
Biomarcadores en la práctica clínica
(PEPTIDEOS NATRIURETICOS )

Paulo Bettencourt
Professor of Medicine
Faculdade de Medicina da UP
Head of Internal Medicine
Centro Hospitalar São João - Porto, Portugal1





BNP

Stability in vitro 
and in vivo

Standardized
“low cost”

Biological variability
References values/cut-off’s 

Acuity in diagnosis and 
prognosis

Cost/Eficacy

Analytic sensitivity 
Reproducibility
Acuity
Easy to perform

Ideal 

biomarker



• Sensitive / specific for HF

• Reproduced and standartized across 

clinical lab.

• Easy to perform

• Variations in biomarkers associated with

• Variations in clinical status

• Related to interventions

• Variations in prognosis

Synthesis and secretion of B-type natriuretic peptide 
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Diagnosis

ESC Guidelines for the 

diagnosis and treatment

of acute and chronic 

heart failure 2012



BNP IN THE DIAGNOSIS OF HF 

AMBULATORY
ACUTE SETTING

BNP AND PROGNOSIS HF
ACUTE HF
CHRONIC HF 



Cowie MR. Lancet 1997

BNP in the diagnosis of HF in primary care setting
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BNP in the diagnosis of HF
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BNP IN THE DIAGNOSIS OF HF 

AMBULATORY
ACUTE SETTING

BNP AND PROGNOSIS HF
ACUTE HF
CHRONIC HF 





McCullough P. Circulation 2002 

BNP and clinical probability of HF diagnosis
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Moe, G. W. et al. Circulation 2007;115:3103-3110
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Tsutamoto. Circulation 1997
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Kaplan-Meier curves for all-cause mortality and first morbid event
in subgroups by quartiles for BNP and NE.

BNP and prognosis in the ValHeFT trial

Anand SI. Circulation 2003
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Survival rates of patients with acute HF (n=720) du ring the
first 76 days following presentation

Januzzi J.. Eur Heart J 2005



• Sensitive / specific for HF

• Reproduced and standartized across clinical lab.

• Easy to perform

• Variations in biomarkers associated with

• Variations in clinical status

• Related to interventions

• Variations in prognosis – chronic HF
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Latini R. Circulation 2004



• Sensitive / specific for HF

• Reproduced and standartized across clinical lab.

• Easy to perform

• Variations in biomarkers associated with

• Variations in clinical status

• Related to interventions

• Variations in prognosis – acute HF
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NT-proBNP in acute HF
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Salah K, KokWE,Eurlings LW, Bettencourt P,Pimenta JM, Metra M, Bayes-Genis, A 

Verdiani V,  Bettari L, Lazzarini V, Damman P, Tijssen JG, Pinto Y. Heart 2013

Predictors Score for 180-day mortality* Regression coefficient

NT-proBNP reduction,  ≤30 % 1 0.511

NT-proBNP discharge value, pg/mL

1500–5000 1 0.713

5001–15 000 3 1.426

>15 000 4 1.776

Age at admission, years≥75 1 0.345

Peripheral oedema at admission

Yes 1 0.517

SBP at admission, mm Hg≤115 1 0.431

Hyponatremia at admission <135 mEq/L 1 0.374

Serum urea at discharge, mmol/L≥15 1 0.486

NYHA Class at discharge III/IV

Yes 1 0.403

ELAN-HF score



Mortality rates for the ELAN-HF score

Study cohort (%) Validation cohort (%)

Low ≤2 3.6 7.0
Intermediate 3–4 9.2 12.9
High 5–7 23.5 23.4
Very high ≥8 51.1 51.7

Salah K, KokWE,Eurlings LW, Bettencourt P,Pimenta JM, Metra M, Bayes-Genis, A 
Verdiani V,  Bettari L, Lazzarini V, Damman P, Tijssen JG, Pinto Y. Heart 2013



Use of b-type natriuretic peptide in clinical practice 
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Therapies for HF that may lower 
natriuretic peptide levels



Biomarker-guided therapy studies



• Natriuretic peptides guided therapy

• Benefits of this treatment approach have been
uncertain

• Both positive and neutral results
• Multiple heterogenous studies

– Small and underpowered
– Investigating different population
– Different natriuretic peptide targets established
– Different clinical endpoints
– Different control groups and different therapeutic

strategies in the study and control groups



Biomarker-guided therapy meta-analysis

6 Prospective randomized controlled trials
All-cause mortality
1627 patients

HR for mortality: 0.69 (95% CI: 0.55-0.86)

All-cause mortality meta-analysis
Felker, et al, Heart j 2009

All-cause mortality meta-analysis
Porapakkham, et al, Arch Intern Med, 2010

8 Prospective randomized controlled trials
All-cause mortality
1726 Patients

HR for mortality 0.76 (95% CI: 0.63-0.91)



