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Traditional and Emerging Biomarkers in
Heart Failure

Cardiac Troponins and Natriuretic Peptides




Deterioration of Ventricular function
(Systolic and Diastolic function)

Cardiac fibrosis Ventricular hypertrophy

— Enlarged left
ventricle

— Weakened
heart muscle

Remodeling
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Comparison of BNP and NT-
proBNP are vital cardiac
biomarkers used to diagnose,

assess the prognosis of, and
manage various cardiovascular
CINENES

Feature BNP NT-proBNP

- Secreted by cardiac ventricles in Cleaved from proBNP during ENP
ource
response to stretch synthesis
Molecular
Active hormone Inactive fragment
structure
Half-life ~20 min ~60~120 min
Stability Less stable in blood samples More stable in blood samples
Heart failure (HF) diagnosis, prognosis,  Heart failure diagnosis, prognosis,
Diagnostic role
and treatment monitoring and treatment monitoring
Age impact Less affected by age Levels increase significantly with age
Moderately influenced by renal More significantly influenced by renal
Renal impact
dysfunction dysfunction
Reference Age-specific cutoffs; <300 pg/mL
<100 pg/mL typically indicates no HF
ranges often indicates no HF

Clinical use Acute and chronic HF management Acute and chronic HF management

Higher stability; useful for longer
Advantages Directly reflects cardiac activity
sample transport

Disadvantages Short half-life, less stable Age- and renal-dependent levels




The main advantages and
limitations of clinical use of NP.

Advantages Limitations

Early diagnosis marker in patients with diabetes The increase in BNPs and NT-proBNPs may also
in the absence of a clear clinical expression of ~ depend on other comorbidities such as chronic

heart failure. renal failure or atrial fibrillation.

In the absence of a defined cardiovascular
pathology, the dosage of NT-proBNP values The value of NT-proBNPs should also he
could predict the onset of heart failure, coronary correlated with age, sex, and BMI.

artery disease and stroke.

NT-proBNP values are significantly associated ~ There is a significant “gray area” in which the

with increased odds of advanced HF. diagnosis is rather indeterminate.

Correlation between NT-proBNP values and the
risk of adverse events in patients with heart

failure with preserved ejection fraction.




Risk factors

Symptom and/or\ __—

/ BNP > 100 pg/mL
Abnormal ECG

HFpEF

HFmrEF

HFrEF

HF unlikely,
consider other

83 diagnoses
1

NT-proBNP 2 300 pg/mL

/

X

Anomalies at
achocardiographic
evaluation

v/

Determination of H
phenotype
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HF phenotype and typical and atypical diagnostic
biomarkers

HF Typical Diagnostic
Atypical Diagnostic Biomarker
Phenotype Biomarker

MR-proADM, Gal-3, sST2, GDF-15, MMPs/TIMPs,

HFpEF NT-proBNP, MR-pro-ANP
FGF21, CRP

HFmrEF NT-proBNP, MR-pro-ANP  chromogranin A, copeptin, sST2, CA125, CAR

NT-proBNP, MR-pro-ANP,

HFrEF . chromogranin A, copeptin, sST2, CA125, CAR
cTn




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

proADM)

Strongly associated with disease
severity and mortality in chronic HF;
Heart failure (HF)
valuable for monitoring disease

progression and treatment efficacy

Levels correlate with HF severity and
NYHA class; provides predictive value

for long-term outcomes and mortality.

Acute coronary
Limited data on utility in ACS and
syndrome [ACS)
AML
and AMI

Independently associated with fatal
and nonfatal cardiovascular events in
ACS and AMI. Enhances risk
stratification beyond traditional

models and natriuretic peptides.

Effective for screening atrial
fibrillation [AF), particularly in

Screening potential community populations, and
identifying individuals at risk of

developing AF.

Primarily used for prognostic and risk
stratification purposes; limmited use in

AF screening.

Levels influenced by age, BM], race,
Influencing factors and sex; despite variability, it

remains reliable due to its stability.

remains highly predictive despite other

Levels independent of renal function,

age, and systolic blood pressure;

clinical variations.

Long half-life, stable, and highly

Adds significant prognostic value to
traditional risk models, particularly in
ACS and AMI; strong correlation with

cardiovascular stress and mortality.

Feature MR-proANP MR-proADM
Derived from the stable N-terminal A stable fragment of adrenomedullin, a
Biochemical source  portion of pro-atrial natriuretic peptide involved in vasodilation,
peptide (proANP). natriuresis, and diuresis.
Reflects atrial stretch and fluid
Reflects vascular stress, endothelial
Primary role overload, primarily linked to heart
dysfunction, and cardiovascular stress.
failure (HF).
Highly stable in circulation due to its
Highly stable, offering reliable
Stability longer half-life compared to atrial
measurement and prognostic insights.
natriuretic peptide (ANP).
Useful in acute and chronic HF, acute
Effective for diagnosing heart failure coronary syndrome (ACS), and acute
Diagnostic utility ~ (HF), although slightly less sensitive ~ myocardial infarction (AMI). Adds
than BNP and NT-proBNP. diagnostic value beyond natriuretic
peptides.
Superior prognostic value in
predicting mortality and
Excels in long-term prognostic value,
cardiovascular events in HE, ACS, and
Prognostic utility ~ particularly in predicting mortality

AMI. Qutperforms natriuretic peptides

over five years in chronic HE.

