
CPOs.

A ocorréncia de anormalidades, doencas ou disfungbes clinicamente
significativas, relacionadas ao sistema respiratorio, e que alterem negativamente
o curso clinico do doente apds um procedimento cirurgico, define o conceito de
complicacéo pulmonar pos-operatoria (CPPO). Integram este grupo: atelectasias
clinicamente relevantes, broncospasmo, traqueobronquites, pneumonias,
sindrome de distress respiratdério agudo (SDRA), insuficiéncia respiratéria,
necessidade de ventilagdo mecanica invasiva ou ndo invasiva prolongada (> 48

horas) e exacerbacdes de doencas pulmonares pré-existentes. [5,6]
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A magnitude das complicacbes pés-operatérias (CPO) causadoras de IRAPO é
sobejamente reconhecida, porquanto para além do elevado custo econdémico
estdo associadas ao aumento da mortalidade, sendo muito importante a

avaliacao pré-operatoéria e os adequados cuidados perioperatorios.

Muitos modelos de previséo de risco perioperatério estdo descritos e validados,
revelando-se de grande utilidade na melhoria da nossa compreensao de
desenvolvimento de CPPO, continuando, contudo, a haver um consenso
inadequado sobre o grau de sensibilidade e especificidade dos diferentes scores

preditivos de risco em prever CPO e até a propria mortalidade.

O score de risco ARISCAT é especifico para CPPO e pode guiar a tomada de

deciséo para reduzir o risco de CPO, encorajando estratégias preventivas.

Vérias CPPO, como atelectasia, pneumonia, pneumonite por aspiracdo e a
sindroma de distress respiratorio agudo (SDRA) sao causadoras frequentes de
IRAPO, independentemente do estado pré-cirdrgico do doente, porém outras
causas clinicas sdo comuns na sua génese: aspiracdo, edema pulmonar e

embolia pulmonar. [7,8,9,10,11].

Intervir de forma preventiva no desenvolvimento de CPPO causadoras de IRAPO
inclui de entre outras medidas a otimizacdo pré-operatoria das comorbilidades,
cessacdo do tabagismo e correcdo da anemia, além de estratégias de ventilagdo
protetora intraoperatoria e manejo apropriado dos medicamentos bloqueadores

neuromusculares.

Os doentes cujo estado geral esta comprometido por outras afe¢fes tais como
doencas neuroldgicas, insuficiéncia renal, infecées, anormalidades hepaticas,
desnutricdo ou disfuncdo pulmonar, apresentam risco mais elevado de CPO

porque essas condi¢cdes exacerbam o stress cirdrgico. [12].

Em vérios estudos publicados, a incidéncia, o impacto na sobrevida e os fatores
associados ao aumento do risco de IRAPO, sédo variaveis, e em um dos primeiros

inquéritos envolvendo mais de 7000 doentes submetidos a varios procedimentos
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gastrointestinais, urolégicos, ginecolégicos e ortopédicos, a IRAPO exigindo

ventilagdo mecanica apds 24 horas ocorreu em apenas 0,8%. [13].

Mais recentemente, uma analise de 180.359 doentes submetidos a grandes
procedimentos cirdrgicos em 128 hospitais Veterans Affairs e 14 hospitais
privados dos Estados Unidos documentaram uma incidéncia de 3% de IRAPO
(definida como ventilagdo mecéanica além de 48 horas apds a cirurgia ou
necessidade de reentubacéo. [13] A mortalidade aos 30 dias foi de 27% para o
grupo que desenvolveu IRA em comparagcao com apenas 1,4% para aqueles nédo
o desenvolveram. Vinte e oito variaveis foram identificadas como estando
associadas ao aumento do risco de IRAPO. Estas incluiram uma classe alta da
American Society of Anesthesiologists Physical Status score (ASA PS), sepsis
no pré-operatério, emergéncia em oposicdo ao procedimento eletivo, funcéo
renal pré-operatéria alterada, histéria de tabagismo ou doenca pulmonar
obstrutiva cronica (DPOC) e idade mais avancada. O tipo de procedimento
também impactou o risco, com a maior incidéncia de IRAPO associada a cirurgia
do trato aerodigestivo superior, correcdo de aneurisma toracico ou

toracoabdominal, cirurgia toracica e cirurgia gastrointestinal e hepatobiliar. [13]

De uma maneira geral, as estratégias de tratamento da IRAPO dirigem-se ao
tratamento da causa da insuficiéncia e a restauracdo da funcéo pulmonar,
devendo todos os doentes cirurgicos ser cuidadosamente avaliados antes da
cirurgia, monitorizados de perto durante e apds o procedimento e tratados

agressivamente para prevenir ou corrigir a IRAPO.

A prevencdo das CPPO geradoras de IRAPO é muito importante e € alcancada
através da modificagdo de multiplos fatores, incluindo educacdo do doente /
familia, controle da dor e fisioterapia, de entre muitas outras medidas, reforcando
0 conceito basilar da medicina perioperatoria que inclui a necessidade de uma
vigilancia pos-operatoria, tanto mais intensa quanto maior o risco individual do
doente. [14, 15,16,17,18]
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Este capitulo pretende abordar a consequéncia mais grave do compromisso
respiratério no periodo perioperatorio, a IRAPO, efetuando uma revisdo dos seus

aspetos fisiopatoldgicos, clinicos e terapéuticos mais relevantes.

2. CONCEITO

2.1 Insuficiéncia Respiratoria Aguda

In latu sensu, define-se insuficiéncia respiratoria aguda (IRA), como a perda da
capacidade de ventilar adequadamente ou fornecer oxigénio suficiente ao
sangue e 0rgaos sistémicos, sendo que o sistema respiratério ndo é mais capaz
de atender as demandas metabdlicas do organismo em relagcéo a oxigenacgao do
sangue e/ ou eliminag&o de diéxido de carbono (COz).

2.2 Insuficiéncia Respiratoria Aguda Pds-operatoria

In latu sensu, define-se insuficiéncia respiratoria aguda pés-operatéria (IRAPO),
como alteracdes das trocas gasosas que se apresentam apds um procedimento

cirdrgico e como resultado das mudancas induzidas pela anestesia e cirurgia.

A gravidade pode variar de hipoxemia transitoria no periodo pos-operatorio
precoce até a forma mais letal, normalmente tardio sob a forma de SDRA.

De acordo com o recente consenso internacional sobre SDRA, a IRAPO pode
ser classificada como leve (PaO2/ FIO2 > 200 mmHg e < 300 mmHg), moderada
(PaO2/ FIO2 > 100 mmHg e < 200 mmHg), ou grave (PaO2 / FIO2 £100 mmHg).

3. CLASSIFICACAO

De uma maneira geral a insuficiéncia respiratoria (IR) pode ser classificada de

acordo com os seguintes critérios:
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A. Duracao e natureza dos mecanismos de compensacao
» aguda: rapida deterioracdo da funcéo respiratoria
e cronica: instalacdo progressiva (meses ou anos)
e cronica agudizada: insuficiéncia respiratéria aguda sobreposta a

insuficiéncia cronica

B. Mecanismo fisiopatolégico envolvido:

Tipo 1 (hipoxémica)

Pressao parcial de oxigénio no sangue arterial (PaOz) <60 mmHg (8.0 kPa) a ar
ambiente. Geralmente observada em doentes em edema agudo de pulm&o ou
lesdo pulmonar aguda. Esses disturbios interferem na capacidade do pulméo de

oxigenar o sangue a medida que ele flui pela vasculatura pulmonar.

Tipo 2 (Hipercépnica/Ventilatoria)

Presséo parcial de dioxido de carbono no sangue arterial (PaCOz2)> 50 mmHg
(6.7 kPa) (se ndo for um retentor crénico de COz). E geralmente vista em doentes
com um aumento do trabalho respiratorio devido & obstrucdo ao fluxo aéreo ou
diminuicdo da complacéncia do sistema respiratério, com diminuicdo da forca
muscular respiratéria devido a doenca neuromuscular ou com insuficiéncia

respiratoria central e diminuicédo do drive respiratério.

