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Traditional and Emerging Biomarkers in 
Heart Failure

Cardiac Troponins and Natriuretic Peptides





NT-pro-BNP synthesis.



Comparison of BNP and NT-
proBNP are vital cardiac 

biomarkers used to diagnose, 
assess the prognosis of, and 

manage various cardiovascular 
diseases



The main advantages and 
limitations of clinical use of NP.





HF phenotype and typical and atypical diagnostic 
biomarkers



Mid-Regional Pro-Atrial Natriuretic Peptide (MR-proANP) and Mid-Regional Pro-Adrenomedullin (MR-
proADM)





Stages, Phenotypes and Treatment of HF

STAGE A
At high risk for HF but 

without structural heart 

disease or symptoms of HF

STAGE B
Structural heart disease 

but without signs or 

symptoms of HF

THERAPY

Goals

· Control symptoms

· Improve HRQOL

· Prevent hospitalization

· Prevent mortality

Strategies

· Identification of comorbidities

Treatment

· Diuresis to relieve symptoms 

of congestion

· Follow guideline driven 

indications for comorbidities, 

e.g., HTN, AF, CAD, DM

· Revascularization or valvular 

surgery as appropriate

STAGE C
Structural heart disease 

with prior or current 

 symptoms of HF

THERAPY
Goals
· Control symptoms
· Patient education
· Prevent hospitalization
· Prevent mortality

Drugs for routine use
· Diuretics for fluid retention
· ACEI or ARB
· Beta blockers
· Aldosterone antagonists

Drugs for use in selected patients
· Hydralazine/isosorbide dinitrate
· ACEI and ARB
· Digoxin

In selected patients
· CRT
· ICD
· Revascularization or valvular 

surgery as appropriate

STAGE D
Refractory HF

THERAPY

Goals

· Prevent HF symptoms

· Prevent further cardiac 

remodeling

Drugs

· ACEI or ARB  as 

appropriate 

· Beta blockers as 

appropriate

In selected patients

· ICD

· Revascularization or 

valvular surgery as 

appropriate

e.g., Patients with:

· Known structural heart disease and

· HF signs and symptoms

HFpEF HFrEF

THERAPY

Goals

· Heart healthy lifestyle

· Prevent vascular, 

coronary disease

· Prevent LV structural 

abnormalities

Drugs

· ACEI or ARB in 

appropriate patients for 

vascular disease or DM

· Statins as appropriate

THERAPY
Goals
· Control symptoms
· Improve HRQOL
· Reduce hospital 

readmissions
· Establish patient’s end-

of-life goals

Options
· Advanced care 

measures
· Heart transplant
· Chronic inotropes
· Temporary or permanent 

MCS
· Experimental surgery or 

drugs
· Palliative care and 

hospice
· ICD deactivation

Refractory 
symptoms of HF 
at rest, despite 
GDMT

At Risk for Heart Failure Heart Failure

e.g., Patients with:

· Marked HF symptoms at 

rest 

· Recurrent hospitalizations 

despite GDMT

e.g., Patients with:

· Previous MI

· LV remodeling including 

LVH and low EF

· Asymptomatic valvular 

disease

e.g., Patients with:

