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RESUMO

A estratificacdo do risco de morte e complicacbes no periodo perioperatorio
ainda é um desafio aos profissionais de diferentes areas ligadas a assisténcia do
paciente cirurgico. Modelos progndsticos e escores de risco devem ser acurados na
predicdo do desfecho, validados em diferentes populacdes, analisados quanto a sua
calibracdo e periodicamente atualizados. Embora existam diferentes escores e
modelos descritos na literatura, ndo h& instrumento validado e de aplicabilidade
clinica factivel na populacéo brasileira.

A presente tese teve como objetivo suprir essa lacuna na area da pesquisa
voltada ao paciente cirargico e resultou na construcdo de um modelo de risco
nacional, na sua subsequente validagcdo e comparagdo com outros modelos
existentes e na desafiadora implementacao na pratica clinica.

Para a construgdo do modelo inicial, utilizamos dados de mais de 13.000
pacientes cirargicos do Hospital de Clinicas de Porto Alegre (HCPA).
Desenvolvemos o modelo baseados nas caracteristicas de um instrumento de
estratificacdo de risco ideal: composto por poucas variaveis preditoras, acurado em
relagdo ao desfecho e de facil aplicabilidade. O modelo resultante foi denominado
modelo SAMPE, em alusdo ao Servico de Anestesia e Medicina Perioperatoria do
HCPA. As 4 varidveis selecionadas para compor o modelo (idade, classificacdo da
American Society of Anesthesiologists — ASA, severidade e natureza da cirurgia)
foram analisadas através de um modelo de regressédo logistica, cujo desfecho foi
Obito na internacéo hospitalar em até 30 dias pos-operatorios. A acuracia do modelo
SAMPE foi avaliada através da estatistica C, apresentando uma excelente
capacidade discriminativa conforme a area sob a curva ROC (AUROC). Utilizando o
valor de corte de 0.02 de probabilidade predita de morte em até 30 dias, quatro
classes de risco foram criadas para facilitar o uso do modelo: Classe | (< 2%),
Classe Il (2% e < 5%), Classe lll (=5% e <10%) e Classe IV (= 10%).

Posteriormente, comparamos a acuracia do modelo SAMPE com o indice de
Risco Cardiaco Revisado (IRCR) e do indice de Comorbidades de Charlson (ICC),
gue sao instrumentos validados e tradicionalmente utilizados O modelo SAMPE
demonstrou superioridade discriminativa, com os seguintes resultados: AUROCsawee
=0.907, AUROC gcr = 0.767 e AUROC,cc=0.822.

De posse de um modelo validado e considerado robusto, propds-se a sua
aplicabilidade na assisténcia. Para facilitar a utilizacdo pratica do modelo pelos
anestesistas do HCPA, desenvolvemos uma ferramenta web-based compartilhada
na plataforma Google. A incorporacdo do modelo foi inicialmente realizada no pos-
operatorio imediato, na Sala de Recuperacdo Pds-Anestésica (SRPA). Os pacientes
foram categorizados quanto ao seu risco e sinalizados por cores, sendo que aqueles
de alto risco (probabilidade de morte > 5%) receberam uma otimizacdo dos
processos de alta pela equipe médica e de transferéncia de cuidado pela
enfermagem da SRPA (handover) para a unidade de internacéo.

A avaliagdo do impacto da incorporagdo do modelo SAMPE na rotina
assistencial foi feita através da analise das chamadas do Time de Resposta Rapida
(TRR) no pos-operatorio, em um estudo antes e depois (before-after study). Nao
houve uma diferenca significativa na incidéncia total de chamadas do TRR, mas
observamos uma reducdo do nimero de chamadas na Classe de risco IV (muito alto
risco) e um aumento na Classe de risco Il (risco intermediario), apos a
implementacdo do modelo na prética clinica. Ndo obstante, o modelo SAMPE foi



amplamente aceito pelas equipes assistenciais, possibilitando o desenvolvimento de
NOVoSs projetos institucionais que incorporam otimizacéo de cuidados por 48 horas ao
grupo de alto risco.

Por fim, reanalisamos as variaveis do modelo, refinando a idade através de
uma técnica estatistica conhecida como splines, além de simplificarmos a
classificacdo de risco das cirurgias. Esse ajuste de variaveis, utilizando dados de
uma amostra contemporanea de 16.618 pacientes, gerou um novo modelo, que
chamamos de SAMPE Il. Novas medidas de performance geral, acuracia, calibracao
e indice de reclassificacdo foram realizadas, indicando excelente discriminacao.

O modelo SAMPE apresenta-se como uma alternativa promissora em termos
de estratificac&o de risco cirargico no Brasil. O modelo é simples, acessivel, acurado
e validado em diferentes tipos de cirurgia, com acuracia superior a escores de risco
tradicionais e validados internacionalmente. A aceitacdo e a utilizacdo na pratica
assistencial permitiu a identificagéo objetiva dos pacientes de alto risco, colaborando
para a idealizacdo de linhas de cuidado compativeis, facilitando a comunicacao
entre as equipes e 0s processos de transferéncia de cuidados. A maior contribuicao
da presente tese encontra-se na possibilidade de otimizacdo do trajeto do paciente
de alto risco no Brasil. A ampla validagcdo dos modelos criados em outros centros do
pais, assim como a amplificacdo do cuidado do paciente de alto risco no pés-
operatorio, sdo projetos frutos da linha de pesquisa aqui descrita e iniciada.

Palavras-chave: Risco perioperatério. Escores de risco. Modelos progndsticos.
Mortalidade pés-operatdria. Complicacdes pds-operatorias.



ABSTRACT

Death risk stratification and complications in the perioperative period are still a
challenge for professionals in different areas related to surgical patient care.
Prognostic models and risk scores should ideally be accurate in outcome prediction,
validated in different populations, analyzed in terms of their calibration, and
periodically updated. Although a number of scores and models have been described
in the literature, there are no validated instruments with viable clinical applicability to
the Brazilian population.

The present thesis aimed to fill this gap in the research area focused on
surgical patient and resulted in the construction of a national risk model, its
subsequent validation and comparison with other existing models and its challenging
implementation in clinical practice.

For the construction of the initial model, we used data from more than 13,000
surgical patients at the Hospital de Clinicas de Porto Alegre (HCPA). We developed
the model based on the characteristics of an ideal risk stratification instrument:
composed of few predictor variables, accurate in relation to the outcome and easily
applicable. The resulting model was named SAMPE model, alluding to the
Anesthesia and Perioperative Medicine Service. The 4 variables selected to compose
the model (age, American Society of Anesthesiologists (ASA) classification, severity
and nature of the surgery) were analyzed using a logistic regression model, in which
the outcome was in-hospital death within 30 postoperative days. The accuracy of the
SAMPE model was evaluated using the C statistic, presenting an excellent
discriminative capacity according to the area under the ROC curve (AUROC). Using
the cut-off value of 0.02 predicted probability of death within 30 days, four risk
classes were created to facilitate the use of the model: Class | (<2%), Class Il (= 2%
and <5%), Class Il (= 5% and <10%) and Class IV (= 10%).

Subsequently, we compared the accuracy of the SAMPE model with the
Revised Cardiac Risk Index (IRCR) and the Charlson Comorbidity Index (ICC), which
are validated and traditionally used instruments. The SAMPE model demonstrated
discriminative superiority, with the following results: AUROCsavpe = 0.907,
AUROC gcr = 0.767 and AUROC,cc = 0.822.

Having a validated and robust model, we proposed its use in clinical practice.
To facilitate the practical use of the model by HCPA anesthetists, we developed a
web-based tool shared on the Google platform. The incorporation of the model was
initially performed in the immediate postoperative period, in the Post Anesthetic
Recovery Room (PACU). Patients were categorized by risk and color-coded, and
those at high risk (probability of death> 5%) had their discharge and handover
processes from PACU to the inpatient unit optimized. The evaluation of the impact of
the incorporation of the SAMPE model in the care routine was made through the
analysis of the postoperative Rapid Response Team (RRT) calls in a before-after
study. There was no significant difference in the total incidence of RRT calls, but we
observed a reduction in the number of calls in Class IV (very high risk) and an
increase in Class Il (intermediate risk) after the implementation of the model.
Nevertheless, the SAMPE model was widely accepted by the health care providers,
enabling the development of new institutional projects that incorporate 48-hour care
optimization into the high-risk group. Finally, we reanalyzed the model variables,
refining the variable age through a statistical technique known as splines, and
simplifying the risk classification of the surgeries. This adjustment of variables, using
data from a contemporary sample of 16.618 patients, generated a new model, which



we call SAMPE II. New measures of overall performance, accuracy, calibration and
reclassification index were performed, indicating excellent discrimination.

The SAMPE model presents itself as a promising alternative in terms of
surgical risk stratification in Brazil. The model is simple, accessible, accurate and
validated in different types of surgery, with accuracy higher than traditional and
internationally validated risk scores. The acceptance and use in clinical practice
allowed the objective identification of high-risk patients, contributing to the design of
compatible care pathways, facilitating communication between health providers and
handover process. The major contribution of the present thesis is the possibility of
optimizing the perioperative pathway of high-risk surgical patients in Brazil. The wide
validation of the models created in other centers of the country, as well as the
amplification of postoperative high-risk patient care, are projects that are the result of
the research described and initiated here.

Keywords: Perioperative risk. Risk scores. Prognostic models. Postoperative
mortality. Postoperative complications.
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1 INTRODUCAO

A cirurgia pode ser considerada uma jornada que o paciente enfrenta em
diferentes momentos, com distintos propositos, ao longo de sua vida. As
consequéncias do ato cirargico podem variar e complicacbes sédo bastante
frequentes. Embora avancos substanciais tenham sido alcancados em relacdo a
seguranca na area da anestesia nos ultimos 50 anos, ndo houve melhora em grau
similar nos desfechos perioperatorios. Complicacdes relacionadas a lesdo aguda de
diferentes orgados, que levam a faléncia de um ou varios sistemas, constituem o
principal precursor da morte apds a cirurgia. A mortalidade hospitalar no cenario de
doenca critica pos-operatéria pode chegar a 20,6%, constituindo, portanto, problema
de saude publica®.

Entendemos, portanto, que o desenvolvimento de desfechos adversos apos a
cirurgia ocorre pela interacdo entre a resposta ao trauma, as reservas fisiolégicas
para lidar com esse trauma e a magnitude da cirurgia®. Nessa perspectiva, a
resposta a cirurgia se torna o insulto patolégico e a consequente disfuncéo organica
associada se converte na condicdo que deve ser o foco do cuidado no pos-
operatoério. O objetivo da medicina perioperatoria € fornecer o melhor cuidado pré,
intra e poOs-operatério, o que é possivel apenas com assisténcia médica
multidisciplinar e integrada aos pacientes, desde a sua indicagcdo cirargica até a
recuperacdo completa®. Entretanto, a fim de alcancarmos essa assisténcia integral, é
necessario construirmos linhas assistenciais especificas para o paciente cirargico ou
refinarmos os caminhos ja existentes.

Esta é justamente a ideia atual da medicina perioperatéria: transformar o
conceito restrito de buscar os melhores desfechos individuais no pos-operatorio
imediato em uma proposta mais ampla, que visa contribuir para a saude global da
populacdo e a sustentabilidade do sistema de satide com um todo®. Isso pode ser
atingido com intervencdes prévias a cirurgia, incluindo tomada de decisdo
compartilhada, gestdo de comorbidades e mudangca comportamental colaborativa.
Intervencgdes individualizadas, adaptadas ao risco, podem direcionar os cuidados
intra e pos-operatorios particularmente otimizando as transferéncias de cuidado e os
esforcos no sentido de prevenir a morte como consequéncia de complicacéo no pos-
operatorio (failure to rescue)’.

A estimativa do risco de eventos adversos perioperatérios pode auxiliar nas
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decisbes de manejo do paciente, na elaboracdo do consentimento informado, no
planejamento e na escolha de monitorizacdo transoperatéria, bem como na
adequada alocacéo pés-operatéria®. Sabemos que um pequeno grupo de pacientes
considerado de alto risco € o responsavel pelo maior nimero de mortes no pos-
operatério, o que torna essa identificacdo de extrema importancia’. Porém, tal
medida constitui-se desafio, pois, embora os processos médicos de tomada de
decisédo sejam fundamentados na logica e probabilidade, as evidéncias indicam que
outros fatores dificeis de mensurar, como preferéncias individuais, preconceitos
cognitivos, emocdes e experiéncias anteriores, desempenham um papel relevante
em varios niveis da arvore de decisdo®. Portanto, é desejavel incluir ferramentas
consistentes e estatisticamente orientadas no processo de tomada de deciséo, a fim
de melhorar a precisdo do julgamento e embasar a¢des que aumentam a seguranca
do paciente.

A ferramenta de estratificacdo de risco ideal deve ser simples, com poucas
variaveis de facil acesso, acuradas na predicdo do desfecho e factiveis para uso
pratico®. Além da avaliacdo da capacidade discriminativa e da calibracéo, essa
ferramenta idealmente deve ser validada em diferentes contextos (capacidade de
generalizac&o) e avaliada quanto ao impacto clinico'®**2, Existem inGtmeros escores
e modelos preditivos de risco descritos na literatura, desde os mais simples com
poucas variaveis, como o IRCR, até modelos complexos, como o American College
of Surgeons National Surgical Quality Improvement Program (ACSNSQIP Surgical
Risk Calculator). A extrapolacéo direta de modelos usados em paises desenvolvidos
pode ndo refletir o verdadeiro cenario de nossa populacdo, contexto no qual
variaveis relacionadas ao acesso aos servicos de saude e a eficiéncia desses
servicos desempenham um importante papel.

Sendo assim, esta tese visa preencher a lacuna da auséncia de modelos de
risco nacionais que reflitam a populacéo de pacientes atendidos pelo Sistema Unico
de Saude (SUS). Modelos esses que possam ser usados como base de programas
destinados a melhoria dos processos relativos ao atendimento do paciente cirurgico,
desde a decisdo de operar até a reabilitacdo a longo prazo. A pesquisa, pois,
alicercou-se na construcdo e validacdo de um modelo de estratificacdo de risco
cirurgico, utilizando dados da populacdo cirargica do Hospital de Clinicas de Porto
Alegre. A posterior incorporacdo do referido modelo voltado a assisténcia no trans e

poOs-operatorio imediato deu origem aos seguintes artigos:
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Artigo 1: Derivation and validation of a preoperative risk model for postoperative
mortality (SAMPE model): An approach to care stratification.

Neste estudo, descrevemos a constru¢do e validacdo do modelo de risco
(Modelo SAMPE) que incorpora dados do paciente e da cirurgia, fornecendo de

forma acurada a probabilidade de morte intra-hospitalar em até 30 dias.

Artigo 2: The Accuracy of the SAMPE risk model for postoperative in-hospital
mortality prediction compared to the Revised Cardiac Risk and Charlson Comorbidity
Indexes

Nesta produgcdo, comparamos a acuracia do Modelo SAMPE com dois
escores amplamente utilizados, o IRCR e o ICC, identificando sua relagdo com
complicacBes no pds-operatério pela ocorréncia de morbidade de acordo com o

questionario POMS.

Artigo 3: Effectiveness of PACU postoperative pathway triggered by a new
preoperative stratification tool (SAMPE Model): impact on postoperative
deterioration.

Neste artigo, descrevemos a incorporacao da estratificacdo de risco na pratica
assistencial, as modificacbes de processos na SRPA e o impacto na deterioracéo
pos-operatoria, comparando as propor¢des de chamadas do TRR antes e depois da

implantacdo do modelo.

Artigo 4: The high-risk surgical patient highlighted: validation of a lean and accurate
predictive model of postoperative death in a cohort of 16662 patients: The SAMPE I
model

Neste estudo, descrevemos o refinamento e a validagdo do Modelo SAMPE
em uma amostra contemporanea de pacientes cirirgicos, aferindo a capacidade
discriminativa, calibracdo e o indice de reclassificacdo desse modelo, o que

configura um novo: o Modelo SAMPE II.
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2 REVISAO DE LITERATURA
2.1 ESTRATEGIA DE BUSCA BIBLIOGRAFICA

Quanto a revisao de literatura, identificamos artigos publicados nos ultimos
dez anos que abordam os principais fatores de risco para morbi-mortalidade
perioperatoria, os modelos preditivos de risco usados atualmente e as complicacdes
mais frequentemente associadas ao ato anestésico-cirurgico. Utilizamos as bases de
dados PubMed e Embase. Além dos artigos recuperados na pesquisa em base de
dados, averiguamos aqueles provenientes de referéncias cruzadas e anteriores a
data de busca devido a sua relevancia clinica e importancia historica. Pesquisamos
as palavras-chave no Titulo e Resumo, com os MeSH terms e Emtree terms
correspondentes. Os MeSH terms pesquisados na base de dados PubMed foram:
perioperative care, risk adjustment, risk assessment, failure to rescue, hospital rapid
response team, postoperative complication, hospital mortality. Os Emtree terms
pesquisados na base de dados Embase foram: perioperative period, risk
assessment, failure to rescue, rapid response team, postoperative complication,
surgical mortality, surgical morbidity. Os resultados da busca bibliografica encontram-

se sumarizados na tabela 1.

Palavras-Chave:

1. Perioperative risk;
Risk models;
Revised Cardiac Risk Index;
Charlson Comorbidity Index;
Failure to Rescue;
Rapid Response Team;

Postoperative outcomes;

© N o g s~ D

Surgical mortality and morbidity.
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Tabela 1 - Resultados da busca bibliogréafica

Palavra-chave PUBMED UTILIZADO EMBASE
1 832 9 365
2 69 4 46
3 42 6 112
3+1 12 1 9
3+7 28 5 4
4+1 133 3 196
4+7 10 1 70
5+1 451 5 67
5+2 102 2 93
6+1 28 1 11
6+7+8 354 6 415
Total 2.061 43 1.390

Fonte: Elaborado pela autora.

2.2 RISCO CIRURGICO — PERSPECTIVAS ATUAIS

Estima-se que mais de 300 milh&es de cirurgias ocorram no mundo a cada
ano. Servicos de Cirurgia sédo parte fundamental de um Servico Nacional de Saude,
estando presentes em paises desenvolvidos e em desenvolvimento. A
heterogeneidade de cenarios manifesta-se nas diferentes taxas de mortalidade e

complicacdes entre os paises™.

Embora comparacbes de taxas de
morbimortalidade sejam dificeis de executar em funcdo justamente dessa
diversidade, acredita-se que em paises desenvolvidos complicacdes maiores
ocorram em 3 a 16% dos casos, com mortalidade de 0.4% a 0.8%. J& em paises em
desenvolvimento, a mortalidade apés uma cirurgia pode chegar a 10%'3. Esses
nameros podem ser ainda maiores, visto que 0 acesso e registro de informacdes
fidedignas referentes a complicacdes e 6bito no pos-operatério sédo negligenciadas
em alguns paises.

Em uma coorte de 46.589 pacientes cirirgicos de 28 paises da Europa, a
mortalidade geral foi de 4%, valor acima do esperado pelos autores. Apenas 8%
desses pacientes foram admitidos em Unidades de Tratamento Intensivo, com
permanéncia média de até dois dias. Dos pacientes que foram a o6bito, 73% néao

foram admitidos na UTI em nenhum momento depois da cirurgia. Mesmo apoés
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ajuste de variaveis confundidoras, uma grande varia¢do das taxas de mortalidade foi
observada entre os paises, sugerindo a importancia das diferencas demograficas,
socioecondémicas e nas politicas de satude™.

Acredita-se que em torno de 12% dos pacientes sdo considerados de alto
risco cirargico, contribuindo com aproximadamente 80% das mortes pos-
operatérias’®. Diante de tal evidéncia, a identificacdo desse subgrupo é de suma
importancia. Entretanto, a correta estratificacdo de risco pode ser um desafio, apesar
da existéncia de varias ferramentas disponiveis atualmente. Alguns fatores que
contribuem para a baixa adesdo sdo incertezas em relagdo a acuracia e validade
externa, complexidade das ferramentas e das variaveis preditoras, a variabilidade de
desfechos preditos e auséncia de evidéncias quanto ao impacto da utilizacdo

pratica.
2.3 DEFINIQAO DE VARIAVEIS INDICATIVAS DE RISCO CIRURGICO

Inimeros estudos recentes buscam identificar quais sdo os pacientes com
maior risco no perioperatério. O Royal College of Surgeons of England Working
Group define como paciente de alto risco aquele com mortalidade estimada > 5%, e
de altissimo risco quando a mortalidade estimada € >10%. A falta de consenso em
relacdo a severidade das complicacfes cirurgicas e as dificuldades em implementar
escalas padronizadas para medir os desfechos dificultam as comparacdes entre
diferentes ferramentas preditoras de risco®’.

O instrumento de estratificacdo de risco ideal deve ser simples, acurado na
predicdo do desfecho, incluindo poucas varidveis centradas no paciente e na
cirurgia. Esse instrumento deve ser reproduzivel e aplicavel em diferentes cenarios,
além de ser acessivel ao usuario’”®. A seguir, sdo descritas as varidveis mais

comumente incorporadas aos modelos de risco perioperatério.
2.3.1 Variaveis Relacionadas ao Paciente
+ IDADE
N&o existe uma definicdo precisa ou qualquer marcador clinico a elucidar

gquem é "idoso" ou 0 que significa "idade avancada”. O envelhecimento ndo € um

processo abrupto, mas representa um continuo no qual a populacdo de idade
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avancada é considerada um grupo extremamente heterogéneo®®. Estima-se que a
maioria das pessoas nascidas em paises desenvolvidos durante o século 21 ira viver
pelo menos até o0 seu centésimo aniversario. Tanto o crescimento do namero de
idosos quanto a complexidade inerente aos seus cuidados causam um aumento na
demanda dos sistemas de saude. O rapido crescimento da populacdo idosa traz a
tona a necessidade de uma melhor compreensdo das exigéncias clinicas e da
evolucado natural desses pacientes que se submetem a qualquer tipo de cirurgia™®.
Atualmente, cerca da metade de todas as opera¢des nos Estados Unidos sao
realizadas em pessoas com mais de 65 anos de idade. Essa populacao de pacientes
€ de alto risco para morbidade e mortalidade, o que, consequentemente, aumenta
também os custos hospitalares. A incidéncia de complicacdes eleva em até 26% a
mortalidade pés-operatéria em pacientes com mais de 80 anos®®. Entre o ja
crescente grupo populacional cirdrgico de pacientes com 65 anos ou mais, 0
subgrupo de crescimento mais rapido é o dos maiores de 85 anos. Por conseguinte,
um maior numero de individuos apresentam-se para cirurgia com condicdes clinicas
relacionadas a sua idade avancada, expostos a maior risco de complicacdes diante
de um evento adverso. Portanto, ndo s&o surpreendentes os resultados que
mostram idosos com a maior taxa de mortalidade na populag¢do cirirgica adulta,
sendo a média geral de aproximadamente 1,02%. Nos pacientes com idade entre 60
e 69 anos, a mortalidade é de 2,2%; nos de 70-79 anos, € de 2,9%; nos acima de
80 anos, é de cerca de 5,8 a 6,2%; e, naqueles com mais de 90 anos, é de 8,4%>.
Independente do escore ou modelo utilizado, os idosos invariavelmente
possuem pontuacgdo alta em termos de risco estimado de morte, tanto por causa da
idade como pelas comorbidades. Os fatores que mais contribuem para o aumento
do risco perioperatério relacionado a idade avancada sdo a diminuicdo da
capacidade de reserva de Orgdos para compensar as crescentes demandas
fisiologicas necessarias durante a agressao cirdrgica e a progressiva manifestacédo
de doencas cronicas?. Ndo apenas a idade cronolégica parece influenciar, mas a
presenca de comorbidades, as incapacidades e a fragilidade que se inter-relacionam
parecem contribuir para o0 aumento de risco. A desregulacdo dos sistemas imune,
enddcrino e hormonal, associado a um up-regulation de citocinas inflamatdrias, leva
a um estado de catabolismo, sarcopenia e disfungdes subclinicas. Esse conjunto de
alteragbes aumenta a vulnerabilidade do paciente aos estressores, sendo

caracteristico do fenétipo de fragilidade. Escores para avaliar a fragilidade (Frailty)
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vém sendo objetos de estudo na avaliacdo do risco perioperatério na populagcdo
idosa®.

A figura 1 mostra 0 aumento do risco perioperatério com o aumento da idade
e 0 peso que as comorbidades exercem sobre os desfechos, especialmente nos

pacientes considerados geriatricos (idosos com multiplas comorbidades).
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Comorbidades
Jovem |doso Paciente Geriatrico

Figura 1 - Risco Perioperatorio e Idade: aumento de risco relacionado a cirurgia/anestesia
versus comorbidades em pacientes jovens, idosos saudaveis (idosos em processo de
envelhecimento natural, sem comorbidades significativas) e “geriatricos” (idosos com
diversas e significantes comorbidades). Fonte: Modificado de Boddaert et al., 2014*.,

Além de uma maior taxa de mortalidade pds-operatoria, a populacdo idosa
também apresenta maiores taxas de failure to rescue — morte precedida por uma
complicagdo pdés-operatoria (figura 2) —, quadro esse que pode ser atribuido a uma
menor reserva fisiolégica e capacidade de resposta ao stress?>.
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Figura 2 - Taxas de mortalidade, complicacbes maiores e FTR em diferentes grupos etarios.
Fonte: Modificado de Ghaferi et al., 2016%.