Tipo 3 (Perioperatoria)
Representa geralmente um subconjunto da insuficiéncia respiratoria do tipo 1,

porém as vezes é considerada separadamente porque € muito comum.
Tipo 4 (Choque)

Secundaria a hipoperfusdo dos musculos respiratorios na sindrome clinica de

choque por instabilidade cardiovascular.
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4. ETIOLOGIA

A IRA pode resultar de uma variedade de etiologias, de entre patologias

pulmonares primarias ou por patologia extrapulmonar.

4.1 Causas multifatoriais

Anormalidades de varios sistemas organicos podem causar IRA:

Sistema nervoso central (SNC): [(drogas, encefalopatia metabdlica,
infecbes do SNC, aumento da pressao intracraniana (PIC), apneia
obstrutiva do sono (AOS), hipoventilacdo alveolar central, medula espinhal
(trauma, mielite transversa)]

sistema neuromuscular (poliomielite, tétano, M. Gravis, Guillain-Barré,
cuidados intensivos ou miopatia esteroide)

parede toracica (cifoescoliose, obesidade)

vias aéreas superiores (obstrucdo de aumento de tecido, infecdo, massa;
paralisia das pregas vocais, traqueomalacia)

vias aéreas inferiores (broncospasmo, Insuficiéncia cardiaca congestiva,
infecao)

parénquima pulmonar (infecdo, doenca pulmonar intersticial)

sistema cardiovascular

4.2 Insuficiéncia Respiratoria Tipo 3 (Perioperatoria)

A IRA é comum no periodo pGs-operatoério, sendo a atelectasia a sua causa mais

frequente. Outras causas correntes de IRAPO independentemente do estado

pré-cirargico do doente podem incluir a pneumonia, pneumonite por aspiracao,

edema pulmonar e embolia pulmonar. A IRA secundaria a disfuncdo cardiaca é

excluida do conceito de IRAPO.

Assim, as medidas para reverter as atelectasias sdo primordiais.
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Em geral, os efeitos residuais da anestesia, a dor pos-operatoria e a alteracao
da mecanica toraco-abdominal contribuem para diminuir a capacidade residual
funcional (CRF), condicionando o colapso progressivo das unidades pulmonares

dependentes.

Podem incluir-se dentre as causas mais frequentes de atelectasia pos-
operatoria:

. diminuicao de CRF

. decubito dorsal / obesidade / ascite
. anestesia

. incisdo abdominal superior

. secrecdes das vias aéreas

5. SINAIS CLINICOS E SINTOMAS

As manifestacdes clinicas do desconforto respiratério associado a IRA refletem
sinais e sintomas de hipoxemia, hipercapnia ou o aumento do trabalho

respiratorio necessario.

Esses incluem:

. Estado mental alterado (agitagcéo, sonoléncia)

. Cianose periférica ou central ou diminuicdo da saturacdo de oxigénio na
oximetria de pulso

. Manifestacbes de uma "resposta ao stress”, incluindo taquicardia,
hipertensao e diaforese

. Evidéncia de aumento do trabalho respiratério, incluindo uso de
musculatura acessoria, flaring nasal, inducdo de movimentos intercostais,
retracOes supraesternais ou supraclaviculares, taquipneia

. Evidéncia de fadiga diafragmatica (paradoxo abdominal)

. Resultados anormais de gases no sangue arterial
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6. AVALIACAO DIAGNOSTICA DA ETIOLOGIA DA HIPOXEMIA E DA
HIPERCAPNIA

O diagndstico sindromico envolve a identificacdo de sinais e sintomas e deve

sempre ser confirmado laboratorialmente, através da gasometria arterial.

6.1 Avaliagéo de hipoxemia

O primeiro passo para identificar o mecanismo responsavel pela hipoxemia
envolve a determinacdo da diferenca alvéolo-arterial de Oz, a D (A — a) de Oz,
medida indireta do disturbio V/Q. A D (A — a) de Oz é determinada pela equagéo

do gas alveolar:

PAO: = PiO2 — (PaCO2/RQ)

Onde, PAO: é a presséo alveolar de Oz, PiOz2, a presséo inspirada de Oz, PaCOz,
a pressao arterial de COz2, e RQ, 0 quociente respiratorio, definido como a razao
entre a producéo de CO2 e o consumo de Oz (VCO2/VO2). A Pi € uma funcéo da
FiO2, da pressao barométrica (PB) e da pressao parcial do vapor d’agua no gas
umidificado (PH20). Assim, PiO2 = FiO2x (PB — PH20). Na temperatura corporal
a PH20 é 47 mmHg. Num individuo saudavel, respirando ar ambiente ao nivel
do mar, onde FiO2 = 0,21, PB = 760 mmHg, PaO2 = 90 mmHg, PaCO2 = 40
mmHg, e RQ = 0,8, temos:

PAO2 = PiO2 — (PaCO2/RQ)

= FiO2 x (PB — PH20) — (PaCO2/RQ)
=0,21 x (760 — 47) — (40/0,8)

=100 mmHg

Se PaO2 = 90 mmHg, entdo a D (A — a) de Oz, nesta condic¢éo ideal, & 10 mmHg.
A D (A —a) de Oz normal, entretanto, varia com a idade. Tomando como exemplo
um doente admitido numa unidade de cuidados intensivos (UCI) que tenha mais

de 40 anos, respirando ar ambiente, a D (A —a) de Oz pode chegar a 25 mmHg.
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A FiO2 também influencia o valor da D (A — a) de O2. Para cada acréscimo em
10% na FiO2, a D (A —a) Oz aumenta 5 a 7 mmHg, chegando a 60 mmHg com
O2 puro. A explicacao baseia-se no conceito de que altas FiO2 resultam em perda
do mecanismo de vasoconstricao hipoxica regional, levando, inadvertidamente,
a aumento de fluxo sanguineo em areas pouco ventiladas. Isto ocasiona
aumento da fracdo de shunt e consequente aumento da D (A — a) de O2. O
doente em UCI, recebendo O2 suplementar, pode ter, portanto, valores de D (A
— a) de O2 bastante elevados. Depois de corrigir a D (A — a) de Oz para a idade

e FiO2, a interpretacédo da D (A — a) de Oz € a seguinte:

1. D (A —a) de O2 normal: indica a hipoventilagdo como mecanismo responsavel
pela hipoxemia. Geralmente, na UCI, as causas mais comuns sédo depressao do
drive respiratorio induzida por drogas e fragueza neuromuscular. Esta ultima
pode ser reconhecida pela medida da presséo inspiratéria maxima (Pimax).

2. D (A — a) de Oz aumentada: indica distarbio V/Q e/ou desequilibrio
oferta/consumo (DO2/VO2) como mecanismos para hipoxemia. Nesta situacao,
é necessaria a medida da PvOz2 (central ou mista) para identificar a presenca
desse desequilibrio.

A medida da PvO: s6 se aplica aos doentes que possuirem cateter venoso
central ou cateter de artéria pulmonar. Interpreta-se o valor da PvO2 do seguinte

modo:

1. PvO2 normal: indica que se trata de distarbio V/Q. PvO2 maior ou igual a 40
mmHg coloca os pulmdes como fonte da hipoxemia.

2. PvOz2 baixa: valores de PvO2 abaixo de 40 mmHg apontam para existéncia de
desequilibrio DO2/VO: (baixa DOz ou alto VO2).

