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Introducéo

Apesar dos avan¢os no manejo dos pacientes com diabetes melito (DM),
estes ainda apresentam um pior prognostico apdés eventos isquémicos quando
comparados a pacientes sem DM.} A hiperglicemia no paciente critico, mesmo
na auséncia de DM, também € um problema freqiiente e esta associada a
aumento de morbidade, mortalidade.> Apés o beneficio em se realizar o
controle glicémico intensivo em pacientes criticos demonstrado originalmente
no estudo sueco Diabetes Insulin Glucose in Acute Myocardial Infarction
(DIGAMI), uma série de estudos foram realizados com o objetivo de se replicar
esses achados em pacientes criticos com hiperglicemia em diferentes
situacdes.> O objetivo dessa revisdo é realizar uma andlise dos diferentes
aspectos relacionados ao controle glicémico do paciente critico assim como

definir o seu manejo.

Epidemiologia

Embora a frequiéncia de hiperglicemia hospitalar ndo seja conhecida em
todos 0s servicos, estima-se que sua prevaléncia fique ao redor de 40%, >*
sendo de 50% naqueles com sepse.> A hiperglicemia associa-se a um pior
prognéstico em pacientes sem DM, especialmente naqueles com sindrome
coronariana aguda ou acidente vascular cerebral, ndo sendo o0 mesmo
consistentemente demonstrado para aqueles com DM. O grau e o tempo de

exposicao a hiperglicemia s&o os principais fatores progndsticos.*



Patogénse

A hiperglicemia por si s6 poderia ter papel etiolégico no prognostico dos
pacientes criticos, ou ser apenas uma marcador de gravidade do paciente. Os
mecanismos para desenvolvimento de hiperglicemia nesses pacientes incluem
a liberacdo de hormodnios contra o estresse (corticoides e catecolaminas), de
mediadores da inflamacéo, além da administracdo de corticéide, vasopressores
e glicose em solucdes parenterais.*® Como consequéncia dessa resposta ao
estresse ocorre inibicdo da liberac&o de insulina e de sua acéo, intensificando a
gliconeogénese, a glicogendlise e inibindo a captacdo tecidual de glicose

dependente de insulina.®

Acredita-se que a hiperglicemia leva a um desequilibrio do sistema
imune e da resposta inflamatéria que se torna inespecifica, resultando em
estresse oxidativo, disfungdo mitocondrial, morte celular e injuria tecidual com

conseqtiente faléncia de 6rgéos.* &’

Impacto da obesidade e do controle glicémico prévio na

hiperglicemia aguda

A obesidade e DM estéo freqiientemente relacionadas.? Os desfechos
de pacientes obesos em situacGes agudas como infarto do miocardio,
insuficiéncia cardiaca parecem melhor que em pacientes ndo obesos. Em
procedimentos de revascularizacdo do miocardio (percutaneo e cirlrgico)
pacientes com sobrepeso e obesos apresentaram melhores resultados. Em
pacientes com sepse quanto maior indice de massa corporal, maior o tempo de
ventilagdo mecéanica e de internacdo na UTI; porém, sem correlacdo com

mortalidade.’
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O papel da obesidade no prognéstico de pacientes criticos ainda nao

10

esta definido, pois os resultados ainda s&o controversos Existe uma

tendéncia, contudo, a um melhor desfecho para os pacientes obesos 2.
Contudo, um estudo observacional prospectivo hdo encontrou associacao entre
obesidade e mortalidade, mas reforcou a associacdo entre a primeira e DM.

Nesse mesmo estudo, a presenca de DM foi forte preditor de faléncia organica

e mortalidade.*°

A necessidade de avaliacdo do status glicémico prévio a internacdo na
UTI (Unidade de Terapia Intensiva), através da medida da hemoglobina glicada
(HbAlc), tem sido sugerida, principalmente em pacientes que nao tem
diagnéstico prévio de DM.™ O racional para essa estratégia consiste no fato de
que pacientes com DM parecem ter um comportamento diferente em relacao a
hiperglicemia e mortalidade, pois nessa populacdo ndo foi demonstrado
associacado entre elas.’>*® Nesse sentido, um estudo retrospectivo mostrou que
pacientes criticos com HbAlc >7% tiveram maior mortalidade quando tiveram
um controle glicémico rigoroso.*® Ademais, um estudo sugeriu que os niveis de
HbA1c se correlacionam com a hiperglicemia durante a internacdo na UTI.* O
niveis de HbAlc também se mostraram preditores de mortalidade em um

estudo realizado com paciente com DM e sepsis.’®
Beneficio do controle glicémico rigoroso na UTI

