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Resumo

A doencga critica representa um estado de estresse catabdlico, o qual &
produzido pela resposta inflamatéria sistemica. A doenga critica € entendida em
diferentes estagios: (1) fase aguda que € composta por dois periodos: periodo
inicial (1-3 dias), que se caracteriza por instabilidade metabdlica e aumento
severo do catabolismo, e periodo tardio (2-4dias), que reflete em perda muscular
significativa e estabilizacdo dos disturbios metabdlicos. E a fase tardia (pos-
aguda) segue com a melhora da inflamagéo, estado catabdlico e internagédo
prolongada e reabilitagéo.

Todo esse processo resulta pode resultar em piores desfechos como
maior tempo de internagdo no Centro de Tratamento Intensivo (CTI), riscos de
infeccbes, tempo de uso de ventilagdo mecanica, obito entre outros. Neste
sentido, a importancia da nutricdo no doente critico € cada vez mais reconhecida,
principalmente em pacientes com longa permanéncia em CTls que requerem
suporte especial por este estado de catabolismo severo. De fato, a desnutricdo
€ uma manifestagao clinica frequente neste grupo de pacientes e, esse quadro
pode ser agravado pela presenca do risco nutricional e da inadequagao da
terapia nutricional.

O risco nutricional deve ser avaliado para realizacdo de intervengdes
nutricionais precoces. O Nutrition Risk in the Critically ill (NUTRIC) é um
instrumento de triagem nutricional desenvolvida especificamente para pacientes
criticos e avalia critérios como idade, escores de gravidade de doencga - Acute
Physiology and Chronic Health Disease Classification System Il (APACHE 1) e
Sequential Organ Failure Assessment (SOFA), numero de comorbidades, dias
de internagéo prévios a admissao no CTI e niveis séricos de interleucina 6 (IL-
6). O instrumento foi revalidado retirando do escore final as medidas da IL-6,
denominada entdo de NUTRIC modificado (NUTRIC-m). Diversos estudos ja
vém demonstrando que o alto risco nutricional, identificado pelo NUTRIC, esta
associado ao maior risco de desfechos clinicos desfavoraveis, dentre eles, a
mortalidade.

Em relagao a terapia nutricional, o fornecimento adequado de nutrientes,
conforme o quadro clinico e fase da doenca critica, evita complicagdes, reduz

perda de massa magra e pode melhorar desfechos negativos. A tolerancia



metabolica deve ser considerada, onde a inflamagdo na fase aguda ou
anabolismo na fase pds- aguda podem incluir riscos dependendo do aporte
caldrico- proteico ofertado. O inicio precoce, entre 24 e 48 horas de internacéo é
indicado, sendo um dos principais motivos a integridade funcional e trofismo do
trato gastrointestinal. A recomendacao ideal de calorias e proteinas na doenga
critica ainda é bastante discutida, principalmente em relagcéo as fases da doenca.
As diretrizes internacionais e nacionais, sugerem, em geral, um aumento lento e
progressivo das metas caloricas e proteicas, levando em consideragdo sempre
o quadro clinico e tolerancia do paciente. No entando, as recomendacgdes ideais
das ofertas de calorias e proteinas durante as fases da doenca critica ainda séo
bastante discutidas, seus riscos, beneficios bem como a importadncia da
adequacao da terapia nutricional.

Neste sentido, realizamos um estudo de coorte prospectivo em pacientes
criticos com suporte nutricional exclusivo por via enteral, nos primeiros 10 dias
de admissdao em uma CTI. Os principais objetivos foram avaliar a relagdo, na
fase aguda (periodo inicial e tardio) do consumo calorias e proteinas e sua
adequacao nutricional com: (1) o risco nutricional, identificado pelo NUTRIC-m,
e, (2) com a mortalidade em um periodo de 30 dias.

Palavras- chave: doencga critica, calorias, proteina, enteral nutricdo enteral,

mortalidade.
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1. Centro de Tratamento Intensivo: o paciente e a doencga critica

Pacientes de Centro de Tratamento Intensivo (CTI) alteram seu estado
nutricional rapidamente, e em um grau ainda maior naqueles que s&o
malnutridos previamente a internacdo, o que resulta em desfechos clinicos
desfavoraveis (1). Os pacientes criticos, em sua grande maioria, apresentam um
estado de estresse catabdlico induzido pela resposta inflamatoria sistémica, o
que gera aumento da demanda metabdlica (2).

A doencga critica esta associada a resposta inflamatéria sistémica, que
causa complicagcbes como aumento da morbidade, mortalidade, e tempo de
hospitalizagdo dos pacientes (2). As fases da doencga critica geralmente s&o
descritas como “ebb” e “flow”. A fase ebb compreende a fase inicial, hiperaguda,
geralmente com a caracteristica da instabilidade hemodinamica, a fase flow € o
periodo subsequente, com instabilidade metabdlica e catabolismo que pode ser
mais ou menos prolongado apds o periodo de anabolismo (3). A fase aguda é
composta por dois periodos: periodo inicial, de instabilidade metabdlica e
aumento severo no catabolismo, e periodo tardio, de perda muscular significativa
e estabilizagdo dos disturbios metabdlicos. A fase tardia (pés-aguda) segue com
a melhora da inflamagdo, estado catabdlico e internacdo prolongada e
reabilitacdo / ou fase crénica. Nesta fase pode-se observar a tendéncia de
retorno ao estado clinico prévio, com melhora clinica que € observada pela

dispensa de métodos de suporte avangado (3).

I Anabolismo
F Fase tardia
Fase aguda ase aguda o
Periodo inicial Periodo tardio Reabilitagao
eriodo inicia (3-4 dia) ou
(1-3 dia) Fase cronica

l l Catabolismo l l

Figura 1. Progressao da doenga critica. Adaptada de Singer et al., 2018 (3)
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2. Desnutrigao no paciente critico

A desnutricdo pode ser definida como um estado no qual uma deficiéncia,
excesso ou desequilibrio de energia, proteinas e/ou outros nutrientes causam
efeitos adversos sobre a fungbes do corpo (4). Entretanto, os critérios para
identificacdo de desnutricdo, em pacientes criticos, muitas vezes, se torna
complexo, alteragdes de balango hidrico, relacionados a dados antropométricos,
por exemplo, podem ser confundidores na interpretacdo. Também dados
objetivos, como peso atual/ usual e histérico nutricional, nem sempre est&o
disponiveis (3, 4).

O tratamento intensivo em si ocasiona o desenvolvimento de desnutricao
nos pacientes (5). Uma metaanalise, que incluiu 20 estudos com 1,168 pacientes
demonstrou que a prevaléncia de desnutricdo em pacientes criticos pode
alcancar taxas de 38% a 78% (6). A alta taxa de desnutrigdo no CTI, e a
inadequacéao da oferta de nutrientes e os processos catabdlicos, intensificados
durante a doenca critica, aceleram a perda de massa magra (7,8).

De fato, a perda da massa total da proteina do corpo, principalmente dos
musculos esqueléticos € frequentemente observada nos pacientes criticamente
doentes (9). Um balango nitrogenado negativo e perda de massa muscular é
refletido devido ao aumento da degradac&o de proteinas e consequentemente
um saldo total negativo (9). Dessa forma, a resposta metabdlica propicia o
suprimento de aminoacidos para outros 6rgaos e assim serve de substrato para
a gliconeogénese e sintese de proteinas, como as de fase aguda, necessarias
para defesa imune e reparagdo de feridas (9). Ainda, o uso de ventilagéo
mecéanica (VM) e a terapia de substituigdo renal sdo condi¢des que estéo
relacionadas a lesdo muscular e a deplegdo proteica, logo, a presenca da
desnutricdo pode dificultar a retirada desses suportes (5). Neste sentido, a
provisdo adequada de nutrientes pode ser um fator de risco modificavel para os
resultados dos pacientes reduzindo as chances de um quadro grave de
desnutricdo e de desfechos negativos, como a mortalidade (10).
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3. Avaliacao do risco nutricional em pacientes criticamente doentes

O risco nutricional se refere ao risco aumentado de morbimortalidade em
decorréncia do estado nutricional. Tao importante quanto diagnosticar
desnutricdo € avaliar o risco de deterioragao nutricional naqueles pacientes em
situagdes que podem estar associadas a problemas nutricionais (11). No ambito
hospitalar e no cenario de unidades de tratamento intensivo € necessario
detectar os pacientes em risco nutricional, pois, dessa forma, pode-se realizar
intervencao nutricional primaria, evitando-se a instalacdo da desnutricdo por
meio de medidas preventivas (11).

