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RESUMO

Alteracbes endocrinolégicas sdo comuns em pacientes criticamente
doentes internados em unidades de terapia intensiva. Entre elas, as alteracfes
da glicemia sdo as mais frequentes. O estresse gerado pela doenca critica
aguda desencadeia respostas simpaticas e hormonais, que culminam em
hiperglicemia. A hiperglicemia é uma resposta mal-adaptativa que apresenta
diversos efeitos deletérios, incluindo disfuncbes imunoldgica, endotelial e
inflamatoria. A hipoglicemia, por sua vez, também é deletéria, podendo ocorrer
de forma espontanea ou associada ao uso de insulina. Sob essa perspectiva,
muito tem sido discutido sobre o controle glicEmico ideal a ser buscado nessa
populacdo de pacientes graves, mas ainda existem muitas controvérsias com
relacdo aos alvos especificos a serem atingidos em cada paciente. Tanto
hiperglicemia quanto hipoglicemia aumentam a mortalidade em pacientes
criticamente doentes, nos quais o controle estrito da glicemia é limitado pelo
risco de hipoglicemia.

Portanto, o objetivo deste trabalho foi avaliar o impacto clinico de
diversos parametros glicémicos que poderiam ser Uteis na definicdo
individualizada dos alvos glicémicos para cada paciente. Demonstramos nesta
dissertacdo que tanto a hiperglicemia quanto a hipoglicemia associam-se de
forma independente a mortalidade nessa populacdo e que parametros como
gap glicémico, razdo de hiperglicemia de estresse e variabilidade glicémica
também impactam em desfechos clinicos relevantes, incluindo tempo de
ventilacdo mecanica, incidéncia de choque e necessidade de terapia

substitutiva renal, embora ndo se associem a mortalidade.



ABSTRACT

Endocrinological changes are common in critically ill patients admitted at
the intensive care unit. Among them, changes in blood glucose are the most
frequent ones. The stress induced by the critical illness triggers sympathetic
and hormonal responses, culminating in hyperglycemia. Hyperglycemia is a
maladaptive response that has several deleterious effects, including immune,
endothelial and inflammatory dysfunctions. Hypoglycemia, on the other hand, is
also harmful, and may occur spontaneously or associated with insulin use.
From this perspective, much has been debated about the optimal glycemic
control to be achieved in this population of critically ill patients, but there are still
controversies regarding the specific targets to be reached in each patient. Both
hyperglycemia and hypoglycemia increase mortality in critically ill patients, in
whom strict glycemic control is limited by the risk of hypoglycemia.

Therefore, the objective of this study was to evaluate the impact of
multiple glycemic parameters in clinical outcomes, which may be useful to
individualize glycemic targets for each patient. In this study, we demonstrate
that both hyperglycemia and hypoglycemia are independently associated with
mortality in this population and that glycemic parameters such as glycemic gap,
stress hyperglycemia ratio and glycemic variability also impact clinical
outcomes, including time on mechanical ventilation, incidence of shock and the

need for renal replacement therapy, but not mortality.
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Esta dissertacdo de Mestrado sera apresentada no formato exigido pelo
Programa de PoOs-Graduacdo em Ciéncias Médicas: Endocrinologia. Ela €&
constituida de uma introducdo em Portugués, um artigo em Inglés e

consideracdes finais e perspectivas futuras em Portugués.



CAPITULO |

INTRODUCAO

Alteracbes endocrinolégicas tém mostrado associagcdo com prognostico
de pacientes critcamente doentes®. A hiperglicemia é desencadeada como
uma resposta metabdlica compensatoria ao estresse agudo induzido por
doencas graves em consequéncia do aumento de hormdnios
contrarreguladores da insulina e dos processos de glicogendlise e
gliconeogénese. A presenca de hiperglicemia reflete o desenvolvimento de
resisténcia a acdo da insulina a nivel de receptor e poOs-receptor, tanto no
figado quanto no musculo?, sugerindo o desenvolvimento de uma resposta
adaptativa a condicdbes ameacadoras da vida, o que garantiria uma oferta
suficiente de glicose a tecidos vitais, como o cérebro, por exemplo, sendo um
sinal de prognéstico desfavoravel em pacientes criticamente doentes, tanto
clinicos quanto cirGrgicos®. Estudos demonstram que a hiperglicemia pode
associar-se a disfuncdo imunolégica e endotelial, influenciando tanto a
migracdo e a capacidade fagocitica de macréfagos quanto alterando o sistema
do complemento e a producdo de citocinas®. Além disso, estudos
epidemioldgicos encontraram correlagdo entre niveis glicémicos elevados e

mortalidade em pacientes com diabetes®.

Controle glicémico em pacientes criticamente doentes
Muito tem-se estudado sobre o manejo dos niveis glicémicos de

pacientes internados em unidade de terapia intensiva (UTI), porém estudos
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com resultados controversos impedem que haja um consenso acerca do
controle glicémico ideal®. Diversos estudos avaliaram o controle glicEmico em
pacientes criticamente doentes’ 3. No primeiro grande estudo, Van den Berghe
et al’ avaliaram pacientes cirlrgicos internados em UTI, mostrando uma
reducdo da mortalidade de 8% nos pacientes tratados com controle
convencional (180-200 mg/dL) para 4,6% nos pacientes tratados com controle
glicémico intensivo (80-110 mg/dL). Os resultados desse estudo tiveram grande
impacto internacional na época da sua publicacdo, determinando mudancas no
tratamento da hiperglicemia neste grupo de pacientes. Os beneficios do
controle glicémico intensivo pareciam ndo estar apenas relacionados aos niveis
mais baixos de glicemia, mas também aos efeitos anti-inflamatérios da insulina,
levando a menor producdo de radicais livres e & menor glicotoxicidade, com
consequente protecdo do metabolismo mitocondrial*®. Porém, quando o
mesmo grupo de pesquisadores conduziu um estudo com pacientes criticos
ndo cirdrgicos, os beneficios na redugdo da mortalidade limitaram-se a
pacientes com mais de trés dias de permanéncia na UTI, apesar de o grupo
randomizado para controle glicémico intensivo ter apresentado menos
disfungbes organicas quando comparado ao grupo randomizado para controle
convencional®.

No entanto, estudos subsequentes nao corroboraram os achados iniciais
dos beneficios do controle glicémico intensivo®*°. Por exemplo, Clayton et al*!
demonstraram alta incidéncia de hipoglicemia em pacientes com sepse grave
(atualmente renomeada de sepse) que receberam controle glicémico intensivo.

Adicionalmente, outro ensaio clinico randomizado (ECR) que testava o impacto

da prescricdo de insulina em pacientes com sepse grave foi interrompido
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precocemente em 2008, devido a elevada incidéncia de hipoglicemia (17% no
grupo de tratamento intensivo versus 4% no grupo controle)®. Aqui, mais uma
vez, o controle glicémico intensivo era alvo de criticas, levantando duavidas
quanto aos beneficios de se buscar niveis glicémicos estritos as custas do risco
de eventos adversos potencialmente fatais.

Em 2009, a discussao sobre os alvos do controle glicémico intensificou-
se apls a publicagdo dos resultados do estudo NICE-SUGAR, um ECR
multicéntrico que randomizou 6.030 pacientes de UTIs mistas, incluindo
pacientes clinicos e cirdrgicos, para receber controle glicémico intensivo ou
controle glicémico convencional®?. Os resultados do estudo ndo demostraram
beneficio do grupo de controle intensivo (80-108 mg/dL) em comparagcdo ao
grupo de controle convencional, que foi submetido a niveis glicémicos
moderados (144-180 mg/dL). Houve maior incidéncia de hipoglicemia no grupo
intervencao (6,8%) em comparagdo com o grupo controle (0,5%). Além disso,
houve aumento na mortalidade do grupo de controle intensivo (OR 1,14; IC
1,02-1,28; p=0,02).

