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RESUMO

As doencgas neurologicas sédo altamente prevalentes e impéem uma carga
substancial aos pacientes. Este estudo teve como objetivo descrever uma coorte
completa de pacientes neurocriticos e estratificados com base nos diagndsticos
neurolégicos primarios e identificar preditores de mortalidade e desfechos
desfavoraveis, juntamente com a carga de doenca de cada condi¢gdo na admissao em
Unidade de Terapia Intensiva (UTI). Foi realizado um estudo de coorte prospectivo
gue incluiu consecutivamente pacientes neuroldgicos admitidos em 36 UTlIs de quatro
regides brasileiras e que acompanhados por 30 dias ou até o desfecho da UTI. Dos
4245 pacientes admitidos nas UTls participantes, 1194 (28,1%) eram neurocriticos e
foram incluidos na coorte. Os pacientes neurocriticos apresentaram uma taxa de
mortalidade 1,7 vezes maior do que os n&o neurocriticos (17,21% versus 10,1%,
respectivamente). Os diagndsticos neuroldgicos primarios mais frequentes na
admissdo na UTI foram cuidados pos-operatorios de neurocirurgia eletiva,
traumatismo cranioencefalico, acidente vascular cerebral isquémico e encefalopatia.
Idade avangada, admissdo de emergéncia, maior numero de possiveis lesdes
secundarias e piores escores APACHE Il, SAPS Ill, SOFA e Glasgow na admissao na
UTI foram preditores independentes de mortalidade e de desfecho desfavoravel. O
total estimado de anos de vida ajustados por incapacidade (DALY foi de 4482,94 na
coorte geral de pacientes neurocriticos e o diagnodstico neurolégico com o maior DALY
foi lesao cerebral traumatica (1634,42). Os DALYs relativos as desordens
neurocriticas foram significativamente impactados pelo diagndstico neurolégico
primario, sexo, faixa etaria e numero de lesbes neuroldgicas secundarias dos
pacientes. Descrevemos com maior precisdo a epidemiologia de pacientes
neurocriticos e estimamos sua carga geral e relativa de doenga. Os achados deste
estudo sao essenciais para orientar as politicas de educagao, prevengao e tratamento
dos pacientes com doengas neurocriticas graves.

Palavras-chave: Unidade de Terapia Intensiva; Cuidados Criticos; Doengas do
Sistema Nervoso; Carga da Doenca; Anos de Vida Ajustados pela
Incapacidade.



ABSTRACT

Acute neurological emergencies are highly prevalent in intensive care units
(ICUs) and impose a substantial burden on patients. This study aims to describe the
epidemiology of patients requiring neurocritical care in Brazil, and their differences
based on primary acute neurological diagnoses and to identify predictors of mortality
and unfavourable outcomes, along with the disease burden of each condition at
intensive care unit admission. This prospective cohort study included patients requiring
neurocritical care admitted to 36 ICUs in four Brazilian regions who were followed for
30 days or until ICU discharge (Aug-Sep in 2018, 1 month). Of 4245 patients admitted
to the participating ICUs, 1194 (28.1%) were patients with acute neurological disorders
requiring neurocritical care and were included. Patients requiring neurocritical care had
a mean mortality rate 1.7 times higher than ICU patients not requiring neurocritical care
(17.21% versus 10.1%, respectively). Older age, emergency admission, higher
number of potential secondary injuries, and worse APACHE II, SAPS lll, SOFA, and
Glasgow coma scale scores on ICU admission are independent predictors of mortality
and poor outcome among patients with acute neurological diagnoses. The estimated
total DALYs were 4482.94 in the overall cohort, and the diagnosis with the highest
DALYs was traumatic brain injury (1634.42). Clinical, epidemiological, treatment, and
ICU outcome characteristics vary according to the primary neurologic diagnosis.
Advanced age, a lower GCS score and a higher number of potential secondary injuries
are independent predictors of mortality and unfavourable outcomes in patients
requiring neurocritical care. The findings of this study are essential to guide education
policies, prevention, and treatment of severe acute neurocritical diseases.

Keywords: Intensive Care Unit; Critical Care; Nervous System Diseases; Burden of
Disease; Disability-Adjusted Life Years
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1 INTRODUGAO

As Unidades de Terapia Intensiva (UTI) representam um pilar fundamental no
espectro do cuidado a saude, atendendo a pacientes que apresentam quadros criticos
e potencialmente reversiveis. Dentre os pacientes que ocupam esses leitos, aqueles
com acometimentos neuroldgicos tém se mostrado frequentes, evidenciando uma
crescente demanda por cuidados especificos e especializados. O estudo detalhado
da epidemiologia desses pacientes em UTI pode revelar padrbes sobre quais doengas
sao mais prevalentes, quais possuem maior risco de complicacdes e quais requerem
intervencgdes terapéuticas especificas.

Uma compreensdo adequada do impacto que uma doenga tem em uma
populacdo € um passo crucial para a implementagcdo de medidas preventivas,
terapéuticas e de reabilitagdo. (MENKEN; MUNSAT; TOOLE, 2000) Em contextos
globais, as doengas neuroldgicas representam uma porgao significativa da morbidade
e mortalidade e impdem uma carga substancial aos pacientes, familias e sociedade
em geral. (FEIGIN; VOS, 2019) Pacientes com disturbios neurolégicos agudos que
necessitam de tratamento intensivo (doravante, pacientes neurocriticos) constituem
uma parte consideravel de todas as internacbes em unidades de terapia intensiva
(UTls); esses pacientes tém alta morbidade e mortalidade e consomem recursos
substanciais de cuidados de saude, e aqueles que sobrevivem progridem com
deficiéncias relevantes e persistentes. (HALPERN; PASTORES, 2010; RAJ et al.,,
2018b) No entanto, a distribuigdo relativa dos pacientes neurocriticos na UTI e sua
sobrecarga sobre os servigos de saude ainda néo estdo claras. Além disso, € em
grande parte desconhecido como esses individuos sédo afetados por suas condigbes
neuroldgicas especificas.

O impacto destas doencas nao se limita a dimenséao clinica; traz consigo
custos econdémicos elevados, sobrecarga emocional para pacientes e familiares e
desafios logisticos para os sistemas de saude. Por isso, avaliar a carga de doenga
nos pacientes neurocriticos € fundamental para entender ndo apenas a prevaléncia
ou incidéncia de desta situagao critica, mas também sua repercussao na qualidade
de vida dos individuos, na expectativa de vida e no funcionamento social e econémico
das comunidades. Em um cenario de recursos limitados, entender essa carga € vital
para que os tomadores de decisdo possam priorizar intervengdes e alocar recursos

de maneira eficiente e eficaz.
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Existem poucos dados sobre a demografia longitudinal de pacientes
neurocriticos. (SILVA et al., 2019) Identificar as tendéncias e os resultados de
admissao desses pacientes pode fornecer metas para otimizar o uso dos recursos
disponiveis, apoiar protocolos e processos, impulsionar uma melhor educagédo médica
e melhorar seus resultados gerais. (FEIGIN et al., 2020; ZACHARIA et al., 2012) Para
melhor descrever a epidemiologia de pacientes neurocriticos internados em UTls, foi
criado o Estudo NeuroCritico Brasil (NCB). O objetivo deste estudo foi descrever uma
coorte de pacientes neurocriticos e suas diferencas com base em diagndsticos
neurolégicos primarios e identificar preditores de mortalidade e desfecho
desfavoravel, juntamente com a carga de doenga de cada condigdo neuroloégica na

admissao na UTI.
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2 OBJETIVOS

O projeto do Estudo NCB foi desenvolvido com os seguintes objetivos principais:

1. Descrever detalhadamente a epidemiologia da populagcéo de pacientes com
uma condigao neuroldgica primario que necessitam de cuidados intensivos nas UTls
brasileiras (pacientes neurocriticos), bem como as diferencas com base em
diagndsticos neuroldgicos primarios e identificar preditores de mortalidade e desfecho

desfavoravel.

2. Estimar a carga de doenca dos pacientes neurocriticos de forma global e em
seus diversos subgrupos definidos pelas condigdes neurolégicas definidas no
internamento, traduzida pela métrica de anos de vida perdidos com a doenca

ajustados pela incapacidade (DALY).

3. Proporcionar uma base solida para futuras estratégias de educagao no
manejo clinico, pesquisa e planejamento em saude publica direcionadas a esta

importante populacédo de pacientes internados nas UTIs brasileiras.
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3 DESENVOLVIMENTO DO PROJETO NEUROCRITICOS BRASIL

A ideia do projeto NeuroCriticos Brasil (NCB) surgiu da paucidade de dados
epidemiologicos acerca dos pacientes neurocriticos no Brasil, identificada numa
reunidao do Comité de Medicina Intensiva Neurolégica (CoMIN) da Associacao de
Medicina Intensiva Brasileira (AMIB), em novembro de 2016, durante o Congresso
Brasileiro de Medicina Intensiva (CBMI), em Porto Alegre, RS. Nos meses
subsequentes, o projeto comegou a ser construido. Os desafios eram
representatividade, acuracia e factibilidade.

Inicialmente, foi idealizado o delineamento, que deveria ser uma coorte
multicéntrica de pacientes neurocriticos que fossem internados consecutivamente em
UTls brasileiras.

A fim de descrever a epidemiologia da populagcdo de pacientes com um
diagndstico neurolégico primario que necessitam de cuidados intensivos nas UTls
brasileiras, estimou-se uma amostra necessaria de 608 pacientes, considerando uma
proporcao de 17,2% de pacientes neurocriticos dentre o total de internados nas UTIs,
uma margem de erro de 3% e um nivel de confianga de 95%. Esta proporc¢éo de 17,2%
de pacientes neurocriticos, adveio de um estudo piloto (Estudo Neurocriticos Curitiba)
realizado no ano de 2017 em sete hospitais de Curitiba, no qual foram incluidos
consecutivamente 9110 pacientes admitidos em UTIs, dos quais 1572 tinham um
diagnostico neurolégico primario como causa do internamento. Assim, considerando
uma base de 100 internamentos por més por UTI e a referida propor¢céo de pacientes
neurocriticos, seria necessario a inclusao de 36 UTIs no estudo NCB, para a inclusao
de 619 participantes, ou seja, pouco mais que a amostra pré-estabelecida.

O periodo definido de inclusao de pacientes em cada centro foi estabelecido
como 30 dias e cada paciente incluido deveria ser acompanhado por até 30 dias
(FIGURA 1).
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NeuroCriticos Brasil

Coorte Nacional de Pacientes Neurocriticos Internados em UTls no Brasil

Periodo de inclusdo Periodo de seguimento

30 dias 30 dias

Coleta de dados Coleta de dados
Referente as 1as 24h Referente ao periodo de

internamento na UTI e até:
Alta, dbito ou 302 dia

FIGURA 1 - Infografico do delineamento do Estudo NCB
FONTE: O autor (2018).

Foram estabelecidos os diagndsticos neuroldgicos primarios e os dados a
serem coletados de forma sistematica, tanto para a coorte global de pacientes
neurocriticos como para cada sub-coorte, representando cada um dos diagndsticos
neuroloégicos primarios, a saber: acidente vascular encefélico isquémico; acidente
vascular encefdlico hemorragico; hemorragia subaracnoidea; traumatismo
cranioencefalico; traumatismo raquimedular; meningite/ infeccdo no sistema nervoso
central; encefalopatia/coma; crise convulsiva; doenga neuromuscular; pés-operatorio
eletivo de neurocirurgia.

Uma e-CRF (eletronic Case Report Form) foi desenvolvida exclusivamente
para a coleta sistematizada destes dados para o Estudo NCB. Cada UT]I participante
preenchia a pagina com os dados cadastrais e caracteristicas gerais da UTI
(APENDICE 1). A selecdo de centros contou com ajuda da AMIB-net, uma diviséo da
AMIB para dar suporte a estudos em UTI. Apds o Projeto do Estudo NCB ter sido
aprovado em uma reunidao no CEPETI, em fevereiro de 2018, nds utilizamos o
cadastro de UTls da AMIB-net para convidar os centros participantes. Uma carta
convite foi enviada para as 300 UTls cadastradas (APENDICE 2).
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Além disso, fizemos uma apresentacao do projeto em um Congresso de
Medicina Intensiva Neurologica (COMIN), em Sao Paulo, em abril de 2018, com
distribuicdo de folders (FIGURA 2). Recebemos 80 respostas com interesse de
participar e selecionamos todas as 36 UTls que possuiam um banco de dados ativo e
ao menos um coordenador dedicado para a coleta sistematizada dos dados na e-CRF.
O projeto foi aprovado pelo CEP do Instituto de Neurologia de Curitiba (INC) em abril
de 2017 sob parecer numero 2.024.132.

Das UTIs participantes, 31 incluiram pacientes entre os dias primeiro e 30 de
setembro de 2018 e cinco UTls incluiram pacientes entre os dias primeiro e 30 de
outubro de 2018 e os seguiram por até 30 dias apds o dia da inclusdo. Para cada
paciente incluido, foi preenchido o formulario de internamento do paciente e
caracteristicas clinicas de internamento na UTl (APENDICE 3), um dos dez
formularios referente ao diagnéstico neurolégico primario (APENDICE 4 a 13) e o
formulario de alta da UTI (APENDICE 14).

Durante todo esse periodo, 90 dias, nds monitoramos cotidianamente todos
os centros e as anotagdes das e-CRFs individuais, respondendo questionamentos dos
investigadores de cada centro, analisando a coeréncia das variaveis coletadas e
minimizando a ocorréncia de dados n&o preenchidos.

Iniciamos o ano de 2019 consolidando a planilha de dados coletados
sistematicamente dos 1194 pacientes neurocriticos das 36 UTIs, representando
quatro das cinco regides brasileiras. Foram mais de 200.000 dados coletados. A tarefa
inicial era descrever a populagao global de pacientes neurocriticos, analisar suas
caracteristicas e explorar inumeras hipéteses e, depois, descrever a carga de doenga
para cada paciente individualmente, em termos de DALYs (Disability-adjusted Life
Years), posteriormente reunidos nos diversos grupos. Comegamos a escrever o artigo
ainda em 2019, com os dados disponiveis, mas a pandemia de COVID-19, iniciada
em margo de 2020 e que impactou severamente as UTls e sua carga de trabalho por
cerca de dezoito meses, atrasou a publicagado do nosso projeto. Conseguimos finalizar
a analise inicial do Estudo NCB em 2022 e escrever o artigo para publicacéo, o qual,
apods as devidas revisdes, apresentamos nessa tese a seguir. Muitos dados ainda
estdo sendo analisados e novas publicagdes, referentes as coortes individuais e com

dados adicionais, deverao ser publicadas na sequéncia.
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REALIZAGAO:

—=_
CEPETI
Centro de Estudos

e Pesquisas emTerapia
Intensiva

APQIO:

AMIBnet

‘@

As varidveis a serem coletadas serdo:

INTERNAMENTO:
Diagnéstico neuroldgico primario e secundario, dados demograficos,
comerbidades, escores prognosfico, lesdo neuroldgica primaria e
lesdo neurologica secundaria.

INTERVENCOES NA FASE AGUDA:

Especificas; monitorizagdo da PIC ou outras, tratamentos da HIC,
trombolitico, neurocirurgia, craniectomia, sedacdo, antibidticos,

Gerais. intubacdo, ventilagio mecdnica, drogas vasoativas, dialise,
outros.

COMPLICAGOES:
Neuroldgicas: HIC, hematomas, lesdo isquémica, vasoespasmo,
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Epidemiology and disease burden
of patients requiring neurocritical
care: a Brazilian multicentre cohort
study
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Acute neurological emergencies are highly prevalent in intensive care units (ICUs) and impose a substantial
burden on patients. This study aims to describe the epidemiology of patients requiring neurocritical care in
Brazil, and their differences based on primary acute neurological diagnoses and to identify predictors of
mortality and unfavourable outcomes, along with the disease burden of each condition at intensive care unit
admission. This prospective cohort study included patients requiring neurocritical care admitted to 36 ICUs
in four Brazilian regions who were followed for 30 days or until ICU discharge (Aug-Sep in 2018, 1 month). Of
4245 patients admitted to the participating ICUs, 1194 (28.1%) were patients with acute neurological
disorders requiring neurocritical care and were included. Patients requiring neurocritical care had a mean
mortality rate 1.7 times higher than ICU patients not requiring neurocritical care (17.21% versus 10.1%,
respectively). Older age, emergency admission, higher number of potential secondary injuries, and worse
APACHE II, SAPS Ill, SOFA, and Glasgow coma scale scores on ICU admission are independent predictors of
mortality and poor outcome among patients with acute neurological diagnoses. The estimated total DALYs
were 4482.94 in the overall cohort, and the diagnosis with the highest DALYs was traumatic brain injury
(1634.42). Clinical, epidemiological, treatment, and ICU outcome characteristics vary according to the
primary neurologic diagnosis. Advanced age, a lower GCS score and a higher number of potential secondary
injuries are independent predictors of mortality and unfavourable outcomes in patients requiring
neurocritical care. The findings of this study are essential to guide education policies, prevention, and
treatment of severe acute neurocritical diseases.

A proper understanding of the impact that a disease has on a population is a crucial step for the implementation
of preventive, therapeutic, and rehabilitative m easures'. Neurological disorders have an increasingly high
prevalence and impose a substantial burden on patients, families, and society in general®. Patients who are
critically ill with neurological or neurosurgical diseases require neurocritical care to treat the primary insult to
the nervous system and prevent or ameliorate secondary neurological and nonneurological injuries. Patients
with diverse acute neurological disorders constitute a considerable proportion of all admissions to intensive
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care units (ICUs) worldwide. In Brazil, approximately 10% of ICU admissions are due to neurological causes,
according to monitoring data from Brazilian UTIS from 2010 to 2 0233, They have high morbidity and mortality
and consume substantial health care resources, and those who survive progress with relevant and persistent
disabilities*. However, the relative distribution of patients requiring neurocritical care and their burden on
health care services remain unclear

Identifying the proportions, severities, and outcomes of these patients can provide goals to optimize the use
of available resources, support protocols and processes, and improve medical education’®. The Neurocritical
Brazil Study aimed to better describe the epidemiology of patients requiring neurocritical care in Brazil and
their differences based on primary acute neurological disorders and to identify predictors of mortality and poor
outcomes, along with an estimate of the disease burden of each acute neurological disorder group identified at
ICU admission.

Methods

We conducted a national prospective cohort study including all patients with primary diagnoses of acute
neurological conditions admitted to 36 ICUs over 30 consecutive days. After admission, patients were followed
for 30 days or until ICU discharge.

The study was approved by the local ethics committee of the Neurological Institute of Curitiba (ethics
committee of the coordinating centre) on April 20, 2017 (approval number 2.024.132) and by the local ethics
committees at each participating centres. The need for informed consent was waived in all centres, given the
noninterventional design of the study and the fact that the data were collected from clinical records and without
contact with the participants. All research procedures were conducted in accordance with the ethical standards
of the committees on human experimentation of each participating institution and the Declaration of Helsinki
(7th revision, 2013). The study results are reported in accordance with the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines.

We invited all 300 ICU members of the ICU network identified in the ICU network of the Brazilian
Association of Intensive Care Medicine (AMIBnet) to participate in the study. To participate in the study, each
ICU should have an active database of patients, a coordinator willing to follow up on all patients requiring
neurocritical care for up to 30 consecutive days, and a team available for data collection. Each ICU should also
obtain timely study protocol approval by the institution’s ethics committee. In all, 80 ICUs agreed to participate
and 36 were included and recruited patients for the study. These ICUs were in four of the five most populous
Brazilian regions.

The participating ICUs were distributed across various Brazilian regions. The Supplementary Material S1
presents a complete list of the centres of all participating ICUs and their corresponding investigators, the
distribution of participating enrolling centres across Brazil (Supplementary Fig. S1) and the percentage of
contribution from each participating centre to the sample (Supplementary Fig. S2).

The study data were collected in 2018 between August 1-30 (31 ICUs) and September 1-30 (5 ICUs). All
patients admitted to the participating ICUs during the 30 days of the study were screened, and those with an
acute neurological disorder that was the primary cause of ICU admission were consecutively included in the
study and followed up for only 30 days or until ICU discharge. The patients were considered eligible for
inclusion if they were older than 18 years and were admitted to a participating ICU during the study period.

The patients were subdivided into ten groups according to their primary acute neurological diagnosis on
ICU admission (hereafter, diagnostic groups): ischaemic stroke, intracerebral haemorrhage, subarachnoid
haemorrhage, encephalopathy, seizures, traumatic brain injury, spinal cord injury, central nervous system
infection, neuromuscular disease, and postoperative care of elective neurosurgery. Patients admitted to the
participating ICUs with acute neurological diagnoses different than those listed above were excluded from the
study. The group of encephalopathies is made up of several entities that affect the entire brain and alter mental
function in a diffuse way, such as, septic encephalopathy, brain structural damage (hydrocephalus, tumour, etc.),
metabolic encephalopathy, hypoxic-ischaemic encephalopathy, drug-induced encephalopathy, and other
actiologies.

The Center for Study and Research in Intensive Care Medicine (CEPETI) developed a dedicated electronic
case report form to capture the study data. We collected the following variables related to the patients and ICU
outcomes: age, sex, comorbidities, type of transportation to the hospital, kind of health care coverage (public,
private, or complementary), location before transfer to the ICU, worst clinical scores on severity scales
(Glasgow Coma Scale [GCS], Acute Physiology and Chronic Health Evaluation [APACHE] II, Simplified
Acute Physiology Score [SAPS] III, Sequential Organ Failure Assessment [SOFA]), potential secondary
injuries (the “Hs,” namely, hypotension, hypoxia, hyperthermia, hypercapnia, hypocapnia, hypoglycaemia,
hyponatremia, hypothermia, intracranial hypertension, and clinical evidence of herniation—the parameters
adopted for the definition of each of the Hs, as well as their cut-off points, are described in Table 1) in the first
24 h in the ICU, the results of neurological imaging tests performed on the first day of ICU admission,
complications and procedures performed in the ICU, and length of ICU stay during the 30-day study period.
We also collected mortality information and calculated the modified Rankin Scale (mRS) during the 30-day
ICU observation period, and both were defined as the study outcomes. Patients with mRS scores of 4, 5, or 6
were considered to have an unfavourable outcome, while those with mRS scores of 0, 1, 2, or 3 were considered
to have a favourable outcome.

We described these collected variables in the overall cohort and compared their rates in each of the ten
diagnostic groups.

Following recommendations from observational studies in critically ill patients’, we determined a priori the
variables to be considered prognostic factors for the two study outcomes. Thus, we evaluated the influence of
age, sex, number of secondary injuries (Hs) in the first 24 h in the ICU, and GCS, APACHE II, SAPS III, and
SOFA scores on these outcomes. This analysis was performed in the overall cohort and each diagnostic group.
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Baseline
Age, mean + SD, years 58.9+19.4
Male sex, n (%) 618 (51.8)
Transportation to the hospital®, n (%)
Critical care ambulance 376 (31.5)
Ambulance without critical care service 91 (7.6)
Family members 355 (29.7)
Self-driven 370 (31.0)
Coverage of hospitalization costs, n (%)
Public health insurance 591 (49.5)
Complementary or private insurance 603 (50.5)
Type of ICU admission, n (%)
Elective 317 (26.6)
Emergency 877 (73.4)
Location before transfer to the ICU, n (%)
Emergency department 567 (47.5)
Operating room 428 (35.8)
Hospital ward 81 (6.8)
Other 118 (9.9)
Severity scores on ICU admission
Glasgow Coma Scale, Median (IQR) 14 (9-15)
APACHE 11, median (IQR) 11 (7-17)
SAPS III°, median (IQR) 44 (33-56)
SOFA¢, median (IQR) 2 (1-6)
Comorbidities
Hypertension, n (%) 603 (50.5)
Cardiopathy, n (%) 177 (14.8)
Chronic obstructive pulmonary disease, n (%) 51(4.3)
Renal disease, n (%) 83 (7.0)
Diabetes mellitus, n (%) 218 (18.3)
Extracranial neoplasia, n (%) 89 (7.5)
Primary neurological diagnoses, n (%)
Postoperative care of elective neurosurgery 317 (25.6)
Traumatic brain injury 218 (18,3)
Ischaemic stroke 211 (17.7)
Encephalopathy 155 (13)
Seizures 91 (7.6)
Intracerebral haemorrhage 77 (6.4)
Subarachnoid haemorrhage 70 (5.9)
Central nervous system infection 25(2.1)
Spinal cord injury 19 (1.6)
Neuromuscular disease 11 (0.9)
Potential secondary injuries (Hs) at ICU admission
Hypotension (MAP < 65 mmHg or SBP < 90 mmHg), n (%) 267 (22.4)
Hypoxemia (PaO, <60 mmHg or sdo, < 90% or SpO, < 90%), n (%) 72 (6.0)
Hyperthermia (body temperature > 37.5°C), n (%) 126 (10.6)
Hypercapnia (PaCO, > 45 mmHg ou RR <8 ipm), n (%) 115 (9.6)
Hypocapnia (PaCO, <35 mmHg), n (%) 213 (19.3)
Hypoglycaemia (venous or capillary glucose values < 60 mg/dL) n (%) 32(2.7)
Hyponatremia (sodium < 135 mmHg), n (%) 200 (16.8)
Hypothermia (body temperature < 35°C), n (%) 121 (10.1)
Intracranial hypertension (intracranial pressure > 25 mmHg), n (%) 89 (7.5)
Clinical evidence of herniation, n (%) 77 (6.4)
Number of Hs, n (%)
Zero 500 (41.9)
One 318 (26.6)
Continued
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Two 203 (17.0)
Three or more 173 (14.5)
Imaging tests performed on the first day of ICU admission
Computed tomography of the head, n (%) 931 (78)
Magnetic resonance of the head, n (%) 208 (17.4)
Cerebral arteriogram, n (%) 87(7.3)
Procedures performed during the ICU stay
Urgent neurosurgery, n (%) 199 (16.7)
Placement of an external ventricular drain, n (%) 84 (7.0)
Invasive mechanical ventilation, n (%) 460 (38.5)
Tracheostomy, n (%of patients placed on invasive mechanical ventilation) 146 (31.7)
Noninvasive mechanical ventilation, n (%) 77 (6.4)
Vasoactive drug—vasopressor, n (%) 358 (25.0)
Vasoactive drug—vasodilator, n (%) 82(6.9)
Renal replacement therapy, n (%) 65 (5.4)
Intracranial pressure monitoring—intraparenchymal, n (%) 55(4.6)
Intracranial pressure monitoring—intraventricular, n (%) 40 (3.3)
Electroencephalographic monitoring, n (%) 102 (8.5)
Intracranial Doppler monitoring, n (%) 373.1)
Brain tissue oxygen pressure monitoring, n (%) 4(0.3)
Complications
Pneumonia, n (%) 203 (17)
Urinary tract infection, n (%) 43 (3.6)
Catheter-related infection, n (%) 35(2.9)
Primary bloodstream infection, n (%) 27(2.3)
Neurological infection, n (%) 23(1.9)
Wound infection, n (%) 15(1.2)
Clostridium associated diarrhoea, n (%) 2(0.2)
Renal failure, n (%) 100 (8.4)
Acute respiratory distress syndrome, n (%) 38(3.2)
Gastrointestinal bleeding, n (%) 15(1.3)
Intracranial hypertension, n (%) 129 (10.8)
Outcome until the 30th study day, n (%)
ICU discharge 832 (69.7)
Transfer to another hospital 22 (1.8)
Continued hospitalization on ICU 152 (12.7)
Mortality 188 (15.7)
Brain death?, n (%) 48 (25.5)
mRS on the day of the ICU outcome or until the 30th study day®, n (%)
0. No symptoms at all 283 (23.7)
1. No significant disability despite symptoms; able to carry out all usual duties and activities 201 (16.9)
2. Slight disability; unable to carry out all previous activities, but able to look after own affair without assistance 121 (10.2)
3. Moderate disability; requiring some help (e.g., with shopping/managing affairs) but able to walk without assistance 100 (8.4)
4. Moderately severe disability; unable to walk without assistance and unable to attend to own bodily needs without assistance 154 (12.9)
5. Severe disability; bedridden, incontinent, and requiring constant nursing care and attention 140 (11.8)
6 Dead 188 (15.8)
Unfavourable outcome (mRS score 4, 5, or 6)', n (%) 482 (40.6)
Length of ICU stay until the 30th study day, Median (IQR) 5(3-16)

Table 1. Baseline characteristics and procedures, complications, and outcomes during ICU stay among
patients requiring neurocritical care. APACHE II acute physiology and chronic health evaluation, /CU
intensive care unit, /OR interquartile range, MAP mean arterial pressure, mRS modified Rankin Scale, n
absolute frequency, PaCO; partial arterial carbon dioxide pressure, PaO; partial arterial oxygen pressure, RR
respiratory rate, SaO, arterial oxygen saturation, SAPS /1] simplified acute physiology score III, SBP systolic
blood pressure, SD standard deviation, SOF4 sequential organ failure assessment, SpO; peripheral oxygen
saturation, % percentage within column. * 2 missing data. ° 35 missing data. © 54 missing data. ¢ Percentage
calculation considering the 188 deaths from neurological causes in the intensive care unit. In this
classification, only patients who had a closed brain death protocol were considered. ¢ 7 missing data.
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Analysis of disability-adjusted life-years (DALY)

We assessed the disease burden from acute neurocritical disorders using disability-adjusted life-years (DALY's)
in accordance with the World Health Organization (WHO) methods and data sources for the global burden of
disease estimates 2000-2015'" and 2000-2019'". One DALY represents the loss of 1 year of a "healthy" life.
DALYs for a disease or health condition are calculated as the sum of the years of life lost (YLLs) due to
premature mortality in the population and the years of life lost due to disability (YLDs) for individuals living
with the health condition or its consequences.