O Nutrition Risk in the Ciritically ill (NUTRIC) €& um instrumento
desenvolvido para avaliar o risco nutricional em pacientes admtidos em CTI (12).
Ele engloba variaveis, como escores de gravidade de doenga - Acute Physiology
and Chronic Health Disease Classification System Il (APACHE Il) e Sequential
Organ Failure Assessment (SOFA), idade, numero de comorbidades, dias de
internagéo prévios a admissao no CTI e niveis séricos de interleucina 6 (IL-6)
(12). NUTRIC é considerado uma facil ferramenta a ser utilizada, pois contém
variaveis rotineiramente utilizadas na maioria dos CTls, exceg¢ao para a IL-6, que
nao é frequentemente solicitada devido ao seu alto custo. Assim, outra verséo
do NUTRIC foi criada posteriormente, retirando do escore final as medidas da
IL-6 (13). Sendo esta nova proposta denominada de NUTRIC modificado
(NUTRIC-m) (13). Para avaliagdo sao considerados pacientes com maior risco
nutricional os que apresentarem escore =6 (para a versao original) ou 25 (para
a versao modificada) (13).

Estudos em pacientes criticos vém analisando o desempenho do NUTRIC
em suas duas versdes na avaliacdo de risco nutricional e na predicdo de
desfechos clinicos (14). Estudo retrospectivo realizado em 482 pacientes criticos
com sepse admitidos em um hospital terciario avaliou o desempenho de ambos
os escores, NUTRIC e NUTRIC-m (Jeong). Neste estudo os instrumentos
demonstraram associagcdo do alto risco nutricional com maior tempo de
internagdo no CTIl e uso de VM (14). Na avaliagdo de desempenho, a area sob
a curva (AUC) dos escores NUTRIC e NUTRIC-m para predi¢do de mortalidade
em um periodo de 28 dias foi AUC 0,762 [Intervalo de Confianca (IC) 0,718 -
0,806] e AUC 0,757 (IC 0,713 - 0,801), respectivamente (14). Também, em um
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estudo prospectivo em 384 pacientes criticamente doentes foi observado uma
associacao positiva entre o risco nutricional, avaliado pelo NUTRIC, e o maior
risco de mortalidade (15). Ainda nesse contexto, em estudo retrospectivo com
208 pacientes criticos, duas ferramentas de triagem nutricional, recomendadas
para ambientes de CTI, NUTRIC e o Nutritional Risk Screening -2002 (NRS-
2002), foram comparadas. A analise entre os instrumentos resultou em
concordancia fraca (Kappa < 0,40). Na amostra total quase metade dos
pacientes foram classificados como alto risco pelo NUTRIC e apenas um terco
pelo NRS-2202 (16).

4, Terapia nutricional do paciente critico

Na doenga critica, os objetivos da oferta da terapia nutricional sdo fornecer
nutrientes/ dieta adequada a condicao clinica, prevenir deficiéncias nutricionais,
atenuar a perda de massa magra corporal, evitar complicagdes e melhorar
desfechos clinicos (3). A terapia nutricional previne lesdo celular oxidativa,
modula favoravelmente e atenua respostas imunologicas (2). Enquanto a
tolerancia metabdlica pode ser extremamente limitada pela grave inflamagéo
durante a fase aguda da doenga critica, levando ao risco de “superalimentacao”,
durante a fase pos- aguda, com a inflamagao crénica ou inicio da recuperagao/
reabilitacdo, essa mudanga para o anabolismo, pode incluir o risco de
“subalimentacao” (17). A producédo de energia enddgena no inicio da doenga
critica ndo pode ser anulada pela terapia nutricional, assim, recomenda-se um
aumento lento e progressivo da oferta de nutrientes (18).

E importante considerar que o suporte nutricional deve ser diferente entre
as fases da doenca critica, e a duracao delas pode ser variavel entre individuos
pelas diferentes injurias que levaram a doenga (trauma, pacientes cirurgicos ou
clinicos, por exemplo) ou idade e peso corporal que devem ser ajustados
individualmente de acordo perfil metabdlico e fase (3, 19). Em termos
catabodlicos, a resposta metabdlica ao estresse, pode produzir 50-75% das
necessidades de glicose (20).

A terapia nutricional enteral (TNE) & indicada quando ndo é possivel
administrar suas necessidades por via oral por ser impraticavel, inadequada ou

insegura (21). Os efeitos aprimorados TNE sado alcangados fornecendo uma
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quantidade ideal (=80%) do total de energia necessaria (22). Em pacientes
criticos, o inicio precoce, entre 24 e 48h de admissdo no CTI € recomendado e
preconizado (2, 3, 23). Essa orientagdo visa a manutencdo da integridade
funcional e trofismo do trato gastrointestinal; mantendo o fluxo sanguineo local e
a liberagao de hormdnios e agentes enddgenos; impedindo a quebra de barreira
e o aumento da permeabilidade das células epiteliais; mantendo o
funcionamento do tecido linfoide intestinal e a liberacdo de imunoglobulina A,
reduzindo o hiper- metabolismo e catabolismo associados a resposta
inflamatoria sistémica e podendo entdo atenuar a gravidade da doenga critica
(23). Ainda, em uma metaanalise que incluiu 21 ensaios clinicos randomizados,
demonstrou que o inicio precoce da TNE em pacientes criticos reduziu o risco
de mortalidade em 30% (2).

A recomendacao ideal da oferta de calorias e proteinas durante as fases
da doenca critica ainda é bastante discutida, seus riscos, beneficios e estratégias
nutricionais (24- 26).

As diretrizes nacionais e internacionais de TNE para pacientes criticos
sugerem uma menor oferta caldrica na fase aguda e inicial da doenga critica
(dias 1-3) progredindo durante as fases (3). Na fase aguda (periodo inicial),
quando disponivel, a calorimetria indireta (padrdo-ouro) € indicada e as
necessidades energéticas deve atingir em torno de 50-70%, na sua auséncia, a
opgao € a regra de bolso 15-20 kcal/kg peso atual e/ou 20-25 kcal/kg em
pacientes eutroficos; 11-14 kcal/lkg peso atual para obesos. Na fase aguda
(periodo tardio- dias 3-4), se sugere aumento do aporte calorico para 80-100%
do alvo estipulado pela calorimetria indireta ou 25-30 kcal/kg para eutroficos e
11-14 kcal/kg para obesos (2,3,23).

Em relacdo ao aporte proteico, baseado nas diretrizes americanas e
europeias, recentemente uma revisdo sobre nutricdo enteral em terapia
intensiva, recomenda aporte proteico em dose baixa (até 0,8g/kg) durante a fase
inicial da doenca critica, enquanto numa fase reabilitagdo, uma meta de >1,2g/kg
pode ser considerada (25). A interagcdo de alteragdes metabdlicas agudas,
inflamag&o e nutricdo no inicio da doenga critica € complexa. (26). Um guia
pratico de terapia nutricional na doenga critica, sugere progressédo gradual de
metas nos primeiros 3 dias (aproximadamente 25% por dia) para atingimento da
primeira meta proteica no 4 dia (1,3g/kg). A segunda meta seria atingida durante
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a fase ja crbnica da doengca com 1,5 - 2g/kg. Esse aumento consideravel é
essencial para evitar maior perda de massa e fungdo muscular (26).

O momento ideal para a oferta nutricional proteica ainda é alvo de
discussdes. O fornecimento de nitrogénio a partir das proteinas por via enteral
ou aminoacidos intravenosos tem como um dos principais objetivos o aumento
de sintese muscular para a preveng¢ao/ minimizagao da perda muscular no CTI
(25-27). Na fase inicial da doenca critica, s&o discutidos os pros e contras da
maior oferta, o aumento da sintese proteica muscular e infusdo intravenosa
segura e por outro lado, nenhum efeito na quebra de proteina muscular e
aumento da oxidagdo de aminoacidos (27). E possivel que, semelhantes as
metas caldricas, as metas proteicas ideais mudem no decorrer da doenca critica,
e que uma alta ingestao proteica seja benéfica apenas se n&o estiver associada
a hiperalimentacgéao (3). A European Society for Clinical Nutrition and Metabolism
(2019) recomenda 1,3 g/kg peso sendo ofertada de forma progressiva (3). Ja o
guia para nutricdo enteral em CTI (2021) indica a oferta nas duas fases da
doenga critica: fase aguda inicial - maximo de 0,8 g/kg/dia e na fase tardia de
reabilitagdo esse valor deve ser de > 1,2 g/kg peso (25).

5. Importancia da adequacgao nutricional no paciente critico

No cenario dos CTls, no que se refere a adequagao nutricional, ou seja, a
quantidade ofertada e a meta pretendida os dados ainda sao poucos elucidados.
Alguns estudos vém demonstrando os efeitos de diferentes ofertas nutricionais
em pacientes criticamente doentes (25- 31).