Nessa mesma linha, o estudo Glucontrol® incluiu 1.108 pacientes em 19
centros e nao evidenciou diferenca na mortalidade entre pacientes tratados
com controle intensivo da glicemia quando comparados a pacientes com
tratamento convencional. Novamente, a incidéncia de hipoglicemia no grupo de
tratamento intensivo com insulina foi maior do que no grupo controle (8,7%
versus 2,7%). Além disso, a hipoglicemia foi um fator de risco independente
para mortalidade (OR 2,2; 95%IC 1,4-3,5 para glicose <40 mg/dL)'%. A

metanalise que resumiu o resultado destes estudos ndo encontrou diferenca na
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mortalidade entre o controle glicémico intensivo quando comparado ao controle
convencional (OR 0,9; 95%IC: 0,85-1,03)"3.

Os estudos de Van den Berghe et al’ e o estudo NICE-SUGAR™?
apresentam diferengas importantes, principalmente no que se refere aos alvos
do controle glicémico, ao manejo nutricional e as taxas de hipoglicemia. Porém,
estes estudos apresentam em comum a desvantagem de nao terem levado em
consideracao o controle metabdlico prévio dos pacientes a admisséo na UTI.

Além dos estudos sobre hiperglicemia e hipoglicemia em pacientes
criticamente doentes, um outro parametro glicémico que tem sido motivo de
investigacdo na ultima década € a variabilidade glicémica, que corresponde a
diferenca entre a maior e a menor glicemia das 24 horas. Estudos demonstram
gue incrementos na variabilidade glicémica em valores tdo baixos quanto 18
mg/dL associam-se a aumento do risco de morte em 5%™.

Dessa forma, a pergunta que se imp&e nao é se o controle glicémico
deva ou ndo ser feito, mas sim como atingir alvos glicémicos 6timos, que
assegurem beneficio com baixos indices de hipoglicemia. Além disso, parece
haver vantagem na individualizacdo dos alvos glicémicos em populagdes
distintas de pacientes criticamente doentes, havendo, por exemplo, beneficio
potencial de controle glicémico intensivo em pacientes cirurgicos. Por outro
lado, pacientes sépticos parecem apresentar maior risco de hipoglicemia e

assim beneficiariam-se de controle glicémico mais permissivo™®.

A doenca critica e o diabetes
Um grupo particular de pacientes em UTI sdo os pacientes com diabetes

mellitus (DM). A doenca aguda grave cursa comumente com resposta
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inflamatéria sistémica'’ e hiperglicemia®. A inflamacdo leva & ativacéo
endotelial, dano mitocondrial e faléncia de multiplos 6rgdos. Em um estudo

retrospectivo publicado em 2013, Lanspa et al*®

analisaram 3.529 pacientes e
compararam um protocolo de controle glicémico intensivo (80-110 mg/dL) com
um protocolo de controle moderado (90-140 mg/dL), demonstrando que o
controle moderado associava-se a um maior risco de morte em pacientes sem
DM, mas a um menor risco de morte em pacientes com DM. Tais achados
sugerem que a presenca de DM e o controle metabdlico prévio a internagcédo na
UTI possam influenciar o efeito do controle glicémico em pacientes criticamente
doentes. Além disso, pacientes com DM costumam apresentar maior
variabilidade glicémica.

A hemoglobina € a proteina presente nas hemécias cuja funcdo é
transportar oxigénio aos tecidos. Tendo em vista que a glicacdo é um processo
irreversivel, a hemoglobina glicada (HbA1c) € um parametro representativo das
glicemias médias diérias durante as ultimas 12 semanas, tempo médio de vida
dos glébulos vermelhos™. A HbAlc tem a vantagem de nao sofrer influéncias
da doenca aguda. A American Diabetes Association sugere que se proceda a
dosagem de HbAlc em todos os pacientes com DM ou hiperglicemia admitidos
em hospitais que n&o tenham realizado este exame nos ultimos trés meses?.

Niveis mais elevados de HbAlc associam-se de forma independente a

21,22

mortalidade hospitalar Valores acima de 6,5% associam-se a maior

gravidade de disfuncdes organicas agudas e & maior mortalidade®. Além

disso, Egi et al**

avaliaram o nivel de HbAlc de pacientes antes da admisséo
em UTI e demonstraram que pacientes com pior controle metabodlico prévio

(HbAlc >6,8%) apresentavam maior mortalidade quando submetidos a controle
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glicémico intensivo, sugerindo que, em pacientes com controle metabdlico ruim
prévio a admisséo, deva-se permitir niveis glicémicos mais elevados. Assim, os
niveis de glicemia seguros e desejaveis para alguns grupos de pacientes
podem ndo ser para pacientes com DM com controle metabdlico prévio
inadequado expostos a hiperglicemia crénica. Desta forma, a medida da HbAlc
no momento da admissdo do paciente na UTI pode ter um papel importante na
definicdo dos alvos de controle glicémico.

Além de ser um marcador de prognéstico durante a doenca critica, a
HbAlc consegue discriminar os pacientes com DM daqueles que cursam com
hiperglicemia aguda induzida pelo estresse da doenca critica. Neste sentido,
tem surgido a discusséo a respeito do valor prognostico do gap glicémico e da
razdo da hiperglicemia de estresse (do inglés, stress hyperglycemia ratio
[SHR]), dois marcadores de hiperglicemia aguda induzida pelo estresse, em
pacientes internados em UTI. Tanto o gap glicémico quanto a SHR tém a
finalidade de isolar o efeito da hiperglicemia aguda, separando dos efeitos da
hiperglicemia crénica. O gap glicémico é definido pela diferenca entre a
glicemia na admissado na UTI e a glicemia média estimada, determinada a partir
do valor de HbA1c (glicemia média estimada= 28,7 x HbAlc — 46,7 mg/dL)?*. O
gap glicémico tem sido estudado como um preditor de desfechos adversos em
pacientes com infarto agudo do miocardio® e pneumonia comunitaria®®. Além
disso, valores de gap glicémico acima de 80 mg/dL parecem associar-se a
maior mortalidade hospitalar em pacientes criticos com DM?’. A SHR, por sua
vez, é definida como a razdo entre a glicemia na admissao na UTI e a glicemia

média estimada, determinada a partir do valor de HbA1lc?’. Estudos tém
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demonstrado que a SHR se associa de forma independente a maior risco de
desenvolver doenca critica e de necessitar de internacdo em UTI®,

Frente ao exposto, nota-se que ndo ha consenso sobre os niveis de
controle glicémico mais adequados para pacientes criticamente doentes.
Evidéncias sugerem que a implementacdo de protocolos para controle
glicémico deva ser individualizada, principalmente levando-se em consideracéo
se 0 paciente tem diagnostico prévio de DM ou ndo e se tem controle
metabdlico adequado ou inadequado. Nesse sentido, a dosagem de HbAlc
pode ter um papel importante na admissdo de pacientes na UTI,
individualizando as metas glicémicas e permitindo a avaliagcdo mais ampla de
parametros glicémicos, além da hiperglicemia, da hipoglicemia e da
variabilidade glicémica, incluindo gap glicémico e SHR.

