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RESUMO

Alteracbes da homeostase ativam o eixo hipotalamo-hipofise e induzem a um estado
hipercatabdlico adaptativo. Conduto, estudos ja demonstraram que as alteragdes
metabdlicas no individuo criticamente doente culminam em piores desfechos
clinicos. Nesse sentido, a hiperglicemia € o aumento do horménio antidiurético
(ADH) estéo correlacionados com maior mortalidade no cenario de terapia intensiva.
O ADH, também conhecido por vasopressina, esta intrinsecamente relacionado a
adaptacado do organismo ao estresse, haja visto sua agdo de concentragao urinaria
para manutencao da volemia. O ADH é primariamente secretado por mudangas na
osmolaridade plasmatica ou na volemia, atuando de maneira central no balango
hidrico e na pressao arterial. A volatilidade da molécula de ADH, contudo, torna
dificil a sua avaliagdo bioquimica. A copeptina é um glicopeptideo secretado em
quantidades equimolares com o ADH, de mais facil mensuracao, sendo utilizado
para inferir indiretamente o nivel sérico de ADH em cenarios de pesquisa. Niveis
elevados de copeptina estdo associados com gravidade de doenga e mortalidade.
Além de sua secregcdo no processo de reducdo de volemia, a vasopressina
influencia uma ampla variedade de fungdes do organismo, pela agdo em seus
diferentes receptores. Em razao disso, a copeptina esta associada a hiperglicemia
em doengas crbnicas. Niveis elevados de vasopressina estdo associados de forma
independente a maior risco de diabetes mellitus na populagdo em geral. O objetivo
deste trabalho foi estudar se a relacdo que existe entre hiperglicemia e ADH na
doenca cronica também ocorre na doenca aguda. Além disso, é parte do escopo
deste trabalho ampliar o conhecimento sobre o metabolismo durante o estresse
imposto pela doenga critica.

Palavras-chave: Copeptina. Hormonio Antidiurético. Hiperglicemia.



ABSTRACT

Changes in homeostasis activate the hypothalamic-pituitary axis and induce an
adaptive hypercatabolic state. However, stress hormone hypersecretion is associated
with worse outcomes in critically ill patients. In this sense, hyperglycemia and
increased arginine-vasopressin (AVP) correlate with higher mortality in the intensive
care setting. AVP, also known as antidiuretic hormone, is intrinsically related to acute
response to stress, as it maintains blood volume by concentrating the urine. AVP is
primarily activated by changes in plasma osmolarity or more than 10% reduction in
blood volume, playing a central role in fluid balance and blood pressure. Reliable
measurements of AVP are difficult and currently not available due to its volatility.
Copeptin is a glycopeptide secreted in equimolar amounts with AVP and is easily
determined biochemically, as it is highly stable. Therefore, copeptin is used in
research as a surrogate for AVP secretion. Elevated copeptin levels are correlated
with disease severity and mortality. In addition to its function in maintaining blood
volume and arterial pressure, vasopressin influences a wide range of body functions
through its action in different receptors. Copeptin is associated with hyperglycemia in
chronic diseases and has been described as an independent risk predictor of
diabetes mellitus.

The aim of the present study was to investigate if the association of copeptin levels
with glycemic parameters is present in acutely ill patients, as it occurs in chronic
disease states, allowing a better understanding of stress-induced changes in
metabolism during critical illness.

Keywords: Copeptin. Antidiuretic hormone. Hyperglycemia
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1 ESTRUTURA DO TRABALHO

Esta dissertacdo de Mestrado sera apresentada no formato exigido pelo
Programa de Pds-Graduagcdgo em Ciéncias Médicas: Endocrinologia. Ela é
constituida de uma introdugdo em portugués, apresentada no capitulo I, um artigo
original em inglés, apresentada no capitulo Il, e consideragdes finais e perspectivas
futuras em portugués. Destaca-se que o artigo presente neste trabalho é original e
foi publicado em 21 de abril de 2021 na revista Plos One, sendo que neste

documento esta formatado conforme exigido pelo programa.
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2 CAPITULO | - ASSOCIAGAO DOS NIiVEIS DE COPEPTINA COM
PARAMETROS GLICEMICOS EM PACIENTES CRITICAMENTE DOENTES

21 INTRODUGAO

O estresse bioldgico induzido pela doenca aguda grave produz uma resposta
adaptativa em busca da sobrevivéncia '. Alteracdes da homeostase ativam o eixo
hipotalamo-hipdfise e induzem a um estado hipercatabdlico adaptativo, com o
objetivo de tornar energia disponivel para o combate da lesdo e assim manter-se
vivo 2. Contudo, a persisténcia desse estado hipercatabdlico é mal-adaptativa e
torna-se nociva ao organismo * e alteragées endocrinoldgicas estdo associadas com
pior progndstico na doenga critica * °.

A resposta metabdlica do estresse envolve a ativacdo neuroenddcrina com
secrecdo de hormdnios que regulam o estado hemodinamico e a oferta energética
frente ao insulto que desequilibra @ homeostase ®’. Segundo Singer et al.’, na fase
aguda de uma lesdo grave ha uma liberagao abrupta e maciga de hormoénios
contrarreguladores da insulina relacionados ao estresse, como horménio
adrenocorticotrofico (ACTH), cortisol, catecolaminas, vasopressina, glucagon e
horménio do crescimento (GH), além de aumento de resisténcia a agdo da insulina.
Porém, de horas a dias apds a agresséao inicial, o perfil hormonal modifica-se,
apresentando niveis de vasopressina inapropriadamente baixos, sindrome do
eutireoideo doente e responsividade adrenal reduzida ao estimulo do ACTH, apesar
de hipercortisolemia relativa ®. Presumidamente, a baixa resposta hormonal na fase
crbnica ocorre pela inativagdo periférica dos horménios 8, mantendo-se apenas a
acao predominante do cortisol por seu metabolismo reduzido, tendo importante
impacto no metabolismo celular ®.

Sabe-se que em paralelo as alteracbes neuroenddécrinas ocorrem alteragoes
inflamatorias e imunoldgicas 7. As citocinas, como fator de necrose tumoral (TNF),
interleucina-1 (IL-1) e interleucina-6 (IL-6), sdo liberadas no contexto de injuria
aguda e podem ser nocivas ao organismo "'°. Elas estdo envolvidas, juntamente

com o estresse oxidativo, na protedlise e lipdlise que culminam em um estado de
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catabolismo descontrolado, resisténcia a sinalizagdo anabdlica e dano mitocondrial
710 Nesse sentido, a compreensdo da intersecgdo entre os componentes

neuroenddcrino e inflamatério na resposta metabdlica a injuria aguda é essencial.

2.2 HIPERGLICEMIA DE ESTRESSE

A hiperglicemia de estresse consiste na elevagdo dos niveis de glicose na
presengca de doenga aguda devido a resisténcia a agdo da insulina a nivel de
receptor e poés-receptor, tanto no figado quanto no musculo ™. E comum em
pacientes criticamente doentes, cuja incidéncia varia de 40% a 90% '®, mesmo em
pacientes sem histéria prévia de diabetes '2. E uma resposta adaptativa com vistas a
garantir uma oferta suficiente de glicose aos o6rgéos vitais '°. Porém, o estado de
hiperglicemia prolongado leva a disfungdo mitocondrial, estando associado a piores
desfechos em varias patologias, como no acidente vascular cerebral * e na sepse °,
além de estar relacionado a maior morbimortalidade ®.