Um estudo de coorte prospectivo realizado em 252 pacientes criticos
demonstrou que a associagao entre o risco nutricional, avaliado pelo NUTRIC, e
o risco mortalidade foi modificada dependendo do suporte nutricional ofertado
(28). Os pacientes com alto risco nutricional (escore = 5 pontos) e com maior
tempo de terapia enteral exclusiva (= 7 dias), apresentaram um risco 22% menor
na mortalidade - em 28 dias- para cada aumento de 10% na meta de ingestéo
de proteina. Ja os pacientes com alto risco nutricional do grupo de terapia
exclusiva no periodo < 6 dias, o risco de mortalidade aumentou
aproximadamente em 30% para cada aumento de 10% de ingest&o de proteinas
e calorias (28).
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Estudo retrospectivo em pacientes criticos em uso de VM com distintas
composic¢des de area de musculo esquelético avaliou a oferta proteica no 2° e
4° dia na internacdo (>1,2g /kg/dia e <1,2g /kg/dia, respectivamente) e
mortalidade (29). Foi observado que pacientes com baixa area e densidade
muscular, identificados por tomografia computadorizada e, com uma maior oferta
proteica (>1,2g /kg/dia) a prevaléncia da mortalidade foi significativamente menor
quando comparado aos pacientes com ingesta proteica <1,2g /kg/dia (11% vs.
43%, p = 0,001) (29).

Ja em um estudo de coorte observacional realizado em 2.853 pacientes
criticos admitidos em um CTI por um periodo > 4 dias e 1.605 pacientes > 12
dias, avaliou a interagdo da ingestdo de proteina e o risco nutricional, segundo
NUTRIC, e o impacto na mortalidade em 60 dias (30). Neste estudo foi
demonstrado que pacientes com alto risco nutricional, nos periodos > 4 e > 12
dias, o risco de mortalidade para cada aumento de 10% na ingestdo proteica
reduziu em 6,6% e 10,1%, respectivamente. Nao foram observadas diferencas
significativas em pacientes com baixo risco nutricional (30).

O estudo PROTINVENT avaliou o momento de ingestdo de proteina e
desfechos clinicos em 455 pacientes adultos criticos em uso de ventilagdo
mecanica prolongada (31). O baixo consumo de proteinas (<0,8 g/ kg / dia) antes
do 3° dia e alto consumo de proteinas (> 0,8 g / kg / dia) apdés o 3° dia foi
associado a menor mortalidade em 6 meses [Odds Ratio (OR) = 0,609; IC 0,480
- 0,772; p <0,001) em comparagdo com pacientes com alta ingestéo proteica
geral. Este estudo também demonstrou um efeito dependente do tempo da
ingestao de proteinas neste grupo de pacientes. Um aumento gradual da baixa
ingestao de proteinas durante os 2 primeiros dias de permanéncia no CTI para
intermediario no dia 3 e 5 e, alto teor de proteina a ingestao a partir do dia 6 foi
associada a menor mortalidade em 6 meses (31). Colaborando com estes
resultados, a adequacdo =80% de calorias e proteinas podem diminuir a
permanéncia no CTI /hospitalar e reduzir a mortalidade em 28 dias entre
pacientes de alto e baixo risco nutricional (32).

Interrupgbes na dieta e jejum também sdo variaveis que geram
inadequacédo nutricional e risco para mortalidade no cenario do tratamento
intensivo (33,34). Estudo prospectivo em 73 pacientes criticos que tiveram

interrupgcdes da nutrigdo enteral apresentaram uma taxa de subalimentagéo
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maior, sendo as principais causas para pausas, a instabilidade hemodinamica,
seguido pelo alto volume residual gastrico (33). Ainda, mais recentemente, o
jejum dentro do CTI foi avaliado em 533 pacientes idosos (> 65 anos) e, cada dia
de jejum aumentou o risco de mortalidade em aproximadamente 17% (34).

6. Justificativa e objetivos

A perda progressiva de peso e massa muscular € uma manifestagéo
clinica comum encontrada em pacientes criticos. Além disso, o risco de
desnutricdo tem elevada prevaléncia neste grupo de pacientes. O objetivo da
avaliacao do risco nutricional € identificar precocemente o risco de desnutricéo,
minimizar a perda de peso e sinalizar os pacientes que terdo beneficios com a
intervencgao nutricional precoce e especializada.

O inicio precoce da terapia nutricional, em até 48 horas, ja é bem
estabelecido na literatura, porém, tratando-se de uma populagdo téo
heterogénea dentro de um CTI, ha muita discussdo em relagdo a oferta
nutricional ideal, como a dose, o0 momento e a taxa de progressao calorica-
proteica. De fato, as fases da doenca critica tornam esse oferecimento complexo.
Ainda, pacientes com alto risco nutricional, avaliados pelo NUTRIC, sao
associados de forma significativa a desfechos clinicos desfavoraveis,
principalmente mortalidade. Ainda ha controvérsias em relagdo em relagéo a
subgrupos de pacientes criticos que poderiam se beneficiar ou ndo de oferta
nutricional mais agressiva e qual o momento e suporte nutricional ideal nas
diferentes fases da doenga critica. E primordial que sejam realizados estudos do
efeito da modificagdo da oferta nutricional durante a internagdo no CTI. Além do
mais, idealmente, a identificacdo de fatores que definam os estagios de
desenvolvimento da doenca critica, seriam de extrema importancia para auxilio
no planejamento da terapia nutricional.

Sendo assim, os principais objetivos do deste estudo foram avaliar em
pacientes adultos criticos em fase aguda (periodo inicial e tardio) a relagdo do
risco nutricional, identificado pelo NUTRIC, com o consumo calorias e proteinas
e sua adequacéao nutricional; e a relagdo a ingestédo caldrica e proteica com a

mortalidade em um periodo de 30 dias.
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Highlights

The optimal offer of exclusive nutritional support enterally during the critical

illness phases is still controversial.

e We studied the relation during the acute phase (initial and late period) of
calorie and protein intake and their nutritional adequacy with mortality.

¢ In the late period, the higher calories and protein intake were related to

lower mortality.

e There was also a relation between protein adequacy and 30-day mortality.
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Abstract

Purpose: To investigate whether energy and protein intake in the acute phase
(early and late periods) is associated with 30-day mortality in critically ill patients.
Methods: We prospectively collected nutritional and clinical data from critically ill
patients receiving exclusive nutritional support (ENS) enterally within the first 10
days of intensive care unit (ICU) stay. The ENS was classified as adequate
(=80% administration) or inadequate (<80% administration). Nutritional risk was
assessed using the modified- Nutrition Risk in the Critically [l (MNUTRIC) score.
The relationships between energy and protein intake and 30-day mortality were
assessed using Cox regressions adjusted for confounders.

Results: 119 patients were evaluated (71.0 £ 15.4 years; 56.3% male; 68.1%
with clinical type admission). A total of 43.7% had a high nutritional risk according
to MNUTRIC. The 30-day mortality rate was 22.7%. In both periods, more than
83% patients received 280% of ENS administration. In the late period of the acute
phase, adequacy of energy (HR = 0.960; 95% CI:0.936 — 0.985) and protein (HR
=0.962; 95% CI:0.939 — 0.985) were independent predictors of 30-day mortality.
Conclusion: In critical patients, higher energy and protein intakes were

associated with a lower risk of 30-day mortality during days 5 -10 in the ICU.

Keywords: critical illness, energy, protein, enteral nutrition, intensive care unit,

mortality
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Introduction

Critical illness is associated with a systemic inflammatory response that
causes complications such as increased morbidity, mortality, and length of
hospital stay (LOS) [1]. Critical illnesses can be understood at different stages
[2]. The 'acute' phase is defined as the 'early acute' period (about 1 to 4 days)
and as 'late’ acute period (4 days after the initial acute phase). The post-acute
phase (>7 days) may merge into a ‘chronic’ phase (uncertain duration) with
persistent organ dysfunction and uncertain prognosis [2].

On average, critical patients lose nearly 2% of skeletal muscle per day
during the first week of intensive care unit (ICU) admission [3]. In addition, in this
group of patients, malnutrition rates can reach 38%—-78% [4]. In this sense, the
provision of energy and protein is important for critically ill patients, particularly
those staying in the ICU for >48h [5]. In addition, it is essential to identify
nutritional risks to benefit patients with early and individualized nutritional therapy
[6]. Thus, the NUTRItion Risk in the Critically 1ll (NUTRIC) score and/or your
version modified (without interleukin-6) is a tool used for screening risk, and was
designed to identify critically ill patients who would have the greatest survival
benefit relative to energy intake [7].

Data on ideal protein-energy intake and nutritional adequacy during critical
illness phases remain controversial [8—11]. Some studies in critically ill patients
have demonstrated the effects of different nutritional offers at the acute (early and
late periods) and chronic phases and their associations with unfavorable clinical

outcomes [12—-16]. A prospective cohort study of 252 critical patients showed that
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a modifying effect of timing and dose of nutritional support may be present in
some high-risk patients, according to NUTRIC, where higher energy intake at the
early phase of nutritional support was associated with higher 28-day mortality
[12]. In contrast, in a cohort study of critically ill patients hospitalized for periods
>4 days and >12 days and at high nutritional risk (NUTRIC), the risk of mortality
decreased with an increase in protein intake [13]. In accordance with these
results, adults hospitalized for >24h in the ICU demonstrated that an adequacy
of 280% of energy and proteins can reduce the ICU/hospital stay and 28-day
mortality among critically ill patients with high- and low-risk nutritional status [14].
In critical patients on mechanical ventilation (MV), a gradual increase from low
protein intake during the first 2 days of ICU stay was associated with lower 6-
month mortality [15]. Also, in critical patients on MV with low muscle area and
density and higher protein intake (>1.2 g/kg/day) had a significantly lower
prevalence of mortality [16].