Uma série de ensaios clinicos foi realizada com o objetivo de se avaliar o

beneficio de se atingir um controle glicEmico rigoroso no paciente critico. 2

Em um ensaio clinico randomizado conduzido pelo grupo belga de

Leuven (tabela 1), o controle glicémico rigoroso atingido com insulina
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endovenosa (glicemia entre 80-110 mg/dl) mostrou redugcdo de mortalidade de
32% quando comparado a um controle glicémico mais flexivel (180-215 mg/dl)
em uma unidade tratamento intensivo (UTI) cirGrgica.'® Na tentativa de se
replicar estes achados, 0 mesmo grupo conduziu um ensaio clinico em
pacientes internados em uma UTI clinica, entretanto sem demonstrar reducéo
de mortalidade o controle intensivo da glicemia levou ao desmame precoce da

ventilacdo e a reducéo de necessidade de terapia de substituicéo renal. 2°

Outros estudos nao tém demonstrado uma reducdo de morbimortalidade
ao se realizar o controle glicémico rigoroso com insulina endovenosa. O estudo
Efficacy of Volume Substitution and Insulin Therapy in Severe Sepsis (VISEP),
que avaliou controle glicémico e ressuscitacdo volémica com coloides, foi
interrompido precocemente devido a potenciais efeitos adversos relacionados a
hipoglicemia. * Em uma meta-analise onde se realizou a compilacéo de 29
ensaios clinicos randomizados ndo se demonstrou reducédo de mortalidade com
o uso de protocolos de insulinoterapia.?® Por outro lado, uso intensivo de
insulina endovenosa foi consistentemente associado a aumento de risco para
hipoglicemia.?? O NICE-SUGAR, maior estudo ja realizado com este objetivo,
randomizou 6104 pacientes e comparou duas estratégias de controle glicémico
com insulinoterapia na UTI (grupo controle; alvo de glicemia até 180 mg/dl vs
grupo intervencao, alvo de glicemia entre 81 e 108 mg/dl).*® Neste estudo, o
tratamento intensivo foi associado a mortalidade por causas cardiovasculares,
apresentando uma diferenca absoluta de 5,8% (P=0,02).2 Uma meta-analise
realizada ap6s o NICE-SUGAR, incluindo apenas o0s estudos com
delineamento adequado ndo mostrou beneficio com o controle glicémico

rigoroso e confirmou o maior risco de hipoglicemia com essa estratégia. Um
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dos fatores que pode justificar a diferenca dos resultados é a quantidade de
calorias parenterais administradas nos pacientes dos estudos belga. Nestes, as
calorias administrada foram significativamente maiores que nos demais,
sugerindo um beneficio de um controle glicémico rigoroso quanto maior a oferta

de calorias parenterais. 2*

A avaliacdo do beneficio do controle glicémico estrito em determinados
grupos (peri-operatério, patologias neuroldgicas, sépticos) foi realizada em
estudos especificos menores e através de andlise de subgrupo dos grandes
estudos e ndo ha evidéncia de qualidade mostrando beneficio do controle

glicémico.?®
Situacdes Especificas

ApOs cirurgias

Em pacientes cirdrgicos, um estudo que incluiu 263 pacientes
submetidos a cirurgia vascular mostrou uma reducdo de desfecho composto
(morte, infarto do miocardio e insuficiéncia cardiaca).?® O controle glicmico
moderado (110-150 mg/dL) durante toda internacdo hospitalar comparado com
cuidados usuais em pacientes submetidos a cirurgia cardiaca mostrou reducéo
de infeccdo de 6% e de fibrilacdo atrial de 12% a favor do grupo intervencao.
N&o houve diferenca de mortalidade entre os dois grupos.?’ Outros estudos,
contudo, falharam em mostrar beneficio mesmo nesse subgrupo de

pacientes.?

Ap0s acidente vascular cerebral
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Na avaliagéo de pacientes com acidente vascular, foram avaliados 933
pacientes e ndo houve beneficio com uso do controle glicémico rigoroso.
Entretanto este estudo foi interrompido devido a dificuldade em incluir
pacientes, diminuindo dessa forma seu poder.”® Estes achados foram
confirmados por outros autores que comparam o0 controle glicémico agressivo
(alvo de glicose <130 mg/dL) e o usual (glicose <200 mg/dL) em 46 pacientes
com acidente cerebral vascular isquémico.”® Contudo, outro estudo
comparando controle glicémico rigoroso (<126 mg/dL) e usual (<180 mg/dL) em
50 pacientes nao diabéticos com acidente vascular cerebral isquémico mostrou
diferenca no estado neurolégico quando avaliado pela escore do National

Institutes of Health em 30 dias.*°

Apoés Infarto do Miocardio

Na avaliacdo de pacientes apos infarto agudo do miocéardio, em 5 de 6
ensaios clinicos o controle glicémico intensivo nao foi associado a beneficio de
mortalidade. No estudo DIGAMI, os pacientes foram randomizados a infusao
de insulina e glicose nas primeiras 24 horas de hospitalizacdo seguido por
administracdo subcutanea de insulina de acao intermediaria e curta 4 vezes ao
dia por pelo menos 3 meses ou tratamento padrdo do DM a critério da equipe
assistencial. Alto risco cardiaco foi definido por 2 dos critérios a seguir: idade=
70 anos, histéria de infarto prévio, histéria de insuficiéncia cardiaca ou uso de
digital. Os pacientes foram pré estratificados em 4 grupos: l.auséncia de uso
de insulina + baixo risco cardiaco, 2.uso prévio de insulina + baixo risco
cardiaco, 3. auséncia de uso de insulina + alto risco cardiaco, 4. uso prévio de
insulina + alto risco cardiaco. Demais aspectos relacionados ao manejo do