O estresse agudo, gera uma interagdo complexa de hormdnios
contrarreguladores e citocinas inflamatérias que culmina na promogao de
gliconeogénese e glicogendlise hepaticas . Os hormdnios relacionados ao estresse
também exercem influéncia no transporte da glicose. A epinefrina, por exemplo,
inibe o transporte de glicose estimulado pela insulina para o musculo esquelético.
Além disso, as citocinas inflamatérias, como TNF, IL-1 e IL-6, inibem a sinalizacéo
da insulina pos-receptor, levando a resisténcia a agdo da insulina '°,

Além da hiperglicemia, outros paréametros glicémicos, como hipoglicemia,
variabilidade da glicemia e gap glicémico também estédo relacionados a desfechos
desfavoraveis em pacientes criticamente doentes ''® sendo foco recente de
interesse do nosso grupo de pesquisa, que mostrou em um estudo prospectivo de
mais de 500 pacientes que estes parametros associam-se a piores desfechos
nesses pacientes, como aumento de mortalidade, maior incidéncia de choque e
maior necessidade de terapia de substituicdo renal e de ventilagdo mecénica (VM)
(Figura 1.1)"%.
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Em suma, a hiperglicemia de estresse que ocorre durante a doenga aguda
decorre de um processo mal-adaptativo, resultando em uma série de acgdes
deletérias ao organismo, como disfungdo imunoldgica, lesdo mitocondrial,
exacerbacdo de vias inflamatdrias, reducdo da reatividade vascular, redugdo da
produgéo de 6xido nitrico e disfungéo endotelial '°. Desta forma, a hiperglicemia tem
sido consistentemente associada a um aumento de mortalidade em pacientes

criticamente doentes .

Figura 1.1. Risco relativo para desfechos de acordo com cada parametro
glicémico. HbA1c: hemoglobina glicada, SHR: Raz&o hiperglicemia de estresse.

Mortalidade RR (CI 95%) P Terapia Renal Substitutiva RR (Cl 95%) p
Glicemia 1.003(1-1.006) . 0,026 Glicemia 1.002(0.999-1.004) . 0.3
HbA1c 1.117(0.995-1.254) . 0.061 HbAtc 1.035(0.811-1.176) . 0597
Hipoglicemia 2.167(1.271-3.697) . 0.005 Hipoglicemia 2.863(1.661-4.935) ] <0001
Hiperglicemia =140 1.485(1.036-2.127) . 0.031 Hiperglicemia =140 1.333(0.894-1.988) . 0.158
GAP Glicémico = 80 1.639(0.928-2 895) . 0.089 GAP Glicémico = 80 1.949(1.077-3.527) . 0.027
Variabilidade glicEmica =40 1.294(0.85-1.969) . 0.229 Variabilidade glicEmica =40 2.346(1.363-4.037) - 0.002
SHR = 1.1 1.12(0.777-1.615) . 0.543 SHR =11 1.243(0.832-1.854) . 0.288
011 2 3 4 5 6 011 2 3 4 5 6
Relative Risk Relative Risk

Ventilagdo Mecanica RR (CI 95%) o Incidéncia de Choque

RR (Cl 95%) p

Glicemia 1.004(1.001-1.007) . 0.015 Glicemia 1.002{0.999-1.004) - 0.234
HbAlc 0.989(0.881-1.109) . 0.845 HbAte 0.994(0.885-1.117) . 0.924
Hipoglicemia 1.947(1.083-3.501) . 0.026 Hipoglicemia 3.027(1.75-5.236) . <0.001
Hiperglicemia =140 1.553(1.077-2.239) . 0.018 Hiperglicemia =140 1,349(0.942-1.931) . 0.102
GAP Glicdmico = 80 1.503(0.821-2.75) . 0.186 GAP Glicémico > 80 2.02(1.141-3.576) . 0.016
Variabilidade glicémica =40 1.547(1.034-2.313) - 0.034 Variabilidade glicmica =40 1.563(1.022-2.393) . 0.04
SHR =11 1.771(1.194-2.627) - 0.005 SHR =11 1.299(0.903-1.869) . 0.159

011 2 3 4 5 6

011 2 3 4 5 6
Relative Risk

Relative Risk

Fonte: Bellaver, Schaeffer, Dullius (p. 5) modificado'®

2.3 VASOPRESSINA E COPEPTINA

A arginina-vasopressina, também conhecida como horménio antidiurético
(ADH), é um peptideo produzido no hipotalamo por neurdnios que tém seus corpos

celulares dentro dos nucleos supra-opticos e em menor propor¢cdo nos nucleos
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paraventriculares . O ADH é armazenado e secretado pela glandula hipofise em
sua porcao posterior e a alteracdo da osmolaridade plasmatica € o principal
mecanismo responsavel pela sua liberagdo na corrente sanguinea '9%. Os
osmorreceptores hipotalamicos identificam o aumento da osmolaridade sérica, como
na desidratacdo, por exemplo, e desencadeiam o estimulo para a secre¢ao de ADH,
que age absorvendo agua livre nos tubulos renais e por conseguinte concentrando a
urina. Outro gatilho para a secre¢cdo de ADH é a redugdo de mais de 10% do
volume plasmatico e consequente hipotensdo arterial '®%°. A regulagéo da volemia,
contudo, é mais complexa, com multiplos mecanismos de controle além do ADH
agindo de forma simultanea. Nesse contexto, a vasopressina tem a acéo direta de
vasoconstricao periférica e acaba estimulando outros mecanismos como a liberagao
de catecolaminas, estimulo a secrecao de ACTH pela adenohipdfise e ativagao do
sistema renina-angiotensina-aldosterona #'. Desta forma, o ADH é um componente
importante na resposta adaptativa ao estresse. O ADH produzido nas situagdes de
estresse esta 100-1000 vezes acima dos niveis plasmaticos normais %°.

O conhecimento sobre os receptores periféricos do ADH tem crescido e com
isso expandido o entendimento da influéncia do hormbénio em diversas funcdes
organicas %2. Ha trés tipos de receptores para a vasopressina. Os receptores V1a
medeiam a vasoconstricido e sao localizados principalmente na camada muscular
dos vasos sanguineos, hepatécitos, plaquetas, neurénios e células uterinas. Os
receptores V1b sdo encontrados na hipdéfise anterior, cérebro, pancreas e coragao e
tém relacdo com a secrecdo de ACTH, neuromodulacido, sintese de insulina,
aumento da temperatura corporal e controle da memdria 2°%'?2, Ja os receptores V2
S30 expressos nos rins, nas células endoteliais e na camada muscular dos vasos
sanguineos e sao responsaveis pela agao antidiurética, por meio do estimulo desse
receptor no tubulo distal do néfron. O ADH exerce seus efeitos principalmente
ligando-se as células principais dos rins no final do tubulo distal e nos ductos
coletores, levando a ativacdo da adenilato ciclase, que causa um aumento
subsequente no segundo mensageiro, o AMP ciclico (AMPc). O cAMP ativa a
proteina quinase A (PKA), uma enzima fosforiladora que inicia uma cascata de

fosforilagdo intracelular. Por fim, as vesiculas de armazenamento intracelular de
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aquaporina-2 (AQP2) sao fosforiladas, o que promove seu movimento e insergéo na
membrana apical. AQP2 é um canal de agua que permite que a agua se mova
passivamente para dentro da célula, guiada pelo gradiente osmotico estabelecido
pelo NaCl e pela uréia, e assim promove a reabsor¢do de agua no rim. Esta
atividade produz uma urina concentrada ou hiperosmotica .

No que tange a acdo do ADH na homeostase da glicose, sabe-se que a
hiperglicemia é estimulada pela glicogendlise hepatica pela agdo no receptor V1a e
pela liberagao de glucagon pela agao no receptor V2. Por outro lado, o receptor V1b
também causa a liberagdo de insulina das ilhotas pancreaticas, tendendo a uma
neutralidade 2'.

As concentragdes de ADH estdo elevadas em varios estados de choque.
Contudo, estudos prévios demonstraram que na sepse as concentragbes do
horménio estavam comparativamente mais baixas, hipotetizando-se que uma
deficiéncia relativa de vasopressina poderia contribuir para a manutencao do choque
vasoplégico 2. Em paralelo a essa discussdo, sabe-se que a medida da
concentracao sérica de ADH é dificil devido a agregacgao plaquetaria, instabilidade e
volatilidade da molécula, tornando dificil a sua mensuragéo 24%.

