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Introducao

“Insuficiéncia cardiaca: estadio terminal e
iInexoravel de todas as doencas cardio-
vasculares...”
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Intervencoes terapéuticas nas fases mais
precoces das alteracoes cardiacas.

E possivel modificar os mecanismos neuro-
hormonais responsaveis pela manutencao e
progressao da doenca.

DIAGNOSTICO E ACTUACAO PRECOCES
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Introducao

v Ndo existe um método tunico para o diagndstico de
insuficiéncia cardiaca.

v A capacidade de diagnostico por meios puramente clinicos
é frequentemente insuficiente...

BIOMARCADORE '

Diagnostico precoce

Estratificacao da gravidade da doenca
Titulacao/monitorizacao da terapéutica
Determinacao do prognostico



Biomarcadores

Heart Failure Biomarkers

Neurohormonal * Remodeling, endothelial dysfunction
+ Natriuretic peptides (ANP, BNP C-reactive protein

CNP, and pro-peptides) Galectin 3

Markers of RAAS activity MMPs and TIMPs

Catecholamines Osteopontin

Adiponectin Cytokines (interleukinsIL-1, 2, 6, 8, TNF-a,

Endothelins

Adrenomedullin

b Vantagens? el

Arginine vasopress

* Necrosis and apo DiferengaS? poproteins

* Troponins ferase
* H-FABP Isoprostanes
* Fas (APO-1)

* Others
* Hormonal » Hemoglobin
* IGF-1 and GH * Creatinine and estimates of glomerular
e T, filtrationrate

R‘.%é) Heart failure h&art., Medscape




) ESC Guidelines for the diagnosis and treatment @

EUROPEAN

of acute and chronic heart failure 2012 Sociery or

CARDMOILOGY ™

Recommendations for the diagnostic investigations in ambulatory patients suspected of having heart failure

Measurement of blood chemistry (including sodium, potassium, calcium, urea/blood urea nitrogen, creatinine/estimated glomerular
filtration rate, liver enzymes and bilirubin, ferritin/TIBC) and thyroid function is recommended to:

(i) Evaluate patient suitability for diuretic, renin-angiotensin-aldosterone antagonist, and anticoagulant therapy
(and monitor treatment)

(ii) Detect reversible/treatable causes of HF (e.g. hypocalcaemia, thyroid dysfunction) and co-morbidities
(e.g. iron deficiency)

(iii) Obtain prognostic information.

A complete blood count is recommended to:

(i) Detect anaemia, which may be an alternative cause of the patient’s symptoms and signs and may cause worsening of HF

(i) Obtain prognostic information.

Measurement of natriuretic peptide (BNP. NT-proBNP, or MR-proANP) should be considered to:

(i) Exclude alternative causes of dyspnoea (if the level is below the exclusion cut-point-see Figure [-HF is very
unlikely)

(i) Obtain prognostic information.

A chest radiograph (X-ray) should be considered to detect/exclude certain types of lung disease, e.g. cancer (does not exclude asthma/
COPD). It may also identify pulmonary congestion/oedema and is more useful in patients with suspected HF in the acute setting.
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ECG normal
and
NT-proBMP <300 pg/mL
or
BNP <100 pg/mL

ECG abnormal
or
NT-proBNP =300 pg/mL®
or
BNP =100 pg/mlL®

ECG abnormal ECG normal
or and
NT-proBNP =125 pg/mL* NT-proBNP <125 pg/mL
or or
BNP 235 pg/mlL* BNP <35 pg/mL

'

Heart failure unlikely®

'

Heart failure unlikely®

If heart failure confirmed, determine aetiology and
start appropriate treatment.




Serial BNP for Guiding Treatment
During Hospitalization?