Considering the importance of the benefit of exclusive nutritional support
in phases of critical illness and that data on optimal offer and nutritional adequacy
are still controversial, the objectives of this study were to evaluated during the
acute phase (early and late period), the relation between calorie and protein
intake and its nutritional adequacy with: (1) nutritional risk, identified by m-

NUTRIC, and, (2) with mortality within a period of 30 days in critically ill patients.

Materials and Methods

Patients
We conducted a prospective cohort study of critically ill patients in a private
hospital in Porto Alegre, RS, Brazil. Patients admitted to the ICU between June

2021 and January 2023 were screened for eligibility. A patient selection flowchart
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is presented in Figure 1.The cohort comprised adult patients (age 218 years) of
both sexes, in use of exclusive nutritional support (ENS) enterally, in the first 10
days of ICU admission. Patients with terminal illnesses, neurodegenerative
diseases, or therapeutic limitations, and pregnant women were excluded from the
study. Patients were selected by daily screening within 96h after admission to the
ICU; all were followed through their medical records until hospital discharge or
death.

All data used in this study were collected from electronic records and from
the patients themselves, the care team, and family and/or chaperones. The study
was conducted according to the Declaration of Helsinki guidelines, and all
procedures involving patients were approved by the hospital’s Ethics Committee
(CAEE 45570921.2.0000.5328). Informed consent was obtained from all the

patients or their legal guardians.

Data collection

Sociodemographic and clinical data, including age, sex, type of admission
(medical, surgical, trauma, and COVID-19), presence of comorbidities (diabetes,
hypertension, cardiovascular disease, and cancer), laboratory measurements of
C-reactive protein (CRP), treatment such as the use of vasopressor drugs, renal
replacement therapy (RRT), MV, and tracheostomy were collected from the
electronic records. The patients were followed up using electronic records for
data collection regarding the length of stay (LOS) in the ICU, transfer from ICU to
hospitalization, and 30-day mortality in the ICU.

Disease severity scores, Acute Physiology and Chronic Health Evaluation
Il (APACHE Il), and Sequential Organ Failure Assessment (SOFA) scores were

calculated based on data from the first 24 hours of ICU admission. Nutritional
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screening was conducted by a trained nutritionist using the modified NUTRIC
(mNUTRIC) within 48 hours of admission to the ICU. The mNUTRIC scale
classifies patients according to the following criteria: age, APACHE Il score,
SOFA score, comorbidities, and number of days of hospitalization before
admission to the ICU. Patients were identified as having a high nutritional risk
when they scored 25 points [17]. Body mass index (BMI) values of the

participants were obtained from medical records.

Nutritional therapy data

The current sample was restricted to patients who remained in the ICU for
at least four days to obtain more uniform and complete data about ENS enterally.
Patients with incomplete nutritional status before day 4 (n = 27), those with
therapeutic limitations established in the first 10 days (n = 3), and those who died
before the first 4 days (n = 4) were excluded.

For a period of up to 10 days of enteral nutritional therapy in the ICU, data
related to the ENS, such as feeding started (up to 24h), time (days), goals,
volume, and amount, were monitored through electronic and physical medical
records of patients. Energy and protein intake were calculated using enteral
formulas and complementary protein modules.

For the calculation of energy and proteins, the actual body weight was
measured, reported, or estimated at admission [1,2]. Prescribed energy and
protein goals were based on nutritional assessment and nutritional therapy
guideline recommendations [1,2]. In patients with obesity (BMI 230 kg/m?), the

ideal weight was used to calculate proteins [1].
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Statistical Analyses

The sample size was based on the study by Lew et al. [11] and was
calculated to detect differences in mean protein adequacy between survivors and
non-survivors, with a difference of 6.91% being relevant to the study. Considering
80% power, 5% significance level, a standard deviation of 12.53%, and adding
10% for possible losses and refusals, 119 critically ill patients were necessary.
The sample size was calculated using the PSS Health [18].

Data are presented as the mean and standard deviation, median (25" —
75" percentile), or absolute values (%).

Nutritional adequacy was assessed from days 1 to 4 (early acute phase)
and days 5 to 10 (late acute phase) of ENS administration and calculated as the
percentage of the mean prescription divided by the mean administration values
(energy and protein) during the d days of hospitalization: [mean administration
for d days/mean prescription for d days x 100]. Energy and protein delivery by
the ENS was classified as adequate when patients received 280% of the
prescribed amount [19].

Nutritional risk was assessed using mNUTRIC, and patients were
classified into two groups: low-risk (<5 points) and high-risk (25 points).
Differences between groups were assessed using the Student's t-test. This was
also done to compare survivors and non-survivors.

Cox regression analysis was performed to calculate the hazard ratio (HR)
and the respective 95% confidence intervals (Cls) for 30-day mortality. All models
were adjusted for the presence of 23 comorbidities, MV use, tracheostomy, and

RRT.
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To assess the adequacy in the first 10 days of ENS among survivors and
non-survivors patients was constructed a graph of the mean cumulative
percentage of energy and protein intake.

Calculations were performed using the Statistical Package for the Social

Sciences (SPSS) 23.0 (Chicago, IL). Statistical significance was set at P < 0.05.

Results

Characteristics between survivors (n = 91; 76.5%) and non-survivors (n =
27; 22.7%) is shown in Table 1. Of the 119 patients, 56.3% were male, with a
mean (+ standard deviation) age of 71 £ 15.4 years and 79% were older adults.
One patient was transferred from the hospital without evolution on MV, LOS, ENS
at ICU in days, and 30-day mortality. Also, when data collection was completed,
three patients remained hospitalized in ICU, without evolution of ICU admission
hospitalization and, ENS at ICU in days, and two patients were still hospitalized,
without outcome for hospital LOS.

Most patients admitted to the ICU were admitted for medical reasons
(68.1%), and 45.4% of these patients had =3 comorbidities (diabetes,
hypertension, cardiovascular disease and/or cancer). The median ICU and in-
hospital LOS were 15 (9-25) and 29 (18.5 - 41), respectively. Regarding
treatment received in the ICU, 49.5% used vasopressor drugs, 28% received
RRT, 87.4% received MV (with a median of 10 days), and 31.1% were
tracheostomized. In non-survivors, the proportion of use of these treatments was
higher than that of survivors, except for tracheostomy. In the whole sample, the
median APACHE Il score was 17 (13—-20) points, and the median SOFA score

was 5 (3—7) points.
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According to the mNUTRIC, a high nutritional risk was observed in 43.7%
of patients, and among non-survivors, the rate was 55.6%. Regarding nutritional
data, the mean BMI was 26.6 + 4.5 kg/m?, 16.8% had BMI >30 kg/m? and in older
individuals, 12.6% had a BMI <22 kg/m?. In addition, 76.5% of patients received
ENS within 24 hours of admission in the ICU, and in non-survivors, this onset was
observed in 66.7% of patients. Also, more than 83% patients received 280% of
the ENS goals of calories and proteins. However, in the late period, eleven
patients (n = 11) had no ENS data recorded because they were discharged from
the ICU between 5 and 10 days.

Table 2 describes nutritional adequacy in the early and late acute phases
of critical illness according to nutritional risk (IMNUTRIC). In the early acute phase
(1 - 4 days), patients with high nutritional risk had higher energy goals when
compared to patients with low nutritional risk (17 + 3.8 vs. 15.5 £ 4.0 kcal/kg; p =
0.044). No differences were found between the groups in terms of energy and
protein intakes (early and late acute phases). However, we observed that
regardless of the phases of critical illness, nutritional adequacy (energy and
proteins) was = 80%.

Table 3 shows the nutritional adequacy of survivors and non-survivors at
30 days. In this analysis, in the late period (5-10 days), surviving patients received
more energy when compared to non-surviving patients (23.4 + 4.8 vs. 20.9 + 6.2
Kcal/kg; p = 0.035).

A Cox regression model, adjusted for the presence of 23 comorbidities,
use of MV, RRT, and tracheostomy, was constructed to evaluate the relationship
between energy and protein intake and adequacy in the initial and late acute

phases with 30-day mortality (Table 4). Relations were observed in the late acute
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phase with 30-day mortality between energy intake [HR = 0.901 (95% CI:0.831 —

0.978; p = 0.012) and its adequacy [HR = 0.960 [95% CI:0.936 — 0.985; p =

0.002), as well as protein adequacy [HR = 0.962, 95% CI:0.939 — 0.985; p =
0.002).