Nesse contexto, a CTproAVP (copeptina) surgiu como uma ferramenta para
mensuragao indireta de ADH. A copeptina € um glicopeptideo de 39 aminoacidos,
sem fungao conhecida no organismo. A molécula possui uma porgéo C-terminal do
precursor pré-degenerina (pre-pro-AVP), secretada em quantidades equimolares
com o ADH e refletindo indiretamente os niveis de ADH %', Diferente do ADH, a
copeptina € estavel no plasma e pode ser armazenada e facilmente determinada por
técnicas laboratoriais convencionais, com correlagdo com os niveis de ADH de
r=0,78 #°. Estudos demonstraram que a copeptina espelha os niveis de ADH sob
diversas condi¢bes fisiologicas e fisiopatologicas, tais como nas alteragbes da
osmolalidade plasmatica, durante o estresse e em varios estados de doenga %.

Assim como a hiperglicemia, a elevagao de copeptina estd associada com
maior mortalidade. Um estudo aleméo identificou associacdo entre copeptina na
admissdo com gravidade de doenga e com mortalidade hospitalar, com média de

copeptina de 39,6 pmol/l em sobreviventes e de 75,8 pmol/l em nao sobreviventes
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(p=0,007). Este estudo sugeriu que pacientes com niveis de copeptina acima de 65
pmol/l apresentaram taxas de sobrevida significativamente diminuidas (p=0,009)%.
Nesse estudo, a copeptina foi medida por ensaio imunoluminométrico sanduiche, um
método ainda nao liberado para uso pela ANVISA no Brasil no momento da
realizagcéo deste projeto.

Em um estudo realizado em hospital terciario na Austria, a concentragéo de
copeptina foi comparativamente menor em pacientes com sepse em relagado aos
outros grupos. As concentragbes plasmaticas de copeptina por ensaio
imunoluminométrico sanduiche apds cirurgia cardiaca (101 = 82 pmol/l) foram
significativamente maiores do que em pacientes com sindrome da resposta
inflamatoria sistémica (88 + 89 pmol/l) e sepse (52 + 30 pmol/l) (p=0,003)%*. Outro
estudo, que realizou a mensurag¢ao de copeptina por ensaio imunossorvente ligado a
enzima (ELISA), o método disponivel para dosagem de copeptina no Brasil,
identificou que os niveis de copeptina nos 25 pacientes que morreram foram cerca
de duas vezes maiores que em comparagao com pacientes que sobreviveram (19,9
[IQR, 13,6-26,2] vs. 47,8 [IQR, 23,1-53,9] pmol/l; p <0,001)?". Pelo exposto, os
valores de copeptina parecem ser mais altos em individuos que evoluem ao 6bito,
mas nao estavam aumentados em pacientes com sepse ou sindrome da resposta

inflamatoria sistémica.

2.4 ASSOCIACAO ENTRE HIPERGLICEMIA E VASOPRESSINA

A vasopressina € um preditor independente de diabetes melito tipo 2 (DM2)
na populagdo geral ?®. As chances de desenvolver DM2 aumentaram em quartis
crescentes de copeptina, mesmo apos ajuste adicional para glicemia de jejum e
insulina (razdes de chances ajustadas, 1,0, 1,37, 1,79 e 2,09; p=0,004) em estudo
realizado em base populacional sueca com seguimento de 12,6 anos 2. O aumento
da copeptina também esta associado a maior prevaléncia de DM2, maior resisténcia
a agdo da insulina e sindrome metabdlica 2°. Além disso, o controle glicémico
inadequado em pacientes com DM correlaciona-se com niveis mais elevados de

ADH no plasma .
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Um estudo experimental em ratos obesos Zucker, propensos a disfuncéo
metabdlica, demonstrou uma relacdo causal entre ADH e risco metabdlico. Apds a
indugao de aumento dos niveis de ADH por quatro semanas, ratos magros com ADH
elevado apresentaram maior glicemia de jejum quando comparados com controles
com ADH normal, enquanto ratos obesos com ADH elevado apresentaram
hiperinsulinemia e tolerancia reduzida a glicose. Por outro lado, ratos obesos com
ADH baixo néo tiveram tolerancia reduzida a glicose, mas exibiram uma importante
diminuigdo na esteatose hepatica em comparagdo com ratos obesos controle *'.

O ADH pode aumentar a sensibilidade a insulina através do receptor V1a,
pela degradacédo do glicogénio, e suprimir a sensibilidade através do receptor V1b,
mas, nesse caso, 0s mecanismos ainda n&o sao claros #'. Para compreender a acao
do ADH nesses receptores, foi realizada a delegdo desses receptores em modelos
animais. Inesperadamente, em camundongos sem receptores V1a, a concentragao
de glicose hepatica aumentou e o conteudo de glicogénio hepatico diminuiu. Ja em
camundongos sem receptores V1b, os niveis plasmaticos em jejum de insulina,
glucagon e glicose no sangue reduziram e a sensibilidade a acdo da insulina nos
tecidos periféricos aumentou. Nos camundongos com dupla deficiéncia de
receptores V1a e V1b, o teste de tolerancia a glicose revelou que os niveis de
glicose e insulina aumentaram, semelhante ao fendtipo de deficiéncia de receptores
V1a. Assim, a deficiéncia de ambos os receptores resultou na diminuicdo da
tolerancia a glicose. Esses achados indicam que os efeitos da deficiéncia do
receptor V1b podem néo influenciar o desenvolvimento da intolerancia a glicose
promovida pela deficiéncia do receptor V1a, e que o bloqueio de ambos os
receptores pode levar a tolerancia diminuida a glicose #'.

A injecdo de ADH leva a um aumento dos niveis de glicose plasmatica em
individuos saudaveis %°. Spruce et al.*? avaliaram a degradagéo do glicogénio e o
aumento da glicose plasmatica por meio da infusdo endovenosa de ADH. Apds 60
min da infusdo de ADH, a glicose plasmatica aumentou significativamente de 88 + 2
mg/dl para 103 + 4 mg/dl. A infusdo de ADH também aumentou as concentracoes
plasmaticas de glucagon, sugerindo que o efeito hiperglicémico do ADH possa ser

adicionalmente mediado desta forma, estimulando a secrecdo de hormdnio
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contrarregulador. Outra possibilidade seria pela estimulacédo direta da atividade da
enzima glicogénio fosforilase .

Um estudo recente avaliou o impacto metabdlico do aumento da ingesta
hidrica por seis semanas em 31 adultos saudaveis com niveis elevados de
copeptina. O aumento da ingesta hidrica resultou na reducdo da osmolaridade
urinaria, no aumento do volume urinario e na queda dos niveis de copeptina. Além
disso, os niveis médios de glicose também apresentaram reducgéao significativa, com
redugcdo mais pronunciada no terceiro tercil da copeptina basal. Neste estudo, a
baixa ingesta hidrica se associou com niveis elevados de copeptina e maior risco de
desenvolver DM, ao passo que o aumento da ingestdo de agua reduziu os niveis de
copeptina e glicose *,.