)




) ESC Guidelines for the diagnosis and treatment @
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of acute and chronic heart failure 2012 sodien o

14.3 Serial natriuretic peptide
measurement

High natriuretic peptide concentrations are associated with a poor
prognosis, and a fall in peptide levels correlates with a better prog-

nosis. However, several RCTs that evaluated natriuretic peptide-
guided treatment (intensifying treatment in order to lower
peptide levels) have given conflicting results.”®® It is uncertain
whether outcome is better using this approach than by simply op-
timizing treatment (combinations and doses of drugs, devices)

according to guidelines.




Zonas cinzentas do
BNP/NT-proBNP




Adrenomedulina (ADM)

R

Accio contra-reguladdu'-a' iy
sistemas simpatico e SRAA

“Upregulation of ADM represents a protective
mechanism..”

Kitamura K et al., Biochem Biophys Res Commun. 1993



Midregional pro-Adrenomedullin

(MR-proADM)
Hypothesis:

— "MR-proADM predicts disease severity and
outcome in patients with dyspnea.”

signal  PAMP Adrenomedullin

92 95 146 153

ELRMSS SYPTGLADVK AGPAQTLI

MR-proADM

Morgenthaler et al. Clin Chem; 2004



MR-proAdrenomedulina

Estratificacao da gravidade da IC

Prognostico da doenca




MR-proAdrenomedulina -
estratificacao de gravidade

O aumento dos niveis de ADM acompanha a
gravidade da disfuncao cardiaca, avaliada pela
classe NYHA.

Increased plasma adrenomedullin levels in chronic
congestive heart failure

Kohji Kobayashi, MD, Kazuo Kitamura, MD, Takuma Etoh, MD, Yoshitatsu Nagatomo, MD,
Makoto Takenaga, MD, Tadashi Ishikawa, MD, Takurch Imamura, MD, Yasushi Koiwava, MD,
and Tanenao Eto, MD Mivazaki, Japan

Estudos divergentes tém sido publicados
quanto a sua relacao com fraccao de ejeccao.

Nishikimi T, 3 Am Coll Cardiol 1995
Jougasaki M, J Clin Invest 1996

Kobayashi K., Am Heart J 1996

Nishikimi T, Cardiovasc Hematol Agents 2005
von Haehling S et al. Eur J Heart Fail 2010



/ MR-proAdrenomedulina -
Prognoéstico

Valor prognoéstico de mortalidade:

- Doentes ambulatorios estaveis com IC sistdlica
isquémica e nao isquémica.

Christopher A, Eur.].Heart Fail 2009

- Doentes internados em classe NYHA III-IV.

Coletta AP, Eur | Heart Fail 2009
BACH, Eur ] Heart Fail 2009

- Doentes internados por dispneia
independentemente da etiologia subjacente. y
Potocki, Critical Care 2009




Prognostic value of MR-proAdrenomedullin in
Dyspnea

Potocki et al. Critical Care 2009

Basel V study explored the concept of a biomarker on admission to
predict outcome . 287 ED patients prospectively enrolled with acute
dyspnea. Endpoint was 1 year mortality.

MR-proADM levels were elevated in non survivors compared to survivors
regardless of underlying disease. There was a stepwise increase in

all-cause mortality with increasing plasma levels
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Prognostic value of MR-proAdrenomedullin
in Dyspnea

Basel V study: 287 ED patients with acute dyspnea,

FU 1 year

MR-proADM on AUCO0,81 = 0,75
MR-proADM

admission predicts 30

0.80

days and 1 year mortality NT-proBNP
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than NPs regarding short
term mortality.

Combined MR-proADM
and NT-proBNP helps to
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Potocki et al. Critical Care 2009



Biomarkers in the Assessment of Congestive
Heart Failure

Biomarker trial, which compared the prognostic accuracy of mid
regional pro-Adrenomedullin (MR-proADM), proANP in
comparison with BNP and NT-proBNP for 90-day mortality in
patients presenting to the emergency room with acute heart

failure.