+ COMORBIDADES

As comorbidades influenciam diretamente os desfechos pés-cirdrgicos. Em
recente levantamento das causas dos 6bitos em 11.562 procedimentos realizados no
Hospital de Clinicas de Porto Alegre, evidenciamos mortalidade de 2,11% em
pacientes internados até 30 dias. A analise qualitativa identificou que 50,7% desses
Obitos foram considerados inevitaveis, sendo atribuidos as condi¢cdes da doenca de
base?®. A classificacdo American Society of Anesthesiologists-Physical Status (ASA-
PS), apesar de originalmente ter sido criada para designar o estado basal de saude
pré-operatorio, vem sendo rotineiramente utilizada na pratica clinica a fim de avaliar
0 risco cirurgico.

Introduzida em 1941 em artigo publicado por Saklad, a classificacéo referida
tinha como objetivo estandardizar a avaliacdo do status funcional dos pacientes®’. A
facilidade de uso da ASA-PS faz com que seja amplamente aceita, porque, apesar
da sua subjetividade, apresenta moderada variabilidade entre avaliadores conforme
o estudo de Sankar e colaboradores®®. Ela demonstra a vantagem de ser simples, de

facil aplicacdo, sendo amplamente conhecida, corrrelacionando-se positivamente
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com a probabilidade de ébito e complica¢des no periodo pds-operatério em diversos
estudos®3%3!, Essa escala comp&e como variavel clinica alguns escores e modelos
de risco operatorio, sendo utilizada como uma das principais variaveis de um modelo
de risco desenvolvido através da andlise de 298,772 pacientes submetidos a cirurgia
nao cardiaca, usando dados do American College of Surgeons National Surgical
Quality Improvement Program (ACSNSQIP). Esse modelo apresentou alta acuracia
na predicdo de morte em até 30 dias no pés-operatério (C statistic, 0.897)%.

No entanto, a escala da ASA € subjetiva, ndo fornecendo informacdes do
procedimento cirdrgico, tampouco da probabilidade ou do risco de morte e de
complicagBes, apresentando baixa acuracia quando utilizada isoladamente conforme
verificado em alguns estudos®®. A fim de reduzir essa subjetividade, recomendamos
0 uso de uma atualizacdo recentemente publicada pela Sociedade Americana de
Anestesia, disponivel em: (http://www.asahg.org/resources/clinical-information/asa-
physical-status-classification-system).

Quadro 1 - ASA-PS: definicdo atual (sem mudanca) e exemplos (novo)

(continua)
Classificacéo L ) ] L
Definigéo Exemplos, incluindo, mas néo limitado a:
ASA-PS
_ ) Saudavel, néo fumante, sem ou minimo uso de
ASAI Paciente normal e saudavel ) .
bebida alcoolica
Doencas leves sem limitacdes funcionais
ASA I Paciente com doencga | importantes. Exemplos: fumante ativo, consumo

sistémica leve social de &lcool, gravidez, obesidade (30 <IMC <40),

DM / HAS bem controlada, doenca pulmonar leve

LimitagBes funcionais importantes. Uma ou mais
doencas moderadas a graves. Exemplos incluem
(mas nao limitado a): DM ou HAS mal controlada,
] DPOC, obesidade mérbida (IMC = 40), hepatite ativa,
Paciente com doenca o i
ASA I o dependéncia ou abuso de 4&lcool, marca-passo
sistémica grave . . . o
implantado, reducdo moderada da fracdo de ejecéo,
IRC submetida a diélise regular, bebé prematuro IPC
<60 semanas, histdria (> 3 meses) de 1AM, AVC, AIT

ou CI / stents
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Quadro 1 - ASA-PS: definicdo atual (sem mudanca) e exemplos (novo)

(concluséo)

Classificacéo

Definicdo Exemplos, incluindo, mas nao limitado a:
ASA-PS
Exemplos incluem (mas nao limitado a): recente (<3
Paciente com doenca | meses) IAM, AVC, AIT ou CI / stents, isquemia
ASA IV sistémica grave, implicando | cardiaca continua ou disfuncdo valvular grave,
ameaga constante a vida reducdo severa da fracdo de ejecdo, sepse, CIVD,
SARA ou IRC ndo submetida a dialise regular
Exemplos incluem (mas néo limitado a): aneurisma
Paciente moribundo cuja | abdominal / toracico rompido, trauma grave,
expectativa de | sangramento intracraniano com efeito de massa,
ASAY sobrevivéncia depende de | intestino isquémico em face de patologia cardiaca
operacao. significativa ou disfuncdo de mudltiplos 6rgéos /
sistemas
Paciente com morte
ASAV] cerebral declarada cujos
orgéos estdo sendo

removidos para doacao

A adicdo do "E" indica cirurgia de emergéncia, existente quando o atraso no tratamento do paciente

pode levar a um aumento significativo da ameaga a vida ou parte do corpo).

IMC: indice de massa corporal

DM: diabetes mellitus

HAS: hipertensao arterial sistémica

DPOC: doenca pulmonar obstrutiva crénica

IRC: insuficiéncia renal crbnica

IPC: idade pGs-concepgéo

IAM: infarto agudo do miocardio

AVC: acidente vascular cerebral

AIT: ataque isquémico transitorio

ClI: cardiopatia isquémica

CIVD: coagulacéo intravascular disseminada

SARA: sindrome da angustia respiratéria aguda

Aprovado pela Camara de Delegados da ASA em 15 de outubro de 2014.

Fonte: American Society of Anesthesiologists
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2.3.2 Variaveis Relacionadas a Cirurgia

+* NATUREZA DA CIRURGIA: ELETIVA VERSUS URGENTE

Enquanto o cuidado cirargico eletivo proporciona o beneficio de uma
avaliacdo abrangente e da otimizagdo pré-operatéria das situacdes de risco, a
cirurgia de emergéncia impde tempo limitado para a realizacdo de acbes essenciais
ao cuidado. O estado de saude basal e as comorbidades preexistentes dos
pacientes que se apresentam com emergéncias cirlrgicas sdo muitas vezes
desconhecidos. A auséncia dessas informagbes e a escassez de tempo para
otimizag&o clinica devido ao carater de urgéncia exacerbam a vulnerabilidade dos
pacientes. A cirurgia de alto risco e a de emergéncia correlacionam-se
positivamente em relacdo a uma maior mortalidade pés-operatéria 334,

Um estudo de coorte dinamarqués com 2889 pacientes submetidos a
colectomia total demonstrou taxa de mortalidade de 1,0% em colectomias eletivas e
de 5,3% nas de urgéncia®®. Quanto aos pacientes com 60 anos ou mais, a
mortalidade aumentou para 3,3% nos submetidos a colectomia eletiva e para 18,4%
nos expostos ao procedimento em carater de emergéncia.

Mallol e colaboradores conduziram um estudo observacional ao longo de dois
anos na UTI cirdrgica de um hospital terciario espanhol cujos pacientes foram
admitidos apds a realizacdo de cirurgia oncoldgica abdominal. Nos 112 pacientes
submetidos a cirurgia de emergéncia, a mortalidade foi de 32,5% para a cirurgia de
resseccao de urgéncia e de 42% para a paliativa urgente. Nos 787 pacientes que se
submeteram a cirurgia programada, a mortalidade foi de 4,7% para 0s
procedimentos de resseccao e de 12% para os paliativos®’.

Uma coorte retrospectiva americana multicéntrica, utilizando-se dos bancos
de dados do National Trauma Data Bank (NTDB) e do American College of Surgeons
National Surgical Quality Improvement Program (ACSNSQIP) focou-se nos
desfechos hospitalares em pacientes de trauma e cirurgia geral. Observou-se que
pacientes de cirurgia geral de emergéncia tendiam a um status funcional inferior e
um maior numero de comorbidades quando comparados a pacientes de cirurgia
geral eletiva. A mortalidade observada foi de 7,5% (n = 2.455) em pacientes de

trauma, 6,6% (n = 944) nos de cirurgia geral de emergéncia e 1,4% (n = 1.631) nos
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de cirurgia geral eletiva®.

O carater de urgéncia também € um fator de risco para complicacdes
maiores, como parada cardiorrespiratoria. Estudo realizado em um hospital geral
terciario brasileiro entre 1996 e 2005, envolvendo 53.718 procedimentos
anestésicos, avaliou prospectivamente a ocorréncia de parada cardiorrespiratoria
durante a cirurgia ou na Sala de Recuperacdo. Nos 186 casos identificados, o status
fisico ASA = 3, extremos de idade e cirurgia de emergéncia foram fatores de risco
maiores para a ocorréncia do desfecho®.

Em uma andlise de 187 pacientes consecutivos submetidos a cirurgias de
urgéncia no HCPA, observamos alta mortalidade em até 30 dias (14,4%), sendo o
procedimento mais associado a laparotomia exploradora (47,7% de 6bitos), indices
esses elevados comparados com estatisticas globais*. Linhas de assisténcia a
laparotomia estédo sendo desenvolvidas no Reino Unido em um projeto nacional
denominado National Emergency Laparotomy Audit (NELA). Tal projeto € constituido
de uma série de medidas pré, intra e pos-operatérias para melhoria dos desfechos
na populacdo com mdultiplas comorbidades submetida a cirurgias em condicfes nao
eletivas. Dentre as medidas pré-operatérias destacam-se o plano de cuidados pelo
cirurgido, a brevidade na definicdo diagndstica, o acesso formal ao risco de morte e
complicacdes, a precoce administracdo de antibiéticos e realizagéo da cirurgia®'.

+ PORTE DA CIRURGIA

O impacto do porte da cirurgia na morbimortalidade ndo é comum e
isoladamente avaliado nos modelos de risco, mas é uma variavel que reflete a
severidade do trauma cirargico e a consequente resposta organica. Em alguns
escores de risco, como o IRCR, considerou-se cirurgias de alto risco como uma das
variaveis do modelo*”. O modelo Surgical Risk Scale utilizou a classificacdo de
porte cirargico inglesa British United Provident Association (BUPA) que divide os
procedimentos em complexos maiores, maiores, intermediarios e menores®. J& o
Surgical Mortality Probability Model (SMP-M) classificou os procedimentos em
maiores, intermediarios e menores através de estimativas empiricas de mortalidade
apds ajustes para 0 ASA e a natureza emergencial ou eletiva®.

Uma das classificacdes mais logicas foi utilizada por Donati, uma versao

simplificada dos critérios cirurgicos da John Hopkins, que leva em conta a potencial
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invasdo e o sangramento do procedimento, dividindo-os em trés categorias: cirurgias
de graus menor, moderado e maior®®>. No Brasil, a Associacdo Médica Brasileira
(AMB) classifica os procedimentos como pequeno, médio, grande e especial. O
HCPA ndo utiliza essa classificacdo, sendo permitidas diferentes nomenclaturas para
procedimentos semelhantes, o que dificulta o agrupamento da severidade deles.
Para fins de padronizacéo, o grupo de pesquisa do Servigo de Anestesia e Medicina
Perioperatoria (SAMPE) do HCPA reuniu-se com especialistas da area cirdrgica a
fim de classificar os procedimentos em trés categorias de acordo com a severidade,

0 que é mostrado no Quadro 2.

Quadro 2 - Classificacao da Severidade Cirtrgica conforme revisdo de literatura e consulta
com especialistas

Severidade Definicao Procedimento-exemplos
Menor / Baixo Risco Cirdrgico Minimo risco, independente da Cirurgia de Mama
anestesia e condigao clinica do

paciente; Apendicectomia

. . Tireoidectomia
Procedimento minimamente ou

moderadamente invasivo; Cirurgia Estetica
Perda sanguinea estimada < Laparoscopia
500 ml. Cistoscopia
Tenorrafia
Intermediaria / Intermediario | Risco Moderado independente Colecistectomia
Risco Cirargico da anestesia e condigéo clinica Esofagomiotomia
do paciente;

Procedimento moderadamente Histerectomia
invasivo; Colostomia
Perda sanguinea estimada Artrodese Cervical
entre 500 ml e 1500ml. Simpatectomia
Artrotomia de joelho
Nefrectomia

videolaparoscopica

Alta / Alto Risco Cirurgico Alto Risco, independente da | Cirurgia Cardiaca

anestesia e condicao clinica do Colectomia
paciente;

. Esofagectomia
Procedimento altamente g
invasivo; Hepatectomia
Perda sanguinea estimada > | Lobectomia Pulmonar
1500 ml.

Microcirurgia para Tumor
Intracraniano

By-Pass Arterial
Prostatectomia Radical

Fonte: Elaborado pela autora.
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A cirurgia pode afetar diferentes setores da vida do paciente, muitas vezes

interferindo além do curto espaco de tempo de recuperacdo pos-operatoria.

Incapacidades fisicas transitorias ou permanentes, acometimento psicolégico e

psicossocial, prejuizos econbémicos e a propria qualidade de vida sao alguns

exemplos. Assim, a mortalidade, embora seja um desfecho facilmente mensuravel,

pode nao refletir integralmente o impacto e as consequéncias das estratégias

adotadas no cuidado perioperatério. Nesse sentido, diferentes desfechos séo

mensurados por instrumentos de estratificagdo de risco disponiveis na literatura. A

seguir, sumarizados no Quadro 3, apresentamos alguns desses principais desfechos

comumente analisados no periodo pés-operatorio.

Quadro 3 - Desfechos avaliados no pés-operatério

Tipo de desfecho

Mensuracéo

Observacgdes

+Obito transoperatorio;

Facil mensuragdo, normalmente

Mortalidade . i . o
*Obito pés-operatério; alvo de estudos observacionais
*Incidéncia de complicacdes; Depende da definicdo de
*Escalas de complicacdes complicagBes e possibilidade de
como escala POMS; coleta dos dados
) eInternagdo em Unidade de
Morbidade . .
Terapia Intensiva;
*Reintervencdo cirdrgica;
*Taxa de Failure to Rescue;
*Acionamento do TRR.
*Satisfacéo; Normalmente avaliado com
*Tempo para reabilitacéo; guestionarios no pos-operatorio;
Desfechos centrados no o ) ) )
) *Independéncia; A maneira de coletar influencia
paciente

*Desfechos especificos para

cada procedimento.

a informacao.

Desfechos econémicos

*Tempo de internacao
hospitalar;
*Reinternacao hospitalar;

*Custo associado a

complicagfes e a permanéncia.

O tempo de internacdo € uma

medida indireta de custo.

Fonte: Elaborado pela autora.
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+ MORTALIDADE

A mortalidade relacionada a anestesia, assim como a pdés-operatdria em
geral, teve expressiva reducdo nas ultimas décadas. Melhorias nos campos da
cirurgia, da anestesia, dos cuidados hospitalares, combinadas a um avango na
condicdo geral da saude da populacdo, fizeram com que a taxa global de
mortalidade associada a uma variedade de tipos de procedimentos venha
diminuindo com o tempo*.

Por ser de facil mensuracéo e definicdo, a mortalidade € utilizada por muitas
escalas tradicionais de risco como desfecho principal. No entanto, a variabilidade de
afericdo temporal desse indicador no pdés-operatério pode dificultar a comparacao
entre diferentes instrumentos, visto que sdo encontrados estudos que avaliam
mortalidade intra-hospitalar em 48 horas, 30 dias ou até um ano apés a cirurgia.
Complicacdes graves no periodo perioperatério, que levam a morte tardiamente, por

exemplo, ndo entram nessa equacao™.

+ COMPLICACOES POS-OPERATORIAS

A morbidade apds a cirurgia tem sido tradicionalmente definida como a
presenca ou auséncia de complicacbes pds-operatorias dadas por diagnosticos
meédicos especificos. A descricdo e os métodos de mensuracdo de morbidade na
literatura em geral sé&o diversos. Sendo assim, tal diferenca nos modos de afericao,
baixa confiabilidade dos dados, auséncia de definicdes claras sobre os desfechos,
variabilidade na escolha dos instrumentos de avaliacdo sdo alguns fatores que
dificultam a comparacdo entre os estudos e os sistemas de saude. Afinal, a
adequada definicAo e comunicacdo de eventos adversos é essencial para a
interpretagéo dos resultados.

A estimativa precisa da ocorréncia de complicacdes pos-operatérias pode ser
dificil de ser realizada, com ocorréncia estimada entre 3 e 17% dos casos. Um dos
motivos para essa variabilidade € a auséncia de um consenso sobre o que pode ser
considerado uma complicacdo pdés-operatdria e sua severidade. Nesse sentido,
algumas escalas e determinados levantamentos surgiram com o0 objetivo de
padronizar e avaliar a ocorréncia de morbidade pés-operatdria®®.

Em 1992, Clavien e colaboradores formularam uma escala, com quatro graus
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de severidade das complicacfes pds-operatorias, baseada na terapéutica para seu
tratamento e revalidada em uma coorte de 6.336 pacientes de cirurgia geral eletiva
anos depois, em 2004. A graduacao da severidade da complicacdo teve correlacao
com o tempo de internacdo hospitalar e a complexidade da cirurgia®”.

Em 1999, Bennet-Guerreiro e colaboradores acompanharam
prospectivamente 438 pacientes cirdrgicos em relagdo a ocorréncia de complicacdes
cirargicas pré-definidas no poés-operatdrio. O objetivo da Postoperative Morbidity
Survey (POMS) era de identificar desde complicacdes potencialmente fatais até
sinais sutis de morbidade poOs-operatéria. Logo, esse levantamento foi concebido
para avaliar a ocorréncia de indicadores de disfuncéo organica, de forma simples e
sem necessidade de testes adicionais, em 9 dominios: pulmonar, renal, infeccioso,
cardiovascular, neurolégico, gastrointestinal, sitio cirargico, hematologico e
dor/imobilidade. Portanto, a POMS € considerada um instrumento vélido e confiavel
de descricdo de morbidade pés-operatéria em curto prazo*®*°.

Aproximadamente 20% dos pacientes cirargicos irdo desenvolver alguma
complicacdo nos primeiros dias pos-operatérios, podendo essa ocorrer inclusive no
pés-operatorio imediato. No estudo REASON, quanto a analise de complicacfes
pés-operatorias, Story e colaboradores observaram que na populagdo cirdrgica
acima de 70 anos a insuficiéncia renal aguda, a inflamacgéo sistémica e a internagao
ndo planejada em UTI estiveram associadas a maior mortalidade®. Tym e
colaboradores analisaram eventos sugestivos de deterioracao clinica ocorridos nos
trés primeiros dias pds-operatorios, encontrando 20% de ocorréncias. A maioria dos
eventos foi de natureza respiratéria e circulatéria, sendo comuns na SRPA e na
enfermaria. Pacientes que apresentaram sedacdo excessiva, hipotensdo e
dessaturacdo nesse contexto tiveram uma maior probabilidade de atendimento pelo
TRR, sugerindo a presenca de sinais indicativos de disfuncdo organica>".

A identificacdo precoce dos sinais de disfuncdo organica pode impactar a
ocorréncia de desfechos potencialmente fatais no pés-operatério. Em um estudo que
comparou taxas de complicagbes pOs-operatdérias e mortalidade, Ghaferi e
colaboradores identificaram que hospitais com diferentes taxas de mortalidade
apresentavam frequentemente complicacdes semelhantes, indicando que alguns
possuem um melhor desempenho em reconhecer e tratar seus pacientes em risco®2.

O fenbmeno da morte decorrente de uma complicagdo no pos-operatério

pode ser denominado com a expressdo failure to rescue. Ela se refere a um
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conceito, uma métrica e tem sido utilizada justamente para avaliar a capacidade de
resposta dos hospitais frente a uma complicagdo, sendo um indicador de

desempenho e qualidade na assisténcia ao paciente cirdrgico®.
. INTERNAC}AO EM TERAPIA INTENSIVA

A demanda por leitos de terapia intensiva frequentemente ultrapassa a
capacidade de atendimento dos Servicos de Saude. Aqueles pacientes a apresentar
maior potencial relacionado a redugdo de morbimortalidade deveriam ser triados
para as Unidades de Tratamento Intensivo. Se, por um lado, acredita-se que a
internacdo nelas pode reduzir a mortalidade, por outro, exposicdo a patdégenos
nosocomiais, tratamentos agressivos, imobilidade, isolamento, alteracdes psiquicas,
como stress e delirium, sdo fatores que podem aumentar esse risco.

A identificacdo dos pacientes de alto risco com potencial beneficio do
tratamento em UTI é um desafio. Em estudo realizado no Reino Unido, Pearse e
colaboradores identificaram que uma pequena parcela de pacientes de alto risco
cirtrgico foi responsavel por 80% dos casos de morte pds-operatdria. Apenas uma
minoria desses pacientes (menos de 15%) foi encaminhada diretamente a UTI apoés
a cirurgia. As mais altas taxas de mortalidade foram observadas naqueles pacientes
encaminhados primeiramente as enfermarias e transferidos tardiamente para UTI’.
Em outro estudo do mesmo pesquisador, que acompanhou 46.539 pacientes
cirirgicos da Europa, foi constatada uma taxa de admissdo planejada em UTI de
apenas 5%. AdmissGes nao planejadas estiveram associadas a alta taxa de
mortalidade e 73% dos pacientes que morreram nado foram admitidos na UTI em
nenhum momento. Consequentemente, esses dados sugerem uma falha sistematica
na alocacdo e no gerenciamento de recursos™.

Muitos fatores podem influenciar a transferéncia de um paciente para UTI,
desde a disponibilidade de recursos técnicos e humanos até as diferencas
socioeconbmicas e culturais entre as regides. Critérios objetivos, baseados em
evidéncias, podem potencialmente auxiliar na identificacdo daqueles pacientes que
terdo o maior beneficio com esse tipo de cuidado para reducdo de desfechos®*>°.

Destacamos que ainda existe um debate em relacdo ao beneficio na reducéo
da mortalidade no paciente cirargico com a admissdo em UTI. Enquanto alguns

estudos exploram as altas taxas de mortalidade associadas a falhas de alocacao



35

desse recurso para os pacientes de alto risco, outros ndo conseguem demonstrar
beneficios na reducdo de desfechos. A grande variabilidade de fatores a interferir
nas analises, como a estrutura dos servicos de saude, as equipes de cuidados pos-
cirargicos eficientes nas enfermarias, a presenca de unidades semi-intensivas e as
falhas na triagem dos pacientes, pode explicar, em parte, a falta de consenso

relacionado ao assunto®®.

2.5 A INTEGRACAO ENTRE ESTRUTURA, PROCESSO E DESFECHO NO
PACIENTE CIRURGICO

A qualidade da assisténcia prestada ao paciente cirargico depende da
integracdo entre a estrutura, isto €, como o cuidado é organizado, 0 processo, como
esse cuidado é oferecido, e os resultados alcancados. A morbimortalidade cirdrgica
pode variar conforme o fluxo assistencial em que o paciente esta inserido, podendo
ele sofrer as mais diferentes influéncias durante os estagios pré, trans e pos-

operatério de acordo com o padrdo hospitalar™®.

Estudos evidenciam que a
experiéncia associada ao volume cirdrgico, a manutencdo de uma linha de cuidado
compativel com o risco do paciente, o reconhecimento precoce e a ativacdo do
atendimento médico frente a uma complicacdo influenciam diretamente o0s
desfechos no pés-operatério®’. A mortalidade perioperatria muitas vezes é o
resultado de uma cascata de eventos iniciada a partir de uma complicacao,
influenciada por fatores relacionados ao paciente, a cirurgia e efetividade do sistema
em reconhecer e agir corretamente frente ao evento adverso®.

Apesar das evidéncias de que pacientes cirirgicos admitidos tardiamente na
UTI tém um pior prognostico, apenas aproximadamente 1/3 daqueles considerados
de alto risco recebem cuidados intensivos. Frequentemente, as Salas de
Recuperacdo PoOs-Anestésicas recebem esses pacientes, devendo fornecer o
cuidado intensivo até que um leito esteja disponivel®®. Treinamento de equipe,
adequacao de processos e recursos devem garantir o melhor atendimento possivel
durante esse periodo.

A visdo de que a atuagdo do anestesista restringe-se ao transoperatorio
remonta ao surgimento da especialidade e precisa ser revista. O conceito de
medicina perioperatoria engloba a implementagéo de linhas de cuidado e assisténcia

multidisciplinar pré, trans e pos-operatéria. A individualizacdo de desfechos, o tempo
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de reabilitacdo e retorno a funcionalidade, a reducéo de reinternacéo e satisfacdo do
paciente sdo também exemplos de alvos assistenciais que devem ser priorizados

nesse contexto.

. /

Reconhecimento Acdo

MORTE

Comportamento
Rotinas de comunicagdo e protocolos
institucionais, Cultura de Seguranga

Recursos
Recursos Humanos, I

Tecnoldgicos,
Organizacionais.