O entendimento do intrincado metabolismo do estresse da doenga aguda e
suas consequéncias é importante, uma vez que 0s mecanismos inicialmente
adaptativos e benéficos podem tornar-se mal adaptativos com o passar do tempo,
provocando danos durante a tentativa de restaurar a homeostase. Neste contexto,
tanto a hiperglicemia quanto os niveis elevados de vasopressina sao indicadores
independentes de mau progndstico em pacientes criticamente doentes. Ha base
fisiologica corroborando essa inter-relagdo, e estudos demonstram a associagcéo de
niveis elevados de ADH com hiperglicemia nas doengas crbnicas. Além disso, na
doencga critica, tanto a presenga de hiperglicemia quanto a presenca de niveis
elevados de copeptina associam-se com piores desfechos clinicos. Contudo, na
doenga aguda grave ndo ha dados que demonstrem a associagdo entre
hiperglicemia e vasopressina. Além disso, ha poucos dados sobre niveis seriados de
copeptina ao longo do tempo de internacdo e sua associagao prognoéstica em
pacientes criticamente doentes, uma vez que os estudos prévios avaliaram o
impacto prognostico dos niveis de copeptina apenas na admissao de pacientes em
unidades de terapia intensiva (UTI).

Ha inumeras lacunas no conhecimento do metabolismo durante o estresse da
doencga critica, especialmente no que se refere a medidas seriadas de copeptina.

Desta forma, este projeto tem o objetivo de avaliar a correlagdo entre niveis seriados
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de copeptina e parametros glicémicos como marcadores de progndstico em

individuos criticamente doentes.
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3.1 ABSTRACT

Objectives: Copeptin, an equimolar indicator of serum antidiuretic hormone
levels, has been associated with higher mortality in critically ill patients and with the
development of diabetes in the general population. The aim of the present study was
to investigate the association of copeptin levels with glycemic parameters in critically
il patients and to compare the time-course of copeptin in survivors and
NON-sSUrvivors.

Design: prospective cohort study.

Patients: From June to October 2019, critically ill patients were prospectively
enrolled and followed for 90 days.

Measurements: Plasma copeptin levels were determined at intensive care
unit (ICU) admission (copeptin T1), 24 h (copeptin T2), and 48 h (copeptin T3) after
study entry. Blood glucose and glycated hemoglobin levels were measured. ICU,
in-hospital, and 90-day mortality, and length of stay in the ICU and hospital were
evaluated.

Results: 104 patients were included. No significant correlation was detected
between copeptin levels and blood glucose (r=-0.17, p=0.09), HbA1c (r=0.01, p=0.9),
glycemic gap (r=-0.16, p=0.11), and stress hyperglycemia ratio (r=-0.14, p=0.16).
Copeptin T3 levels were significantly higher in survivors than in non-survivors at
hospital discharge (561 [370-856] vs 300 [231-693] pg/mL, p=0.015) and at 90 days
(571 [380-884] vs 300 [232-698] pg/mL, p=0.03)

Conclusions: No significant correlations were found between copeptin levels
and glycemic parameters, suggesting that copeptin is not a relevant factor in the
induction of hyperglycemia during critical iliness. Copeptin levels at ICU day 3 were
higher in survivors than in non-survivors.

Keywords: Copeptin; stress-induced hyperglycemia; glycemic control;

mortality; critical illness.
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3.2 INTRODUCTION

Facing acute stress, the human body responds with a hypercatabolic state that
reduces and redirects energy consumption, delays anabolism, and activates the
immune response’. The main metabolic response mechanism is the activation of the
hypothalamic-pituitary-adrenal axis, and several studies have shown higher levels of
stress hormones during an acute injury? 3. However, stress hormone hypersecretion
is associated with worse outcomes in critically ill patients®.

Arginine-vasopressin (AVP), also known as antidiuretic hormone, is a
hypothalamic hormone involved in stress response. It exerts a potentiating action on
corticotropin-releasing hormone and, consequently, on adrenocorticotropic hormone
(ACTH) release®. AVP is primarily activated by changes in plasma osmolarity or by
more than 10% reduction in blood volume, playing a central role in fluid balance and
blood pressure®. As a matter of fact, AVP is a marker for the endogenous stress
levels of a patient and low levels of AVP have been correlated with longer
hemodynamic dysfunction’.

Reliable measurements of AVP are difficult and currently not available.
Instead, CTproAVP (copeptin) is a C-terminal part of the pre-pro-vasopressin
precursor that is highly stable. Copeptin is released in equimolar amounts with AVP
under various physiological and pathological conditions. Therefore, copeptin can be
used as a surrogate for AVP secretion®. Jochberger et al. showed plasma
concentrations of copeptin to be significantly higher in critically ill patients compared
to healthy individuals®. Studies suggest that copeptin levels are related to higher
mortality in critically ill patients®. In addition, an association between copeptin levels
and the severity of critical iliness is suggested, especially in patients with sepsis or
hemorrhagic shock™.

During critical illness, the decline in organ function is triggered by inflammatory
mediators and by acute-phase changes in hormones'. These changes are
characterized by elevated levels of AVP, sick euthyroid syndrome, and critical
iliness-related corticosteroid insufficiency'. Thyroid and adrenal function have been

extensively evaluated in critical illness, including serial measurements of these
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hormones during the course of critical illness'>. However, no studies of serial
measurements of AVP in a general population of critically ill patients have been
performed to date.

Acute stress induces insulin resistance and glucose overproduction by several
mechanisms, including elevated levels of inflammatory cytokines, growth hormone,
cortisol, glucagon, and catecholamines™. Stress-induced hyperglycemia is strongly
associated with unfavorable outcomes in critically ill patients' '°. Interestingly,
copeptin is associated with hyperglycemia in chronic diseases'®. AVP induces hepatic
glycogenolysis through V1a receptors'’] and stimulates insulin, glucagon, and ACTH
secretion through V1b receptors'. Copeptin is an independent predictor of type 2
diabetes mellitus™. In line with this, a recent study showed that low water intake
correlated with high copeptin levels and was associated with an increased risk of
diabetes mellitus, while increasing water intake reduced both copeptin and glucose
levels?°. Thus, AVP might have a role in the induction of hyperglycemia during critical
illness.

Within this context, the aim of the present study was to investigate the
association of copeptin levels with glycemic parameters in critically ill patients. The
primary endpoint was the correlation between copeptin and blood glucose levels. The
secondary endpoint was time-course differences in copeptin levels between survivors

and non-survivors.

3.3 MaTerIAL AND METHODS

3.3.1 Study population

This is a prospective cohort study. The research protocol (project number
2019-0304) was approved by the ethics committee of the Hospital de Clinicas de
Porto Alegre. The study protocol is in agreement with the Declaration of Helsinki for
studies including human participants. All participants or their legal guardian signed an
informed consent form. From June to October 2019, critically ill adult patients (age

>18 years) admitted to the intensive care unit (ICU) of a university hospital in
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southern Brazil were prospectively evaluated within 24 h of ICU admission. Exclusion
criteria were use of AVP for any reason, pregnancy, diabetic ketoacidosis,
hyperglycemic hyperosmolar state, sickle cell anemia and other hemoglobinopathies,
massive transfusion, pituitary disease, traumatic brain injury, neurosurgery, any
intracranial pathology that may alter pituitary hormone secretion, and absence of
central venous catheter or an arterial line for blood sampling. Death or discharge
from ICU within 24 h of ICU admission was also considered exclusion criteria.

Plasma copeptin levels were measured in a time-course manner during ICU
stay: at the study entry (copeptin T1, ICU day 1), 24 h after study entry (copeptin T2,
ICU day 2), and 48 h after study entry (copeptin T3, ICU day 3). In addition, blood
glucose and glycated hemoglobin (HbA1c) measurements were performed at study
entry. Clinical and laboratory data were recorded for all patients via electronic
medical records, including age, sex, comorbidities, reason for ICU admission, fluid
balance (defined as the difference in mL between the input and output of fluids over a
defined period of time) at 24, 48, and 72 h, presence of circulatory shock and need
for vasoactive drugs, need for mechanical ventilation (MV), need for renal
replacement therapy (RRT), prescription of corticosteroids and insulin, and nutritional
therapy. The Simplified Acute Physiology Score 3 (SAPS 3) was used to grade
disease severity, ranging theoretically from a minimum of 0 points to a maximum of
217 points, with higher scores indicating greater severity?'.