Figure 2 illustrates the cumulative mean percentage of energy and protein
intake in the first 10 days of enteral nutritional therapy in critically ill survivors and

non-survivors. In the first 10 days of ENS, non-surviving patients had a

cumulative mean (%) lower energy and protein adequacy than surviving patients.

Discussion

The current cohort of ICU patients suggests that greater energy and
protein adequacy during 5-10 days of hospitalization is associated with a lower
risk of 30-day mortality. Each patient admitted to the ICU had different associated
diseases and reasons for the need for intensive care. The ideal nutritional offer
for critically ill patients is still much discussed, and the phases of critical illness
make this conduct complex.

Several studies have stratified patients according to nutritional risk (by
NUTRIC) to evaluate the adequacy of nutritional therapy (particularly protein
intake) with clinical outcomes [12—14]. In the present study, when we evaluated
the groups of patients according to nutritional risk (MNUTRIC), we observed that
the ENS received did not differ between the low and high-risk groups during the
early and late phases. However, in the early period, patients with high nutritional
risk received a caloric goal compared to patients without risk (17 £ 3.8 vs. 15.5 +
4.0 kcal/kg; p = 0.044). Separating patients according to nutritional risk, but also
analyzing the days of hospitalization in the ICU, a prospective cohort study

carried out in 252 critically ill patients demonstrated that the association between
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NUTRIC and the mortality risk was modified depending on the nutritional support
offered [12]. Patients with high nutritional risk (= 5 points) and a longer duration
of ENS (= 7 days) had a 22% lower risk of mortality at 28 days for each 10%
increase in target protein intake [12]. In that regard, an observational cohort study
evaluated protein intake and nutritional risk according to NUTRIC and the impact
on 60-day mortality [13]. In patients with high nutritional risk, in periods of >4 and
>12 days, the risk of mortality for each 10% increase in protein intake was
reduced by 6.6% and 10.1%, respectively [13]. In 148 critical patients, adequacy
of energy and protein 280% reduced ICU/hospital LOS and reduced 28 -day
mortality among patients with high and low nutritional risk [14].

When comparing survivors and non-survivors, in the late period (5-10
days), surviving patients received more energy compared to non-survivors (23.4
+ 4.8 vs. 20.9 £ 6.2 Kcal/kg; p = 0.035). The time to start ENS in the critical illness
phase is very important and is associated with mortality [20]. A study of 421
critical patients using MV showed that the highest energy adequacy in 72h was
associated with lower mortality [20]. These results are consistent with our
findings. In the late phase, were observed that the calories and protein adequacy
(%) was related with lower mortality at 30 days (HR = 0.960; HR = 0.962;
respectively). On the other hand, in the early period of acute phase no association
was found between energy and protein intake or adequacy.

Some studies have specifically analyzed protein intake [15,16]. The
PROTINVENT study evaluated the timing of protein intake; low protein intake
(<0.8 g / kg / day) before the 3rd day, and high protein intake (>0.8 g / kg / day)
after the 3rd day was associated with lower 6-month mortality compared to

patients with high overall protein intake [15]. In critically ill patients on MV with

35



low muscle area and density, and with a higher protein offer (>1.2g /kg/day), the
prevalence of mortality was significantly lower than that in patients with protein
intake <1.2g /kg/day [16]. In our research, we observed the relation of protein
adequacy intake (~94.3%; after the fifth day) with a lower risk of 30-day.

In clinical practice, nutritional therapy guidelines for ICU patients suggest
less energy supply in the acute and early phase of critical illness with gradual
progression [8]. In the presente study, we evaluated energy and protein intake in
the two periods of the acute phase. According to the main recommendations for
calories the general goal is around 20 to 30 kcal/kg of current weight in eutrophic
patients and 11-14 kcal/kg current weight for patiens with obesity [1,8]. All our
patients had an average BMI of 26.6 £ 4.5 kg/m? and ~17% with BMI = 30kg/m>.
Following the guidelines, the calorie goal was achieved in the late phase,
however, we observed that surviving patients had a higher energy intake
compared to non-survivors (23.4 £ 4.8 vs. 20.9 £ 6.2 Kcal/kg). This result was
confirmed in Cox regression, where energy intake (22.7 kcal/kg) was significantly
related to 30-day mortality (Table 4) and by cumulative mean percentage of
energy intake in the first 10 days of enteral nutritional therapy (Figure 2).

In relation to protein intake, low-dose protein intake (up to 0.8 g/kg) during
the early phase is recommended, while in the rehabilitation phase, a target of
>1.2 g/kg can be considered [9]. There is also guidance for progressive supply of
up to 1.3 g/kg of weight [8]. In this study, specifically in the late phase, perhaps
1.6 g/kg is too little for a statistically significant protective association with 30-day
mortality. In this sense, it is possible to observe the importance of nutritional

adequacy, even if the risk of mortality was present above the recommendations.
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Our study had some limitations. This sample comprised heterogeneous
patients of a wide age range (including adults and older patients) and with
different diseases. However, to minimize these effects we adjusted the models
for presence of 23 comorbidities, use of MV, tracheostomy and RRT.
Furthermore, data were collected by only one trained investigator. In a study
comparing ENS at different stages of critical illness, perhaps blind comparisons
would avoid bias. Also, 11 of our patients were discharged from the ICU between
5-10 days, but we understand that this does not compromise the results found,
since most patients (~83%) received nutritional adequacy 280% by ENS and this
information was related with mortality which was also confirmed by the mean
cumulative percentage of energy and protein intake in the first 10 days of ENS.
Finally, this study was conducted in a private hospital and its data cannot be
extrapolated to public hospitals that have defined characteristics. In this sense,
our results need to be validated in other ICU conditions.

Even so, our findings may contribute to clinical practice, as it was
demonstrated that in the late acute phase of critical iliness, greater protein-energy
adequacy was protective for 30-day mortality. These results highlight the
importance of reinforcing care protocols to ensure that patients admitted to the
ICU receive adequate nutritional therapy. In this sense, in critically ill patients, the
benefit of ENS may be more related to an early start and maintenance of the

amount of calories and proteins than its aggressive intake.
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Conclusion
In the period late of the acute phase (5-10 days of admission in ICU), the
higher energy and protein intakes were associated with a lower risk of 30-day in

critical patients.
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Table 1. Characteristics between survivors and nonsurvivors in a sample of critically Ill patients admitted to a mixed Intensive

Care Unit (n = 119).

Variables All* Survivors Non-survivors
(n=119) (n=91;76.5%) (n=27;22.7%)
Demographics
Age (years) 71.0+154 68.8 + 15.8 784 +£11.6
Older adults (= 60 years old) 94 (79.0%) 68 (74.7%) 25 (92.6%)

Sex (male)
Clinics
Type of admission
Medical
Surgical
Trauma
COVID-19
Comorbidities 23**
ICU LOS (days)***
Hospital LOS (days)***

67 (56.3%)

81 (68.1%)
16 (13.4%)
5 (4.2%)
17 (14.3%)
54 (45.4%)
15 (9 - 25)

29 (18.5 - 41)

53 (58.2%)

64 (70.3%)
13 (14.3%)
5 (5.5%)
9 (9.9%)
36 (39.6%)

14.5 (8 - 26.75)
33 (20 - 53.25)

13 (48.1%)

17 (63.0%)
2 (7.4%)
0
8 (29.6%)
17 (63%)
17 (10 - 24)
24 (14 - 29)
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Treatment
Vasopressor drugs
Use RTT
Use of MV
MV in days

Tracheostomy, n (%)
ICU severity scores
APACHE (points)
SOFA (points)
Nutrition / ENS
mNUTRIC score

High (= 5)
BMI (kg/m?)

BMI = 30 kg/m?

BMI <22kg/m (older adults)

Start of ENS (up to 24 hours)

ENS at ICU in days ***

59 (49.5%)
33 (28%)
104 (87.4%)
10 (5 - 23)
37 (31.1%)

17 (13 - 20)
5(3-7)

52 (43.7%)
26.6 + 4.5
20 (16.8%)
15 (12.6%)
91 (76.5%)
12 (8 - 24)

39 (42.9%)
21 (23%)
78 (85.7%)
8 (5 - 20.5)
25 (27.5%)

16 (12 - 20)
5(3-7)

37 (40.7%)
26.5+ 4.4
13 (14.3%)
10 (11%)
73 (80.2%)

11.5 (7 - 25)

18 (66.6%)
12 (44.4%)
25 (92.6%)

13 (6.5 - 23.5)

11 (40.7%)

18 (15 - 22)
5(3 - 6)

15 (55.6%)
26.6 + 5.0
6 (22.2%)
5 (18.5%)
18 (66.7%)
13 (9 - 24)
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Adequacy of ENS (280%)

Early period (1-4 days)

Energy (kcal/kg) 108 (90.8%) 83 (91.2%) 23 (85.2%)

Protein (g/kg) 109 (91.6%) 85 (93.4%) 23 (85.2%)
Late period (5-10 days)****

Energy (kcal/kg) 99 (83.2%) 79 (86.8%) 19 (70.4%)

Protein (g/kg) 102 (85.7%) 80 (87.9%) 21 (77.8%)

ICU, intensive care unit; LOS, length of stay; MV, mechanical ventilation; RRT, renal replacement therapy APACHE II, Acute Physiology and Chronic Health
Evaluation II; SOFA, Sequential Organ Failure Assessment; mNUTRIC, modified Nutrition Risk in the Critically ill; BMI, body mass index; ENS, enteral
nutrition support.