Dessa forma, esta dissertagédo tem como objetivo principal investigar a
associacdo de mdultiplos parametros glicémicos (hiperglicemia, hipoglicemia,
variabilidade glicémica, gap glicémico e SHR) com desfechos clinicos
(mortalidade, tempo de ventilagho mecanica, incidéncia de choque,
necessidade de terapia substitutiva renal, tempo de permanéncia hospitalar e
tempo de permanéncia em UTI) em pacientes criticamente doentes, com e sem
DM, internados em UTls clinico-cirdrgicas. Uma avaliacdo mais abrangente do
estado metabolico do paciente critico, incluindo multiplos parametros
glicémicos simultaneamente, pode ser uma ferramenta auxiliar na escolha de

alvos de controle glicémico personalizados para cada paciente.
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Abstract

Objectives: Hyperglycemia is a compensatory response to acute stress and is
associated with worse prognosis during critical illness. The aim of the present study was
to investigate the association of multiple glycemic parameters at intensive care unit
(ICU) admission with outcomes in critically ill patients.

Design and Settings: This prospective cohort study was conducted in a tertiary
university hospital in Brazil from September 2017 to February 2018.

Patients: Critically ill adults admitted to ICU were included prospectively in the
study and followed for 180 days until hospital discharge or death. Patients were
assessed for glycemic gap, hypoglycemia, hyperglycemia, glycemic variability and
stress hyperglycemia ratio (SHR).

Interventions: none.

Measurements and Main Results: A total of 542 patients were enrolled (30%
with preexisting diabetes). Patients with glycemic gap >80 mg/dL had increased need
for renal replacement therapy (RRT; 37.7% vs. 23.7%, p=0.025) and shock incidence
(54.7% vs. 37.4%, p=0.014). Hypoglycemia was associated with increased mortality
(54.8% vs. 35.8%, p=0.004), need for RRT (45.1% vs. 22.3%, p <0.001), mechanical
ventilation (MV; 72.6% vs. 57.5%, p=0.024), and shock incidence (62.9% vs. 35.8%,
p<0.001). Hyperglycemia increased mortality (44.3% vs. 34.9%, p=0.031) and the need
for MV (66.1% vs. 55.7%, p=0.018). Glycemic variability >40 mg/dL was associated
with increased need for RRT (28.3% vs. 14.4%, p=0.002) and shock incidence (41.4%
vs.31.2%, p=0.039). SHR >1.1 was associated with increased need for MV (65.8% vs.
2.8%, p=0.001). Both hypoglycemia and hyperglycemia remained associated with

mortality after adjusting for disease severity.
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Conclusions: In this mixed medical-surgical sample of critically ill subjects,
including patients with and without preexisting diabetes, glycemic gap, glycemic
variability, and SHR were associated with worse outcomes, but not with mortality.
Hypoglycemia and hyperglycemia were independently associated with increased
mortality.

Keywords: glycemic gap; hypoglycemia; hyperglycemia; glycemic variability;

diabetes; critical illness.
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Introduction

In critically ill patients, hyperglycemia is an adaptive metabolic response to
acute stress. Mechanistically, it reflects an increase in insulin resistance in an attempt to
ensure a sufficient supply of glucose to vital structures during acute life-threatening
conditions (1). Both hyperglycemia and hypoglycemia are independently associated
with mortality in the intensive care unit (ICU) (2, 3).

Optimal glycemic targets in the ICU setting are controversial and seem to be
related to previous patient metabolic status (3, 4, 5, 6, 7, 8, 9). As glycated hemoglobin
(HbA1c) is not affected by the onset of acute illness, it can be used to estimate chronic
glycemic control in critically ill patients (10). In patients with diabetes mellitus (DM),
poor metabolic control with high levels of HbAlc is independently associated with in-
hospital mortality (9, 10). In the intensive care setting, patients with higher HbAlc have
higher mortality (11, 12). However, patients with poor chronic glycemic control have
worse outcomes when treated with intensive glycemic control (13), suggesting that
chronic hyperglycemia might be able to generate cellular mechanisms that protect
against damage mediated by acute hyperglycemia during critical illness (14). Therefore,
the question is more complex than selecting the “optimal glycemic target”, as the
interplay between multiple domains of glycemic control might be more relevant. In this
sense, glycemic variability, which reflects the magnitude of glycemic excursions during
the day, has been associated with unfavorable outcomes in critical illness, including
higher mortality (15, 16). In the presence of the same mean blood glucose values,
glycemic control can be quite different depending on the observed variability (17, 18).

In addition, to separate preexisting hyperglycemia from stress-induced
hyperglycemia (elevated blood glucose that reverts to normal after disease and

inflammation subsides), the glycemic gap and the stress hyperglycemia ratio (SHR)
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have been proposed as predictors of adverse outcomes in the ICU. The glycemic gap,
defined as the difference between blood glucose at ICU admission and the estimated
mean blood glucose derived from HbAlc values, is associated with worse prognosis in
specific populations of critically ill patients, such as patients with acute myocardial
infarction, community-acquired pneumonia and hepatic abscess (19, 20, 21). Moreover,
a glycemic gap above 80 mg/dL is associated with higher hospital mortality in critically
ill patients with DM (22), but its value as a prognostic tool in mixed medical-surgical
sample of critically ill subjects is unknown. The SHR is calculated by dividing the
blood glucose on admission by the estimated average glucose derived from HbAlc.
Studies suggest that an SHR > 1.1 is a better predictor for worse outcomes in critical
ilIness than the absolute mean blood glucose (23).

Within this context, the aim of the present study is to investigate the
association of multiple glycemic parameters at ICU admission with clinical outcomes in
critically ill patients with and without diabetes. The primary endpoint was mortality.
Secondary endpoints were need for renal replacement therapy (RRT), incidence of
shock, need for mechanical ventilation (MV), time spent on MV, length of stay (LOS)

in the hospital, LOS in the ICU, and need for ICU readmission.

Material and Methods

Patient population

This is a prospective cohort study. The study protocol was approved by the
ethics committee at Hospital de Clinicas de Porto Alegre (project number 17-0386).
Informed consent was obtained from patients or their legal representatives. From

September 2017 to February 2018, critically ill adults (age >18 years) admitted to the
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ICU were prospectively included in the study. The exclusion criteria were pregnancy,
diabetic ketoacidosis, hyperosmolar hyperglycemic state, sickle cell anemia and other
hemoglobinopathies. Blood samples were collected at study entry from all patients for
random serum blood glucose and HbAlc quantifications, and clinical and laboratory
data were recorded for all patients. Simplified Acute Physiology Score 3 (SAPS 3),
ranging theoretically from a minimum of 0 points to a maximum of 271 points, with

higher scores denoting higher severity (24), was used to score disease severity.

Hyperglycemia was defined according to the American Diabetes Association
(ADA) proposed threshold for in-hospital hyperglycemia as any blood glucose
measurement > 140 mg/dL (25, 26, 27) at ICU admission. Moderate hypoglycemia was
any blood or capillary glucose < 70 mg/dL (ADA definition and same level from the
NICE-SUGAR study) (25, 28) and serious hypoglycemia was <54 mg/dL (ADA
definition) (25) during the first day in the ICU. Glucose variability was calculated as the
absolute difference in capillary blood glucose during the first day in the ICU (15, 16,
17). In order to separate the effects of a chronically altered metabolic state from those of
acute stress hyperglycemia, the glycemic gap and SHR were evaluated. The glycemic
gap was calculated by the difference between the ICU admission serum blood glucose
and the estimated mean blood glucose (serum blood glucose on ICU admission —
estimated mean blood glucose) (19, 20, 21). HbAlc values were used to calculate the
estimated mean blood glucose, using the following formula: (28.7 x HbAlc) — 46.7
mg/dL (29). The cutoff value of 80 mg/dL for glycemic gap was based on Liau et al
(22). SHR was defined by the ratio between serum blood glucose at admission and the
estimated mean blood glucose and the cutoff value of 1.1 based on Roberts et al (23).
Diabetes was defined on the basis of previous diagnosis or when HbAlc was >6.5%

(25).
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The outcomes of interest were adjudicated by two unblinded researchers (P.B.
and A.S) and included the following: mortality, need for renal replacement therapy
(RRT), incidence of shock, need for mechanical ventilation (MV), time spent on MV,
length of stay (LOS) in the hospital, LOS in the ICU, and need for ICU readmission. All

patients were followed up for 180 days for survival analysis.