15 centros
N= 568 doentes admitidos por IC aguda




@ Survival in AHF - Area Under the ROC Curve Comparison

| MR-proADM predicts short term (30 day) survival exceptionally well. |

AUC 30 days | 90 days
2 MR-proADM 0.739 0674
< NT-proBNFP 0.641 0.664
- \ BNP 0.555 0.606
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Conclusions

@ In the group admitted with CHF, MR-

proADM was associated with a higher

(p < 0.001)

prognostic efficacy than both BNP and

73.5 NT-proBNP (p < 0.001 for both)

60.8 536

© Log MR-proADM was associated with a
significant improvement in prognostic
ability for 90-day mortality in the
multivariate model (p < 0.001)

© Assessment of MR-proADM can help to
20 ays prognostic acelracy In GHE identify patients who should receive
patients

B L L] e

MR-proADM BNP NT-proBNP




Mid-regional pro-adrenomedullin as a novel predictor of
mortality in patients with chronic heart failure

MR-ProADM is increased in HF in proportion to severity of disease and
is inversely related to left ventricular ejection fraction

MR-proADM and NT-proBNP levels increase according to NYHA class
N= 501 pts

Pe0.001 P<0.001

P<0.001

P<0.001
P<0.001 P<0.001

P<0.001 - P<0.001

100 000 ~
P<0.001
P<0.05 &
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von Haehling S et al. Eur J Heart Fail 2010




Mid-regional pro-adrenomedaullin as a novel predictor of mortality in
patients with chronic heart failure

MR-proADM and NT-pro-BNP added

P=0.00094

prognostic value to a base model

P<0.0001
(LVEF, age, creatinine, and NYHA) 1007 _P=0.0038
MR-proADM, LVEF and NYHA . 07
class are the only independent § 60 1
predictors of death % 40
- 20+
MR-proADM is an independent ° o&;} . g N 0§
preditor of mortality in CHF, Q;g_,e@ é\,q@ @Q&@v @QQ«OV

stronger than NT-proBNP

von Haehling S et al. Eur J Heart Fail 2010



Copeptina
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AVP Neurophysin 1| Copeptin
{CT-proAVP)

TRENDS in Endocrinaclogy & Melabolism

A copeptina é o fragmento
s C-terminal da vasopressina,
) molécula libertada pela
neurohipoéfise em resposta
— / a alteragdes da
L JO osmolaridade plasmatica.

down the axons

AVP and Copeptin release
into capillaries of the

FartoonCopepin o e Funcoes:

anterior pituitary
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into nearby capillaries
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ARTIGO ORIGINAL

Biomarcadores da classe funcional na insuficiéncia cardiaca
sistolica. Relevancia da copeptina

Joao Silva Marques®"*, Henrique Luz-Rodrigues®, Claudio David?, Ana G. Almeida?,
Antonio Nunes Diogo?

Objetivo: Identificar marcadores diagnésticos de estadio funcional elevado (NYHA
> Il).

Populacao e métodos: Estudo prospetivo em 37 doentes com antecedentes de
ICC sintomatica, estavel e com Fej. ventricular esquerda < 40%.

Rev Port Cardiol. 2012 Nov;31(11):701-710




ARTIGO ORIGINAL

Biomarcadores da classe funcional na insuficiéncia cardiaca
sistolica. Relevancia da copeptina

Leucocitos
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Creatinina
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— NT-pro-BNP
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Silva Marques J. et al.



Copeptina — estratificacao prognostica
na IC descompensada

100

JOUR &

Survival Rate

20 40 60
Time (Days)

Low Sodium / Low Copeptin (n=150)
High Sodium / Low Copeptin (n=118)

— Low Sodium ¢ High Copeptin (n=144) —
High Sodium / High Copeptin (n=144)

Xue et al. from the BACH Trial




Heart Fallure

Comparison of Copeptin, B-Type Natnuretic
Peptide, and Amino-Terminal Pro-B-Type
Natriuretic Peptide in Patients With Chronic Heart Failure

Prediction of Death at Different Stages of the Disease

Stephanie Neuhold, MD,* Martin Huelsmann, MD,* Guido Strunk, PHD,F Brigitte Stoiser, MD,¥}