· HTN

· Atherosclerotic disease

· DM

· Obesity

· Metabolic syndrome

             or

Patients

· Using cardiotoxins

· With family history of 

cardiomyopathy

Development of 

symptoms of HF
Structural heart 

disease

2013 ACCF/AHA Heart Failure Guideline



Risk factors and comorbidities involved in the development of HFpEF, 

HFmrEF and/or HFrEF1,2

HFrEF HFmrEF HFpEF

Age1,2 ↑ ↑↑ ↑↑↑

Female1 ↓↓ ↓ ↑

Hypertension1,2 ↑ ↑↑ ↑↑↑

Obesity2 ↑ ↑ ↑↑

Diabetes mellitus2 ↑ ↑↑ ↑↑

Ischaemic heart disease1,2 ↑↑↑ ↑↑↑ ↑

Atrial fibrillation1,2 ↑ ↑↑ ↑↑↑

Chronic kidney disease1 ↑↑ ↑↑ ↑↑↑

COPD2 ↑ ↑↑ ↑↑↑

• HFpEF and HFrEF share many risk 
factors, but some comorbidities differ

• Compared with HFrEF, patients with 
HFpEF are more likely to:3

• Be female

• Be older

• Have non-cardiac comorbidities

• Be hospitalised for comorbidity-
related illness

COPD, chronic obstructive pulmonary disease; HFmrEF, heart  failure with mildly reduced eject ion fraction; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart  failure with reduced ejection fraction
Figured modified from
1. Savarese G et al. Nat Rev Cardiol 2022;19:100–116; 2. Cvijic M et al. Heart Fail Rev 2022 (Epub ahead of print); 3. Simmonds SJ et al. Cells 2020;9:242 







Summary of Biomarkers in Heart Failure: Roles, 
Utility, and Limitations

NT-proBNP/BNP  Ventricular stretch, volume overload Diagnosis, risk 
stratification, prognosis, therapy guidance Influenced by age, renal 
function, and obesity

Galectin-3 (Gal-3)  Fibrosis, inflammation Prognosis, risk stratification in 
HF Non-cardiac specificity (renal, cancer); variability across studies 

sST2 (soluble ST2) Myocardial stress, fibrosis Prognosis, risk 
stratification, and potential therapy guidance No reduction in mortality 
as a standalone marker 

microRNAs (miRNAs) Gene regulation, myocardial remodeling, fibrosis 
Early diagnosis, HF phenotyping, risk stratification Lack of 
standardization, small sample sizes 



Role of H-FABP (Heart-Type 
Fatty Acid-Binding Protein) 

Increased H-FABP levels are 
associated with ischemia, 

inflammation, fibrosis, and 
strain, ultimately leading to 

heart failure. 

Physical training and 
pharmacological interventions, 

such as anti-tachycardic therapy, 
have been shown to reduce 

plasma H-FABP levels, 
supporting their role in therapy

J. Clin. Med. 2020;9:164



Matrix Metalloproteinases 
(MMPs) and Tissue Inhibitors 
of Metalloproteinases (TIMPs)

MMPs and TIMPs are implicated in cardiac 
extracellular matrix remodeling, play a 
pivotal role in ventricular remodeling and 
fibrosis, impacting heart failure prognosis.

MMP-2 is involved in cardiac injury and 
repair, can impair ventricular function in the 
absence of superimposed injury, and may 
play roles in the maintenance of sarcomere 
proteostasis within striated muscle

Int. J. Mol. Sci. 2023;24:10649.



Objective: identify 
homogeneous 

subgroups

Phenotypes: metabolic, 
hypertensive, 

arrhythmic, cardiorenal

Use of biomarkers, 
imaging, and clustering 

algorithms

Phenotypes profiling



Phenomapping: HFpEF model





Clinical phenogroup diversity and multiplicity: Impact on 
mechanisms of exercise intolerance in heart failure with preserved 
ejection fraction Eur J Heart Fail  2024;26:564–577



Clinical phenogroup diversity and multiplicity: Impact on mechanisms of 
exercise intolerance in heart failure with preserved ejection fraction

Eur J Heart Fail  2024;26:564–577
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Genomics and Transcriptomics in HF Diagnostics

Genetic Risk and 
Polygenic Scores

Transcriptomic Profiling

Epigenetics and Non-
Coding RNAs

Biopsy and Non-Invasive 
Molecular Tools





miRNA in HF.



Nuove frontiere: 
intelligenza artificiale e medicina di precisione

La crescente disponibilità di big data clinici e omici consente 
l’applicazione di modelli di machine learning per:

Clustering di fenotipi nascosti 

Predizione di risposta terapeutica

L’integrazione tra AI e biotecnologia apre la strada alla 
personalizzazione terapeutica per ogni paziente HFpEF.





Summary of Technology-Driven Interventions in Heart Failure 
Management





Clinical Translation: 
Challenges and Opportunities



Clinical Translation: 
Challenges and Opportunities



Clinical Translation: 
Challenges and Opportunities
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