Biomarker-guided therapy meta-analysis

• Pooled analysis of both positive and negative studies: 
25-30% adjusted reduction in mortality when biomarker 
guided therapy is given in adition to standard treatment

• Treatment effect comparable to that observed with individual 
components  of HF therapy (BB, ACEi, ARBs, aldosterone 
antagonists and CRT)

• Universally well tolerated, did not lead to higher rates of 
treatment related side effects



Kaplan–Meier survival curves for the primary 
endpoint, overall mortality

Effect of B-type natriuretic peptide-guided treatment of chronic heart 
failure on total mortality and hospitalization:

an individual patient meta-analysis

European Heart Journal Advance Access published March 6, 2014



Kaplan–Meier survival curves for the primary 
endpoint,
overall mortality: (B) below age 75 years (n ¼ 982),
(C) 75 years and above (n ¼ 1018).

Effect of B-type natriuretic peptide-
guided treatment of chronic heart 
failure on total mortality and 
hospitalization:
an individual patient meta-analysis

European Heart Journal Advance Access published March 6, 2014



Secondary endpoint, heart failure hospitalization, showing unadjusted individual and mean hazards 
ratios with 95% ci for nine studies providing individual patient data and two studies providing 
aggregate data. European Heart Journal Advance Access published March 6, 2014
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BNP guided therapy 

• BNP target

• How to

• Age

• Co-morbilities



Biomarker guided therapy key messeges
- 1st A low natriuretic peptide level is needed
Neutral studies (high natriuretic peptide targets, no separation in natriuretic

peptide levels between strategies, similar titration of prognostic modifying
therapy in both groups)

Positive studies: low target values sought and achieved

- 2nd Biomarker guided care requires effort
Studies with positive outcomes, intervention arms had more visits

- 3rd Adition and uptitration of therapy should be individualized
( titrating therapies other than loop diuretics)

In positive studies drugs with proven prognostic efficacy were uptitrated to a 
greater extent in the biomarker guided groups

- 4th Not all patients respond to biomarker guided care
Older patients appear to benefit less from biomarker guided care (TIME-
CHF, BATLLESCARRED); more comorbidities, more frequent and severe
intolerances to therapy
Concept of non-response/resistence to natriuretic peptide lowering
(UPSTEP)



BNP guided therapy in Heart Failure

Pilot study -Troughton RW – NZ

STARS BNP –Jourdain – France

STARBRITE –Shah – USA

Battlescarred –Ricahards AM – NZ

TIME-CHF – Brunner-la-Rocca – Sw

Protec –Januzzi J- USA

Upstep -Sewden 



Biomarkers in Acute HF

Natriuretic peptides

Diagnosis – co-morbilities
Procalcitonin
NGAL

Prognosis
Troponin T and I
Galectin 3
ST2
OPG
NGAL
Cystatin C
…..



Cardiorenal Syndrome









• Sensitive / specific for HF

• Reproduced and standartized across clinical lab.

• Easy to perform

• Variations in biomarkers associated with

• Variations in clinical status

• Related to interventions

• Variations in prognosis

Biomarkers in Heart Failure
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Biomarkers evaluated in the Acute HF setting

Natriuretic peptides

Diagnosis
Procalcitonin
NGAL

Prognosis
Troponin T and I
ST2
Galectin 3
Osteoprogesterin
NGAL
Cystatin C
….





Troponin Elevation in Heart Failure: Title and subTitle 
BreakPrevalence, Mechanisms, and Clinical Implications

J Am Coll Cardiol. 2010;56(14):1071-1078. doi:10.1016/j.jacc.2010.06.016

Inpatient mortality in patients with acute heart failure by troponin I quartile
in the ADHERE (Acute Decompensated Heart Failure National Registry)
study.





The TNF alpha superfamily









Biomarkers in Acute HF

The future

Multimarker aproach

Scores

Therapy according to risk







Biomarkers in Acute HF

The future

Multimarker aproach

Scores

Therapy according to risk



O’Connor MC et al. The PROTECT in-hospital risk 

model: 7-day outcome in patients hospitalized 

with acute heart failure and renal dysfunction. 

Eur J Heart Fail. 2012 Apr 25. [Epub ahead of 

print]

Protect score



Postmus D et al. The COACH risk engine: a multistate model for predicting survival and 

hospitalization in patients with heart failure. Eur J Heart Fail 2012; 14: 168-75.