Atitudes
Clima de seguranga,
trabalho e entrosamento
das equipes

Figura 3 - Modelo Conceitual das dindmicas organizacionais que podem afetar o resgate de
complicacées no periodo pés-operatorio. Fonte: Adaptado de Ghaferi et al., 2017%.

2.6 INSTRUMENTOS PARA ESTRATIFICAGAO DE RISCO — A CONSTRUCAO DE
UM MODELO PROGNOSTICO

Deveriamos identificar o grupo de pacientes mais suscetivel a complicacdes e
a morte, a fim de nos auxiliar nas decisfes referentes aos cuidados pré, trans e pos-
operatorios, incluindo a necessidade ou ndo de recuperacdo em UTI. O escore de
risco ideal deveria combinar simplicidade, acuracia, objetividade, além de ser
aplicavel a todos os pacientes, fornecendo uma informacao individualizada®. No
entanto, ndo existe um instrumento ideal que possa servir universalmente a predicéo
de risco perioperatorio, uma vez que os resultados dependem da combinacdo do

risco intrinseco ao procedimento e das condi¢des fisicas do paciente®*’.
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As ferramentas de estratificagdo de risco podem ser subdivididas em escores
e modelos de risco. Um elemento comum entre essas ferramentas é o fato de, ndo
raro, serem desenvolvidas a partir de analises multivariadas de fatores preditores
para a ocorréncia de determinado desfecho. Escores de risco geralmente atribuem
diferentes pesos as variaveis preditoras do desfecho de interesse. Embora o
paciente seja classificado em um estrato de risco, esses escores nédo fornecem uma
probabilidade individualizada em relacdo a ocorréncia do desfecho (exemplo —
IRCR).

Modelos de predigéo de risco fornecem uma probabilidade individualizada da
ocorréncia do desfecho através da analise dos dados do paciente em um modelo
estatistico de predicéo de risco. Geralmente, esses modelos sdo desenvolvidos por
meio da selecdo de variaveis preditoras, incluidas em um modelo de regressao
logistica multivariada®°. Embora eles fornecam uma informacéo teoricamente mais
acurada em relacdo ao risco do paciente, tendem a uma maior complexidade para
uso diario, muitas vezes necessitando de uma interface digital (exemplo -
ACSNSQIP Surgical Risk Calculator).

Um modelo de estratificagdo de risco deve ser acurado, demonstrando uma
boa capacidade discriminativa entre os individuos que apresentaram e 0s que nao
apresentaram o desfecho. Diferentes métodos podem ser utilizados para avaliar a
performance geral, capacidade discriminativa, calibracdo e os indices de
reclassificacao clinica de um modelo prognostico. O escore de Brier, por exemplo,
informa a distancia entre a probabilidade e a real ocorréncia de um desfecho binario,
sendo considerado uma medida geral de performance. Essa distancia entre o predito
e 0 observado esta relacionada a qualidade de ajuste, sendo que valores menores
indicam melhores modelos®. O melhor resultado do escore de Brier é zero (acuracia
total) e o pior resultado possivel € um.

Uma medida para avaliar a discriminacédo € a estatistica C, area sob a curva
(AUC) Receiver Operating Characteristic (ROC), que compara as probabilidades
preditas entre individuos que apresentaram ou ndo o desfecho de interesse. Se as
pontuacdes dos individuos com o desfecho forem todas mais altas, podemos dizer
que o modelo discrimina perfeitamente, mesmo que as probabilidades preditas
aferidas n&o concordem com as proporgoes reais de ocorréncia®. Enquanto valores
de AUROC de 0.5 indicam que a performance assemelha-se a obtida ao acaso,

valores préximos a um indicam excelente capacidade discriminativa (figura 4)°°.
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7

Outra medida usualmente aferida é a calibracdo, que demonstra a
concordancia entre os eventos preditos e 0os observados, podendo ser acessada por
diferentes testes estatisticos, como 0 Hosmer-Lemeshow. Esse teste compara em
subgrupos as médias das probabilidades preditas esperadas com as propor¢cées
observadas entre individuos que desenvolveram ou ndo o desfecho®. A estatistica
desse teste tem uma distribuicdo qui-quadrado com g — 2 graus de liberdade, em
que g representa o numero de subgrupos formado. Uma alternativa simples para
demonstrar a calibracdo seria apresentar, em forma de tabela, a proporcdo de

eventos observados e preditos nos diferentes estratos de risco®®.

AUC 0.59 AUC 075 AUC 0.80
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Figura 4 - Demonstracdo da predicdo de morte aferida por trés escores hipotéticos em uma
amostra de 200 pacientes. A probabilidade predita morte é medida em uma escala de 0 a
100. O escore A tem a maior concordancia entre as probabilidades preditas dos individuos
gue morreram versus 0s que nao morreram apos a cirurgia. Logo, tem a menor capacidade
discriminativa e menor AUROC. O escore C tem a menor concordancia entre as
probabilidades preditas entre vivos versus mortos, portanto uma maior capacidade
discriminativa e maior AUROC. Fonte: Adaptado de Wijeysundera, 2016°.

Ao adicionarmos ou modificarmos variaveis, podemos néo observar
alteracbes significativas na AUROC, principalmente se o modelo de risco for
baseado em preditores fortes. Todavia, essas alteragcbes podem resultar em
mudanc¢as na classificagdo de risco, que ndo necessariamente representam uma
melhora da estratificacdo®. Uma forma de realizar essa avaliacdo é através da
comparacdo da incidéncia observada de eventos nas células de uma tabela de

reclassificacdo com a probabilidade predita do modelo original.
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Pencina e colaboradores propuseram que individuos reclassificados,
apresentando ou nao o desfecho, deveriam ser considerados separadamente. Nos
individuos com o desfecho, um aumento na classificacdo de risco significaria uma
melhora, e uma diminuicdo nesse contexto implicaria uma piora da estratificacdo do
modelo. Logo, naqueles pacientes sem o desfecho, temos o oposto®. O indice Net
Classification Improvement (NRI) quantifica a melhora na reclassificacdo e €
calculado pela soma das diferencas das propor¢cdes de individuos com e sem o
desfecho, que se moveram para cima e para baixo na tabela de reclassificacdo®. A

andlise dessa reclassificagdo clinica pode informar o quanto a adicdo de um novo

marcador pode melhorar um modelo prognéstico.

Quadro 4 - Caracteristicas das medidas de performance de escores e modelos de risco

Aspecto Medida Caracteristicas

Performance Melhor com pequenas distancias entre Y e Y

Geral R” Brier Avalia calibragdo e discriminagéo.

Discriminagéo Estatistica C Avalia a discriminagdo do modelo entre individuos
Curva ROC com e sem desfecho, em ordem de classificagéo.
Inclinag&o da | Diferenca na média das probabilidades entre os casos

Discriminagéo

e controles. Facil visualizagdo (Box-Plot)

Calibracéo

Calibration-in-the-

large

Compara médias de casos versus controles; aspecto

essencial para validagéo externa.

Hosmer-Lemeshow

Compara observados e preditos através de subgrupos

(decimais) de probabilidade predita.

Reclassificacéo

Tabela de

Reclassificacdo

Compara classificagbes de dois modelos (com e sem

o desfecho).

Net Reclassification
Index (NRI)

Compara a classificagdo de dois modelos para
mudanca de desfecho, informando a reclassifica¢éo

na direcdo correta.

Utilidade Clinica

Net Benefit (NB)
Andlise da Curva de
Decisao (ACD)

Numero de verdadeiros positivos identificados com
versus sem o uso do modelo em um Unico limiar (NB)

ou em faixa de valores (ACD)

Fonte: Adaptado de Steyerberg et al., 2013%

Em 2015, Collins e colaboradores publicaram um check-list de 22 itens com o

objetivo de melhorar a descricdo e transparéncia dos dados e das metodologias
utilizadas em publicacdes de modelos multivariados de progndstico e diagndstico.
Além de medidas de acuracia e calibracdo, o Transparent Reporting of Multivariable
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Prediction Model for Individual Prognosis or Diagnosis (TRIPOD Statement)
recomenda, além da validagdo interna, a externa do modelo em uma amostra
diferente do desenvolvimento. Essa validacdo externa pode ser realizada pelos
mesmos investigadores, ou nao, utilizando uma amostra diferente de individuos,
coletada em tempo (validacdo temporal) e/ou local distintos, podendo utilizar o
mesmo modelo com diferentes desfechos, contextos e participantes (por exemplo,
modelo desenvolvido na populacéo adulta e adaptado para uso em criancas)®.

Além da acuracia progndéstica, esperamos que um instrumento de
estratificacdo de risco seja simples e acessivel, possibilitando sua incorporacdo na
pratica clinica diaria. Modelos altamente acurados, porém extremamente complexos,

correm o risco de ser subutilizados, servindo apenas como exercicio académico.
2.7 COMPARACAO ENTRE DIFERENTES MODELOS E ESCORES DE RISCO

Talvez um dos escores de risco mais conhecidos e populares no meio
anestésico-cirdrgico seja a classificacdo da American Society of Anesthesiologists,
ASA-PS. A simplicidade do seu uso e a correlacdo com desfechos adversos em
inimeros estudos fizeram com que fosse amplamente aceita na pratica clinica.
Como limitagOes, essa escala n&o fornece probabilidade de risco individual, néo
inclui variaveis relacionadas ao procedimento cirdrgico, é subjetiva e apresenta, no
minimo, uma moderada variabilidade entre avaliadores®*!®. Moreno e colaboradores
analisaram uma coorte de 45.666 pacientes submetidos a cirurgia ndo cardiaca na
Europa (dados do estudo European Outcome Study (EUSOS)) com o objetivo de
analisar a relacdo entre classificacdo ASA-PS e a mortalidade pds-operatéria. Os
autores evidenciaram que, apesar de haver uma relacdo crescente com a
mortalidade, a capacidade discriminativa ha amostra foi modesta (AUROC 0.658, IC
95% 0.642-0.677). A escala ASA-PS conseguiu discriminar o grupo de alto risco na
amostra, entretanto a pior performance discriminativa ocorreu no grupo considerado
de baixo risco (ASA | e ASA I1)%,

Determinados escores levam em conta tanto dados do pré-operatério quanto
do intra-operatério, o que dificulta a construcdo do risco prévio ao procedimento,
como o escore Physiological and Operative Severity Score for the Enumeration of
Mortality and Morbidity (POSSUM). Desenvolvido por Copeland e colaboradores em
1991, esse escore € constituido por 18 variaveis (12 relacionadas ao status
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fisiologico e seis a cirurgia) e avalia os desfechos morbidade e mortalidade pos-
operatéria. O escore superestima a ocorréncia do desfecho mortalidade em
pacientes considerados de baixo risco, 0 que gerou o desenvolvimento do
Portsmouth-POSSUM (P-POSSUM). Diversas versdes do escore foram analisadas
na tentativa de individualizar e aumentar a preciséo dele, como na cirurgia colo-retal
(Cr-POSSUM), vascular (V-POSSUM) e na de estfago (O-POSSUM). Apesar da
variabilidade de precisdo do escore nas diferentes populagbes cirargicas, o0
POSSUM é internacionalmente validado para predicéo de risco individual®®%°>°.

Alguns modelos de risco, como o criado pelo American College of Surgeons
National Surgical Quality Improvement Program (ACSNSQIP), apresentam o
resultado de probabilidades de morte e complicacdes especificas com alta acuracia.
O ACSNSQIP Surgical Risk Calculator foi desenvolvido através da analise dos dados
de 393 hospitais americanos, inclui 21 varidveis preditoras para oito desfechos. A
calculadora de risco cirdrgico pode ser acessada através de uma pagina da web.
Entretanto, essa ferramenta incorporou um grande numero de variaveis clinicas e
cirdrgicas, necessitou de acesso a um software para o calculo e foi formulada com
uma base de dados do sistema de saude americano, o que dificulta sua
aplicabilidade externa®’%°.

O escore Surgical Mortality Probability Model (S-MPM) foi desenvolvido com o
intuito de ser simples e aplicavel a beira do leito, utilizando informac6es facilmente
coletadas. Glance e colaboradores utilizaram o banco de dados do ACSNSQIP em
uma coorte de 298.772 pacientes. O escore incorpora trés variaveis preditoras:
classificacdo ASA-PS, severidade da cirurgia e carater emergencial ou eletivo. Cada
variavel tem um peso atribuido e o valor final do escore é dado pela soma dos
pesos. O S-MPM apresentou boa performance estatistica, mas foi elaborado a partir
da analise retrospectiva dos dados sem validacdo para outras populacdes®.

O modelo de estratificacdo de risco Surgical Outcome Risk Tool (SORT) foi
desenvolvido através da andlise de dados de uma coorte de 16.788 pacientes de
326 hospitais do National Health Service (NHS) do Reino Unido. Esse modelo
utilizou seis variaveis coletadas no pré-operatério, fornecendo a probabilidade de
morte em até 30 dias®**. Recentemente, o modelo foi revalidado externamente em
uma coorte de pacientes submetidos a cirurgia de quadril, apresentando apenas

uma moderada acuracia na predigdo de morte em 30 dias (AUROC 0.70)%,
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(continua)
Variaveis
Modelo incluidas no Desfecho Populacao AUROC Comentarios
modelo (IC)
*ASA Estudo multicéntrico do
SORT *Natureza da Risco Cirurgia nédo- 0,91 (0,88- | Reino Unido que usou
model** cirurgia predito de | cardiaca 0,94) uma classificagéo
*Especialidade | morte em (n=16.788) especifica de
de alto risco 30 dias severidade cirdrgica. A
*Severidade AUROC deste
Cirurgica modelo comparado a
*Cancer Surgical Risk Scale e
*|dade ASA-PS foi superior.
Necessita para calculo
um app web-based
Baseado no American
Surgical *Severidade Mortalidade | Pacientes de 0.897 na College of Surgeons
Mortality cirdrgica em 30 dias | cirurgias em coorte de Program (ACS
Probability | */ASA geral, validacao NSQIP). Apresenta
Model, *Natureza da (n=298.772) boa discriminacéo
(SMP-M)* | cirurgia comparado ao ACS
NSQIP Surgical Risk
Calculator.
*|dade Pacientes de
mE- *Doenga Mortalidade | cirurgias em Mortalidade | Modelo derivado do
PASS® pulmonar intra- geral, (n=5.272) | intra- Japanese National
severa hospitalar e hospitalar: | Health Care
*Doenca mortalidade 0.86 (0.79- | Reimbursment System.
cardiaca severa | em 30 dias 0.92) Boa acuréacia em
*Diabetes Mortalidade | relacdo a modelos que
mellitus em 30 dias: | incluiam variaveis
*ASA-PS 0.81 (0.66- | intra-operatorias (E-
*Status 0.96) PASS and POSSUM).
funcional
*Procedimento
cirtrgico
*Cirurgia de
IRCR Alto Risco Mortalidade | Cirurgia nao- Mortalidade | Desfecho avaliado foi
(Lee eCardiopatia de causas cardiaca de causa morte de causas
Cardiac isquémica cardiacas (n=108.593) cardiaca: cardiacas. A
Index)° eInsuficiéncia | em até 30 0.63 classificacéo
cardiaca dias. severidade da cirurgia
*Doenca em apenas duas
cerebrovascular classes de risco
*Creatinina > 2 parece sub-6tima. Com
mg/dL o remodelamento
*Diabetes incluindo a variavel
mellitus idade e variaveis
insulino- relacionadas a cirurgia
dependente a AUROC=0.85.
*ASA
Surgical *Severidade da | Mortalidade | Cirurgias em 0.88 (0.83- | Desenvolvido e
Risk cirurgia intra- geral, (n=1.849) | 0.93) validado na ltalia.
Score® *Natureza da hospitalar Subsequente estudo
cirurgia encontrou moderada
*ldade capacidade preditiva

de morte intra-
hospitalar.”
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(concluséo)

ASAPS® | «ASA Mortalidade | Pacientes de 0.81 (0.79- | Aclassificacio ASA-
Intra- cirurgia em 0.82) PS é utilizada desde
hospitalar geral (n=1.849) 1941. Nesta coorte,

teve boa acuracia
mesmo sendo o Unico
preditor.

Charlson™ | «Original: 19 Mortalidade | Pacientes Original: Desenvolvido para

(IcQ) comorbidades em 30 dias; | Hospitalares 0.881 prever morte em 1 ano.

clinicas. Mortalidade Update: N&o considera a
*Update: 12 em 1 ano 0.884 cirurgia. Nesta coorte,
comorbidades 0 escore original e o
clinicas atualizado mostraram
performance
semelhante

Surgical *ASA Mortalidade | Cirurgia 0.95 (0.93- | Incorpora

Risk *Cirurgia — Intra- Gastrointestinal, | 0.97) subclassificacdes

Scale® (menor, hospitalar | Vascular, especificas:

intermediéria, Trauma Confidential Enquiry
maior, maior (n=3.144) into Perioperative
plus, maior Deaths (CEDOP) e
complexa) British United
*Natureza da Provident Association
cirurgia (eletiva, classification (BUPA).
agendada, Cirurgias realizadas
urgente, por apenas 3
emergéncia) cirurgides nesta coorte
e validado em apenas
um centro.

Fonte: Elaborado pela autora.

2.8 INDICE DE RISCO CARDIACO REVISADO

O IRCR € um sistema de pontuacédo utilizado para prever o risco de eventos

cardiacos maiores apds cirurgia ndo cardiaca. Constitui-se ferramenta simples,

validada e que considera o porte cirdrgico, porém avalia apenas um 6rgao especifico

e nao o risco global de complicacdes™’ .

Lee e colaboradores identificaram, através de um estudo de coorte
prospectivo, seis fatores de risco relacionados a ocorréncia de complicacbes
cardiacas no pos-operatério de cirurgia ndo cardiaca. Os fatores de risco
identificados por meio de uma analise de regressdo logistica na coorte estudada
foram: cirurgia de alto risco (intraperitoneal, intratoracica e vascular supra-inguinal),
histérias de doenca cardiaca isquémica, insuficiéncia cardiaca, e cerebrovascular;

diabetes insulino-dependente e creatinina sérica acima de 2 mg/dL. Os desfechos
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analisados foram a ocorréncia de infarto do miocéardio, edema pulmonar, fibrilagdo
ventricular ou parada cardiaca e blogueio cardiaco completo. Os autores
encontraram taxas de ocorréncia dos desfechos de 0.4%, 0.9%, 7% e 11% de
acordo com a presenca de 0, 1, 2, 3 ou mais fatores de risco respectivamente
(tabela 3)*?. O escore de risco apresentou uma boa capacidade discriminativa para
eventos cardiacos entre pacientes de alto e baixo risco em cirurgia ndo cardiaca.

Em 2005, Boersma e colaboradores analisaram uma coorte de 108.593
pacientes submetidos a cirurgia ndo cardiaca. O desfecho analisado foi morte de
causas cardiacas. O IRCR apresentou uma baixa capacidade discriminativa na
amostra (AUROC 0.63). Adicionando a idade e estratificagdo da severidade da
cirurgia como variaveis preditoras no modelo, houve uma melhora da performance
estatistica (AUROC 0.85)°.

Tabela 2 - indice de Risco Cardiaco Revisado

Classes de Risco* Lee et al. (AUROC 0.806) Boersma et al. (AUROC 0.63)
| 0,4% (0.05-1.5) 1% (1.7-2.4)

Il 0,9% (0.3-2.1) 2% (1.7-2.4)

I 7% (3.9-10.3) 5.1% (3.8-6.7)

Y, 11% (5.8-18.4) 11% (7.7-15.8)

Fatores de Risco: Cirurgia de Alto Risco, Doenca Cardiaca Isquémica, Histdria de Insuficiéncia
Cardiaca Congestiva, Histéria de Doencga Cerebrovascular, Diabetes Insulino-dependente, Creatinina
Sérica Pré-operatéria > 2.0mg/dL

* Classe I= 0 Fatores de Risco; Classe |I= 1 Fator de Risco; Classe lll= 2 Fatores de Risco, Classe IV
> 3 Fatores de Risco

Fonte: Elaborado pela autora com informacdes de Boersma et al., 2005° e Lee et al.,
1999*,

Em 2010, Ford e colaboradores realizaram uma revisao sistematica a fim de
avaliar a capacidade preditiva do IRCR em diferentes estudos, para os desfechos
complicacBes cardiacas maiores e morte hospitalar em até 30 dias pGs-operatorios.
Os autores confirmaram a capacidade moderada de discriminar pacientes de baixo
versus alto risco para complicacbes cardiacas em um grupo heterogéneo de
cirurgias. No entanto, quando analisada a mortalidade geral em cirurgias nao
cardiacas de alto risco, o indice apresentou baixa capacidade discriminativa.
Analisando os pacientes submetidos a cirurgia vascular, o indice também néo
apresentou a mesma performance, provavelmente porque a cirurgia em si e a
doenca aterosclerética avancada em um grupo homogéneo ja representavam fatores

de risco comum aos individuos’?.
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Atualizacbes e adaptacbes buscando uma melhor performance do IRCR
foram feitas nos ultimos anos. Utilizando um grande banco de dados do NSQIP, foi
desenvolvido um modelo de predicdo de risco para Infarto do Miocardio e Parada
Cardiaca (MICA) em até 30 dias pos-operatoérios de cirurgia ndo cardiaca. O modelo
final foi composto pelas seguintes variaveis: ASA-PS, dependéncia funcional, idade
avancada, creatinina >1,5 mg/dL e tipo de cirurgia. O escore NSQIP-MICA
apresentou estatistica C superior ao IRCR na amostra de validacao, 0,874 e 0,747
respectivamente. Quando analisada a estatistica C em amostra de pacientes
submetidos a cirurgia vascular e adrtica ndo cardiaca, o escore também foi
superior ao IRCR ( 0,75 versus 0,591)"3.

Em uma nova analise realizada em uma coorte de 9519 pacientes submetidos
a cirurgia ndo cardiaca, o IRCR apresentou performance similar ao estudo original,
com taxas de ocorréncia dos desfechos (complicacdes cardiacas maiores) de 0,5%,
2,6%, 7,2% e 14,4% para 0,1, 2 e 3 ou mais fatores de risco’®. Os autores
encontraram uma incidéncia maior de infarto do miocéardio na coorte estudada, o que
pode refletir o avanco no uso de biomarcadores (troponina) no diagndstico da
isquemia miocardica perioperatéria’ ">

Apesar de suas limitagbes, como nao incluir a idade, cirurgia de urgéncia e
possuir uma heterogeneidade na categorizacdo da cirurgia de alto risco, o IRCR
ainda é a ferramenta de avaliacdo de risco de complicacdes cardiovasculares apos
cirurgia ndo cardiaca recomendada’’. Embora as complica¢ées cardiacas ndo sejam
as mais frequentes no periodo pos-operatorio, sdo elas as associadas as maiores

taxas de mortalidade e ao impacto a longo prazo.
2.9 INDICE DE COMORBIDADES DE CHARLSON

O ICC foi publicado em 1987 e desde entdo tem sido utilizado em diferentes
estudos, populagbes cirargicas e clinicas como ferramenta validada para predi¢éo

%71 Esse indice foi desenvolvido através da andlise das

de mortalidade
comorbidades e da mortalidade de uma coorte de pacientes que completaram um
ano de follow-up. Charlson e colaboradores desenvolveram o ICC com diferentes
pesos atribuidos as comorbidades conforme os riscos relativos de morte nesse
periodo. As doencas que apresentaram risco relativo de morte inferior a 1,2 foram

excluidas da composi¢éo, o que resultou em uma lista de 17 comorbidades (Tabela
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4)"8,

O indice foi testado em uma nova coorte de 685 pacientes com cancer de
mama na predicdo de morte devido as comorbidades. A idade mostrou-se uma
variavel de impacto na mortalidade, o que levou a uma validacdo de um indice
combinado de comorbidade e idade’. O indice de Comorbidades de Charlson foi
revisado por Quan e colaboradores, com a analise de dados de hospitais de seis
paises, encontrando-se performance similar ao indice original por prever morte intra-
hospitalar em 30 dias e 1 ano”™.

No estudo de coorte retrospectivo, em um hospital de nivel terciario, o ICC
apresentou melhor capacidade discriminativa que a classificagdo ASA-PS em prever
morte intra-hospitalar pds-operatéria em uma amostra de 182,886 pacientes
(AUROCcc 0.865 e AUROCAasa-ps 0,833). Associando o ICC aos fatores de risco,
como idade, sexo, cirurgia eletiva versus urgéncia, tipo de cirurgia (intra-
abdominal, intratoracica, intracraniana) e transfus@o intra-operatdria, o escore
resultante — Surgical Mortality Score — apresentou melhor performance que o ICC e
ASA-PS na predicéo de morte pés-operatéria®. Apesar de ser relativamente simples
de aplicar, o ICC tem a desvantagem de ndo levar em conta dados da cirurgia nem
possuir um potencial viés na afericdo das comorbidades (subjetividade e fonte de

coleta da informac&o)>®°.
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Tabela 3 - Pesos e Comorbidades do indice de Comorbidades de Charlson

indice de Comorbidades de Charlson — Pesos e Comorbidades

1 2 3 6

Infarto do Miocardio Hemiplegia Doenca hepatica Tumor sélido
moderada a severa metastatico

Insuficiéncia Cardiaca Diabetes com leséo SIDA

Congestiva em o6rgao alvo

Doenca Vascular Neoplasia

Periférica

Doenca Doenca Renal

Cerebrovascular moderada a severa

DPOC

Doenca do tecido
conectivo

Doenca ulcerosa
péptica

Diabetes sem lesdo em
6rgéao alvo

Doenca hepética leve
Deméncia

DPOC: doenca pulmonar obstrutiva crénica; SIDA: sindrome da imunodeficiéncia humana adquirida.
Fonte: Adaptado de Barnett et al., 2011°.
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3 JUSTIFICATIVA

A medicina perioperatoria visa ao cuidado integral do paciente candidato a
cirurgia, desde a decisao de operar até sua reabilitacdo a longo prazo. Conhecer 0s
indicadores nacionais de complicacbes e mortes no perioperatério e usar
instrumentos apropriados para mensura-los é o passo fundamental para o
desenvolvimento de posteriores acfes e programas voltados a melhoria dos
desfechos nessa populacdo. Sabemos que uma minoria de pacientes considerados
de alto risco € responsavel pela maioria das complicacbes e mortes no pos-
operatorio, portanto identificar esse grupo € essencial.