The YLLs were calculated from values presented in the complete 2018 mortality table of the Brazilian
Institute of Geography and Statistics (IBGE) according to sex and age as the basis for obtaining the standard
life expectancy at the age at which death occurs'?. The YLDs were estimated using disability weights available
in the 2017 Global Burden of Disease (GBD) report, considering the mRS classification of patients requiring
neurocritical care as parameters for selecting the disability weight'®. The disability weight was multiplied by
the prevalence of individual consequences of the disease. We estimated the population prevalence of each acute
neurological disorder by sex and age range (5-year intervals) using the software DisMod-MR 2.1, which is a
Bayesian meta-regression tool that was used as the main method to analyse nonfatal data in the GBD project
and is recommended by WHO methodological g uidelines'®!!. For that, sample data related to prevalence rates,
fatal cases, mortality, and disease remission for each acute neurocritical disorder and comorbidity relative to
the total number of patients requiring neurocritical care were imputed in the software. These YLD values were
also corrected for comorbidities by multiplying the weights of the sequelae of acute neurological disorders and
the comorbidities presented requiring neurocritical care by each patient participating in the study.

Statistical analysis

Categorical variables are described as absolute (n) and relative (%) frequencies, and numerical variables are
described as the mean and standard deviation (SD) or median and interquartile range (IQR).

The nonparametric Mann—Whitney test was used to compare the participating ICUs in terms of the mean
numbers of new patients requiring neurocritical care and ICU patients not requiring neurocritical care inpatients
during the study period. Student’s t test was used to compare the mean SAPS III values and mortality rate
among new patients requiring neurocritical care versus ICU patients not requiring neurocritical care an in
inpatient. We compared the categorical variables between the ten diagnostic groups using the chi-square test
with a subsequent two-by-two comparison with the Bonferroni correction. Given its normal distribution, age
was compared between diagnostic groups using one-way analysis of variance (ANOVA) and post hoc least
significant difference (LSD). Severity scores and length of ICU stay had skewed distributions and were
analysed using the Kruskal-Wallis rank-sum test followed by two-by-two comparisons using Dunn’s test.

We performed univariate analysis to explore admission variables related to ICU mortality and unfavourable
outcomes. The variables included in the analysis were sex, GCS, SAPS IlII score, SOFA score, secondary
injuries (Hs) within 24 h of ICU admission, and hospitalization covered by the public health system (Brazilian
Unified Health System [SUS]). Variables with statistical significance in the univariate analysis were included
in the multivariate analysis. Based on results from previous studies, SAPS III was chosen over APACHE II in
the multivariate models %!, Only three multivariate models are presented, since the variables in SAPS III
and SOFA overlap with those in the GCS and Hs. The results of the regression analysis were expressed as odds
ratios (ORs) and 95% confidence intervals (Cls), and their statistical significance was assessed by the Wald
test. The goodness of fit of the multivariate models, given by their explanatory potential, was expressed by the
area under the receiver operating characteristic (ROC) curve of the model’s predicted probability for the
outcome. The same analysis was performed for each of the ten diagnostic subgroups.

The level of statistical significance was set at 5%. The data were analysed using the statistical software
IBM SPSS, version 28.0 (SPSS Inc., Chicago, IL, USA). Missing data were not imputed.

Results

The 36 participating sites had a median of 190 (interquartile range: 136.5 to 309.75) hospital beds and 34
(interquartile range: 20-49) ICU beds. Most participating sites were academic institutions (83.3%) located in
large urban centres (63.9% in cities with > 1 million inhabitants), regardless of geographic location. The
southeast region, the most populous in Brazil, had 55.5% of the participating centres, 27.8% of the centres were
in the south region, 8.3% were in the northeast region and 8.3% were in the central-west region. There were no
participating centres in the northern region of Brazil. Critical care physicians assisted patients in 97.2% of the
36 centres. There was a full-time neurosurgical and neurology team available in 94.4% and 83.3% of the
participating hospitals, respectively. Furthermore, most centres had an active hospital protocol for treating
neurological disorders. The complete profile of the participating hospitals is presented in Supplementary Table
S18.

During the study period, 4245 patients were admitted to the 36 participating ICUs over 30 days (median of
98 new patients per ICU), of whom 1194 (28.1%) were patients requiring neurocritical care and 3051 (71.9%)
were ICU patients not requiring neurocritical care (Supplementary Fig. S3 and Table S1).

The overall mean ICU mortality rate during the study period was 12.8% + 8.9%. The mean mortality rate
was significantly higher in patients requiring neurocritical care (17.2% =+ 12.6%) than in ICU patients not
requiring neurocritical care (10.1% =+ 8.7%, relative risk 1.7, p = 0.038). The difference in mortality rates
between neurocritical and ICU patients not requiring neurocritical care was not explained by the differences in
the SAPS III results (46.9 + 4.5 vs. 46.2 + 12.7, respectively; p = 0.800) (Supplementary Table S1).

The study included all 1194 patients requiring neurocritical care consecutively admitted to the 36
participating ICUs over 30 days (Supplementary Fig. S3). The mean age of the patients was 58.9 + 19.4 years
and 51.8% were men. Hospitalization costs were covered by the Brazilian Unified Health System (SUS) in
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49.5% (n = 591) of the cases and by complementary or private health care plans in 50.5% (n = 603) of them.
The patients were divided into 10 groups according to their primary acute neurological diagnoses. The acute
neurocritical condition that most often resulted in ICU admission was postoperative care of elective
neurosurgery (26.5%), followed by traumatic brain injury (18.3%). The majority (58.1%) had one or more
potential secondary injuries (Hs) on ICU admission. Invasive mechanical ventilation was used by 38.5% of
patients, and of these, 31.7% required tracheostomy. Table 1 describes the general characteristics of the overall
cohort.

The 10 diagnostic groups differed significantly in terms of patient age, sex, severity scores (GCS, APACHE
II, SAPS III, and SOFA), number of potential secondary injuries (Hs) at ICU admission, percentage of patients
who required invasive mechanical ventilation and tracheostomy during ICU stay, length of ICU stay, mortality,
and mRS classification at the time of the outcome (30 days or day of ICU discharge) (Table 2). Supplementary
Table S2 shows the comparison of other baseline characteristics of the patients, the procedures performed
during their stay in the intensive care unit, complications, and the outcomes among the 10 acute neurocritical
disorders, including the largest group formed of patients with postoperative care of elective neurosurgery. These
variables were compared by paired diagnostic groups (pairwise comparison), as shown in Supplementary Fig.
S4.

The group of patients with postoperative elective neurosurgery (NPO) care accounted for 25.6% of the
sample. This group, when compared to the others, had lower SAPS III (median = 31) and SOFA on admission
(median = 1), in addition to a lower prevalence of potential events of secondary injuries on admission and
shorter hospital stays (3 days). The comparison of this group with the others is shown in Table 2 and in the
supplementary material in Fig. S4 and Table S2. The patients’ mean age was the highest and lowest in the
ischaemic stroke and spinal cord injury diagnostic groups, respectively. The proportion of men was greater than
70% in the diagnostic groups of central nervous system infection, traumatic brain injury, spinal cord injury, and
neuromuscular disease, and the proportion of women in the subarachnoid haemorrhage group was 68.6%. The
median GCS score at ICU admission was 10 in patients with intracerebral haemorrhage, subarachnoid
haemorrhage, and central nervous system infection, 9 among patients with traumatic brain injury, and > 13 in
patients with all other diagnoses. The APACHE II and SAPS III values were highest among patients with central
nervous system infection and lowest among those admitted for postoperative care of elective neurosurgery or
due to spinal cord injury. The lowest median SOFA value was observed in patients with neuromuscular disease
(Table 2 and Supplementary Fig. S4).

One or more secondary injuries (Hs) at ICU admission were present in more than 50% of the patients in the
following diagnostic groups: traumatic brain injury, encephalopathy, seizures, intracerebral haemorrhage,
subarachnoid haemorrhage, central nervous system infection, and spinal cord injury. The group with central
nervous system infection had the highest number of Hs per patient—40% of the patients with this diagnosis
had three or more Hs—and the longest ICU stay (Table 2 and Supplementary Fig. S4).

More than 50% of patients with traumatic brain injury, intracerebral haemorrhage, subarachnoid
haemorrhage, central nervous system infection and spinal cord injury used invasive mechanical ventilation, a
proportion significantly higher than that of the postoperative care of elective neurosurgery, ischaemic stroke,
and seizures groups. Among those who were intubated, the highest rate of tracheostomy occurred in the
neuromuscular disease group (66.7%), followed by spinal cord injury (58.3%) and intracerebral haemorrhage
(46%).

The encephalopathy group (n = 155) was composed of different aetiologies, including: 64 cases of septic
encephalopathy, 26 cases of brain structural damage (hydrocephalus, tumour, etc.), 21 cases of metabolic
encephalopathy, 19 cases of hypoxic-ischaemic encephalopathy, 13 cases of drug-induced encephalopathy, and
12 cases of other aetiologies. The characteristics of each of the encephalopathy aetiologies are described
separately in Supplementary Table S19.

We performed univariate analysis to explore admission variables related to ICU mortality and unfavourable
outcomes (mRS score 4, 5, or 6) and found that older age, lower GCS score, higher number of potential
secondary injuries (Hs), admission from the emergency department, and hospitalization covered by the public
health care system emerged as isolated risk factors for an unfavourable outcome (Table 3). All variables
included in the univariate analysis emerged as significant and were selected for the multivariate analysis. Older
age, lower GCS score, higher number of potential secondary injuries (Hs), admission from the emergency
department, and hospitalization covered by the public health care system emerged as isolated risk factors for
an unfavourable outcome and mortality (Table 4).

The same multivariate models were fitted for each diagnostic group (Supplementary Tables S3—S16) with
enough cases and events to fit the models (i.e., postoperative care of elective neurosurgery, traumatic brain
injury, ischaemic stroke, encephalopathy, seizures, intracerebral haemorrhage, and subarachnoid haemorrhage).
In subgroup analyses, older age, lower GCS, higher number of Hs, and higher APACHE 11, SAPS III, and SOFA
values remained consistently independent risk factors for mortality and unfavourable outcome, especially in
the diagnostic groups with larger sample sizes and greater number of outcomes, where a more reliable statistical
analysis was possible. Coverage of hospitalization costs by the public health care system was not a risk factor
for mortality or unfavourable outcome in the diagnostic groups with traumatic brain injury, ischaemic stroke,
encephalopathy, intracerebral haemorrhage, and subarachnoid haemorrhage (Supplementary Tables S6, S8,
S10, S14, and S16, respectively).

Regarding disease burden, we identified a total loss of 4482.94 DALY (4420.022 YLLs and 62.92 YLDs)
in the overall cohort. The acute neurocritical disorders analysed in this study had the highest DALY's of any
other condition listed for Brazil in the 2017 GBD'®. Analysing the diagnostic groups individually, we observed
that traumatic brain injury was the condition with the most years of "healthy" life lost, followed by
encephalopathy and intracerebral haemorrhage (Fig. 1 and Supplementary Table S17).

The acute neurological diagnoses contributed differently to the nonstandardized DALY's in each age group.
Indeed, traumatic brain injury contributed the most to the DALY's in patients between the ages of 18—39 years,
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while cerebrovascular diseases and encephalopathy had the greatest burden (DALYs) in patients between the
ages of 40—69 years. These three diagnostic groups had a similar impact in the age groups above 70 years.
When analysed by sex, the impact of traumatic brain injury and encephalopathy on DALYs was greatest in
men, while that of cerebrovascular diseases (ischaemic stroke, intracerebral haemorrhage, and subarachnoid
haemorrhage) was greatest in women. Furthermore, the estimated DALY was higher among patients who had
a greater number of potential secondary injuries (Hs) upon admission to the ICU (Fig. 1 and Supplementary
Table S17).

ﬁizn(ff;;)’ 53.4+147 [543+221 |693+169 |657+202 |587+227 |62+153 |57.6+142 |557+17.6 |365+185 |50+20.8 |<0.001°
Male sex, n b
o 131(413) | 162(743) |107(50.7) |72(465) | 46(505)  |37(48.1) |22(31.4) | 19(76) 14737 |8(72.7) <0.001
GCS, median
i 15 (14-15) |9 (3-14) 14(12-15) | 13(9-14) | 14(11-15) |10 (4-14) | 10(3-14) |10(@d-14) | 15(15—15) | 15 (14—15) | <0.001°
APACHE 1I at
IcU ¢
admission, |7 4710 14(10-21) | 11(7-16) |15(10-25) |10(6-15) | 15(9-19) |14 (8-20) |20(12-24) |7(3-12) 7(5-10) | <0.001
median (IQR)
SAPS Il at
ICU 54.5 59 (44.5-
admissiont, |31 (24-39) |47 (8-57) | 52(42-58) | STAT-68) | 41G354) |70 | 4840-60) | (ol 35(27-43) | 42(36-49) | <0.001¢
median (IQR)
SOFA at ICU
admission®, | 1 (0-3) 5(2-8) 2(0-4) 4(2-8) 2(0-4) 5402-7)  |4(2-%) 6(159) |3(1-4) 0(0-2) <0.001¢
median (IQR)
Number of Hs at ICU admission, n (%)
Zero 162 (51.1) | 64(29.4) | 109(51.7) |47(30.3) |44(484)  |30(39) 24(343) | 6(24) 8 (42.1) 6 (54.5)
One 96 (30.3) | 51(23.4) |55(26.1) |39(25.2) |24(264)  |20(26) 20(28.6) | 5(20) 5(26.3) 3(27.3)
b

Two 41(12.9)  |49(22.5)  [30(142) |32(20.6) | 14(154) 13(16.9) | 14 (20) 4(16) 5(26.3) 1(9.1) <0.001
Three or more | 18 (5.7) 54(24.8) | 17(8.1) 37(23.9)  [9(9.9) 14(182)  |[12(17.1) | 10 (40) 1(5.3) 1(9.1)
L“(Vojs)we MV ls3167) | 13963.8) | 55(26.01) | 65(41.9) |24 (26.4) 50(64.9) | 45(643) |14 (56) 12(632) |3(27.3) <0.001°

(]
Ergj})f"s“’my’ 7(13.2) 43(309) |18(327) [22(33.8) |5(20.8) 23 (46) 15(333) | 4(28.6) 7(58.3) 2(66.7) 0.016°

0
Length of
;Cogl Z‘aayy until |5 5 11429 [4G-11) |6(3G-17.5) |4(2-9) 16(6-30) | 11.5(4-22) | 13 (4-26) | 30(7.5-30) |4(3-30) | <0.001°
median (IQR)
30-day mor- b
alitynch |1 56(25.7)  |24(11.4) |41265) |4(44) 22(286) |24(343) | 9(36) 1(5.3) 0(0) <0.001
mRS on ICU outcome or until 30th day’, n (%)
0 121 (383) | 40(183) |50 (24) 18(11.6) | 36(404) | 2(2.6) 7(10) 4(16) 1(5.3) 4(36.4)
1 75(23.7)  [30(13.8)  |37(17.8) | 16(10.3) |16 (18) 11(145) | 6(8.6) 4(16) 4(21.1) 2(18.2)
2 50(158) | 16(7.3) 17 (8.2) 16(103) | 7(7.9) 8(10.5) 6(8.6) 0(0) 0 (0) 1(9.1)
3 29(9.2) 15 (6.9) 22(10.6) | 16(103) | 5(5.6) 3(3.9) 7(10) 1 (4) 2(10.5) 0(0) <0.001
4 26(8.2) 31(142)  [34(163) |24(155) |10(11.2) 1317.1) | 7(10) 3(12) 4211 2(18.2)
5 8(2.5) 30(13.8)  |24(11.5) |24(155) | 11(12.4) 17(224)  |13(18.6) | 4(16) 7(36.8) 2(182)
6 70.2) 56(25.7)  |24(115) |41265) |4@45) 22(289) |24(343) | 9(36) 1(5.3) 0 (0)
Unfavourable
outcome
(mRS score | 41 (13) 117(53.7) | 82(39.4) |89(57.4) |25(28.1)  |52(684) |44(62.9) |16 (64) 12(632) | 4(36.4) <0.001°
4,5,0r6), n
(%)

Table 2. Comparison of the characteristics of patients requiring neurocritical care by 10 acute neurocritical disorders. APACHE II
acute physiology and chronic health evaluation, ENC encephalopathy, GCS Glasgow Coma Scale, /CH intracerebral haemorrhage,
IOR interquartile range, S ischaemic stroke, mRS modified Rankin Scale, M} mechanical ventilation, » absolute frequency, NMD
neuromuscular disease, NPO postoperative care of elective neurosurgery, S4H subarachnoid haemorrhage, SAPS /11 simplified acute
physiology score 11, SCI spinal cord injury, SD standard deviation, SN/ central nervous system infection, SOFA sequential organ
failure assessment, 7B/ traumatic brain injury, % percentage within column. * Significance of the one-way analysis of variance
(ANOVA). ® Significance of the chi-square test. ¢ Significance of the Kruskal- Wallis test. ¢ Missing data on SAPS I1I: 3 for NPO, 7
for TBI, 10 for STR, 1 for ENC, 1 for seizures, 5 for ICH, 5 for SAH, 1 for SNI and 2 for SCI. ¢ Missing data on SOFA: 6 for NPO,
9 for TBI, 15 for IS, 6 for seizures, 7 for ICH, 6 for SAH, 1 for SNI and 4 for SCI. f Missing data on mRS and unfavourable
outcome: 1 for NPO, 3 for IS, 2 for seizures, 1 for ICH. ¢ Percentage of patients placed on invasive mechanical ventilation.
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Age (years) (n=1006) 58.5+ 19 | (n=188) 60.9 + 21.1| 1.006 (0.998-1.014) |0.122 (n=705)57.7+18.7| (n=482) 60.4 +20.2| 1.007 (1.001-1.013) | 0.017
Sex

Female 519/576 (87) 75/576 (13.0) Ref 360/572 (62.,9) 212/572 (37.1) Ref

Male 505/618 (81.7) 113/618 (18.3) 1.494 (1.088-2.052) |0.013 345/615 (56.1) 270/615 (43.9) 1.329 (1.053-1.677) | 0.017
GCS ?111:,112)06) 14 (n=188) 7 (3—-13) |0.812(0.784-0.840) | <0.001 | (n=705) 15 (14-15) | (n=482) 10 (3—14) |0.764 (0.738-0.792) | <0.001
APACHE I (n=1006) 10 (6-15) ?115:_21385))21'5 1.179 (1.151-1.207) [<0.001 |(n=705)8 (5-12) | (n=482)17 (12-23) | 1.195(1.168-1.222) | <0.001
SAPS IIT (n=984) 42 (32-54) | (n=175) 60 (47-73) | 1.066 (1.054-1.078) | <0.001 | (n=692) 39 (29-49) | (n =460) 56 (44-67) | 1.075 (1.065-1.086) | <0.001
SOFA (n=968) 2 (1-4) (n=172) 8 (5-10) | 1.366 (1.302-1.433) [<0.001 | (n=679)1(0-3) (n=454) 6 (3-9) 1.434 (1.369-1.503) | <0.001
Number of Hs

Zero 478/500 (95.6) 22/500 (4.4) Ref 380/494 (76.9) 114/494 (23.1) Ref

One 283/318 (89) 35/318 (11) 2.687 (1.545-4.672) | <0.001 |207/318 (65.1) 111/318 (34.9) 1.787 (1.309-2.44) | <0.001
Two 154/203 (75.9) 49/203 (24.1) 6.91 (4.049-11.801) | <0.001 | 82/202 (40.6) 120/202 (59.4) 4.878 (3.437-6.924) | <0.001
Three or more 91/173 (52.6) 82/173 (47.4) ;;3;2)(11.625— <0.001 |36/173(20.8) 137/173 (79.2) 15:522)(8.313_ <0.001
Coverage of hospitalization costs

Private insurance 552/603 (91.5) 51/603 (8.5) Ref 432/596 (72.5) 164/596 (27.5) Ref

Public insurance 454/591 (76.8) 137/591 (23.2) 3.266 (2.313-4.610) | <0.001 | 273/591 (46.2) 318/591 (53.8) 3.068 (2.409-3.908) | < 0.001
Type of admission

Elective 310/317 (97.8) 7/317 (2.2) Ref 275/316 (87.0) 41/316 (13.0) Ref

Emergency 696/877 (77.4) 181/877 (22.6) ;‘1‘:;)(5'3507 <0.001 |430/871 (49.4) 441/871 (50.6) 6.879 (4.828-9.801) | <0.001

Table 3. Unadjusted odds ratios of prognostic factors for mortality and unfavourable outcome among patients requiring
neurocritical care. 4AP4ACHE II acute physiology and chronic health evaluation II, GCS Glasgow Coma Scale, Number of Hs
number of secondary injuries (resulting from the sum of the presence of hypotension, hypoxemia, hyperthermia,
hypercapnia, hypocapnia, hypoglycaemia, hyponatremia, hypothermia, intracranial hypertension, and clinical evidence of
herniation), Ref. reference category, SAPS Il simplified acute physiology score I, SOFA sequential organ failure
assessment. * Categorical variables (sex, number of Hs, coverage of hospitalization costs, type of admission, and number of
deaths) are described as absolute frequencies/total number of cases in the row (percentages), and quantitative variables are
described as (number of valid cases) mean and standard deviation (age) or median and interquartile range (all other
variables). ® Odds ratio (OR) and 95% confidence interval (95% IC) of the univariate binary logistic regression model. ©
Wald test p value, results < 0.05 indicate statistical significance.

Discussion

The Neurocritical Brazil Study revealed a comprehensive epidemiology of patients requiring neurocritical care
and the impact of ICU admission on this patient population. These patients comprised more than one-quarter
of all admissions of critically ill patients (28.1%) and had a 1.7 times higher mortality rate than ICU patients
not requiring neurocritical care, a finding that was not explained by severity scores. Other studies have also
shown increased mortality among patients requiring neurocritical care compared with other ICU patients'’.
The severity scores seem to discriminate to a similar degree the occurrence of severe disease in ICU patients
with and without acute neurological disorders, but the reason why patients with acute neurological disorders
have worse outcomes than nonneurocritical ones, despite having similar scores, is due to factors not captured
in the first hours of ICU admission when the scores are measured, including longer hospital stay and a greater
number of complications and nonneurological organ d ysfunctions'®!.

The Neurocritical Brazil Study provided a better understanding of the epidemiology of patients requiring
neurocritical care than we had b efore’’, not only in terms of their overall and relative prevalence but also in
terms of how they differ from each other in terms of demographics, clinical severity, use of ICU resources, and
outcomes. Since disease burden is a measure of the prevalence and severity of a disease, it is simply not possible
to estimate this measure without knowing the epidemiology of the disease®'. Although the burden of
neurological diseases has been better estimated over the past 20 years®>?3, the burden of neurocritical diseases
has remained essentially unknown until n ow?*. This was the main driving force behind the design of this study,
as it was critical to first know the epidemiology of patients requiring neurocritical care before estimating their
burden of disease?.