6.2 Avaliacdo da Hipercapnia
O nivel de COz2 no sangue arterial (PaCO3) é diretamente proporcional a taxa de
producédo pelo metabolismo oxidativo (VCO3) e inversamente proporcional a taxa

de eliminagédo pela ventilagdo alveolar (VA). Assim, PaCO2 = k x (VCO2/VA),

onde que € uma constante de proporcionalidade. A VA se refere a fracdo do
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volume expiratério total que nao é espaco morto (Vd/Vt), ou seja, VA = VE x (1
— Vd/Vt). Portanto:

PaCO: = k x [VCO2/VE x (1 — Vd/Vt)]

Esta equacéo revela trés fatores causais para hipercapnia: aumento da producéo
de CO2 (VCOz2), hipoventilacdo (VE) e aumento do espaco morto (Vd/Vt). O
aumento da producdo de CO2 € acompanhado por aumento na ventilagao
minuto, de forma que, normalmente, ndo resulte em hipercapnia. Na presenca

de espaco morto, entretanto, pode levar a aumento da PaCOz..

A avaliacdo diagndstica da etiologia da hipercapnia segue 0 mesmo raciocinio
utilizado para a hipoxemia. A avaliacdo comeca com o calculo da D (A — a) de
O2. O encontro de D (A — a) de Oz aumentada indica aumento no espago morto.
D (A — a) de Oz normal aponta para a presenca de hipoventilagéo alveolar.

A producdo de CO2 em condi¢gbes normais, a taxa de eliminagdo de CO:2 é
equivalente a VCO: e pode ser aferida pela calorimetria indireta. A VCO2 normal
varia de 90 a 130 L/min e corresponde a 80% do VOo.

O aumento na VCO:2 pode ser causado por hipermetabolismo ou
hiperalimentacdo. Esta Ultima é causa importante de hipercapnia em doentes
com doenca pulmonar grave e IRA, especialmente quando em ventilacdo

mecanica (VM), podendo causar atraso no processo de desmame.

A hipoventilagdo alveolar em cuidados intensivos tem habitualmente duas
causas comuns: depressdo respiratoria induzida por drogas e fraqueza
neuromuscular. A medida da Pimax é o método padréao para avaliar a forca da
musculatura respiratoria. Pode ser aferida quando h& esforco inspiratorio
maximo contra valvula fechada. A Pimax varia com a idade e o sexo. Individuos
saudaveis apresentam valores de Pimax maiores do que 80 cmH20.
Desenvolve-se hipercapnia quando o valor da Pimax cai para menos de 40% do

normal.
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6.3 Achados do Raio-x do torax

Embora ndo patognomoénicos no diagndstico de IR aguda, a avaliacdo do raio-x
do térax revela-se de grande importancia, sobretudo em termos etiolégicos. De
uma maneira geral os seguintes achados radiologicos podem polarizar-nos para

as seguintes etiologias, sobretudo quando associados a clinica e ao laboratério:

. Radiografia toracica clara com hipoxemia e normocapnia - Embolia
pulmonar, Shunt direita-esquerda, Choque

. Radiografia toracica difusa (opacificada) com hipoxemia e normocapnia -
SDRA, Edema pulmonar de origem nado cardiaca, insuficiéncia cardiaca
congestiva (ICC), fibrose pulmonar

. Infiltrado localizado - pneumonia, atelectasia, infarto

. CXR clara com hipercapnia - DPOC, asma, overdose, fraqueza

neuromuscular

6.4 Achados da Ecografia toracica

A ultrassonografia do térax pode dar-nos um diagnéstico preciso das condi¢cdes
que comumente causam IRA e pode melhorar a precisdo geral do diagnostico
em ambientes de cuidados intensivos em comparacdao com as abordagens de
diagnostico padrdao. Os médicos que trabalham em unidades de cuidados
intensivos estdo a tornar-se cada vez mais familiarizados com a ultrassonografia
como parte da pratica clinica de rotina, embora a maioria dos dados até o

momento se tenha concentrado em cenarios de emergéncia e terapia intensiva.

Existe forte evidéncia no uso do ultrassom diagndstico de térax, com foco em
diferentes niveis de eficacia de imagem; especificamente atributos do teste de

ultrassom, impactos no comportamento clinico e até impacto nos resultados.
P. Wallbridge et al. [19] sumarizam na Tabela 1, a seguir representada, as

caracteristicas diagnosticas da ultrassonografia toracica para etiologias comuns
da IRA.
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Tabela 1: Caracteristicas diagnoésticas da ultrassonografia toracica param etiologias

comuns da IRA

Pneumothorax [19-22]

Pleural effusion [36,27]

Pneumonia [41,45-47]

Pulmenary embolism
[50,51]

Pulmonary oedema and
interstitial lung disease
(ILD) [67,68]

Diaphragm dysfunction
[79,81,82]

Absent lung sliding

Absence of B-lines
Lung-point
‘Stratosphere sign’
Ruled out by presence
of ‘lung pulse’
Hypoechoic space:
‘quad sign”

‘Sinusoid sign”

Lung bullae
Localised fibrosis
ARDS

Mainstem intubation

Pleural thickening

Intra-parenchymal fluid

Loss of pleural line
Air-bronchograms
Hypo-echoic/serrated
distal edge
Hypoechoic vascular
structures
Peripheral wedge-
shaped consolidation
Lower limb DVT
Right ventricular
dysfunction

Pleural effusion
Increased B-lines
(“interstitial
syndrome”)

Reduced thickness
Reduced thickening
ratio
Reduced/paradoxical
excursion

Pulmonary infarction
Pulmonary contusion
Neoplasm

Pneumonia

Neoplasm

Diffuse: Cardiogenic pulmonary
oedema, ARDS, Infection,
Interstitial lung disease

Non-cardiogenic pulmonary
oedema

Focal: Pneumnonia, pulmonary
contusion, fibrosis, lymphangitis
Direct trauma

Surgery

Adjacent consolidation,
malignancy or atelectasis
Fluid (pleural/ascites)
COPD

Neuromuseular disease
Denervation (neck/chest)

88% (85-91) [19]

91% (86-94) [20]
79% (68-98) [21]
87% (81-92%) [22]

93% (89-96) [36]

94% (88-97) [37]
All comers:

97% (93-99) [45]
94% (92-96) [46]
95 (93-97) [47]
ARF: 91% (81-97) to
100% (95-100) [41]

87% (76-92) [50]

85% (78-20) [51]

Cardiogenic

99% (98-99%) [19]

98% (97-99%) [20]
98% (97-99) [21]
99% (98-99) [22]

96% (95-98) [36]

98% (92-100) [37]
All comers:

94% (85-98) [45]
96% (94-97) [46]
90% (86-94) [47]
ARF: 78% (52-94) to
100% (99-100) [41]

82% (71-89) [50]

83% (73-90) [51]

Cardiogenic

i v oedema:
94% (81-98) [67]
85% (83-88) [68]
Non-cardiogenic

! + oedema
92% (84-96.) [67]
93% (91-94) [68]
Non-cardiogenic

pul v oedema/  pul v oedemay
ILD: ILD:
N/A N/A
N/A N/A

Studies typically in trauma (high
prevalence)
Heterogeneity on meta-analysis

Clinical significance of pneumothorax
not detected on CXR unclear

High prevalence of effusion in
included studies

Studies report high prevalence of
pneumonia (clinical context
important)

Sensitivity of US in ARF depends on
unit of analysis (per patient or per
region) [41]

Poor performance as both ‘rule-in’ and
‘rule out” test [51]

Poorly predicts pulmonary ocelusion
pressure [37]

Predicts extravascular lung water
[37-39]

Thickening ratio has modest
predictive value for weaning outcome,
with lower accuracy for excursion
[871.

Abbreviations; ARDS — acute respiratory distress syndrome; ARF — acute respiratory failure; COPD — chronic obstructive pulmonary disease; CXR — chest x-ray; US -

ultrasound.

“ Reported by systematic reviews.