Calculation of our risk score

Predictors Score for 180-day mortalitya

NT-proBNP reduction, %  ≤30 1

NT-proBNP discharge value, pg/ml

1500-5000 1
5001-15000 3
>15000 6
History of CHF

Yes 1
Peripheral edema at admission

Yes 1
SBP at admission, mmHg

≤115 1
Hyponatremia at admission, mmol/Lb

<135 1
Abbreviations: NT-proBNP, N-terminal pro-B-type Natriuretic Peptide; CHF, Congestive Heart Failure; SBP, 
Systolic Blood Pressure.
aMaximum penalty point in our newly developed risk score is equal to 11. bDefined as Sodium <135 mmol/l.

A novel discharge risk model for patients admitted for acute decompensated
heart failure incorporating N-terminal pro-B-type n atriuretic peptide levels

K. Salah, WEM. Kok, LWM. Eurlings, P. Bettencourt, JM. Pimenta, M.
Metra,; A. Bayes-Genis, V. Verdiani,  L. Bettari, V. Lazzarini, P. Damman,
JGP. Tijssen, YM. Pinto.

Ellan - score



Our newly developed Risk Score used to predict 180-day mortality 
and composite event rate in a cohort of 1301 pts admitted for acute
decompensated HF. Event rates increased significantly as the risk 
core increased (Log Rank p-value <.001).

A novel discharge risk model for patients admitted for acute decompensated
heart failure incorporating N-terminal pro-B-type n atriuretic peptide levels

K. Salah, WEM. Kok, LWM. Eurlings, P. Bettencourt, JM. Pimenta, M.
Metra,; A. Bayes-Genis, V. Verdiani,  L. Bettari, V. Lazzarini, P. Damman,
JGP. Tijssen, YM. Pinto.

Effect - score



Biomarkers in Acute HF

The future

Multimarker aproach

scores

Therapy according to risk







Biomarker guided strategies still
have to be validated extensively before coming
to daily clinical practice 

The potential of natriuretic peptides
in the management of HF patients is now obvious



Nieminen M et al. EuroHeart Failure Survey II (EHFS II): a survey on hospitalized acute heart failure patients: 

description of population. Eur Heart J 2006; 27: 2725–36.





Miller et al. Circulation 2007



Standard laboratory markers:
Sodium, Blood urea nitrogen, Serum creatinine, Hemoglobin, Leukocyte count, Total
lymphocyte count, Serum albumin, Total bilirubin, Uric acid, Red blood cell distribution width.

Neurohormones:
Catecholamines (norepinephrine, epinephrine), Renin, ACE activity, angiotensin II, and
aldosterone, Natriuretic peptides (ANP, BNP, C-type, N-terminal proANP, N-terminal
proBNP, mid-regional pro-ANP), Endothelin-1, Vasopressin/copeptin, Cardiotrophin-
1, Novel vasodilators (adrenomedullin and mid-regional pro-adrenomedullin, urotensin-II,
urocortin)

Inflammatory biomarkers:
High-sensitivity C-reactive protein, Myeloperoxidase, Galectin-3, Fatty acid binding protein,
Soluble ST2 receptor, Tumor necrosis factor-alpha and receptors, Interleukin-6 (IL-
6), Growth differentiation factor 15 (GDF-15), Osteopontin

Metabolic biomarkers:
Leptin, Adiponectin, Ghrelin, Apelin, Insulin-like growth factor-1 (IGF-1)

Other miscellaneous biomarkers
G-protein coupled receptor kinase-2 (GRK-2), Cardiac troponin I or troponin T, Myotrophin



Biomarcadores na IC: futuro?

• Evidência publicada ---------- prática clínica

• Pressupostos teóricos ≠ evidência clínica

• Estratégia: Abordagem 

MULTIMARCADORES



Natriuretic peptides in acute HF

B-type natriuretic peptide give significant prognostic 
information in acute HF episodes

We should aim for a 30% reduction in NT-proBNP 
levels together with clinical improvement before 

discharge of acute HF patients.



Para além do BNP – que BM?







Fig. 5   Kaplan?Meier survival curves for all-cause (left) and cardiac (right) mortality in 4 sub-groups identified according to cut-off values: 
2.1<ce:hsp sp="0.25"/> ng/L for fT3, and 165<ce:hsp sp="0.25"/> ng/L for BNP (168<ce:hsp sp="0.25"/> ng...