infarto agudo do miocardio foram similares entre os grupos. Embora o grupo
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intervencao que recebeu a infusdo apresentou discreta reducdo de mortalidade
em relagéo ao grupo controle no hospital (9,1 vs 11,1%; NS), 3 meses (12,4%
VS 15,6%; NS) e 1 ano apés o infarto agudo do miocérdio (18,6% VS 26,1%;
P=0,0273), somente a mortalidade 1 ano apos o infarto foi significativamente
menor no grupo intervencéo (reducéo relativa de mortalidade de 28%; IC 95%
8-45%), tornando questionavel se o beneficio foi devido ao manejo agudo na
UTI ou pelo controle intensivo realizado posteriormente. Quando analisada a
mortalidade nos grupos de risco pré-estratificados, a maior reducdo de
mortalidade ocorreu no grupo que nunca havia recebido insulina anteriormente.
Nesse grupo, a reducao relativa de mortalidade foi de 51% (19-70% p =0,004)

em um ano.>

Um segundo estudo foi realizado avaliando trés estratégias diferentes de
controle glicémico em pacientes com DM e infarto agudo do miocardio. O uso
de infusdo continua de glicose, insulina e potassio foi avaliado em 940
pacientes com infarto agudo do miocardio submetidos a angioplastia. Nao foi
demonstrado o beneficio encontrado no primeiro estudo.® Uma meta-analise
de 11 ensaios clinicos randomizados envolvendo mais de 23.000 pacientes
com infarto agudo do miocardio ndo demonstrou beneficio em se utilizar este

tipo de protocolo.*
Impacto da variabilidade glicémica em pacientes criticos

Pacientes criticos costumam apresentar grandes flutuacbes em suas
glicemias. O uso de vasopressor, corticoides e de dietas enterais e parenterais
intermitentes ou continuas e suas interrupcdes devido a procedimentos faz com

que a necessidade de insulinoterapia do paciente critico assim como seus
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niveis glicémicos sofra grandes oscilacdes.**** A magnitude dessas flutuacdes
pode ser estimada e os indices de variabilidade resultantes dessa anélise tém
sido utilizados para avaliar o impacto das flutuacfes da glicemia no prognéstico

do paciente critico.

Estudos retrospectivos mostram uma relagdo entre uma maior
variabilidade glicmica e um aumento na mortalidade.®* ¢ O estudo realizado
por Krinsley mostrou que independente do nivel médio de glicemia, a
mortalidade era sempre maior no grupo que apresentava maior variabilidade.*
Pacientes criticos com maior variabilidade da glicemia tinham uma chance de
mortalidade intra-hospitalar cinco vezes maior do que aqueles que

apresentavam menor variabilidade.®

Estes resultados sugerem que a utilizacédo de indices de variabilidade do
controle glicémico possa ser atili em reduzir a morbimortalidade da
hiperglicemia no paciente critico. Ensaios clinicos serdo necessarios para
confirmar esta hip6tese. Contudo uma andlise retrospectiva do banco de
dados de Leuven, ndo mostrou diferenca de variabilidade entre o grupo de
controle glicémico intensivo com o controle convencional, mas reafirmou que os

pacientes com maior flutuacao glicmica apresentam pior desfecho.®’
Monitorizacdo da glicemia no paciente critico

Uma das principais limitacdes no controle glicémico dos pacientes
criticos é a forma de mensuragdo da glicose. A maioria dos protocolos baseia
suas medidas na glicose capilar ou sangue arterial de forma intermitente,
utilizando-se para isto glicosimetros a beira do leito que apresentam uma

acuracia moderada podendo, eventualmente, ser prejudicial ao paciente critico.
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Os erros de afericdo podem ser ainda maiores quanto maior a gravidade dos
pacientes. No paciente critico, que normalmente encontra-se em catabolismo e
com o metabolismo acelerado, a extragdo de glicose do capilar pelo tecido é
maior. Tendo em vista que 0 mesmo paciente apresenta baixa perfusao
periférica, a relacdo de glicose que é ofertada na periferia € menor ainda e
torna esta extracdo de glicose pelo capilar periférico mais eficiente. Em
consequéncia, a medida capilar torna-se menos representativa da glicemia

arterial e de compartimentos centrais.*®

Um estudo comparando a medida através do método de glicose oxidase
e uso do glicosimetro mostrou uma taxa de erro de 13%, sendo que na maioria