The most common acute neurological condition for ICU admission in this study was elective neurosurgical
postoperative care, which had a relatively small impact on DALYSs. In contrast, patients with cerebrovascular
diseases, encephalopathy, and particularly traumatic brain injury were also frequently admitted to the ICUs and
imposed a substantial impact on DALY's. Traumatic brain injury is the acute critical neurological disorder with
the worst impact on DALY's because it affects young patients and causes high mortality (25.7%) and a high
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First multivariate model

Age (years) 1.022 (1.011-1.032) 0.000 1.021 (1.013-1.03) 0.000
Male sex (ref: female) 1.222 (0.84-1.778) 0.295 1.03 (0.766—1.385) 0.846
GCS 0.895 (0.858-0.934) 0.000 0.835 (0.802—-0.868) 0.000
Number of Hs (ref: zero Hs)

One 1194 1.978 (1.11-3.526) 0.021 1187 1.259 (0.879-1.804) 0.209
Two 3.86 (2.179-6.838) 0.000 2.848 (1.889-4.294) 0.000
Three or more 8.663 (4.912-15.278) 0.000 4.761 (2.924-7.751) 0.000
[E‘f;i:)heal‘h insurance coverage (ref: 2.353 (1.505-3.678) 0.000 2.784 (1.993-3.891) 0.000
Emergency admission (ref: elective) 5.77 (2.567-12.971) 0.000 4.359 (2.899-6.554) 0.000
AUC (95% CI)* 0.858 (0.832-0.884) 0.000 0.853 (0.832-0.875) 0.000
Second multivariate model

Male sex (ref: female) 1.184 (0.81-1.73) 0.384 1.011 (0.754-1.356) 0.941
APACHE 1I score 1.154 (1.126-1.183) 0.000 1.161 (1.134-1.188) 0.000
plg‘f;g)hea“h insurance coverage (ref: 194 1) 428 (1.902-4.206) 0.000 8713 383 (2.508-4.563) 0.000
Emergency admission (ref: elective) 4.726 (2.111-10.581) 0.000 4.478 (2.993-6.701) 0.000
AUC (95% CI)* 0.867 (0.842-0.891) 0.000 0.849 (0.827-0.871) 0.000
Third multivariate model

Male sex (ref: female) 1.431 (0.985-2.08) 0.060 1.198 (0.893-1.606) 0.229
SAPS III score 1.056 (1.043-1.069) 0.000 1.07 (1.057-1.082) 0.000
;}‘zg)hea“h insurance coverage (ref: 915 457 2.367-5.051) 0.000 192 1 851 3.572-6.589) 0.000
Emergency admission (ref: elective) 5.455 (2.292-12.982) 0.000 3.614 (2.352-5.553) 0.000
AUC (95% CI)* 0.823 (0.793-0.853) 0.000 0.834 (0.81-0.857) 0.000
Fourth multivariate model

Age (years) 1.015 (1.004-1.025) 0.007 1.014 (1.005-1.022) 0.001
Male sex (ref: female) 1.192 (0.811-1.752) 0.371 1.031 (0.765-1.39) 0.842
SOFA score 1140 1.299 (1.236-1.366) 0.000 1133 1.321 (1.258-1.386) 0.000
lﬂ‘fﬁg)he"‘“h insurance coverage (ref: 2.396 (1.528-3.757) 0.000 3.006 (2.144-4.214) 0.000
Emergency admission (ref: elective) 8.115 (3.277-20.098) 0.000 5.132(3.372-7.812) 0.000
AUC (95% CI)* 0.855 (0.829-0.882) 0.000 0.846 (0.823-0.869) 0.000

Table 4. Adjusted odds ratios of prognostic factors of mortality and unfavourable outcome for patients requiring
neurocritical care. GCS Glasgow Coma Scale, /CU intensive care unit, mRS score modified Rankin Scale score, number
of Hs number of secondary injuries, n number of cases considered in the model, Ref. reference category. * Odds ratio
(OR) and 95% confidence interval (95% IC) of the univariate binary logistic regression model; ® Wald test p value,
results < 0.05 indicate statistical significance. ¢ The goodness of fit of the multivariate models, given by their
explanatory potential, was expressed by the area under the receiver operating characteristic curve (AUC) of the model’s
predicted probability for the outcome.

incidence of sequelae within 30 days. As shown in the present study, the DALY's vary significantly with the
primary acute neurological diagnosis, sex, age range, and secondary injuries. We also demonstrated a clear
negative impact of secondary injuries on prognosis. Of note, the increasing number of secondary injuries
progressively increases the risk of a worse prognosis”>?’. When analysed individually, each secondary
neurological injury was associated with worse prognosis and increased DALY's. This indicates a clear window
of opportunity to control possible secondary injuries during the first hours of the neurological injury, with an
enormous beneficial impact on decreasing the burden of acute severe neurological diseases.

Acute neurocritical disorders are known to heavily burden the developing world. Despite the lack of
resources for population-based health in most developing countries, there is a growing demand for resource-
intensive strategies for acute neurological care?®. The present study clearly demonstrated that acute neurocritical
disorders are common in ICUs and have very high DALYs. Some strategies that could help efficiently reduce
the social and economic impact of acute neurocritical disorders include increased prevention of cerebrovascular
diseases, greater safety in traffic to reduce the risk of accidents, and emphasis on the prevention of potential
secondary injuries to a severe primary brain injury.

Knowing how these different variables interact to exacerbate the risk of acute neurocritical disorders is
essential to implement better education and improved political and social actions to minimize their negative
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Figure 1. Nonstandardized DALY estimate for patients with acute neurological disorders by (a) primary neurological
diagnoses; (b) age range; (¢) age range in females; (d) age range in males; (e) number of secondary injuries (Hs). IS
ischaemic stroke, /CH intracerebral haemorrhage, S4H subarachnoid haemorrhage, ENC encephalopathy, 7B/ traumatic
brain injury, SCI spinal cord injury, SN/ central nervous system infection, NMD neuromuscular disease, NPO postoperative
care of elective neurosurgery.

consequences and improve results and social health. To achieve these paramount objectives, studies providing
better information on the epidemiology of critically ill patients and estimating disease burden are just the
beginning®’.
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All our patients were admitted to ICUs in Brazil, and different results should be expected in other countries,
as demonstrated in the PRINCE S tudy?*3°. In this study, it was observed that the most prevalent diagnosis on
admission was subarachnoid haemorrhage, while in our study, it was postoperative elective neurosurgery
followed by traumatic brain i njury®’. Associated factors, such as independent predictors of mortality, including
older age, worse Glasgow Coma Scale and admission from the emergency department were also found?®.
However, compared to the epidemiological profile of the participating ICUs, we realized that we have a greater
number of large urban centres when compared to other studies and, consequently, a greater number of
participating academic institutions*’. This may have influenced a different profile of neurological disorders
attended.

This study has several limitations. First, the sampling of the participating centres was carried out in a
nonrandom manner, and only intensive care units that were part of the network of the Brazilian Association of
Intensive Care Medicine (AMIBnet) were invited to participate. Second, participation was voluntary and
uncompensated, and it is possible that these factors may have affected the number of participating institutions.
In addition, it is expected that among those invited, those who agreed to participate are the ICUs of hospitals
that have a more developed research structure. This may have generated an overestimation of the results and
may limit the generalizability of the results to all ICUs in Brazil since we cannot infer the manner in which
neurocritical care is practised in other hospital settings. Third, the data collection was not monitored. We only
monitored and verified incongruous data and outliers. Fourth, the sample size was determined by the number
of sites and investigators who volunteered to participate and not by statistical calculations. Thus, it is possible
that in the present study, the power was underestimated to detect significant differences in several of the
collected variables. Fifth, the data collection took place in the mild months of August and September, and
seasonal variation may have influenced the results, although these months are a transition period from winter
to spring in Brazil, which must have mitigated this influence. Sixth, the follow-up of our patients was limited
to 30 days and only during the ICU period; therefore, their conclusions about DALY's are limited.

Furthermore, it is known that recovery in neurocritical emergencies typically occurs over longer periods,
which may overestimate YLDs based on the results of this short period among survivors. Since information
about disease burden in critically ill patients is still emerging, many challenges remain to be resolved, and the
understanding of these patients’ long-term outcomes is fundamental for more accurate estimates®'. Further
studies are also needed to determine which interventions and components of the ICU organization will lead to
improved patient-centred outcomes®®3!.

However, despite all these limitations, our study has several strengths. The data were collected
prospectively, and the participating centres were distributed across the entire Brazilian territory, except for the
North region. The study collected data from different sites across the country, which provides important insight
into the global organization of neurocritical care delivery in Brazil. Additionally, most sites comprised large
academic institutions located in major cities. In addition, the study provides important information about
patients as well as participating centres, which enriches and strengthens the manuscript and allows the reader
to assess the external validity of our study at their centre.

The collected data leave some questions to be clarified in new studies. The participation of a larger number
of nonacademic institutions, including the northern region, would allow us a more complete and detailed view
of the profile of the patients requiring neurocritical care in Brazil. Furthermore, understanding the activities and
local practice within each participating ICU could assist in training providers to care for patients requiring
neurocritical care and emergencies. All these points are of great importance, and in this study, we presented an
accurate description of the epidemiology of patients requiring neurocritical care and estimated their overall and
relative disease burden. These are important findings to direct policies regarding education, prevention, and
treatment of severe acute neurocritical disorders.

Conclusions

We describe a comprehensive epidemiology of patients requiring neurocritical care treated in ICUs in large
urban centres in Brazil and their disease burden in the first 30 days after the acute event. Clinical,
epidemiological, treatment, ICU outcomes, and DALY characteristics vary greatly with the primary acute
neurological disorder. The study has great potential to guide protocols, education and health policies to
minimize the adverse impact of this prevalent condition.

Data availability
The datasets generated and/or analysed during the current study are available in the Zenodo repository,
https://doi.org/10.5281/zenodo.74291 81.
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4.1 SUPPLEMENTARY MATERIAL
Participating enrolment centres and investigators

Listed below are the representatives from the 36 participating intensive care
units that enrolled at least one study patient. The centres are listed in order of
enrollment contribution. All study sites were located in Brazil. The names of the centres

are accompanied by the city and state in which they are located.

Hospital das Clinicas da Faculdade de Medicina da Universidade de Sdo Paulo. Sdo0

Paulo, Sdo Paulo.

Fabiola Prior Caltabeloti

Hospital Beneficéncia Portuguesa de Sao Paulo. Sdo Paulo, Sdo Paulo.

Salomon Soriano and Viviane Cordeiro Veiga

Hospital Universitario Cajuru. Curitiba, Parana.

Luana Alves Tannous and Juliano Gasparetto

Hospital da Bahia. Salvador, Bahia.

Fernanda Sampaio Alves

Instituto Estadual do Cérebro Paulo Niemeyer. Rio de Janeiro, Rio de Janeiro.

Pedro Martins Pereira Kurtz

Instituto de Neurologia de Curitiba. Curitiba, Parana.

José Arthur Santos Brasil

Hospital de Base do Distrito Federal. Brasilia, Distrito Federal.

Glécia Carla Rocha

Hospital Marcelino Champagnat. Curitiba, Parana.

Jarbas Motta Junior, Bruna Martins Dzivielevski Camara, and Livia Rodrigues

Figueiredo
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Hospital Copa D’Or. Rio de Janeiro, Rio de Janeiro.

Fernando Augusto Bozza, Janaina Oliveira, and William Nascimento Vianna

Hospital Municipal de Cuiaba. Cuiaba, Mato Grosso.

Diogo Roberto Lorenzo Iglesias

Hospital Vita Batel. Curitiba, Parana.

Rafael Alexandre de Oliveira Deucher

Hospital Barra D’Or. Rio de Janeiro, Rio de Janeiro.

Fernando Augusto Bozza and Gloria Martins

Santa Casa de Misericordia de Passos. Passos, Minas Gerais.

Marcel Resende Lopes

Fundacao Hospitalar do Estado de Minas Gerais. Belo Horizonte, Minas Gerais.

Frederico Bruzzi de Carvalho

Hospital de Clinicas da Universidade Estadual de Campinas. Campinas, Sdo Paulo.

Antbnio Luis Eiras Falcao

Santa Casa S3o Jodo Del Rei. Sdo Jodo Del Rei, Minas Gerais.

Jorge Luiz da Rocha Paranhos

Hospital de Amor. Barretos, Sdo Paulo.

Ulysses Vasconcellos de Andrade e Silva

Hospital Caxias D’Or. Rio de Janeiro, Rio de Janeiro.

Fernando Augusto Bozza and Marco Oliveira Py

Hospital do Trabalhador. Curitiba, Parana.

Mirella Cristine de Oliveira and Fernanda Baeumle Reese
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Hospital S0 Lucas Copacabana. Rio de Janeiro, Rio de Janeiro.

Marcos Freitas Knibel

Hospital Estadual de Emergéncia e Trauma Senador Humberto Lucena. Jodo Pessoa,

Paraiba.
Gustavo Cartaxo Patriota

Hospital de Base de Rio Preto. Sdo José do Rio Preto, Sdo Paulo.

Suzana Margareth Ajeje Lobo and Mario Roberto Rezende Guimaraes Junior

Hospital S0 Carlos. Fortaleza, Ceara.

Luciana de Oliveira Neves

Hospital HOME. Brasilia, Distrito Federal.

Antdnio Aurélio Fagundes

Hospital Israelita Albert Einstein. Sdo Paulo, Sdo Paulo.

Ary Serpa Neto

Hospital Novo Atibaia. Atibaia, S0 Paulo.

Walter Carlos Girardelli Baptista

Hospital Universitario da Universidade Estadual de Londrina. Londrina, Parana.

Cintia Magalhaes Carvalho Grion

Hospital Universitario do Oeste do Parana. Cascavel, Parana.

Péricles Almeida Delfino Duarte

Hospital Quinta D’Or. Rio de Janeiro, Rio de Janeiro.

Fernando Augusto Bozza and Bruno Branco

Hospital das Nacoes. Curitiba, Parana.

Luisa da Silva André Salgado and Paula David Joao
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Hospital Copa Star, Rio de Janeiro. Rio de Janeiro.

Pedro Martins Pereira Kurtz and Nivea Melo de Souza Costa

Hospital Santa Casa de Curitiba. Curitiba, Parana.

Danilo Bastos Pompermayer and Anna Flavia Kaled

Hospital de Forca Aérea do Galedo. Rio de Janeiro, Rio de Janeiro.

Rafael Brum

Hospital de Clinicas Antdnio Paulino — Pronil. Nilopolis, Rio de Janeiro.

Alessandro Rocha Milan de Souza

Hospital do Cancer UOPECCAN — Filial Umuarama. Umuarama, Parana.

Jackson Erasmo Fuck

Vitoria Apart Hospital. Serra, Espirito Santo.

Claudio Piras



Figure S1: Distribution of participating enrolling centres across Brazil
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FIGURE S2: Percentage of contribution from each participating centre to the sample of 1194 patients
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FIGURE S3: Flowchart of study enrolment.
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317 218
NPO TEI

91 77 70 25 19
Seizures ICH SAH SNI SCI

11
NMD

Abbreviations: ICU, intensive care unit; NPO, postoperative care of elective neurosurgery; TBI, traumatic
brain injury; 1S, ischaemic stroke; ENC, encephalopathy; ICH, intracerebral haemorrhage; SAH,
subarachnoid haemorrhage; SNI, central nervous system infection; SCI, spinal cord injury; NMD,

neuromuscular disease.
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TABLE S1: Overall admissions to the intensive care units and comparisons between patients with
neurocritical and non-neurocritical primary diagnoses.

Number Neurocritical Non- p
ICU admissions All patients . neurocritical

of ICUs patients - value

patients

New ICU admissions in the R
study period, median (IQR) 30 98 (55-161) 31 (18-39) 70 (23-149) 0.013
o) mortaliy rate, mean £ 34 12.8+8.9 172+ 126 101+87  0.038
Mean SAPS lllin the study 54 46.5£7.5 469+45 462127  0.800°

period, mean * SD

Abbreviations: ICU, intensive care unit; IQR, interquartile range; SD, standard deviation, SAPS llI,
Simplified Acute Physiology Score

a Significance of Mann-Whitney test.

b Significance of independent Student ¢ test.




(y9¢e) ¥ (€9)1 (zL) ¢ Can (6e)e (evLeL (sshve (2921 (e2) s (L¥) s (89) 18 pJem |ejidsoH
(0)0 (89¢) L (8) ¢ (122061 (56L)SL (IP) ¥ (6) L (z9)elL (see)es (988) L8z (85E) 8Zh woou BunessdQ
=+00°0> (S¥S)9  (¥iv)6 (09) g1 (ov)gz (269)9r (9¢€2) 29 (909 ¥6 (282)G9L (569) izl (9)aL  (G2¥) 296 yuswyedsp Aousbiewl
(%) u ‘Nl ayy
0} Jajsuel)} ai10jaq uoljeoso-]
) . . . ) . . . . . (sng)
(cr2)e (s68)zL  (wp) 1L (628)8s (629)es (zel)zh (92v) 99 (6°02) v (2'69) 26l (5'GS) 9Ll (G°6Y) 16G ooUBINSUI UIEBY DNy
000> (Lz)8  (soz (9 vk (zzk (sze)sz (898)6. (429)68 (1'62) 291 (£0€)99 (SHh) Lyl (S0S) €09 oueInstl ey
® ajeAud Jo Aueyusws|dwo)
(%) u ‘syso9 |eydsoy
Jo abelanod jo aoinog
(y'9¢) ¥ (0o (¥2) 9 (989) 9 (1e)2 (gog)gz (zse)ese (¥82)09 (ZL)oz (¥19)v6L (L€)0L€ USALIP-JI8S
(220 (8sL¢ (82) £ (98909 (Lza) 2L (zov) e (19g)9s (zzv)es (L°2L) 28 (91€) 00L (8'62) GSE siequisw Ajiwe4
. . . . ) ) . . . 80IAISS 818D
0l000> (€22)¢€ (€9)1 (2N (r'i)e  (vou)s (99)9 (6) i (12)sL  (ze)oz (Z¥)sL  (92)16 [ JNOUIM BOUBINGWIY
(1teL  (8)sL WYL  Wr2os wes)sy (zzgoz (262)9r (€22) v (819 veL (222 (S1€)9.¢ souenquie a.1ed [eolY
(%) u ‘pleydsoy
ayj} o} uoljeuodsues
(0)o (0)o (0)o (GL1 (€)1 (g9 s (90 L (¥2) s (2) ov (£9) 8L (¢) s¢ IETNTe)
(0)o (0)o (0)o (0)o (€)1 (0)o (0)o (0L (0) 00 (0)o (zo)e snouabipul
(1'6) 1 (982) ¥ (L) ¢ (gez)aL (802)9L (LL)or (69L)9z (8vL) e (g9L)oce (zGL) 8y (1L91)88lL umo.g
21500 (0)o (00 () (r'v) e (6'¢) € (NN (90 1 (ro)s  (ge)osr  (9L)s (229 oneinin
(zgLz (0)o 91) ¥ (coL)2 (B9L)eL (g9)¢ (1°2) L1 o)z (9oL (92)ve (28) 96 yoelg
(zz2)8 Wi or (8921 (g09) vy (8s9)er (162)22 (2v2)siL (02) Lyl m%w (8'69) 02z (Z'02) 818 8)IUM
(%) U Anoruuig
V.1vd NOILVZITV.LIdSOH
onead (=) (6i=u)  (gz=u) - (oz=u)  (22=u)  (6=u)  (sG1=u) (1iz=u) (8iz=u) (zle=u) (v6LI=u) —
annN 198 INS HVS HOI sainzisg ON3 Sl g1 OdN lejol :

VAZ

"sasouBelp [eo1LI00INBU (] 8Y) JO YoBs Ul pue 1Loyoo |[BlaA0 8y} Ul SBW09)N0
pue ‘suoneodldwos ‘Jiun aied aAlsusiul 8y} ul Aeys Buunp pswlopad sainpasold ‘sjusned sy} Jo sonslIS}orIeyD SuUIjdseq JO UOoNeWIoUl [BUORIPPY :ZS J1gV.L



8Y

el000>  (0)0 (0o (1 (Lge)ge  (T9v v v (ze)s Wive @V (re) 2L (€21)7/8 (%) u ‘weibousye |eigale)
400> (GS9)Ss  @sVe  (nor  ()s (809 (Esdez (oMol (€0Mse (116 (SPNOr (FLUSOZ 4o sousuoss amsbon
4000> (oDl (006l (1B)iz  (678)es (rre)Se (Z1e)es (97026 (yZe)Sl (68)46L (519056 (81186 4 0 Audeibowe o
UOISSIWpE WO} Yy Ulyim
pawuojiad sysa) buibew
000> (6L (@0 (ML GDs (vl o  (ee)e  (8e)s  (rlee (€L (9L oo o
el000>  (0)0 (0)o W (ervor (evor Q1)L 02y (ge)s  (coadvy (ge)LL (SL68 | yosuspoediy _m_ceommww
el000> (00 (€61 Qv (9sel  (or)g  (ee)e (i) zz (@9el (yee (e9oz (Lol ieh (%) u ‘elwsyjodAH
0100 (0) o (L'1a) v (82) L oz (€L Wwove (6La)ve (°z)oe  (L)ve  (2'91)€s (89L) 002 (%) u ‘elwaiyeuodAH
ec000 (28l)¢ (0)o (r) 1 (62 ¢ (0) o (L1 1 (6€)9 (8209  (g9)zl (90c (L2)ze (%) u ‘elwseoA|bodAH
«c000  (1'6) | (colz  (ov) ol (0g) | (bza) 2L (g91)sL (zsa)ee (Lal)ve (cz)sy  (6'€l) vy (€61) LET (%) u ‘eludesodAH
el000> (28l)z (L'1a) v (8)z (zs 1L @9y (VYA (L) 2L (8e)g (129 Wy vL (96)GLL (%) u ‘eludesiadAH
el000>  (0)0 (8sL)e  (¥¥) 1L (L'2)g (vore (oL (ez)eL 8z (Zv)ee (99) 1z (901) 9zl (%) u ‘elwsypadAH
«8000 (28l)c (0o (8)z (1) 8 (1'6) L (ee)e (6) ¥1 (2g)zL (814211 (z2) L (9) 2L (%) u ‘elwexodAH
el000>  (0)0 (Lo v (82) L (02) v (Lve)el  (28L) 2L (vee) L9 (zsl)ze (Lg2)9s  (8L) LS (¥'2e) L9z (%) u ‘uoisusjodAH
NOISSINGV 1V SNLV1S
el000  (1'6) | (0)o (z1) € (0)o (6€) € (Lo (@Ev)ze (ev)6 (lv)e (LoL)ee (g2)68 (%) u ‘eiseidosu |elueloelxy
el000> (z8L)z (gob¢ (¥) 1 (98)9 (6ovelL WsHvL (e (se)ve  (Vve (F21)SS (€81)8Le (%) u ‘sejeqelq
€200 (0)o (0o (zh) ¢ (622 (G9)g ()2 (621)oz (g6) 02 (Q) 11 (L¥) Sl (2) €8 (%) u ‘esessip eusy
8090 (000 (0) 0 @z  w9r (DL Gy @2 @98 @D Gy (enig (U o
000> (€22)€ (0)o (8)z (0)o (829 (ev)elL (zge)ee (80e)s9 (vel)iz (69)cz (8%L)LLL (%) u ‘Auyedoipied
el000> (€22)¢ (e92)s (ov)oL (269 9ov (L22)9s (Lov)ie (19)6L (6¥2)8SL (Fve)GL (€2h) vel (G0S) €09 (%) u ‘uoisusnadAy
sanIpIqIowo
(161 (GoL) e (02)s (ie)ee (Bov)el (222  ((B8¥L¢E (o) 1z (8)6l (91)s (66)8LL SElTe)



sainsesw Bullojuow Jayio

el 00°0> (0)0 (0o (0)o (0)o (L1L) 1 (0)o (0)o (0)0 (zy) L (982) ¢ (€¢) v paAisoal oym sjusijed ayj |je
10 (%) u ‘Jeiddo( |eluesoenu|

sainseaw Burioyuow

el 00°0> (0)0 (0)o (ooL) (L1p) s (oot)e  (ooL)ze (ooL) 2 (g68)Ssz (299)9L (29809 (g¥8) oL Jayjo paAedal oym
sjuaned a8y e Jo (%) u ‘D33

. . . . . . . . (%) u
el000> (000 (0)o @z Guer e (ese)ee  (§v)2  (eerse (Wve (@22 (K0V 12 g9 nseow Bunopnuow souio

Burioyuow 49|
el00°0> (0)o (0)o (ooL) L (2g8)zL (299001  (00L) L (09) L (ov) 2 (go2)g8 (g92)s (L1pv)ovr  wemiepun oym sjusied sy
IIe 40 (%) u ‘JejnoLiuaAeu|
Bunioyuow 49|
el00°0> (0)0 (0)o (ooL) L (evL)z (g¢€9)s (0)o (0)o (09) € (6'92)0c (2¢e2)vL  (£25)Gs5  usmispun oym sjusied ayy
[1e 10 (%) u ‘lewAyouaiedeiu|
el 00°0> (0)o (0o (P) 1 02y (geL)sL (L1 (e r2)s  (6'21)6¢E (9) 6L (8) 96 (%) u ‘Bunioyiuow 49|
el 00°0> (0)o (€9) 1 (¥2) 9 ()¢ (216 (V) ¥ (L1) 21 (8¢)8 (69) GL (90 ¢ (¥'6) 69 (%) u ‘sishjeiq

. . . . . . . ) . AVvA paAledal oym sjusljed
el000> (000 (0)o (€8)L (s92)er (6vwizz (vslz  (86)9 (162)9L (9L (882)sL  (02) 28 aU) [[E 10 (%) U ‘JOI[IpOSEA,

. . . ] . . ] ) avA paAledal oym sjusijed
k000> (001 L (oon)or  (oonzk (re8) iy (viz)se (eze)zk (v86)09  (v9s)ey (226)90L  (S2)6€  (L'28)8SE o\ 10 (94) u ‘tossaidosen
el000> (L6)L  (929)oL (8h)2L (02)6y (9€9)er (evL)el (¥6e) 19 (1'92)ss (0S)60L (¥9L)2S (¥¥E) LIy (%) u ‘avA

. } . } . ; } . . . (%)
2900 (g8z  (€6) 1 (0o (98)9  (¢9¢ (s Gva  (@9er (g9  (ze)or  (¥9)LL U ‘UONE|UBA SAISEALILION

uolje|ijuaA |eslueyoswl
9100 (299)z (£89)2 (982)+v (gee)sL  (9p)¢€g (802)s (g8ee)ee (zze)sL (eog)ey (zeL)2 (21e) 9yl  8mseaur uo paoe(d syusied
10 (%) u — Awo)soayoel |

. ) . . . ) . . . . . (%) U ‘uone|usA
el000> (e22)e (ze9ezk (99 vl (€v9)sy (649005 (¥92)vz (61¥)S9 (1'92)6s (8'c9)bel (291) €S (G'8€) 09 21U OB BAISEAL|

. . . } . . . . (%) U ‘uledp JejnoLjusA
el000>  (0)0 (0)o W (v ()i (@de (@es (829 (96)le (G (D)8 [eUB}X® JO JUBWIBOR|d

0,
el00°0> (1'6) L (918) 9 Oy (ezv)os (@) ve (bv) v (S¥) L 99 vL (z28)18 (29)8L (29l)66l (%)

u ‘AiebBinsoinau Aouabliawg

SIUNAIO0Ud AIHINDOIY

V1Vvd NOISS3dO0¥d

6V



e/90°0

(0)o

(0)o

(soL)ze 6L) ¥

(0)o

(291) L

gz L

(52) L

(1°29) 8

HI Juamiapun oym
syuaed e Jo (%) U ‘HI ul
Bunoyuow jewAyouaiedenu|

(e€2) 0¢

el00°0>

(0)o

(L) ¢

(1'22) 6L (£22) 12

(zaz

(6¢)9

(8¢)8

(2'62) 95

(r'y) vL

(80l) 621 (%) U ‘HI

e€82°0

(0)o

(P) 1

(A €

(2 e

(671 €

(6'0) ¢

(L) e

(€01

(%)

€evs ‘Buipaa|q [eunsajulo}ses

el00°0>

(112 ¥

(8¢

(ev) ¢ (6¢) ¢

(2 e

(671 ¢€

(rL)e

(¥'9) ¥

€1) ¥y

(%) u ‘@woapuAs

(z'e) 8e ssayysip Aiojeaidsal aynoy

el00°0>

(soLz

(02) 5

(989)9  (8'02) 9L

(F¥y) ¥

(891) 92

(9°2) 91

(1oL) 2z

(60 ¢

(#°8) 001 (%) u ‘aanjiey jeuay

el00°0>

(0o

(0)o

(0)o (0)o

(ee)e

(00

(0)o

(0)o

uoIjoduI

padojaaap oym sjuaied
ay} |le jo (%) u ‘eayuielp
pa}eID0SSEe WNIPLISO[D

(20¢

e?00°0

(ooL) L

(1'6) 1

(0)o

(€8¢

(0)o

(6% C

uonoajul padojaasp
oym sjusied sy} ||e 4o (%)
U ‘uoljosjul punom |eolbing

(1'6) Gl

el00°0>

(0)0

(1'6) 1

(e89) £

(€8¢

(291

(ra) L

671) 1

(€92) s

uonoajul padojonsp
oym syusned ay} ||e Jo
(%) u ‘uonoajul |eaibojoinapN

(8°2) €z

e/0G°0

(0)0

(1'6) 1L

(€91

(v

(292) ¥

(8'6) ¥

(¥'6) S

(0)o

uonoasjul padojanap
oym sjuaned au} e o (%)
U ‘uonjosyul |elsoeq Atewld

(Z6) L2

e€v0°0

(0)0

(zgL e

(cee) v

@v) 1 (ge2) 8

(cee

(%) ¢

(8¢ e

(GvL) et

(ol e

uonoajul padojansp
oym sjusied sy} e 4o (%)
U ‘uonoajul pajejal-laayien

(6'LL) S

e¢cC0

(0)0

(1'6) L

(L9l e

(zy) 1 (889 ¢

(£92) ¥

(L'21) 2

(5¥2) €L

(96) 8

(1’12 ¥

uonoajul
padojanap oym sjusned ayy
l1e 10 (%) u ‘uonoajul Ateuln

(L) ev

e?02°0

(0)o

(G'+9) 9

(09) 9

(ceg)oz (g¢l)se

(ce9) 8

(£02) 62

(6°29) 9¢

(Lv2) 29

(6°29) L1

uolodUI
padojanap oym sjuaied
ay ||e Jo (%) u ‘eluownaud

(€£69) €02

el00°0>

(1'6) 1

(6°29) LL

(8%) 2L

(eve) v (ZTvP) vE

(g91)sL

(592) Lt

(9¥2) 25

(1'8¢) €8

(9) 6l

(6v2)z62 (%) U ‘uonasyul padojaasq

e0L0°0

(0)0

(0)o

(0)o

(218 L (2zae

(¥'6) ¢

(0)o

(¥'12) 9

(09) 21

(62Y) €

sainseaw Burioyuow
JBY]0 paAladal oym
syuaned ay} ||e Jo (%) U ‘2Oond

(9°0¢) L&

0g



yjeap jo asnen

(89¢) 2

(oL e
(0)o

(€91

(0)o
(V'iv) 6

(0)0
(9°¢€9) £

(8¢

(zL) ¢
(8¢

(82) L

(¥) 1
(o¥) oL

(o) 2

(1'2)s
(98)9

(2'62) 81
(29) ¥

(6°2¥) 0¢

uonezijendsoy

NOI penujuo)

(woou juaned)

uonezijeydsoy panunuo)
uoddns

8Jl] JO uonelwWIl yum yresQq
uoddns

8JI] J0 uoneywWI JnoYIM yiesqg
@ouaJajsuel ]

(F¥y) ¥ (G9) 0L (8¢)8 (96) L (91 g (y'9) 22

(g9)s (z9)s (zv)orL  (9ov)ez  (91)g (€9)s.