Patients were considered as having diabetes mellitus based on previous
diagnosis or if they have HbA1c levels 26.5% at admission. Hyperglycemia was
defined based on the threshold proposed by the American Diabetes Association®? for
in-hospital hyperglycemia as any blood glucose measurement >140 mg/dL at ICU
admission?®. Insulin therapy was started at the discretion of the ICU team, to reach a
target glycemic control ranging from 140 to 180 mg/dL, subcutaneous or
intravenously?® 2?4, Insulin NPH was used as a long acting and regular insulin as a
short acting insulin. Intravenous insulin protocol was started in hemodynamic
unstable patients when high doses of insulin were required to reach the glycemic
target. In order to separate the effects of a chronically altered metabolic state from

those of acute stress hyperglycemia, the glycemic gap and stress hyperglycemia
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ratio (SHR) were evaluated. The glycemic gap was calculated as the difference
between serum blood glucose on ICU admission and estimated mean blood glucose
derived from HbA1c at admission (ICU admission serum blood glucose - estimated
mean blood glucose), and SHR was calculated as the ratio between the same
parameters®. The level of HbA1c was used to estimate the mean blood glucose
concentration using the following formula: (28.7 x HbA1c) — 46.7 mg/dL [25]. For the
analysis of copeptin levels, patients were categorized at admission by presence of
hyperglycemia (defined as blood glucose 2140 mg/dL), by glycemic gap (< or 280
mg/dL), and by SHR (< or 21.1) [25].

The outcomes of interest were adjudicated by two researchers (L.R.H and
A.F.S) and included the following: ICU mortality, in-hospital mortality, 90-day mortality,
and length of stay (LOS) in the ICU and in the hospital.

3.3.2 Biochemical measurements

Blood samples (10 mL) for plasma copeptin determination were centrifuged at
3000 rpm for 20 min at 8°C and stored at -80°C. For analysis, the samples were
removed from the freezer and kept in room temperature to allow gradual thawing
before measurements. Plasma copeptin levels were determined by enzyme-linked
immunosorbent assay (ELISA) according to the manufacturer’s instructions
(Elabscience, Houston, TX, USA). This ELISA kit is based on the principle of
competitive ELISA, with a sensitivity of 18.75 pg/mL and a detection range of
31.25-2000 pg/mL. The concentration of human copeptin was determined by
comparing the optical density of the samples to a standard curve.

Blood samples for glucose determination were collected in tubes with sodium
fluoride, centrifuged for 10 min at 3670 rpm, and analyzed by a hexokinase
enzymatic method on the Roche COBAS c¢702 system (Roche Diagnostics,
Mannheim, Germany). For HbA1c determination, samples were collected in EDTA
tubes, homogenized and analyzed on the Bio-Rad Variant Il Turbo system (Bio-Rad,
Hercules, CA, USA), and processed by high-performance liquid chromatography. The

concentration of glucose was expressed as mg/dL and of HbA1c as percentage.
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3.3.3 Statistical analysis

Sample size was calculated to provide at least 80% power at an alpha error of
5% to detect a correlation of at least 0.3 between copeptin and blood glucose levels
(primary outcome). The sample size was calculated at 85 patients. Additionally, to
detect a 20% difference in copeptin levels between survivors and non-survivors
(secondary outcome), considering a power of 80% and an alpha error of 5%, a
sample size of 44 individuals per group was required. WinPepi version 11.65 (Brixton
Health, Jerusalem, Israel) was used for sample size calculation.

Data are presented as mean and SD, median and interquartile range (IQR), or
number of cases and percentages. Comparisons between groups were performed
using Student’s t test, Mann-Whitney U test, or chi-square test, as appropriate.
Correlations between variables were calculated using Spearman’s test. To assess the
relative risks (RR) of the variables and outcomes of interest, univariate linear
regression or logistic regression models were constructed depending on the
characteristics of the variables/outcomes. The plasma copeptin levels of survivors
and non-survivors were compared at different time points by generalized estimating
equations (GEE). Generalized estimation equations have been an analysis method of
choice for longitudinal studies in the health area. With this method, it is possible to
analyze continuous outcomes more than two times, in samples of non-parametric
distribution. In addition, it manages to include all subjects in the analyses, despite the
loss of information during the collections.Statistical analyses were performed using
SPSS 21.0 (SPSS Inc., Chicago, IL, USA) and Stata 12.0 (StataCorp LLC, College
Station, TX, USA). Statistical significance was set at p<0.05.

3.4 ResuLTs

3.4.1 Study population characteristics
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Of 345 eligible patients admitted to the ICU during the study period, 104 were
included (Figure 2.1). The main characteristics of the study population are
summarized in Table 2.1. Most patients were men (54.8%), with a mean age of 62
(SD, 15) years and mean SAPS 3 score of 66 (SD, 17). The leading cause of ICU
admission was hemodynamic shock (41.3%), followed by acute respiratory failure
(31.7%) and postoperative care (16.3%). In addition, there was a high incidence of
sepsis (68.3%). The most common comorbidities were hypertension (54.8%),
diabetes mellitus (33.7%), and heart failure (32.7%). Briefly, 69.2% of patients (n=72)
required mechanical ventilation (MV) and 29.8% (n=31) required renal replacement
therapy (RRT). Overall ICU mortality was 26.9% (n=28), in-hospital mortality was
37.5% (n=39) and 90-day mortality was 40.4% (n=42).

Figure 2.1 - Patient eligibility, enrollment, and follow-up.

345 patients eligible

56 lack of informed consent

55 absence of central venous access

52 central nervous system diseases

31 lack of logistics

20 death within 24 hours of ICU admission
7 pregnancy

6 discharge within 24 hours of ICU admission
5 ketoacidosis

2 massive transfusion

2 errors in sample processing

1 sickle cell anemia

108 patients enrolled ‘

3 lost of samples
1 withdrawal of informed consent

104 patients followed-up ‘

Source: authors
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Table 2.1 - Baseline demographic and clinical characteristics at the time of

intensive care unit admission

Characteristics

Patients (n=104)

Demographics

Age (years)

Male gender (n, %)
Comorbidities
Hypertension (n, %)

Diabetes (n, %)

Heart failure (n, %)

Chronic kidney disease (n, %)
COPD (n, %)

Hypothyroidism (n, %)
Reasons for ICU admission
Shock (n, %)

Acute respiratory failure (n, %)
Postoperative care (n,%)
Other (n, %)

Severity of lliness

SAPS 3

Presence of sepsis (n, %)
Use of vasopressors (n, %)
Need for MV (n, %)

Use of corticosteroids (n, %)
Glycemic Parameters
Blood glucose (mg/dL)
HbA1c (%)

Glycemic gap (mg/dL)

Stress hyperglycemia ratio
Nutritional therapy (n, %)
Insulin therapy (n, %)
Biochemical quantifications
Platelets (103/uL)

Urea (mg/dL)

Creatinine (mg/dL)

Sodium (mEg/L)

Potassium (mEq/L)
Hematocrit (%)

Hemoglobin (g/dL)
Leukocytes (103/mm?3)

PCR (mg/dL)

Lactate (mmol/L)

62+ 15
57 (54.8)

57 (54.8)
35 (33.7)
34 (32.7)
23 (22.1)
11 (10.6)
9(8.7)

43 (41.3)
33 (31.7)
17 (16.3)
11 (10.6)

66+ 17
71 (68.3)
78 (75)
72 (69.2)
48 (46.2)

145 + 53
591 1

23 (12 - 45)
1.22 £ 0.45
97 (92.3)
37 (35.6)

182 (125 - 266)
69 (43 - 96)

1.6 (1.1-2.6)
140 + 5.5
4.4+0.8

30.4 (24.7 - 36.3)
10.2+3.8

10 (7.3 - 15.3)
93 (48 - 185)

1.8 (1-3.4)

Source: authors

Note: MI - body mass index; SAPS 3 - Simplified Acute Physiology IIl; COPD - chronic obstructive
pulmonary disease; ICU - intensive care unit; HbA1c: glycated hemoglobin; MV - mechanical
ventilation; PCR - C-reactive protein. Glycemic gap was calculated by the difference between the
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serum glucose at admission and the estimated mean blood glucose derived from HbA1c. Stress
hyperglycemia ratio was defined by the ratio between serum glucose at admission and the estimated
mean blood glucose derived from HbA1c. Values are mean t+ standard deviation or median and
interquartile range.