1.3 Por outro lado, outro

das vezes esse Ultimo superestimava a glicemia arteria
estudo demonstrou que durante episodios de hipoglicemia em pacientes
criticos ocorre concordancia entre a medida da glicose capilar com relacdo a

medida laboratorial.*°

Ao questionar as razdes das diferencas nos resultados encontrados
entre 0s estudos dos grupos de Leuven e os demais estudos, a forma de
monitorizar a glicose costuma ser apontada como uma diferenca metodoldgica
importante (tabela 1). Nos estudos do grupo belga, a maioria das medidas era
de glicemia arterial realizada através de aparelhos analisadores de gases que
sdo mais precisos e também fornecem o resultado do potassio sérico. Dessa
forma, podia-se também evitar a hipocalemia causada pela insulinoterapia.
Entretanto, esse método ndo é disponivel na maioria dos centros de terapia

intensiva.
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Uma estratégia para compreender de maneira mais adequada o impacto
que o controle glicémico tem na terapéutica do paciente critico é a
monitorizacdo continua da glicose em tempo real. Além de ser uma estratégia
que pode antever a evolugcdo para hipo e hiperglicemia no paciente critico,
determinando de maneira clara ajustes de dose de insulina, a monitorizacéo
continua pode auxiliar em reduzir a variabilidade da glicose, fator que é

independentemente associado & mortalidade em pacientes criticos.*

A monitorizacdo da glicose de forma continua é feita através de sensor
colocado no subcutaneo e que mede a glicose intersticial a cada 10 s e envia
os resultados ao monitor (Continous Glucose Monitoring System; CGMS) que
registra uma média a cada 5 minutos.*®* O uso do CGMS foi avaliado em
pacientes criticos e mostrou uma correlacéo elevada (coeficiente de correlacdo
0,85 a 0,89) com a medida de glicose arterial.***? A ocorréncia de quedas e
elevacOes de glicose foi notada de forma mais precoce, uma a duas horas
antes, com o CGMS. Nenhum evento adverso aconteceu e houve boa
tolerancia por parte dos pacientes quanto ao seu uso.**** Em outro estudo que
comparou a monitorizacao tradicional e o uso de CGMS em pacientes criticos
mostrou uma reducao em 9,9% do risco absoluto de hipoglicemia com o uso da

monitorizag&o continua.**
Conclusdes e Recomendacgdes

A realizacdo de controle glicémico em pacientes criticos acrescenta a
rotina assistencial mais um cuidado para um perfil de paciente bastante

complexo. Apesar de estudos observacionais e alguns estudos de intervencgéo
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sugerirem que o controle glicémico intensivo na UTI possa reduzir a

mortalidade, estudos recentes ndo confirmaram estes achados.

Os resultados contraditorios dos estudos podem ser explicados por
diferencas na rotina de assisténcia e no perfil do paciente critico assistido em
diferentes UTlIs utilizado. Pacientes com DM, por exemplo, parecem ter menos
beneficio com controle glicémico mais estrito.*>*® *° Por outro lado, pacientes
com indicacdo de nutricdo parenteral podem ter beneficio com uso de um
controle mais estrito.?* O impacto do aumento da incidéncia de hipoglicemias
resultante do controle glicémico intensivo também ndo esta definido no
paciente critico, podendo ser apenas ser um marcador de gravidade ou estar
diretamente relacionado a eventos nesses pacientes. Estudos recentes em
pacientes ambulatoriais com DM também tém mostrado resultados
semelhantes ao NICE-SUGAR com aumento de mortalidade de causa

cardiovascular em pacientes com controle glicémico intensivo.

Dessa forma, as atuais evidéncias mostram que existe um alvo glicémico
ideal para os pacientes criticamente enfermos e que esse alvo deva ser
particularizado para cada paciente. A figura sugere um fluxograma para 0s
cuidados com a glicemia do paciente critico. Além disso, os métodos utilizados
para atingir as metas propostas sao frequentemente ineficazes, como ilustrado
pelo estudo NICE-SUGAR em que menos de 50% dos pacientes no grupo
intervencao alcancou o alvo glicémico planejado. O uso e a padronizacdo de
novos meétodos de monitorizacdo de glicose podem auxiliar a alcancar o nivel
glicémico desejado, possivelmente, de forma mais segura. Sendo assim, 0s
autores sugerem como meta de controle valores de glicemia entre 140 e 180

mg/dL como a utilizada no grupo controle do estudo NICE SUGAR. Além disso,
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deve-se utilizar o melhor instrumento disponivel para monitorizagdo da glicose

na assisténcia do paciente critico com hiperglicemia.
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Tabela 1. Resultados dos principais ensaios avaliando a eficacia do manejo intensivo de
hiperglicemia na UTI

UTI Cirargica Clinica Mista

Grupo Intervencéo <110 mg/dl <110 mg/dl <108 mg/dL

Medida da glicose Arterial Arterial Arterial/capilar*

Aporte cal6rico (24-h) 1100 kcal 1100 kcal 800 kcal

Mortalidade Reducao 3% Sem efeito Aumento 3%

* No estudo NICE-SUGAR a medida de glicose era proveniente de cateter arterial sempre que possivel,
sendo desencorajada a medida de glicemia capilar.