Biochemical measurements

Blood samples for glucose measurement were collected in tubes with sodium
fluoride, centrifuged for 10 min at 3670 rpm, and analyzed by the hexokinase method in
a Roche COBAS c702 system (Roche Diagnostics, Mannheim, GE). For HbAlc
measurement, blood samples were collected in EDTA tubes, homogenized, and
analyzed in BioRAD Variant Turbo Il (BioRAD, Hercules, California, USA), processed

by HPLC. Glucose values were expressed as mg/dL, and HbAlc values as percentage.

Statistical analysis

Categorical variables were expressed as percentages. Data were expressed as
mean and standard deviation (SD) if normally distributed, or as median and interquartile
range otherwise. Groups were compared using Student’s t-test, the Mann—Whitney U
test, or the chi-square test as appropriate. To assess relative risks of variables of interest
and outcomes, linear regression or logistic regression models were constructed
depending on the characteristics of the outcomes of interest. Cox regression analysis
was used to study time to death and to calculate hazard ratios (HR), with variables
adjusted for disease severity using SAPS 3 score. A sample size of 494 patients was
calculated considering a power of 95% and an a-error rate of 5% to detect a difference

in glycemic gap of 42 mg/dL between survivors and nonsurvivors. There was no
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missing data. Values were considered statistically significant if p <0.05. Statistical
analyses were conducted in SPSS 20.0 (Chicago, IL, USA) and R version 3.5.2 (The R

Foundation, version 3.5.1, 2018).

Results

Study population

A total of 542 consecutive patients admitted to the ICU were included in the
study. Their main characteristics are summarized in Supplemental Digital Content Table
1. Briefly, 52.5% were male, and the mean age was 59+15 years; 42.4% were admitted
to ICU from the emergency department. ICU admissions were for medical reasons in
84.3% and for surgical reasons in 15.7%, with acute respiratory failure as the leading
cause (23.6%). The most common primary coexisting condition was hypertension
(54%), followed by DM (30%). Mean serum glucose at admission was higher in
nonsurvivors than in survivors (146 + 73 vs. 132 + 60 mg/dL, p=0.023), but HbAlc was
not (5.8 £ 1.7 vs. 5.5 + 1.4% p=0.058). The overall mortality rate was 38.2%. When
analyzing patients with DM separately, the mortality rate was similar regardless of
preexisting DM (43% vs. 38.2%; p=0.193). In these patients, mean blood glucose and
HbAlc were similar in survivors and nonsurvivors (mean blood glucose: 166 + 87 vs.

187 + 96, p=0.16; HbALC 6.8 + 1.8% vs. 6.9 + 2.4, p=0.705).

Glycemic parameters and mortality
The glycemic gap varied widely, from -159 to 400, with a median value of 11
(-15 to 42) mg/dL in the overall population and no difference between survivors and

nonsurvivors was observed (Fig 1 a). When stratifying patients by a glycemic gap cutoff
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of 80 mg/dL, a trend toward higher mortality was observed in subjects with wider
glycemic gaps (49% vs. 37%; p=0.087). When analyzing patients with DM separately,
the glycemic gap was 13 (-37 to 61) mg/dL, and no differences were observed between
survivors and nonsurvivors (Fig 1 b). Similarly, in patients without preexisting DM, the
glycemic gap was not different in survivors and nonsurvivors (Fig 1 c). More patients
who died had hypoglycemia (54.8% vs. 35.8%, p=0.004) and hyperglycemia (44.3% vs.
34.9%, p=0.031) compared to survivors. In the participants, mean glycemic variability
was 67 (41 to 112) mg/dL, with higher values in nonsurvivors (Fig 1 d). This difference
Is not demonstrated in patients with preexisting DM (Fig 1 e), but is clearly seem in
patients without DM (Fig 1 f). Overall SHR was 1.1 (£ 0.5), with no difference between

survivors and nonsurvivors (Fig 1 g), independently or preexisting DM (Fig 1 h) or not

(Fig 1 i).

Glycemic parameters and other outcomes

When comparing patients with glycemic gap above and below 80 mg/dL, the
group with higher values had increased need for RRT and a higher incidence of shock
(Table 1).

The presence of hypoglycemia within the first 24 hours of ICU admission was
associated with increased need for RRT, increased need for MV and higher incidence of
shock. Length of hospital stay was shorter in this population. The presence of
hyperglycemia on admission was associated with increased need for MV. Glycemic
variability during the first 24 hours of admission was associated with an increased need
for RRT and a higher incidence of shock. These results are summarized in Table 2. SHR

>1.1 was associated with greater need for MV, but with a shorter time spent on MV and
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longer ICU stay (Table 1). Interestingly, no glycemic control parameters were

associated with the need for ICU readmission (Tables 1 and 2).

Magnitude of the association between glycemic parameters and outcomes

Fig 2 presents the relative risks (RR) for outcomes according to each glycemic
parameter. Data related to variability >60 mg/dL and >80 mg/dL are summarized in
Supplemental Digital Content Table 2.

Glycemic gap >80 mg/dL was associated with an increased need for RRT and
significantly increased the incidence of shock.

Mean blood glucose increased risk of death, but HbAlc did not.
Hypoglycemia was the parameter with the highest RR for mortality, followed by
hyperglycemia and glycemic variability. Hypoglycemia also yielded the highest RR for
the need for RRT. Glycemic variability was also associated with an increased need for
RRT. Besides glycemic gap >80 mg/dL, two other glycemic parameters significantly
increased the incidence of shock: hypoglycemia and glycemic variability. Regarding the
need for MV, hypoglycemia was associated with the highest risk, followed by
hyperglycemia. Glycemic variability also increased the need for MV. No glycemic
parameter was associated with risk of ICU readmission, as shown in Supplemental
Digital Content Fig 1.

Separate Cox regression models with adjustment for SAPS 3 were calculated,
with time to mortality as the dependent variable and glycemic parameters significantly
associated with mortality on univariate analysis as the independent one. Hypoglycemia
and hyperglycemia remained associated with mortality after adjustments (HR 1.68;
95%CI 1.16 to 2.44, p=0.006 and HR 1.37; 95%CI 1.04 to 1.81, p=0.026, for

hypoglycemia and hyperglycemia, respectively) (Fig 3), but glycemic variability did not
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(HR 1.14; 95%Cl 0.86 to 1.51, p=0.366 for variability > 60 mg/dL and HR 1.25; 95%Cl

0.95 to 1.64, p=0.104 for variability > 80 mg/dL).

Discussion

In this sample of unselected, prospectively followed critically ill patients,
including those with and without preexisting diabetes, multiple glycemic parameters at
ICU admission were associated with worse outcomes. Higher glycemic gap, a marker of
stress-induced hyperglycemia, increased the need for RRT and incidence of shock, but
had not impact on mortality. The presence of hypoglycemia in the first 24 hours of ICU
admission was associated with the highest RR for worse outcomes, including increased
mortality; a single episode of hypoglycemia doubled the risk of death and increased the
incidence of shock and the need for RRT threefold. Additionally, hyperglycemia at ICU
admission increased the risk of mortality by approximately 50%. Both hypoglycemia
and hyperglycemia were independently associated with mortality.