L (geie  (€v)e6 (L) vZ (€01 (6°G) 1L

(ce)e  (62L)oz (LpsL @yee (619  (86)LLL

(0)o (g'1)ze
(9'¥6) 00¢ (2'69) Z€8

FLe (€2)s
(2'82)99L (8'19)€LL

(92 ¥
(7°65) 26

(ee)e
(bz8) 62 abieyosig

(%) u ‘awo93no Aep-gg

Aep Aep
Ulog [un - yog [pun
Syieap ON syiesp ON

90620

(€z-L1) €1

(FL-¥) G'8

(YOI) uelpasw
‘, paseadap ayj Buowe Aep

u30¢ 13un Aejs N9 40 ybuaT

avr.m.@ (G1-2) g Am.mw.mi (Gel-€)8 (81-6)9 (Si-¥) g8

ql000> (12 7¥ (0L-9) £

(P1-¢) v

(F1-v) 6

(YOI) uelpasw
‘sSI0AIAINS Buowe Aep

w0€ 11un Aejs 9| jo yjbua

(9-2)se (2L¢g (8-2) v (81-¢)8 (1) ¢ (6-2) ¥

FN0D21NO

e8/%°0 (0o

(0)o

(€91

HI Juamiapun oym sjuaned
[1e Jo (%) u ‘Adesay) ewod
8jeJnjiqieq yum juswiesl) H|

(09) L (0o sz (6'8) 5 (L2 CYAN

el00°0 (0)o

(L99) ¢

(89¢) 2

HI Juamiapun oym
syuaned |e jo (%) u ‘ebeuleip
[eaibins yum juswieal) Hj

(F'1L2) S (0)o (cee) e (0)o (969) 6 (6209  (S9) L2

eZ0°0 (0)o

(eee) L

(9z9) ol

HI lJuamiapun oym syuaned |e
10 (9%,) u ‘ebeurelp JenoujuaA
[euISIXd YIIM Jusw)eal] H|

(6719 €l (09) L (cee)e  (gzL) L (zea) el (zse)s  (L'se)op

eV62°0 (0)o

(eee) L

(L2 v

H| Jusmispun
oym sjusiied ||e jo (%) u
‘Awojoaiueld aAIssaldwoosp
UM juswijead) H|

(cee) L (0)o (00 (gz9)s (ece)6lL  (2s8)s (818 Ly

eG62°0 (0)o

(eee) L

(6'82) 6L

H| Jusmispun
oym sjuaned ||e o (%)
U ‘[ojiuuew yym juswieal) Hj

(299) v1L (09) L (09) € 09)vy (1'29)ze (268)zL (9€9) 28

LG



"IN U0 Q pue |QS uo Q ‘INS Uo €

‘HVYS UO 0Z ‘HOI UO ] ‘sainziog uo g “ON3J Uo / ‘Sj uo 0| ‘|gL uo g€ ‘OdN U0 g ‘[ejo] uo oo} :aJe yoiym ‘Aep yjog jnun asned |eoibojoinau 0} anp syjesp Ajuo BuLiepisuod s
"dIAIN U0 Q pue |QS uo 0 ‘INS

Uo 6 ‘HVS UO $Z ‘HO| U0 Zg ‘s@inzidS uo ¢ ‘ON3 U0 L{ ‘S| U0 $Z ‘|91 U0 9G ‘OdN UO / ‘[ejo1 uo /8| :aie yolym ‘Aep yjog [un N| 8y} Ul palp oym asoyy Ajuo Buuepisuo)
"dIAIN U0 / pue ‘|QS uo 6 ‘INS

uo 0} ‘HVS U0 0g ‘HOI UO Qg ‘s8inzieg uo G/ ‘ON3J U0 g6 ‘S| U0 991 ‘|91 Uo €L} ‘OdN U0 00¢ ‘[ejoL Uo geg :ale ydiym ‘NY| ey} wolj pabieyosip asoyy Ajuo Bupapisuo) o
‘|91 U0 | ‘OdN Uo | {|ejo] uo g :|jeydsoy ayj 0} uoneyuodsued) uo eyep BuIssI| p

"|OS UO G pue HYS U0 g ‘“ON3J UO | ‘S| UO | ‘|91 U0 8| ‘OdN Uo Z ‘[ejo] uo 6Z :Aoluyi3 uo ejep Buissi o

'}S9} sljlep-[exsnuy 8y} Jo soueoyiubis q

"1$9) a4enbs-1yd ay} Jo aouedIUBIS ¢

‘uolnelnap plepuels ‘gs ‘ebuel ajienbusiul ‘Y| ‘UWNjoo ulyim abejuaolad ‘9, ‘Aousnbaly ainjosqe ‘U (8109S 8|eds upBjuey palpow

‘gy-Ww ‘uoisuauadAy |elueloenul ‘Hi ‘eidnssald uabAxo anssi ulelq ‘2Qld ‘welbojeydasuaoiosle ‘533 ‘ainssald |elueioeiul ‘40| ‘Bnip aAioeoseA ‘gyA (WeisAS yyesH
paliun ueljizelg ‘SAS Hun a1ed aAIsuslUIl ‘ND)| ‘eseasip Jejnasnwolnau ‘AN ‘Ainful pJoo [eulds ‘|DS ‘uonoajul WslSAS SnOAlBU |eljuad ‘INS ‘ebeyliowsey plouyoeieqns ‘HyYS
‘ebeyulowsey |eigaisoenul ‘HI| ‘Ayjedojeydeous ‘QNT ‘eyoais olweeyos! ‘gl ‘Ainful uleiq onewnel ‘(g ‘Aiebinsoinau aAnose Jo aied aAneladolsod ‘OdN :Ssuoneirslqqy

asneo |eoibojoinau

020°0 (0o (0o (cee) 1L (sv) 6 (9'82) ¥ (00 (9'82) ¢ 0@z (e (09¢€ (8v) 8¥ 0} 8Np syjeap [ej0} 8y} Jo
(%) u ‘yjo000304d yjeop ulelg

syjeep

el000>  (0)0 (0o (cee)e  (geg)oz (9€9 vl (09)¢ (L2 2 (oL (6729)8e (2689 (2'€9) 00l [e30} Y} JO (%) U ‘;osned

[eoiBojoinau 0} anp yiesq

cs



‘pasAleue Jou ‘y/N ‘Uoljeluiay JO 2USPIAS [BOIUID pue ‘uoisuspadAy
|elueloenul ‘elwiaylodAy ‘elwaneuodAy ‘elwsedAbodAy ‘eludeoodAy ‘eludeosadAy ‘elwleyuadAy ‘elwaxodAy ‘uoisusiodAy jo aoussald ayj Jo wns ay)

wou} Buinsas ‘saunful A1epuo9as JO Jaquinu ‘SH ‘JUBWSSassy ainjie4 uebiQ |enuanbag ‘yY40S ‘||| 81095 ABojoisAyd a1noy paydwis ‘||| SAVS ‘|| uoneneas
yleaH oiuolyn pue ABojoisAyd a1ndy ‘|| JHOV Y ‘9oualajal 1ol ‘oljel Sppo ‘YO 8409s 9|eos Bupjuey paiipow ‘SYy-W Hun aled aAIsualul ‘ND| :SUOBIABIqQY
‘2ouedliubls [eonsiiels aieolpul GO'0 > d ‘enjea d 1s9} plepA o
‘lopow uoissalbal o13siBo| Aleuiq a1elleAlUN By} JO S|EAISIUI ©DUBPLIUOD % GE PUE Soied SPPO q
‘(apenb paiyy — ajiuenb 3suiy) uelpaw se paqLIDSap ale sa|qelieA aAlje}juenb Jayjo sy} pue ‘uoleinsp pJepuels F ueauwl
se paquosap sI abe {(aul] 8y} ul SBseD Jo Jaquinu [Bjo} 8y} Aq syieap jo abejuadlad) syieap Jo Jaquinu 8}njosge ay) Se paguosap aJe sa|gelieA |eolobale) .

0000 (¥L9°01—S6'L) 6YS¥ (€'61) 9LL/¥E (2°08) 9LL/eyL VIN VIN (1)9L1/L (€6) 921/69L  edoueinsui oljgng
e (S) ovL/L (6) ovL/cel (0) LyL/L (00L) LyLivel soue.nsul
aleAlld
S1s09 uoijezieydsoy jo abeiano)
0000 (¥88°€€-2/8°€) 29¥' LI (L) 92111 (€6) 921/691 ¥00°0 (18€°€0L-9.¥2) 91 (L91)8L/E (c°e8) 81/ 210w 1o 991y |
000  (6156-€€S'}) L28'€ (0) L¥L/L (00L) L¥LIvEL G/G0 (ZLozz—1210) 2 (2 Lo/l (9'26) Lv/OY omy
80,0  (888'z-/8%°0) 98L°) (L) 9LLiL (€6) 921/691 688°0 (Z1¥'6-620°0) 280 (1) 96/1 (66) 96/56 auQ
1oy (0) LyL/L (00L) LyLiveEL 1oy (1) eolre (8'86) 291/091 ole7
SH Jo JaqunN
€000 (y8z'L—esob)eat  (s-0)elee=u)  (2-0) | (1Lg=u) | ¥20°0 (6€'1—+20'L) €611 (8-1) G (9=u) (z-0) | (s0g=u) V408
. e . (9t-1€) ve (2e-¥2) 0¢ . ey . (89-2¢€) 6o (6e—¥2) 0'Le
0000 (€80°1—G20'L) ¥SO°) (6e=U) (y22=) 2000 (8v1L'1—€0'L) L80°L (9=) (g0e=U) Il SdVS
1000 (92L°L=L¥0'L) 90L' L (#L—9) 0L (Ly=u)  (0L—¥) L(SL2=U) | €000 (Lve1—290'L) 961°) (L1-6) €1 (2=u)  (0L—¥) L (0Le=U) Il IHOVAV
. o . (GL—z1) 61 (GL-¥1) G1 . o . (GL-2) ¥1 (GL—¥1) GL 9|eos
0200  (286'0-508°0) 688°0 (Lp=tl) (G7=u) 120°0 (126'0-20.°0) 928°0 (;=u) (0LE=U) BwWon moBses
2910 (680°€-8280) 665 I (2)9L11L (€6) 9£1/691 ¥€6°0 (9¥8'%-G€Z'0) 9901 (€2) 1eL/e (2°26) 1€1/82) sleIN
1oy (0) LyL/L (00L) LyLivEL gEN| (z2) 9Ly (8'26) 981/281 alewa
PEIS
. . . . GL¥8/S Gyl FL2S . . . . vLLF995 L'yl FYES
- - sieah) ab
0¥0'0  (8¥0'L—L00'L) ¥20'L (Lp=u) (Gz=U) 995°0 (690'1-796'0) GLO'} (/=) (0Le=u) (s1eaf) aby
onien 4@WOoo}N0 2(9 10 'G § 81035 (g 4O ‘ ‘| ©109S onfen P
a|geanoAejun 104 (1D S¥y-w) awoo3no S¥y-Ww) awoo3no Nl Uo yjeaq e9bBIeYISIp NII slojoe4
d d (19 %S6) YO paysnipeun
%G6) MO pajsnipeun ajgeinoAejun ajgeinoAe]

€G

"SHUN 8Je0 SAISUS}UI O} papiwpe sjusned [eonuooinau Ul Alabinsoinau
9AI}09]0 Jo aJed aAnesadoysod Jo dnoib onsoubelp 8y} Ul 8WO2IN0 B|geINoABIUN pue Alljeliow 1o} siojoe) oipsoubold Jo sonel sppo paisnipeun €S 3719v.L



54

TABLE S4: Adjusted odds ratios of prognostic factors for mortality and unfavourable outcome in the diagnostic
group of postoperative care of elective neurosurgery in neurocritical patients admitted to intensive care units.

Factors Models for ICU mortality Models f(z:nlfggaxf);rzflg)outcome
First multivariate model Adjusted OR (95% CI)* p value® | Adjusted OR (95% CI)* p value ©
Age (years) 1.021 (0.96-1.087) 0.510 1.033 (1.006-1.06) 0.014
Male sex (ref. female) 1.262 (0.245-6.505) 0.781 2.067 (0.985-4.339) 0.055
Glasgow Coma Scale 0.864 (0.708-1.054) 0.150 0.919 (0.816-1.034) 0.161
Number of Hs (ref. zero Hs)
One 0.638 (0.055-7.425) 0.719 0.963 (0.382—2.429) 0.936
Two 1.549 (0.132-18.15) 0.727 3.5(1.343-9.122) 0.010
Three or more 6.649 (0.852-51.859) 0.071 7.229 (2.202-23.734) 0.001
Eg\f’;‘;gg?fg'gﬁ:ﬂ:&‘)’e 5.087 (2.026-12.775)  0.001
N included in the model? 317 316
AUC (95% ClI) d 0.924 (0.861-0.987) 0.000 0.800 (0.731-0.87) 0.000
Second multivariate model Adjusted OR (95% CI)* p value® | Adjusted OR (95% CI)* p value®
Male sex (ref. female) 1.046 (0.212-5.149) 0.956 1.737 (0.872-3.46) 0.116
APACHE Il score 1.191 (1.047-1.355) 0.008 1.098 (1.029-1.171) 0.004
Eg\f’e'iégga('rtgf_iﬁﬁ;:g)e 4331(1.832-10.239)  0.001
N included in the modelf 317 316
AUC (95% ClI) d 0.881 (0.812—0.95) 0.001 0.737 (0.67-0.804) 0.000
Third multivariate model Adjusted OR (95% CI)®* p value® | Adjusted OR (95% CI)* p value®
Male sex (ref. female) 0.942 (0.155-5.73) 0.948 1.886 (0.922-3.859) 0.082
SAPS lll score 1.083 (1.025-1.145) 0.005 1.057 (1.026-1.088) 0.000
ngéi;g:a('rtgf_iﬁw:t‘;‘;e 4.53 (1.89-10.856) 0.001
N included in the modelt 314 313
AUC (95% ClI) d 0.85(0.726-0.974) 0.003 0.759 (0.687-0.832) 0.000
Fourth multivariate model  Adjusted OR (95% CI)® p value® | Adjusted OR (95% CI)* p value®
Age (years) 1.013 (0.951-1.08) 0.687 1.028 (1.002-1.055) 0.033
Male sex (ref. female) 0.754 (0.13-4.392) 0.754 1.877 (0.923-3.817) 0.082
SOFA score 1.147 (0.978-1.346) 0.092 1.119 (1.008-1.242) 0.035
Eg\f’g‘;ggig‘f";ﬁt’;‘)’e 4.264 (1.753-10.372)  0.001
N included in the modelf 311 310
AUC (95% Cl) d 0.825 (0.699-0.952) 0.006 0.756 (0.684-0.827) 0.000

a Number of cases (n) included in the multivariate model. °Odds ratios and 95% confidence intervals of the
multivariate binary logistic regression model. ¢ Wald test p value, results < 0.05 indicate statistical significance.
dArea under the receiver operating characteristic curve and 95% confidence interval. Abbreviations: ICU, intensive
care unit; m-RS, modified Rankin scale score; 95% Cl, 95% confidence interval; ref., reference; APACHE II, Acute
Physiology and Chronic Health Evaluation Il; SAPS lll, Simplified Acute Physiology Score IIl; SOFA, Sequential
Organ Failure Assessment; Hs, number of secondary injuries, resulting from the sum of the presence of
hypotension, hypoxemia, hyperthermia, hypercapnia, hypocapnia, hypoglycaemia, hyponatremia, hypothermia,
intracranial hypertension, and clinical evidence of herniation; AUC, area under the receiver operating
characteristic curve
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TABLE S6: Adjusted odds ratios of prognostic factors for mortality and Unfavourable outcome in the
diagnostic group of traumatic brain injury in neurocritical patients admitted to intensive care units.

Factors

Models for ICU mortality

Models for Unfavourable
outcome (m-RS 4, 5, or 6)

First multivariate model
Age (years)
Male sex (ref. female)
Glasgow Coma Scale
Number of Hs (ref. zero)
One
Two

Three or more

Public health insurance
coverage (ref. private)

N included in the model @
AUC (95% Cl) d

Adjusted OR (95% CI)* p value®
1.017 (0.998-1.036) 0.082
2.451 (0.951-6.316) 0.063
0.924 (0.844-1.011) 0.085

1.553 (0.385-6.266) 0.537
5.564 (1.574-19.675)  0.008
16.255 (4.576-57.743)  0.000

0.961 (0.301-3.068) 0.947

218
0.819 (0.754—-0.884) 0.000

Adjusted OR (95% CI)* p value®
1.023 (1.003-1.043) 0.023
1.572 (0.671-3.684) 0.298
0.777 (0.708-0.854) 0.000

1.354 (0.53-3.463) 0.527
4.471 (1.65-12.119) 0.003
10.88 (3.392-34.906)  0.000
1.146 (0.392-3.351) 0.803

218
0.877 (0.831-0.923) 0.000

Second multivariate
model

Male sex (ref. female)

APACHE Il score

Public health insurance
coverage (ref. private)

N included in the model @
AUC (95% CI) ¢

Adjusted OR (95% CI)®* p value®

2.922 (1.081-7.896) 0.035
1.221 (1.148-1.298) 0.000

0.71 (0.259-1.945) 0.505

218
0.843 (0.786—-0.899) 0.000

Adjusted OR (95% CIl)* p value®

1.58 (0.706-3.535) 0.266
1.244 (1.161-1.334) 0.000

2.052 (0.921-4.572) 0.079

218
0.857 (0.808-0.905) 0.000

Third multivariate model
Male sex (ref. female)

SAPS Il score
Public health insurance

Adjusted OR (95% CI)®> p value
2.998 (1.182-7.608) 0.021
1.061 (1.034-1.088) 0.000

Adjusted OR (95% CI)*> p value®
1.905 (0.823-4.411) 0.133
1.093 (1.06-1.128) 0.000

: 2.64 (1.098-6.347) 0.030 | 7.811(3.538-17.243)  0.000
coverage (ref. private)

N included in the model @ 211 211

AUC (95% Cl) ¢ 0.752 (0.679-0.825)  0.000 | 0.827(0.772-0.882)  0.000
Fourth multivariate model  Adjusted OR (95% Cl)> P V3"® | Adjusted OR (95% clp» P Value
Age (years) 1.011(0.992-1.029)  0.264 1.008 (0.99-1.026) 0.409

Male sex (ref. female)

SOFA score

Public health insurance
coverage (ref. private)

N included in the model @
AUC (95% ClI) ¢

2.164 (0.85-5.51) 0.105
1.364 (1.221-1.524) 0.000

1.113 (0.371-3.339) 0.849

209
0.808 (0.742—-0.873) 0.000

1.259 (0.541-2.929) 0.593
1.561 (1.362-1.789) 0.000

1.73 (0.639-4.685) 0.281

209
0.865 (0.815-0.915) 0.000

a Number of cases (n) included in the multivariate model. ® Odds ratios and 95% confidence intervals of the
multivariate binary logistic regression model. ¢ Wald test p value, results < 0.05 indicate statistical significance.
d Area under the receiver operating characteristic curve and 95% confidence interval. Abbreviations: ICU,
intensive care unit; m-RS, modified Rankin scale score; OR, odds ratio; 95% CI, 95% confidence interval; ref.,
reference; AUC, area under the receiver operating characteristic curve; APACHE II, Acute Physiology and
Chronic Health Evaluation II; SAPS IllI, Simplified Acute Physiology Score Ill; SOFA, Sequential Organ Failure
Assessment; Hs, number of secondary injuries, resulting from the sum of the presence of hypotension,
hypoxemia, hyperthermia, hypercapnia, hypocapnia, hypoglycaemia, hyponatremia, hypothermia, intracranial
hypertension, and clinical evidence of herniation.
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TABLE S8: Adjusted odds ratios of prognostic factors for mortality and Unfavourable outcome in the

diagnostic group of ischaemic stroke in neurocritical patients admitted to intensive care units.

Models for Unfavourable

Factors Models for ICU mortality outcome (m-RS 4, 5, or 6)
First multivariate model ~ Adjusted OR (95% Cl)> p value° | Adjusted OR (95% cl)> P value
Age (years) 1.033 (0.994-1.074) 0.102 1.007 (0.985-1.03) 0.517
Male sex (ref. female) 1.029 (0.366-2.891) 0.956 0.61 (0.301-1.234) 0.169
Glasgow Coma Scale 0.868 (0.768-0.982) 0.024 0.678 (0.573-0.803)  0.000
Number of Hs (ref. zero)
One 8.751 (0.993-77.144)  0.051 1576 (0.678-3.663)  0.291
Two 17.361 (1.901-158.572)  0.011 2783 (1.005-7.703)  0.049
Three or more 54.814 (5.672-529.691)  0.001 | 8.944 (2.038-39.258)  0.004
Public health insurance 3.604 (1.041-12.474)  0.043 1.997 (0.73-5.463) 0.178
coverage (ref. private)
N included in the model @ 211 208
AUC (95% Cl) ¢ 0.896 (0.841-0.951) 0.000 0.858 (0.804-0.913)  0.000
Second multivariate Adjusted OR (95% CI)® pvaluec | Adjusted OR (95% cl)> P Value
Male sex (ref. female) 0.921 (0.348-2.438) 0.868 0.58 (0.3-1.124) 0.107
APACHE Il score 1.195 (1.098-1.3) 0.000 1.166 (1.1-1.236) 0.000
Public health insurance 5.878 (2.22-15.566) 0.000 5.42 (2.384-12.323)  0.000
coverage (ref. private)
N included in the model @ 211 208
AUC (95% Cl) ¢ 0.857 (0.786-0.928) 0.000 0.804 (0.744-0.864)  0.000
Third multivariate model  Adjusted OR (95% Cl)® p value° | Adjusted OR (95% cly> P Value
Male sex (ref. female) 1.049 (0.39-2.819) 0.924 0.594 (0.31-1.141) 0.118
SAPS Ill score 1.044 (1.01-1.079) 0.011 1.06 (1.029-1.091) 0.000
Public health insurance 6.191 (2.315-16.557)  0.000 | 7.424 (3.088-17.849)  0.000
coverage (ref. private)
N included in the model 2 201 198
AUC (95% Cl) @ 0.767 (0.655-0.88) 0.000 0.756 (0.687-0.825)  0.000
Fourth multivariate Adjusted OR (95% CI)® pvaluec | Adjusted OR (95% cl)> P Value
Age (years) 1.022 (0.987-1.057) 0.222 1.013 (0.991-1.035)  0.241
Male sex (ref. female) 1.257 (0.456-3.466) 0.659 0.701 (0.359-1.369)  0.298
SOFA score 1.204 (1.064—1.363) 0.003 1.262 (1.129-1.41) 0.000
Public health insurance 5916 (1.943-18.012)  0.002 | 4.511(1.839-11.069)  0.001
coverage (ref. private)
N included in the model 2 197 193
AUC (95% Cl) @ 0.827 (0.751-0.903) 0.000 0.806 (0.744-0.868)  0.000

a Number of cases (n) included in the multivariate model. ® Odds ratios and 95% confidence intervals of the
multivariate binary logistic regression model. ¢ Wald test p value, results < 0.05 indicate statistical significance.

dArea under the receiver operating characteristic curve and 95% confidence interval. Abbreviations: ICU,

intensive care unit; m-RS, modified Rankin scale score; OR, odds ratio; 95% CI, 95% confidence interval; ref.,
reference; AUC, area under the receiver operating characteristic curve; APACHE II, Acute Physiology and
Chronic Health Evaluation Il; SAPS lll, Simplified Acute Physiology Score IIl; SOFA, Sequential Organ Failure
Assessment; Hs, number of secondary injuries, resulting from the sum of the presence of hypotension,
hypoxemia, hyperthermia, hypercapnia, hypocapnia, hypoglycaemia, hyponatremia, hypothermia, intracranial

hypertension, and clinical evidence of herniation
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TABLE S10: Adjusted odds ratios of prognostic factors for mortality and Unfavourable outcome in the
diagnostic group of encephalopathy in neurocritical patients admitted to intensive care units.