3.4.2 Copeptin levels over time

Median copeptin levels did not differ between time points: 531 (IQR, 316-819)
pg/mL at T1 (n=104), 436 (IQR, 284-716) pg/mL at T2 (n=93), and 496 (IQR,
301-792) pg/mL at T3 (n=75) (p=0.17) (Figure 2.2). Death (n=9), discharge from ICU
(n=16), and sample hemolysis (n=4) precluded the measurement of copeptin levels
at all time points in 29 patients. Copeptin levels during the morning (6:00-12:00) were
compared to copeptin levels during the day (12:00-6:00) at copeptin T1 340 (IQR,
259-574) vs 562 (IQR, 327-898) pg/mL, p=0.02; at copeptin T2 399 (IQR, 329-503)
vs 441 (IQR, 276-772) pg/mL, p=0.39; and at copeptin T3 509 (IQR, 278-636) vs 491
(IQR, 301-884) pg/mL, p=0.53.

Figure 2.2 - Copeptin levels at three different time points. T1: first time point of
copeptin level (n=104); T2: second time point of copeptin levels (n=93); T3: third time
point of copeptin levels (n=75).
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3.4.3 Copeptin levels and glycemic parameters

Twenty-two patients (21.1%) received at least one dose of subcutaneous
insulin before admission to the ICU, and 37 patients (35.6%) received insulin during
ICU stay as part of their clinical care at the discretion of the attending physician
(subcutaneous or intravenous insulin). Mean blood glucose level was 145 (SD, 53)
mg/dL, median glycemic gap was 23 (IQR, 12-45) mg/dL, and mean SHR was 1.21
(SD, 0.45) (Table 1). No significant correlation was detected between admission
copeptin levels and blood glucose (r=-0.17, p=0.09), HbA1c (r=0.01, p=0.90),
glycemic gap (r=-0.16, p=0.11), and SHR (r=-0.14, p=0.16).
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Interestingly, no differences were detected in copeptin levels between patients
with (n=35) or without diabetes (n=69) at any time points at copeptin T1 444 (IQR,
301-770) vs 562 (IQR, 328-867) pg/mL, p=0.31; at copeptin T2 383 (IQR, 247-623)
vs 484 (IQR, 334-772) pg/mL, p=0.09; at copeptin T3 484 (IQR, 299-684) vs 560
(IQR, 305-846) pg/mL, p=0.55. Also, copeptin levels at T1 were compared according
to glycemic parameters and the results are presented in Table 2. A low SHR (<1.1)
were associated with higher copeptin levels (Table 2.2), however the association was
lost after adjustment to the ICU severity score SAPS 3 in logistic regression analysis
(RR 0.99 [95%CI 0.99-1.00], p<0.12).

Table 2.2 - Association of copeptin levels with glycemic parameters

Glycemic parameters Copeptin T1 (n=104) p

>140 448 (314-702)

Hyperglycemia 0.17
<140 572 (362-939)
>80 426 (305-959)

Glycemic gap 0.90
<80 531 (329-804)
>1.1 420 (312-624)

SHR 0.01
<1.1 662 (408-968)

Source: authors
T1: first time point of copeptin level. SHR: stress hyperglycemia ratio. Hyperglycemia and glycemic
gap are presented in mg/dL. Copeptin levels are present in pg/mL. Mann-Whitney U test was used. P
value was considered significant at P <0.05.

3.4.4 Copeptin levels and fluid balance

Mean fluid balance was -18 (IQR, -833 to 1097) mL at 24, -108 (IQR, -1089 to
532) mL at 48, and -654 (IQR, -1607 to 122) mL at 72 h. There was no correlation
between fluid balance at 24, 48, and 72 h and copeptin T1, T2, or T3 levels. Also, no
correlation was detected between serum sodium and copeptin levels at T1 r=0.096
p=0.3, at T2 r=0.11 p=0,2 and at T3 r=0.19 p=0,09

Additionally, there was no significant difference in copeptin levels between

patients with and without acute kidney injury at copeptin T1 664 (IQR, 364-915) vs
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453 (IQR, 312-777) pg/mL, p=0.28; at copeptin T2 423 (IQR, 267-844) vs 436 (IQR,
289-709) pg/mL, p=0.97); or at copeptin T3 589 (IQR, 308-1212) vs 496 (IQR,
301-727) pg/mL, p=0.58.

3.4.5 Copeptin levels and mortality

As expected, SAPS 3 score was significantly lower in survivors than in
non-survivors (61 + 16 vs 75 £ 15, p<0.001). However, no correlation was found
between copeptin levels and SAPS 3: T1 (r=-0.08; p=0.40), T2 (r=0.02; p=0.86), and
T3 (r=—0.05; p=0.60).

Copeptin levels did not differ between all survivors and non-survivors at
copeptin T1 708 (IQR, 562-854) vs 572 (IQR, 438-706) pg/mL, p=0.49; or at copeptin
T2 631 (IQR, 499-764) vs 514 (IQR, 380-649) pg/mL, p=0.47; but they were higher in
survivors at copeptin T3 571 (IQR, 380-884) vs 300 (IQR, 232-698) pg/mL, p=0.03
(Figure 2.3). Copeptin T3 levels were significantly higher in survivors at hospital
discharge 561 (IQR, 370-856) vs 300 (IQR, 231-693) pg/mL, p=0.01; and at 90 days
571 (IQR, 380-884) vs 300 (IQR, 232-698) pg/mL, p=0.03. The associations of
copeptin T1, T2, and T3 levels with mortality are summarized in Table 2.3. When a
sensitivity analysis at copeptin T1 and copeptin T2 is restricted to participants who
survived to copeptin T3 (n=75), the results are similar to the results of copeptin T3
presented in Table 2.3. Copeptin levels did not differ in patients with septic shock or
in patients with shock from other causes at T1 386 [299-939] vs 421 [327-777]
pg/mL, p=0.73, at T2 467 [264-930] vs 429 [315-622] pg/mL, p=0.81and at T3 506
[354-941] vs 491 [283-723] pg/mL, p=0.57.

Figure 2.3 - Copeptin levels at three different time points in all survivors and
NON-SUrvivors.
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Note: T1: first time point of copeptin level (n=104); T2: second time point of copeptin levels (n=93);
T3: third time point of copeptin levels (n=75).