Daniela  Giannessi

Multimarker approach for heart failure management: Perspectives and limitations

Pharmacological Research Volume 64, Issue 1 2011 11 - 24

http://dx.doi.org/10.1016/j.phrs.2011.03.006



Novel biomarkers of heart failure, which are all systemically derived

de Couto, G. et al. (2010) Early detection of myocardial dysfunction and heart failure
Nat. Rev. Cardiol. doi:10.1038/nrcardio.2010.51



Fonarow G et al. Temporal trends in clinical characteristics, treatments, and outcomes for heart failure hospitalizations,2002 

to 2004: findings from Acute Decompensated Heart Failure National Registry (ADHERE). Am Heart J 2007;153:1021-8-





Braunwald, NEJM 2008

The Cytokine  Hypothesis of Heart Failure





Health outcome (yield) as a function of the cost. For any new intervention it will need to evaluate where it falls on the curve of additional yield 
in terms of health benefit versus additional cost.  <ce:source> Modified from Cowie <ce:cro...



Adams KF et al. Characteristics 

and outcomes of patients 

hospitalized

for heart failure in the United 

States: Rationale, design,

and preliminary observations 

from the first 100,000

cases in the Acute 

Decompensated Heart Failure

National Registry (ADHERE). 

Am Heart J 2005;149:209-16.



Braunwald’s Heart Disease – 8th Edition





Standard laboratory markers:
Sodium, Blood urea nitrogen, Serum creatinine, Hemoglobin, Leukocyte count, Total
lymphocyte count, Serum albumin, Total bilirubin, Uric acid, Red blood cell distribution width.

Neurohormones:
Catecholamines (norepinephrine, epinephrine), Renin, ACE activity, angiotensin II, and
aldosterone, Natriuretic peptides (ANP, BNP, C-type, N-terminal proANP, N-terminal
proBNP, mid-regional pro-ANP), Endothelin-1, Vasopressin/copeptin, Cardiotrophin-
1, Novel vasodilators (adrenomedullin and mid-regional pro-adrenomedullin, urotensin-II,
urocortin)

Inflammatory biomarkers:
High-sensitivity C-reactive protein, Myeloperoxidase, Galectin-3, Fatty acid binding protein,
Soluble ST2 receptor, Tumor necrosis factor-alpha and receptors, Interleukin-6 (IL-
6), Growth differentiation factor 15 (GDF-15), Osteopontin

Metabolic biomarkers:
Leptin, Adiponectin, Ghrelin, Apelin, Insulin-like growth factor-1 (IGF-1)

Other miscellaneous biomarkers
G-protein coupled receptor kinase-2 (GRK-2), Cardiac troponin I or troponin T, Myotrophin

Cardio-renal Syndrom
Creatinin, NGAL, Cystatin



Nieminen M et al. EuroHeart Failure Survey II (EHFS II): a survey on hospitalized acute heart failure patients: 

description of population. Eur Heart J 2006; 27: 2725–36.



ESC Guidelines for the 

diagnosis and treatment

of acute and chronic 

heart failure 2012



Fonarow G et al. Risk Stratification 

for In-Hospital Mortality

in Acutely Decompensated Heart 

Failure - Classification and 

Regression Tree Analysis. JAMA 
2005; 293: 572-580



Biomarkers and their organ-specific release sites

Maisel, A. S. & Choudhary, R. (2012) Biomarkers in acute heart failure—state of the art
Nat. Rev. Cardiol. doi:10.1038/nrcardio.2012.60











INFECTION



Maisel A et al. Eur J Heart Fail 2008;10:824-839



Neuro-hormones

Cardiac Injury

Inflamation, 

Endotelial dysfunction, 

remodelling

Oxidative Stress

Caquexia

Co-morbilities

Genetic
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• Sensitive / specific for HF

• Reproduced and standartized across clinical lab.

• Easy to perform

• Variations in biomarkers associated with

• Variations in clinical status

• Related to interventions

• Variations in prognosis

Natriuretic peptides in the management of Heart Failure
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ACE - inhibitors and BNP



Changes in plasma levels of brain 
natriuretic peptide (BNP) (expressed 
on a log scale) from baseline to three 
and six months in the placebo and 
spironolactone groups.

Beneficial neurohumoral profile of spironolactone in
severe HF

Rousseau MF. JACC 2002



Direct Medical Costs to 60 Days of Follow-Up in the NT-proBNP and Usual Care Groups

Moe GW et al. Circulation 2007; 115:3103-3110.

NT-proBNP
guided
n=246

Usual 
evaluation

n=254

p

Median duration of ED visit (h) 5.6 6.3 0.03

60-day rehospitalization rate (%) 33 51 <0.05

Median duration of ED visit among patients with 
20% to 80% likelihood of an HF diagnosis based 
on physician assessment (h) 

5.4 7.5 0.003

All ED visits, hospitalizations and outpatient 
services ($)

5180 6126 0.023

All ED visits and hospitalizations ($) 4958 5853 0.016



ROC analysis for the detection of heart failure and  LVD.

McDonagh T et al. Eur J Heart Fail 2004;6:269-273



Changes in BNP and prognosis

p (global) < 0.0001
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