Factors Models for ICU mortality o“fj‘:ggﬁ:?:n?;;ax?g’rzflg)
First multivariate model Adjusted OR (95% CI)® p value® | Adjusted OR (95% Cl)® p value®
Age (years) 1.035 (1.009-1.062) 0.008 1.026 (1.005-1.047) 0.013
Male sex (ref. female) 2.827 (1.169-6.838) 0.021 1.766 (0.847-3.68) 0.129
Glasgow Coma Scale 0.915 (0.824-1.017) 0.099 0.905 (0.816—1.005) 0.062
Number of Hs (ref. zero Hs)

One 2.922 (0.661-12.918) 0.157 1.734 (0.69—4.359) 0.242

Two 7.119 (1.614-31.397) 0.010 2.268 (0.822—6.258) 0.114

Three or more 19.792 (4.447-88.1) 0.000 7.778 (2.444-24.75) 0.001
ngé'faggi'fgf'gsrﬂ:t';‘)’e 1184 (0.446-3.141) 0734 | 1.937(0.852-4.403)  0.115
N included in the model 2 155 155
AUC (95% CI) ¢ 0.822 (0.751-0.894) 0.000 0.772 (0.697-0.848) 0.000
Second multivariate model Adjusted OR (95% Cl)°® p value° | Adjusted OR (95% CI)® p value®
Male sex (ref. female) 1.872 (0.803-4.367) 0.147 1.436 (0.683-3.018) 0.340
APACHE Il score 1.133 (1.081-1.187) 0.000 1.134 (1.081-1.19) 0.000
Eg\?e"fagzez'rtgf'?#\ztg‘)’e 1364 (0.586-3.178)  0.471 2.015 (0.94-4.317) 0.072
N included in the model 2 155 155
AUC (95% ClI)¢ 0.816 (0.741-0.891) 0.000 0.799 (0.73-0.869) 0.000
Third multivariate model Adjusted OR (95% CI)® p value | Adjusted OR (95% CI)® p value®
Male sex (ref. female) 1.809 (0.808-4.052) 0.149 1.462 (0.692-3.089) 0.319
SAPS Il score 1.072 (1.04-1.105) 0.000 1.081 (1.049-1.115) 0.000
nge'ifagzez'rtgf_";w:ge 1.262 (0.559-2.85) 0575 | 1.797(0.836-3.864)  0.134
N included in the model 2 154 154
AUC (95% CI) ¢ 0.776 (0.697-0.855) 0.000 0.794 (0.724-0.865) 0.000
Fourth multivariate model  Adjusted OR (95% CI)® p value® | Adjusted OR (95% Cl)® p value®
Age (years) 1.025 (1-1.05) 0.053 1.015 (0.995-1.035) 0.137
Male sex (ref. female) 2.011 (0.878-4.606) 0.099 1.513 (0.735-3.116) 0.261
SOFA score 1.297 (1.156—1.455) 0.000 1.261 (1.135-1.401) 0.000
Eg\?e"fagzez'rtgf'?#\ztg‘)’e 1433 (0.561-3.662) 0452 | 1.881(0.841-4207)  0.124
N included in the model 2 155 155
AUC (95% ClI) ¢ 0.796 (0.716-0.876) 0.000 0.765 (0.69-0.841) 0.000

aNumber of cases (n) included in the multivariate model. ® Odds ratios and 95% confidence intervals of the
multivariate binary logistic regression model. ¢ Wald test p value, results < 0.05 indicate statistical
significance. ¢ Area under the receiver operating characteristic curve and 95% confidence interval.
Abbreviations: ICU, intensive care unit; m-RS, modified Rankin scale score; OR, odds ratio; 95% CI, 95%
confidence interval; ref., reference; AUC, area under the receiver operating characteristic curve; APACHE II,
Acute Physiology and Chronic Health Evaluation Il; SAPS IlI, Simplified Acute Physiology Score IIl; SOFA,
Sequential Organ Failure Assessment; Hs, number of secondary injuries, resulting from the sum of the
presence of hypotension, hypoxemia, hyperthermia, hypercapnia, hypocapnia, hypoglycaemia,
hyponatremia, hypothermia, intracranial hypertension, and clinical evidence of herniation.



‘pasAjeue jou ‘y/N

‘uoneluiay Jo a2uUapIAS [BOIUID pue ‘uoisusuadAy elueloenur ‘elwiayiodAy ‘elwaseuodAy ‘elwseok|bodAy ‘eludeocodAy ‘eludeosadAy ‘elwisyuadAy ‘elwaxodAy ‘uoisusiodAy
Jo 9ouasald ay} Jo wns ay) woJj Bunynsas ‘saunful A1epuodas Jo Jaquinu ‘SH ‘JUBWISSassy alnjie4 uebiQ |enuanbag ‘vY40S |1 81095 ABojoisAyd a1noy payidwis ‘||| SAVS
{|] uonenjeA yyeaH oluoiy) pue AbojoisAyd a1noy ‘|| JHOV Y ‘9oualajal “Jal ‘o1jed SPPOo ‘YO ‘8400S 9|BIS UDjUBY Palipow ‘Sy-W J1un a1ed dAISuslul ‘ND| :suoleinaIqqy

"aoueolubIS [BONISIIEIS 81BIIPUI GO'0 > SHNSal ‘enjeA d 1S8) plep o

‘lopow uoissaibal o13siBo| AJeuiq ajelieAlUN By} JO S|BAIBIUI SOUSPIIUOD %GE PUB SOIel SPPO q

‘(a|uenb paiyy — ajiuenb 1s.1}) uelpaw Se paquLOsSap aJe sajgeleA aAljeuenb Jayjo 8yl pue ‘uoieinap

pJepuels F ueaw Se paquosap sI abe (aul 8yl ul saseo Jo Jaquinu |e1o] ayl Ag syieap Jo abejuaolad) syieap Jo Jequinu 91Njosge ay} Se paqLIosap ale sa|gelieA [eolobale)

8100 (622°91—862'L) 685V (€'89) ZL/L (L'Ly) 2Lis Zv6'0  (29°01-820°0) €160 (G2) 2L/g (G2)zLi6 2ouBINSUI 21IgNd
(y'e2) 22/81 (9'92) £1/6G (1) 6L/L (2'86) 61/82 @oueinsul
ajeAlld
S1s09 uonezieyidsoy jo abeiano)
81z’0 (80%'LL—¥.G0)9G°C (v'v¥) 6/ (9'59) 6/S V/N V/N (0) 6/0 (00L) 6/6 2I0W 10 991y |
2/00  (SYE'LL—€06°0) T°€ (09) v1/L (09) ¥1/L 50,0 (S82°6L—-GEL'0)GLO'L (L2 vin (6726) i/EL om]
16%'0  (8L€2-L21°0) %90 (L91) veiv (e'¢8) ¥2/0Z Zv6'0  (29°0L—8.0°0) €£16°0 () e/ (8'6) v2/cT auQ
(8'¢2) Z¥/oL (z'92) 2vize (S'v) vviz (G'S6) vyizy Y4
SH JO JaquinN
0000 (¥80'2-68Z'L) 6€9°L (G'9-¢) ¥ (y2=u) (€-0) L (6G=U) 2500  (¥96'L—166°0) 66E"L (5°2-¢) 9 (y=u) (#—0) 1 (18=U) v40S
0000 (2L L—¥€0° 1) 920 L  (G9-G'L¥) ¥S (y2=u) (S8p—L€) 6E (#9=U) | €68°0  (L80°L—8€6°0) L00'L  (£6-G°2€) OF (¥y=u) (¥S—€€) L¥ (98=U) Il SdVS
0000 (BEZ'L—290°L) GL'L (61—21) 91 (G2=u) (ZL-¥) 8 (¥9=u) z6e0  (981'1—9¢6'0) €50°L  (8L—G°0L) GGl (¥=u) (S1—G) 0L (28=V) [ IHOVJYV
. . . . . } . } . SRS
0000 (988°0-889°0) 180 (71-9) 6 (52=U) (GL=¥1) GL ($9=u) [ LI¥0  (PE€LL-G€20) €160  (PL-G2) LL (p=u)  (SL-LL) ¥L (28=U) ewon mobselo
0,60 (29G2-€0¥°0) 8L0'L (€'82) 9v/El (L7L2) 9p/ee 0z2€'0  (6OL'E-LE00) LLEO (Z'2) 9v/L (8°26) 9¥/SY aleN\
(6°22) €vizlL (L'22) eviLe (2'9) sv/e (€'¢6) SP/zy ojewa
PEIS
02’0 (9€0'1-266°0) ¥LO'L  66L F1'€9(52=U) $€ZF€95(¥9=u) | L¥80  (¥0'L—-€S6°0) 9660 v'LLFGOG (y=U) L'€2¥88G(/8=U) (s1eak) aby
q@Wo2}no e (9 10 ‘G ‘p 21008 e (€ 40 ‘Z ‘| @100s
OMEA  igesnoaejun 1oy (10 Sy-w) swogyno sy-w) awoono | °MeEA Auepon nor 10319 N9l uo yyeaq . aBJ1eyasip Nol si0)oe4
d d %S6) YO pajsnipeun :

%56) ¥O pasnipeun a|qenoAejun a|qeinoAe

‘S}iun aJed aAIsuajul

0) papiwpe sjusied [eoNO0INBU Ul Sinzias Jo dnoib onsoubeip 8y} Ul SWO2IN0 8|qeiNOABIUN PUE Ajljelow Joy siojoe) onsouboud Jo sonel sppo pajsnipeun :11LS J19V.L

19



62

TABLE S12: Adjusted odds ratios of prognostic factors for mortality and Unfavourable outcome in the
diagnostic group of seizures in neurocritical patients admitted to intensive care units.

Factors

Models for ICU mortality

Models for Unfavourable outcome

(m-RS 4, 5, or 6)

First multivariate model Adjusted OR (95% CI)®  p valuec | Adjusted OR (95% CI)® p value®
Age (years) N/A N/A 1.025 (0.996-1.055) 0.089
Male sex (ref. female) N/A N/A 0.754 (0.241-2.354) 0.627
Glasgow Coma Scale N/A N/A 0.778 (0.672-0.9) 0.001
Number of Hs (ref. zero Hs) N/A

One N/A N/A 0.548 (0.133-2.266) 0.406

Two N/A N/A 1.478 (0.308-7.101) 0.625

Three or more N/A N/A 0.776 (0.124-4.873) 0.787
Eg\f’;‘;g:a(':gf_"gw:t’;e N/A N/A 5.028 (0.965-26.187)  0.055
N included in the model @ N/A N/A 89
AUC (95% ClI) d N/A N/A 0.888 (0.819-0.956) 0.000
Second multivariate model  Adjusted OR (95% CI)®*  p value¢ | Adjusted OR (95% CI)® p value®
Male sex (ref. female) 0.042 (0.002-1.128) 0.059 0.723 (0.243-2.151) 0.559
APACHE Il score 1.062 (0.897-1.257) 0.486 1.149 (1.063-1.241) 0.000
Eg\f’g‘;g:a('rtgf_“;w:t';‘;e 91.444 (4.383-1907.891)  0.004 | 4.532(1.081-19.006)  0.039
N included in the model 2 91 89
AUC (95% ClI) @ 0.943 (0.867-1) 0.003 0.835 (0.748-0.922) 0.000
Third multivariate model Adjusted OR (95% CI)®  p value® | Adjusted OR (95% Cl)°® p value®
Male sex (ref. female) 0.06 (0.003-1.295) 0.073 0.911 (0.306-2.706) 0.866
SAPS Ill score 0.985 (0.896—1.082) 0.750 1.078 (1.033-1.124) 0.000
Eg\?e“;gga(':gf_“;w:t’;‘;e 102.753 (4.714-2239.75)  0.003 | 4.193(0.971-18.095)  0.055
N included in the model 2 90 88
AUC (95% ClI) @ 0.863 (0.644—-1) 0.014 0.823 (0.724-0.921) 0.000
Fourth multivariate model Adjusted OR (95% CI)®  p value® | Adjusted OR (95% Cl)® p value®
Age (years) 1.008 (0.937-1.085) 0.822 1.018 (0.99-1.047) 0.209
Male sex (ref. female) 0.064 (0.002—1.795) 0.106 0.713 (0.221-2.305) 0.572
SOFA score 1.318 (0.838-2.073) 0.233 1.595 (1.25-2.036) 0.000
Eg\f’e"rcagga(':gf_“;w:tgc)e 71.58 (2.584-1983.206)  0.012 | 3.074(0.613-15.423)  0.172
N included in the model 2 85 83
AUC (95% ClI) @ 0.957 (0.89-1) 0.002 0.846 (0.765-0.927) 0.000

aNumber of cases (n) included in the multivariate model. ® Odds ratios and 95% confidence intervals of the
multivariate binary logistic regression model. ¢ Wald test p value, results < 0.05 indicate statistical

significance.

d Area under the receiver operating characteristic curve and 95% confidence interval. Abbreviations: N/A, not
analysed; ICU, intensive care unit; m-RS, modified Rankin scale score; OR, odds ratio; 95% CI, 95%
confidence interval; ref., reference; AUC, area under the receiver operating characteristic curve; APACHE II,
Acute Physiology and Chronic Health Evaluation II; SAPS I, Simplified Acute Physiology Score IIl; SOFA,
Sequential Organ Failure Assessment; Hs, number of secondary injuries, resulting from the sum of the

presence of hypotension,

hypoxemia,

hyperthermia,

hypercapnia,

hypocapnia,

hyponatremia, hypothermia, intracranial hypertension, and clinical evidence of herniation.

hypoglycaemia,
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TABLE S14: Adjusted odds ratios of prognostic factors for mortality and Unfavourable outcome in the
diagnostic group of the intracerebral haemorrhage in neurocritical patients admitted to intensive care units.

Models for Unfavourable

Factors Models for ICU mortality outcome (m-RS 4, 5, or 6)
First multivariate model  Adjusted OR (95% CI)® p value® | Adjusted OR (95% cl)> P value
Age (years) 0.983 (0.948-1.019) 0.353 0.971 (0.919-1.027) 0.307
Male sex (ref. female) 0.759 (0.252-2.288) 0.625 0.156 (0.035-0.697) 0.015
Glasgow Coma Scale 0.978 (0.861-1.11) 0.732 0.731 (0.602—-0.887) 0.002
Number of Hs (ref. zero
Hs)
One 1.03 (0.241-4.406) 0.968 2.94 (0.625-13.836) 0.172
Two 1.693 (0.363-7.902) 0.503 5.087 (0.557-46.442)  0.149
Three or more 4.89 (1.113-21.477) 0.036 All with outcome
Public health insurance 1.208 (0.35-4.169) 0.765 1.301 (0.257-6.589)  0.751
coverage (ref. private)
N included in the model 2 77 76
AUC (95% Cl) @ 0.693 (0.563-0.824) 0.008 0.903 (0.832-0.975) 0.000
Z‘Z":enld multivariate Adjusted OR (95% CI)® p value© | Adjusted OR (95% cl)> P value
Male sex (ref. female) 0.812 (0.285-2.317) 0.697 0.302 (0.09-1.009) 0.052
APACHE Il score 1.087 (1.005-1.175) 0.036 1.213 (1.088-1.353) 0.001
Public health insurance 1.578 (0.5-4.975) 0.437 | 3.433(0.945-12.467)  0.061
coverage (ref. private)
N included in the model 2 77 76
AUC (95% Cl) @ 0.662 (0.534-0.79) 0.027 0.853 (0.77-0.936) 0.000
Third multivariate model  Adjusted OR (95% CI)® p value® | Adjusted OR (95% Cl)> P Value
Male sex (ref. female) 0.708 (0.241-2.078) 0.529 0.377 (0.103-1.381) 0.141
SAPS IIl score 1.029 (0.993-1.066) 0.113 1.109 (1.048-1.173) 0.000
Public health insurance 1.403 (0.447-4.406)  0.562 3.635(0.96-13.766)  0.058
coverage (ref. private)
N included in the model 2 72 71
AUC (95% Cl) @ 0.648 (0.504-0.791) 0.050 0.865 (0.774—0.955) 0.000
Fourth multivariate Adjusted OR (95% Cl)® pvalue® | Adjusted OR (95% Cl)> P Value
Age (years) 0.979 (0.943-1.016) 0.258 0.992 (0.944—1.042) 0.740
Male sex (ref. female) 0.585 (0.184—1.858) 0.363 0.272 (0.073-1.01) 0.052
SOFA score 1.258 (1.058-1.497) 0.009 1.619 (1.198-2.188) 0.002
Public health insurance 0.807 (0.22-2.96) 0.746 2.378 (0.52-10.876)  0.264
coverage (ref. private)
N included in the model 2 70 69
AUC (95% Cl) @ 0.725 (0.584-0.866) 0.003 0.87 (0.773-0.968) 0.000

aNumber of cases (n) included in the multivariate model. ® Odds ratios and 95% confidence intervals of the
multivariate binary logistic regression model. ¢ Wald test p value, results < 0.05 indicate statistical significance.
d Area under the receiver operating characteristic curve and 95% confidence interval. Abbreviations: ICU,
intensive care unit; m-RS, modified Rankin scale score; OR, odds ratio; 95% Cl, 95% confidence interval; ref.,
reference; AUC, area under the receiver operating characteristic curve; APACHE II, Acute Physiology and
Chronic Health Evaluation Il; SAPS lll, Simplified Acute Physiology Score IIl; SOFA, Sequential Organ Failure
Assessment; Hs, number of secondary injuries, resulting from the sum of the presence of hypotension,
hypoxemia, hyperthermia, hypercapnia, hypocapnia, hypoglycaemia, hyponatremia, hypothermia, intracranial
hypertension, and clinical evidence of herniation.
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TABLE S16: Adjusted odds ratios of prognostic factors for mortality and unfavourable outcome in the diagnostic
group of subarachnoid haemorrhage in neurocritical patients admitted to intensive care units.

Models for Unfavourable outcome

Factors Models for ICU mortality (m-RS 4, 5, or 6)
First multivariate model Adjusted OR (95% Cl)®> P V3U® | Agiusted OR (95% CI)®  p value®
Age (years) 1.025 (0.976-1.076) 0.323 1.025 (0.978-1.075) 0.307
Male sex (ref. female) 0.94 (0.236-3.742) 0.930 2.334 (0.624-8.728) 0.208
Glasgow Coma Scale 0.805 (0.688-0.941) 0.006 0.748 (0.62-0.904) 0.003
Number of Hs (ref. zero Hs)
One 1.978 (0.301-13.002)  0.478 0.968 (0.215-4.363) 0.967
Two 6.252 (0.969-40.359)  0.054 1.724 (0.32-9.281) 0.526
Three or more 4.183 (0.464-37.713)  0.202 0.242 (0.02-2.936) 0.265
Public health insurance 0.408 (0.056—2.949) 0374 | 3.808(0.612-23.703)  0.152
coverage (ref. private)
N included in the model 2 70 70
AUC (95% Cl) @ 0.844 (0.744-0.944) 0.000 0.821 (0.715-0.928) 0.000
Second multivariate model  Adjusted OR (95% Cl)> P V3!U® | Adjusted OR (95% CI)® p value®
Male sex (ref. female) 1.066 (0.288—3.946) 0.924 | 2.825(0.641-12.446) 0.170
APACHE Il score 1.188 (1.087-1.298) 0.000 1.268 (1.129-1.424) 0.000
I 0.477 (0.096-2.377) 0.366 3.233 (0.51-20.486) 0.213
coverage (ref. private)
N included in the model 2 70 70
AUC (95% ClI) @ 0.832 (0.736-0.929) 0.000 0.88 (0.796-0.964) 0.000
Third multivariate model Adjusted OR (95% CI)> P V3lU® | Agjusted OR (95% CI)® p value®
Male sex (ref. female) 1.82 (0.519-6.38) 0.349 3.744 (0.919-15.246) 0.065
SAPS Il score 1.068 (1.027-1.111) 0.001 1.094 (1.035-1.156) 0.002
Public health insurance 0.433 (0.101—1.844) 0.257 2.158 (0.498-9.357) 0.304
coverage (ref. private)
N included in the model 2 65 65
AUC (95% Cl) ¢ 0.764 (0.642-0.886) 0.001 0.8 (0.691-0.909) 0.000
Fourth multivariate model  Adjusted OR (95% cl)> P V3!U® | Adjusted OR (95% CI)® p value®
Age (years) 1.013 (0.967—1.061) 0.587 1.018 (0.971-1.066) 0.460
Male sex (ref. female) 1.373 (0.368-5.123) 0.637 1.826 (0.483-6.905) 0.375
SOFA score 1.376 (1.143-1.655) 0.001 1.379 (1.124-1.692) 0.002
Public health insurance 0.377 (0.063-2.256)  0.285 | 2.977 (0.504-17.575)  0.229
coverage (ref. private)
N included in the model @ 64 64
AUC (95% Cl) @ 0.82 (0.715-0.925) 0.000 0.812 (0.696-0.928) 0.000

a Number of cases (n) included in the multivariate model. * Odds ratios and 95% confidence intervals of the
multivariate binary logistic regression model. ¢ Wald test p value, results < 0.05 indicate statistical significance.

d Area under the receiver operating characteristic curve and 95% confidence interval. Abbreviations: ICU,
intensive care unit; m-RS, modified Rankin scale score; OR, odds ratio; 95% CI, 95% confidence interval; ref.,
reference; AUC, area under the receiver operating characteristic curve; APACHE Il, Acute Physiology and Chronic
Health Evaluation IlI; SAPS llI, Simplified Acute Physiology Score lll; SOFA, Sequential Organ Failure
Assessment; Hs, number of secondary injuries, resulting from the sum of the presence of hypotension,
hypoxemia, hyperthermia, hypercapnia, hypocapnia, hypoglycaemia, hyponatremia, hypothermia, intracranial
hypertension, and clinical evidence of herniation.
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TABLE S17: Non-standardized Disability-adjusted life-years (DALYSs), years of life lost (YLLs), and years
lost due to disability (YLDs) in the overall cohort of neurocritical patients and in patients grouped by main

diagnosis.

Neurocritical patients N DALYs YLLs YLDs

Total neurocritical patients 1194 4482.94 4420.022 62.92
Traumatic brain injury 218 1634.42 1618.800 15.62
Encephalopathy 155 709.66 703.510 6.15
Subarachnoid haemorrhage 70 559.01 557.426 1.58
Intracerebral haemorrhage 77 557.31 554.420 2.89
Ischaemic stroke 211 421.72 406.567 15.16
Central nervous system infection 25 237.13 236.589 0.54
Postoperative status of elective neurosurgery 317 195.78 180.360 15.42
Seizures 91 110.20 106.849 3.35
Spinal cord injury 19 57.54 55.500 2.04
Neuromuscular disease 11 0.17 0 0.17




TABLE S18: Characteristics of registered sites according to available resources

Caracteristics of sites n=36
Located in cities with > 1 million inhabitants, n(%) 23 (63,9%)
Active hospital beds, median (IQR) 190 (136,5 - 309,75)
Adult ICU active beds, median (IQR) 34 (20 - 49)
Type of institution, n(%)
Only public 11 (30,6%)
Only private 22 (61,1%)
Public and private 3 (8,3%)
Academic hospital, n(%) 30 (83,3%)
Availability of Cranial Tomography, n(%)
24(7 34 (94,4%)
Elective 2 (5,6%)
Availability of Cranial Magnetic Resonance, n(%)
2417 19 (52,8%)
Elective 7 (19,4%)
Not available 10 (27,8%)
Availability of Cerebral Arteriography, n(%)
24/7 22 (61,1%)
Elective 10 (27,8%)
Not available 4 (11,1%)
Hospital with surgical centre, n(%) 36 (100%)
Titled intensivist, n(%) 37 (97,2%)
Neurologist available 24/7 at the Hospital, n(%) 30 (83,3%)
Neurosurgeon available 24/7 at the Hospital, n(%) 34 (94,4%)
Professionals available in the ICU
Dedicated Doctor, n(%) 36 (100%)
Dedicated Nurse, n(%) 36 (100%)
Dedicated Physiotherapist, n(%) 36 (100%)
Pharmacist, n(%) 32 (88,9%)
Psychologist, n(%) 31 (86,1%)
Speech therapist, n(%) 32 (88,9%)
Nutritionist, n(%) 36 (100%)
Dentist, n(%) 18 (50%)
Active care protocols in the hospital/ICU:
Ischaemic stroke, n(%) 25 (69,4%)
Subarachnoid haemorrhage, n(%) 21 (58,3%)
Hemorrhagic stroke, n(%) 22 (61,1%)
Traumatic brain injury, n(%) 18 (50%)

External ventricular drain care, n(%) 24 (66,7%)
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Deep vein thrombosis, n(%)

32 (88,9%)

Seizures, n(%)

21 (58,3%)

Bundle Ventilator-associated pneumonia, n(%)

33 (91,7%)

Bundle Urinary Infection related to urinary catheter, n(%)

33 (91,7%)

Bundle Central catheter-related infection, n(%)

32 (88,9%)

Availability EV Thrombolysis 24/7, n(%)

32 (88,9%)

Abbreviations: ICU, intensive care unit; IQR, interquartile range; n, absolute frequency; %, percentage

within column.
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TABLE S19: Comparison of the characteristics of patients with a primary diagnosis of encephalopathy,
stratified by etiologies.