Glycemic gap and SHR are markers of acute-stress hyperglycemia, as they are
able to separate the effect of acute, critical illness-associated variations in blood glucose
from the previous metabolic state. The present study was the first to analyze the role of
glycemic gap and SHR in a general medical-surgical population of ICU patients.
Unexpectedly, no increase in mortality was demonstrated in patients with high glycemic
gaps or high SHR, even when patients with DM were analyzed separately, which stands
in contrast to the findings of previous small studies of glycemic gap in very specific
populations critically ill patients with diabetes (19, 20, 21). However, in our mixed

population of surgical and medical critically ill patients, with and without DM, and with
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very high disease severity scores, a high glycemic gap doubled the risk of shock and the
need for RRT and SHR increased risk of the need for MV and the time spent on MV.

Some studies suggest that glucose variability during the 24 hours is a better
predictor of outcomes in critical illness than mean blood glucose (15, 16, 17, 18).
However, our results show that glycemic variability measured in the first 24 hours of
admission was associated with worse outcomes, increased need for RRT and MV and
higher incidence of shock, but only hypoglycemia and hyperglycemia were associated
with increased mortality after adjustment for disease severity. Moreover, glycemic
variability was not associated with higher risk of mortality in patients with DM,
corroborating the idea that patients exposed to chronic hyperglycemia are adapted to
glycemic excursions, possibly developing protective cellular mechanisms against wide
blood glucose variations during the course of a critical illness (14). In our study, the
mortality of patients with DM was similar to that of patients without DM, in agreement
with the concept of the “diabetic paradox” in the ICU—il.e., the finding that DM is not
independently associated with increased risk of mortality in heterogeneous populations
of critically ill patients (30).

This study has limitations. First, glucose monitoring was not continuous,
which raises the possibility that some extreme glucose values may have gone
unrecorded. However, this is a conservative bias that might have decreased differences
in outcomes, further corroborating our findings. Furthermore, glucometers are still
largely used because they are practical and low cost. Second, accurate information on
diet (including the amount of calories consumed) and on insulin doses administered was
not recorded, thus precluding conclusions regarding the influence of carbohydrate

intake or insulin therapy on outcomes. However, the association of at least one of the
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outcomes evaluated herein, hypoglycemia, seems to be independent from insulin use, as
suggested by the results of the NICE-SUGAR study (28).

The main strength of this study is its large, prospective cohort design,
specifically selected to evaluate multiple glycemic parameters simultaneously in an
unselected population of critically ill patients and their associations with clinical
outcomes and mortality. Our findings reinforce that, besides mean blood glucose seems
to be the most important predictor of outcomes, several other domains of glycemic
control are relevant in critical illness. This might be especially important for research in
glycemic control, as future trials should evaluate not only glycemic targets, but rather

multiple glycemic parameters at the same time.

Conclusions

In summary, in this medical-surgical sample of critically ill subjects, including
patients with and without previous diagnosis of diabetes, glycemic gap was associated
with worse clinical outcomes, but had no impact on mortality. Hypoglycemia and
hyperglycemia were independently associated with increased mortality and influenced
other outcomes, such as incidence of shock and need for RRT and MV. Similarly to
glycemic gap, glycemic variability and SHR also negatively affected outcomes, with no
impact on mortality. It is common sense that optimal glycemic control should be
pursued to reduce the risk of unfavorable outcomes. Then, further research is needed to
personalize glycemic control targets in critically ill patients, focusing on a broader view
of glucose dysregulation based in multiple parameters rather than in a single, in an

effort to reduce the risks of iatrogenic adverse events.
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Figure Legends

Fig 1. Box plot demonstrating the effect of glycemic gap (a, b, c), glycemic variability
(d, e, f), and stress hyperglycemia ratio (g, h, i) on mortality. a, d, g. Overall
population. b, e, h. Patients with DM (diabetes mellitus). c, f, i. Patients without DM.

Values are median and interquartile range; dots represent outliers.

Fig 2. Relative risks for outcomes according to each glycemic parameter. a. Mortality.
b. Need for renal replacement therapy (RRT). c. Incidence of shock. d. Need for
mechanical ventilation (MV). HbAlc: glycated hemoglobin. Hypoglycemia was defined
as any serum or capillary glucose <70 mg/dL during the first ICU day. Hyperglycemia
was defined as any serum glucose >140 mg/dL at ICU admission. Glycemic gap was
calculated by the difference between serum glucose at ICU admission and the estimated
mean blood glucose derived from HbAlc. Glycemic variability was calculated as the
absolute difference in capillary blood glucose during the first ICU day. SHR (stress of
hyperglycemia ratio) was defined by the ratio between serum glucose at admission and
the estimated mean blood glucose derived from HbA1c.Values are point estimates with

95% confidence intervals.
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Fig 3. Cumulative survival at 180 days stratified by presence of abnormal blood glucose
at ICU admission. a. Hypoglycemia (defined as any serum or capillary glucose
measurement <70 mg/dL during the first ICU day). b. Hyperglycemia (defined as any
serum glucose measurement >140 mg/dL at ICU admission). Hazard ratios are adjusted

for SAPS 3 (Simplified Acute Physiology I11) score.

Supplemental Digital Content Fig 1. Relative risks for ICU readmission according to
each glycemic parameter. HbAlc: glycated hemoglobin. Hypoglycemia was defined as
any serum or capillary glucose <70 mg/dL during the first ICU day. Hyperglycemia was
defined as any serum glucose >140 mg/dL at ICU admission. Glycemic gap was
calculated as the difference between the serum glucose at ICU admission and the
estimated mean blood glucose derived from HbAlc. Glycemic variability was
calculated as the absolute difference in capillary blood glucose during the first ICU day.
SHR (stress of hyperglycemia ratio) was defined by the ratio between serum glucose at
admission and the estimated mean blood glucose derived from HbAlc. Values are point

estimates with 95% confidence intervals.
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Table 1. Effects of the stress-induced hyperglycemia on clinical outcomes.

Glycemic gap SHR
<80 mg/dL >80 mg/dL <1.1 >1.1
Outcomes p p
(n = 489) (n=53) (n = 267) (n = 275)
Mortality (n, %) 181 (37) 26 (49) 0.087 96 (36) 111 (40) 0.247
Need for RRT (n, %) 116 (23.7) 20 (37.7) 0.025 62 (23) 74 (27) 0.287
Shock incidence (n, %) 183 (37.4) 29 (54.7) 0.014 96 (36) 116 (42) 0.112
Need for MV (n, %) 286 (58.4) 36 (67.9) 0.184 141 (52.8) 181 (65.8) 0.001
Time on MV (days) 4(1to 8) 45 (210 8) 0.117 3(1to8) 2(4t085) <0.001
LOS, hospital (days) 20(10t035) 20(10t0o34.7) 0585 19(10.7t0325) 21(9t0o38)  0.263
LOS, ICU (days) 7(3t012) 75(4.25tol1l) 0.126 6 (3t011) 8(4t012)  0.005
ICU readmission (n, %0) 62 (12.6) 6(11.3) 0.770 30(11.2) 38(13.8) 0.339

SHR: stress hyperglycemia ratio; RRT: renal replacement therapy; MV: mechanical ventilation; LOS: length of stay; ICU: intensive
care unit. Glycemic gap was calculated by the difference between the serum glucose at ICU admission and the estimated mean blood
glucose derived from HbAlc. SHR was defined by the ratio between serum glucose at admission and the estimated mean blood
glucose derived from HbA1c. Values are mean + SD or median and interquartile range.
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Table 2. Effects of hypoglycemia, hyperglycemia, and glycemic variability on clinical outcomes.