Table 2.3 - Copeptin levels and mortality

All Copeptin Copeptin Copeptin
Outcomes (n=104) T P T2 P T3 p
ICU Survivors 534 436 517
. 28 (n=59) (325 to 777) (329 to 655) (351 to 792)
m‘(’r':f,j")'ty (26.9) ~Non-survivors 378 0.4 422 0.9 297 0.1
? (n=16) (316 to 930) (211 to 851) (233 to 1103)
Hospital Survivors 622 458 561
. 39 (n=49) (367 to 847) (367 to 727) (370 to 856)
m‘(’r':f,j")'ty (37.5) Non-survivors 363 0.4 396 0.27 300 0.01
¢ (n=26) (218 to 720) (210 to 735) (231 to 693)
Survivors 623 457 571
90-day 42 (n= 46) (365 t0 911) (348 to 752) (380 to 884)
(n%) (40.4)  Non-survivors 367 0.49 398 0.47 300 0.03
(n=28) (239 to 667) (218 to 704) (232 to 698)

Source: authors

T1: first time point of copeptin level; T2: second time point of copeptin levels; T3: third time point of
copeptin levels. Mann-Whitney U test was used. P value was considered significant at P <0.05.
Results are not adjusted for multiple comparisons. Copeptin values are present in pg/mL.
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A receiver operating characteristic (ROC) curve analysis was performed to test
the discriminatory power of copeptin to predict mortality. The area under the curve
(AUC) was 0.55 (95%CI 0.43-0.67) at copeptin T1, 0.57 (95%CIl 0.44-0.70) at
copeptin T2, and 0.67 (95%CI 0.53-0.81) at copeptin T3. Considering the cut-off
value of >300 pg/mL for copeptin T3 (obtained from the ROC curve analysis), the
sensitivity, specificity, positive predictive value, and negative predictive value were
50%, 90%, 72%, and 77%, respectively. Then, we divided patients into two groups
according to copeptin T3 levels (< or >300 pg/mL) to test the association with
mortality. At ICU day 3, patients with copeptin levels >300 pg/mL have a lower ICU
mortality (50 vs 12.3%, p=0.001), hospital mortality (72.2 vs 22.8%, p<0.001), and
90-day mortality (77.8 vs 24.6, p<0.001) than patients with copeptin levels <300
pg/mL. In multivariate analysis, which included SAPS 3, age, and diabetes mellitus
as covariates, the association remained significant with hospital mortality (RR 2.3
[95%CI 2.7-37.3], p=0.001) and at 90-day mortality (RR 2.5 [95%CI 3.2-49.9],
p<0.001). Patients with copeptin levels >300 pg/mL did not have longer LOS in ICU
compared to patients with copeptin levels <300 pg/mL 12 (IQR, 7-22] vs 11 (IQR,
6-14), p=0.22; as well as they did not differ regarding LOS in hospital 38 (IQR, 22-64)
vs 54 (IQR, 14-61), p=0.97.

3.4.6 Discussion

In this sample of critically ill patients, including one-third with diabetes, we
found no significant clinical correlation between copeptin levels and the following
glycemic parameters: mean blood glucose, HbA1c, glycemic gap, and SHR.
Interestingly, copeptin levels at ICU day 3 were increased in survivors to hospital
discharge as well as in survivors at 90 days.

Although studies of outpatients have demonstrated increased copeptin levels
in patients with diabetes and poor glycemic control?® and in healthy individuals with
higher glucose levels?, the present study in ICU patients does not support these

findings. In our study, no difference was identified in the distribution of copeptin levels
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between groups with or without diabetes and with or without hyperglycemia. In
addition, no correlations were detected between copeptin levels and glycemic
parameters, including those parameters related to stress-induced hyperglycemia, as
glycemic gap and SHR. Considering the effect of AVP on different receptors, it is
possible to understand, at least in part, the non-sustained association between
copeptin levels and glycemic parameters. The stimulation of V1a receptors results in
a stimulus to glycogenolysis and hepatic glucose output'. In turn, by activating V1b
receptors, AVP stimulates the secretion of insulin and glucagon, hormones with
opposite effects on blood glucose'’. Considering that acute stress can impact
long-term metabolic changes?, it is possible that copeptin at baseline might correlate
with blood glucose later in the hospitalization.

Stress-induced hyperglycemia in critical illness results from the interplay
between endocrine, autonomic and endothelial mechanisms with variable responses
across individuals®. Therefore, considering that glycemic control is a consequence of
multiple factors interacting in a complex way in a particular individual, it is difficult to
hold a single factor responsible for the major role in its determination. In the present
study, copeptin levels showed no significant correlation with blood glucose, glycemic
gap, and SHR, which suggests that copeptin is not a relevant determinant in the
induction of hyperglycemia during critical illness. There is no single clear-cut
pathophysiological explanation for stress-induced hyperglycemia in ICU patients, as
many inflammatory and hormonal factors seem to contribute, but our results suggest
copeptin is not a part of it.

In contrast to previous studies® %2, our results did not show an association
between copeptin levels on ICU admission and mortality. However, we did find
copeptin levels at ICU day 3 to be higher in survivors than in non-survivors, which
suggests that a sustained increase in copeptin levels might be necessary to recover
from acute stress, as well as from the higher catabolic demands of critical illness.
Glucocorticoids levels are often increased in the acute phase of critical illness,
whereas ACTH levels are suppressed (ACTH/cortisol dissociation)®. Assumed
mechanisms involve decreased hepatic inactivation, decreased renal excretion, lower

levels of cortisol binding globulin, increased levels of bile acids or direct stimulation of
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cortisol synthesis, and release by inflammatory cytokines®*. Also, it has been
demonstrated that ACTH)/cortisol dissociation has a negative impact on
prognosis®*3®. As glucocorticoids suppress AVP secretion, this hypercortisolemic
state during critical iliness might be a reason for the lower copeptin levels at day 3 in
NON-SUrvivors.

In contrast to previous studies, our results did not show an association
between copeptin levels at ICU admission and mortality. One possible explanation for
this difference is the severity of disease, since our sample included a heterogeneous
population of very sick patients, as demonstrated by high SAPS 3 scores (Table 2.1).
While our cohort had miscellaneous reasons for ICU admission, Koch et al.® included
patients with or without sepsis, Ristagno et al. *° restricted their population to
survivors of out-of-hospital cardiac arrest, and Seligman et al.3' studied patients with
ventilator-associated pneumonia. However, having higher copeptin levels at ICU day
3 was associated with a reduced mortality, but not with reduced LOS in ICU or LOS
in hospital. Besides, other important aspects of critical illness that may be related to
copeptin remain unclear in the literature. Krychtiuk et al.*® suggested that copeptin
levels may be elevated in sepsis, but no association was observed with disease
severity scores. On the other hand, Koch et al. ® suggested that higher copeptin was
associated with disease severity but not with sepsis. Although SAPS 3 score was
higher in non-survivors, it did not correlate with copeptin levels. In sum, the
heterogeneity of these results suggests that a comprehensive knowledge of the role
of copeptin during critical illness is lacking, dictating the need for further evaluation.

This is the first prospective study to evaluate copeptin levels with glycemic
parameters, but the study also has limitations. First, there were inevitable losses to
follow-up at T2 (10%) and T3 (22%) due to death or discharge from the ICU, before
patients had completed the time course of the study; however, the statistical test
used to compare the curve time points considered this information. Second, volume
status and fluid responsiveness were not assessed. The main role of AVP is to
induce water conservation by the kidney in order to maintain osmotic and
cardiovascular homeostasis?®. The strongest stimulus to AVP release is, in fact, the

changes in plasma osmolality, which were also not measured in the study. However,
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no correlation was found between copeptin levels and fluid balance, sodium levels, or
acute kidney injury. Third, copeptin was measured at a varying time points during the
day, which might have affected copeptin levels, since, as AVP, copeptin may have a
small diurnal variation in healthy individuals®. However, critically ill patients
frequently have abnormal circadian rhythms, as suggested by the lower levels of
copeptin in the morning. Fourth, insulin levels were not measured, which might have
been important to clarify a possible involvement of copeptin in insulin resistance.
Fifth, glycemic parameters were measured once at the admission of patients to the
ICU, making an interesting cross-sectional analysis impossible at a later time.