. brain . o . .
septic structural metabolic  hypoxic-ischaemic drug-induced other
Variables encephalo- damaae encephalo- encephalo- encephalo- etiologies
pathy (n=64) (nzzg) pathy (n=21) pathy (n=19) pathy (n=13) (n=12)
Age (years),  7,5,159 53:176 689193 61+ 19.1 444+£219 724 £171
mean + SD
:‘f,'/f)'e Sex, n 33(51.6) 10 (38.5) 5 (23.8) 16 (84.2) 4(30.8) 4(33.3)
(‘f‘g% Median 15 10-14) 14(10-15) 13 (9-14) 12 (3 - 14) 6(4-13) 14 (12.5-14.5)
APACHE Il at
ICU
admission, 17 (13-25)  9(7-11) 20 (11 - 26) 30 (20 - 35) 12 (4-22)  11(8.5-17.5)
Median (IQR)
SAPS lll at ICU 49.5 (38 -
admission?, 60 (52-71) 49 (43-58) 55 (50 - 62) 67 (49 - 86) 56.5) 52 (46 - 60)
Median (IQR) ]
SOFA atICU
admission, 6 (3-8) 2(1-4) 5(3-9) 9(7-12) 4(1-7) 2 (0.5 - 2.5)
Median (IQR)
Number of Hs at ICU
admission, n (%)
Zero 17 (26.6) 13 (50) 4 (19) 3 (15.8) 5 (38.5) 5 (41.7)
One 14 (21.9) 3(11.5) 7 (33.3) 3(15.8) 6 (46.2) 6 (50)
Two 16 (25) 6 (23.1) 6 (28.6) 2 (10.5) 1(7.7) 1(8.3)
Three or more 17 (26.6) 4 (15.4) 4 (19) 11 (57.9) 1(7.7) 0 (0)
Length of
ICU stay until ) ) ) ) 35(1.5- )
30% day, 55(3-12) 8(5-15)  3(2-17) 6(4-12) 15.5) 3(2-4)
Median (IQR)
30-day
mortality, n 20 (31.3) 5(19.2) 3(14.3) 11 (57.9) 1(7.7) 1(8.3)
(%)
m-RS on ICU outcome or until 30" day, n
(%)
0 6 (9.4) 2(7.7) 4 (19) 0 (0) 4 (30.8) 2(16.7)
1 6 (9.4) 2(7.7) 3(14.3) 0 (0) 3(23.1) 2(16.7)
2 4 (6.3) 7 (26.9) 1(4.8) 0 (0) 1(7.7) 3 (25)
3 9 (14.1) 1(3.8) 2 (9.5) 2(10.5) 1(7.7) 1(8.3)
4 10 (15.6) 6 (23.1) 2 (9.5) 3(15.8) 2 (15.4) 1(8.3)
5 9 (14.1) 3(11.5) 6 (28.6) 3(15.8) 1(7.7) 2(16.7)
6 20 (31.3) 5(19.2) 3(14.3) 11 (57.9) 1(7.7) 1(8.3)
Unfavourable
outcome (m- 39(60.9)  14(53.8) 11 (52.4) 17 (89.5) 4(30.8) 4 (33.3)

RS score 4, 5,
or 6), n (%)

Abbreviations: APACHE I, Acute Physiology and Chronic Health Evaluation; ENC, encephalopathy; GCS,
Glasgow Coma Scale; ICH, intracerebral haemorrhage; IQR, interquartile range; IS, ischaemic stroke; m-RS,
modified Rankin Scale; n, absolute frequency; NMD, neuromuscular disease; NPO, postoperative care of elective
neurosurgery; SAH, subarachnoid haemorrhage; SAPS Ill, Simplified Acute Physiology Score III; SCI, spinal cord
injury; SD, standard deviation; SNI, central nervous system infection; SOFA, Sequential Organ Failure
Assessment; TBI, traumatic brain injury; %, percentage within column.

a Missing data on SAPS llI: 1 on drug-induced encephalopathy.
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5 DISCUSSAO

O Estudo Neurocritico Brasil revelou uma epidemiologia abrangente de pacientes
neurocriticos e o impacto da internagdo em UTI sobre essa populagdo de pacientes.
Esses pacientes representaram mais de um quarto de todas as internacdes de pacientes
criticos (28,1%) e apresentaram uma taxa de mortalidade 1,7 vezes maior do que os
pacientes ndo neurocriticos, achado que nao foi explicado pelos escores de gravidade.
Outros estudos também mostraram aumento da mortalidade entre pacientes
neurocriticos em comparagdo com outros pacientes de UTI. (MAYR et al., 2006) Os
escores de gravidade parecem discriminar em grau semelhante a ocorréncia de doenga
grave em pacientes neurocriticos e nao neurocriticos, mas a razdo pela qual os
pacientes neurocriticos apresentam piores desfechos do que os n&o neurocriticos,
apesar de apresentarem escores (GLASGOW Scale, APACHE Il e SOFA) semelhantes,
deve-se a fatores nao captados nas primeiras horas de internagao na UTI, quando esses
escores sdao medidos, incluindo maior tempo de internagao hospitalar e maior numero de
complicagdes e disfungdes de 6rgados nao neurolédgicos. (VINCENT; MORENO, 2010;
ZYGUN et al., 2006)

Temos hoje um melhor conhecimento da epidemiologia de pacientes neurocriticos
do que tinhamos antes, (VENKATASUBBA RAO et al., 2020) ndo apenas em relagao a
sua prevaléncia total e relativa, mas também em relagdo a forma como diferem de outros
pacientes criticos em termos demograficos, gravidade clinica, uso de recursos de UTl e
desfechos. Como a carga de doenga é uma medida da prevaléncia e gravidade de uma
doenca, simplesmente ndo € possivel estimar essa medida sem conhecer a
epidemiologia da doenga. (STEENLAND; ARMSTRONG, 2006) Embora a carga de
doencgas neurolégicas tenha sido melhor estimada nos ultimos 20 anos, (DEUSCHL et
al.,, 2020; FEIGIN et al.,, 2021) a carga de doengas neurocriticas permaneceu
essencialmente desconhecida até o momento. (ADHIKARI et al., 2010) Essa foi a
principal forca motriz por tras do desenho do Estudo Neurocriticos Brasil; foi fundamental
conhecer primeiro a epidemiologia de pacientes neurocriticos antes de estimar sua carga

de doenca. (“Epidemiology is a science of high importance.”, 2018)

A condigéo neurologica mais comum para a internacédo na UTI neste estudo foi o
cuidado poés-operatorio de neurocirurgia eletiva, que teve um impacto relativamente

pequeno nos DALYs. Em contraste, pacientes com doengas cerebrovasculares,
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encefalopatia e, particularmente, traumatismo cranioencefalico também foram
frequentemente admitidos nas UTls e impuseram um impacto substancial nos DALYs. A
lesao cerebral traumatica € a condi¢gao neuroldgica critica com pior impacto nos DALY's
durante e apds a internagdo na UTl. Como mostrado no presente estudo, os DALYs
variam significativamente com o diagndstico neurolégico primario, sexo, faixa etaria e
lesbes secundarias. Também demonstramos um claro impacto negativo das lesdes
secundarias no progndstico. E importante ressaltar que o aumento do nimero de lesées
secundarias aumenta progressivamente o risco de pior prognostico. (FONTAINE et al.,
2020; VOLPI et al., 2018) Quando analisada individualmente, cada lesao neuroldgica
secundaria esteve associada a pior prognostico e aumento dos DALYSs. Isso indica uma
clara janela de oportunidade para o controle de possiveis lesdes secundarias durante as
primeiras horas da lesdo neurolégica, com um enorme impacto benéfico na diminuigéo

da carga de doengas neuroldgicas agudas graves.

As condig¢des neurocriticas sdo conhecidas por sobrecarregar fortemente 0 mundo
em desenvolvimento. Apesar da falta de recursos para a saude de base populacional na
maioria dos paises em desenvolvimento, ha uma demanda crescente por estratégias
intensivas em recursos para cuidados neurologicos agudos. (MATEEN, 2011) O
presente estudo demonstrou claramente que as condi¢gdes neurocriticas sdo comuns em
UTIs e apresentam DALYs muito elevados. Algumas estratégias que poderiam ajudar a
reduzir eficientemente o impacto social e econédmico de doengas neurocriticas incluem
maior prevencao de doencgas cerebrovasculares, maior segurang¢a no transito para
reduzir o risco de acidentes e énfase na prevencao de possiveis lesdes secundarias a

uma lesao cerebral primaria grave.

Conhecer como essas diferentes variaveis interagem para exacerbar o risco de
doencas neurocriticas € essencial para implementar uma melhor educacédo e melhores
acgdes politicas e sociais para minimizar suas consequéncias negativas e melhorar os
resultados e a saude social. Para alcangar esses objetivos primordiais, estudos que
fornegam melhores informacdes sobre a epidemiologia de pacientes criticos e estimem
a carga de doenca sao apenas o comecgo. (CERRO; CHECKLEY, 2014)

Este estudo apresenta algumas limitagdes importantes. Todos 0s nossos
pacientes foram admitidos em UTIs no Brasil, e resultados diferentes devem ser
esperados em outros paises, como demonstrado no Estudo PRINCE. (SUAREZ et al.,
2020; VENKATASUBBA RAO et al., 2020) O seguimento de nossos pacientes foi limitado
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a 30 dias, e alguns pacientes permaneceram na UTI por um periodo mais longo; assim,
sua mortalidade estimada e DALYs podem ter sido menores do que as reais. Como as
informacdes sobre a carga da doenga em pacientes criticos ainda estao surgindo, muitos
desafios ainda precisam ser resolvidos, e a compreensao dos resultados a longo prazo
desses pacientes é fundamental para estimativas mais precisas. Mais estudos também
sao necessarios para determinar quais intervengdes e componentes da organizagao da

UTI levarao a melhores resultados centrados no paciente e na sociedade.
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6 CONCLUSAO

1. O Estudo NeuroCriticos Brasil descreve de forma detalhada, acurada e
abrangente a epidemiologia dos pacientes neurocriticos internados em UTIs brasileiras.
Tanto a populacao global de pacientes neurocriticos, quanto suas divisbes em dez
diferentes condi¢des neurocriticas, foram descritas e analisadas sistematicamente com
relacdo a suas caracteristicas demograficas, condi¢des clinicas iniciais, evolugéo
durante o internamento, intervencdes recebidas e desfechos até 30 dias do

internamento;

2. Conhecida a epidemiologia, foi possivel aferir a carga de doenca dos
pacientes neurocriticos, analisar suas diferencas relativas e estimar o impacto individual

e social dessa importante condi¢do clinica;

3. Assim, o Estudo NeuroCriticos Brasil atinge o objetivo da sua forga motriz
original de fornecer uma base epidemiolégica confiavel para a desenvolvimento de
programas mais eficientes de educacgao dos profissionais de saude, no delineamento de
melhores pesquisas clinicas e na promogao de politicas publicas que minimizem os

graves efeitos das doengas neuroldgicas agudas.
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APENDICE 1 - FORMULARIO DE CADASTRO DAS UTIS PARTICIPANTES NA E-
CRF DO ESTUDO NCB

NEUROCRITICOS CEPETI™

Centro de Estudos
e Pesquisas emTerapia
Intensiva

Email

| ] Login: e-mail cadastrado
Password senha para primeiro
acesso: neurocriticos

Esqueci a Senha

Mantenha me logado

Recordar me

CONFIRMAR

Apos o primeiro
acesso, clicarno
icone para
modificar sua
senha pessoal.

#8 NEURO CRITICOS = Inscricao Hospital Completa

\ OAD isti
AVID JOAO Caracteristicas da UTI

PAULA DAVID JOAO
Investigader

@ Modificar senha

Home do Hospital Hospital Cajuru Namero 1234 @ Logout
= Hosptal - CAAE(Plataforma
Brasil)
Rua Sao José Numero 300
Dados Hospital . - -
Bairro Cristo Rei Cidade Curitiba
PR 80050350
lem  Intemamentos ur o
Telefone 41951866450 Telefone2 4132712780
Leitos Ativos do 00
Hospital

Tipo de Hospital

Administracio: Piblica Sin v Privada sin v

Universitario i

Leitos Ativos UTI il
Adulto

Investigadores na UTI
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=  Alterar Minha Senha

Repetir a senha
Alterar Senha do primeiro
acesso

Usuario paula_gdj@yahoo.com.br

Senha Atual [ ]
Escolher uma
senha de
Nova Senha preferéncia
pessoal e depois
CONFIRMAR

Confirmar Nova Senha

=  Alterar Minha Senha

Alterar Senha

Usuario paula_gdj@yahoo.com.br

Apés esta

Senha Atual assssss mensagem
aparecer no canto

superior direito da
Nova Senha A SRR tela, clique em
FECHAR.

Confirmar Nova Senha S OO OO



Este nimero consta

na sua pagina da
NEURO CRITICOS = Inscricac Hospital Completa Plataforma Brasil, @n
— quando o projeto foi

aprovado.
Caracleristicas da UTI

Nome do Hospital Hospital Teste Nimero 57691916.9.0000.0020
== Hospital a CAAE(Plataforma
Brasil)
Rua Monte Castelo Nimero 366
Dados Hospital
Bairro Cristo Rei Cidade Curitiba
PR 80021430
e  Intemamentos L Cep
Telefone 4133626633 Telefone2
Leitos Atives do 200
Hospital

Tipo de Hospital

Administracio: Pablica SIM v Privada SIM v
Universitirio S v
Leitos Ativos UTI k2]
Adulta
URO CRITICOS Leitos Ativos UTI 29
3 Adulto

PAULA DAVID JOAO investigadores na UTI
investigador O CPF e 0 nome do

Principal investigador principal ja vém

2 e preenchido. Favor conferir se
jospial -
L P oF estd correto.
Dados Hospital Home  PALLA Sobre Nome  DAVID
[sm Intemamentos Telefone Telefone2
Email

Se houver subinvestigador, favor
completar os dados. Casos especiais
de haver mais de um subinvestigador

Sub Investigador

CPF 000.000.000-00 serdo discutidos com a coordenacéo.
Nome Sobrenome
Telefone Telefone2
Email




Hospital ou UTI Possui

Tomografia de Cranio  NAQ | 24/7

Arteriografia Cerebral NAD 2417

24 horas por dia/7 vezes por semana, ou seja,
disponibilidade a qualquer momento que precisar. Se no
seu hospital houver o exame, mas néo disponivel a
qualguer momento, cligue em ELETIVO

ELETIVO

ELETIVO

Intensivista titulado pela AMIB ’ SIM

Ressondncia de Cranio | NAQ | 24/7

Centro cirurgico com neurocirurgia de St
rotina

Neurologista disponivel em menos de NAO
2hs no Hospital

responsavel pela UTI Preencher
NAQ |
Meurocirurgiao disponivel em menos de SN v

Zhs no Hospital

Equipe Multidisciplinar atuante na UTI SIM

Anote 0s membros disponiveis da equipe:

Medicina Sl v Enfermagem Sl

v

Psicologia Sim Fonoaudiologia Sl

Protocolos / Checklists assistenciais ativos no hospital/UTI

AVE Isquémico

AVE Hemorragico

Cuidados com DVE

Estado de Mal Epiléptico(EME)

Bundle Infecgdo Urinaria relacionada a sonda vesical

Disponibilidade trombolitico 24/7 NAD

NAD

NAO

NAO

NAQ

SIM

Todos os campos devem ser
preenchidos com SIM ou NAQ.

Fisioterapia

Nutrigdo

IMPORTANTE! Antes de CONFIRMAR,
cerifiqgue-se de que TODOS os campos
foram preenchidos.

CONFIRMAR

S v Farmacia NAO v
Clinica
s v Odontologia NAO v

Todos os campos devem ser
preenchidos com SIM ou NAO.

HSA

TCE

Trombose venosa profunda(TVP)

Bundle Pneumonia associada a ventilagao mecanica(PAY)

Bundle Infecgao relacionada a catéter central(CVC)

ELETIVO

SIM

Sl

Sl

S

Sim
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Intemamento IMPORTANTE! Esta tela aparecera em branco % s
quando abrir pela primeira vez. Conforme a
incluséo de pacientes, eles apareceréo listados
como abaixo. Filtrar por  Iniciais ¥ valor Comecacom ¥ [+
lospital
o 5 N
IMPORTANTE! Este botdo s6 estara . i ) L
ativo a partir de 01/08. Apés 30/08, este ascimento - Género ~ Idade - Datalnt - Horalnt. - Hospital ~ Investigador - DataAlteracao 4 Datalnclusao ~
botéo sera desativado. ) 17/11/1961  Femining 5% i 00:00 c:’_:‘:"“ PAULA 13/06/18 11:08 13/06/18 10:23
m - 10 -] 28/09/1986 n i 00:00 C:ji::‘nl PAULA 12/06/18 09:30 12/06/18 09:20
& L 81951 405 200011942 Femining % 2000018 18:00 m*;::““‘ PAULA 11706718 10:3% 08/06/18 12:27
& B & 2015149457 HIL 2710611949 Feminino 68 30/05/2018 10:40 C;ﬁsw PAULA 11/06/18 10:37 08/06/18 12:50
& B 2018167050 RDOF 26/12/1949  Masculino 68 03/05/2018 15:56 c:;;stm PAULA 11/06/18 10:35 11/06/18 10:24
] 2018191008 MDBD 181071562 Mascutino 55 20005/2018 08:13 m’;ff:"‘ PAULA 11708718 10:08 11/08/18 09:59
& [} & 2018201381 AADSL 23/12/1970  Feminino 47 25/05/2018 15:11 ::;:SHL PALLA 11/06/18 09:32 11/06/18 09:27
- 4] 3 2018138644 DDSR 08/07/1962 Masculino 55 28/05/2018 09:25 C:j:s:tﬂl PAULA 08/06/18 13:11 08/06/18 13:06
B & ¢ q 11/08/19%  Mascutin 7 osi0erns L Pl PAULA 07708718 13:22 07/06/18 13:22

Prontuario ~

e 2018195131

B Vermelho: nenhum preenchimento

2 @ 8 8 &

10
P B 2018149457 Amarelo: ficha incompleta
A o 2018167050 <  Verde: ficha completa
s ] & 2018191008
: @] i, 2018201381
oo 0 7 2018138644

o
o2



83

APENDICE 2 — CONVITE ENVIADO AS UTIS CADASTRADAS NA AMIB-NET

Curitiba, 21 de fevereiro de 2018.

Prezado(a) colega,

Gostariamos de convida-lo(a) a participar do seguinte estudo:

Coorte Nacional de Pacientes Neurocriticos Internados em Unidades de Terapia

Intensiva no Brasil (NeuroCriticos Brasil)

Este € um estudo de coorte, multicéntrico, com o objetivo de conhecer os

pacientes neurocriticos internados nos hospitais brasileiros.

Descrever e analisar a distribuicdo dos pacientes neurocriticos no Brasil, os seus
principais diagndsticos primarios, os recursos utilizados no seu tratamento e a suas
respectivas evolugdes, serdo fundamentais para conhecer a magnitude do problema e

dirigir educacgao e investimento nesta importante area da Medicina Intensiva.

Todos os centros participantes do Brasil, no mesmo periodo, coletardo dados de
todos os pacientes internados na UTI no periodo 30 dias consecutivos (provavelmente
em abril de 2018), cujo motivo de internagéo seja um diagndstico neuroldgico primario,
tendo acompanhamento por 30 dias ou até a alta hospitalar ou ébito. O projeto ja foi
aprovado pelo Comité de Etica em Pesquisa do Hospital Instituto de Neurologia de
Curitiba (Parecer n°® 2.059.086), o qual é vinculado ao centro coordenador CEPETI -

Centro de Estudos e Pesquisas em Terapia Intensiva, em Curitiba.

Os investigadores de todos os centros participantes (dois a trés por institui¢cao)
serao listados ao final da publicagao ou em material suplementar, dependendo da politica

editorial de cada periddico. A listagem ocorrera por ordem alfabética dos centros.

Caso aceite participar do estudo, favor realizar cadastro no site:
www.neurocriticosbrasil.com.br e para qualquer informacado adicional, contatar:

contato@neurocriticosbrasil.com.br
Sua contribuicdo sera muito valiosa para o sucesso desse projeto.

Atenciosamente,
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Investigador Principal
Dr. Alvaro Réa-Neto
Professor Adjunto de Medicina do Departamento de Clinica Médica da UFPR

Diretor do CEPETI - Centro de Estudos e Pesquisas em Emergéncias e Terapia Intensiva

Consultores

Dr. Anténio Luis Eiras Falcao

Coordenador da Disciplina de Fisiologia e Metabologia Cirargica da FCM-UNICAMP
UTI/HC/UNICAMP

Dr. Pedro Kurtz
Diretor Clinico e Supervisor da Neuro UTI do Instituto Estadual do Cérebro Paulo
Niemeyer (IECPN)

Realizagao: Apoio:

: l'.ld B
CEPETI @mcmms O%KMIBnet = =

RASIL el ——

ASSOCIACAD DE MEDICINA
INTENSIVA BRASILEIRA




APENDICE 3 - FORMULARIO DE INTERNAMENTO DO PACIENTE E
CARACTERISTICAS CLINICAS DE INTERNAMENTO NA UTI

= Internamento Paciente WevRocamcos &
BRASIL
Identificacdo do Paciente
Iniciais do Paciente abe Genero Masculino | Feminino
.
Data Nascimento 28/09/1986 Idade 31
Considerar o

prontuério do seu
hospital. Somente
para controle do
investigador

Pronturio 1

Etnia Branco | Negro | Indigena @ Mulato Pardo Caboclo = Cafuzo | Outro
Preencher no

rocedéncia Direta | PA/PS/Emerg | Qto/Enf | CC  Outro Hospital formato de

24horas

Fonte Pagadora SUS | Convénio | Particular

Data Internamento no Hospital 15/06/2018 Hora Internamento 10:00
I Data chegada no PS 15/06/2018 Hora chegada no PS 10:00
Este campo s6
Data chegada na UTI 15/06/2018 estara disponivel Hora chegada na UTI 14:00
se o paciente
internar pelo PS
Data de inicio do evento 15/06/2018 = Hora de inicio do evento 08:00
Meio de transporte ao chegar no hospital Ambuléncia com UTI mével ¥

Caracteristicas Clinicas do Internamento(primeiras 24 horas)

Diagnéstico Neurolégico Primario, motivo do internamento na UTI

. e Acidente Vascular Encefalico isquémico NAO v
Motivo primério do
internamento, com
pOSS'b'I".jade i prtiem:her Acidente Vascular Encefélico hemorragico/Hemorragia Intracraniana NAQ ¥
mais de 1 opgédo.
Hemorragia Subaracnoidea(HSA) NAO v
Traumatismo Craneoencefélico(TCE) NAQ v
Traumatismo Raquimedular(TRM) NAO v
Meningite/Infecgdo no SNC NAO v
L . Encefalopatia/Coma NAO ¥
Os diagnodsticos que néo
condizem ao paciente,
deveréo ser respondidos Crise Convulsiva NAO v
com NAO.
Doenga Neuromuscular NAO v
Pos-Operatério eletivo de Neurocirurgia NAO ¥



Se o paciente estiver
sedado, utilizar o
PIOR Glasgow antes
da sedagéo

Si v HAS S

SiM v Diabetes S

Vocé tem a
opgéo de
preencher o

numero
manualmente

Glasgow

Glasgow Internacao na UTI

Quimioterapia

Dias de internacdo prévios Farmacos vasoativos

<14 v Sim

Doenga Respiratoria Cronica SIM

b é Neoplasia Extra-Craniana SIM

Se necessario, ha a
opgéo de selecionar
conforme exame fisico do
paciente

12
Olhos Preencher v Fala Preencher Motora Preencher v
Pior Glasgow das primeiras 24h na UT (se paciente sedado, considerar o pior anted
15 sem resposta
sons incompreensiveis
Olhos Preencher v Fala palavras inadequadas Motora Preencher v
confusa e desorientada
orientada
Apache 12
Vocé tem a
Calcular Apache opgéo de
preencher o
numero
= 41 v P i i édi. >= 160
i . analnente ressdo arterial média
Clique aqui para
calcular Frequéncia cardiaca >= 180 v Frequéncia respiratdria(sem ou com ventilagéo) »>= 50
Oxigenagdo A-aD0O2 ou Pa02(mm Hg)
a)Fi02-0.5:registrar A-aD02 Preencher ¥ b)Fi02<0.5:registrar apenas Pa02 Preencher
pH Arterial{caso ndo haja ABGs, registrar HCO3 sérico) Preencher v HCO3 sérico(venoso-mMol/L) (Nio preferido, utilizar em caso de Preencher
auséncia de ABGs)
Sédio sérico >= 180 M Potassio sérico »=7
Creatinina sérica(mg/dL) Ponto duplo para insuficiéncia renal aguda | >=3.5 Y Insuficiéncia Renal Aguda  Preencher
Hematécrita(%) >= 60 v Nimero de leucécitos =40
Doenca Crénica  Menhuma i
SAPS Il 16
Preencha o
numero
manualmente
Calcular SAPS Il
Demogréfico / estado prévio de satde
Clique aqui para Idade Nao Aplica v
calcular
Comorbidades
AIDS Cirrose
ICC NYHA IV Metastase
HNeoplasia hematoldgica Qutras

Procedéncia

v Centro Cirurgico v

v
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Pa02 / Fi02 {(mmHg)

Plaquetas (10° / mm?)

Cardiovascular

Bilirrubina (mg/dl)

Escala de Coma Glasgow

Creatinina(mg/dl) ou débito urinario (ml/dia)

O SOFA devera ser preenchido
exclusivamente com a sele¢do
dos marcadores.

>400 v
>150 v
PAM > 70 v
<1.2 v
=14 v
<1.2 T

Evidéncia clinica ou laboratorial de Lesdo Neurolégica Secundaria(Hs) nas 1as 24 horas?

As condigbes que néo
condizem ao paciente
deverdo ser respondidos
com NAO.

Hipotensao arterial

Hipoxemia(Pa02 < 60 mmHg e/ou Sa02 ou Sp02Z < 90%)

Hipertermia(Temperatura maior que 37.5 'C)

Hipercapnia(PaC02 > 45 mmHg ou FR < 8 ipm)

Lembrete: Completar
todos os campos

Hipocapnia(PaCO2 < 35 mmhg)

Hipoglicemia <60mg/dl

Hipertensao Intracraniana(PIC > 20 mmHg ou sinais de herniacdo)

Hiponatremia < 135 mEqg/L

Hipotermia (Temperatura menor que 35°C)

E

Ao clicar em CONFIRMAR, os
dados ficardo salvos! Vocé
pode retornar e preencher os

SIM

Sir

SlM

S

SIM

SiM

Sim

SIM

SiM

PAS < 90 mmHg

PAM < 65 mmHg

campos faltantes ou editar. J
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APENDICE 4 - FORMULARIO PARA PARTICIPANTES COM DIAGNOSTICO
PRIMARIO DE ACIDENTE VASCULAR ENCEFALICO ISQUEMICO

Especifica para o Paciente com Acidente Vascular Encefalico isquémico (AVEi)

Qual a mais provavel etiologia para o AVE isquémico? Embdlico | Trombdtico  Desconhecido = Outro
Em caso de
duvida, este icone
o direcionara para
o PDF do NIH
Art Cardtida
W22l /"t Corcbral Anterior
Art Cerebral Média
Art Cerebral Posterior
| Sistema Vértebro-Basilar

Vocé também Qual o mais provavel territério vascular compro|

tem a opcédo de
clicaraqui para
calcular
manualmente a
ESCALA

N&o esqueca

de selecionar!

Qual o escore na Escala de NIHSS no internamento?

Se vocé tiver a
escala calculada,
basta inserir o
numero.

Escala NIH néo aferida

Calcular Escala NIH

Nivel Consciéncia

S - Acordado; responde corretamente.
E sé clicar em cima da

opgdo escolhida Ha com um pequeno estimulo, obedece, responde e reage

mulo forte, requer estimulacao repetida ou dolorosa para realizar
movimentos(ndo estereotipados).

Comatoso; apenas respostas reflexas motoras ou automaticas, ou sem qualquer tipo de resposta.

NDC Questdes
Responde a ambas as questdes corretamente

Responde a uma questao corretamente

Nao responde a nenhuma questao corretamente

Qual o escore na escala de NIHSS apos 24 0
horas?

Néo Aferido 5 £ “
Também disponivel

para as 24H! E s6 clicar
Calcular Escala NIHSS apés 24h ou preencher
diretamente o nimero

is?
Em caso de Quals'
resposta positiva,
novas
informagdes Endovenosa SIM v
apareceréo para
preenchimento. Endovascular SIM v
Quimica SIM v Mecanica SIM v
Complicagoes Relacionadas ao AVE isquémico SIM ¥
Em caso de
resposta positiva, ie?
"o e Quais*
informagdes
apareceréo para
preenchimento. Transformagio hemorréagica SIM v
Edema cerebral sendo causa SIM v

principal da piora

Hipertensao Intracraniana SIM v




APENDICE 5 - FORMULARIO PARA PARTICIPANTES COM DIAGNOSTICO
PRIMARIO DE ACIDENTE VASCULAR ENCEFALICO HEMORRAGICO

Especifica para o Paciente com Acidente Vascular Encefélico hemorragico (AVEh)

Qual a mais provavel etiologia para o AVE hemorragico?

Preencher = Hipertensivo | Angiopatia amiloide = Coagulopatia = Anticoagulante = Outro

Quais os territérios comprometidos?