Joachim Struck, PHD,§ Nils G. Morgenthaler, MD,§ Andreas Bergmann, PHD,§ Deddo Moertl, MD,*
Rudolf Berger, MD,* Richard Pacher, MD*

Vienna, Austria; and Hennigsdorf, Germany JACC, 2008

EMP+Copoptin
(AUC 0,744)

\.“ ¥
‘( ™
2l Copeptin (AUC 0.711)

< 5.75 pmol f1

T T T T T
0.2 0.4 0.6 0.8 1.0

Months 1-Specifity

Quartiles of Copeptin Z1 3= ROC for 24-Month Survival
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Association of Copeptin and N-Terminal proBNP
Concentrations With Risk of Cardiovascular Death in
Older Patients With Symptoms of Heart Failure EZE3

Urban Alehagen, MD, PhD; UIf Dahlstrom, MD, PhD; Jens F. Rehfeld, MD, DMSc; Jens P. Goetze, MD, DMSc

[+] Author Affiliations

Population: 470 elderly patients with heart failure symptoms between
January and December 1996.

Follow-up of 13 years.

Conclusion: Among elderly patients with symptoms of heart failure,
elevated concentrations of copeptin and the combination of elevated
| concentrations of copeptin and NT-proBNP were associated with
increased risk of cardiovascular and all-cause mortality.

In the ROC analyses, significant additive_information was gained by
adding one marker to the other in addition to clinical variables
(AUC: 0.70 -> 0.76, p=0,002)
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IMIR-proADNM/ Copeptina

» Valor prognostico na IC com fraccao de ejeccao
preservada?

» Valor progndstico no re-internamento por IC??
» Quals os desempenhos destes novos

biomarcadores nos subgrupos de doentes que
constituem a zona cinzenta do NT-proBNP?

Existe vantagem adicional numa estratéegia
baseada em multimarcadores:
NTproBNP/BNP+ADM +Copeptina ?
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NOVA ESTRATEGIA DE MULTIMARCADORES NA
ABORDAGEM DA INSUFICIENCIA CARDIACA CRONICA
DESCOMPENSADA

Doroteia Silva, Ana Rita Ramalho, Andreia Magalhaes, Nuno Cortez-Dias,
Claudia Jorge, Rui Placido, Joao Silva Marques, Pedro Carrilho Ferreira,
Miguel Menezes, Susana Martins, Mdnica Pedro, Jodo Menezes, Angela
Castro Lopes, Maria Eduarda Lourenco, Isabel Pinheiro, Dinora Pereira,
Carla Pascoa, Isabel Portela, Sara Lourenco, Filipe Florindo, Dulce Brito

Orientadora Cientifica
Prof2 Dra. Dulce Brito
Director do Servico
Dr. Antonio Nunes Diogo



Objectivo Principal - 1

@ Avaliar o valor da MR-proADM e copeptina em
doentes internados por insuficiéncia cardiaca
cronica descompensada como parametro de:

Estratificacao de gravidade: sintomatica e da
cardiopatia estrutural basal

(S

Identificacao de doentes de alto risco para eventos
adversos aos 12 meses: morte, morte cardio-vascular
e re-internamento por IC;

Comparando-o com o NT-proBNP.




Objectivo Principal - 2

» Determinar se existe vantagem adicional

numa estratégia baseada na combinacao dos
3 biomarcadores.




Objectivo Secundario

» Avaliar o desempenho dos biomarcadores ADM,
Copeptina e NT-proBNP na estratificacao da
gravidade sintomatica /estrutural da cardiopatia
subjacente e na sua capacidade preditora de

eventos adversos

Subgrupos: individuos obesos (IMC = 30kg/m?),
idosos (= 70 anos) e doentes com disfuncao renal
(clearance estimada de creatinina <30ml/min pelo
método MDRD),

Comparando-o com o de NT-proBNP.




Metodologia

Desenho do estudo

Estudo observacional prospectivo de doentes
internados nos Servicos de Cardiologia e Medicina
do Hospital de Santa Maria, que cumpram todos
os critérios de inclusao e nenhum dos critérios de
exclusao.