A estratificagéo de risco permite aos profissionais envolvidos no cuidado do
paciente cirargico (cirurgides, anestesistas, clinicos e equipe de enfermagem)
considerarem o risco predito de complicacbes e morte de forma objetiva nas
tomadas de decisdes. A inclusdo dos pacientes de maior risco em linhas
assistenciais especificas de cuidado multiprofissional pode trazer alguns beneficios
potenciais na reducdo de desfechos. Além disso, possibilita a instrumentalizacao
para decisdes sobre o uso racional de monitorizacdo invasiva, comanejo clinico e
alocagcdo poés-operatoria em terapia intensiva. Desse modo, esperamos que a
estratificacdo otimize a comunicacdo do risco aos pacientes e seus familiares e entre
os profissionais responsaveis pelas transferéncias de cuidado desses pacientes
cirdrgicos.

Embora existam diversas ferramentas para estratificacdo de risco, ainda nao
dispomos de um modelo simples, acessivel, abrangente, com variaveis pré-
operatérias de coleta factivel, o qual seja validado e acurado para prever 0s
desfechos na populacdo brasileira. Nossa proposta visa, pois, preencher essa
lacuna, consolidando um modelo de probabilidade de morte no pds-operatério que
possa estratificar os pacientes cirargicos e alicercar condutas para melhorar os
processos assistenciais. Em outras palavras, almejamos que seja consolidada uma
linha de pesquisa a partir desta tese, focada em ampliar a visibilidade do paciente
cirdrgico, assim como sinalizar a urgente necessidade de programas nacionais em
busca da qualidade assistencial perioperatéria em diferentes instancias. Afirmamos
iSso justamente por considerar a magnitude das consequentes complicacdes nos

pacientes de alto risco.



4 MARCO TEORICO

Figura esquemética dos marcos conceituais e processos do estudo.

« Selecao da amostra
« Selecdo das variaveis preditoras
- Definicao do desfecho

POPULAGAO
CIRURGICA

—

[ "
+ Modelo de regressao logistica @—
- Andlise da discriminacdo

« Andlise da calibracao
DESENVOLVIMENTO

DO MODELO
+ Analise de discriminagao
e calibragao em uma
3 segunda amostra
VALIDACAO
DO MODELO

MODELO DE
ESTRATIFICACAO
DE RISCO
COMPARAGAO VALIDA{/io
Com escores tradicionais Temporal e refinamento
de risco do modelo
APlI(A(/TOEANA'LISE
DE IMPACTO

Na pratica clinica e no
fluxo assistencial da SRPA

Figura 5 - Marco Teérico. Fonte: Elaborado pela autora.
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5 OBJETIVOS
5.1 OBJETIVO PRINCIPAL

Desenvolver uma ferramenta de estratificacao de risco pré-operatoério simples,
objetiva, abrangente, validada e acurada, que avalie aspectos relacionados ao

paciente e a cirurgia, sendo incorporada na pratica clinica diaria.
5.2 OBJETIVOS SECUNDARIOS

5.2.1 ESTUDO 1 - Desenvolvimento e validacdo de um modelo de risco pré-

operatério para morte pos-operatoria: Modelo SAMPE

¢+ Com dados do HCPA, desenvolver um modelo pré-operatério de probabilidade de
Obito intra-hospitalar em até 30 dias, utilizando quatro variaveis preditoras: idade,
classificacdo ASA-PS, severidade da cirurgia e carater da cirurgia (eletiva versus
urgente/emergencial). Além disso, avaliar o impacto das variaveis preditoras na
ocorréncia do desfecho e analisar a acurécia e calibracao do modelo resultante;

+ Validar o modelo desenvolvido em uma outra coorte de pacientes cirtrgicos do
HCPA,

+ Avaliar a alocacdo pos-operatéria em leito de Terapia Intensiva no grupo de
pacientes considerados de alto risco pelo Modelo SAMPE e o impacto desse

modelo na mortalidade.

5.2.2 ESTUDO 2 - Comparacao entre o modelo de Estratificacdo de risco
cirurgico — Modelo SAMPE -, o IRCR e o ICC como preditores de mortalidade

durante a internacao hospitalar até 30 dias

¢+ Comparar a acuracia do modelo com o IRCR e o ICC na predicdo de morte intra-
hospitalar em até 30 dias ap0s a cirurgia;
+ Avaliar a associacao entre o modelo de risco SAMPE e a presenca de morbidade

no pos-operatorio identificada pela escala POMS.
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5.2.3 ESTUDO 3 - Avaliagcdo prospectiva do impacto da incorporacdo do

modelo de estratificacdo de risco pré-operatério (Modelo SAMPE) no fluxo pés-

operatério e naincidéncia de chamadas do TRR

Incorporar o Modelo SAMPE na rotina de avaliacdo pré-operatoria dos pacientes
cirdrgicos acima de 16 anos do HCPA;

Identificar os pacientes admitidos na SRPA conforme a classe de risco e
implementar um check-list diferenciado de alta para os considerados de alto risco
pelo Modelo SAMPE;

Comparar a propor¢do de chamadas do TRR em 48 horas e 30 dias p0s-
operatorios, antes e depois da incorporacdo do SAMPE, nos diferentes estratos
de risco desse Modelo;

Comparar a taxa de mortalidade pos-operatéria intra-hospitalar antes e depois da

incorporagcao do Modelo SAMPE;

5.2.4 ESTUDO 4 - Validacéao e refinamento do Modelo SAMPE: desenvolvimento
do Modelo SAMPE 2

*

>

Validar e refinar o Modelo SAMPE em uma nova coorte recente de pacientes
cirargicos acima de 16 anos;

Avaliar a capacidade discriminativa e a calibragdo do novo modelo desenvolvido,
comparando-o ao original em relagdo ao desfecho morte intra-hospitalar em até

30 dias pGs-operatorios.
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Abstract

Ascertaining which patients are at highest risk of poor postoperative outcomes could
improve care and enhance safety. This study aimed to construct and validate a propensity
index for 30-day postoperative mortality. A retrospective cohort study was conducted at
Hospital de Clinicas de Porto Alegre, Brazil, over a period of 3 years. A dataset of 13524
patients was used to develop the model and another dataset of 7254 was used to validate it.
The primary outcome was 30-day in-hospital mortality. Overall mortality in the development
dataset was 2.31% [n = 311; 95% confidence interval: 2.06-2.56%)]. Four variables were
significantly associated with outcome: age, ASA class, nature of surgery (urgent/emergency
vs elective), and surgical severity (major/intermediate/minor). The index with this set of vari-
ables to predict mortality in the validation sample (n = 7253) gave an AUROC =0.9137,
85.2% sensitivity, and 81.7% specificity. This sensitivity cut-off yielded four classes of death
probability: class |, <2%; class Il, 2-5%; class I, 5-10%; class IV, >10%. Model application
showed that, amongst patients in risk class 1V, the odds of death were approximately fivefold
higher (odds ratio 5.43, 95% confidence interval: 2.82-10.46) in those admitted to intensive
care after a period on the regular ward than in those sent to the intensive care unit directly
after surgery. The SAMPE (Anaesthesia and Perioperative Medicine Service) model accu-
rately predicted 30-day postoperative mortality. This model allows identification of high-risk
patients and could be used as a practical tool for care stratification and rational postopera-
tive allocation of critical care resources.
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Introduction

Perioperative risk is multifactorial. It depends on the interaction between anaesthetic, surgi-
cal, and patient-specific aspects. The perioperative period can be particularly hazardous to
patients because it involves several transfers of care [1,2]. Such fragmentation and disconti-
nuity of care might lead to a system-wide fragility that compromises patient safety, especially
in high-risk cases[3].To mitigate this, patients at heightened risk of poor outcomes should be
as visible as possible; labelling them as such throughout their hospitalization could improve
the process and safety of care as a whole, including human resources and technical-adminis-
trative aspects. Furthermore, in the context of limited healthcare resources, utilization of
critical care resources in the postoperative period is amongst the costliest components of
care. This gives rise to several questions: for whom should such specialized care be provided?
How can this selection process be made clearer in increasingly crowded and complex health
systems?

In recent years, risk management has become a key institutional goal centred on the quality
of care, and many surgical risk models and scores have been developed[4]. The ideal stratifica-
tion tool should be constructed with easily collected preoperative variables that reflect both
patient health status and the risk inherent to the surgical procedure. Loss of physiological
reserve should also be recognized as a predictor of perioperative vulnerability, and it is essen-
tial that the broader characteristics of the patient population of interest be taken into account.
The Surgical Risk Scale[5] and de Surgical Mortality Probability model [6] are the proposed
indices that come closest to achieving these goals; however, they do not include age as an
explanatory variable.

The aim of the present study was to develop a practical approach for stratification of
patients undergoing elective or emergent procedures, with satisfactory accuracy, and using fea-
sible, independent preoperative variables. This model would classify patients into risk groups
to predict the level of postoperative care required, specifically by making the high-surgical risk
group more visible.

Materials and methods
Data source and study population

This study was conducted at Hospital de Clinicas de Porto Alegre (HCPA), an 842-bed teach-
ing hospital and referral centre that provides tertiary and quaternary care to patients from
across Southern Brazil through the national Unified Health System. Ethical approval for this
study was provided by the Ethical Comittee of Postgraduate and Research Group from Hospi-
tal de Clinicas de Porto Alegre-Brazil (Chairperson Prof. Eduardo P Passos) on the 13" of
June 2014 (CAAE 30776914.1.0000.5327).

Written informed consent was not required, but the authors signed a confidentiality agree-
ment to assess information from institution’s database.

We analysed data from all consecutive surgeries performed from January 1, 2012 to Decem-
ber 31, 2013. We first identified 40,505 records from patients who underwent any form of
surgery. We excluded those who received only local anaesthesia by the surgeon or whose pro-
cedures were diagnostic rather than therapeutic (26,981). Also when more than one surgical
procedure was performed during the same hospital admission, only the major procedure was
taken into account for analysis. The final study cohort consisted of 13,524 patients. The data-
base included information on patient demographics, functional status (ASA Physical Status
classification), nature of surgery (emergency or elective), and degree of surgery (major, inter-
mediate, or minor; detailed definition provided below), as well as postoperative allocation, e.g.,
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regular ward versus intensive care unit. The final outcome during hospitalization was death or
survival at hospital discharge. Therefore, the data of the patients who were still in hospital after
30 days or who were discharged before the study period were not followed beyond this point.

Model development

We used a subsequent approach to select the variables and refine the risk model for surgical
mortality. Firstly, only preoperative clinical and surgical routinely available variables with
proven accuracy in existing perioperative risk models [5,6] were used. The surgical variables
selected were the degree (major, intermediate, or minor) and nature (elective or non-elective)
of the procedure. To define surgical severity, we grouped 1200 current terminology codes for
similar procedures into subtypes (e.g., bile duct surgery, pulmonary resection). Then, we clas-
sified these procedures into major, intermediate, or minor degree, using a categorization
scheme based on literature review [6,7] and expert opinions, who considered surgical time,
trauma, and predicted bleeding. (S1 Table). The nature of the procedures was categorized as
elective or non-elective (urgent and emergency cases).

Variables related to patient physiological reserve included age and ASA Physical Status
(ASA-PS) score. As this model was constructed on the basis of institutional data, other clinical
predictors, such as cardiac comorbidities, could not be recovered.

A logistic regression model was adjusted to these four independent predictors: two patient-
related (ASA-PS, age) and two procedure-related (surgical severity and elective vs non-elective
nature). As noted above, death or survival at hospital discharge was the main outcome of inter-
est. Patients were assessed for up to 30 days of hospitalization.

Odds ratio and 95% confidence intervals were calculated to determine the magnitude with
which these variables were associated with likelihood of 30-day in-hospital postsurgical deaths.
The C-statistic was used to predict the model’s ability to sort patients by outcome. The Hos-
mer-Lemeshow test was used to check for goodness of fit by comparing the expected and
actual deaths in each risk group.

The final model was validated with a new sample (another database from the same institu-
tion). The validation dataset was composed of consecutive patients who underwent surgical
procedures at the study institution from January to November 2014. The same tests [logistic
regression analysis, Hosmer-Lemeshow statistic, receiver operator characteristic (ROC) curve
analysis| were applied, using the original sample cut-off point, to confirm the accuracy and cal-
ibration of the risk model. All statistical analyses were carried out in the SAS version 9.4.

Results
Model development

Fig 1 shows the study flow chart. During the 24 months of analysis, 13524 patients comprised
the dataset used to develop the model. In this series, there were 311 operative deaths [2.30%;
95% confidence interval (CI): 2.06-2.56%]. Table 1 describes the characteristics of the overall
sample and of the 30-day in-hospital postsurgical deaths, stratified by the clinical and surgical
variables of interest. The procedures most frequently associated with 30-day in-hospital mor-
tality are listed in S2 Table. Exploratory laparotomy was the procedure most significantly asso-
ciated with in-hospital postoperative death.

On adjusted logistic regression analysis, the pre-selected variables age, ASA, nature of pro-
cedure (elective vs non-elective), and procedure degree (major, intermediate, or minor) were
found to correlate significantly with the final outcome. Each of these variables contributed to
mortality. The probability for mortality is showed by the formula (where Y = 1 if the patient
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Fig 1. Trial diagram for SAMPE model dataset analysis.
https://doi.org/10.1371/jounal.pone.0187122.9001

died, x, = age,x, = ASA, x; = nature and x, = severity):
p talit 1 P(Y = 1|x1.x21x:s~x1)
(mortality) = log 1—P(Y = 1[x, ,,%,,%,)

1,0672 x nature — 0,3699 x intermediate severity + 0,8966 x major severity

= —10,7506 4 0, 0339 x age + 1, 7073 x ASA+

Tests for linearity were performed for ASA status (p = 1.0) and age (p = 0.15) by quartiles
test and binned residual plot [8] and it suggested that the linearity supposition was accorded,
with increments of 1 year for age and one class for ASA status.

Table 2 lists the variables entered into the model and their respective weights (odds ratios
and confidence intervals).

By analysing these odds ratios with a view to clinical applicability, we drew several conclu-
sions for each of the variables included in the model. Each 1-year increase in patient age was
associated with a 1.35-fold increase in the odds of death. Major (vs minor) surgery was associ-
ated with a 2.45-fold increase in the odds of death, while each increment in ASA classled to a
5.51-fold increase. Urgent or emergency surgery increased the odds of death by 2.9 compared
to elective surgery.

The accuracy of the final logistic regression model was assessed by its discriminant capacity
and calibration. The C-statistic for prediction of in-hospital mortality in the derivation cohort
was 0.9137, indicating excellent discrimination. The Hosmer-Lemeshow goodness-of-fit sta-
tistic of 13.28 (p = 0.125) in the derivation dataset reflects acceptable model calibration.
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Table 1. Characteristics of the overall sample and 30-day in-hospital postsurgical deaths, stratified by clinical and surgical predictors.

Total sample Deaths
n Overall % n postoperative
| | deaths %
13524 100 311 2.30
Age , _ ,
156-35 2841 21.00 16 5.14
36-55 4672 | 34.54 47 15.11
56-75 4901 | 36.23 161 51.76
>75 1110 8.20 87 27.97
ASA physical status
| | 3349 | 24.76 | 2 I 0.64
Il | 7439 55.00 58 I 18.64
n 2466 | 18.23 149 47.90
v 247 | 1.82 82 26.36
\ 23 0.17 20 6.43
Nature of procedure
Elective 10789 79.77 135 43.40
Urgent 2735 20.22 176 56.59
Severity of procedure
Minor 4809 | 35.55 50 16.07
Moderate 5593 | 41.34 66 20.25
Major 3122 23.08 195 62.70

https://doi.org/10.1371/joumal.pone.0187122 1001

A sensitivity of 85.2% and specificity of 81.7% were obtained for the adjusted model, con-
sidering a cut-off value of 0.02 for the predictive probability of death. Full sensitivity and speci-
ficity data are provided in S3 Table.

Moreover, the proposed model was compared with a model where the ASA-PS classifica-
tion was the only predictor, and it added a significant incremental increase in the area under
the receiver operating characteristic (AUROC) curve, from 0.857 to 0.913 (p < 0.0001) (Fig 2).

The cut-off sensitivity limit mentioned above yielded four classes of postoperative in hospi-
tal all-cause mortality risk:

Class I-probability of death: <2%;

Class II-probability of death: between 2 and 5% (2% < p<5%);
Class III-probability of death: between 5 and 10% (5% < p<10%);
Class IV-probability of death: >10%.

Table 2. Variables included in the model with respective odds ratios and confidence intervals.

Variable Odds ratio | 95% confidence interval ' p
Age 1.035 | 1.025-1.044 <0.0001
ASA class 5.514 4.573-6.648 <0.0001
Surgical severity, intermediate vs minor 0.691 0.467-1.022 0.0641
Surgical severity, major vs minor 2.451 1.750-3.434 | < 0.0001
Status, non-elective vs elective 2.907 2.239-3.776 < 0.0001

p-values denote the significance of each variable in improving model predictive capacity (likelihood ratio test).

https://doi.org/10.1371/joumal.pone.0187122.t002
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Fig 2. ROC curve calculated using the development SAMPE model dataset compared to the ASA
model.

https://doi.org/10.1371/joumal.pone.0187122.g002

Comparisons of the observed and predicted mortality rates for each class (Table 3) were
indicative of model consistency and very good calibration, confirming the results of goodness-
of-fit testing [9].

Model validation and utilization

The discriminant ability and calibration of the final model were than assessed in another vali-
dation cohort from the same institution, composed of 7253 patients. The high sensitivity
(86.4%) and specificity (81.4%) obtained for prediction of in-hospital mortality at a cut-off
value of 0.02 confirmed the accuracy of the final model, which we named “SAMPE?”, after our
institutional affiliation (Servigo de Anestesia e Medicina Perioperatéria, Anaesthesia and Peri-
operative Medicine Service). The C statistic for the validation dataset was 0.922. Also, the cal-
culation of the Hosmer-Lemeshow goodness-of-fit statistic for each decile of risk showed a
good concordance between observed and predicted deaths at 30 days (x test = 4.27 —p = 0.89).

Table 3. Patient mortality in the derivation cohon, stratified by risk class according to the SAMPE

model.

Risk class Total Deaths (%)
(Predicted mortality) I (n=13.524) [ (n=311)
Class I-probability of death: <2%; 1 10.161 128(0.28)
Class llI-probability of death: between 2 and 5% 1.503 | 49 (3.26)
Class lllI-probability of death: between 5 and 10% 915 | 76 (8.31)
Class |V—-probability of death: >10% 944 158 (16.74)

https://doi.org/10.1371/joumal.pone.0187122.t003
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Fig 3. Model calculator developed in the Google Docs platform.
https://doi.org/10.1371/joumal.pone.0187122.g003

In-hospital death probability was calculated and tabulated for all possible combinations of
variables predicted into the model. We also developed an automated on-line table as shown in
Fig 3, that calculates the predicted probability of death for each possible combination of vari-
ables. This tool will be used to overcome what would otherwise be a considerable challenge—
performing a calculation based on alogistic regression equation at the patient’s bedside. The
calculator is available at https://www.hcpa.edu.br/downloads/pesquisa/sampe.xlsx.

Although developed as a risk prediction tool before surgery, the SAMPE model, as any
other risk model, should ideally be adjusted for use in a new population.

Worked example for prediction of intensive care unit admission

To illustrate application of the final model, we evaluated postoperative allocation according to
SAMPE risk status. The role of intensive care in the management of high-risk surgical patients
was analysed. First, surgical admissions to intensive care units were stratified into two groups:
patients transferred directly from the operating theatre to the ICU versus patients transferred
to ICU after a period of care in the post-anaesthesia recovery room or on a regular ward. A
logistic regression model for mortality was done only on the very high risk patients (class

IV), considering the predictors used in the original model plus early or late ICU admission
(Table 4). Overall, 944 patients were classified as having very high surgical risk (>10% mortal-
ity, i.e., SAMPE class IV). Of these patients, 158 (17%) died. The mortality odds ratio from
patients admitted late versus early in ICU was 5.431 (IC 2.820-10.462). The remained patients
that died in this category (risk class IV) were not admitted at any time in the intensive care
unit (47 patients).

Discussion

Statistical risk models for prediction of mortality can be seen as adjuncts to diagnosis, and are
best used to enhance perioperative risk reduction strategies. The greatest challenges are to
incorporate the chosen model into the care process and ascertain its impact on postoperative
outcomes. In this study, we used a dataset of 13524 patients to construct a preoperative model
based on clinical and surgical variables, to stratify adult patients into risk classes of in-hospital
mortality probability for general surgery. After adjustment and refinement, we validated the
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Table 4. Mortality-adjusted logistic regression model parameters for high-risk patients (n = 944) and their odds ratio estimates for each predictor.

Predictors
Age
ASA
Surgical Severity
Low
Intermediate
Major
Nature
Elective
Urgent/Emergent
ICU admission
Early ICU
No ICU admission
Late ICU

https://doi.org/10.1371/joumal.pone.0187122 1004

Beta [ Standard error OR 95% CI
0.055 0.01 I 1.057 1.03-1.07
1.757 0.210 i 5.8 3.83-8.76
Ref - - -
-0.177 0.428 0.838 0.36-1.94
0.416 0.367 1.517 0.73-3.11
Ref _, e z .
1.322 0.295 ] 3753 , 1210-6.69.
Ref - - -
1,454 0.24 0.23 0.14-0.37
3.146 0.327 5.431 2.82-10.46

model on 7253 patients with a high degree of accuracy. The main strength of our model is that
we translate the mathematical model into an automated on-line table that informs the risk and
divides it into four categories. This approach creates an efficient risk communication system
to the collaborative teams, being its two main goals to predict postoperative complications and
to prevent the failure to rescue.

It has already been demonstrated that postoperative death rates oscillate widely across hos-
pitals, even if they have similar complication rates. The hospitals with the best results invest
their efforts in the ability of effectively rescue a patient from a complication once it occurs:
from timely recognition to effective management[10]. Ferraris et al [11] showed that 20% of
patients with the greatest risk for developing postoperative complications account for 90% of
failure to rescue. Therefore, identifying these high-risk patients and implementing timely rec-
ognition and treatment of early complications are the best opportunity to intervene and limit
failure to rescue.

The model

The high performance of the SAMPE model in the validation cohort (AUROC = 0.913) con-
firms its consistency. Unfortunately, all risk models currently in use have limitations. Some
employ the same variables we selected[5-7] but have limited generalizability and are not easily
applied at the bedside. Others, such as the POSSUM score, rely on multiple pre and intrao-
perative variables and have been shown to overestimate mortality in lower-risk groups [12,13].

One of the strengths of our model is the absence of multiple variables or excessive analyses,
which could result in overfitting. Another advantage is its applicability at bedside where it can
be used preoperatively, without intraoperative data or laboratory results.

The few clinical and surgical variables selected were powerful predictors of the outcome of
interest. Therefore, if a pre-selected combination of variables can explain a phenomenon with
the same level of accuracy as a more complex model, the former should be preferred; according
to the law of parsimony[14].

It’s known that the models considering surgical and clinical variables have greater accuracy.
The comparison of some mortality models using only preoperative variables is shown in
Table 5.

PLOS ONE | https://doi.org/10.1371/journal.pone.0187122 October 30,2017 8/14
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Table 5. Mortality models with pre-operative variables.