Gl: grupo intervengdo, GC: grupo controle, HC: hemocue, AG: analisador de gés, AL: analise em
laboratério, GS: glicosimetro
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Internacéo na UTI

Previsdo de < 3 dias de

° > Previsdo de internacao = 3 dias
internacao evisdo d &

Manter glicemia entre 140-180mg/dL
Monitoirizacéo de glicose

Sem necessidade de protocolo Usar melhor método de monitorizagao
=] Suplemento conforme necessidade disponivel
Ajuste de doses prévias de insulina a Utilizar protocolo validado

situacdo aguda

Nutricdo parenteral
Otimizar controle

Nutricéo enteral
140-180 mg/dL

Diabético
Evitar controle rigoroso
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ABSTRACT

Objective: In order to understand how glycemic control and body size affects
survival in critical illness, we analyzed the relationship of preexisting
hyperglycemia by HbAlc and body size by BMI, with hospital mortality in

patients recently admitted to an intensive care unit (ICU).
Design: A prospective cohort study
Setting: The ICU of Hospital de Clinicas de Porto Alegre, Brazil.

Patients Critically ill patients (n=199) aged 18 years or older who were admitted
to ICU from April to August 2011. Patients with hyperglycemic crisis and with

hemoglobinopathies were excluded.

Interventions: Medical history, weight, height, physiologic variables, HbAlc,
plasma C-reactive protein and lactate levels were collected during the first 24-h
of admission at ICU. Patients were followed through hospital discharge (16 [8-

28] days; median [P25-75]).

Measurements and Main Results: There was no difference between HbAlc of
survivors and non survivors (5.7% [5.3%-6.3%] vs 5.8%[5.2-6.5]; P=0.729). In
contrast, BMI was higher in survivors than in non survivors (27.2+7.3 vs 24.7+5
kg/m? P=0.031). While using cubic spline analysis the risk of hospital mortality
significantly increases in patients with HbAlc higher than 9.3% compared to
those with lower levels (hazard ratio = 1.74; 95% confidence interval with
Bonferroni correction 1.49-2.80). In contrast, a non-linear relationship between

BMI and risk of hospital mortality was found. This risk increased with decreasing
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BMI in those with normal/underweight and in those with obesity, but not in those
with overweight. By Cox’s proportional hazard model adjusted by APACHE 2
score and HBALlc levels, the risk of hospital mortality progressively decreased
with increasing BMI levels (BMI<20 vs 20-23.9, P= 0.032; BMI <20 vs 24-34.9,

P=0.010; BMI <20 vs 235 kg/m?, P=0.032).

Conclusions: Our data suggests that significant hyperglycemia before
admission at ICU is a risk factor for hospital mortality. In contrast, increasing

BMI confers an advantageous effect against mortality in critical iliness.
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INTRODUCTION

Diabetes (DM) and obesity are well defined risk factors for cardiovascular
disease and mortality (1,2). Both diseases have assumed an epidemic
proportion in the last decades (1,3). As a consequence, the increasing
admission rates for patients who have obesity and/or DM in Intensive Care Unit

(ICU) have become a concern for the intensivist (4).

A body scope of evidence has defined a poor glycemic control as a
negative prognostic factor in critical illness (5,6). This association is especially
true in those without past known history of DM, but it is not well defined in those
with previously DM history (7-9). It is also not clear how glycemic control before

admission in ICU affects the prognosis of the critically ill.

Measurements of glycosylated hemoglobin (HbAlc) are widely employed
for estimation of averaged glucose levels over a 2- to 3-month period, and
provide a method for assessing previous glycemic control (10). Recently, the
American Diabetes Association has proposed the utilization of HbAlc to identify
patients with prediabetes (PDM) and DM (11). Since HbA1c reflects previous
glycemic control, it could be used in order to understand the relationship
between antecedent hyperglycemia and morbimortality in critical ill recently
admitted patients (10,11). Recent data have linked higher Hbalc levels with

increased mortality in ICU (12).

Obesity is considered a risk factor for development of DM (1,3). The
impact of obesity as prognostic factor in critical ill patients is controversial and

possibly influenced by the presence of DM (13). Some studies which explored
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retrospective data have attempted to identify a link between body size,
estimated by body mass index (BMI), and morbimortality in critical illness (14,
15). In two of these studies, no association was found between obesity and
outcomes in ICU (14,15). In one study, low BMI was associated with increased
mortality (15). In contrast, a prospective study has found an increased mortality

in overweight and obese patients (16).

In order to address this issue, we investigated first how antecedent
hyperglycemia is a determinant of morbidity and mortality in patients recently
admitted to the ICU. Second, how body size affects hospital mortality in critical

ill patients.
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METHODS
Study Design

This is a prospective observational study developed at the ICU of
Hospital de Clinicas de Porto Alegre, a 750 bed teaching hospital of Federal
University of the state of Rio Grande do Sul, Brazil. Written informed consent
was obtained from each participant or surrogate, and the study was approved

by the Institutional Review Board.
Study Population and Data Source

Critical ill patients aged 18 years and older who were first admitted to the
ICU between April 1%, 2011, and August 22°% 2011, were eligible for inclusion.
The study population represented a convenience sample (determined only by
investigator availability for the period of study). Patients with hyperglycemic
crisis (diabetic ketoacidosis, or hyperglycemic osmolar states) and those with

hemoglobinopathies were excluded.