Génglios da base SIM v Capsula interna SIM v
Talamo SIM v Cerebelo SIM v
Tronco encefalico SiM v Cértex cerebral SIM A

Clique aqui

Outro Sim v Vocé pode inserir o
para Calcular a - )
nimero diretamente
escala
Qual o escore na Escala de ICH no internamento? 0
Cailcular Escore ICH
Glasgow da Admisséo 13-15 v Idade < B0 anos v
Local Hematoma Supratentorial '] Volume Hematoma < 30ml v
Hemaventriculo ”éo !
Qual a maior PA sistélica aferida nas primeiras 24 hs do internamento (mmHg) 200
Preencher em
mmHG!
Qual a menor PA sistélica aferida nas primeiras 24 hs do internamento (mmHg) 100
Houve evidéncia de expansdo do hematoma nas primeiras 48 hs do internamento SIM ¥

Em caso de resposta
Foi feito Cirurgia para drenagem do hematoma na fase aguda? SIM positiva, nova janela

aparecera para
preenchimento

Complicagdes Relacionadas ao AVE hemorragico SIM
Qual? | Preencher v |
Preencher

Hemorragia ventricular
| Hipertensdo Intracraniana



APENDICE 6 —- FORMULARIO PARA PARTICIPANTES COM DIAGNOSTICO
PRIMARIO DE HEMORRAGIA SUBARACNOIDEA

Qual a mais provavel etiologia para a HSA?

Preencher | Aneurisma = Ma formacdo AY = Desconhecido | Outro

Qual o mais provavel territorio vasculararterial comprometido?

Para as escalas de Hunt Hess e
Fisher, clique na aba para
selecionar a opgéo
correspondente

Escala de Hunt-Hess no internamento

Qual o escore na Escala de Fisher no internamento?

Qual a maior PA sistélica aferida nas primeiras 24 hs do internamento (mmHg)

Qual a menor PA sistélica aferida nas primeiras 24 hs do internamento (mmHg)

Houve evidéncia de complicagio nos primeiros 14 dias do internamento?

Qual(ais)?
Edema agudo de pulméo SIM v
Ressangramento SIM v
Hidrocefalia 5IM v
Crise Convulsiva SiM v
Paciente foi submetido a:

Clipagem cirurgica do aneurisma SIM

Tratamento endovascular do aneurisma = m

Drenagem cirurgica de hematoma SIM

Procedimento Neurolégico Preencher

Qual a localizagao da neurocirurgia?

Intracraniana

Coluna espinhal = Nervo periférico

Qual?

T neurocirurgia eletiva?
para salvar seus L
dados. Lembre-se
que vocé pode
editar!

ar | Doenca degenerativa

Qual?

Especifica para o Paciente com P6s-Operatorio eletivo de Neurocirurgia

Arteria cardtida

Hemorragia/hematoma = Hidrocefalia

Especifica para o Paciente com Hemorragia Subaracnoidea (HSA) ndo Traumatica

Preencher v

0 - Assintomatico (sem hem ¥ Néo Aferido

Nao Aferido

0 - Sem HSA ou hemorragia ¥

Preencher
em mmHg

Se resposta

SIM positiva um novo
campo _abrira
Déficit precoce SIM v
cerebral(1°-4°dia)
Déficit neurolégico tardio (5- SIW v
14" dias)
Vasoespasmo SIM v

No formato 24 .
horas. SIM v

Data e Hora /1 00:00
Data e Hora /7 00:00
Data e Hora / / 00:00

Mé&o esquecer de
preencher o tipo de
procedimento

Outra

Outra
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APENDICE 7 - FORMULARIO PARA PARTICIPANTES COM DIAGNOSTICO
PRIMARIO DE TRAUMATISMO CRANIOENCEFALICO

al o mecanismo de lesdo para o TCE neste paciente? ‘

Acidente veicular Sl v
Possibilidade de
Qual Preencher v preencher mais de

Queda om v uma opg&o
Acidente por arma de fogo Sl v
Qutro Sim v

Qual?

Violéncia Interpessoal SIM v

Apds definir um dos mecanismos acima, descreva
Se resposta

positiva, novas
opgoes deverdo

i i ? SIr v
Foi um acidente de trabalho? \ SeF preEnEhiEs
Houve &lcool ou droga SiM v
envolvido?

Fratura de crénio Preencher v
Contusdo cerebral Preencher v
Possibilidade de
Hemorragia intraparenquimatosa Preencher v preencher mais de
uma opgé&o
Hemorragia intraventricular Preencher v
Hematoma epidural Preencher v
Hematoma Subdural Preencher v
Lesao axonal-difusa Preencher v
Lesdo cerebral penetrante Preencher v
Herniagdes Preencher v
Com relacdo ao tentdrio
Supratentorial Preencher v Infratentorial Preencher v

Com relagao ao hemisfério

Direito Preencher v Esquerdo Preencher v
Com relacdo a topografia
Frontal Preencher v Parietal Preencher v
Occipital Preencher M Tilamo Preencher ¥
Cerebelo Preencher M Tronco Encefalico Preencher v
Cligue em confirmar
para salvar seus Temporal Preencher v
dados. Lembre-se
que vocé pode
editar!
0 Paciente foi submetido a tratamento cirtrgico nas 1as 24-48 h? Preencher v

CONTIRHER m
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APENDICE 8 —- FORMULARIO ESPECIFICO PARA PARTICIPANTES INTERNADOS
NA UTI COM DIAGNOSTICO PRIMARIO DE TRAUMATISMO RAQUEMEDULAR

Especifica para o Paciente com Traumatismo Raquimedular (TRM)

Qual o mecanismo de lesdo para o TRM neste paciente? g deiehas
positiva, ndo esqueca de
preencher o novo campo

Acidente automobilistico SIM
Como: Preencher
Queda SIM v
Acidente por arma de fogo SIM v
Outro SIM v
Qual?

Apds definir um dos mecanismos acima, descreva:

Foi um acidente de SiM v E s6 clicar na
trabalho? opgéo desejada
Houve &lcool ou droga [ SiM v'
envolvido?

Qual a extensdo da V
lesdo medular (Escala A: Lesdo Completa: Sem preservacao das funcdes motora e sensitiva
de ASIA)? no segmento sacral S4 - S5

B: Lesdo Incompleta: Perda da funciao motora, porém fungao
sensitiva preservada abaixo do nivel neuroldgico e inclui
sensibilidade do segmento sacral $4-S5

C: Lesao Incompleta: Funcao motora preservada abaixo do nivel
neuroldgico, e mais da metade dos musculos-chave abaixo do nivel
neurolégico possuem grau de forca inferior a 3 (apesar de haver
contracac muscular, nac sao capazes de vencer a gravidade)

D: Lesao Incompleta: Funcdo motora preservada abaixo do nivel
neuroldgico, e mais da metade dos musculos-chave abaixo do nivel
neuroldgico possuem grau de forga igual ou superior a 3 (vencem a

Complicagdes relacionadas ao TRM: Em caso de resposta
positiva, néo esqueca de

preencher 0s novos

Insuficiéncia respiratéria SIM v campos
Usou:
Mecénica SIM v Nao SIM v
Invasiva Invasiva
Hipotensao/Choque neurogénico SIM ¥
I'leofdiminuiqéo importante peristaltismo SIM v
Ulcera de pressio Sl v

A lesdo Raquimedular necessitou de tratamento cirdrgico especifico? Slm ¥




APENDICE 9 - FORMULARIO PARA PARTICIPANTES COM DIAGNOSTICO
PRIMARIO DE MENINGITE/ INFECGAO NO SISTEMA NERVOSO CENTRAL

Especifica para o Paciente com Meningite/Infeccdo no SNC

Vocé melhor descreveria este caso de infecgao no SNC como (escolha mais de 1, se apropriado): Escolha mais de 1,
se necessario.

Meningite SIM v
Encefalite SIM v
Ventriculite SIM v
Abscesso SIM b
Empiema SIM v Se resposta
ositiva, néo
Qual a etiologia mais provavel: pesque';’a de
Bacteriana S ¥ Qual? Preencher v preencher os novos
campos
Viral SIM ¥ Qual? Preencher v
Lembrete: O preenchimento
devera ser feito apenas com o
SIM v ? Preencher v
Fungo Qual? resultados das CULTURAS.
Protozoario SIM v
Outra Sim v
Complicagdes: Data e hora da primeira
Sepse/Choque séptico SIM v dose de antimicrobiano,
mesmo que tenha sido
Isquemia cerebral SIM v iniciado antes da admisséo
da UTI.
HIC SIM v
Lesdo de par craniano SIM v
Disnatremia S v
Exacerbagdo de doenga crénica SIM v

0O inicio do tratamento antimicrobiano foi feito em: /1 00:00



APENDICE 10 - FORMULARIO PARA PARTICIPANTES COM DIAGNOSTICO
PRIMARIO DE ENCEFALOPATIA

Especifica para o Paciente com Encefalopatia/Coma

Qual a mais provavel etiologia para a encefalopatia/coma?

Sepse/Choque séptico SIM
Choque(nao séptico) SIM
Metabélico S

Se sim:

Droga/Medicamento Sim

Encefalopatia Hipertensiva Sim
Encefalopatia Hipoxico-lsquémica SIM
Lesdo estrutural Sl
Se sim
Outra causa Preencher

Se resposta positiva, preencha

novo campo em aberto

,

| Uremia/renal

| Hepitico
Hiponatremia

| Hiperglicemia
Hipoglicemia

| Hipoxemia

| Outra

N&o esguega de
selecionar os campos
disponiveis

v

Tumor cerebral =~ Hidrocefalia | Outra
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APENDICE 11 —- FORMULARIO PARA PARTICIPANTES COM DIAGNOSTICO
PRIMARIO DE CRISE CONVULSIVA

Especifica para o Paciente com Crise Convulsiva

Classificacdo Crise convulsiva de inicio parcial/localizado | Crise convulsiva de inicio generalizado

Motivo do internamento na UTI foi um Estado de mal epiléptico? SIM b

A(s) causa(s) mais provével(eis) da Crise convulsiva deste internamento foi:

Epilepsia de inicio recente St > Erro no uso do tratamento S M
Infeccio intracraniana Sik v Infecgio extracraniana Sl v
Alteragio metabolica SIM ¥ Qual?
Isquemia cerebral S v Hemorragia cerebral  SIM v
Tumor cerebral Sl v Trombose venosa cerebral Sl ¥
Outra SiM ¥ Qual?
Houve evolugio para Estado de mal st v

epiléptico refratario?




APENDICE 12 - FORMULARIO PARA PARTICIPANTES COM DIAGNOSTICO
PRIMARIO DE DOENGA NEUROMUSCULAR

Especifica para o Paciente com Doenga Neuromuscular

Qual a doenga neuromuscular que levou ao internamento do paciente na UTI?

Sindrome de Guillain-Barré SIM v Ape§ar de ser
possivel marcar
Miastenia Gravis NAOQ v mais de uma, dé
preferéncia para
Esclerose Lateral Amiotréfica NAOQ v a causa principal.
Inflamatéria/autoimune NAO v
Rabdomidlise NAQ v
Hipocalemia NAO v
Distrofia muscular NAO v
Outra Preencher v



APENDICE 13 - FORMULARIO PARA PARTICIPANTES COM DIAGNOSTICO
PRIMARIO DE POS-OPERATORIO ELETIVO DE NEUROCIRURGIA

Seleciona um
procedimento

Especifica para o Paciente com Pés-Operatério eletivo de Neurocirurgia

|

Procedimento Neuroldgico [ Cirdrgico
Preencher

Em caso de

Qual a localizagdo da neurocirurgia? il | outra, néo

S

Intracraniana Coluna espinhal Nerv( Endovascular | Outra especificar
Radioterapico tual

Qual foi o motivo da neurocirurgia eletiva? -

Tumor Vascular Doenga degenerativa Hemorragia/hematoma Qutra

Qual?
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APENDICE 14 - FORMULARIO DE ALTA (DESFECHO) DA UTI

Desfecho Primario do Paciente até o 30° dia

Ainda Internado? | Preencher | SIM | NAO Preencher = SIM | NAO
Local Alta M
uTl Transferéncia
{ Hospital | Obito |

Durante o internamento na UTI o paciente necessitou de alguma dessas formas de intervencio?

Neurocirurgia de Urgéncia para Tratamento da Doenga Neurolégica Primaria SIM v Dias totais de
Ventilagdo
Colocagdo de Cateter de Derivagao Ventricular Externa(DVE) St v
Ventilagdo Mecénica nao Invasiva S v Data
realizagio
da TQT
Ventilagio Mecénica Invasiva S ¥ Dias 0

Possibilidade de

2 Traqueostomia? Sl ¥ Data L
marcar mais de
uma opgio
Droga Vasoativa S v
Vasodilatadora SiM v
Datada
Vasopressora S insergdo do
cateter
Dialise S v
Monitorizagdo da Presséo Intracraniana SIM ¥ Data 11
Intraparenquimatosa S v
Intraventricular S v

Complicages clinicas desenvolvidas durante o internamento na UTI

Infecgio  SIM v
Qual?
Infeegdo Relacionada a Cateter s v Infeccio Ferida Operatéria s
=
Infecgdo Neuroldgica  SIM ¥ Infecgdo Urindria S ¥
n Bacteremia Primdria NAC v Pneumonia s v
Diarréia por Clostridium S ¥
Sindrome da Angistia Respiratoria NAO v Hemorragia Digestiva Insuficiéncia Renal S v
Rankin
0 - Sem qualquer sintoma
— 1 - Sem incapacidade significante apesar dos sintomas; capaz de realizar todos os deveres habituais e
= atividades usuais.
Cligue na = & : % 203 3 5 e
opcio 2 - Incapacidade leve; incapaz de realizar todas as atmdjades prévias, mas € capaz de cuidar de si préprio
2= escolhida sem auxilio

3 - Incapacidade moderada; necessida de alguma ajuda, mas € capaz de caminhar sem assisténcia

4 - Incapacidade moderadamente grave, incapaz de caminhar sem assisténcia e incapaz de atender as suas
necessidades fisicas sem assisténcia

5 - Incapacidade grave, acamado, incontinente, requer constante atencao e cuidados de enfermagem

6 - Obito
Hipertensdo Intracraniana no Internamento
0 paciente desenvolveu Hipertensao Intracraniana no Internamento? Sim v
Qual tratamento
Monitor Sim v Solugéo Salina Sim v
P 2 Intraparenqui Hiperténica

de marcar mais

de uma opgéo
Craniotomia SIM v DVE SIm v

descompressiva

Drenagem Cirurgica SIM ¥: Coma barbiturico SIm v
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APENDICE 15 — RESULTADOS ADICIONAIS DE DALY POR 1000 PACIENTES
INTERNADOS EM UTI

10000,00
9000,00
8000,00
7000,00
6000,00
5000,00
4000,00

3000,00
2000,00
1000,00 ’_‘ ,_\
0,00 — s

Total STR ICH SAH TBI SClI SNI ENC  Seizures NMD NPO
MAIN DIAGNOSIS

DALY PER 1000 PATIENTS

Figure 1 — DALY per 1000 patients admitted to the ICU for each primary neurological diagnosis.

Table 1 - DALYSs, YLLs, and YLDs per 1,000 ICU patients for the total neurocritical patient cohort and for
each primary neurological diagnosis.

Neurocritical patients DALYs per 1000 YLLs per 1000 YLDs per 1000

ICU patients ICU patients ICU patients
Total neurocritical patients 3754.56 3701.86 52.70
Traumatic brain injury 7497.34 7425.69 71.65
Encephalopathy 4578.45 4538.77 39.68
Subarachnoid haemorrhage 7985.86 7963.23 22.57
Intracerebral haemorrhage 7237.79 7200.26 37.53
Ischaemic stroke 1998.67 1926.86 71.85
Central nervous system infection 9485.20 9463.56 21.60
Postoperative status of elective 617.60 568.96 48.64
neurosurgery
Seizures 1210.99 1174.16 36.81
Spinal cord injury 3028.42 2921.05 107.37

Neuromuscular disease 15.45 0.00 15.45
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APENDICE 16 —- RESULTADOS ADICIONAIS DE DALY ESTRAPORPOR 1000
PACIENTES INTERNADOS EM UTI

H Private insurance

1600
1400
1200
1000
800
600
400
200

DALY

STR ICH SAH

TBI

SCI SNI

MAIN DIAGNOSIS

Public insurance

ENC  Seizures

NMD NPO

Figure 1 — DALYs for the total neurocritical patient cohort and for each primary neurological diagnosis by

private and public insurance.

Table 1 - DALYs for the total neurocritical patient cohort and for each primary neurological diagnosis by

private and public insurance.

Neurocritical patients

Private insurance

Public insurance

n DALYs n DALYs
Total 603 715.883 591 3767.059
Ischaemic stroke 167 121.938 44 299.785
Intracerebral haemorrhage 25 133.336 52 423.976
Subarachnoid haemorrhage 12 52.892 58 506.116
Traumatic brain injury 66 106.833 152 1527.586
Spinal cord injury 2 0.171 17 57.369
Central nervous system infection 14 20.035 11 217.094
Encephalopathy 89 255.503 66 454.159
Seizures 79 20.228 12 89.974
Neuromuscular disease 8 0.105 3 0.063
Postoperative status of elective 141 4.842 176 190.937

neurosurgery
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ANEXO 1 - PARECER DE APROVAGAO DO COMITE DE ETICA EM PESQUISA EM
SERES HUMANOS - CEPSH-INC

INSTITUTO DE NEUROLOGIA £ Plataforma
DE CURITIBA %M

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Coorte Nacional de Paciente Neurocriticos Internados em Unidades de Terapia
Intensiva no Brasil (NeuroCriticos Brasil).

Pesquisador: Alvaro Réa Neto

Area Tematica:

Versao: 2

CAAE: 63301416.4.1001.5227

Instituicéo Proponente: CEPETI - CENTRO DE ESTUDOS E DE PESQUISA EM TERAPIA INTENSIVA
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Nimero do Parecer: 2.024.132

Apresentacdo do Projeto:

O estudo visa a descricio dos pacientes internados com um diagnostico primario neurologico nas Unidades
de Terapia Intensiva (UTIs) brasileiras. Trata-se de um um estudo prospectivo, observacional, multicéntrico,
que consiste na identificagdo de pacientes internados com um diagnoéstico primario neuroldgico nas
Unidades de Terapia Intensiva de diversas regides do Brasil.

Objetivo da Pesquisa:

Objetivo primario: Descricdo dos pacientes internados com um diagndstico primario neuroldgico nas UTls
brasileiras.

Objetivo Secundario: Idenfificacdo da frequéncia, epidemiologia e evolug3o dos pacientes neurocriticos nas
UTIs Brasileiras.

Avaliagdo dos Riscos e Beneficios:

Mo projeto os riscos e beneficios estio contemplados de forma adequada.

Comentarios e Consideragdes sobre a Pesquisa:

Pesquisa observacional, com aspectos éticos observados de forma adequada.

Consideragdes sobre os Termos de apresentagio obrigatdria:

Os termos est3o apresentados de forma correta, com a ressalva de gque o TCLE apresenta seu primeiro
paragrafo confuso, dando margem 3 interpretacio dabia. Sugerimos a modificagdo do

Enderego: Rua Jeremias Maciel Permeto, 300

Baimo: Campo Comprido CEP: 81.210-310
UF: PR Municipio: CURITIBA
Telefone: (41)3028-9570 Fax: (41)3028-8580 E-mail: cep@inc-neurs.com.br

Fagina 01 d= 03
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INSTITUTO DE NEUROLOGIA £ Plataforma
DE CURITIBA %M

Continuagao do Parecer: 2.024.132

referido topico do texto.

Recomendagdes:
Sugerimos a modificagdo do primeiro paragrafo do texto do TCLE, conforme referido acima.

Conclusdes ou Pendéncias e Lista de Inadequagdes:
projeto adequado sob o ponto de vista ético.

Consideragdes Finais a critério do CEP:
Projeto aprovado, com a solicitacdo de que apresente ao cep a modificacdo solicitada no TCLE.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arguivo Postagem Autor Situacio
Informagdes Basicas| PB_INFORMACOES_BASICAS_DO_P | 29/03/2017 Aceito
do Projeto ROJETO 845460 pdf 17:01:46
TCLE [/ Termos de | TERMODECONSENTIMENTOLIVREEE| 29/03/2017 |Alvaro Rea Neto Aceito
Assentimento / SCLARECIDONEUROCRITICOS pdf 16:55:49
Justificativa de
Auséncia
Projeto Detalhado / |PROJETO _NEUROCRITICOSBRASIL | 29/03/2017 |Alvaro Rea Neto Aceito
Brochura Y1_1de28demarcode2017 . pdf 16:55:30
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ANEXO 2 - SEGUNDO ARTIGO PUBLICADO

Com o objetivo de satisfazer o pré-requisito de obtencao do grau de doutor pelo
PPGMICS da UFPR, adiciono o segundo artigo publicado, em conjunto com meu
orientador, Prof. Hélio Afonso Ghizone Teive, na BMC Neurology, em fevereiro de 2023,
intitulado “Epidemiological and clinical characteristics predictive of ICU mortality of
patients with traumatic brain injury treated at a trauma referral hospital — a cohort study”.

O artigo apresentado a seguir também pode ser visualizado na forma de sua
publicagao no link: https://doi.org/10.1186/s12883-023-03145-2
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Epidemiological and clinical characteristics @
predictive of ICU mortality of patients with

traumatic brain injury treated at a trauma

referral hospital — a cohort study

Alvaro Réa-Neto®?", Elizeu Daniel da Silva Junior3, Gabriela Hassler?, Valkiria Backes dos Santos?,
Rafaella Stradiotto Bernardelli**, Amanda Christina Kozesinski-Nakatani'>, Marcelo José Martins-Junior?,
Fernanda Baeumle Reese'®, Mariana Bruinje Cosentino®®, Mirella Cristine Oliveira'® and Hélio Afonso Ghizoni Teive’

Abstract

Background Traumatic brain injury (TBI) has substantial physical, psychological, social and economic impacts, with high rates of
morbidity and mortality. Considering its high incidence, the aim of this study was to identify epidemiological and clinical
characteristics that predict mortality in patients hospitalized for TBI in intensive care units (ICUs).

Methods A retrospective cohort study was carried out with patients over 18 years old with TBI admitted to an ICU of a Brazilian
trauma referral hospital between January 2012 and August 2019. TBI was compared with other traumas in terms of clinical
characteristics of ICU admission and outcome. Univariate and multivariate analyses were used to estimate the odds ratio for
mortality.

Results Of the 4816 patients included, 1114 had TBI, with a predominance of males (85.1%). Compared with patients with other
traumas, patients with TBI had a lower mean age (45.3 + 19.1 versus 57.1 + 24.1 years, p < 0.001), higher median APACHE Il (19
versus 15, p < 0.001) and SOFA (6 versus 3, p < 0.001) scores, lower median Glasgow Coma Scale (GCS) score (10 versus 15, p <
0.001), higher median length of stay (7 days versus 4 days, p < 0.001) and higher mortality (27.6% versus 13.3%, p < 0.001). In the
multivariate analysis, the predictors of mortality were older age (OR: 1.008 [1.002—-1.015], p = 0.016), higher APACHE Il score (OR:
1.180 [1.155-1.204], p < 0.001), lower GCS score for the first 24 h (OR: 0.730 [0.700—-0.760], p < 0.001), greater number of brain
injuries and presence of associated chest trauma (OR: 1.727 [1.192-2.501], p < 0.001).

Conclusion Patients admitted to the ICU for TBI were younger and had worse prognostic scores, longer hospital stays and higher
mortality than those admitted to the ICU for other traumas. The independent predictors of mortality were older age, high
APACHE Il score, low GCS score, number of brain injuries and association with chest trauma. Keywords Traumatic brain injury,
Craniocerebral trauma, Intensive care unit, Trauma
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Among traumatic injuries, traumatic brain injury (TBI) is
associated with increased morbidity and mortality among adults
worldwide, leading often disabling to physical and psychological
consequences [1-3]. According to data from the Global Burden
of Disease [4], the overall incidence of TBI in 2016 was 369 per
100,000 inhabitants, with a 4% increase in the incidence rate
between 1990 and 2016. In comparison, in Brazil, the incidence
of TBI in 2016 was similar to the global incidence, with 383 per
100,000 inhabitants, with a percentage increase of 5.6 [4].
Furthermore, between 2008 and 2012, TBI accounted for 9,700
hospital deaths per year, overwhelming the public health system
[5].

In addition to the high incidence, a European study revealed that
almost half of hospitalized patients with TBI require admission to
an intensive care unit duo to the risks of secondary brain injuries
and complications [6]. These patients evolve to death on average
in 15% of cases or require prolonged periods of hospitalization
[71.

Detailed and contextualized epidemiological and clinical
information on individuals with TBI admitted to the ICU are
important for understanding the risks associated with morbidity
and mortality. In addition, such information can contribute to the
development of therapeutic and preventive measures that can be
applied during hospitalization.

Despite the consequences of TBI on public health, in Brazil, there
are still few studies detailing clinical and epidemiological
characteristics that predict outcomes for these patients in the
ICUs [1, 8-10]. Thus, the aim of this study was to identify
epidemiological and clinical characteristics predictive of ICU
mortality among patients admitted for TBI in a trauma referral
hospital.

Materials and methods

This retrospective cohort study consecutively included
patients with TBI over 18 years of age treated in the ICU between
January 1,2012, and August 31,2019, in a trauma referral hospital
in the city of Curitiba/PR, Brazil. The Complexo Hospitalar do
Trabalhador is a level 1 trauma center according to the American
Trauma Society classification, with a tertiary care facility
available to the public health system and capable of providing
comprehensive care for all aspects of injuries [11]. Patients are
referred by the public health system center and the hospital
follows the recommendations of the Brain Trauma Foundation
[12]. All patients with an altered Glasgow Coma Scale or any
acute abnormality on CT and who had an indication of full support
at hospital admission were admitted to the ICU.

Patients who were hospitalized for late sequelae of TBI and those
for whom there ware no data on age, sex, and type of TBI on the
CT or ICU outcome recorded in the electronic medical record and
in the daily medical follow-up sheets at the bedside were
excluded.

The study was approved by the local ethics committee of the
Instituto de Neurologia de Curitiba under protocol number
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5.663.561 (Project title: Factors associated with mortality and
hospital time in patients with traumatic brain (TBI) in intensive
care units (ICU) in a trauma reference hospital in the city of
Curitiba/PR, Brazil between 2012 and 2019;
CAAE:61409122.9.0000.5227) and the need for informed
consent was waived given the noninterventional study design and
data collection was performed only in clinical records, without
contact with the participants. All research procedures were
conducted in accordance with the ethical standards of the
institutional committee on human experimentation and with the
Helsinki Declaration of 1975 and Resolution 466/12 of the
National Health Council (Conselho Nacional de Saude - CNS).
The STROBE guidelines were used to ensure the reporting of this
study.

Using electronic medical records and daily bedside medical
tracking forms, data were collected on the sex and age of the
patient and on the mechanism of trauma (e.g., gunshot wound
(GSW); stab wound (SW); physical aggression; being run over;
bicycle accident; collisions; motorcycle accident; and falling
from the same level (SLF) and/or falling from a height (OLF). In
addition, information was collected on the presence of
polytrauma and/or skull trauma, and injuries identified on cranial
CT were recorded as follows: subarachnoid haemorrhage (SAH),
subdural haematoma (SDH), epidural haematoma (EDH), diffuse
axonal injury (DAI), intraparenchymal haemorrhage (IPH),
cerebral  contusion, skull depression, skull fracture,
intraventricular haemorrhage, ischaemia, cerebral oedema and/or
pneumocephalus.

Data were also collected on the type and number of TBI-
associated injuries, which may present as injuries to chest,
abdomen, pelvis, spine, limbs and/or face and neck. The types of
interventions ware recorded: conservative treatment, intracranial
pressure monitoring (ICPm), craniectomy, hematoma drainage,
external ventricular shunt(EVD) and correction of depression
and/ or fracture correction. Last, the following data for ICU
admission were collected: SOFA (Sequential Organ Failure
Assessment) score, APACHE II (Acute Physiology and Chronic
Health Evaluation) score and Glasgow Coma Scale (GCS) scores
and outcome (length of hospitalization, discharge or death, reason
for death and GCS score at discharge).