Model Variables included in the model  Outcome Population \ AUROC (CI) Comments
SORT model ASA, Surgical Nature, High risk Predicted risk | General non-cardiac | 0,91 (0,88-0,94)  It's a multicenter study in United
[15] specialty, Surgical Severity, of 30-day surgery (n = 16.788) Kingdom that used a specific surgical
Cancer, Age mortality severity classification. ROC curve
comparing this model with Surgical
Risk Scale and ASA was superior. It
| needs an app web-base calculator.
Surgical Surgical severity, ASA, Surgical 30 day General surgical 10.89 It's a model based on the American
Mortality Nature mortality patients, College of Surgeons Program
Probability (n=298.772) database (ACS NSQIP). It exhibited
Model, (SMP-M) good discrimination compared to the
[6] 35-variable ACS NSQIP risk
| adjustment model.
mE-PASS [16] Age, Severe Pulmonary disease, In-hospital General surgical In hospital Model derived from the Japanese
Severe heart disease, Diabetes mortality and  patient (n = 5.272) mortality: 0.86 National Health Care Reimbursment
mellitus, ASA class, Performance | 30 day (0.79-0.92) 30 System. Good accuracy compared to
status, Surgical Procedures mortality day mortality: models thatincluded intra-operative
| 0.81(0.66-0.96)  variables (E-PASS and POSSUM).
Lee Cardiac High risk surgery (retroperitoneal, ' Cardiac General non-cardiac | 0.63 The outcome is focused on
Risk Index [17]  intrathoracic, suprainguinal mortality up to  surgery, cardiovascular mortality. Its simple
vascular), ischemic heartdisease, | 30 days (n=108.593) classification of procedures as high-
heart failure, cerebral vascular risk versus not high-
disease, renalinsufficiency, risk seems suboptimal.
diabetes mellitus ‘
Surgical Risk ASA, surgical severity, surgical Inpatient General surgery, |0.88 (0.83-0.93) It was developed and validated in
Score[7] nature, age mortality (n=1.849) Italy. Subsequent study evaluating
this model found it to be poorly
1 predictive of in-patient mortality [16].
ASAPS[7] ASA Inpatient General surgical 0.81(0.79-0.82)  ASA grade has been used since
mortality patient (n = 1.849) 1941. In this cohort, it had good
accuracy in predicting mortality even
| being the only predictor.
Charlson [18] 19 clinical conditions 30day General surgery 0.52 The index is designed to predict
mortality (n=2.167) 1-year mortality. It does not consider
the surgical procedure. In this cohort,
the index was the least able to predict
mortality.
Surgical Risk ASA, surgical severity—(minor, Inpatient Gastrointestinal, 0.95 (0.93-0.97)  Incorporates specific
Scale[5] intermediate, major, major plus, mortality vascular, trauma subclassifications: the CEDOP

complex major), surgical nature
(elective, scheduled, urgent,
emergency)

https://doi.org/10.1371/joumal.pone.0187122.t005

(n=1.946)

(Confidential Enquiry into
Perioperative Deaths) grade and
BUPA (British United Provident
Association) classification.
Transformed the multivariate
regression in a pragmatic score.

This study has several limitations. First, the model reflects mortality risk in the patient pop-
ulation of the study facility, and cannot yet be generalized to other care settings or geographic
locations. Second, although it was designed to provide a relatively accurate assessment, 2 of 4
(ASA and surgical severity) variables are subjective measures.

Third, it is limited by the fact that the data were obtained retrospectively; further work is
needed to compare the accuracy of the SAMPE model to that of other risk models in a multi-
centre design. Nevertheless, the numbers at our hospital did not differ greatly from rates
reported in developed countries. The overall in-hospital mortality of our sample (2.3%) was
comparable to the overall mortality in a 7-day European cohort study([19]. The mortality of
patients undergoing high-risk procedures, especially laparotomies, was consistent with that
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recorded in an ongoing audit project at UK hospitals[20], and the mortality of high-risk
patients (8.5%) was similar to that found in a study focused on a similar population [21].
Finally, the outcome in-hospital mortality could bypass the no-less important outcome of peri-
operative complications, as it is a hard endpoint and postoperative complications are more dif-
ficult to define and quantify.

The variables

Age has been identified as an important predictor of increased risk of postoperative mortality.
However, itis not age itself that leads to heightened risk, but rather the decline in bodily func-
tions that comes with ageing [22]. The impact of age-associated decline in five domains is
demonstrated in the recently developed Frailty Score[23,24] which has been associated with
higher expectancy of adverse hard end-points following surgery, including mortality, func-
tional decline, and cardiac complications.

The most significant variable in the SAMPE model is the physical condition of the patient,
determined by the ASA-PS classification. Despite its classic, widespread use and subjective
nature, this score was not originally developed for prediction of adverse outcomes; neverthe-
less, adequate inter-reliability in clinical practice was recently demonstrated[25]. Furthermore,
it reflects the global health status of the patient, irrespective of the body systems affected by
current pathology. The ASA classification has also been used as the main clinical variable in
several recent perioperative risk models, such as the SPM-P model[6] and the Gupta model
[26]. The predictive performance of these models exceeds that of traditional risk indices such
as the Cardiac Index Revised[17] and the ACS-NSQIP model[27]. In order to reduce the sub-
jectivity of the ASA classification, it’s reccommendable the use of the recent update published
by the American Society of Anesthesiologists, which encompasses ASA-approved class-specific
examples belonging to each class (http://www.asahq.org/resources/clinical-information/asa-
physical-status-classification-system).

The risk inherent to the type of procedure performed is also of utmost importance. Elective
and less complex procedures had the lowest rates of postoperative mortality, while the worst
outcomes were found in patients undergoing major procedures. In our study, only the com-
parison between major versus minor surgeries was significantly predictive in the model. The
classification of procedural severity was adapted from the SPM-P model[6] and corrected for
local context after consultation with experts from various surgical specialties and analysis of
crude procedure-related mortality, since it depends on several factors related to the whole con-
tinuum of perioperative care. The electronic tool contains all procedures previously classified
by its severity, which reduces inter-user variability.

Non-elective surgery is a recognized risk factor for perioperative mortality, especially in
abdominal procedures[28]. In emergent surgery, there is limited time for data collection and
preoperative optimization of comorbid states[29]. Furthermore, the lack of structured care in
the crowded and hectic setting of the emergency department certainly contributes to insuffi-
cient patient preparation and poor definition of the goals of care. It was recently demonstrated
in a large English NHS cohort that structural and procedural aspects such as the number of
doctors, nurse staffing, available operating rooms, and critical care beds are important modify-
ing factors related to 30- and 90-day post-emergent surgical mortality[30].

In a worked example, we were able to highlight the ability of our model to guide rational
utilization of resources, including postoperative intensive-care allocation, through surgical risk
stratification. Despite a higher overall mortality rate (16%) and accounting for over 50% of in-
hospital deaths, only 29% of very-high risk (class I'V) patients in the cohort were admitted to
critical care at any time following surgery (204 early admission vs 68 late admission).

PLOS ONE | https://doi.org/10.1371/journal.pone.0187122 October 30,2017 10/14



@ PLOS | o~

SAMPE model for perioperative risk stratification

Periop ive Risk C ication and Quality of Care Improvement

Postoperative Care of High
Preoperative Risk I perative Care Risk Patients
(>5% death probability)

Risk Calculation with 4 variables Individualizing patient care ;| | ¥ Anesthesia postoperative team:
#ASA i follows the high risk patient by 48 hours :
it Age # Monitoring # Nurse staff: allocates the nurse-to-bed:
# Surgical Severity #Fluid management | Tatio according to the patient’s risk H
# Nature (elective or Urgent) # Drugs Choice WSurgical team: senior resident is

30 day death probability #Preventivecare | Tesponsible by the dose monitoring and:
Class | : < 2% i reatment i
Class|l: 2- 5% % i’ # Flow of surgical patients: The riski
Class I11: 5- 10% information is being taking into account:
Class IV: > 10% in the decision of intensive care transfer:

3 after surgery. 3

Fig 4. Flow of the high-risk patient’s care.

https://doi.org/10.1371/joumal.pone.0187122.g004

Perhaps most importantly, we found that late admission to the intensive care unit was asso-
ciated with increased mortality. The very high-risk patients admitted to intensive care after a
period of recovery on a regular ward had a 5.43-fold greater risk of postoperative death com-
pared with those admitted to intensive care directly after surgery. Our results confirm the pre-
vious findings of higher mortality amongst high-risk patients that were not immediately
admitted to a critical care unit after surgery in a large NHS trust [31]. One explanation for
these rates could be the lack of availability of critical care resources, since only 4.7% of all risk
class patients had immediate postoperative ICU allocation. This contrasts with a European
7-day cohort in which 8% of patients were admitted to the ICU postoperatively [19].

It’s important to emphasize that other determinant variables such as respiratory and hae-
modynamic instability or trans-operative complications were not included in the pre-operative
model. Thus, the model could not be the only source of ICU admission but it may be a useful
tool in the allocation decision, especially when there are scarce critical bed resources.

We believe that recognition, identification, and increased visibility of patients with high
perioperative risk could make a greater contribution to improving the quality and safety of
care than would simply ensuring the availability of critical care resources.

This objective risk assessment could be used to identify which patients must be actively fol-
lowed in the postoperative period. Multidisciplinary postoperative care teams could also be
created, with a view to providing enhanced, patient-centred care and improving postoperative
outcomes.

Accordingly, some processes are been encouraged to be implemented by different caregiv-
ers after adopting SAMPE risk model adoption during the high-risk patients’ hospitalization:
(i) The postoperative and acute pain team follows them for 48 hours; (ii) the surgeon team
assigns senior residents to care for these patients; (iii) the internal medicine co-management is
implemented and optimized; (iv) the nurse staff staggers care by prioritizing high-risk patients,
evaluating the vital signs more often than usual, and defining nurse-to-bed ratio according to
patient’s risk. Additionally, the classification is taken into account in the decision of a possible
patient transfer to the ICU after surgery (Fig 4).

Conclusions

Our perioperative mortality risk model exhibited excellent performance with a small set of eas-
ily assessed and sustainable variables. Although the model was well validated internally, pro-
spective validation in external samples is crucial. However, accurate identification of high-risk
patients is not enough. The key challenge for clinical translation of our findings, as well as a
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major avenue for future research, is to incorporate our risk model as a component of care and
ascertain its impact on patient outcomes. If successful, this could contribute to improved
patient safety and more efficient utilization of perioperative care resources.
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S1 Table. Surgical severity criteria developed on the basis of surgical opinion leaders and a literature review, adjusted for crude mortality in the

study population.

Surgical severity

Definition

Procedures included

Minor

Minimal or minor risk, independent of clinical
conditions or anaesthesia

Minimally to moderately invasive procedure

Minor (laparoscopic) gynaecological procedures
Breast surgery

Minor ENT procedures

Minor oral and maxillofacial procedures
Uncomplicated hernia repair

Appendectomy

Minor genitourinary procedures (nephrostomy, cystoscopy, extracorporeal shock-wave
lithotripsy, bladder biopsy)

Thyroidectomy

Laparoscopy

Cosmetic plastic surgeries

Minor orthopaedic procedures (tendon release, small-joint surgery)




Haemorrhoidectomy

Moderate

Moderately invasive procedure
Potential estimated blood loss 500-1500 ml
Moderate risk to patient independent of clinical

conditions or anaesthesia

Endovascular aortic aneurysm repair

Minor orthopaedic and spinal procedures (laminectomy, anterior and posterior cervical
arthrodesis, hip or knee arthrotomy, open reduction of jaw fractures).
Cholecystectomy (open or laparoscopic)

Ostomy procedures (gastrostomy, ileostomy, colostomy)

Minor chest procedures (mediastinoscopy, sympathectomy, tracheal prosthesis, video-
assisted thoracoscopic surgery)

Oesophageal surgery for benign conditions (pyloromyotomy, oesophagomyotomy,
fundoplication)

Splenectomy

Hysterectomy

Minimally invasive or minor neurosurgical procedures (brain biopsy,
ventriculoperitoneal shunting, endoscopic intracranial surgery, endoscopic third

ventriculostomy)




Percutaneous or laparoscopic genitourinary tract procedures (nephrectomy,
adrenalectomy, pyeloplasty, pyelolithotomy, transurethral resection of the prostate or
bladder, laparoscopic radical nephroureterectomy)

Pleural surgery (pleurodesis)

Major

Highly invasive procedure

Potential estimated blood loss greater than
1500 ml

Major to critical risk to patient independent of

clinical conditions or anaesthesia

Any heart surgery

Exploratory laparotomy

Colorectal resections/bowel anastomoses (colectomy, rectosigmoidectomy,
abdominoperineal resection)

Oesophageal surgery for malignant conditions (oesophagectomy,
oesophagogastrectomy) or diaphragmatic hernia repair

Arterial bypass procedures (femorofemoral, aortofemoral, axillofemoral, embolectomy)
Amputations (above/below-elbow, above/below-knee, upper limb, lower limb)

Open aneurysm repair (abdominal, thoracic, or thoracoabdominal aortic aneurysm,
surgical repair of aortic dissection)

Hepatic or biliary tract procedures (hepatectomy, biliary tract exploration, biliary-




enteric anastomosis)

Pancreatectomy

Major orthopaedic procedures (spinal arthrodesis, revision arthroplasty)

Major chest procedures (lobectomy, pneumonectomy, decortication, exploratory
thoracotomy, thymectomy)

Major genitourinary tract procedures (radical cystectomy, nephrectomy, radical
prostatectomy, Wertheim-Meigs operation, cystenterostomy),

Manor ENT procedures (laryngectomy, mandibulectomy, tumour resections)
Craniotomy for non-vascular conditions (intracranial tumours, hypophysectomy, spinal
tumours)

Vascular microsurgery, drainage of subdural or intracerebral hematoma

Retroperitoneal resections/hemipelvectomy




S2 Table. Procedures most frequently associated with mortality in the development

dataset
Procedure Number of Deaths % over total number of
°
Patients ’ deaths (n=314)
Laparotomy 430 94 17.73 29.84
Arterial bypass 189 22 11.64 7
Colorectal resection 337 21 6.23 6.68
Gastric resection 289 15 5.19 4.77
Amputation (vascular) 168 15 8.92 4.77
Minor neurosurgery 56 17 30.36 4.45
Ostomy 111 13 1171 4.14
Vascular neurosurgery 66 10 15.15 3.18
Non-vascular neurosurgery 150 7 4.66 223
Bowel anastomosis 72 7 9.72 223




Supplement 3. Sensitivity and specificity of the model

Classification Table
Prob. Correct Incorrect Percentages
Level Event Non-Event Event Non-Event Correct Sensitivity Specificity False POS False NEG
0.000 311 0 13213 0 23 100.0 0.0 97.7
0.020 270 10548 2665 41 80.0 86.8 79.8 90.8 0.4
0.040 234 11555 1658 77 87.2 752 87.5 87.6 0.7
0.060 198 11993 1220 113 90.1 63.7 90.8 86.0 0.9
0.080 177 12290 923 134 922 56.9 93.0 83.9 L.l
0.100 151 12517 696 160 93.7 48.6 94.7 822 1.3
0.120 129 12693 520 182 94.8 415 96.1 80.1 1.4
0.140 113 12801 412 198 95.5 36.3 96.9 78.5 1.5
0.160 100 12863 350 211 95.9 322 97.4 77.8 1.6
0.180 92 12933 280 219 96.3 29.6 97.9 75.3 L7
0.200 85 12978 235 226 96.6 273 98.2 73.4 L7
0.220 80 13024 189 231 96.9 259 98.6 70.3 L7
0.240 71 13060 153 240 97.1 22.8 98.8 68.3 1.8
0.260 69 13092 121 242 97.3 222 99.1 63.7 1.8
0.280 57 13128 85 254 97.5 18.3 99.4 59.9 1.9
0.300 S1 13146 67 260 97.6 164 99.5 56.8 1.9



Classification Table

Prob. Correct Incorrect Percentages

Level Event Non-Event Event Non-Event Correct Sensitivity Specificity False POS False NEG
0.320 45 13152 61 266 97.6 14.5 99.5 575 20
0.340 38 13171 42 273 97.7 122 99.7 52:5 20
0.360 34 13177 36 271 97.7 10.9 99.7 514 2.1
0.380 19 13187 26 292 97.6 6.1 99.8 57.8 22
0.400 17 13197 16 294 97.7 55 99.9 48.5 22
0.420 11 13204 9 300 97.7 35 99.9 45.0 2.2
0.440 5 13207 6 306 97.7 1.6 100.0 54.5 2:3
0.460 3 13212 1 308 97.7 1.0 100.0 25.0 23
0.480 1 13213 0 310 97.7 0.3 100.0 0.0 23
0.500 0 13213 0 311 97.7 0.0 100.0 23
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Describe the flow of participants through the study, including the number of participants
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ba 13b D;V | available predictors), including the number of participants with missing data for 5
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7.2 ARTIGO 2 - THE ACCURACY OF THE SAMPE RISK MODEL FOR
POSTOPERATIVE IN-HOSPITAL MORTALITY PREDICTION COMPARED TO
THE REVISED CARDIAC RISK AND CHARLSON COMORBIDITY INDEXES
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Abstract

Study Objective: The SAMPE risk model was designed to incorporate characteristics of
an ideal risk model: it is easily applied at the bedside; it consists of few variables (age,
ASA-PS, surgical severity, surgery type: emergency/elective) and has high discriminative
power for 30-day postoperative in-hospital mortality. Our objectives were to compare the
SAMPE risk model, the Revised Cardiac Risk Index (RCRI) and the Charlson
Comorbidity Index (CCI) for predicting postoperative mortality, as well as to explore the
association between SAMPE risk classes and postoperative morbidity.

Design: Retrospective cohort study over 24 months.

Setting:  This study was conducted in an academic, quaternary medical center.

Patients: We reviewed medical records of 1206 patients aged above 16 years, submitted
to non-cardiac surgeries.

Intervention: The probability of death according to the three risk indexes was calculated
for each patient, using the variables researched in electronic medical records.
Measurements: The main outcome was 30-day postoperative in-hospital mortality. The
accuracy of the SAMPE model, the RCRI, and the CCI were compared using C-statistic.
Poisson regression with robust error variances was used to estimate the relative risk for
each domain of the Postoperative Morbidity Survey according to the SAMPE risk class.
Main Results: The AUROC for the SAMPE model and the RCRI and CCI scores were
0.907 (0.84 - 0.93), 0.767 (0.69 - 0.83), and 0.822 (0.76 - 0.90), respectively. According
to the DelLong test, there was a significant difference between the SAMPE and RCRI (p <
0.01) and the SAMPE and CCI results (p < 0.028). Postoperative morbidity occurred
more frequently in patients with a higher probability of death.

Conclusions: The SAMPE model presented high discriminative power in this cohort,
performing better than CCI or RCRI.

Keywords

Risk assessment; Revised Cardiac Risk Index; Charlson Comorbity Risk; postoperative
complication; postoperative mortality
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1. Introduction

Accurate and timely identification of high-risk patients is strongly recommended by
preoperative assessment guidelines [1-4]. The SAMPE (Anesthesia and Perioperative
Medicine Service) model was designed to incorporate the characteristics of an ideal risk
model: it is easily applied at bedside; it consists of small number of sustainable variables,
including clinical data from the patient (age and American Society of Anesthesiologists
(ASA) Physical Status Classification) and the procedure (surgical severity and surgery
type: emergency or elective). The model had high discriminative power for 30-day
postoperative in-hospital mortality [5]. However, for this new instrument to have wider
perioperative use, it is essential to quantify its capacity to estimate the outcome and to
evaluate its performance compared to common risk-prediction instruments.

Therefore, this study has two main aims. The first is to assess the SAMPE risk model’s
accuracy compared to the modified RCRI (mRCRI) score and the Charlson Comorbidity
Index (CCI) for predicting postoperative mortality. The second is to explore the
association between SAMPE risk classes and postoperative morbidity using the
Postoperative Morbidity Survey (POMS). Our hypothesis was that the SAMPE model
would more accurately predict postoperative mortality than the RCRI or the CCI. We also
hypothesized that patients with a higher probability of death according to the SAMPE

risk model would have a higher relative risk of postoperative complications.
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2. Methods

2.1 Hospital setting, procedures and patients

This study was conducted in an academic, quaternary care center in southern Brazil.
Ethical approval was granted by the Hospital de Clinicas de Porto Alegre Postgraduate
Research Group Ethics Committee (Project number: 16-0229). Surgeries performed on
patients over 16 years old, between January 2016 and December 31, 2017 whose
complete data was stored the information management system were included. We
excluded cardiac surgeries, obstetric and diagnostic procedures and surgeries involving
only local anesthesia. When more than one surgical procedure was performed during the
same hospital admission, only the major procedure was taken into account for analysis.
Written informed consent was not required, although a confidentiality agreement was
necessary to access information from the institution database. The patients were followed
for 30 days after surgery, even if they remained in the hospital for longer. The final study

cohort consisted of 1206 patients.

2.2 Data collection

The variables needed to calculate the probability of postoperative in-hospital mortality for
each model were compiled, as were the factors associated with postoperative morbidity.
Data on patient characteristics and perioperative factors were collected by trained
research staff. Preoperative risk variables, co-morbidities, and postoperative outcomes,
such as mortality, hospital length of stay, reintervention, intensive care unit admission
and postoperative morbidity, were obtained from patient notes or review of the electronic
records from the information management system. The preoperative probability of death
according to the three risk indexes was calculated for each patient, with the main outcome
being in-hospital death or survival as recorded in the hospital discharge data. Patients

were assessed for up to 30 days of hospitalization.
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The SAMPE risk model was calculated according to a previously published equation [5].

A logistic regression model was adjusted to these four independent predictors: two
patient-related (physical status and age), and two procedure-related (surgical severity and
surgery type: emergency vs elective). The resulting probability of death was categorized
in four classes: |, < 2%; 1, between 2% and 5%; Il1, between 5% and 10%; 1V, > 10%.
The CCI score was obtained by reviewing inpatient hospitalization records. Binary
variables indicating the presence or absence of each comorbidity were created in the
database. In Charlson’s original method, scores were based on a weighted measure that
incorporates age and 19 different medical categories; each is weighted according to its
impact on mortality [6,7]. Age is adjusted by calculating each decade after 40 years of
age as one point in the original age-adjusted CCI [7]. The modified RCRI was calculated
by weighing the number of comorbidities: RCRI Class I - 0.4%, Class Il - 0.9%, Class Il
— 6.6% and for Class 1V - 11% [8].

Postoperative morbidity was recorded using the POMS (Table 1) on postoperative days 3
and 7. The POMS criteria were evaluated through a review of clinical notes, charts and

data retrieval from the hospital clinical information system.

2.3 Statistical analysis

Categorical data were expressed as absolute values (percentage) and continuous data as
means (95% confidence intervals). To evaluate which risk method best predicted in-
hospital postoperative mortality, their respective C-statistics were calculated. The C-
statistic is equivalent to the area under the receiver operating characteristics (ROC) curve,
or AUROC, i.e., the probability that someone who died had a higher predicted probability
of mortality than someone who did not die in the specified time frame. A C-statistic of
0.5 indicates that the model’s prediction is no better than chance, 0.7 to < 0.8 is

acceptable, 0.8 to < 0.9 is excellent, 0.9 to < 1.0 is outstanding, and, 1.0 is perfect [9]. To
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evaluate the accuracy of probabilistic prediction of the SAMPE model, we calculate the

Brier Score. The Brier Score is defined as the average squared difference between the
predicted probabilities and observed outcomes. To test the differences between two ROC
curves, the DeLong test was used [10]. Calibration was evaluated by comparing observed
and expected outcomes over different risk classes for each model or score [11]. We also
conducted regression models, grouping the risk models or scores in classes. First, the
SAMPE model and RCRI were categorized into four risk classes according to their
original studies [5,8]. The CCI was categorized into four risk groups according to the
recent age-adjusted index [12]. The frequency of postoperative morbidity according to
the SAMPE model, RCRI and CCI risk classes were calculated. A Poisson regression
model with robust error variances [13] was used to estimate the relative risk and
confidence intervals for each POMS domain according to the SAMPE risk class model.
SPSS version 22.0 (SPSS Inc., Chicago, IL) and R studio (version 3.6.0) were used for

the statistical analyses.  All tests were 2-sided, and alpha was set at 0.05.
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3. Results

3.1 Cohort description

The study flowchart can be seen in Fig. 1. During the 24 months of analysis, 1206
patients were included in the dataset used to compare the risk models. In this series, there
were 43 postoperative deaths (3.56%). Table 1 describes the characteristics of the overall
sample, stratified by the clinical and surgical variables of interest. Approximately 35%
had an ASA physical status of 3 or greater, and 68% underwent intermediate or major
surgical procedures.

The discriminatory power of each model in relation to in-hospital postoperative mortality

was compared using the C-statistic, which is equivalent to the AUROC.

3.2 Comparative accuracy of the SAMPE model, the RCRI and the CCI for predicting
mortality

Fig. 2 illustrates the ROC curves for each model. The AUROCSs for the SAMPE model,
RCRI and CCI were 0.907 (0.84 - 0.93), 0.767 (0.69 - 0.83) and 0.822 (0.76 - 0.90),
respectively. According to the DelLong test, there was a significant difference between
SAMPE and RCRI results (p < 0.01) and between the SAMPE and CCI results (p <
0.028). There was no difference between RCRI and Charlson curves (p= 0.14). The
AUROC for ASA physical status score alone was also calculated, and its C-statistic was
0.85 (0.79 - 0.91), better than the CCI or RCRI. The Brier Score of the SAMPE model
calculated was 0.0312.