7. TRATAMENTO DA INSUFICIENCIA RESPIRATORIA AGUDA

7.1 Atelectasia enquanto causa frequente de IRA tipo Il

7.1.1 Medidas gerais de reversao

. Virar o doente com a periodicidade de 1-2 h

. Fisioterapia respiratoria

. Espirometria de incentivo

. Tratamento da dor incisional (pode incluir anestesia peridural ou analgesia

controlada pelo doente)

. Ventilar a 45 graus na posicao vertical

. Drenagem adequada de interposi¢cdes liquidas pleurais e abdominais

(derrame pleural e ascite)

. Reexpanséao do colapso pulmonar

. Evitar a sobrecarga hidrica
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O manejo da IR aguda pode ser dividido em uma fase de ressuscitacédo urgente
seguida por uma fase de atendimento continuo.

O objetivo da fase de ressuscitagdo urgente é estabilizar o doente o maximo
possivel e evitar qualquer deterioracdo que ameace a vida. Uma vez que esses
objetivos sejam alcancados, o foco deve ser direcionado para o diagndéstico do
processo subjacente e, em seguida, a instituicdo da terapia deve estar voltada
para reverter a etiologia priméaria do IR aguda.

7.1.2 Ressuscitacao urgente

. Oxigenacao

. Controle das vias aéreas

. Suporte ventilatorio mecanico se indicado
. Estabilizacdo da circulacao

. Broncodilatadores / Esteroides

7.1.3 Cuidados continuos
. Diagnostico diferencial e investigacdes

. Plano terapéutico adaptado ao diagnostico

O suporte respiratério da IRAPO pode incluir de entre outras medidas a
seguintes: oxigeno terapia, ventilacdo mecanica por pressao positiva invasiva e

nao invasiva e fisioterapia.

A) Oxigenacéo

Quase todos os pacientes com IRA necessitam de oxigénio suplementar. Todos
devem ser colocados em um oximetro de pulso e a saturacdo de oxigénio
geralmente deve ser mantida acima de 90%.

O oxigénio difunde-se do alvéolo através da membrana alveolar para o sangue
capilar. A taxa de difusdo € impulsionada pelo gradiente de pressao parcial de
oxigénio. Portanto, aumentar o PAO2 com oxigénio suplementar deve melhorar
a transferéncia de oxigénio para o sangue capilar pulmonar.

Existem varios dispositivos diferentes que podem ser usados para fornecer
oxigénio. Eles diferem em termos de sistemas abertos ou fechados, se fornecem

concentracfes de oxigénio baixas ou altas, e se sao sistemas de fluxo baixo ou
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alto. A sua eficacia depende se eles podem fornecer oxigénio suficiente a uma
taxa de fluxo suficiente para atender as demandas dos doentes.

Doentes néo intubados respirando espontaneamente através de um sistema
aberto "arrastam” algum ar ambiente de seu ambiente a cada respiracdo. Assim,
a concentracao final de oxigénio fornecida a eles dependera de quanto foi
distribuido pelo dispositivo de oxigénio e quanto foi o ar ambiente arrastado.
Quanto mais baixo o fluxo liberado pelo dispositivo de oxigénio, e quanto maior
for o fluxo inspiratorio do doente, mais espaco ele sera arrastado, resultando em
uma menor concentracdo de oxigénio. Por exemplo, um doente taquipneico
provavelmente tera um drive respiratorio alto e altos fluxos inspiratorios. Ele
exigira um sistema de alto fluxo para evitar o arrastamento significativo de ar

ambiente e, assim, a diluicdo do oxigénio liberado.

A.1 Céanula nasal

Baixo fluxo, baixa concentracao de oxigénio, dispositivo aberto.

O oxigénio a 100% e fornecido atraves de canulas a 0,5 a 6 |/ min. Maiores taxas
de fluxo ndo aumentam significativamente a FIOz e levam a secagem da mucosa
e ao desconforto do doente. A FIO2 resultante depende da ventilagdo por minuto
do doente e da quantidade de ar ambiente que é arrastado. Assim, ndo pode ser
controlado com precisdo. A concentracdo maxima de oxigénio na tragueia néao
deve exceder 40 a 50%. Os 6culos nasais sao geralmente usados para doentes
relativamente estaveis que nao necessitam de FIO2 elevado ou controle preciso
de sua FIOs2.

A.2 Mascaras de Venturi

Estas s@o concentragbes variaveis de oxigénio, fluxo baixo a moderado,
dispositivos abertos. Essas mascaras de entrada de ar fornecem 100% de
oxigénio atraveés de um dispositivo de mistura a jato que causa um arraste
controlado de ar e, assim, permite a entrega de concentracdes precisas de
oxigénio de 24 a 60%. Essas mascaras sao uteis em doentes com DPOC nos
quais uma titulagao precisa da concentracéo de oxigénio pode ser desejavel para

minimizar o aumento da PCO..
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A.3 Mascaras de reservatoério

Estes sdo dispositivos abertos de alto fluxo de oxigénio, projetados para
minimizar o arrastamento de ar em doentes com alta demanda de fluxo
inspiratorio. Essas mascaras incorporam uma bolsa reservatério que €
preenchida com oxigénio a 100%. Se o doente fizer um esfor¢o inspiratorio,
gerando um fluxo maior do que o circuito da parede pode fornecer, o reservatoério
de oxigénio sera esvaziado para minimizar o arrastamento do ar ambiente. O
uso de "presas" na mascara facial € um principio semelhante. A bolsa deve estar

pelo menos parcialmente distendida durante todo o ciclo respiratorio.

A.4 Unidade de Ressuscitacdo Bolsa-Mascara-Valvula

Alto oxigénio, dispositivo de alto fluxo. O fluxo de oxigénio deve ser mantido alto
(15 I / min) quando este dispositivo for usado. Quando a mascara é mantida
firmemente sobre a face com uma boa vedagdo da mascara facial, o

arrastamento do ar ambiente é minimizado.

A.5 Ventilacdo por Presséo Positiva Nao Invasiva (VPPNI)

A NPPV fornece assisténcia ventilatéria, pressédo positiva e uma concentracao
controlada de oxigénio usando uma mascara facial justa como a interface entre
o doente e o ventilador, em vez de um tubo endotraqueal. Pode ser usado para
evitar ou impedir a intubacdo em doentes cuidadosamente selecionados.

A NPPV aplicada principalmente no edema pulmonar cardiogénico, na DPOC
descompensada e na insuficiéncia pulmonar hipoxémica, também é usada
atualmente em ambientes perioperatorios. Apesar desses dados limitados e da
necessidade de novos ensaios randomizados, a NPPV pode ser considerada
uma ferramenta profilatica e terapéutica para melhorar a troca gasosa em

doentes no pos-operatorio [20,21,22].

A.6 Ventilagdo mecanica invasiva por pressao positiva

A potencial gravidade da IRAPO podera necessitar de recurso a ventilagao
mecanica invasiva (VIPP), cuja abordagem do ponto de vista de programacéo
genérica, potenciais complicacbes e efeitos adversos serdo objeto de

abordagem em outro capitulo da presente seccéo.
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8. FISIOTERAPIA RESPIRATORIA

O racional para o uso fisioterapia respiratoria no periodo pos-operatorio assenta
no facto de que, de um modo geral as cirurgias, em particular as cirurgias
abdominais causam limitagdes no fluxo respiratorio e alteram a forca dos
musculos envolvidos na respiracdo, o que leva a restricao funcional e dolorosa,
alterando a mecéanica respiratoria, per si geradora de insuficiéncia respiratéria

perioperatoria.

Além disso, os periodos prolongados de imobilismo decorrente da restricdo ao
leito, a presenca de drenos e pensos, também contribuem para disfuncées
respiratorias e motoras. Diante disso, € consensual a necessidade de cuidados
especiais no periodo pos-operatorio, sendo a fisioterapia um recurso de

importancia reconhecida na pratica clinica para este fim.