At baseline, clinical and demographic data were collected which included
a detailed medical past history, data regarding corticosteroid and vasopressor
therapy, mechanical ventilation support and renal replacement therapy.
Physiology and laboratory data were collected for calculation of Acute
Physiology and Chronic Health Evaluation Il (APACHE Il) and Sequential Organ
Failure Assessment (SOFA) score (17-18). Supine height (in centimeters) and
weight (in kilograms) routinely measured in ICU admission were used to

calculate BMI as weight (kilograms)/height? (meters).
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Glucose (hexokinase), ultrasensitive C-reactive protein (enzymatic
colorimetric), lactate (turbidimetric) and HbAlc (HPLC - Tosoh 2.2 Plus HbAlc;
Tosoh Corporation, Tokyo, Japan) were measured within 24 hours of ICU
admission. HbAlc is certified by National Glycohemoglobin Standardization

Program (NGSP) (http://www.ngsp.org/prog/index.html) and also by

International Federation of Clinical Chemistry and Laboratory Medicine (IFCC)
aligned. The Hospital de Clinicas de Porto Alegre Clinical Pathology
Department is a participant in and meets the standards of the HbAlc External

Quality Assurance Program (19).

Based on HbAlc levels patients were categorized according to the
American Diabetes Association as having normal glucose tolerance < 5.7%,
prediabetes (PDM) 5.7- 6.4% and DM = 6.5% (11). Patients with previous
history of DM were also classified as having DM independent of HbAlc levels.
Patients were divided in four categories according to BMI based definition of the
World Health Organization as underweight (<18.5 kg/m?), normal weight (18.5—
24.9 kg/m?), overweight (25-29.9 kg/m?), obese class | and Il (30-39.9 kg/m?),

and extreme obesity (>40 kg/m?) (20).
Data analysis and statistical methods

Statistical analyses were performed using PASW Statistics 18 and R
package 2.13.2 (R Foundation for Statistical Computing, Vienna, Austria,
http://www.R-project.org) software. Data are presented as means * SD,
median (P25-75) or absolute numbers (%). To compare demographic, clinical
and laboratory data, t test for independent samples, Mann Whitney test or chi

square test were used as appropriate. Correlations were performed with the


http://www.ngsp.org/prog/index.html)
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Pearson’s or Spearman’s correlation tests. Kaplan-Meier event free survival
curves were used to compare the probability of hospital mortality according to
different BMI strata. Cox regression models incorporating cubic spline with four
knots were used as exploratory data analysis for visual assessment of the
functional relationship between BMI, HbAlc and mortality while adjusting for
APACHE Il score (Reinhard Furrer, Douglas Nychka and Stephen Sain (2012).
fields: Tools for spatial data. R package version 6.6.3) (21). Based on some cut
points tested, the study sample was grouped according to different BMI levels
(BMI < 20 kg/m?; BMI 20-23.9 kg/m?; BMI 24-34.9 kg/m?; BMI =35 kg/m?) and
Cox’s proportional hazard models were used to estimate the risk of hospital
mortality (dependent variable) for each one. Then the spline was adjusted with
the estimated risks to better understand the relationship with BMI (22). A two

sided P value < 0.05 was considered significant.
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RESULTS

Patients Characteristics

The study group comprised 199 patients, of whom 111 (55.8%) were
males and 88 (44.2%) were females. The overall hospital mortality was 43.2%
during a median 16 (8-28) days of follow up. Table 1 list the characteristics of all
patients at study comparing those who survived or did not survived. The two
groups did not differ regarding gender, comorbidities, previous DM history,
glucose tolerance and HbAlc levels. The number of days at hospital prior to
ICU admission, APACHE and SOFA scores, plasma lactate levels and the
proportion of patients that needed mechanical ventilation, hemodialysis and
vasopressor supports were higher in the non-survivors than in the survivors.
Age and C-reactive protein levels also tended to be higher, while BMI was lower

in non-survivors compared to survivors.

A total of 149 (74.9%) patients had no prior history of DM. However, a
significant proportion of them seemed to have previously abnormal glucose
metabolism (PDM 51 [34.2%] and DM 16 [10.7%]). Normal weight was present
in 43.7% of patients. Excess weight was observed in 50.3% of them (overweight

33.1%, obese 13.2% and extreme obese 4%), while underweight in 6%.

Relationship between glycemic control before admission at intensive care
unit, total hemoglobin, body size and prognostic factors of mortality in

critical ill patients



37

Since, the relationship of HbAlc and mortality could be confounded by
BMI, anemia or other factors, the correlations of HbAlc with total hemoglobin,
BMI and severity scores were analyzed. There was a weak correlation of HbAlc
with hemoglobin (r=0.160; P=0.025) and BMI (r=0.218; P=0.007). HbAlc was
not related to plasma lactate (r=-0.107; P=0.135) and C-reactive protein levels
(r=0.046; P=0.050) as well as to APACHE Il (r=0.004; P=0.958) and SOFA

scores (r=-0.056; P=0.449).