A total of 43 patients died after surgery, which is a mortality rate of 3.56%. The SAMPE
risk model predicted 38.4 deaths for the entire cohort, resulting in an overall ratio of
observed to expected (O/E ratio) deaths of 1.11. The observed mortality was just 11%

higher than that predicted by the model. All risk classes of the SAMPE model had an
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accurate O/E ratio (near 1), except for class two (predicted mortality between 2% and

5%), in which the observed mortality was almost 60% higher than the predicted one.

We observed that all RCRI risk classes underestimated mortality for the entire cohort.
This resulted in an overall prediction of 18 deaths and an O/E ratio of 2.39 (Table 2).
Class 1l had the least ability to predict postoperative mortality (0.9%). The RCRI
predicted 5 times fewer deaths than the number that occurred.

The CCI predicted 22 deaths, resulting in an overall O/E ratio of 1.95 (Table 2). In
patients with a predicted risk of death > 7%, the CCI predicted less than half of the deaths

that occurred.

3.3 SAMPE prediction of morbidity risk

The presence of complications was evaluated with the POMS scale on postoperative days
3and 7. A total of 485 (40.4%) patients suffered at least one complication on day 3 and
208 (17.3%) did so on day 7. Fig. 3 shows the frequency of complications on the 3™
postoperative day according to SAMPE risk class.

Postoperative morbidity occurred more frequently in patients with a higher probability of
death. A multivariate Poisson regression with a robust estimator was performed to
calculate the relative risk of complications according to SAMPE model risk classes
(Table 3). The relative risk of any complication on the third postoperative day increased
significantly in higher SAMPE risk classes. Reliable confidence intervals related to the
renal, infectious and gastrointestinal domains of the POMS scale confirmed the increased

risk of complications at higher SAMPE risk classes.
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4. Discussion

4.1 Principal findings
The main results of our study are the following:

() Among patients over 16 years of age who underwent noncardiac surgery, the
SAMPE risk model was more accurate at predicting postoperative in-hospital
mortality than the RCRI or the CCI.

(b) The SAMPE model’s best clinical performance was obtained for very low-risk
and high-risk patients, i.e. < 2% and > 5% probability of death, respectively. The
CCl and RCRI indexes were poorly calibrated and underestimated mortality in all
risk classes.

(c) Higher risk classes of SAMPE model were predictors for postoperative
complications on postoperative day 3 and 7, with the best results (lowest

confidence interval) for renal, infectious and gastrointestinal complications.

4.2 Our results compared to the literature

The results show that the new SAMPE risk model had the best calibration and
discrimination results for this cohort (C-statistic of 0.907, 95% CI: 0.84 - 0.93) and the
best indices of observed vs expected deaths (close to 1 in most risk classes). Our model’s
advantages include that it encompasses well-defined risk factors for postoperative
morbimortality, using an individualized combination of four variables weighted in a
robust regression analysis for each patient [5]. All variables are ascertained in
preoperative evaluation. The two patient-related variables are age and ASA physical
status, while the two procedure-related variables are surgical severity (minor,
intermediate or major) and surgery type (emergency vs elective). Our model involves
variables that are similar to those in previously-published models [14-17], which

strengthens the idea that both procedural and patient conditions must be incorporated to



92
optimize risk prediction. Moreover, our model includes only four variables, and the

complete model equation is embedded in the calculator; thus, no approximation is
required, and the end user does not need to deal with complex data. Data privacy and
storage is not a concern, particularly because the application is designed to present only
data. It is accompanied by a color-coded risk graphic indicating the probability of
mortality.

The SAMPE model had better accuracy than both the RCRI and CCI. The RCRI was
designed to predict only cardiac-related complications, and it does not include predictors
of other important perioperative complications. It consists of six equally weighted
variables: coronary artery disease, heart failure, cerebrovascular disease, diabetes mellitus
requiring insulin therapy, renal insufficiency (creatinine concentration above 2 mg/dL)
and high-risk noncardiac surgery (suprainguinal vascular, intrathoracic, or intraperitoneal
procedures) [8]. Some studies investigating the performance of the RCRI have already
demonstrated poor calibration and discrimination for predicting all-cause mortality, in
spite of its wide use for predicting preoperative risk. A systematic review [18] that
included over 790,000 patients and 6 studies reporting all-cause mortality showed that the
RCRI’s mortality prediction is poor (AUCs 0.62 -range, 0.54 to 0.78).

A recent study also found that the RCRI had an AUROC of 0.70 (0.67-0.72) for
predicting in-hospital mortality, even with automated assessment [19]. Nevertheless, it
performed well in the setting for which it was originally designed: predicting
postoperative cardiac complications [20]. In our sample, the RCRI significantly
underestimated mortality in all risk classes. We observed O/E ratios from 1.45 to 4.65.
We should also consider that our sample consisted of general non-cardiac surgery,
including emergency surgery. The cardiac complication incidence was lower than

expected: 1.7% on the 3" postoperative day and 0.9 on the 7™. This incidence agreed with
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a recent publication comparing four cardiac risk calculators, in which the incidence of

cardiac complications was 2.1% in 30 days [20]. Despite its simple calculation (one
point for each variable), the RCRI is inadequate for general mortality prediction, which
exceeds the cardiac focus of the original model.

The CCl is based on several conditions that are each assigned a weight from one to six,
with a weight of six representing the most severe morbidity. The sum of the weighted
comorbidity scores results in a summary score [6] that has been used in many clinical
settings. Due to the CCI’s widespread use, we compared its postoperative mortality
prediction accuracy with that of the SAMPE model and the RCRI. Although we found
that the CCI provided an accurate prediction of 30-day mortality (C-statistic, 0.83), the
SAMPE model’s performance was better (C-statistic was 0.90 p= 0.028) with only 4

variables.

4.3 Strengths and limitations of the study

This study’s strengths include a large representative sample of adults undergoing
noncardiac surgery. Outcome measurement was based on an individual chart review by a
research team. Two classic stratification tools were used to validate the SAMPE model in
a different sample. Performance for the main outcome, postoperative mortality, was
determined with more than one measure (the C-statistic and observed vs predicted
deaths). The TRIPOD Statement [21], a checklist for validating prediction models, was
followed during the SAMPE model development.

The present study has some methodological limitations: (1) it was retrospective; (2) it
was performed at a single academic medical center; (3) the true incidence of some
complications could have been underestimated, since there was no routine active
postoperative evaluation with troponin or electrocardiography, for example. Although the

risk of complications on the 3" and 7™ postoperative days increased at higher SAMPE
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risk classes, the few complications in some of the systems (e.g., cardiac, pulmonary and

neurological) resulted in wide confidence intervals for complication prediction, which

could have masked the relative risk value.

4.4 Clinical implications

The SAMPE model has been used as an online risk prediction instrument since 2017 [5].
It requires only preoperative data variables, its simplicity increases its chance of usage,
and its performance is superior to frequently and widely validated risk stratification
models. We also confirmed an association between postoperative morbidity and predicted
mortality risk with the SAMPE model. This finding could make the SAMPE model an
instrument for perioperative shared decision-making by predicting the 30-day
postoperative mortality risk associated with a range of postoperative morbidity outcomes,
such as infectious, renal and gastrointestinal complications. We also found that our
model’s best performance is in the risk class > 5% of probability of death, which is the
most important. In this class the SAMPE risk model showed an excellent O/E ratio, very
close to 1 (from 0.97 to 1.11), unlike the RCRI and CCI, which underestimated the

probability of death in all risk classes.

4.5 Future implications

External validation of SAMPE at other institutions is necessary to ensure a representative
model for broad use. Regarding perioperative enhancement, the most important issue is to
identify high-risk class patients, which our model does, with a robust statistical strategy.
Considering the growth of health care costs and the need to compare performance among
institutions, the SAMPE risk model can be used for local audits to assess predicted vs
observed mortality. Furthermore, a risk model should help guide changes and determine

appropriate care stratification. In an effort to target high-risk patients, the Excare
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Research Group is currently working on the next step, comparing the outcomes of 48-

hour postoperative co-managed care to normal postoperative ward care in a study called
“A framework for screening and implementing extended specialized perioperative care

for high-risk surgical patients” (CAE 04448018.8.0000.5327).

4.6. Conclusion

According to the analytic methods used to determine the prognostic accuracy of the
SAMPE model, it can be considered a consistent instrument with easily verifiable
preoperative variables that is capable of predicting 30-day postoperative mortality.
Nevertheless, it cannot classify which patients will have better outcomes. The purpose of
validating a preoperative risk model is to develop an instrument that helps provide more
personalized care. We must consider how technology and real-world data, which
compound risk models, can improve perioperative decision making, the risk information
that can be provided to patients and their families, and the selection of special

postoperative assistance to reduce complications and failure to rescue.
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Fig. 2. ROC curves of the SAMPE model, the RCRI, and the CCI for predicting

postoperative in-hospital mortality. The AUROCS for the SAMPE model, the RCRI,

and the CCl were 0.907 (95% CI: 0.84 - 0.93), 0.767 (95% CI: 0.69 - 0.83) and 0.822

(95% CI: 0.76 - 0.90), respectively. AUROC, area under the curve of receiver

operating characteristics; CCI, Charlson Comorbidity Index; ClI, confidence interval,

RCRI, Revised Cardiac Risk Index; ROC, receiver operating characteristics; SAMPE,

Service of Anesthesia and Perioperative Medicine.
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Table 1 Characteristics of the overall sample and 30-day in-hospital

postoperative deaths, stratified by clinical and surgical predictors.

Total sample Postoperative deaths
n= 1206 (100%) n=43 (3.56%0)
Age (years)
16 - 35 197 (16.33%) 1 (0.50%)
36-55 388 (32.17%) 7 (1.80%)
56 - 75 490 (40.63%) 20 (4.08%)
> 76 131 (10.86 %) 15 (11.45%)
Gender
Male 508 (42.14%) 19 (3.74%)
Female 698 (57.87%) 24 (3.43%)
ASA Physical Status
1 137 (11.35%) 1 (0.72%)
2 640 (53.06%) 2 (0.31%)
3 394 (32.66%) 23 (5.83%)
4 34 (2.81%) 17 (50.00%)
5 1 (0.08%) 0 (0%)
Surgery type
Elective 1020 (84.58%) 21 (2.05%)
Emergency 186 (15.42%) 22 (11.82%)
Surgical severity
Minor 377 (31.26%) 8 (2.12%)
Intermediate 506 (41.96%) 9 (1.77%)
Major 323 (26.78%) 26 (8.04%)

ASA: American Society of Anaesthesiologists.



Table 2 Mortality Predictions of the SAMPE model, the RCRI and the CCI.
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_ ) Number (%0) Observed Observed vs
Risk model Mean risk _ Expected
] of patients deaths expected
categories (%) deaths _
n= 1206 n=43 death ratio

SAMPE risk

29 1.53
model
Class | < 2% 842 (69.81%) | 4.21 5 (0.59%) 1.18
Class Il >2 < 5% 212 (17.57%) | 6.44 11 (5.18%) | 1.70
Class IlI >5 <10% 94 (7.79%) 6.62 6 (6.38%) 0.90
Class IV >10% 58 (4.80%) 11.61 21 (36.20%) | 1.80
RCRI 18 2.39
Class | 0.4% 565 (46.84%) | 2.26 4 (0.70%) 1.77
Class Il 0.9% 502 (41.62%) | 4.52 21 (4.18%) 4.65
Class IlI 6.6% 94 (7.79%) 6.20 9 (9.57%) 1.45
Class IV 11% 45 (3.73%) 4.95 9 (20.00%) 1.82
CCl score 22 1.95
0-3 0.9% 785 (65.4%) | 7.06 6 (0.8%) 0.85
4-7 2.9% 331 (27.6%) |9.6 15 (4.5%) 1.56
7-12 7.0% 77 (6.4%) 5.39 13 (16.9%) | 2.41
> 12 13.2% 8 (0.7%) 1.06 4 (50%) 3.77

Abbreviations: CCI, Charlson Comorbidity Index; SAMPE, Anesthesia and Perioperative Medicine Service;

RCRI, Revised Cardiac Risk Index.The mean risk prediction of each SAMPE class was considered: Class 1=

0.5%; Class Il1= 3.04%; Class I11= 7.05%; Class V= 20.02%.




Table 3 Multivariable Poisson Regression of SAMPE risk classes and postoperative complications

according to the POMS.
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Relative risk of SAMPE risk classes

(confidence interval)

Class I Class 11 Class 111 Class IV
Y p p
<2% 2% - 5% 5% - 10% > 10%
Complication on
2.11 3.46 5.08
3" postoperative | ref <0.01 <0.01 <0.01
(1.70 - 2.62) (2.73 - 4.38) (4.15-6.22)
day
Complication on
3.20 5.85 9.68
7" postoperative | ref <0.01 <0.01 <0.01
(2.21 - 4.62) (3.71-9.25) (6.89 - 13.58)
day
Unplanned
9.56 11.71 24.84
intensive care ref <0.01 <0.01 <0.01
(3.72 - 24.57) (3.88 - 35.39) (10.02 - 61.41)
admission
Morbidity
according POMS
domains on 3"
postoperative day
1.025 5.85 30.65
Cardiac ref 0.25 <0.01 <0.01
(0.11-9.16) (1.09 - 31.43) (10.29 - 91.23)
7.17 7.32 26.27
Pulmonary ref <0.01 <0.01 <0.01
(3.05 - 16.86) (2.46 - 21.80) (11.8 - 58.48)
2.60 3.90 4.19
Renal ref <0.01 <0.01 <0.01
(1.88 - 3.59) (2.61-5.82) (2.95 - 5.96)
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9.83 11.71 33.28

Neurological ref <0.01 <0.01 <0.01
(3.46 - 27.92) (3.39 -40.47) (12.42 - 89.12)
1.72 2.40 3.68

Infectious ref <0.01 <0.01 <0.01
(1.26 - 2.35) (1.63 - 3.55) (2.79 - 4.85)
4.09 3.90 17.51

Hematological ref 0.08 0.23 <0.01
(0.82 - 20.36) (0.40 - 37.55) (4.38 - 70.03)
1.91 3.51 4.96

Gastrointestinal ref 0.04 <0.01 <0.01
(1.01 - 3.60) (1.66 - 7.40) (2.73 - 8.99)

POMS, Postoperative Morbidity Survey; SAMPE, Anesthesia and Perioperative Medicine Service.
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Item Recommendation Page
No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or | 84
the abstract
(b) Provide in the abstract an informative and balanced summary of what | 84
was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation 85
being reported
Objectives 3 State specific objectives, including any prespecified hypotheses 85
Methods
Study design Present key elements of study design early in the paper 86
Setting Describe the setting, locations, and relevant dates, including periods of 86
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection | 86-87
of participants. Describe methods of follow-up
(b) For matched studies, give matching criteria and number of exposed NA
and unexposed
Variables 7 Clearly define all outcomes, exposures, predictors, potential 86-87
confounders, and effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of 86-87
measurement methods of assessment (measurement). Describe comparability of
assessment methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias NA
Study size 10 Explain how the study size was arrived at NA
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If 86-87
applicable, describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for 86-87
confounding
(b) Describe any methods used to examine subgroups and interactions 86-87
(c) Explain how missing data were addressed NA
(d) If applicable, explain how loss to follow-up was addressed NA
(e) Describe any sensitivity analyses NA
Results
Participants 13* | (a) Report numbers of individuals at each stage of study—eg numbers 89-90
potentially eligible, examined for eligibility, confirmed eligible, included
in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage 100
(c) Consider use of a flow diagram 100
Descriptive data 14* | (a) Give characteristics of study participants (eg demographic, clinical, 103
social) and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of | NA
interest
(c) Summarise follow-up time (eg, average and total amount) 90
Outcome data 15* | Report numbers of outcome events or summary measures over time 89-90
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Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted NA
estimates and their precision (eg, 95% confidence interval). Make clear
which confounders were adjusted for and why they were included
(b) Report category boundaries when continuous variables were 87; 104
categorized
(c) If relevant, consider translating estimates of relative risk into 105-106
absolute risk for a meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, | NA
and sensitivity analyses

Discussion

Key results 18 Summarise key results with reference to study objectives 91

Limitations 19 Discuss limitations of the study, taking into account sources of potential | 93-94
bias or imprecision. Discuss both direction and magnitude of any
potential bias

Interpretation 20 Give a cautious overall interpretation of results considering objectives, 91-94
limitations, multiplicity of analyses, results from similar studies, and
other relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results 93-94

Other information

Funding 22 Give the source of funding and the role of the funders for the present 82

study and, if applicable, for the original study on which the present
article is based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is
available at http://www.strobe-statement.org.
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7.3 ARTIGO 3 - EFFECTIVENESS OF A PACU POSTOPERATIVE PATHWAY
TRIGGERED BY A NEW PREOPERATIVE STRATIFICATION TOOL (SAMPE

MODEL): IMPACT OF POSTOPERATIVE DETERIORATION
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Abstract

Background: Practical use of risk predictive tools, as well as assessment of their
impact on outcome reduction, is still a challenge. We describe the implementation of a
postoperative death risk stratification model (SAMPE Model) in the post-anaesthetic
recovery room and to evaluate its impact on the incidence of postoperative Rapid
Response Teams (RRT) calls.

Methods: Design: Prospective cohort with historical controls over a 12-month period.
Setting: Surgical Centre of a Quaternary-level University Hospital. Patients: 5,353
patients over 16 years undergoing non-cardiac surgery. Measurements: The four
variables that compose the SAMPE model (age, ASA-PS, surgical severity, and type)
were measured, and patients were categorized according to their risk. Specific discharge
criteria were adopted for high-risk patients. RRT calls within 48 hours and 30
postoperative days were measured before and after implementation of the SAMPE
model.

Results: Mortality was 1.68% (n=90), and incidence of RRT calls was 4.37% (n= 234)
at 30 days. With all four risk classes combined, there was no difference in the total
number of RRT calls before and after the implementation of the SAMPE model (p=
0.60). However, we found a reduction in the proportion of RRT calls in high-risk (p=
0.05) compared to low-risk patients.

Conclusions: Employing a risk tool to guide immediate postoperative care may
influence postoperative deterioration. Labelling patients may optimise the handover and

ground differentiated care for high-risk patients.

Keywords: risk assessment; risk stratification; postoperative period; rapid response

team; clinical deterioration.
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Abbreviations: ASA-PS, American Society of Anaesthesiologists Physical Status;

HCPA, Hospital de Clinicas de Porto Alegre; ICU, Intensive Care Unit; PACU, Post

Anaesthetic Care Unit; RRT, Rapid Response Team.



1. Introduction

High-risk surgical patients account for about 80% of postoperative deaths, a high
proportion of complications, and prolonged periods of hospitalisation [1,2]. They are
especially vulnerable to the several moments of perioperative transitions of care, often
between professionals from different areas, with distinct knowledge, training,
perspectives, and expectations [3]. In addition to the classical, mostly non-modifiable
risk factors related to comorbidities and surgical trauma, the treatment of high-risk
surgical patients in hospitals determines their outcomes [4]. Pathways to improve
perioperative assistance based on quality improvement programs have been proposed,
but their efficacy still needs to be evaluated in different contexts [5]. Therefore, it seems
reasonable to include consistent, statistically oriented tools in perioperative decisions to
identify high-risk surgical patients by improving judgment accuracy and to support
behaviours and processes that increase patients’ safety [6].

Ideally, a prognostic model should be simple, accurate, include few variables, and be
developed and validated in the target population [7]. In this context, we developed an
accurate model to predict in-hospital death within 30 days after surgery: the SAMPE
Model. It consists of four variables collected preoperatively: ASA-PS classification,
patient age, severity of surgery, and nature of surgery (elective versus urgent). Patients
were categorized into four risk classes according to the predicted probability of death:
Class | (p < 2%); Class II (2% < p > 5%); Class III (5% < p > 10%); and Class IV (>
10%) [8].

Identifying high-risk patients is just the first step in planning risk-adapted perioperative
care. Anaesthesiologists are well-positioned to lead the re-engineering of perioperative

care pathways. Thus, we initiated a quality improvement program at the Post-
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Anaesthetic Care Unit (PACU) based on improving the identification of high-risk
patients, adopting a distinct discharge checklist and optimising handover.

The present study aimed to describe the preoperative adoption of a new Postoperative
Death Probability Model (SAMPE model) and evaluate the impact of the incorporation
of a PACU pathway for high-risk surgical patients on postoperative deterioration
measured by the incidence of Rapid Response Team (RRT) calls in the postoperative
period. We hypothesised that, by stratifying patients with an instrument for objective
risk measurement and individualising postoperative care by an immediate postoperative
high-risk surgical path, we might improve postoperative care and reduce clinical

deterioration of high-risk patients.
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2. Methods
We conducted a prospective cohort study, a before and after study (quasi-experiment)
comparing two groups: one before and one after incorporation of the SAMPE Model

into clinical practice in the immediate postoperative period.

2.1 Institutional setting

The study took place at Hospital de Clinicas de Porto Alegre (HCPA), a university
hospital in southern Brazil. The hospital is a quaternary-level health centre that
performs approximately 12,000 procedures per year of varying levels of complexity.
The PACU consists of 18 adult beds and 5 paediatric beds and receives patients
undergoing various types of surgery.

Ethical approval was provided by the Ethical Committee for Postgraduate and Research

Group from the HCPA — Brazil (project number 2016-0029).

2.2 Data source and study population

Data were collected from surgical patients over 16 years of age, referred directly to the
recovery room immediately after their procedure, from August 2016 to January 2017.
We excluded from the analysis patients referred directly to the intensive care unit (ICU);
who underwent cardiac surgery, obstetric procedures, or outpatient procedures; or under
local anaesthesia. Patients admitted to the recovery room between 7:00 pm and 7:00 am
and on weekends were also excluded. For patients who underwent more than one
surgery, only the major procedure was included in the analysis. Data were collected by a
team of trained researchers from the Anaesthesia and Perioperative Medicine Service,
using information from the medical records and the Hospital's integrated information
system. The controls were patients who underwent surgery at the same institution

submitted to the usual care, 6 months prior to the beginning of the intervention.
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2.3 Immediate postoperative care pathway based on SAMPE Model categorisation

To calculate the predicted probability of death, a digital table shared on Google Docs
was created, allowing the insertion of all possible combinations of the 4 variables that
make up the model: patient age, ASA-PS classification, surgical severity and elective or
urgent/emergency nature. This digital tool was shared with the hospital anaesthetist
team. Patients were categorised into four risk classes according to the predicted
probability of death: Class I (p < 2%); Class II (2% < p > 5%); Class III (5% < p >
10%); and Class IV (> 10%) [8]. After derivation and validation of the risk model
(SAMPE Model), we developed a quality-improvement program to improve the care of
high-risk patients at the PACU.

Educational meetings and training with the anaesthesiology team and the nursing staff
were held to implement the immediate postoperative care pathway at the recovery room
using the Model for Improvement Methodology [9].

During those educational meetings, the research team discussed the need to categorise
the patients at the PACU. They also shared concerns about suboptimal care of high-risk
patients at the recovery room when the usual discharge checklist is applied for all
patients without distinction.

Staff training occurred throughout 12 weeks, including visual presentations and
interactive meetings to identify barriers and solutions to facilitate the implementation of
the new pathway.

The key features of the immediate postoperative care pathway for the high-risk patients
were:

(1) Calculation of the predicted probability of death and its respective risk class
according to the SAMPE model by the anaesthesiologist of the surgical room, and

registration of this information in the anaesthesia manual record;
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(2) Visual identification of the patient through colour cards placed above the bed
headboard in the PACU, with one colour for each of the four SAMPE Model risk
classes;

(3) Implementation of a distinct discharge-to-ward checklist for patients classified as
high-risk and very high-risk (classes I1l and V).

The recommended discharge checklist for high-risk patients included assessment of
fluid balance and urine output; verification of laboratory tests and the need for new
ones; review of medical prescriptions; and a written discharge plan, in addition to the
standard checklist employed in the institution, based on the Aldrete-Kroulik and White
scales (Table S1 - Supplementary Material).

Discharge of high-risk patients by the PACU nurse included a report on the electronic
medical record and a handover phone call to the common ward nurse.

Additionally, for low-risk patients (probability of death < 2%) with uncomplicated
postoperative course, the nurse handover process was simplified, without the need for

handover phone calls from the PACU nurse to the ward nurse (Fig.1).

2.4 Outcomes

The primary outcome measure was postoperative clinical deterioration assessed by RRT
calls within 48 hours and within 30 postoperative days. The secondary outcome was in-
hospital death within 30 days.

RRT activation was conditioned on the occurrence of the following triggers indicative
of clinical deterioration: airway at risk (need for ventilatory support); respiratory rate <
8 or > 35 breaths/min; oxygen saturation < 90%; heart rate < 40 or > 140 beats/min;
systolic blood pressure < 90 mmHg; decrease in the Glasgow coma scale > 2 points;

prolonged (> 5 minutes) or repeated seizure.

2.5 Statistical analysis
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119
We evaluated the impact of incorporating the PACU postoperative pathway with a

“before and after” analysis. The outcomes were occurrence of RRT calls within 48
hours and within 30 postoperative days. By using hospital data provided by the RRT
team, we estimated that between 8 and 10% of surgical patients would require RRT
calls within 30 days, regardless of risk class.