Critérios de Inclusao

1. Diagndstico de insuficiéncia cardiaca sistolica e/ou diastdlica
descompensada, com base nos Critérios de Framingham (é
necessario pelo menos um critério major e dois minor):

 Critérios majores: dispneia paroxistica nocturna, ingurgitamento jugular,
fervores, cardiomegalia, edema agudo do pulmao, ritmo em galope por S3,
aumento da pressao venosa (> 16 cm de H20), refluxo hepatojugular positivo.

o Critérios minor: edema das extremidades, tosse nocturna, dispneia aos
esforcos, hepatomegalia, derrame pleural, capacidade vital reduzida em
1/3,Taquicardia (> 120 bpm)



Criterios de Inclusao

2. Evidéncia ecocardiografica de disfuncdo sistdlica e/ou
disfungcao diastolica com pressoes de enchimento ventricular
elevadas.

Classificagao da disfung¢ao diastdlica:

» Defii | pelo
s Grau | ou ligeira: razdo onda E/A < 0.8, tempo de desaceleragdo (TD)
>200 ms, tempo de relaxamento isovolumétrico (TRIV) >100 ms, e’ septal
<8 cm/s e razdo E/e’ 2 15
« A d fluxo
tran empo
LG8 TRIV entre 60-100 ms, e’ septal < 8 cm/s e razdo Efe 215 al (e,
raza adade

2¥7s] Grau lll ou grave: razdo onda E/A >= 2, TD < 160 ms, IVRT < 60 ms, e’
septal < 8 cm/s e razdo E/e’ =2 15



Critérios de Exclusao

Admissao hospitalar > 24 horas
Auséncia de consentimento informado.




Metodologia

Admissao 3 meses 6 meses 12 meses
Av. clinica Av. clinica Av. clinica Av. clinica Avaliacgao clinica
Classe NYHA Classe NYHA Classe NYHA Classe NYHA Classe NYHA
Jolc TM6m QQoVM QQoVM QQoVM
Ecocardiograma Av. Analitica Av. Analitica Av. Analitica Ecocardiograma
Av. Analitica Av. Analitica

Endpoints primarios:
1. Morte
2. Morte ou reinternamento por IC descompensada

Analise estatistica: O potencial progndstico da MR-proADM foi avaliado pela curva
de sobrevivéncia de Kaplan Meier e analise de regressao de Cox.



Resultados

o 50 doentes; idade média: 69 14 anos
o 60% sexo masculino

Classe NYHA na admissao Etiologia da cardiopatia estrutural

B Cardiopatia
isquémica

M Classe M Cardiopatia

‘ NHYA il valvular
® Classe m Miocardiopatia
NHYA IV dilatada

M Outros

Disfuncgao sistolica: 92% dos doentes

Fraccao de Ejecgcao (FE): 31£11% (<30% em 49% doentes)



Resultados

Niveis de MR-proADM sérica na admissdo: 1.68 0.86 nmol/L
(normal 0.05 a 0.55 nmol/l)

| R=0.67, p <0.001 i 1 R=0.7, p< 0.001 .
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Resultados

Niveis de MR-proADM na admissao e classe funcional NHYA

1,51 1,1 /L
0,88 0,44 nmol/L IR0l
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Classe funcional NHYA na admissao




Resultados

MR-proADM na admissao e razdao E/E’ avaliada no
ecocardiograma inicial (12s 24 horas de internamento)

R=0.4, p<0,001
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Razado E/E’ na av. ecocardiografica inicial




Resultados

Niveis de MR-proADM e Fracao Ejeccao inicial (método Simpson BP)
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Resultados — endpoint morte

» Seguimento médio: 8 6 meses
» 14 doentes (28%) faleceram

MR-proADM admissao MR-proADM alta
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Resultados — endpoint morte