Existe comprovada evidéncias cientificas relacionadas a atuacéo fisioterapéutica
nos acometimentos respiratorios e motores de doentes pos-operados, sendo que
a fisioterapia respiratéria é importante na recuperacdo e prevencdo de
complicagBes no pos-operatorio, visto que hd uma perda da funcdo pulmonar
decorrente dos fatores jA mencionados (manipulacdo abdominal, periodo
cirdrgico, tempo prolongado no leito, dor no local da incisdo e residuos
anesteésico) [23].

Para realizacdo da fisioterapia, uma prévia avaliagdo do doente, consideracdes
sobre sua clinica e o conhecimento das indicacdes e contraindicacdes das

manobras fisioterapéuticas no periodo pds-operatério sdo imprescindiveis [24].

Diversas técnicas, manuais e mecanicas, sao utilizadas nesses casos com
objetivo de aumentar o volume pulmonar, diminuir o trabalho dos musculos da
respiracdo, melhorar a ventilacdo e as trocas gasosas. O intuito final é tornar o
mecanismo de respiracao eficiente, sem gastos excessivos de energia, evitando-
se complicacoes [25].

Particular desenvolvimento do tema sera feito no capitulo especifico da presente

seccao.
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5.7 Anexo VII: Documentos

1. Admissédo ao 3° ciclo de doutoramento em Ciéncias Médicas

194

LARCO PROF. ABEL SALAZAR, 2, 4099003 PORTO
TELEFOME 1 351 22 206 27 00

FAX | 351 22 206 22 32

E-muail: agias@ichas up pt

Exmao. Senhor

Or. Antero do Vale Fernandes
Rua Martinho de Assungio n." 34
2740-100 Porto Salvo-Oeiras

,.-.

- 392 gt Bl £RIE Barto, 25 de novembro de 2011,
Assunto: Requisitos do Programa de Doutoramento em Ciéncias Médicas do ICBAS/UP.

Caro Dr. Antero do Vale Femandes - Proc. (secretarlado) n.® 940 (3CCM)

Como diretor do Doutoramento em Ciéncias Médicas, de ICBAS/UP venho confirmar por escrito que a sua candidatura
coma estudante de doutoramento do ICBAS/UP fol formalmente aprovada pela Comisséo Clentifica deste Programa.

Gostaria de Ihe recordar que ira iniciar o seu Ano Probatario como estudante de doutoramenta, o que significa que
dentro de cerca de 12 meses Ihe iremos solicitar para escraver um relatério das actividades realizadas no ambito da
investigagao proposta, assim como uma apresentaco oral do mesmo relatorio que serd sujgita a discussdo e
apreciagao por um jiri que incluird o seu ofentador e um membro da Comissée Cientifica do Doutaramento. Esta
prova no final do periodo do Ano Probatério ird decidir a sua passagem para a situagdo de estudante definifivo de
doutoramento do ICBASIUP,

Queria agora comunicar-he gue a Asscciagio Europeia de Escola Médicas que se tem dedicado & criagio de
consenses sobre os requisitos de qualidade a exigir a teses de doutoramento em Ciéncias Médicas na Europa
{associagao denominada como ORPHEUS), considera que as teses sé devem ser defendidas apos o estudante ter
Irés artigos cientificos aceiles para publicagao infernacional em revistas indexadas na Web of Knowledge, senda que
devera ser pimeiro autor de um desses arligos. A ORPHEUS postula ainda que no caso de o estudante publicar coma
primeiro auter um artigo em ravista de impacto elevado (superior a 6), considerar-ss-3 que adquire o direito de ficar
isento do cumprimenta do requisito de ser autor de dois arligos adicionais. A ORPHEUS afima ainda que &
inadequada para as Ciénclas Médicas o requisito de obrigatoriedade de frequéncia de cursos monograficos, comum &
maioria dos programas de doutoramento em outras Areas, ji que os estudanies de doutoramento sdo par regra
clinicos que exercem profissfo em drea pelo menos apareniada 4 do seu tema de douloramento. A necessidade da
formagao adicional, de curso monografico ou outra, no &mbito do programa de doutoramento ficara ao critério apenas
do estudante ou do orientador cientifico da tese de doutoramerto. A Comissdo Cientifica do Doutoramento em
Ciéncias Médicas, do ICBAS/UP aderiu a estes principlos,

Assim & de acordo com o Regulamento Geral dos Terceiros Ciclos de estudos da Universidade do Porto, o Programa
de Doutoramento em Ciéncias Medicas do ICBAS/UP tem como requisito que a tese so poders ser aceite para
discussao plblica apds o estudante documentar gue pelo menos parte da sua fese, [ deu origem a trés trabalhos
cientificos aceites para publicacdo (ou publicados), sendo pelo menos um deles como primeiro autor, em revistas
cientificas internacionais indexadas na Web of Knowledge do Institute for Scientific Information (USA).

Apresentc-he os meus volos pessoals das maiores venturas na execugdo do seu Programa de Doutoramentn e
agradega-lhe o ter escolhido o ICBASIUP como instituicio onde se propBe defender a sua tese de doutoramento.

Com 05 nos

"y
cumprimentas, "/

Prof. Dlitor Artur Aguas
Diretor do Doutoramento em Ciéncias Madicas do ICBAS/UP
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2. Regulamento Especifico de Doutoramento em Ciéncias Médicas

[@PORTO

TMSTITUTD DE CIENCIAS BIOMEDICAS ABEL SALAZAR
UNIVERSIDADE DO POETD

Lanco Pror. ABEL SalaEaR, 2. 4089-003 PoRTO
TELEFOME + 351 22 206 22 00
ear+ 351 22 206 22 32

3° CICLO EM CIENCIAS MEDICAS (3.° CDCM)

Regulamento Especifico do Doutoramento em Ciéncias Médicas, do ICBAS/UP aprovade na
Reunido de 21 de Abril de 2010, da Comissao Coordenadora do Conselho Cientifico:

1. Para que uma candidatura a aluno de doutoramento em Ciéncias Médicas, do ICBAS seja
aceite € requerido que o orientador ou co-orientador do aluno documente historial solido de
publicacao cientifica internacional.

2. A tese de doutoramento so6 sera aceite para apreciacdo pela Comissdao Cientifica do
Programa apos o aluno de doutoramento ter demonstrado ser autor, no ambito do tema da
tese, de pelo menos 3 artigos cientificos aceites para publicagdo ou publicados em revistas
internacionais indexados pela “Web of Knowledge” (a qual & da responsabilidade do Institute
for Scientific Information).

3. Dos 3 artigos referidos no ndmero anterior, o aluno de doutoramento tera que ser primeiro
autor de pelo menos um desses artigos. No caso do aluno de doutoramento ser primeiro autor
de artigo cientifico aceite para publicacdo ou publicado em revista de elevado impacto
(superior a 6, de acordo com a Web of Knowledge) sera isento do requisito de ser autor de 2
artigos cientificos adicionais.