With a 5% significance level and a statistical power of 90%, a sample size of 1,615
patients in each group would be necessary to detect an RRT reduction of 25% in the
intervention group versus the usual care group. A robust variance logistic regression
model (Poisson model) was used to compare the proportion of RRT calls between
groups and risk classes according to the SAMPE Model. We analysed the data using the

SAS Studio software version 9.4.



3. Results

Data from a final retrospective cohort of 2,820 and a prospective cohort of 2,533
patients were analysed, including 234 RRT calls within 30 days (4.37%).

From August 1, 2016 to January 31, 2017, 2,533 patients were stratified according to
the SAMPE Model during pre-anaesthetic evaluation. They were submitted to the
immediate postoperative high-risk pathway if the probability of death exceeded 5%. The
control group was a retrospective cohort of 2,820 patients, submitted to usual care
without risk stratification from January to July 2016. Fig. 2 shows the potential
inclusion in each group and the individuals included in the final analysis of the primary
endpoint. Table 1 shows the population characteristics of the intervention and control

groups.

3.1 Prediction and prevention of postoperative deterioration

The majority of RRT calls occurred within the first three postoperative days (71.48%, n
= 168). The main triggers for RRT calls were oxygen saturation < 90% (38.88%, n =
91) and systolic blood pressure < 90 mmHg (34.61%, n = 81). In 29.63% (n = 67) of the
patients, sepsis was suspected.

SAMPE risk class was an independent predictor of RRT calls within 48 hours,
regardless of group (p < 0.001). A difference was observed when comparing risk class |
with the other risk classes (p < 0.05) (data summarised in Fig. 3).

We did not find a significant difference in the total proportion of RRT calls between the
control and intervention groups at 48 hours or at 30 days. However, when SAMPE risk
classes were analysed separately, we observed an effect of intervention, consisting of a
reduction in RRT calls in class IV (probability of death > 10%) at 30 days. There was
an interaction between group and risk class (p < 0.01) and a difference between risk

classes regardless of group (p < 0.001). We observed an increase in the proportion of

120



RRT calls in class Il patients and a reduction in classes Il and 1V after implementation

of the SAMPE Model in the PACU. The results are summarised in Table 2.

3.2 Postoperative mortality

In-hospital mortality in the total sample was 1.68% (n = 90). We did not find a
difference between the control and intervention groups regarding in-hospital
postoperative mortality within 30 days. The mortality rate of patients treated by the
RRT was 10 times higher, 19.57% (n = 46). Of the patients who died, 53% (n = 48)
underwent major surgery; 54% (n = 49) of the surgeries were urgent; and 78% (n = 71)
of the patients were classified as ASA 3 or 4. Table 3 shows the mortality by SAMPE
risk class, with high-risk patients (12% of the total) accounting for 66% of all deaths.
The main cause of death was sepsis, followed by advanced cancer. The frequencies of

death causes (90 cases) are available in Fig. S1 (Supplementary Material).
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4. Discussion

The main finding of this study was the reduction of postoperative 30-day RRT calls in
the very high-risk patient group who underwent a PACU postoperative pathway for
high-risk patients. Unexpectedly, we found an increase in the number of RRT calls for
intermediate-risk class patients. No survival benefit was achieved by this intervention.
Furthermore, we confirmed that the small group of high-risk patients (13% of the total)
had a higher proportion of RRT calls (40%) and accounted for 2/3 of postoperative
deaths.

We described the implementation of an achievable postoperative pathway based on
information about patients’ risk and consisting of changes restricted to the immediate
postoperative period. By incorporating a risk stratification tool to inform the patients’
risk, we sought to objectively identify highest-risk patients in the PACU and to provide
differentiated care and discharge plans for those patients. However, after discharge from
the PACU, all patients received standard care according to the inpatient unit routines.
This fragmentation of care and the transition of high-risk patients between environments
— from a monitored environment with a higher nurse:bed ratio to the low acuity general
hospital ward without a continuous care pathway — might have contributed to the
absence of more expressive results. Furthermore, this brief intervention, carried out
during a limited period and focused on improving the care of high-risk patients at the
PACU, might have led to an unsought suboptimal care of low-risk patients.
Additionally, our sample included a small number of patients in the high-risk categories
(13%) compared to the lower risk ones, and a small number of RRT calls in the
postoperative period. The frequency of RRT calls was below our estimates when
computing our sample size. The exclusion of weekend and night surgeries certainly

contributed to the high proportion of low-risk patients in our sample.
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High-risk procedures, non-elective surgeries and ASA classification 3 or higher were
the main risk factors for death in the cohort investigated, and this association has
already been described in the literature [10-13]. Although mortality is one of the
outcomes commonly considered in analyses of impact of new health strategies, some
caveats must be mentioned concerning the treatment of surgical patients. Mortality
directly related to anaesthesia and surgery has declined in recent decades, and the study
of the relationship between morbidity and postoperative complications and surgical
mortality has increased. By analysing only the mortality rate, we were unable to
distinguish between potentially preventable deaths and inevitable deaths [14,15]. The
death rate secondary to a postoperative complication - failure to rescue — has been used
as a robust metric to assess health service quality. This measure may reflect the system's
ability to identify their risk population, conduct early diagnosis and treatment of patients
with clinical deterioration, and scale-up care appropriately [6,16,17]. The activation
triggers of RRT are potential markers of clinical deterioration and may indicate a need
of medical intervention. Mortality in the group of patients treated by the RRT in our
study was close to 20%, confirming this index as a reliable indicator of clinical
worsening [18-20].

In this context, few studies address the implementation strategy and the impacts of
using individual stratification to guide surgical decision making, or of employing a
coordinated approach, focused on the patient and involving teamwork among all
disciplines involved in care before, during, and after surgery [21-23]. Recent results of
the EPOCH study, a large-scale national quality improvement (QI) program to
implement a care pathway for patients undergoing emergency abdominal surgery,
showed no survival benefits. The results were attributed to variation between hospitals

in fidelity of implementation, prioritisation of pathway components, and the time
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required to achieve effective change. The study suggests that QI programs should
implement fewer, more discrete changes and ensure that leadership teams have adequate
time to achieve sustained improvements in patient care [24].

Even though medical decision-making processes are grounded in logic and probability,
evidence indicates that other factors that are difficult to measure, such as individual
preferences, cognitive biases, emotions, and previous experiences, play a role in
multiple levels of the decision tree [25]. Hence, it seems reasonable to include
consistent, statistically oriented tools in the decision process to improve judgment

accuracy and support behaviours that increase patient safety [26].

4.1 Study strengths and limitations

The main strengths of this study include a large sample size: a cohort of 5,353 patients
undergoing various types of surgery; and the demonstration that discrete changes in
PACU processes ensured by the postoperative leadership teams could be effective in
improving outcomes and boosting expanded postoperative pathways. Anticipating
difficulties in implementing a comprehensive improvement program, we initially
focused on sensitising caregivers to the importance of recognising high-risk patients and
of implementing immediate postoperative actions in preparation for future extended
postoperative interventions.

The main limitations of our study include limited external validity and problems
inherent to its design, a quasi-experimental study with historical controls. Changes in
clinical practice and due to temporal factors may have influenced the results.
Additionally, data from patients who suffered postoperative complications and were
treated by their assisting physician without triggering the RRT were not analysed. It is

known that the triggering of RRT is influenced by several variables of the system in
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which the team operates, such as identification of clinical deterioration, experience of
the nursing staff, institutional safety culture and availability of medical teams [27,28].
To facilitate the training and adherence of the health providers, we included only
patients from the day shifts. Some studies indicate that patients who underwent surgery
at night and on weekends have a higher risk of death, although the literature on this
issue is conflicting [29,30].

Finally, fragmented assistance, inadequate preoperative assessment, and suboptimal
care at the ward minimise the PACU care capacity to provide substantial benefit to the
patients. In this context, our proposed PACU pathway for high-risk patients is limited.
Consistent perioperative teamwork and care coordination should be planned according

to each setting, aiming at long-term postoperative outcomes [31].

4.2 Study contributions and future perspectives - EXCARE Project (Extended Care in
High-Risk Surgical Patients)

Considering that the high-risk surgical population is responsible for the largest number
of postoperative complications and deaths and that postoperative care should ideally be
individualised, such care must extend beyond the boundaries of the operating room. For
the patient, the surgical journey begins when the surgery is decided upon in primary
care and ends weeks to months after the procedure [32].

Measures proposed to address the challenge of improving patient experience and
population health while reducing costs include risk-adapted postoperative management
focused on the improvement of handover processes; better decisions concerning
postoperative allocation; and well-designed ward processes aiming at avoiding failure-
to-rescue [33].

Accordingly, our goal is the evaluation of an extended pathway based on two actions

(ExCare pathway). The first is improving nurse-physician communication. The second
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consists of closely monitoring vital signs of high-risk surgical patients — identified by
the SAMPE risk stratification tool — for 48 hours during the postoperative period in the
ward. We believe that the adoption of perioperative care pathways compatible with
individual risks may improve patient experience and produce better outcomes in the

surgical journey (Fig. 4).
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5. Conclusions

This study described the implementation and impact of a PACU postoperative pathway
based on actions directed at high-risk surgical patients identified by the SAMPE Model.
Patients classified as high-risk had a higher proportion of RRT calls at 48 hours and at
30 postoperative days. We observed a reduction in the proportion of RRT calls in the
high-risk group. Further work is needed on more robust strategies involving health
providers in a comprehensive manner to develop quality improvement interventions for

high-risk patients adapted to each reality.
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Table 1. Characteristics of Group 1 (control) and Group 2 (intervention).

Control Group

Intervention Group

(n=2820) (n=2533)
Age (years), mean =SD | 54.02 +16.67 53.91 + 16.57
Age (years)
16 - 35 450 (16%) 418 (16.5%)
36 -55 931 (33%) 845 (33.4%)
56 - 75 1178 (41.8%) 1048 (41.4%)
> 76 261 (9.3%) 221 (8.7%)
Gender
Male 1178 (41.8%) 1061 (41.9%)
Female 1642 (58.2%) 1472 (58.1%)
ASA Physical Status
1 556 (19.7%) 462 (18.2%)
2 1616 (57.3%) 1451 (57.3%)
3 624 (22.1%) 590 (23.3%)
4 24 (0.9%) 30 (1.2%)
Surgery type
Elective 2246 (79.6%) 2095 (82.7%)
Emergency 574 (20.4%) 438 (17.3%)

Surgical severity

Minor

822 (29.1%)

820 (32.4%)

Intermediate 1270 (45%) 1103 (43.5%)
Major 728 (25.8%) 610 (24.1%)
SAMPE risk class

| 2181 (77.3%) 1938 (76.5%)
I 270 (9.5%) 269 (10.6%)
1l 225 (7.9%) 196 (7.7%)

v

144 (5.1%)

130 (5.1%)
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Surgical specialty

General and digestive

396 (14.0%) 333 (13.14%)
surgery
Vascular 256 (9.07%) 188 (7.42%)
Urology 442 (15.67%) 476 (18.79%)

Orthopaedics

310 (10.99%)

300 (11.84%)

Neurosurgery and spinal

62 (2.19%)

52 (2.05%)

Gynaecology and breast

surgery 288 (10.21%) 252 (9.94%)
Colorectal 105 (3.72%) 90 (3.55%)
hUpper gastrointestinal and | gor 54 740 501 (19.77%)
epatobiliary

Thoracic surgery 105 (3.72%) 78 (3.07%)
Ear, nose and throat 210 (7.44%) 197 (7.77%)
Plastic surgery 46 (1.63%) 46 (1.81%)
Maxillofacial 15 (0.53%) 20 (0.78%)
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Table 2. Rapid Response Team calls at 30 postoperative days.

139

Total Sample Control Group Intervention Group
SAMPE | Qverall | RRTcall | Overall | RRT call | Overall |RRTcall |©
class value*
102 47 55
I 4119 2181 1938 0.16
(2.47%) (2.15%) (2.84%)
37 12 25
I 539 270 269 0.02
(6.86%) (4.44%) (9.29%)
42 25 17
i 421 225 196 0.40
(9.97%) (11.11%) (8.67%)
53 34 19
AV} 274 144 130 0.05
(19.34%) (23.61%) (14.62%)
234 118 116
Total 5353 2820 2533 0.60
(4.37%) (4.18%) (4.57%)

RRT, Rapid Response Team.



Table 3. Mortality by SAMPE Model risk class.
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SAMPE risk % deaths within | % within
Total sample | Deaths

class total sample deaths

| 4119 15 0.4% 16.7%

1l 540 16 3% 17.8%

i 403 17 4% 18.9%

v 274 42 15.3% 46.7%




Supplementary Material

Table S1. Standard PACU checklist discharge criteria.

141

Standard PACU discharge checklist (all criteria must be present at discharge)
() Stable vital signs

() Awake, with preoperative sensory pattern

() SPO,>90%

() Pain control

() Absence of nausea and vomiting

() Absence of surgical bleeding

() Absence of motor block secondary to regional anaesthesia (or motor block in
regression)

PACU, Post-Anaesthetic Care Unit.
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Others

Cerebral vascular infarction
Hemorragic shock
Miocardial Infarction
Cardiogenic shock
Respiratory Failure

Advanced cancer

Sepsis

Fig. S1: Frequencies of death causes (n = 90).



STROBE Statement—Checklist of items that should be included in reports of cohort studies

143

Item Recommendation Page
No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or | 110-112
the abstract
(b) Provide in the abstract an informative and balanced summary of what | 112
was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation 114
being reported
Objectives 3 State specific objectives, including any prespecified hypotheses 115
Methods
Study design Present key elements of study design early in the paper 116
Setting Describe the setting, locations, and relevant dates, including periods of 116
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection | 116-117
of participants. Describe methods of follow-up
(b) For matched studies, give matching criteria and number of exposed 116
and unexposed
Variables 7 Clearly define all outcomes, exposures, predictors, potential 116;118
confounders, and effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of 116-118
measurement methods of assessment (measurement). Describe comparability of
assessment methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias NA
Study size 10 Explain how the study size was arrived at 118
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If 116-118
applicable, describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for 119
confounding
(b) Describe any methods used to examine subgroups and interactions 119
(c) Explain how missing data were addressed NA
(d) If applicable, explain how loss to follow-up was addressed NA
(e) Describe any sensitivity analyses NA
Results
Participants 13* | (a) Report numbers of individuals at each stage of study—eg numbers 120
potentially eligible, examined for eligibility, confirmed eligible, included
in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage 120
(c) Consider use of a flow diagram 134
Descriptive data 14* | (a) Give characteristics of study participants (eg demographic, clinical, 137
social) and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of | NA
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interest
(c) Summarise follow-up time (eg, average and total amount) 120-121
Outcome data 15* | Report numbers of outcome events or summary measures over time 121
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted 120-121
estimates and their precision (eg, 95% confidence interval). Make clear
which confounders were adjusted for and why they were included
(b) Report category boundaries when continuous variables were 120-121
categorized
(c) If relevant, consider translating estimates of relative risk into NA
absolute risk for a meaningful time period
Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, | NA
and sensitivity analyses
Discussion
Key results 18 Summarise key results with reference to study objectives 122
Limitations 19 Discuss limitations of the study, taking into account sources of potential | 122-126
bias or imprecision. Discuss both direction and magnitude of any
potential bias
Interpretation 20 | Give a cautious overall interpretation of results considering objectives, 122-126
limitations, multiplicity of analyses, results from similar studies, and
other relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study results 124
Other information
Funding 22 Give the source of funding and the role of the funders for the present 111

study and, if applicable, for the original study on which the present
article is based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PL0oS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is
available at http://www.strobe-statement.org.
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Short title:
SAMPE Il model: a predictive model of postoperative death



Summary

We sought to validate a preoperative instrument to predict postoperative
mortality in a cohort of 16 618 patients submitted to non-cardiac surgical
procedures. We assessed the performance of the new model (SAMPE II)
which comprised pre-selected variables (age, ASA physical status, surgical
severity and surgical nature-urgent or elective) using measures of
discrimination, calibration and association.

SAMPE Il model was well calibrated assessed using the Hosmer—Lemeshow
test (9.26; p= 0.41). All variables were significant for the outcome
postoperative death: ASA physical status (OR 6.66; Cl 5.65-7.84), major vs
non-major surgery (OR 1. 69; CI 1.35-2.13), status non-elective vs elective
(OR 4.25; CI 3.36-5.37) and age, which was modelled using restricted cubic
splines, showed progressive significance above 70 vyears. Also, the
discrimination by statistic C analysis (AUROC) was excellent 0.926, (Cl 0.91-
0.93) and the changes in risk category favoured the SAMPE II, since more
patients who died moved up to a higher risk category than those who have
gone downward. Cox proportional model with SAMPE risk classes as
predictors of postoperative death showed a significant increase in the
estimated hazard ratio (HR) with the rise in risk classes; HR class Il vs class |
was 3.61 (Cl 2.50-5.23), HR of class lll vs class | was 5.54 (3.76-8.19) and
HR of class Ill vs class | was 21.78 (Cl 16.06-29.54).

The SAMPE Il model is a robust instrument to identify the high-risk surgical
patient. This model could ground the implementation of multiprofessional, risk-

reduction strategies during the perioperative patient’s journey.
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Introduction

Whilst the postoperative recovery is uncomplicated in the majority of the
cases, a small proportion of high-risk surgical patients are prone to
complications that have negative impact on rehabilitation, consume a
disproportional share of resources and are responsible for higher
perioperative mortality rates. Accurate and timely identification of high-risk
patients is strongly recommended by guidelines on the preoperative
assessment [1-4]. Thus, in the last decade we have seen a great evolution
towards accurate personalized predictions models of perioperative outcomes.
These models should be used to guide perioperative interventions intended to
reduce complications, inform patient and family about expected risks and
arrange for appropriate levels of postoperative care [2]. However, models
performance across different world regions is largely unknown and
extrapolation of risk prediction should be done with caution, considering the
singularities of the different Health Systems.

In a recent article [5] we could demonstrate the accuracy of a new
preoperative risk assessment tool, the SAMPE (Anesthesia and Perioperative
Medicine Service) model. It was designed to incorporate characteristics of an
ideal risk model: it is easily implemented by the bedside; it is composed by
few and sustainable variables including clinical data from the patient and from
the procedure itself (age; ASA physical status classification - American
Society of Anesthesiologists; surgical severity - minor, intermediate or major;
and surgical nature - urgent or elective). The first version of this model had a
high discriminative power toward the outcome of in-hospital mortality up to 30
days.

Meanwhile, it is essential to cautiously analyse any new tool to include in
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clinical care. Therefore, the efforts related to the continuous evaluation of the
measurement are essential to provide a reliable instrument [6,7]. Since
intermediate surgical severity was not different from the minor one, we
decided to refine the first version of the SAMPE model, unifying the minor and
intermediate procedure severities. Also, the variable age was revisited
through a modern statistical approach with splines, in order to increase the
reliability of age impact on the risk model above mentioned.

Thus, the primary aim of this study was to validate a risk model of
postoperative mortality (SAMPE 1) based on the first version of SAMPE
model and to determine its overall performance. We hypothesize that it will
result in an improved mortality prediction model relative to the original one in a
new sample of general surgical patients above sixteen years of age.

Methods

Hospital setting, procedures and patients

The study was conducted in an academic, quaternary care centre in the South
of Brazil. Ethical approval was provided by the Ethical Committee for
Postgraduate and Research Group from Hospital de Clinicas de Porto Alegre
(HCPA) - Brazil (project number 2016-0229). HCPA acts as a quaternary
university hospital that serves a population of approximately four million
people in the southern Brazil. Data from all consecutive surgical procedures,
performed in patients above 16 years of age, at HCPA from January 1, 2016
to December 31, 2018 were included. Patients were followed until 30 days
after surgery, even if they remained in hospital for longer. The final derivation
study cohort consisted of 16 618 patients.

Written informed consent was not required and a confidentiality agreement to

access information from institution database was assigned.
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Original SAMPE Model variables prediction algorithm

The purpose of the original SAMPE model [5], compounded by four
preoperative variables easily collected at bedside was kept, and a new
regression logistic model was fitted using the same predictors variables: ASA
physical status (PS), surgical severity (major, intermediate and minor),
surgical nature (elective or urgent) and age. The binary outcome was
postoperative in-hospital death up to 30 days. Goodness-of-fit was than
assessed by the Hosmer—Lemeshow test which compares observed and
predicted risk across the range of predicted risk, with non-significant chi-
square test results (p> 0.05) indicating a well-calibrated model. After the initial
result with the original variables, sequential adjustments were done and a final
model with new coefficients was obtained being its performance metrics
compared to the original model.

Variables Adjustments of SAMPE 2 model

Surgical Severity Grouping: In the construction of the original model, in order
to define surgical severity, we grouped 1200 current terminology codes for
similar procedures into subtypes (e.g., bile duct surgery, pulmonary resection).
Then, we classified these procedures into major, intermediate, or minor

degree, using a categorization scheme based on literature review [8,9] and

expert opinions, who considered surgical time, trauma, and predicted bleeding.

Meanwhile, the coefficient for the intermediate risk surgeries in relation to the
minor was not significant both in the new sample as well as in the original
derivation sample [5]. Thus, an analysis of SAMPE model predictive
performance with the adjustment of the variable surgical severity, combining
the two categories (minor and intermediate severity) was done, being the

surgical procedures classified into two groups: non-major and major severity.
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Age and the new polynomial regression splines: Age is an independent
predictor of thirty-day mortality and complication after nonemergent general
surgeries. Individuals aged 80 and older have especially high mortality after
renal, cardiovascular, and pulmonary complications [8]. As a continuous
predictor it is necessary to identify its linearity. The adjustment of the surgical
severity leads to a non-linear course of the variable age. Therefore we
decided to deal with age in a more elaborate form such as using polynomial
regression splines [9]. Restricted cubic splines allow for great flexibility in the
form of the relationship between predictor and outcome. Spline regression
includes a continuous exposure coded by using spline functions, i.e.
piecewise functions whose ‘pieces’ are polynomials (splines) of low degrees
defined over adjacent intervals. The junction between two intervals is called
“knot” [10]. We have modelled age using restricted cubic splines with five
knots to allow for non-linearity.

Other variables: The nature of the procedure (urgent or elective) enter in the
information system at the time of the surgery appointment. During the surgical
description the surgeon enters the ASA classification according the
anaesthesiologist record. The hospital information system also contains the
patient’s status at hospital discharge or at 30 days after surgery, which was
used for the endpoint definition.

Statistical analysis

With logistic regression, we developed a continuous risk estimating equation
with the pre-selected variables from original SAMPE model.

Multivariable logistic regression models were fitted with adjusted variables in
the sample of 16 618 patients. Age, the sole continuous variable was

modelled using restricted cubic spline functions to allow for non-linearity. We
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assessed the performance of both the original and the new model using a
variety of methods, including traditional ones and some new refined measures.
First, we evaluated the calibration, which refers to the agreement between
observed outcomes and predictions by the Hosmer-Lameshow statistics,
where the higher the p value was, the better the calibration of the model. Also,
the overall performance of the new SAMPE 2 was checked with the Brier
score. This score simultaneously addresses calibration, the statistical
consistency between the predicted probability and the observations as well as
sharpness, which refers to the concentration of the predictive distribution.
Being mainly a relative measure, a lower score points to a superior model; it
can range from O for a perfect model to 0.25 for a non-informative model with
a 50% incidence of the outcome [11].

Second, we compared the traditional performance measure of concordance (c)
statistic of the original SAMPE model to the updated SAMPE Il using the
change in the area under the receiver operating characteristic curve (AUC).
We also undertook a Cox proportional hazards modelling in which the
dependent variable was in hospital death. The independent variable was the
risk class on the SAMPE model. The risk classes were considered the
independent predictors of the primary outcome and we determined the
adjusted hazard ratio and the associated 95% confidence intervals for each
risk class.

Third, we calculated reclassification of risk among patients who experienced
the outcome and separately among patients who did not experience the
primary outcome to determine if the adjustments in the original model
improved risk classification. Any upward movement in risk categories for

subjects who died implies improved classification, and any downward
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movement indicates worse reclassification [12]. The opposite interpretation
applies to subjects without the outcome. Categorical Net Reclassification
Improvement (NRI) quantifies the improvement in reclassification. It is
calculated by the sum of differences in proportions of individuals moving up
minus the proportion moving down for those with the outcome, and the
proportion of individuals moving down minus the proportion moving up for
those without the outcome [13]. The NRI was calculated to the four risk
categories of postoperative death probability according the SAMPE model. All
analyses were performed using R version 3.1.1 and SAS software version 9.4.
A two-tailed p value < 0.05 denoted statistical significance.