Data presented as mean + standard deviation, n (%), or median (interquartile range).

* One patient was transferred from the hospital without evolution on MV, LOS, ENS at ICU in days and, 30-day mortality.

**Comorbidities included: diabetes, hypertension, cardiovascular disease, and cancer

*** Three patients remained hospitalized in ICU, without evolution of ICU admission, hospitalization, ENS at ICU in days and, two patients were still
hospitalized, without outcome for hospital LOS.

**** Eleven patients had no ENS data recorded because they were discharged from the ICU.
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Table 2. Nutritional adequacy in the early and late of acute phases of critical illness
according to nutritional risk (MNUTRIC).

Low Risk High Risk P value*
(< 5 points) (= 5 points)

Early period (1-4 days) n =67 n =252
Energy
Goal (kcal/kg) 155140 17.0+ 3.8 0.044
Intake (kcal/kg) 14.6 £ 3.9 15.7 + 3.6 0.100
Adequacy (%) 94.4 +10.2 93.7+9.8 0.683
Protein
Goal (g/kg) 09+0.3 1.0+£0.3 0.142
Intake (g/kg) 09+0.3 09+0.3 0.208
Adequacy (%) 946 +9.8 94.3 £ 9.1 0.842
Late period (5-10 days) n =60 n =48
Energy
Goal (kcal/kg) 23.6+4.7 247+45 0.235
Intake (kcal/kg) 21956 23749 0.080
Adequacy (%) 92.8 +14.6 95.8 + 8.1 0.194
Protein
Goal (g/kg) 1.6+£0.3 1.6+£0.3 0.530
Intake (g/kg) 1.5+0.4 1.6+04 0.082
Adequacy (%) 92.8 £ 15.7 96.6+7.0 0.096

Data presented as mean + standard deviation * Student t test.
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Table 3. Nutritional adequacy in the early and late of acute phases of critical illness

among survivors and non-survivors at 30 days.

Survivors Non- survivors P value*
Early period (1-4 days) n=91 n=27
Energy
Goal (kcal/kg) 16.3 £ 4.1 159+ 3.6 0.687
Intake (kcal/kg) 15.2+ 3.9 14.8 + 3.7 0.652
Adequacy (%) 94.0+10.2 94.2+9.5 0.922
Protein
Goal (g/kg) 09+0.3 1.0+£0.3 0.853
Intake (g/kg) 09+0.3 09+0.3 0.914
Adequacy (%) 946194 93.9+99 0.737
Late period (5-10 days) n =382 n=25
Energy
Goal (kcal/kg) 246+4.3 232145 0.187
Intake (kcal/kg) 234 +438 209+6.2 0.035
Adequacy (%) 95.7+7.9 88.8 +20.3 0.109
Protein
Goal (g/kg) 1.6+£0.2 1.6+0.3 0.612
Intake (g/kg) 1.6+£0.3 1.6+0.6 0.941
Adequacy (%) 96.1+7.9 88.6+21.4 0.098

Data presented as mean * standard deviation * Student t test.
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Table 4. Cox regression: relation between caloric and protein intake and adequacy
in the early and late of acute phases with 30-day mortality.

Mean HR Cl 95% P value
Early period (1-4 days)
Energy
Intake (Kcal/kg) 15.1 0.996  0.891-1.113 0.941
Adequacy (%) 94.0 0.999  0.959 -1.040 0.944
Protein
Intake (g/kg) 0.9 1.142  0.232-5.626 0.870
Adequacy (%) 94.4 0.985 0.945-1.028 0.498
Late period (5-10 days)
Energy
Intake (Kcal/kg) 22.7 0.901 0.831-0.978 0.012
Adequacy (%) 94.0 0.960  0.936 - 0.985 0.002
Protein
Intake (g/kg) 1.6 0.894  0.275-2.909 0.852
Adequacy (%) 94.3 0.962  0.939-0.985 0.002

HR: Hazard Ratio, Cl: Confiance Interval
All models were adjusted for the presence of =3 comorbidities, use of mechanical ventilation,
tracheostomy, and renal replacement therapy.
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Patients assessed for eligibility

(n = 153)

Nutritional records incomplete — in the first 4 days

(n=27)
Therapeutic limitations established - in the first 10 days
(n=3)
Death before the first 4 days
(n=4)

Eligible patients
(n=119)

Survivors (at 30 days)

(n=92)
Transferred from Remained hospitalized
hospital at the end of data
collection
(n=1) (n=25)

Figure 1.

Flowchart of patient selection.

Non-survivors (at 30 days)

(n=27)
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Figure 2. Cumulative mean percentage of energy and protein intake in the first 10 days of enteral nutritional therapy in critically ill survivors

and non-survivors.
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interact and how power is distributed in society. Sex

and gender are often incorrectly portrayed as binary (female/male or woman/man)
and unchanging whereas these constructs actually exist along a spectrum and
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include additional sex categorizations and gender identities such as people who are
intersex/have differences of sex development (DSD) or identify as non-binary.
Moreover, the terms "sex" and "gender" can be ambiguous—thus it is important for
authors to define the manner in which they are used. In addition to this definition
guidance and the SAGER guidelines, the resources on this page offer further insight

around sex and gender in research studies.
Author contributions

For transparency, we encourage authors to submit an author statement file outlining
their individual contributions to the paper using the relevant CRediT roles:
Conceptualization; Data curation; Formal analysis; Funding acquisition; Investigation;
Methodology; Project administration; Resources; Software; Supervision; Validation;
Visualization; Roles/Writing - original draft; Writing - review & editing. Authorship
statements should be formatted with the names of authors first and CRediT role(s)

following. More details and an example.
Article transfer service

This journal uses the Elsevier Article Transfer Service to find the best home for your
manuscript. This means that if an editor feels your manuscript is more suitable for an
alternative journal, you might be asked to consider transferring the manuscript to such
a journal. The recommendation might be provided by a Journal Editor, a dedicated
Scientific Managing Editor, a tool assisted recommendation, or a combination. If you
agree, your manuscript will be transferred, though you will have the opportunity to
make changes to the manuscript before the submission is complete. Please note that

your manuscript will be independently reviewed by the new journal. More information.
Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing
Agreement' (see more information on this). An e-mail will be sent to the corresponding
author confirming receipt of the manuscript together with a 'Journal Publishing

Agreement' form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including
abstracts for internal circulation within their institutions. Permission of the Publisher
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is required for resale or distribution outside the institution and for all other derivative
works, including compilations and translations. If excerpts from other copyrighted
works are included, the author(s) must obtain written permission from the copyright
owners and credit the source(s) in the article. Elsevier has preprinted forms for use
by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked
to complete a 'License Agreement' (more information). Permitted third party reuse of

gold open access articles is determined by the author's choice of user license.
Author rights

As an author you (or your employer or institution) have certain rights to reuse your

work. More information.

Elsevier supports responsible sharing

Find out how you can share your research published in Elsevier journals.
Role of the funding source

You are requested to identify who provided financial support for the conduct of the
research and/or preparation of the article and to briefly describe the role of the
sponsor(s), if any, in study design; in the collection, analysis and interpretation of
data; in the writing of the report; and in the decision to submit the article for
publication. If the funding source(s) had no such involvement, it is recommended to
state this.

Open access
Please visit our Open Access page for more information.
Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-
career researchers throughout their research journey. The "Learn" environment at

Researcher Academy offers several interactive modules, webinars, downloadable
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guides and resources to guide you through the process of writing for research and
going through peer review. Feel free to use these free resources to improve your

submission and navigate the publication process with ease.
Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not
a mixture of these). Authors who feel their English language manuscript may require
editing to eliminate possible grammatical or spelling errors and to conform to correct
scientific English may wish to use the English Language Editing service available
from Elsevier's Author Services.

Submission

Our online submission system guides you stepwise through the process of entering
your article details and uploading your files. The system converts your article files to
a single PDF file used in the peer-review process. Editable files (e.g., Word, LaTeX)
are required to typeset your article for final publication. All correspondence, including

notification of the Editor's decision and requests for revision, is sent by e-mail.
Submit your article

Please submit your article via https://www.editorialmanager.com/jcrc/default.aspx.
NIH Public Access Policy Compliance

To comply with the NIH Public Access Policy, Elsevier will deposit to PubMed Central
(PMC) author manuscripts on behalf of authors reporting NIH funded research. The
NIH policy requires that NIH- funded authors submit to PubMed Central (PMC), or
have submitted on their behalf, their peer- reviewed author manuscripts, to appear
on PMC no later than 12 months after final publication. Elsevier will send to PMC the
final peer-reviewed manuscript, which was accepted for publication and sent to
Elsevier's production department, and that reflects any author-agreed changes made
in response to peer-review comments. Elsevier will authorize the author manuscript's
public access posting 12 months after final publication. Following the deposit by
Elsevier, authors will receive further communications from the NIH with respect to the
submission. Note: Authors must declare their NIH funding (or the other funding bodies
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listed below) when completing the copyright transfer form.
PREPARATION
Queries

For questions about the editorial process (including the status of manuscripts under
review) or for technical support on submissions, please visit our Support Center.