Hypoglycemia

Hyperglycemia

Glycemic variability

No Yes No Yes <40 mg/dL >40 mg/dL
Outcomes p p p
(n = 480) (n=62) (n = 350) (n=192) (n=125) (n=417)

Mortality (n, %) 172 (35.8) 34 (54.8) 0.004 122 (34.9) 85 (44.3) 0.031 42 (33.6) 165 (39.5)  0.228
Need for RRT (n, %) 107 (22.3) 28(45.1)  <0.001 81 (23.1) 55 (28.6) 0.158 18 (14.4) 118(28.3)  0.002
Shock incidence (n, %) 172 (35.8) 39(62.9)  <0.001 128 (36.6) 84 (43.7) 0.101 39 (31.2) 173 (41.4)  0.039
Need for MV (n, %) 276 (57.5) 45 (72.6) 0.024 195 (55.7) 127 (66.1) 0.018 64 (51.2) 258 (61.8)  0.033
Time on MV (days) 4(2t08) 2(1to6) 0.365 4(1t08) 4(2t07.7) 0.014 45(1.2t09) 4(1t08) 0.170
LOS, hospital (days) 21(11t036) 14(5t030) 0.024 21(11to37) 175(8t033.5) 0.498 22 (12-35) 19(9t0o36) 0.575
LOS, ICU (days) 7 (410 12) 5(2t085)  0.117 7(3t012) 7 (410 11) 0.183 8(4t012.7) 7(3toll)  0.898
ICU readmission (n, %) 64 (13.3) 4 (6.5%) 0.123 41 (11.7) 27 (14) 0.430 14 (11.2) 54 (12.9)  0.604

RRT: renal replacement therapy; MV: mechanical ventilation; LOS: length of stay; ICU: intensive care unit. Hypoglycemia was defined as any serum or
capillary glucose <70 mg/dL during the first ICU day. Hyperglycemia was defined as any serum glucose >140 mg/dL at ICU admission. Glycemic
variability was calculated as the absolute difference in capillary blood glucose during the first ICU day. Values are mean + SD or median and

interquartile range.



Supplemental Digital Content Table 1. Baseline characteristics of patients.

Characteristics

Patients (n=542)

Age (years)

Men (n, %)

BMI (kg/m?)

SAPS 3

Coexisting conditions (n)
Hypertension (n, %)

Diabetes (n, %)

Cancer (n, %)

Chronic kidney disease (n, %)
Ischemic heart disease (n, %)
Heart failure (n %)

COPD (n, %)

Other (n, %)

Reason for ICU admission
Acute respiratory failure (n, %)
Shock (n, %)

Neurologic disorder (n, %)
Major surgery (n, %)
Cardiovascular disorders (n, %)
Other (n, %)

Sepsis (n, %)

Need for mechanical ventilation (n, %)

Use of vasopressors (n, %)

Need for renal replacement therapy (n, %)

Use of glucocorticosteroids (n, %)

Nutrition (n, %)

Enteral (n, %)
Parenteral (n, %)

Insulin therapy (n, %)
Long-acting insulin (n, %)
Short-acting insulin (n, %)

Both long and short-acting insulin (n, %)

Blood glucose (mg/dL)

HbAlc (%)

Hyperglycemia (n, %)

Hypoglycemia <70 mg/dL (n, %)

Hypoglycemia <54 mg/dL (n, %)

Glycemic variability (mg/dL)

Glycemic gap (mg/dL)

Stress hyperglycemia ratio

59+ 15
285 (52.5)
272+6.6

57+15

35+2

293 (54)

163 (30)

108 (20)

97 (18)

97 (18)

76 (14)

65 (12)

92 (17)

128 (23.6)
122 (22.1)
94 (17.3)
80 (14.7)
37 (6.8)
82 (15)
351 (64.7)
322 (59)
331 (61.1)
136 (25)
231 (42.8)
384 (70.8)
376 (69.4)
8 (1.48)
148 (27.3)
21 (3.9)
94 (17.3)
33 (6.1)
137 65
56+15
192 (35.4)
62 (11.4)
25 (4.6)
67 (41 to 112)
11.3 (-15.7 o 42)
11404

BMI: body mass index; SAPS 3: Simplified Acute Physiology Ill; COPD: chronic obstructive pulmonary disease; ICU:
intensive care unit; HbAlc: glycated hemoglobin. Hyperglycemia was defined as any serum glucose >140 mg/dL at ICU
admission. Hypoglycemia was defined as any serum or capillary glucose <70 mg/dL during the first ICU day; if <54 mg/dL, it
was defined as serious hypoglycemia. Glycemic variability was calculated as the absolute difference in capillary blood glucose
during the first ICU day. Glycemic gap was calculated by the difference between the serum glucose at admission and the
estimated mean blood glucose derived from HbAlc. Stress hyperglycemia ratio was defined by the ratio between serum
glucose at admission and the estimated mean blood glucose derived from HbAlc. Values are mean + SD or median and

interquartile range.
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Supplemental Digital Content Table 2. Effects of glycemic variability >60 mg/dL and
>80 mg/dL on clinical outcomes.

Glycemic variability

<60 mg/dL >60 mg/dL <80 mg/dL >80 mg/dL
Outcomes p
(n=235) (n=307) (n=313) (n=229)

Mortality (n, %) 78 (32.7) 129 (42) 0.036 107 (34.1) 100 (43.6) 0.025
Need for RRT (n, %) 39 (16.6) 97 (31.6) <0.001 58 (18.5) 78 (34) <0.001
Shock incidence (n, %) 80 (34) 132 (42.9) 0.034 108 (34.5) 104 (45.4) 0.010
Need for MV (n, %) 128 (54.4) 194 (63.1) 0.040 175 (55.9) 147 (64.2) 0.052
Time on MV (days) 4(1to8) 4(2t08) 0.077 4(2t08.7) 4(1to7) 0.176
LOS, hospital (days) 20 (11.5t036) 20 (910 35.2) 1 21(10.2t038) 20(9to34)  0.658
LOS, ICU (days) 7(351012) 7 (3to11) 0.602 7(4t012) 6 (3t0 11) 0.569
ICU readmission (n, %) 28 (11.9) 40 (13) 0.698 42 (13.4) 26 (11.3) 0.473

RRT: renal replacement therapy; MV: mechanical ventilation; LOS: length of stay; ICU: intensive care unit.
Glycemic variability was calculated as the absolute difference in capillary blood glucose during the first ICU day.
Values are mean £ SD or median and interquartile range.
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Fig 1. Box plot demonstrating the effect of glycemic gap (a, b, ¢),
glycemic variability (d, e, f), and stress hyperglycemia ratio (g, h,
i) on mortality. a, d, g. Overall population. b, e, h. Patients with
DM (diabetes mellitus). c, f, i. Patients without DM. Values are

median and interquartile range; dots represent outliers.
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Death

Blood glucose

HbA1c

Hypoglycemia

Hyperglycemia > 140

Glycemic gap > 80

Glycemic variability > 40

SHR > 1.1

Shock

Blood glucose

HbA1c

Hypoglycemia

Hyperglycemia > 140

Glycemic gap > 80

Gycemic variability > 40

SHR > 1.1

RR (CI 95%)