Body size estimated by BMI was also not related to plasma lactate (r=-
0.077; P=0.352), C-reactive protein (r=0.107; P=0.196), APACHE II (r=-0.081;

P=0.334) or SOFA scores (r=-0.024; P=0.634).

Relationship between HbAlc, body size and morbidity in critical ill

patients recently admitted to a mixed intensive care unit

While using HbA1lc to classify patients in normal, PDM and DM, we were
able to analyze if increasing abnormal glucose metabolism was related with
increasing morbidity at ICU. The needs for mechanical ventilation (normal vs
PDM vs DM; P=0.894), vasopressor support (normal vs PDM vs DM; P=0.460)
and renal replacement therapy (normal vs PDM vs DM; P=0.583) did not differ
by progressive abnormal glucose metabolism. The needs for these

requirements were also not different from the lower to the higher BMI levels.

Relationship between chronic glycemic control, body size and mortality in

critical ill patients recently admitted to a mixed intensive care unit
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There was no difference between HbAlc levels of survivors and non
survivors (Table 1). When analyzed only the subgroup of patients with past
known history of DM, there was also no difference of HbAlc levels between

survivors and non survivors (6.70% [5.8-8.5] vs 6.8% [5.9-8.1]; P=0.846).

In order to better analyze the relationship between HbAlc, BMI and
hospital mortality during follow-up we used cubic spline analysis. This statistical
approach allowed to graphically quantifying how the risk of hospital mortality,
expressed as hazard ratio, varies along different levels of HbAlc and BMI. The
risk of hospital mortality significantly increased in patients with HbA1c levels 2
9.3 compared to those with lower HbAlc levels (Figure 1). Nevertheless, the
risk of hospital mortality was not linear with BMI. Those subjects with BMI
between 24 and 30 kg/m? did not have increase hospital mortality (Figure 2).
The in-hospital mortality increase among those with BMI between 20 and 24
kg/m?, and it decreased among those with BMI >30 kg/m?. As an example in
the lower range of body size, patients with BMI < 23 kg/m? had 40% (hazard
ratio =1.4) more risk of in-hospital mortality in comparison to those with BMI =
23 kg/m?. In the higher range of body size, patients with BMI< 33 kg/m? had
twice (hazard ratio =2.0) the risk of in-hospital mortality than those with BMI =
33 kg/m?®. The lowest hospital mortality was observed among the subjects with

the higher BMI (Figure 2).

Based on the observation described above (figure 2), we were able to
stratified the study sample in four groups by BMI (group 1: BMI <20, group 2:
20-23.9, group 3: 24-34.9, group 4: = 35 kg/m?) and compared them by

multivariate Cox regression analysis. In comparison with group 1, the mortality
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progressively decreased with increasing BMI while adjusting for HbAlc and

APACHE Il score (figure 3).
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DISCUSSION

Our results suggest a non-linear relationship between glycemic control
before admission at ICU, body size and hospital mortality. This risk significantly
increases with HbAlc above 9.3%. It also progressive increases in those
patients with a BMI below 24 kg/m?, having no association with mortality in
overweight patients, while progressive decreasing in those with a BMI above 35
kg/m?. The weak correlation of HbAlc and BMI suggest an independent effect

of these metabolic parameters as prognostic factors in critically ill patients.

Previous studies suggest that increased HbAlc levels are a negative
prognostic marker in patients with DM admitted to an ICU (12). As DM is usually
asymptomatic in early stages, many patients may not be aware of this disease
when admitted in ICU (23). In our sample 44.9% of participants with abnormal
glucose metabolism had no previous history of PDM or DM. In a retrospective
study preexisting hyperglycemia affected the relationship between acute
glycemia and mortality, suggesting a significant interaction between chronic and
acute glycemic control (9). Although ICU preadmission HbAlc was not different
in survivors and nonsurvivors, HbAlc higher than 7.0% with less stringent
glycemic control was associated with decreased mortality. We also did not
detected differences of ICU preadmission HbAlc levels between survivors and
non-survivors by classical statistical comparisons. However, by using Cox
regression models incorporating cubic spline with four knots we were able to
detect an increased risk for mortality for those with significant hyperglycemia

(HbAlc above 9.3%).
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Although our data do not suggest that body size interacts with previous
glycemic control in determining hospital mortality, BMI was significantly
associated with this outcome. Our findings confirmed those found in other
studies, suggesting that there is a relationship between body size and mortality
in critical ill patients (15, 24,25). Although we looked if this finding could be
explained by other factors such as requirement for mechanical ventilation, renal
replacement therapy or use of vasopressor, our data suggest this relationship is

independent of these morbidities.