Peer review

This journal operates a single anonymized review process. All contributions will be
initially assessed by the editor for suitability for the journal. Papers deemed suitable
are then typically sent to a minimum of two independent expert reviewers to assess
the scientific quality of the paper. The Editor is responsible for the final decision
regarding acceptance or rejection of articles. The Editor's decision is final. Editors are
not involved in decisions about papers which they have written themselves or have
been written by family members or colleagues or which relate to products or services
in which the editor has an interest. Any such submission is subject to all of the
journal's usual procedures, with peer review handled independently of the relevant
editor and their research groups. More information on types of peer review.

Use of word processing software

It is important that the file be saved in the native format of the word processor used.
The text should be in single-column format. Keep the layout of the text as simple as
possible. Most formatting codes will be removed and replaced on processing the
article. In particular, do not use the word processor's options to justify text or to
hyphenate words. However, do use bold face, italics, subscripts, superscripts etc.
When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces,
to align columns. The electronic text should be prepared in a way very similar to that
of conventional manuscripts (see also the Guide to Publishing with Elsevier). Note
that source files of figures, tables and text graphics will be required whether or not
you embed your figures in the text. See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and
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‘grammar-check’ functions of your word processor.
Article structure
Subdivision - unnumbered sections

Divide your article into clearly defined sections. Each subsection is given a brief
heading. Each heading should appear on its own separate line. Subsections should
be used as much as possible when cross- referencing text: refer to the subsection by

heading as opposed to simply 'the text'.
Introduction

State the objectives of the work and provide an adequate background, avoiding a

detailed literature survey or a summary of the results.
Material and methods

Provide sufficient details to allow the work to be reproduced by an independent
researcher. Methods that are already published should be summarized, and indicated
by a reference. If quoting directly from a previously published method, use quotation
marks and also cite the source. Any modifications to existing methods should also be

described.

Results

Results should be clear and concise.
Discussion

This should explore the significance of the results of the work, not repeat them. A
combined Results and Discussion section is often appropriate. Avoid extensive

citations and discussion of published literature.
Conclusions

The main conclusions of the study may be presented in a short Conclusions section,
which may stand alone or form a subsection of a Discussion or Results and

Discussion section.
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Essential title page information

« Title. Concise and informative. Titles are often used in information-retrieval systems.
Avoid abbreviations and formulae where possible. « Author names and affiliations.
Please clearly indicate the given name(s) and family name(s) of each author and
check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors'
affiliation addresses (where the actual work was done) below the names. Indicate all
affiliations with a lower- case superscript letter immediately after the author's name
and in front of the appropriate address. Provide the full postal address of each
affiliation, including the country name and, if available, the e-mail address of each
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» Corresponding author. Clearly indicate who will handle correspondence at all
stages of refereeing and publication, also post-publication. This responsibility
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that the e-mail address is given and that contact details are kept up to date by
the corresponding author.
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the article was done, or was visiting at the time, a 'Present address' (or 'Permanent
address') may be indicated as a footnote to that author's name. The address at which
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Superscript Arabic numerals are used for such footnotes.
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Highlights are optional yet highly encouraged for this journal, as they increase the
discoverability of your article via search engines. They consist of a short collection of
bullet points that capture the novel results of your research as well as new methods
that were used during the study (if any). Please have a look at the examples here:

example Highlights.

Highlights should be submitted in a separate editable file in the online submission
system. Please use 'Highlights' in the file name and include 3 to 5 bullet points
(maximum 85 characters, including spaces, per bullet point).
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Abstract

A concise and factual abstract is required. The abstract should state briefly the
purpose of the research, the principal results and major conclusions. An abstract is
often presented separately from the article, so it must be able to stand alone. For this
reason, References should be avoided, but if essential, then cite the author(s) and
year(s). Also, non-standard or uncommon abbreviations should be avoided, but if

essential they must be defined at their first mention in the abstract itself.
Abstract

Note: Research papers should contain a structured abstract of no more than 200
words which contain the following: 1.Purpose: Why was this study done? 2.Materials
and Methods: What was the source of the data generated? How was it obtained?
3.Results: Findings should be objectively reported and statistical significance
indicated (if appropriate).

4.Conclusions: Do not include a summary at the end of the paper.
Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more
attention to the online article. The graphical abstract should summarize the contents
of the article in a concise, pictorial form designed to capture the attention of a wide
readership. Graphical abstracts should be submitted as a separate file in the online
submission system. Image size: Please provide an image with a minimum of 531 x
1328 pixels (h x w) or proportionally more. The image should be readable at a size
of 5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF,
EPS, PDF or MS Office files. You can view Example Graphical Abstracts on our

information site.
Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American
spelling and avoiding general and plural terms and multiple concepts (avoid, for
example, 'and', 'of'). Be sparing with abbreviations: only abbreviations firmly
established in the field may be eligible. These keywords will be used for indexing
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purposes.
Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on
the first page of the article. Such abbreviations that are unavoidable in the abstract
must be defined at their first mention there, as well as in the footnote. Ensure

consistency of abbreviations throughout the article.
Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the
references and do not, therefore, include them on the title page, as a footnote to the
title or otherwise. List here those individuals who provided help during the research

(e.g., providing language help, writing assistance or proof reading the article, etc.).
Formatting of funding sources

List funding sources in this standard way to facilitate compliance to funder's

requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers
xxxX, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz];

and the United States Institutes of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants
and awards. When funding is from a block grant or other resources available to a
university, college, or other research institution, submit the name of the institute or

organization that provided the funding.

If no funding has been provided for the research, it is recommended to include the

following sentence:

This research did not receive any specific grant from funding agencies in the public,

commercial, or not-for-profit sectors.
Artwork

Electronic artwork General points < Make sure you use uniform lettering and sizing
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of your original artwork. « Embed the used fonts if the application provides that option.

* Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman,
Symbol, or use fonts that look similar. + Number the illustrations according to their

sequence in the text. » Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.  Size the illustrations close to the
desired dimensions of the published version. « Submit each illustration as a separate
file. « Ensure that color images are accessible to all, including those with impaired

color vision.

A detailed guide on electronic artwork is available. You are urged to visit this site;
some excerpts from the detailed information are given here. Formats If your
electronic artwork is created in a Microsoft Office application (Word, PowerPoint,
Excel) then please supply 'as is' in the native document format. Regardless of the
application used other than Microsoft Office, when your electronic artwork is finalized,
please 'Save as' or convert the images to one of the following formats (note the
resolution requirements for line drawings, halftones, and line/halftone combinations
given below): EPS (or PDF): Vector drawings, embed all used fonts. TIFF (or JPEG):
Color or grayscale photographs (halftones), keep to a minimum of 300 dpi. TIFF (or
JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of
1000 dpi. TIFF (or JPEG): Combinations bitmapped line/half-tone (color or
grayscale), keep to a minimum of 500 dpi. Please do not: ¢ Supply files that are
optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a low
number of pixels and limited set of colors; « Supply files that are too low in

resolution; « Submit graphics that are disproportionately large for the content.
Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS
(or PDF), or MS Office files) and with the correct resolution. If, together with your
accepted article, you submit usable color figures then Elsevier will ensure, at no
additional charge, that these figures will appear in color online (e.g., ScienceDirect
and other sites) regardless of whether or not these illustrations are reproduced in
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color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted
article. Please indicate your preference for color: in print or online only. Further

information on the preparation of electronic artwork.
Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached
to the figure. A caption should comprise a brief title (not on the figure itself) and a
description of the illustration. Keep text in the illustrations themselves to a minimum

but explain all symbols and abbreviations used.
Tables

Please submit tables as editable text and not as images. Tables can be placed either
next to the relevant text in the article, or on separate page(s) at the end. Number
tables consecutively in accordance with their appearance in the text and place any
table notes below the table body. Be sparing in the use of tables and ensure that the
data presented in them do not duplicate results described elsewhere in the article.
Please avoid using vertical rules and shading in table cells.