1.003(1-1.006)

1.117(0.995-1.254)

2.167(1.271-3.697)

1.485(1.036-2.127)

1,639(0.928-2.895)

1.294(0.85-1,969)

1.12(0.777-1.615)

RR (Cl 95%)

1.002(0.999-1.004)

0.994(0.885-1.117)

3.027(1.75-5.236)

1.349(0.942-1.931)

2.02(1.141-3.576)

1.563(1.022-2.393)

1.299(0.903-1.869)

01 23456
Relative Risk

01 23456
Relative Risk

0.026

0.061

0.005

0.031

0.089

0.229

0.543

0.234

0.924

<0.001

0.102

0.016

0.159
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RRT RR (CI 95%) p
Blood glucose 1.002(0.999-1.004) ] 0.3
HbA1c 1.035(0.911-1.176) [ ] 0.597
Hypoglycemia 2.863(1.661-4.935) L] <0.001
Hyperglycemia > 140 1.333(0.894-1.988) = 0.158
Glycemic gap > 80 1.949(1.077-3.527) - 0.027
Glycemic variability > 40 2.346(1.363-4.037) - 0.002
SHR > 1.1 1.243(0.832-1.854) - 0.288
T T
01 23456
Relative Risk
Need of MV RR (CI 95%) p
Blood glucose 1.004(1.001-1.007) n 0.015
HbA1c 0.989(0.881-1.109) ] 0.845
Hypoglycemia 1.947(1.083-3.501) L] 0.026
Hyperglycemia > 140 1.553(1.077-2.239) =" 0.018
Glycemic gap > 80 1.503(0.821-2.75) - 0.186
Glycemic variability > 40 1.547(1.034-2.313) L} 0.034
SHR > 1.1 1.771(1.194-2.627) L 0.005
T T T T
01 23456
Relative Risk

Fig 2. Relative risks for outcomes according to each glycemic parameter. a. Mortality. b. Need

for renal replacement therapy (RRT). c. Incidence of shock. d. Need for mechanical ventilation

(MV). HbALlc: glycated hemoglobin. Hypoglycemia was defined as any serum or capillary

glucose <70 mg/dL during the first ICU day. Hyperglycemia was defined as any serum glucose

>140 mg/dL at ICU admission. Glycemic gap was calculated by the difference between serum

glucose at ICU admission and the estimated mean blood glucose derived from HbAlc. Glycemic

variability was calculated as the absolute difference in capillary blood glucose during the first

ICU day. SHR (stress of hyperglycemia ratio) was defined by the ratio between serum glucose at

admission and the estimated mean blood glucose derived from HbAlc.Values are point estimates

with 95% confidence intervals.
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Fig 3. Cumulative survival at 180 days stratified by

presence of abnormal blood glucose at ICU admission. a.

Hypoglycemia (defined as any serum or capillary glucose

measurement <70 mg/dL during the first ICU day). b.

Hyperglycemia (defined as any serum glucose measurement

>140 mg/dL at ICU admission). Hazard ratios are adjusted

for SAPS 3 (Simplified Acute Physiology I11) score.
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Readmission RR (Cl 95%) p
Blood glucose 1(0.996-1.004) u 0.909
HbA1c 0.946(0.789-1.135) n 0.552
Hypoglycemia 0.447(0.157-1.274) ™ 0.132
Hyperglycemia > 140 1.233(0.732-2.077) - 0.43
Glycemic gap > 80 0.879(0.361-2.142) - 0.777
Glycemic variability > 40  1.179(0.631-2.204) - 0.605
SHR > 1.1 1.141(0.676-1.925) - 0.621

T 111

01 23456
Relative Risk

Supplemental Digital Content Fig 1. Relative risks for ICU
readmission according to each glycemic parameter. HbAlc:
glycated hemoglobin. Hypoglycemia was defined as any serum or
capillary glucose <70 mg/dL during the first ICU day.
Hyperglycemia was defined as any serum glucose >140 mg/dL at
ICU admission. Glycemic gap was calculated as the difference
between the serum glucose at ICU admission and the estimated
mean blood glucose derived from HbAlc. Glycemic variability was
calculated as the absolute difference in capillary blood glucose
during the first ICU day. SHR (stress of hyperglycemia ratio) was
defined by the ratio between serum glucose at admission and the
estimated mean blood glucose derived from HbAlc. Values are

point estimates with 95% confidence intervals.
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CAPITULO 1l

CONSIDERACOES FINAIS E PERSPECTIVAS FUTURAS

Mdltiplos parametros glicémicos tém mostrado associacdo com
desfechos clinicos em pacientes criticamente doentes, como relatado ao longo
desta dissertacdo. Tao ou mais importante que demonstrar a associacao das
alteracdes da glicemia com desfechos clinicos € compreender os mecanismos
pelos quais isso ocorre. Estudos demonstram que a hiperglicemia pode levar a
disfuncdo imunologica e endotelial, influenciando tanto a migracdo e a
capacidade fagocitica de macrofagos quanto alterando o sistema de
complemento e a producdo de citocinas®. Entretanto, 0s mecanismos
fisiopatolégicos do dano causado pela hiperglicemia ainda ndo sé&o
completamente compreendidos. Nesse sentido, parece ser relevante estudar
0S mecanismos moleculares que regulam a expressdao dos genes dos
transportadores de glicose e dos receptores de insulina.

O gene INSR (do inglés, insuline receptor) codifica uma proteina da
familia das tirosina-cinases. A ligacao de insulina a este receptor ativa uma via
de sinalizacdo intracelular, culminando com a ativacdo de segundos
mensageiros, como o IRS1 e IRS2, que regulam a absorcao e a liberacdo da
glicose, bem como a sintese e 0 armazenamento de carboidratos, lipideos e
proteinas?®. Alteracées no gene INSR levam a resisténcia & acéo da insulina e &
hiperglicemia crénica. A proteina SLC2A1 (do inglés, solute carrier family 2
member 1), também conhecida por GLUT-1 (do inglés, glucose transporter 1), &

amplamente difundida pelos tecidos e responsavel pela manutengéo dos niveis
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celulares basais de glicose®. O GLUT-1 possui alta capacidade de transporte e
alta afinidade pela molécula de glicose, ndo tendo sua atividade mediada por
insulina®. J&4 a proteina SLC2A4 (do inglés, solute carrier family 2 member 4),
também conhecida por GLUT-4 (do inglés, glucose transporter 4)°, é regulada
pela insulina. Na auséncia de insulina, esta proteina integral da membrana esta
isolada dentro das células do tecido muscular e do tecido adiposo. Quando
ocorre a estimulagéo pela insulina, o GLUT-4 é translocado para a superficie
da célula, onde aumenta o transporte de glicose através da membrana celular,
do exterior para o interior da célula. Alteracbes classicas associadas a
mutacdes nos genes codificadores dessas proteinas sdo o DM e a tolerancia
diminuida & glicose®. O transportador de glicose GLUT-4 é expresso em
abundancia nos mausculos esquelético e cardiaco e no tecido adiposo.
Processos inflamatérios, principalmente mediados pelo fator de necrose
tumoral, diminuem a densidade dos GLUT na membrana, tornando o musculo
mais resistente a captacdo de glicose. Em animais diabéticos, por exemplo, 0s
niveis de GLUT-4 estdo diminuidos, tanto em adipdcitos quanto em células
musculares cardiacas e esqueléticas’.