Prof. Doutor Artur Aguas
Director do Curso
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3. Base de dados eletrénica do Il Trabalho original

Base de dados

<+ Factoras de risco

para complicagbes
pulmonares

<+ Factores
envolvidos na

fisiopatologia das
complicagBes - hitpdwww.anterofernandes . com

hraa e Bdmisistragia

+ Manuseio da e
Insuficiéncia
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4. Resumo do relatorio de atividades do ano probatdrio

3° Ciclo de Doutoramento em Ciéncias Médicas

Relatério de Actividades do ano probatdrio

[MPORTO

INSTITUTO DE CIENCIAS BIOMEDICAS ABEL SALAZAR
J UNIVERSIDADE DO PORTO

Antero Fernandes, MD, EDIC

ECTS obtidos: 60

Conclusido

«+Cremos ter identificado durante o ano probatério as
metodologias adequadas para a realizagao das actividades a
que nos propusemos. Nas fases seguintes do programa
doutoral, esperamos conseguir obter resultados que
contribuam para uma melhor caracterizagdo dos
instrumentos de medigao dos factores de risco e progndstico
de CPPO em doentes submetidos a cirurgia abdominal,
antever a sua evolugdo para insuficiéncia respiratoria e
estabelecer com clareza os seus mecanismos preventivos.
Pretendemos publicar os nossos resultados.
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5. Informagéo de avaliacdo das atividades do 2° ano e 3° ano

39 CICLO DE DOUTORAMENTO EM CIENCIAS MEDICAS

Risco peri-operatorio em cirurgia digestiva oncoldgica abdominal. Os modelos de avaliagao
do risco cirtrgico na avaliagdo da capacidade preditiva de complicactes e da mortalidade
pds-operatdrias em patologia digestiva oncoldgica.

RELATORIO DE ACTIVIDADES DO 22 ANO

Estudante: Licenciado Antero do Vale Fernandes
Orientador: Professor Doutor Licio José de Lara Santos
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Lerco Pros. Azl Salazas, 2. 4099-002 Pormo
TELEFONE. ;351 22 206 2200

Fax 1351 222062232

Dapartaments da Patologia & Imunclogia Melecular

INFORMAGAO

Informo, para os devidos efeitos, que o relatdno do 2? ano apresentado pelo Estudante
de Doutoramento Antero do Vale Fernandes, relativo ao frabalho de investigacdo
conducente & elaboracio da sua tese de doutoramento, cujo titulo era “Factores. de
Risco para complicagoes pulmonares no pos-operatorio de cirurgia geral.
Validade de indice prognéstico para a g ocorréncia de complicagdes pulmonares
pos-operatorias.” Merece a minha aprovacdo. Com efeito, o projecto de investigaco
elaborado continua a manter toda a actualidade, esta bem concebido e & exequivel.
Porém, a actividade realizada excede o titulo do da tese pelo que sugiro que esta seja
alterada para “Como mitigar o risco peri-operatério em cirurgia digestiva
oncolégica?” As actividades programadas para o 2° ano foram cumpridas, o
entusiasmo do estudante & crescente, as metas para os anos seguintes estdo

tracadas e tudo indica que venham a ser cumpridas no tempo previsto.

Assim sendo, sou de parecer que o relatdrio em analise elaborado pele Estudante de
Doutoramento Antero do Vale Fernandes deva ser aprovado e que o titulo inicialmente

proposto se mantenha.

O Orientador do Doutorando

e ‘/A..p( A g™
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200

Learco PRoe. AgsL Sarazaz, 2. 4029-002 Forro
TELEFOME + 351 22 206 22 00

Fa + 251 22 206 22 32

Departamanta da Patologia & Imunclogia Malacular

INFORMAGAO

Informo, para os devidos efeitos, que o relatorio do 3? ano apresentado pelo Estudante
de Doutoramento Antero do Vale Fermandes, relativo ao trabalho de investigacio
conducente & elaboracio da sua tese de doutoramento, com o titulo “Como mitigar o
risco peri-operatoric em cirurgia digestiva oncologica?” Merece a minha
aprovacdo. Com efeito, o projecto de investigacdo elaborado continua a manter toda a
actualidade, esta bem concebido e & exequivel. A aglividade realizada que incluiu um
artigo em publicacdo, a participacdo no projecto da FCT e em congressos afins
permite referir que as actividades do 3° ano foram cumpridas, o entusiasmo do
estudante & crescente, as metas para 0 ano seguintes estdo tracadas e tudo indica
que venham a ser cumpridas no tempo previsto { apos o interregno que foi obrigado a

realizar e devidamente autorizado).

Assim sendo, sou de parecer que o relatorio em analise elaborado pele Estudante de
Doutoramento Antero do Vale Fernandes deva ser aprovado.

O Orientador do Doutorando

e ,/.z,\f( e Mo 5
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6. Comprovativo de submissao de Publicacdo Cientifica

Submission-ID: ERJ-03317-2020 "Outcomes of Acute Hypoxaemic Respiratory
Failure. Insights from the Lung Safe Study"

"Outcomes of Acute Hypoxemic Respiratory Failure. Insights from the Lung Safe
Study"

Full author list: Tai Pham, MD; Antonio Pesenti; Giacomo Bellani; Gordon
Rubenfeld; Eddy Fan; Guillermo Bugedo; Jose Lorente; Antero do Vale
Fernandes; Frank Van Haren; Alejandro Bruhn; Fernando Rios; Andres Esteban;
Luciano Gattinoni; Anders Larsson; Danny McAuley; Marco Ranieri; Taylor
Thompson; Herman Wrigge; Arthur S Slutsky; Laurent J. Brochard, MD; John
Laffey

01-Sep2020
European Respiratory Journal
Outcomes of Acute Hypoxaemic Respiratory Failure.

Insights from the Lung Safe Study

Dear Prof. Brochard,

Thank you for your submission to ERJ. This email is to confirm that your article,
entitled "Outcomes of Acute Hypoxaemic Respiratory Failure.
Insights from the Lung Safe Study", has passed the Admin checks and has been

passed on to the Chief Editors for evaluation.

If you have any questions about this submission, please do not hesitate to contact

me.

Kind regards,
Sarah Cleveland
European Respiratory Journal

Sarah.Cleveland@ersnet.org
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7. Comprovativos de Editor do Tratado Lus6fono de Terapia Intensiva,

Coordenacao da secao 5: Sistema respiratoria e autoria de varios temas

TRATADO LUSOFONO
DE MEDICINA INTENSIVA

Editores

Fernando Suparregui Dias
Rui Moreno
Ederlon Rezende
Antero Fernandes

Ciro Leite Mendes

Sumario

Versio 1.2 - Ultima atualizacio
25 de Maio de 2017

+
' . @,
_:-_u\J — 50C l:L‘-AL:‘I:-;L‘IFL'IJLLUI: 54 DE ‘\ Athene“

ASSOCIACAD DE MEDICINA CUIDADOS INTENSIVOS
INTEMSIVA ERASILEIRA
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Secdo 5 — Sistema respiratario

Coordenador :  Antero Fermandes

48. Fisiologia respiratdria e mecanica ventilatéria ; Antero Ferandes, Paula
Mendes

49. Trocas gasosas pulmonares e interacio coracio-pulmao - Miguel Tavares
50. Imagiologia do térax no paciente critico Jodo Santos Silva,

51. Insuficiéncia respiratdria por desordens especificas

551. 5ARA, Marcelo Amato

55.2. Asma aguda grave, Jodo Gouveia

55.3. Doenca pulmonar obstrutiva crénica exacerbada, Sergio Baldisseroto
55.4. Traumatismo de Cranio , Jacobo Bacariza, Rui Manilha

555 Traumatismo de Torax, Jacobo Bacariza, Muno Cravalho

5% 5 Perioperatéria , Antero Femandes, Liicio Santos

56. Ventilacdo pulmonar artificial
56.1. Estado atual da ventilacio mecénica Fermando Rua

56.2. Efeitos fisioldgicos, repercusstes hemodindmicas e manifestacbes
clinicas Edno Parolo

56.3. Indicactes da ventilacio mecénica: como iniciar, manter e controlar
Ricardo Goulart

56.4. Modos convencionais de ventilagdo mecdnica, Eliana Caser
56.5. Modos ndo convencionais de ventilacio mecénica Jorge Valiatti

56.6. Manobras de recrutamento, Alexandre Biasi Cavalcanti

56.7. Tratamento da hipoxemia refrataria: almitrina, dxido nitrico e posicio
prona, Antero Fernandes, Gongalo Silva

56.9. Ventilacdo ndo invasiva Carmen Silvia Valente Barbas
56.10. Descontinuacédo da ventilacdo pulmonar artificial Cassiano Teixeira