Niveis de MR-proADM na admissao

Survival Functions
<1,130 r):g/mL

MR-proADM admisséo
— 12 tercil

1,130-2,00 pg/mL
= 29 tercil
> 2,00 pg/mL 32 tercil

HR: 1,8
C195% 1,37-3,26
p=0.03
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Resultados — endpoint morte

Niveis de MR-proADM pré-alta

Survival Functions
< 0,69 pg/mL

MR-proADM pré-alta
0,69-1,12 pg/mL — 12 tercil

22 tercil
32 tercil

>1,12 pg/mL

HR: 2,7
Cl 95% 1,74-4,51
p=0.03
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Resultados- endpoint morte ou
reinternamento por IC

» Seguimento médio 8 6 meses
» 26 doentes (52%) evoluiram desfavoravelmente
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Resultados- endpoint morte ou
reinternamento por IC

Niveis de MR-proADM na admissao

Survival Functions

21,130 pg/mL
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Resultados- endpoint morte ou
reinternamento por IC

No modelo predictor multivariavel, que incluiu fracgao de
ejeccdo (Fej), MRproADM e NT-proBNP, apenas a

Score P value

MR-proADM admissao 4,719 0,030

NT-proBNP alta 3,112 0,078

Fej. VE ,349 0,555




Resultados - copeptina

50 - 39 doentes; 69114 anos; 23 homens; 29 (74%) em classe NYHA IlI

Niveis de Copeptina na admissao: 5445 pmol/L
normal 0 - 20 pmol/I
P <0.001

—— =00

21+12 pmol/L

Admission Discharge

Os niveis de copeptina nao diferiram de forma significativa



Resultados copeptina - endpoint morte
ou reinternamento por IC

» Seguimento médio 8 6 meses
» 20 doentes (52%) evoluiram desfavoravelmente
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Resultados copeptina admissao-
endpoint morte ou reinternamento por IC

Survival Functions

Copeptina admisséo
= 12 tercil

Copeptina < 49,62 pmol/L 22 e 32 tercil

= -

HR: 3,5
Cl 95% 1,36-8,98
p=0.009

Copeptina 2 49,62 pmol/L
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Resultados copeptina - endpoint morte
ou reinternamento por IC

Neste sub-grupo de doentes: nao houve
correlacao entre os valores de NT-proBNP
na admissao ou na alta e o prognostico no
seguimento.




Conclusoes

Na IC crénica descompensada, a MR-proADM é
um marcador forte de prognédstico de morbi-
mortalidade a longo prazo, tendo valor
independente relativamente ao NT-proBNP e a FE;.

No sub-grupo de 39 doentes, os nivels de
copeptina na admissao indiciaram um risco
elevado de mortalidade e reinternamento por IC a
longo prazo, tendo sido o valor progndstico deste
biomarcador superior ao do NT-proBNP.



MR-proADM, Copeptina, BNP/NT-proBNP

Trés biomarcadores neurohormonais —3 marcadores de activacao

dos sistemas neurohormonais na IC. ”

ADM

1. Valor no diagnostico de IC: BNP - excluir IC (VPN alto).
Atencao a grey-area! Superioridade ADM/copeptina?

2. Valor na estratificacao da gravidade: nem sempre superior
aos meios clinicos/laboratoriais/ecocardiograficos.
MR-proADM> Copeptina

3. Valor prognostico de mortalidade: MR-proADM e Copeptina
superiores ao BNP/NT-proBNP.

4. Valor no ajuste terapéutico da IC? BNP- Modesto (se algum..)



How Can We Make Sense of All These Markers?
BNP‘s/ADM/Copeptina/... -

futuras direccgoes

ABORDAGEM MULTI-MARCADORES

NA IC que permita uma melhor

caracterizacgao fenotipica da sindrome
<

Medidas terapéuticas especificas e

individualizadas!
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ACTIVATE

Acute heart failure patients with high

Copeptin levels treated with Tolvaptan

targets Increased aVp Activation for
Treatment Efficacy

ClinicalTrials.gov

A service of the U.S. National Institutes of Health
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