Explanations for decreased mortality in obese patients admitted in the
ICU are unclear. A hypothesis is that obese patients have lower threshold for
ICU admission compared with normal-weight patients. As a consequence,
obese patient may have a better prognosis from ICU admission. However, we
found that mortality differences were still present and obesity was associated
with protection against hospital death after adjusting for APACHE Il score. We
have also being able to better understand this relationship using cubic spline
analysis which allow to analyze how the risk of hospital death varies along the

study sample BMI distribution, suggesting that this relationship is not linear.

There are some limitations to our study. First, the results of HbAlc were
known by medical staff involved with assistance of the study patients which
could affect the management of these patients. However, at Hospital de
Clinicas de Porto Alegre the ICU staff follows a protocol with very well known
targets for acute glycemic control as proposed in recent guidelines that do not
routinely take in account HbAlc for this care (26). Second, body size was
estimated by the team involved in patient care in ICU. These could result in

some variability in body size measurement. However, the staff is well trained in
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this procedure and we do not believe that this would change our findings.
Lastly, there were few patients with extreme obesity, making difficult to quantify
the impact of BMI > 40 kg/m? in mortality. However, a recent study suggested
no increased risk of mortality between extreme obesity and normal-weighted

patients (27).
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CONCLUSION

In conclusion, our study has shown that preexisting hyperglycemia
(HbAlc > 9.3%) increases the risk for hospital mortality in critically ill patients.
Moreover, underweight and low-normal weight patients presented a decreased
survival rate in comparison with those who were overweight and obese. As
prevalence of DM and obesity are increasing, it becomes important to the
intensive care physician to better understand the impact of these conditions in
the ICU setting and to develop strategies to improve care of these patients.
Further studies are needed to build a strategy for glucose and obesity

management in ICU.
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Table 1. Characteristics of the study population in all patients and according to

48

survival
All patients Survivors Non- Survivors P

Age (Years) 58+17.3 56 £17.4 6117 0.052
Males 111 (55.8) 65 (57. 5) 46 (53.5) 0.570
Days at hospital before ICU 3 (1-11) 2.5 (1-8) 6 (1-16) <0.001
APACHE 20.65 + 8.6 176 +£7.9 248+ 7.8 <0.001
SOFA 7 (3-10) 5(2-9) 8 (6 -13) <0.001
Comorbidities

COPD 32 (16.2) 20 (18) 12 (14) 0.443
CHF 21 (10,7) 12 (10.8) 9 (10.5) 0.938
HIV 13 (6.6) 6 (5.4) 7(8.1) 0.443
Body Mass Index (kg/m?) 26,3 £ 6.62 27.2+7.3 24.7+5 0.031
Previous DM history 50 (25) 26 (23) 24 (27.9) 0.430
Glucose tolerance 0.359
Normal 92 (46.2) 51 (45.1) 41 (47.7)

Prediabetes 63 (31.7) 40 (35.4) 23 (26.7)

Diabetes 44 (22.1) 22 (19.5) 22 (25.6)

HbAlc (%) 5.7(5.2-6.4) 57(5.3-6.3) 58 (5.2-6.5) 0.729
Plasma glucose (mg/dL) 122 (97-163) 122 (99 - 160) 120 (95 - 167) 0.909
Lactate (mmol/L) 1.2 (0.8-2.4) 1.0(0.7-1.7) 2(1-3.9) <0.001
C-reactive protein (mg/dL) 92 (31.5-194) 87 (27.5-150.4) 102 (44 -234) 0.067
Mechanical ventilation 137 (68.8) 69 (61.1) 68 (79.1) 0.008
Hemodialisys 45 (22.6) 15 (13.3) 30 (34.9) <0.001
Vasopressor support 103 (51.8) 39 (34.5) 64 (74.4%) <0.001

Data are means = SD, median (P25 — P75), n (%). COPD —chronic obstructive pulmonary

disease; CHF — congestive heart failure; HIV — human immunodeficiency virus
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Figure Legends

Figure 1

Adjusted hazard ratio for different levels of HbAlc and hospital mortality. Hazard
ratios >1 indicate higher risk for those whith higher levels of HbAlc. Dashed
lines represent a 95% interval confidence for each point of HbAlc. Results were
obtained by multivariable Cox regression with cubic splines with four knots for

HbA1c adjusted for APACHE Il score.

Figure 2.

Adjusted hazard ratio at various levels of BMI. Risk for hospital mortality is
found when hazard ratio expressed as mean (empty circle) and 95% confidence
interval (dashed lines) do not cross 1. Hazard ratio >1 indicates increased risk
for those with lower BMI than the one chosen for analysis. For illustration, a
BMI< 35 kg/m? is associated with an increased risk for hospital mortality than a
BMI = 35 kg/m?. BMI < 20 kg/m? is associated with a higher risk for mortality

than a BMI= 20 kg/m?.

Figure 3.

Kaplan Meier survival curves stratified according to body mass index and
adjusted for APACHE Il and HbAlc. BMI<20 vs 20-23.9 kg/m?, P= 0.032; BMI

<20 vs 24-34.9 kg/m?, P=0.010; BMI <20 vs =35 kg/m?, P= 0.032.
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Figure 1.
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Figure 2.
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