56.11. Complicacbes da ventilacAo mecanica Irene Aragéo
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204

3¢ 12Broncofibroscopia para o intensivista-

56.13. Recursos Fisioterapéuticos durante a ventilacBo mecénica Miguel
Gongalves

56.14. A enfermagem na assisténcia ao doente em ventilagdo mecanica
Albertina Gongalves, José Serra

57. Broncoaspiracdo pulmonar Paulo Maia

52 Quase-afogamento Filipe Gonzalez, Vania Brito
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TERMO DE CESSAO
DE DIREITOS AUTORAIS
DE CAPITULO(S) PARA
LIVRO DE MEDICINA

Eu, Antero do Vale Fernandes, MD, EDIC, morador na rua Martinho de Assuncdo n®
34, Porto Salvo-Oeiras, de nacionalidade Portuguesa |, portador do cartdo de cidadado
n® 13627383, com o telefone n® + 351 91 8813307, cedo gratuitamente, em carater
irrevogavel, os direitos autorais do(s) capitulo(s) de minha autoria cujos titulos séo :

1. Fisiologia respiratoria e mecanica ventilatéria ; Antero Fernandes, Paula
Mendes

2. Tratamento da hipoxemia refrataria: almitrina, dxido nitrico e posicdo prona,
Antero Fernandes, Gongalo Silva

3. Insufciéncia Respiratéria Perioperatéria, Antero Fernandes, Paula Mendes),
Lucio Santos

Estes trabalhos virdo integrar o Tratado de Medicina Intensiva da AMIB -
Associagio Brasileira de Medicina Intensiva e SPCI - Sociedade Portuguesa de

Cuidados Intensivos, que tem como Editores os Professores: Fernando Suparregui
Dias, Rui Moreno, Ederlon Rezende, Antero do Vale Fernandes e Ciro Leite Mendes.

Caberd 4 EDITORA ATHENEU sua publicaco.

Ao ensejo, informo responsabilizar-me pelo teor do texto e a reproducdo das
imagens e fotos que irdo constar em meu(s) capitulo(s).

S&do Paulo, 30 de Maio de 2019

Célia Marta Pereira

% Assistente de Diretoria Editorial
anos ‘ eneu Tel- (11) 2838-8750 | (11) 99460-7405

mosa missde ¢ omuriro e - (1€ dl1tonIal(@atheneu.com. br

www.atheneu.com.br
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8. Pareceres

8.1. Parecer da Comissé&o de Etica do Hospital Garcia de Orta-E.P.E sobre

a realizacado de estudo basilar do ciclo de doutoramento

DECLARACAD

Para os devidos efeitos, declara-se que o Dr. Antero do Vale Fernandes submeteu &
comissdo de Ftica do Hospital Garcia de Orta o Trabalho de Investigacio denominado
“ Factores de risco para complicagdes pulmonares no pds-operatadrio de cirurgia geral
electiva ndo tordcica. Validade de indice prognéstico para ocorréncia de complicagdes
pulmonares”, no &mbito do programa de doutoramento em ciéncias médicas em que
se encontra inscrito no Instituto de Ciéncias Biomédicas Abel salazar da Universidade do

Porto, tendo merecido parecer positivo desta comissao.

25/10/2011 te da Comissdo de Etica

0 Presit
A\

(Dr. Luis Antunes)
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8.2. Parecer da Comissé&o de Etica sobre o Projeto de investigac&o “Stay
home but stay strong”, do qual resultou IV trabalho original enviado a

publicag&o
b
Exmo. Senhol,
Doutor Lixelo Lara Santos .
;Tu:; patologia & Teraphutica gxperimental do
Centro de investigacio
(PO Porto FG EPE
 Ref. CES. 145/020

Avallagio de Pedido de Parecer

outor Licio Lara Santos,

ido de parecer dirigido a esta CES sobre 0 pedido de rea'-i_zaqiu
do “stay home but stay strong”, tendo como lme«_mgadm
0s, foi avaliado em reunido ordinaria da Comissdo de

INESTIGAGAD CLINCA

207



Capitulo V — ANEXOS

©)) IPOPORTO

cor CES IPO: 145/020 =iy ig“
) f L-L k- 10 0o pedido realizacao de projelo de investigagat intitulado “Stay home ok

stay strong”
vt . Princ ozl Prof. Doutor Lucio Lara 5antos

02 de abril de 2020

PARECER

€ parecer desta CES, ndo existir impedimento de natureza ética
estudo de Investigagdo

"
A oo

/{nf José Carlos Pimentel
Vice medente da CES - IPO Porto EPE

208
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8.3. Pareceres de submisséo da tese de doutoramento a provas publicas

Exmo. (a) Senhor (a)
Director (a) do Programa de Doutoramento em Ciéncias Méadicas

Exmo. Senhar Professor Artur Aguas

Licio José de Lara Santos, Professor Afiliado com Agregacdo do ICBAS , Orientador da tese de
doutoramento intitulada: “Como mitigar o risco perioperatério em cirurgia digestiva
oncoldgica®, que tem vindo a ser realizada pelo estudante | Antero do Vale Fernandes , inscrito no
curso de doutoramento em Ciéncias Médicas do ICBAS UP, declara, para os devidos efeitos, que o
trabalho efectuado e conducente  tese de doutoramento se encontra em condigles de ser

submetido, brevemente, a provas pablicas.

Porto, 10 de Setembro de 2020

/

— ,._,;,‘t.A.AT

(Assinatura)
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[@PORTO
Rua de Jorge Viterbo Ferreira, 228 4050313

INSTITUTO DE CIENCIAS BIOMEDICAS ABEL SALAZAR Pk

UNIVERSIDADE DO PORTO TELEFOKE + 351 27 042 82 81

Departamento de Patologia & Imunologia Malecular e Calopes@ickas up.pt

Exmo. Senhor

Professor Doutor Artur Aguas

Diretor (a) do Programa Doutoral em Ciéncias Médicas
ICBAS

Carlos Alberto da Silva Lopes , Professor Catedratico Jubilado do ICBAS, co-orientador da tese de
doutoramento intitulada: “.Como mitigar o risco perioperatorio em cirurgia digestiva
oncolégica..”, que tem vindo a ser realizada pelo estudante , Antero do Vale Fernandes , inscrito no
curso de doutoramento em Ciéncias Médicas do ICBAS UP, declaro, para os devidos efeitos, que o
trabalho efectuado e conducente & tese de doutoramento se encontra em condicdes de ser

submetido a provas publicas, para as quais pode ser admitido como esta.

Porto, 10 de setembro de 2020

fj’f'uﬂ('?ﬂ/\ 1'{] \’Q{’:% 'é}’/IN“v

(Prof. Doutor Carlos Lopes)
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Exme. {a) Senhor {a)

Cirector (a) do Programa de Doutoramento em Ciéncias Madicas

Mario Dinis-Ribeiro, Professor Catedratico Convidado da Universidade do Porto | co-orlentador da
tese de doutoramento Intitulada: “.Como mitigar o risco perioperatdrio em cirurgla digestiva
oncolégica..”, que tem vindo a ser realizada pelo estudante , Antero do Yale Fernandes , inscrita no
cursg de doutaramento em Clénclas Médicas da ICEAS UF, declaro, para os devidos efeitos, que o
trabalho efectuado e conducente & tese de doutoramento se sncontra em condigdes de ser

submetido, brevemente, a provas piblicas.