Statistical analysis

The results for categorical variables are presented as absolute and
relative frequencies, and the results for quantitative variables are
presented as the mean and standard deviation, median and
minimum and maximum values.

For quantitative variables, comparisons between 2 groups were
performed using Student’s t test or the nonparametric Mann—
Whitney test for data with a nonnormal distribution. The
association between 2 categorical variables was performed using
the chi-square test, and when both were dichotomous, Fisher’s
exact test was applied.

Simple and multiple binary logistic regression models of the
following factors alone and/or adjusted were used to estimate
odds ratios and 95% confidence intervals for mortality: age,
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trauma mechanisms, APACHE II score, GCS score, SOFA score
in the first 24 h, associated injuries, number of injuries on cranial
CT and presence of each brain injury on CT, compared with the
absence of any injury. The significance of each of the variables
in the models was evaluated using the Wald test. The level of
statistical significance was set at 5%, and the data were analysed
using the statistical analysis software IBM SPSS, version 28.0
(SPSS Inc., Chicago, IL, USA). Imputation of missing data was
not performed.
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overall mortality rate for the individuals with TBI was 27.6%,
with no significant difference between the rates in the years
evaluated (Fig. 2B).

[ 5072 ICU admissions for trauma between January 2012 and August 2019. ]

Not included:
: 18 229, <18 years old

-
2. 27, no age recorded
3. 1, no outcome recorded
h 4
a 3
4816 records of hospitalizations for trauma screened for the occurrence of TBI
. >
1
¥ +
3684 individuals without TBI [ 1132 individuals with TBI

Excluded:

* 17, hospitalized for
late consequences
of TBI

= 1, no outcome
recorded

[

1114 individuals included in the
cohort

Fig. 1 Process of selection of the study sample
Abbreviations: ICU, intensive care unit; TBI, traumatic brain injury

Results

Between January 2012 and August 2019, 5,072 trauma victims
were admitted to the ICU. Of these, 4816 patients older than 18
years at the time of ICU admission were screened for TBI, of
which 23.5% were diagnosed with a TBI (n = 1132). We excluded
17 patients hospitalized for late sequelae of TBI and 1 who was
transferred to the ICU of another hospital, making it impossible
to determine the outcome. Thus, 1,114 patients made up the
cohort of this study (Fig. 1).

Comparing the profile of the 1,114 individuals with TBI with that
of the 3,684 individuals with other traumas (Table 1) indicated
that those admitted to the ICU for TBI were significantly younger
and had worse prognostic scores on admission (APACHE II,
SOFA and GCS scores); they remained hospitalized longer, and
there was a higher proportion of deaths in this group.

The 1114 individuals with TBI accounted for 23.2% of trauma
patients admitted to the ICU from 2012 to August 2019. The
annual incidence of ICU admission by TBI ranged from 32.9 to
17.9%, with the lowest incidence recorded in 2017 (Fig. 2A). The
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Table 1 Characteristics of patients admitted for trauma and a
comparison between those with and without TBI

Variables Total Without With TBI P

(n=4798) TBI (n=1114) -value
(n=3684)

Male sex, n (%) 3180 (66.3) 2232 (60.6) 948 (85.1) <0.001°

Age (years), mean t 54.4+235 57.1+241 453+19.1 <0.001°

SD

Apache Il score, mean; 17.2; 16 16.4; 15 20; 19 <0.001¢

med. (min-max) (0-59) (0-59) (0-49)

Worst Glasgow Coma 12; 14 13.1;159; 10 <0.001¢

Scale score in the 1st 24  (3-15) (3-15) (3-15)

h, mean; med. (min-max)

SOFA score in the 4.9; 4 (0-21) 4.4;36.5;6 <0.001¢

1st 24 h?, mean; (0-21) (0-18)

med. (min -max)

Length of ICU stay, 9; 5(0-141) 8.5;410.8;7 <0.001¢

mean; med. (min- (0-141) (1-90)

max)

ICU outcome, n (%) <0.001¢

Discharge 4001 (83.4) 3194 (86.7) 807 (72.4)

Death 797 (16.6) 490 (13.3) 307 (27.6)

Valid n of 4221 for the total, 3247 for the group without TBI and 974 for the group with TBI ® Significant, Fisher’s
exact test  Significant, Student’s t test for independent samples ¢ Significant, nonparametric Mann—Whitney test

Abbreviations: ICU, intensive care unit; TBI, traumatic brain injury; APACHE, Acute Physiology and Chronic Health
Evaluation; SOFA, Sequential organ failure assessment p < 0.05 indicates statistical significance

Of'the 1,114 patients admitted to the ICU due to TBI, 27.6% died.
Among them, the mean age was 47.6 * 19.7 years, higher than
those who progressed to discharge. Among those with TBI, there
was a predominance of males, with no difference in the
proportion of deaths between the sexes (Table 2).

The most common trauma mechanisms were falls from the same
level followed by motorcycle accidents, corresponding to 39.6%
of all TBIs. However, the TBI mechanism with the highest
mortality rate was GSW/SW, followed by bicycle accidents and
being run over. There was a significant difference in the
proportion of deaths between the trauma mechanisms (Table 2).
More than 60% of patients had only one injury on cranial CT, and
the increase in the number of associated injuries was directly
related to mortality. The most frequent injuries evidenced on
tomography were SDH and SAH. Patients with ischaemia,
cerebral oedema and intraventricular haemorrhage had the
highest mortality rates. In addition, compared toother injuries, a
significantly higher proportion of patients with brain contusions,
skull fractures, SAH, SDH, IPH, intraventricular haemorrhage,
cerebral oedema and ischaemia died (p < 0.05) (Table 2).

The majority, 46.6%, were characterized as severe TBI (GCS 3 to
8), 18.4% as moderate (GCS 9 to 12) and 35% as mild (GCS 13
to 15). The presence of severe TBI was significantly associated
with mortality. Furthermore, patients who died had significantly
lower GCS scores and higher APACHE II and SOFA scores in the
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first 24 h in ICU. The presence of trauma in other areas, except
chest trauma was not significantly related to death. (Table 2).
Most TBIs were treated surgically, with no difference in the
mortality rate between surgical and conservative treatment.
Among the surgical procedures, the most frequent was ICPm, and
the approach associated with higher mortality was decompressive
craniectomy. The median length of stay in the ICU was 7 days,
which was significantly longer among those who died. At the time
of ICU outcome, the majority (74.1%) of the patients were
classified as life-sustaining treatments (LST) level A i.e., all
necessary, possible, and available LST measures to save life and
restore health, including cardiopulmonary resuscitation if
cardiopulmonary arrest. (Table 2).

Of the 807 survivors, 781 (96.8%) had the Glasgow Coma Scale
recorded at ICU discharge. The mean score was 13.2, and the
median was 14, ranging from 3 to 15. Among the 307 patients
who died, the direct cause of death was noted in the discharge
summary of 262 (85.3%) patients. Brain death was the most
frequent, accounting for 42.7% of deaths, followed by infection
(40.8%), hemorrhagic shock (4.6%), unidentified cause (3.4%),
pulmonary thromboembolism (PTE) (1.9%), sepsis plus acute
respiratory distress syndrome (ARDS) (1.5%), ARDS alone
(1.1%), acute myocardial infarction (AMI) (1.1%), cardiac arrest
(CA) duo toventricular fibrillation (VF) (1.1%), and others
(1.5%).

Variables that were significantly different between discharge and
death were analysed as prognostic factors for mortality using
univariate logistic regression analysis (Table 3). Older age, higher
APACHE II and SOFA scores and lower GCS scores at admission
were associated with higher mortality. Regarding TBI
mechanisms, less lethal trauma (physical aggression), GSW/SW,
being run over and bicycle accidents were associated with a
higher risk of mortality (Table 3).

The greater the number of injuries on cranial CT, the greater the
risk of mortality when compared with the absence of brain lesion;
patients with 3 injuries on cranial CT were 10 times more likely
to die. The presentation of ischaemia, intraventricular
haemorrhage, cerebral oedema, cerebral contusions, skull
fractures, SAH, SDH and/or IPH increased the odds of death of
patients with TBI. Cerebral ischaemia and oedema increased the
odds by 29 and 21 times, respectively (Table 3). Polytrauma was
not associated with a worse outcome; however, the presence of
associated chest injury increased the odds of death (Table 3).
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Finally, older age, a higher APACHE 11 score, a lower GCS score
in the first 24 h, a greater number of brain injuries identified on
CT, and the presence of associated chest trauma remained risk
factors for mortality in patients with TBI after adjusting for each
in a multiple regression model (Table 4).

Discussion

Compared with other severe traumas, TBI is the most prevalent
and, among traumas, has the highest morbidity and mortality [13,
14]. In trauma, injuries to the central nervous system are the main
causes of death, followed by hemorrhagic shock and sepsis [14—
16]. Individuals with TBI are younger and mostly men [17-19]
and have worse prognostic score values at admission and longer
ICU stays. As observed in Europe, patients with neurological
injuries admitted to the ICU had higher SOFA scores, lower GCS
scores on admission, longer ICU stays and higher mortality rates
[20].

In this study, the mortality rate for patients with TBI was 27.6%.
Older age, a higher APACHE II score, a lower Glasgow score in
the first 24 h, a higher number of brain injuries identified on CT,
and the presence of associated chest trauma were independent
predictors of mortality.

The findings corroborate previous studies that identified older age
and lower GCS scores as predictors of mortality in patients with
severe TBI[7, 17, 21-25]. A population based study conducted in
Rwanda, Africa, showed that age over 50 years and GCS score
lower than 13 were significantly associated with death [23]. In
previous studies, younger patients had higher GCS scores at ICU
admission and discharge [26], and mortality increased with
increasing age [14, 27]. One explanation for the increased
mortality in patients with advanced age is the increased use of
anticoagulant and antiplatelet drugs, leading to greater bleeding
complications in patients with severe trauma [13].

Falls from the same level and traffic accidents were the main
trauma mechanisms identified, similar to those reported in
European studies [18, 28]. Falls from the same level are more
common in the elderly population, while traffic accidents are
more common in the young population [17, 18, 29]. The higher
incidence of falls in the elderly population can be explained by
their increased in life expectancy accompanied by the increase in
comorbidities [13]. For TBIs caused by traffic accidents, the most
common mechanism among our cohort was motorcycle
accidents, a finding that is different from
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Table 2 Description of the characteristics of individuals with TBI and their association with ICU outcome

VARIABLES Total Discharge Death p value
(n=1114)

ICU ADMISSION

Age (years), mean + SD 453+19.1 44.5+18.9 47.6+19.7 0.016°

Male, n (%)* 948 (85.1) 689 (72.7) 259(27.3) 0.707¢

Trauma mechanism, n (%) * <0.001*

GSW/SW 77 (7.4) 47 (56.6) 36 (43.4)

Physical Aggression 142 (12.7) 113 (79.6) 29 (20.4)

Run over 158 (14.2) 104 (65.8) 54 (34.2)

Cyclist 50 (4.5) 29 (58) 21 (42)

Collision 93(8.3) 73(78.5) 20(21.5)

Motorbike 203(18.2) 159 (78.3) 44(21.7)

SLF 238 (21.4) 172 (72.3) 66 (27.7)

OLF 147 (13.2) 110 (74.8) 37(25.2)

Passage to the operating room before ICU addition, n(%) 0,033°

Yes 789 (70.8) 557 (70.6) 232(29.4)

No 325(29.2) 250 (76.9) 75(23.1)

Apache Il score, mean; med. (min-max) 20; 19 16.5; 15 29.1; 30 0.000¢
(0-49) (0-41) (6-49)

Worst Glasgow Coma Scale (GCS) in the first 24 h, mean; med. (min-max) 9;10(3-15) 10.5; 12 5.3;3(3-15) 0.000¢

(3-15)

Classification of Severity of TBI by the worst GCS in the first 24 h, n(%) <0,001°

Severe (GCS 3 to 8) 519 (46.6) 264 (50.9) 255 (49.1)

Moderate (GCS 9 to 12) 205 (18.4) 176 (85.9) 29 (14.1)

Mild (GCS 13 to 15) 390 (35.0) 367 (94.1) 23(5.9)

SOFA score in the first 24 h, mean; med. (min-max) 6.5; 6 (0-18) 5.4; 5 (0-16) 9.5;9(2-18) 0.000¢

Number of injuries on cranial CT, n (%) * <0.001%

None 43(3.9) 39(90.7) 4(9.3)

One 736 (66.1) 552 (75) 184 (25)

Two 250 (22.4) 176 (70.4) 74.(29.6)

Three 85 (7.6) 40 (47.1) 45 (52.9)

Injuries evidenced on CT, n (%) *

Cerebral contusion 167 (15.0) 122(73.1) 45 (26.9) 0.015°

DAI 47 (4.2) 40 (85.1) 7(14.9) 0.527¢

Fracture and/or depression 99 (8.9) 70(70.7) 29(29.3) 0.009°

SAH 379 (34.0) 244 (64.4) 135 (35.6) <0.001°

SDH 401 (36.0) 268 (66.8) 133(33.2) <0.001°

EDH 151 (13.6) 127 (84.1) 24 (15.9) 0.335°

IPH 149 (13.4) 112 (75.2) 37(24.8) 0.034°

Haemoventriculum 19 (1.7) 8(42.1) 11(57.9) <0.001°

Cerebral edema 55 (4.9) 17 (30.9) 38(69.1) <0.001°

Ischaemia 8(0.7) 2(25) 6(75) <0.001°

Pneumocephalus 13(1.2) 11 (84.6) 2(15.4) 0.615°

Presence of polytrauma, n (%) * 318(28.5) 230(72.3) 88(27.7) 1c

Number of injury follow-ups in addition to TBI, n (%) * 0.260%

None 796 (71.5) 577 (72.5) 219 (27.5)

One 190 (17.1) 142 (74.7) 48 (25.3)

Two 94 (8.4) 61 (64.9) 33(35.1)

Three or more 34(3.1) 27(79.4) 7 (20.6)

Injury follow-up in addition to TBI, n (%) *

Thorax 140 (44) 87 (62.1) 53(37.9) 0,015f

Abdomen 56 (17.6) 37 (66.1) 19 (33.9) 0,355f

Pelvis 14 (4.4) 11(78.6) 3(21.4) 0,768

scl 59 (18.6) 44.(74.6) 15 (25.4) 0,880"

ICU ADMISSION

Limbs 129 (40.6) 93(72.1) 36(27.9) 0,916

Face and/or neck (except spine) 84 (26.4) 75 (89.3) 9(10.7) <0,001"

TREATMENT OF TBI

Approach to TBI treatment, n (%) * 0,138°

Conservative 494 (44.3) 369 (74.7) 125(25.3)

Surgical 620 (55.7) 438 (70.6) 182 (29.4)

Procedures performed to treat TBI, n (%) *

ICPm 418 (67.4) 272 (65.1) 146 (34.9) 0,0028

Craniectomy 158 (25.5) 86 (54.4) 72 (45.6) <0.0018

Haematoma drainage 140 (22.6) 122 (87.1) 18 (12.9) 0.0028

EVD 94 (15.5) 71 (75.5) 23(24.5) 1g

Correction of fracture and/or depression 8(1.3) 8(100) 0 (0) 0.2108

ICU OUTCOME 10.8; 7 <0.001°

Length of stay, mean; med. (min-max) (1-90) 12; 8 (1-90) 7.4;5 (1-74)

Level of LST, n (%) <0.001°

LST-A 803 (74.1) 742 (92.4) 61(7.6)
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LST-B 74 (6.8) 24 (32.4) 50 (67.6)
LST-C 77(7.1) 14(18.2) 63 (81.8)
LST-D 17 (1.6) 1(5.6) 17 (94.4)
LST-E 113 (10.4) 0(0) 113 (100)

Abbreviations: TBI, traumatic brain injury; ICU, intensive care unit; OR, odds ratio; GSW, Gunshot wound; SW, Stab wound; SLF, Same-level fall; OLF,
Fall from height; SCI, spinal cord injure; APACHE, Acute Physiology and Chronic Health Evaluation; CT, computed tomography; DAI, Diffuse axonal
injury; SAH, Subarachnoid haemorrhage; SDH, subdural haematoma; EDH, epidural haematoma; IPH, Intraparenchymal haemorrhage; ICPm, intra
cranial pressure monitoring; EVD, External ventricular derivation; LST: life-sustaining treatments; LST-A: All necessary, possible, and available LST
measures to save life and restore health, including cardiopulmonary resuscitation if cardiopulmonary arrest; LST-B: All necessary, possible, and
available LST measures to save life and restore health, but no cardiopulmonary resuscitation if cardiopulmonary arrest; LST-C: Maintenance of LST
measures already in place, withholding new ones apart from those aimed at comforting the patient and his or her family; LST-D: Removal of LST
measures when considered futile in the face of a terminal condition and beginning of palliative care; LSTT-E: All necessary, possible and available LST
measures for patients with brain death until organ donation

* For the variables in the column “Total”, the percentages calculated are presented considering the total number of cases in the column, while in the

columns “Discharge” and “Death”, the percentages calculated considering the total number of cases in the row are presented

# 140 missing data points in the total sample (88 among discharges and 52 among deaths) § 30

missing data points in the total sample (26 among discharges and 4 among deaths) ? Significant,

chi-square test P Significant, Student’s t test for independent samples © Significant, Fisher’s exact

test 9 Significant, nonparametric Mann—-Whitney test ¢ Significant, Fisher’s exact test, compared
with the 43 patients who did not present any injury on cranial CT. f Significant, Fisher’s exact test,

compared with the 796 patients who had no record of injuries & Significant, Fisher’s exact test,

compared with the 494 patients who underwent conservative treatment

observations in Europe, where bicycle accidents were more
frequent [28-30].

Subdural and subarachnoid haemorrhages were the most frequent
findings on CT of the head of patients with TBI, a finding
consistent with the results of a European study [6]. The increase
in the occurrence of intracranial haemorrhages is associated with
olderage and a decrease in GCS score [31]. The presence of SAH
due to trauma is often accompanied by other intracranial
haemorrhages [32]. When SAH is concomitant with 2 other
intracranial haemorrhage, there is a 9-fold increase in mortality,
and when associated with SDH, there is a 16-fold increase in the
chance of death [25, 32]. Thus, a greater number of brain injuries,

especially haemorrhagic ones, is associated with a greater chance
of death.

The association of thoracic trauma with TBI significantly
increased the mortality of patient in our study. These findings are
corroborated by other studies, also demonstrating higher
mortality among patients with pulmonary contusions [33], and
that the presence of TBI and concomitant chest trauma
significantly increased mortality and prolonged ICU stay and
duration of mechanical ventilation [34].

Higher APACHE 1I scores are a risk factor for mortality in
patients admitted to ICUs [35, 36]. In the present study,
individuals with TBI admitted to the ICU had

Table 3 Univariate model of prognostic factors for mortality among TBI patients admitted to the ICU.

Prognostic factors N of the OR (95% CI) for mortality® p value®
model

Age (years) 1114 1.008 (1.002-1.015) 0.016

Trauma mechanism 1114

Physical Aggression Ref

GSW/SW 2.985 (1.645-5.415) 0.000

Run over 2.023 (1.198-3.417) 0.008

Cyclist 2.822 (1.409-5.649) 0.003

Collision 1.068 (0.562-2.027) 0.842

Motorbike 1.078 (0.636-1.827) 0.779

SLF 1.495 (0.91-2.458) 0.113

OLF 1.311(0.754-2.277) 0.337

Apache Il score 1114 1.180 (1.155-1.204) <0.001

Worst Glasgow Coma Scale score in the first 24 h 1114 0.730 (0.700-0.760) <0.001

Classification of Severity of TBI by the worst GCS in the first 24 h 1114

Severe (GCS 3 to 8) Ref

Moderate (GCS 9 to 12) 2.629 (1.478-4.677) 0,001

Mild (GCS 13 to 15) 15,413 (9,778-24,295) <0,001

SOFA score in the first 24 h 974 1.400 (1.330-1.473) <0.001

Number of injuries on cranial CT 1114

None Ref

One 3.250 (1.146-9.218) 0.027

Two 4.099 (1.414-11.883) 0.009

Three 10.969 (3.602-33.406) <0.001

The presence of each of brain injury evidenced on cranial CT compared to having no injuries on CT

210 3.596 (1.216-10.636) 0.021
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Cerebral contusion (ref: 43 patients without injury)

DAl (ref: 43 patients without injury)

Fracture and/or depression (ref: 43 patients without injury)
SAH (ref: 43 patients without injury)

SDH (ref: 43 patients without injury)

EDH (ref: 43 patients without injury)

IPH (ref: 43 patients without injury)

Haemoventriculum (ref: 43 patients without injury)

Cerebral edema (ref: 43 patients without injury)

Ischaemia (ref: 43 patients without injury)

Pneumocephalus (ref: 43 patients without injury)

Presence of trauma in another segment in addition to the skull
Number of injured segments in addition to TBI

None

One

Two

Three or more

Injury follow-up in addition to TBI

Associated thorax injury (ref: absence of thoracic injury)
Associated abdominal injury (ref: absence of abdominal injury)
Associated pelvis injury (ref: absence of pelvis injury)
Associated MRT (ref: absence of MRT)

Associated limb injury (ref: absence of limb injury)

Associated face and/or neck injury (except spine) (ref: absence of face/neck injury)

112

90 1.706 (0.463-6294) 0.422
142 4.039 (1.323-12.335) 0.014
422 5.394 (1.887-15.420) 0.002
444 4.839 (1.694-13.824) 0.003
194 1.842 (0.603-5.634) 0.284
192 3.221(1.079-9.619) 0.036
62 13.406 (3.393-5 2.977) <0.0001
98 21.794 (6.715-70.732) <0.001
51 29.250 (4.364-196.069) <0.001
56 1.773 (2.86-10.990) 0.539
1114 1.008 (0.754-1.348) 0.957
1114

Ref

0.891 (0.620-1.280) 0.531

1.425 (0.908-2.238) 0.124

0.683 (0.293-1.591) 0.377
1114 1.727 (1.192-2.501) 0.004
1114 1.373(0.777-2.427) 0.275
1114 0.714 (0.198-2.577) 0.607
1114 0.891 (0.488-1.625) 0.706
1114 1.020 (0.677-1.536) 0.925
1114 0.295 (0.146-0.596) <0.001

Abbreviations: TBI, traumatic brain injury; ICU, intensive care unit; OR, odds ratio; GSW, Gunshot wound; SW, Stab wound; SLF, Same-
level fall; OLF, Fall from height; APACHE, Acute Physiology and Chronic Health Evaluation; CT, computed tomography; DAI, Diffuse
axonal injury; SAH, Subarachnoid haemorrhage; SDH, subdural haematoma; EDH, epidural haematoma; IPH, Intraparenchymal
haemorrhage @ Odds ratio (OR) and 95% confidence interval of the OR (95% Cl) of the univariate binary logistic regression model for

mortality P Significant, Wald test of the logistic regression model

Table 4 Multiple logistic regression of prognostic factors for
mortality among patients with TBI in ICU

Prognostic factors N of the OR (95% P value®
model Cl) for mortality®

Age (years) 1114 1.008 0.016
(1.002-1.015)

Apache ll 1.180 <0.001
(1.155-1.204)

Worst Glasgow Coma Scale score in the first 24 0.730 <0.001

h (0.700-0.760)

Number of injuries on cranial CT

None
Ref

One 3.250 0.027
(1.146-9.218)

Two 4.099 0.009
(1.414-11.883)

Three 10.969 <0.001
(3.602-33.406)

Associated thorax injury (ref: 1.727 <0.001

absence of thoracic injury) (1.192-2.501)

a Odds ratio (OR) and 95% confidence interval of the OR (95%
Cl) of the multiple binary logistic regression model for mortality
b Significant, Wald test of the logistic regression model
Abbreviations: TBI, traumatic brain injury; ICU, intensive care

unit; OR, odds ratio; APACHE, Acute Physiology and Chronic
Health Evaluation; CT, computed tomography

a mean APACHE score of 20 points, and among the patients who
died, the mean score was 29 points. These data are very similar
to those reported in a study conducted in Turkey [37], in which
the mean APACHE 11 score was 30 points for patients with TBI
who died. This scale has shown good performance in terms of
discrimination, calibration, accuracy and satisfactory results in
the prediction of ICU mortality in patients with TBI [35, 38].

In the univariate analysis, the SOFA score was significantly
related to mortality, with higher scores for patients who died [38].
Zygun D et al. [39] demonstrated that the increased mortality of
patients with TBI is related to higher scores on the cardiovascular
component of the SOFA.

Regarding therapeutic management, no differences
observed in mortality between conservative or surgical
intervention. However, in 2020, Gao et al. [21] showed that
decompressive craniotomy and craniectomy reduced mortality in
patients with severe TBI and no pupillary light reflex.

At the time of ICU outcome, the majority (74.1%) of the patients
were classified as life-sustaining treatments (LST) level A. In our

were

institutional protocol, in view of the brain trauma foundation
protocols and focus on rehabilitation, it is recommended to wait
6 months for support limitation. These data are in agreement with
the results of other authors who suggest caution in considering
the withdrawal of care in patients with TBI duo to the delay in the
recovery of the level of consciousness [40].

Due to the retrospective nature of this study, not all data were
available, such as: Injury Severity Score (ISS), regional AIS
(Abbreviated injury score), Marshal Score, morbidity, incidence
of ARDS and pneumonia. Since data were collected exclusively
from electronic medical records, information on prehospital care,
pupil assessment, functional outcome, and haemostasis disorders
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was not available. Data collection was performed only at the time
of hospitalization, it was not possible to control confounding
factors regarding the evolution of each patient during
hospitalization. However, the findings of our study, derived from
the analysis of a large TBI patients in a trauma referral hospital,
allow a broad understanding of the epidemiological profile of TBI
patients.

In conclusion, individuals with TBI have higher chances of
mortality and longer hospital stay, are younger, have higher
APACHE II and SOFA scores and have lower GCS scores on ICU
admission. Significantly associated predictors of ICU mortality
include older age, higher APACHE 1I score, lower GCS score in
the first 24 h, higher number of brain injuries, and concomitant
chest trauma. TBI results in extensive consequences for patients’
quality of life and represents a substantial burden on health
services. Therefore, understanding the risk factors and predictors
of mortality is necessary for the development of more effective
preventive and therapeutic measures and for better planning of
the management of patients with TBI, in order to reduce
morbidity and mortality.

Abbreviations

TBI T raumatic brain injury

ICUs | ntensive care units

APACHE A cute Physiology and Chronic Health
Evaluation

SOFA S equential organ failure assessment
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OR O dds ratio

CcT Computed tomography

GSW G unshot wound

SW S tab wound

SAH S ubarachnoid haemorrhage

SDH S ubdural haematoma

EDH Epidural haematoma

DAl Diffuse axonal injury

IPH Intraparenchymal haemorrhage

ICPm Intra cranial pressure monitoring

EVD E xternal ventricular derivation

PTE P ulmonary thromboembolism

ARDS A cute respiratory distress syndrome

AMI A cute myocardial infarction

CA C ardiac arrest

VF V entricular fibrillation

SLF Same-level fall
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