Diferentes autores tém sugerido que a hiperglicemia crénica possa ser
capaz de gerar um acondicionamento celular protetor contra o dano mediado
pela hiperglicemia aguda durante a doenca critica®, o que poderia explicar em
parte o “paradoxo do diabetes” na UTI, ja4 que DM n&o é um fator independente
para mortalidade em pacientes criticamente doentes®. Esse mecanismo de
acondicionamento celular consistiria na reducdo da expressdo génica (do
inglés, downregulation) do IRS2 (que participa das vias intracelulares

sinalizadoras da insulina) e dos transportadores de glicose GLUT-1 e GLUT-4
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devido a exposicdo crbnica a hiperglicemia. A andlise da expressdo desses
genes pode esclarecer em parte o mecanismo relacionado as alteracdes da
glicemia e do controle glicémico em pacientes criticamente doentes. Com base
nessa ideia, e a fim de compreender o mecanismo pelo qual a hiperglicemia
causa lesdao muscular, 0 nosso grupo de pesquisa propds dois novos estudos,
que apresentamos de forma sumaria a seguir.

O primeiro deles tem o objetivo de avaliar a expressdo do IRS2 e dos
transportadores de glicose no tecido muscular esquelético e sua relagdo com o
estado glicémico na admissao na UTIl. No periodo de abril a agosto de 2018,
cinquenta pacientes internados na UTI do Hospital de Clinicas de Porto Alegre
foram submetidos a bidpsias cirtrgicas do musculo vasto lateral da coxa. Essas
amostras de tecido muscular estdo armazenadas, aguardando as andlises de
expressao génica, que serdo realizadas até o final de 2019. O estudo pretende
também avaliar se h& diferenca na expressao desses genes em pacientes com
e sem diagnéstico prévio de DM.

Nessa mesma linha, a literatura mostra uma associa¢ao independente
entre hiperglicemia e fraqueza muscular adquirida na UTI (FA-UTI)'°. A FA-UTI
consiste na fraqueza muscular generalizada que se desenvolve no curso da
internacdo na UTI e para qual nenhuma outra causa pode ser identificada além
da doenca aguda e do seu tratamento. Ela pode ocorrer tanto por
polineuropatia quanto por miopatia, ou pela combinacdo de ambas™, e o seu
desenvolvimento parece ter associacdo com os niveis glicémicos*™*. A
incidéncia de FA-UTI é alta, variando entre 26 a 67% dependendo do momento
da avaliacdo e da gravidade da populacdo estudada. Além disso, 36% dos

pacientes apresenta FA-UTI no momento da alta hospitalar’®. A polineuropatia
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e a perda de musculatura esquelética, que acometem tanto a musculatura
apendicular quanto a axial, tem impacto negativo no tempo de ventilacdo

mecanical®!®

e na mortalidade em cinco anos de pacientes com sindrome da
angUstia respiratéria do adulto™.

A fisiopatologia da FA-UTI é complexa e envolve altera¢des funcionais e
estruturais de musculos e nervos. Os mecanismos do desenvolvimento tanto
da neuropatia quanto da miopatia ndo sdo claros'!, mas a hiperglicemia parece
desempenhar um papel importante, principalmente quando relacionada a
quadros de inflamacao sistémica. A maneira como a glicose lesa os tecidos
tem sido extensamente estudada. Por exemplo, a glicotoxicidade leva a
apoptose das células beta, um dos mecanismos de morte celular no diabetes®.
Além disso, altas concentragBes de glicose resultam em estresse oxidativo,
disfuncdo mitocondrial com reducdo da capacidade de sintese aerdObica de
ATP, ativacdo de caspases e apoptose em neurdnios?. Da mesma forma,
estudos tem demonstrado ativacdo de caspases, degradacdo de proteinas
miofibrilares e ativacdo da via de degradacao proteica da ubiquitina em células
musculares expostas a altas concentracdes de glicose em cultura, sugerindo
gue a hiperglicemia ative vias sinalizadoras envolvidas na atrofia muscular. Um
estudo de bidpsias musculares de pacientes com baixa sensibilidade a acao da
insulina mostrou reducao da expressao do transportador GLUT-4 no sarcolema
das células musculares, o que resultou na reducéo da captacdo muscular de
glicose. Essa reducdo da expressdo de GLUT-4 parece estar envolvida no
desenvolvimento da FA-UTI?Y. Somado a isso, um fator de risco conhecido
para o desenvolvimento de polineuropatia da doenca critica € a presenca de

inflamac&o sistémica®?, que por sua vez predispde a hiperglicemia, produzindo
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um ciclo vicioso entre hiperglicemia e inflamagcdo. Essa inter-relacdo entre
hiperglicemia e inflamagédo parece promover a perda proteica muscular,
especialmente de miosina, favorecendo a lise e reduzindo a sintese proteica,
potencializando assim o risco de fraqueza muscular.

Assim, o papel da hiperglicemia em modular os processos de toxicidade
muscular parece envolver multiplos aspectos, como inducdo de disfuncéo
mitocondrial, endotelial, inflamacdo e estresse oxidativo’®. O entendimento
sobre os mecanismos que levam a fraqueza muscular prolongada em
pacientes criticos ainda é limitado. Acreditamos que o intrincado mecanismo
gue associa hiperglicemia, inflamacéo e FA-UTI deva ser melhor estudado em
estudos mecanisticos, o que poderia reduzir o problema da falta de
tratamentos especificos para uma patologia tdo incidente em pacientes
criticamente doentes. Com esse objetivo, o segundo trabalho foi desenhado.
Atualmente, nosso grupo de pesquisa esta desenvolvendo um estudo em
colaboracdo com o Laboratory of Exercise and Health do Swiss Federal
Institute of Technology Zurich (ETH Zurich), na Suica. Neste projeto, serdo
realizadas bidpsias musculares sequenciais em vinte pacientes, no primeiro e
no quinto dia de internacdo na UTI. Nos cortes congelados dessas bidpsias,
serdo avaliados tamanho e espessura da fibra muscular visando a
quantificacdo da atrofia das fibras musculares, com determinacdo do tipo de
fibra (tipo 1 ou tipo 2). Além disso, técnicas de imunofluorescéncia serao
utilizadas para identificar mionucleos, células satélite, progenitores/fibroblastos
fibroadipogénicos e vasos sanguineos. A avaliacdo da expressao génica de
IRS2, GLUT-1 e GLUT-4 também sera realizada nessas bidpsias. As pecas de

parafina e os cortes congelados para as analises moleculares serdo enviados
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para o Laboratory of Exercise and Health, da ETH Zurich, onde serdo
processados para as analises histoldgicas, imunohistoquimicas e moleculares.
A presenca de FA-UTI sera definida clinicamente pela presenca de fraqueza
muscular flacida, difusa e simétrica da musculatura esquelética apendicular e
respiratoria, sem envolvimento de nervos cranianos®. Além disso, sera
realizada avaliacdo ultrassonogréfica do tecido muscular esquelético nos
mesmos dias das bidpsias, para definicdo da estrutura muscular por meio da
ecogenicidade do tecido.

Dessa forma, por meio destes dois estudos que estdo em andamento,
pretendemos compreender melhor 0s mecanismos fisiopatol6gicos e
moleculares pelos quais a hiperglicemia causa lesdo muscular esquelética.
Além disso, sera estudada a relacdo entre hiperglicemia e o desenvolvimento
de FA-UTI, condicdo muito frequente e que resulta em desfechos desfavoraveis
para os pacientes criticamente doentes a curto e longo prazos. Como nao ha
opcoes especificas de tratamento da FA-UTI, esforcos devem ser feitos para
identificar, controlar e prevenir os seus fatores de risco, especialmente a

hiperglicemia, a fim de reduzir sua incidéncia e suas consequéncias.
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