Porto, 13 de Setembra de 2020
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9. Registos efetuados para elaboracédo da tese de doutoramento

212

Boletim de Inscri¢io no Ensino Superior

[BPORT() AnoLetivo 20172018

INSCRICAO EFETUADA COM SUCESSO

Identificacdo do estudante

Curso/ciclo de estudos em que se inscreve

Ninterno: 201102640
Nome: Antero do Vale Femandes
Doc. ident.: 13627383 (Cartio Cidadio)

Nacionalidade: portuguesa

Endereco: Rua Martmho de Assungdo N2 34 2740-
100 FORTO SALVO Porto Salve Portugal

Designacio: Doutoramento em Ciéncias Médicas
Ano curricular:  4°
Regime: Tempo parcial
Estatato: Ordindrio

Unidades curriculares em que se inscreve

N Ano Periodo

Unidade curricalar Cadigo Créditos

1 4 1 Armal Tese de Doutoramento M02

1800

Inscreve.se a um total de 130.0 créditos de um méximo permitido de 60.0 créditos em primeiras inscriges em unidades curriculares &

180.0 créditos no total da inserigio.
Insengio em ano letivo realizada em 2017-11-17.
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Boletim de Inscri¢ao no Ensino

[@PORTO P

Ano Letivo 2018/2019
INSCRICAO EFETUADA COM SUCESSO
Curso/ciclo de estudos em que se
Identificacio do estudante
Neinterno: 201102640 Designacio: Doutoramento em
Nome: Antero do Vale Fernandes Ciéncias Médicas b
Doc. ident.: 13627383 (Cartlo Cidadio) Ano curncular: ¢
Nacionalidade: portuguesa Regime: Tempo parcial
Endereco: Rus Martinho de Assungiio N.* 34 2740-100 Bstatuto! Ordinério
PORTO SALVD Porto Salvo Portugal
Telefone: 318812307
Unidades curriculares em que se inscreve
¥ | Aw Periodo Unidade curncular Codigo Créditos
1 4 | Anual Tese de Doutoramento o0 180.0

Inscreve-se & um total de 180.0 créditos de um méxamo permitido de 60.0 créditos em primeiras inscrigBes em
unidades curniculares e 195.0 créditos no total da inscrigéo.
Inscricio em ano letivo realizada em 2018-11-08.

Cédigo de validaclo: S0EA-Ly-Apl=

Emutido em 2018-11-08.
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|_ EDIGAD 201112012 EDITION
| 3 Ciclo - Doutoramen
$ § ‘ Clncen Modias. WPORTO

I
- Doctoral Programme in ‘ UNWYERSIBADE DO FOMD s
Medical Sciences

Formulério de Proposta de Tese / Thesis Proposal Form

Umthm.mmmn-mmhmwmummmmmmmmm
project. You should consult and obisin the agreement of your supervisoris) prior io submitiing the proposal, Nols that the Farm is
mmﬁc.w:mumuﬁumtmwmmmymm and do nol use a text font other than Arial (8 point). The
proposal will be reviewed wmmm#masﬁmmm.mﬂmuhrﬂmu-mm (eventually in a provisional way).

----- phd LATTHE 1T QI ot CAnon

PROJECT INFORMATION (answar in ENGLISH or in PORTUGUESE)

"""‘"”"’"'U.\T'm clo \wle Fezmandty
Phons: 2579 99 §§13304 : (

‘i- = -r. pfe By 'L'L-'I- L,
Emall: Oundizos n—e —.F.:E‘“_ it Colxo~ If'-. .r Sl -u_.uu-u_.ft 2] e

gs?: Pleasa attach PDF copy of the CV {as in FCT-SIG databasa - hitp:hwww frl motes. piictsigicy® or in Europass

= Tmcsumms[mnnumm

- Supervisor: Lo dx_-us' DE LARA SAsiFes
Highest Degres: /7y

Institution: Teads = TJFo-
Categary | Pasition: MefesioR Ak tliay Cowv, elroc
Phone: 4+ 351 <Gigaii?yg

Emait: {faiazauts @ ﬂwaz?- Coctd

fél;i;n: Please attach POF copy of the CV (as in FCT-5IG database - hitp:/iwww fct motes plfictsigicwd or in Europass

ets

Co-supervisor (ifany): (" 4A los Silva Le pEs
Highest Degres: PHD

@ Institution: T CBAS
Category / Position: Faa{. caleMme'bco
Phone:

Email: ﬂo{:—;F*"""” & L:jt.c._:a;r". Cora
g:lr}n:F‘maaa.amuhPDFcnpynrMeCU:nshFET-S!Gdahbm-MﬂﬂmﬁfgwhEl.mpnsa

Co-supervisor (if any):  # a2 n JoRes 0 img ZineTita
Highest Degres: [, )

Institution: FHUP
Category / Position: Pip Fr Ao eledar Lo A{u}ﬁ?.
Phone: -

Emall: P4 inis lﬂuflh}@ E.’-']”"‘"i-“"'-"“*
w

Page 1 of 5
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[WPORTO

SATIITE BE OENCIAS ESCMERICAL ADEL SALAZAR
MHIYERTIIADE Lo GATD

Registo do tema de tase

-t —
Exmos.{as) Senhores{as) membros da Comissde Cientifiea do Pragrama Doutoral em Cle NOCTAS H T (.W'r Lo

Nome:- /ZL\_JIT; 1 (JLI“' \\..-'fu.i:E -?L;:P Mefag ,afx_/s
l Estudante ng; m@

Vem requerer 2 V. ExE, autorizacio para o registo do seguinte tema de tese propasto nos termos do n.2 1 do artigo 12.2 do fegulamento
Gergl dos Terceiros Clclos de Estudes da Universidade do Porto:

Come  MCHimax o rraco e - offxatGrio ¢H

CIKUK Grd I ESTivG oncoliGrcd ©

|per favor preanthir com letra maidscula)

Para o efeito ¢ de acordo com o n ¥ do |4 referide artigo, d3(50) parecer favordvel o orientader e coorlentaderies) (se aplicivel):

orientasior T fc-lessox Novtok  Licre Larka Sawias

Apor Fasss priemcher nome completa)

Docurments de IdentificagSo n.@ -
Instituigan T AP Categoria (@;Aw A £t
Assinatura; Vo dltian aﬁm ot L s Data _ﬁfifﬁ' 5

coortenador_RafeSsor _Dovtog  Cakles Al Berqd ps Sila Lafes

[r2 splicdw|; por favor preancher namg campletal

Instituigio LCEAS Fa 1 Categoria ﬁ*j Celint LM ‘.Ii-"n fale
Assinatura; r D‘itﬂ_ﬂ/ifﬂ'[

- i

Coarlentader

lse aplicivel; por favor prasnches neme sompleto]
Instituigie | Categoria

Assinatura: Data___f [/

Coorentadar ,fpﬁ_g 45‘50-5— N U_f‘{-’.ﬂ h -I'{r"h-ll‘o -—Da" Ll 'El_ ﬁ E'Lf FRO

(3 aplcivel; por tevor preemsher nome complato)

Instituigko Ea Lo Categoria Ca ;""{’L“';"qcﬁ (“’""" Aeetls
Assinatura: f"::_"“?._"“_{“‘{\/" . Data {4/ & /19

Parto, de de 20

4a) Estudante: /ﬁ WjE pale .—”‘{ ] WQ \.‘E-'? L% E’(Af./k

Recebido por: em____

Legisiagho apheival; Angulsmento Goml dos Terceiro: Ciclos de Evtudas de U Pedta
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“As to diseases, make a habit of two things
- to help, or at least, to do no harm*
Hippocrates

c. 460 - c. 370 aC

Médico grego da Era de Péricles (Grécia classica)

O pai da medicina ocidental

“They always say time changes things, but you actually have to change
them yourself”

Andy Warhol

1928- 1987

Artista, diretor e produtor americano

Porto, setembro de 2020

Antero do Vale Fernandes

Assinado por: ANTERO DO VALE FERNANDES
Num. de Identificacdo: BI136273831
Data: 2020.12.20 22:46:52+00'00'
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