Results

During the 24 months of analysis, 16 618 patients comprised the dataset used
to develop the SAMPE 2 model. We excluded those who received only local
anaesthesia by the surgeon or whose procedures were diagnostic rather than
therapeutic. Also, when more than one surgical procedure was performed
during the same hospital admission, only the major procedure was taken
into account for analysis. The patient (not the operation) was the unit of
analysis. Patients with erroneously duplicated or missing data were excluded,
and only patients with complete predictor variables were included for analysis.
In this series, there were 465 postoperative deaths (2.80%). Table 1 describes
the characteristics of the overall sample and of the 30-day in-hospital
postoperative deaths, stratified by the clinical and surgical variables of interest.
The majority of patients had urologic, digestive or general surgical procedures,
were ASA Il, between 56-75 years of age, submitted to elective surgeries
(79.8%). On the other hand, the patients who died were mostly ASA IV (40%),

submitted to urgent surgeries (71.6%) of digestive or general specialty.
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The Original SAMPE model in the new sample

Multivariable logistic regression model was fitted with the original pre-selected
variables: age, ASA, nature of procedure (elective vs non-elective), and
procedure degree (major, intermediate, or minor) in the new sample of 16 618
patients. The odds ratios (OR) were very similar to the original sample from
patients which had surgery in 2012-2013 at the same institution. The
intermediate versus minor procedure was not different, and even the
intermediate was protective in relation to minor procedure. This is not intuitive
for practical use. Also, the increase in risk according to age, in spite of the
linearity assumption, should be viewed with caution. The model was quite
accurate (C Statistic 0.927 — CI 0.91- 0.03), but the Hosmer Lemeshow test,
the statistical test for goodness of fit showed poor overall calibration of the
model (Chi-square: 16.69; p= 0.0334). Table 2 lists the variables entered into
the model and their respective weights (odds ratios and confidence intervals).

The SAMPE Il model results

Variables adjustments were sequentially done to build a more consistent
model. Since intermediate vs minor procedures had no difference in the
original model, they were classified into major vs non-major, to deal with the
inconsistency of three severities categories of the original model. This
simplified the great variability of procedures classification. Yet the variable age
showed a non-linear distribution, and, to avoid categorization, it entered in the
model with adjusted splines. A spline is a smoothed curve included in a
regression model, in which the range of values is split up with knots defining
the end of one segment and the starting of the next [14]. Figure 1 shows the

Odds of death as a function of age, using restricted cubic splines with five
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knots - orange curve, in comparison with the linear curve (blue), holding all
other variables constant at representative levels.

In order to compute OR after fitting the model including splines we compare
specific ages with the single reference age of 17 years. For instance, the OR
of in-hospital death after a surgery in a 70 years-old patient is 2.70 higher
than the 17 years patient. The coefficients of the new model are presented in
Table 3.

SAMPE Il Performance and Reclassification Results

The performance of the SAMPE Il model was assessed by measures of
discrimination (C statistic) and calibration (calibration curve Hosmer-
Lameshow statistic). When the procedures were categorized in major or non-
major and age was analysed with splines, the SAMPE risk model improved in
discrimination, in spite of the little change in C statistical (AUROC 0.926, CI
0.91- 0.93). The Hosmer—Lemeshow goodness-of-fit statistic was of 9.26 (p =
0.41) which reflected an acceptable model calibration. Also, the Brier score
result of 0.019 confirmed the excellent overall performance of the model.

The Hazard Ratio point estimates for each SAMPE class category as showed
in Table 4 confirmed a progressive increase in risk of death with increasing in
the SAMPE risk class (being risk class | the index).

The clinical impact of the improvement in the model, achieved by upgrading
the variables, can be assessed by means of identifying changes in
classification categories when the new model is applied in the group who had
the primary outcome (30-day death). Among patients who had died, the
reassignment occurred in 26 patients (5.59%), being 65% of these reassigned
to a higher category. Among the survivors there were 477 reassignments

(2.8%), being 63% to a lower risk category. Therefore, reassignments are
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considered appropriate when more patients with the outcome are classified in
a higher risk group rather than a lower one [13]. We also calculated the NRI
[15] to quantify the net improvement of SAMPE |l versus the original one, by
placing patients into the appropriate category (more deaths into a higher
category, more survivors into a lower category). The categorical NRI was
0.025 (0.0035 - 0.0467), p = 0.0229, and there was a 2.5% improvement in
general classification.

Discussion

In this cohort study with more than 16 000 patients we validated a lean and
effective preoperative risk model based on four clinical and surgical variables,
in order to stratify adult patients into risk classes of in-hospital probability of
postoperative death.

We presented an updated version of the original SAMPE model, based in
preoperative variables easily collected, namely age, surgical severity (major
vs non-major), ASA classification, and nature of the procedure (elective vs
urgent). We examined the performance of the model with updated variables,
simplifying the surgical procedures categorization into major vs non-major
complexity. Also, the variable age was statistically refined with splines which
allowed the identification of risk progression with advancing age, in a
nonlinear, more realistic way. All these adjustments provided a better
performance of our proposed preoperative risk tool.

SAMPE 2 model compared to other risk models

The main finding of our study was the confirmation of our risk model ability to
identify the high-risk surgical patient with an easily and robust instrument. A
supplemental method to enhance the subjective clinical prediction could

influence the type of operation performed, improve the patient information,
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and, mostly, could guide the complexity of postoperative care. Therefore, in an
effort to optimize risk prediction, our proposed model incorporates modern
statistical approach and a simplified, plausible selection of variables that are
intuitively linked to higher risk. It is improbable that a more complex model,
with more or different variables could change the risk approach, since the
performance of the model is excellent, in more than one large sample.
Furthermore, considering the law of parsimony, if a pre-selected combination
of variables can explain a phenomenon with the same level of accuracy as a
more complex model, the simple one should be preferred [16].

Some models incorporated variables similar to ours [17-19]. The SORT
model [17], from the United Kingdom, used the ASA classification, the surgical
nature, specialty, severity, cancer and age to compound the model. Also, the
Surgical Mortality Probability Model (SMP-M) based on a cohort of ACS
NSIQP with more than 200 centres, incorporates just three variables: surgical
severity, ASA and surgical nature and exhibits very good discrimination toward
the outcome in-hospital death [18]. With our study we confirmed the
plausibility that the strength of the model is grounded in the combination of
data from patient and from the procedure. The advantage of our model is that
age, which is a variable that encompass the burden of physiologic reserve
[20,21], is properly valued, with splines approach that enriches our result. In
the SAMPE Il model individuals above 70 years-old have progressive,
significant increase in the probability of death result. Likewise, surgical
severity with dichotomic division facilitates the comprehension of the final user
since the division in several strata is not intuitive and is far from consensual
between physicians, managers, and countries.

Strengths and limitations of our study
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We can highlight some methodological strengths in our study. We analysed a
large number of patients with a wide spectrum of clinical and surgical risk. The
variables which compound the model are intrinsic to the preoperative
evaluation, hence the risk classification is easily achieved and provides
complementary objective information that reduces the subjectivity of physician
perception.

To validate the model we assessed its performance using traditional (C-
Statistic, Hosmer-Lameshow) and novel measures (Brier score and NRI). C
statistic, the classical discrimination measure, of the new model was excellent
(0.926; CI 0.91-0.93), but no different from the original SAMPE model. Since
the ROC curve and C-statistic are insensitive in assessing the impact of
adding new predictors to a predictive model, it is essential to analyse the
performance of a model beyond the ROC curve. To have an impact the OR
from individual predictor needs to be sizeable and small changes in the
variables are unlikely to produce significant changes in ROC curve [22,23]. To
overcome this limitation we used other measures. The Brier score result adds
information about probabilistic prediction, takes on a value between 0 and 1,
being the lower score associated to better predictions calibration. The square
root of the Brier score is thus the expected distance between the observed
and predicted value on the probability scale [12,24]. The overall good
performance of the new model was verified by the reduction in Brier score
result (0.034 for original SAMPE vs 0.019 for SAMPE 1I).

Besides, the improve in calibration, which is the ability to correctly estimate
the risk or probability of a future event, was confirmed with the most popular
measure of calibration, the Hosmer-Lameshow goodness of fit test. This test

is a measure of how well the model fits the data. The Pearson chi-squared
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goodness of fit test provides a method to test if the observed and expected
proportions differ significantly. The new model showed better adjustment
trough lower result with less significance (HL = 9.26; p = 0.41), when
compared to the original one applied to the same population (HL = 16.69; p =
0.0334). As with the classic goodness-of-fit tests, low p values suggest
rejection of the model.

We also analysed the changes in risk category, to show how many subjects
were reclassified by the new model in comparison to the original one. Overall,
we had few reassignments (8.4% of patients had their risk category changed),
which is good. The clinical improvement in the model was assessed by
identifying more positive than negative changes in classification categories.
Among the 465 patients who had died, reassignments occurred in 26 of them,
being 65% of these to a higher category. The NRI confirmed that patients who
died moved up to a higher risk category in a higher proportion than those who
have gone downward [12,15].

Beyond that performance measures, we also confirmed the magnitude of
class effect using the risk classes as predictors of death in a COX proportional
model. Considering the class | (probability of death less than 2%) as
reference we found a progressive and significant increase in the estimated
hazard ratio as long as risk class rises. This information is useful for practical
communication. For example, we can share our concern with the family of a
particular patient, classified as SAMPE risk class Il (between 5-10% of
probability of death), presenting a more understandable argument: “as your
relative is above 70, he will be submitted to a major, elective procedure, and
has several comorbidities (ASA 3), the chance of his dying in the

postoperative period is 8 times higher than a healthy subject.”
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There were also some limitations in our study. First, the model reflects
mortality risk in the patient population of a single institution and cannot yet be
generalized to other care settings or geographic locations. Nevertheless, our
mortality rate did not differ greatly from rates reported in developed countries.
The overall in-hospital mortality of our sample (2.8%) was comparable to the
overall mortality in a 7-day European cohort study [25]. Second, two of the
four variables included in the model, the ASA classification and the surgical
severity, could be considered subjective measures. To reduce the inter user
variability we developed a digital interface where the ASA classification with
detailed examples appeared on the screen at each use [26]. Also, regarding
the procedures severity classification, the electronic tool contains all
procedures previously coded by their severity, avoiding the interference of
user opinion.

Finally, the outcome postoperative in-hospital mortality, in spite of being a
hard outcome, is basically affected by the prior clinical condition before
surgery. In a recent cohort we observed that most postoperative deaths were
considered inevitable (50.7%) in the postoperative period, as they were
related to advanced illnesses and would occur regardless anaesthetic or
surgical procedures [27]. Owing to these relatively short-life expectancies of
the high-risk group patients, there has been some criticism on the use of
perioperative risk prediction models when the system intends to inform
patients about perioperative survival, as well as prioritize investments in the
long-term survival of patients with relatively low rates of dying [28].

Thus, risk models should go beyond the mortality prediction, targeting
perioperative complications, long-term rehabilitation and patient reported

outcomes.
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However, mortality risk prediction tools can boost the perioperative pathways
modifications which may improve the value in health care. The perioperative
care based on the risk-adapted approach, around patients need, may allow
the rational use of resources, reducing the burden on low risk patient and
improving the efficiency to the high-risk patient processes. This framework
seems essential, considering that the perioperative care in some systems
accounts for over half of hospital costs.

In conclusion, we have validated a consistent index for prediction of
postoperative mortality after non-cardiac surgery. The four variables that
compounded the original model were revisited and consistent analyses
proved that the updated model had a high degree of accuracy. Yet, to make
sense, the risk models development must be the foundation of
multiprofessional risk-reduction strategies implementation during the entire

perioperative patient’s journey.
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Table 1 Descriptive data for the total study population. Values are number

(proportion).

Study population Deaths

Total Total

n = 16 618 (100%) n = 465 (2.8%)
Gender
Men 7366 (44.3%) 238 (51.2%)
Women 9252 (55.6%) 227 (48.8%)
Age;y
16 - 35 2734 (16.4%) 23 (4.9%)
36-55 5480 (32.9%) 2 (20.4%)
56 - 75 6985 (42%) 234 (50.3%)
> 75 1419 (8.5%) 113 (24.3%)

ASA physical status

| 2779 (16.7%)
[ 9033 (54.3%)
1l 4206 (25.3%)
\Y 528 (3.1%)

Vv 72 (0.4%)

2 (0.4%)
42 (9%)
178 (38.3%)
186 (40%)

57 (12.3%)

Nature of procedure
Elective 13275 (79.8%)

Urgent 3343 (20.1%)

132 (28.4%)

333 (71.6%)

Severity of procedure

Minor 6093 (36.6%)
Intermediate 5792 (34.8%)
Major 4733 (28.4%)

79 (17%)
85 (18.3%)

301 (64.7%)

Surgical specialty

Urologic 2923 (17.5%)
Digestive 2673 (16%)
General 2489 (14.9%)

37 (8%)
123 (26.5%)

83 (17.8%)
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Orthopedic
Gynecologic
Otorhinolaryngologic
Cardiovascular
Vascular
Neurosurgery
Coloproctology
Mastology
Thoracic
Plastic
Oral and Maxillo

Pediatric

1554 (9.3%)
1458 (8.7%)
1155 (6.9%)
1008 (6%)
828 (4.9%)
575 (3.4%)
515 (3.1%)
500 (3%)
457 (2.7%)
375 (2.2%)
97 (0.5%)

11 (0.1%)

22 (4.7%)
1 (0.2%)
6 (1.3%)
48 (10.3%)
51 (11%)
53 (11.4%)
14 (3%)
0 (0%)
27 (5.8%)
0 (0%)
0 (0%)

0 (0%)

ASA, American Society of Anesthesiologists.
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Table 2 Coefficients for the original SAMPE model. The outcome is
postoperative in-hospital mortality. Variables included in the model with
respective odds ratios and confidence intervals (n = 16 618).

Odds ratio o ,
Variable Original ?nStE/;\SZ;Infldence

SAMPE
Age 1.029 1.021-1.03 < 0.001
ASA class 6.68 5.67-7.87 < 0.0001
Intermediate vs Minor 0.77 0.54-1.08 0.131
Major vs Minor 1.46 1.10-1.94 0.008
Stafus (non-elective 4.29 3.39-5.42 <0.0001
vs elective)

smer Lameshow Goodness-of-Fit Test - Chi-Square: 16.69; p = 0.0334.
ASA, American Society of Anesthesiologists.

T
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Table 3 Variables included in the new model (SAMPE II) with respective

odds ratios and confidence intervals after variables adjustments (n = 16

618).
Variable Od.ds 95% confidence
ratio interval
,(As;af,)years (splines) 17 1.00 1.00
30 1.09 0.55-2.16 NS
50 1.38 0.55-3.45 NS
60 1.84 0.80-4.26 NS
70 2.70 1.11-6.52 <0.01
80 3.78 1.58-9.01 <0.01
90 5.27 2.12-13.11 <0.01
<

ASA class 6.66 5.65-7.84 0.0001
Major vs non-Major 1.69 1.35-2.13 0.0301

- I <
Slfgcji\s;e()non Flectvevs 4.25 3.36-5.37 0.0001

SAMPE, Anaesthesia and Perioperative Service; ASA, American Society

of Anesthesiologists.
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Table 4 Prognostic capability of SAMPE Il model in predicting postoperative death

according to each risk class.

SAMPE risk class Number of 0 Hazard ratio (95%

(predicted mortality) patients Deaths (%) Cl) pvalue
Class I: < 2% 12810 53 (0.41) Ref

g(!/"j ss II: between 2 and 2035 63 (3.09) 361(255.23)  <0.01
Class [II: between 5 and 751 53(7.05)  554(3.76-8.19)  <0.01
10%

Class IV: > 10% 1022 206 (28.96) 21.78 (16.06-29.54) < 0.01

SAMPE, Anaesthesia and Perioperative Service; Cl, Confidence Interval.
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Figure 1 The curve shows the Odds of probability of in-hospital death up to
30-days after surgery as a function of age using restricted cubic splines

(orange) vs age in a linear manner (blue).
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Table S1 Comparison of the Clinical performance of SAMPE Il vs original SAMPE

model.

Original SAMPE

SAMPE Il
model
n=16 618
n=16 618
SAMPE Risk class Deaths Deaths
. . Total Total
(Predicted mortality) (%) (%)

Class I: < 2% 12661 51 (0.4) 12810 | 53(0.41)

Class Il: between 2 and 5%

2248 71 (3.16)

2035 | 63 (3.10)

Class lll: between 5 and 10% 653 51 (7.81) 751 53 (7.06)
292 296
Class IV: >10% 1056 1022
(27.65) (28.96)

Performance measures

Discrimination - AUC - C Statistic

0.927 - C1 0.91-0.03

0.926 (C1 0.91-0.93)

Calibration - Hosmer Lameshow (chi-
square)

16.69 (p= 0.0334)

9.26 (p= 0.41)

Brier score

0.034755

0.019
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Table S2 Reclassification of risk (30 day probability of death) for those who did and did not
experience primary outcome in the original SAMPE model compared with the SAMPE 1l model

Outcome present
%

Reclassification

SAMPE Il model risk class

%rci)%iglarlisslf\ c“fai'i 0-2% 2-5% | 510% | >10%
0-2% 49 2 0 0 4
2-5 % 60 7 0 15
5-10% 1 42 8 18
>10% 0 4 288 1
Outcome absent
0-2% 12554 56 0 0 0
2-5 % 203 1887 87 0 13
5-10% 0 29 541 32 10
>10% 0 0 70 694 9




TRIPOD Checklist: Prediction Model Development and Validation

Section/Topic Iltem Checklist Item
Title and abstract
. . Identify the study as developing and/or validating a multivariable prediction model, the
Title 1 D;v - . 146
target population, and the outcome to be predicted.
Abstract > DV Provide a summary of objectives, study design, setting, participants, sample size, 148

predictors, outcome, statistical analysis, results, and conclusions.

Introduction

Explain the medical context (including whether diagnostic or prognostic) and rationale
3a D;v | for developing or validating the multivariable prediction model, including references to 149

Background . del
and objectives existing models. _ - - -
. Specify the objectives, including whether the study describes the development or
3b D;v S 150
validation of the model or both.
Methods
4a D'V Describe the study design or source of data (e.g., randomized trial, cohort, or registry 150
' data), separately for the development and validation data sets, if applicable.
Source of data . - - - - . -
. Specify the key study dates, including start of accrual; end of accrual; and, if applicable,
4b D;V 150
end of follow-up.
. Specify key elements of the study setting (e.g., primary care, secondary care, general
5a D;V Y : : 150
Particinants population) including number and location of centres.
P 5b D,V Describe eligibility criteria for participants. 150
5c D;V Give details of treatments received, if relevant. 150
. Clearly define the outcome that is predicted by the prediction model, including how and
6a D;v 150
Outcome when assessed.
6b D;V Report any actions to blind assessment of the outcome to be predicted. NA
. Clearly define all predictors used in developing or validating the multivariable prediction
7a D;vV h f 150
. model, including how and when they were measured.
Predictors - - -
. Report any actions to blind assessment of predictors for the outcome and other 150-
7b D;v -
predictors. 152
Sample size 8 D;V Explain how the study size was arrived at. NA
Missing data 9 DV Descnb_e how missing data were handled_ (e.g., complete-qase analysis, single NA
imputation, multiple imputation) with details of any imputation method.
10a D Describe how predictors were handled in the analyses. 115512
Specify type of model, all model-building procedures (including any predictor selection), 151-
10b D . L
. and method for internal validation. 153
Statistical 153-
analysis 10c \Y For validation, describe how the predictions were calculated. 157
methods - -
. Specify all measures used to assess model performance and, if relevant, to compare 151-
10d D;vV ;
multiple models. 153
10e \% Describe any model updating (e.g., recalibration) arising from the validation, if done. 115513
Risk groups 11 D;V Provide details on how risk groups were created, if done. 171
Development 12 Vv For validation, identify any differences from the development data in setting, eligibility 151-
vs. validation criteria, outcome, and predictors. 154

Results

Describe the flow of participants through the study, including the number of participants
13a D;V | with and without the outcome and, if applicable, a summary of the follow-up time. A 150
diagram may be helpful.

Describe the characteristics of the participants (basic demographics, clinical features,
13b D;V | available predictors), including the number of participants with missing data for 167
predictors and outcome.

For validation, show a comparison with the development data of the distribution of

Participants

13¢ v important variables (demographics, predictors and outcome). NA
14a D Specify the number of participants and outcome events in each analysis. 154
Model If done, report the unadjusted association between each candidate predictor and
development 14b D outcom’e NA
Present the full prediction model to allow predictions for individuals (i.e., all regression 169-
Model 15a D . d model i baseli val . - ;
specification coefﬁqents, and mode |ntercepF or baseline surviva at a given time point). 172
15b D Explain how to the use the prediction model. NA
Model 16 D;V Report performance measures (with Cls) for the prediction model. 169;
performance 172
Model-updating 17 vV If done, report the results from any model updating (i.e., model specification, model 155-
performance). 157
Discussion
Limitations 18 DV Dlscgss any Ilmltatlons of the study (such as nonrepresentative sample, few events per 161-
predictor, missing data). 162
19a vV For validation, discuss the results with reference to performance in the development 157-
Interoretation data, and any other validation data. 162
P . Give an overall interpretation of the results, considering objectives, limitations, results 157-
19b D;V - ; >
from similar studies, and other relevant evidence. 162
Implications 20 D,V Discuss the potential clinical use of the model and implications for future research. 162
Other information
Supplementary . Provide information about the availability of supplementary resources, such as study 173-
; . 21 D;v
information protocol, Web calculator, and data sets. 174
Funding 22 D;V | Give the source of funding and the role of the funders for the present study. 163

*ltems relevant only to the development of a prediction model are denoted by D, items relating solely to a validation of a prediction model are
denoted by V, and items relating to both are denoted D;V. We recommend using the TRIPOD Checklist in conjunction with the TRIPOD
Explanation and Elaboration document.
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8 CONSIDERACOES FINAIS

Com o aumento da expectativa de vida e 0s crescentes avangos no campo da
medicina, cada vez mais iremos nos deparar com pacientes complexos, candidatos
a diferentes tipos de cirurgia. A identificacdo objetiva do risco auxilia ndo apenas no
direcionamento das intervencdes clinicas préaticas, mas no compartilhamento de
decisdes, na alocacao de recursos e no planejamento de estratégias custo-efetivas
no campo da saude. Nesse contexto, modelos e escores e risco podem ser
ferramentas auxiliares no gerenciamento do cuidado perioperatorio.

O produto desta Tese foi uma ferramenta de estratificacdo de risco pré-
operatorio, desenvolvida a partir de dados de um hospital brasileiro do Sistema
Unico de Satde. O modelo SAMPE é o primeiro modelo de risco nacional de
mortalidade pds-operatéria, que utiliza poucas variaveis, podendo ser aplicado a
beira do leito em diferentes tipos de cirurgia. O desenvolvimento de uma ferramenta
web based de baixo custo e acessivel, fez com que o modelo SAMPE fosse
amplamente aceito e utilizado na pratica clinica pelos anestesistas do Hospital de
Clinicas de Porto Alegre. A introducéo da estratificacdo de risco como parte da rotina
assistencial, tornou evidente a necessidade de planejarmos o cuidado perioperatério
adaptado ao risco do paciente. A identificacdo objetiva dos pacientes de alto risco
permitiu a idealizacdo de linhas de cuidado compativeis, facilitando a comunicacéo
entre as equipes e o0s processos de transferéncia de cuidados.

Nesse cenéario, o Modelo SAMPE apresenta-se como uma alternativa
promissora em termos de estratificacdo de risco cirtrgico no Brasil. A criacdo desse
modelo de estratificacdo de risco, o qual é simples, acessivel, acurado e validado
em diferentes tipos de cirurgia, seguiu 0os passos recomendados por guidelines

internacionais conforme exposto ao longo desta tese.
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9 PERPECTIVAS FUTURAS

O gerenciamento poés-operatorio adaptado ao risco € uma das medidas
propostas para enfrentar o desafio de melhorar a experiéncia do paciente, a saude
da populagdo como um todo e a otimizacdo dos recursos em saude. A¢des voltadas
para a melhoria dos processos de transferéncia, decisdes compartilhadas em
relacdo a alocacdo poés-operatéria e planejamento de alta individualizados, podem
auxiliar na diminuicdo da morbimortalidade pos-operatéria. A populagéo cirdrgica, €
responsavel por grande parte do consumo dos recursos destinados a saude. O
gasto € ainda mais substancial quando se considera a grande probabilidade que
esses pacientes tem de complicacdes no poés-operatério. Portanto, € necessario
mapear-se a mortalidade dos pacientes cirdrgicos no Brasil, nas diferentes regides,
instituicbes e sistemas de saude. Um modelo de risco robusto auxiliara nessas
comparagdes e no desenho de politicas voltadas a melhoria do acesso ao
tratamento cirargico

Tendo esses desafios em mente, 0 grupo de pesquisa em medicina
perioperatoria do SAMPE esta trabalhando em projetos que visam melhorar os

desfechos dos pacientes cirtrgicos de alto risco.

+ Validacdo externa do Modelo SAMPE Il utilizando coortes provenientes de
diferentes hospitais do Brasil;

+ Implantacdo e analise de impacto do projeto “Cuidados Estendidos ao Paciente
Cirargico de Alto Risco” (CEPAR), que envolve um pacote de cuidados
diferenciado aos pacientes de alto risco nas primeiras 48 horas pds-operatorias;

+ Analise de custo dos processos envolvidos no pacote de cuidados do CEPAR.