In summary, in this mixed medical-surgical series of 104 critically ill patients,
including patients with and without diabetes, no significant correlations were found
between copeptin levels and glycemic parameters, which suggest that copeptin is not
a relevant determinant of stress-induced hyperglycemia during critical illness. Of
note, copeptin levels at ICU day 3 were significantly higher in survivors than in
non-survivors, an interesting result that requires further investigation. Based on
previous studies and on ours results, we believe that a more comprehensive,

understanding of the role of copeptin during critical iliness is far from being achieved.
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4 CAPITULO Ill - CONSIDERAGOES FINAIS E PERSPECTIVAS FUTURAS

O horménio antidiurético (ADH) tem como principal fungdo a manutengao da
osmolaridade sérica e do controle da volemia. Contudo, estudos tém avancado no
entendimento da agcdo do ADH em receptores nos mais diversos tecidos '. Nesse
sentido, ressalta-se a influéncia do ADH na homeostase da glicose. Niveis séricos
elevados de vasopressina predizem o desenvolvimento de diabetes melito na
populacao geral. Com base nesse cenario, hipotetizamos que a mesma associagao
vista no contexto de doenca crénica pudesse ocorrer na doenga critica aguda. Para
avaliar melhor essa hipdétese, dosamos niveis séricos de copeptina, um marcador
indireto da secrecdo de ADH, de glicose e hemoglobina glicada em pacientes
admitidos em unidade de terapia intensiva (UTIl). Em nosso estudo nao houve
correlagao significativa dos niveis de copeptina com hiperglicemia ou com outros
parametros glicémicos, como variabilidade glicémica, gap glicémico e razdo de
glicemia de estresse. Esses achados reafirmam o conhecimento de que a
hiperglicemia de estresse é provavelmente multifatorial, ndo sendo o ADH o seu
principal fator causal.

Existem trés mecanismos descritos para a alteracdo da homeostase da
glicose na injuria aguda: o aumento da produgédo hepatica de glicose, a quebra de
glicogénio dos tecidos periféricos e a resisténcia a agao da insulina 2. O primeiro
desses mecanismos, mais conhecido como gliconeogénese, € a via predominante
para hiperglicemia no paciente criticamente doente. A gliconeogénese € promovida
pela resposta neuroenddécrina ao estresse por meio da acdo do cortisol e das
catecolaminas liberadas pela hipéfise no tecido hepatico 2. Nesse sentido, o ADH
também ¢ liberado de forma adaptativa na doenga aguda e atua como um promotor
da quebra de glicogénio nos tecidos periféricos (glicogendlise), também participando
na inducdo de um estado de hiperglicemia no estresse agudo. O estudo dos
receptores de vasopressina tem crescido e sugere uma agao antagbnica por meio
dos receptores V1a e V1b na indugcdo de hiperglicemia. Contudo, testes com

camundongos com delegdo de ambos os receptores (V1a e V1b) apresentaram
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fendtipo semelhante a delegado isolada do receptor V1a, mostrando que acédo do
ADH no estresse, em linhas gerais, estimula a glicogendlise ".

A hiperglicemia no paciente criticamente doente é amplamente associada com
piores desfechos clinicos, inclusive com maior mortalidade. Contudo, esse impacto
clinico ndo parece residir na indugcado desse estado de hiperglicemia e sim na sua
manutencdo sustentada. O estado de resisténcia a acdo da insulina parece ser
critico para evolugdo para um processo disfuncional 3. Na resposta metabdlica ao
estresse, os mecanismos neuroenddcrinos induzem a hiperglicemia, sobretudo, pela
liberagdo de horménio contra reguladores *. As citocinas tém um papel central na
inducdo do estado da resisténcia a agao da insulina, que culmina na disfuncéo
mitocondrial no tecido periférico e na formacdo de estresse oxidativo, o qual
aumenta a inflamagdo tecidual, gerando um ciclo de disfungdo celular * 6. A
manutencdo do catabolismo continuado culmina em dano celular, organico e, por
fim, em piores desfechos ndo apenas relacionados a mortalidade, mas também
associados a ocorréncia de morbidades em pacientes pos-internagao em UTI 7.

Foi objetivo do nosso estudo entender melhor o papel da copeptina na doenga
aguda. A copeptina € um glicopeptideo sem fungbes conhecidas no organismo, que
€ secretado de forma equimolar com o ADH, servindo como um indicador da
secrecdo de ADH com adequada correlagdo em diversos cenarios clinicos 8. Assim
como o ADH, niveis elevados de copeptina na admissdo de pacientes na UTI
associaram-se com mortalidade em diferentes condigbes de disfungédo de base °.
Contudo, o conhecimento sobre o curso dos niveis séricos da copeptina durante a
evolugdo da doenga aguda n&o sao bem estabelecidos.

Uma recente revisao brasileira sugeriu que durante a disfungdo organica
relacionada a sepse possa ocorrer um desacoplamento entre os niveis sanguineos
de copeptina e ADH durante o avango da doenca critica '°. Os niveis de ADH na
sepse aguda foram descritos como elevados na fase aguda e baixos na fase tardia,
ocasionado quadro de deficiéncia relativa na fase tardia . Enquanto a vasopressina
apresenta uma acao bifasica na sepse, a copeptina segue em niveis elevados ao
longo da evolugéo da doenca critica '°. Um estudo que avaliou a deficiéncia relativa

de vasopressina no choque hemorragico também demonstrou discordancia entre os
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niveis de vasopressina e copeptina apos 24 horas da admissdo na UTI '?. Pode-se
depreender desses estudos que a copeptina pode nao espelhar os niveis de
vasopressina em pacientes com deficiéncia relativa desse horménio durante a
evolucdo do insulto agudo. Nosso estudo teve a maior parte da populagdo admitida
por sepse (68% da amostra), podendo ser este um fator para explicar a falta de
correlagdo com parametros relacionados a funcédo da vasopressina, como o balango
hidrico. Se de fato em pacientes sépticos ndo ha validade para correlacdo entre
copeptina e vasopressina, faz sentido nosso estudo n&o ter encontrado associagoes.
Além disso, por questbes logisticas, a coleta de copeptina ndo foi realizada na
admissao na UTI e sim durante as primeiras 24 horas da internagao, fato que pode
ter impactado na auséncia de correlacdo com parametros de gravidade e associagao
com mortalidade, ao contrario do que €& demonstrado na literatura. Em nossa
amostra, niveis mais elevados de copeptina foram encontrados nos sobreviventes
no ultimo ponto da curva (copeptina T3, 48 horas). S&o poucos os estudos que
avaliaram os niveis de copeptina ao longo da internagdo e a maioria deles estudo
utilizou o método de ensaio imunoluminométrico em sanduiche, nao liberado pela
ANVISA no Brasil durante a realizagdo deste estudo ™.

A copeptina ndo tem fungdo conhecida no nosso organismo, 0 que né&o
significa que n&o tenha fungdo de fato. Assim sendo, um ponto de investigagao
futura podera ser a investigacdo da fungdo da propria copeptina, utilizando-se
modelos animais com delegao do gene da copeptina.

Em resumo, os resultados deste estudo foram importantes para o melhor
entendimento dos niveis séricos da copeptina na evolugcado da doenca critica. Apesar
de niveis mais elevados estarem associados a sobrevivéncia nesta amostra, néo se
pode determinar um papel especifico para a copeptina no metabolismo da doenga
critica. Infere-se dos nossos dados, entretanto, que a copeptina parece nao ter papel
no que se refere a indugéo da hiperglicemia. Apesar de fisiologicamente o ADH ter
uma agao secundaria na indugdo da hiperglicemia, a associagao entre copeptina e
hiperglicemia nao foi demonstrada neste estudo, talvez pela incerteza da correlagao
da copeptina com o ADH em paciente sépticos, um ponto a ser melhor avaliado

futuramente. Ressalta-se que a correlacdo de copeptina e vasopressina na fase



53

tardia da doencga aguda € pouco comprovada nos diversos contextos de choque,
com poucos estudos disponiveis. Assim, faz-se pertinente a avaliagao equiparada de
vasopressina e de copeptina durante a fase aguda precoce e tardia do doente critico
em diversos cenarios de disfungdo clinica, com o escopo de comprovar se a
copeptina € ou ndo um marcador fidedigno da secrecdo de ADH em pacientes

criticamente doentes.
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https://www.youtube.com/watch?v=ilHgyCuYNF4
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