References
Citation in text

Please ensure that every reference cited in the text is also present in the reference
list (and vice versa). Any references cited in the abstract must be given in full.
Unpublished results and personal communications are not recommended in the
reference list, but may be mentioned in the text. If these references are included in
the reference list they should follow the standard reference style of the journal and
should include a substitution of the publication date with either 'Unpublished results'
or 'Personal communication'. Citation of a reference as 'in press' implies that the item

has been accepted for publication.
Reference links

Increased discoverability of research and high quality peer review are ensured by
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online links to the sources cited. In order to allow us to create links to abstracting and
indexing services, such as Scopus, Crossref and PubMed, please ensure that data
provided in the references are correct. Please note that incorrect surnames,
journal/book titles, publication year and pagination may prevent link creation. When
copying references, please be careful as they may already contain errors. Use of the
DOl is highly encouraged.

A DOl is guaranteed never to change, so you can use it as a permanent link to any
electronic article. An example of a citation using DOI for an article not yet in an issue
is: VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M. (2003).
Aseismic continuation of the Lesser Antilles slab beneath northeastern Venezuela.
Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884. Please
note the format of such citations should be in the same style as all other references
in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was
last accessed. Any further information, if known (DOI, author names, dates, reference
to a source publication, etc.), should also be given. Web references can be listed
separately (e.g., after the reference list) under a different heading if desired, or can

be included in the reference list.
Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript
by citing them in your text and including a data reference in your Reference List. Data
references should include the following elements: author name(s), dataset title, data
repository, version (where available), year, and global persistent identifier. Add
[dataset] immediately before the reference so we can properly identify it as a data
reference. The [dataset] identifier will not appear in your published article.

Preprint references

Where a preprint has subsequently become available as a peer-reviewed publication,
the formal publication should be used as the reference. If there are preprints that are
central to your work or that cover crucial developments in the topic, but are not yet
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formally published, these may be referenced. Preprints should be clearly marked as
such, for example by including the word preprint, or the name of the preprint server,

as part of the reference. The preprint DOI should also be provided.
References in a special issue

Please ensure that the words 'this issue' are added to any references in the list (and
any citations in the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most
popular reference management software products. These include all products that
support Citation Style Language styles, such as Mendeley. Using citation plug-ins
from these products, authors only need to select the appropriate journal template
when preparing their article, after which citations and bibliographies will be
automatically formatted in the journal's style. If no template is yet available for this
journal, please follow the format of the sample references and citations as shown in
this Guide. If you use reference management software, please ensure that you
remove all field codes before submitting the electronic manuscript. More information

on how to remove field codes from different reference management software.

Reference style Text: Indicate references by number(s) in square brackets in line
with the text. The actual authors can be referred to, but the reference number(s) must
always be given. List: Number the references (numbers in square brackets) in the list
in the order in which they appear in the text. Examples: Reference to a journal

publication:

[1] Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article. J
Sci Commun 2010;163:51-9. https://doi.org/10.1016/j.Sc.2010.00372.

Reference to a journal publication with an article number:

[2] Van der Geer J, Hanraads JAJ, Lupton RA. The art of writing a scientific article.
Heliyon. 2018;19:e00205. https://doi.org/10.1016/j.heliyon.2018.e00205 Reference
to a book: [3] Strunk Jr W, White EB. The elements of style. 4th ed. New York:
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Longman; 2000.
Reference to a chapter in an edited book:

[4] Mettam GR, Adams LB. How to prepare an electronic version of your article. In:
Jones BS, Smith RZ, editors. Introduction to the electronic age, New York: E-
Publishing Inc; 2009, p. 281-304.

Reference to a website:

[6] Cancer Research UK. Cancer statistics reports for the UK,
http://www.cancerresearchuk.org/ aboutcancer/statistics/cancerstatsreport/; 2003

[accessed 13 March 2003].

Reference to a dataset: [dataset] [6] Oguro M, Imahiro S, Saito S, Nakashizuka T.
Mortality data for Japanese oak wilt disease and surrounding forest compositions,
Mendeley Data, v1; 2015. https://doi.org/10.17632/ xwj98nb39r.1. Note shortened
form for last page number. e.g., 51-9, and that for more than 6 authors the first 6
should be listed followed by 'et al.' For further details you are referred to 'Uniform
Requirements for Manuscripts submitted to Biomedical Journals' (J Am Med Assoc
1997;277:927-34) (see also Samples of Formatted References).

Journal abbreviations source

Journal names should be abbreviated according to the List of Title Word

Abbreviations.
Video

Elsevier accepts video material and animation sequences to support and enhance
your scientific research. Authors who have video or animation files that they wish to
submit with their article are strongly encouraged to include links to these within the
body of the article. This can be done in the same way as a figure or table by referring
to the video or animation content and noting in the body text where it should be
placed. All submitted files should be properly labeled so that they directly relate to the
video file's content. In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred
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maximum size of 150 MB per file, 1 GB in total. Video and animation files supplied
will be published online in the electronic version of your article in Elsevier Web
products, including ScienceDirect. Please supply 'stills' with your files: you can
choose any frame from the video or animation or make a separate image. These will
be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video
and animation cannot be embedded in the print version of the journal, please provide
text for both the electronic and the print version for the portions of the article that refer
to this content.

Data visualization

Include interactive data visualizations in your publication and let your readers interact
and engage more closely with your research. Follow the instructions here to find out
about available data visualization options and how to include them with your article.

Supplementary material

Supplementary material such as applications, images and sound clips, can be
published with your article to enhance it. Submitted supplementary items are
published exactly as they are received (Excel or PowerPoint files will appear as such
online). Please submit your material together with the article and supply a concise,
descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide
an updated file. Do not annotate any corrections on a previous version. Please switch
off the 'Track Changes' option in Microsoft Office files as these will appear in the

published version.
Research data

This journal encourages and enables you to share data that supports your research
publication where appropriate, and enables you to interlink the data with your
published articles. Research data refers to the results of observations or
experimentation that validate research findings. To facilitate reproducibility and data
reuse, this journal also encourages you to share your software, code, models,

algorithms, protocols, methods and other useful materials related to the project.
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Below are a number of ways in which you can associate data with your article or make
a statement about the availability of your data when submitting your manuscript. If
you are sharing data in one of these ways, you are encouraged to cite the data in
your manuscript and reference list. Please refer to the "References" section for more
information about data citation. For more information on depositing, sharing and using

research data and other relevant research materials, visit the research data page.
Data linking

If you have made your research data available in a data repository, you can link your
article directly to the dataset. Elsevier collaborates with a number of repositories to
link articles on ScienceDirect with relevant repositories, giving readers access to

underlying data that gives them a better understanding of the research described.

There are different ways to link your datasets to your article. When available, you can
directly link your dataset to your article by providing the relevant information in the

submission system. For more information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to
your published article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text
of your manuscript, using the following format: Database: xxxx (e.g., TAIR:
AT1G01020; CCDC: 734053; PDB: 1XFN).

Research Elements

This journal enables you to publish research objects related to your original research
— such as data, methods, protocols, software and hardware — as an additional paper

in Research Elements.

Research Elements is a suite of peer-reviewed, open access journals which make
your research objects findable, accessible and reusable. Articles place research
objects into context by providing detailed descriptions of objects and their application,
and linking to the associated original research articles. Research Elements articles

can be prepared by you, or by one of your collaborators.
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During submission, you will be alerted to the opportunity to prepare and submit a
Research Elements article.

More information can be found on the Research Elements page.
Data statement

To foster transparency, we encourage you to state the availability of your data in your
submission. This may be a requirement of your funding body or institution. If your
data is unavailable to access or unsuitable to post, you will have the opportunity to
indicate why during the submission process, for example by stating that the research
data is confidential. The statement will appear with your published article on
ScienceDirect. For more information, visit the Data Statement page.

AFTER ACCEPTANCE
Online proof correction

To ensure a fast publication process of the article, we kindly ask authors to provide
us with their proof corrections within two days. Corresponding authors will receive an
e-mail with a link to our online proofing system, allowing annotation and correction of
proofs online. The environment is similar to MS Word: in addition to editing text, you
can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you

to directly type your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF
version. All instructions for proofing will be given in the e-mail we send to authors,
including alternative methods to the online version and PDF. We will do everything
possible to get your article published quickly and accurately. Please use this proof
only for checking the typesetting, editing, completeness and correctness of the text,
tables and figures. Significant changes to the article as accepted for publication will
only be considered at this stage with permission from the Editor. It is important to
ensure that all corrections are sent back to us in one communication. Please check
carefully before replying, as inclusion of any subsequent corrections cannot be
guaranteed. Proofreading is solely your responsibility.
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Other Funding Body Policies

Elsevier has also worked with the following funding bodies to ensure that our authors
can comply with their policies: - Arthritis Research Campaign (UK) - British Heart
Foundation (UK)

- Cancer Research (UK) - Chief Scientist Office - Department of Health (UK) -
Howard Hughes Medical Institute (US) - Medical Research Council (UK) - Wellcome
Trust (UK) For full details on how these policies are implemented, please see

complete information at: https://www.elsevier.com/about/open-science/open-

access/agreements.
AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find
everything from Frequently Asked Questions to ways to get in touch. You can also

check the status of your submitted article or find out when your accepted article will
be published.
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