Advantages prognostic for HF and atrial
fibrillation risk.
Diagnostic sensitivity slightly lower
than BNP and NT-proBENF; levels
Limitations

vary with demographic and
physiological factors.

Limited availability in routine clinical
practice; specific role in AF screening

not established.
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2013 ACCF/AHA Heart Failure Guideline

Stages, Phenotypes and Treatment of HF

At Risk for Heart Failure Heart Failure

STAGE A STAGE B STAGE C
At high risk for HF but Structural heart disease Structural heart disease STAGED
without structural heart but without signs or with prior or current Refractory HF

disease or symptoms of HF symptoms of HF symptoms of HF

e.g., Patients with:

e HTN
: gt'\r)leroscleronc disease e.g., Pgtien:; Iw“h: N — e.g., Patients with:
) e Previous e.g., Patients with: Marked HF " t
o sty Structural heart \| » LV remodeling including ~ Development of o Known structural heart disease and Syt mnE Al Y QLB A A
* Metabolic syndrome . symptoms of HF . at rest, despite rest
p disease LVH and low EF o HF signs and symptoms GDMT italizati
) « Asymptomatic valvular . Recu.rrent hospitalizations
Patients ATEes despite GDMT

 Using cardiotoxins
o With family history of
cardiomyopathy

<

THERAPY
Goals
o Heart healthy lifestyle
* Prevent vascular,
coronary disease
e Prevent LV structural
abnormalities

Drugs

« ACEl or ARB in
appropriate patients for
vascular disease or DM

 Statins as appropriate

-

HFpEF HFrEF

<

THERAPY
Goals
® Prevent HF symptoms
® Prevent further cardiac
remodeling

Drugs

e ACEl or ARB as
appropriate

© Beta blockers as
appropriate

In select: tient:

* ICD

* Revascularization or
valvular surgery as
appropriate

THERAPY
Goals
e Control symptoms
o Improve HRQOL
o Prevent hospitalization
o Prevent mortality

Strategies
« |dentification of comorbidities

Treatment

 Diuresis to relieve symptoms
of congestion

o Follow guideline driven
indications for comorbidities,
e.g., HTN, AF, CAD, DM

* Revascularization or valvular
surgery as appropriate

THERAPY

|
« Control symptoms
 Patient education
o Prevent hospitalization
o Prevent mortality

Drugs for routine use

e Diuretics for fluid retention
« ACEl or ARB

 Beta blockers

o Aldosterone antagonists

Drugs for use in selected patients
o Hydralazine/isosorbide dinitrate
« ACEIl and ARB

* Digoxin

In sel ien

e CRT

«ICD

* Revascularization or valvular
surgery as appropriate

THERAPY

Goals

« Control symptoms

o Improve HRQOL

* Reduce hospital
readmissions

o Establish patient’s end-
of-life goals

Options

o Advanced care
measures

o Heart transplant

o Chronic inotropes

e Temporary or permanent
MCS

* Experimental surgery or
drugs

o Palliative care and
hospice

 |CD deactivation




Risk factors and comorbidities involved in the development of HFpEF,
HFmrEF and/or HFrEF2

HFrEF HFmrEF HFpEF
Age’-2
J T TT TTT * HFpEF and HFrEF share many risk
Female' BIY ! 1 factors, but some comorbidities differ
Hypertensiorﬂ,z T TT TTT * Compared with HFrEF, patients with
, HFpEF are more likely to:?
Obesit
y 1 1 1 * Befemale
Diabetes mellitus? ™ ™ . Beolder
Ischaemic heart disease™” [ 1 7 * Have non-cardiac comorbidities
Atrial fibrillation'2 & " (N * Be hospitalised for comorbidity-
lated ill
Chronic kidney disease’ ¥ i ™1 reiared ness

copb I T m

COPD, chronic obstructive pulmonary disease; HFmrEF, heart failure with mildly reduced ejection fraction; HFpEF, heart failue with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction
Figured modified from
1. Savarese G etal. Nat Rev Cardiol 2022;19:100-116; 2. Cvjic M et al. Heart Fail Rev 2022 (Epub ahead of print); 3. Simmonds SJ et al. Cells 2020; 9:242
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INFLAMMATION MYOCARDIAL REMODELLING
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EMERGING IRCULATING BIOMARKERS IN HEART FAILURE



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,

Qpporting their role in therapy/

J. Clin. Med. 2020;9:164

Cardiac
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Objective: identify
homogeneous
subgroups

Phenotypes profiling

Phenotypes: metabolic,
hypertensive,
arrhythmic, cardiorenal

Use of biomarkers,
imaging, and clustering
algorithms




Phenomapping: HFpEF model

SYSTEMIC
INFLAMMATION

STRUCTURAL/FUNCTIONAL
CARDIAC PATHOLOGY

MICROVASCULAR INFLAMMATION
ENDOTHELIAL ACTIVATION
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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

643 consecutively-evaluated patients with HFpEF undergoing invasive hemodynamic cardiopulmonary testing were categorized

into non-exclusive, clinically defined phenogroups.

Cardiometabolic (72%) Composite HF hospitalization or death,
BMI >30 kg/m’ 250 - <2 versus 22 Phenogroup Traits Present
and/or diabetes
10
= e T
stiff vascular (57%) 2004 Q o9 B
Pulse pressure >90 mmHg o is Ny Hﬁ
TACI <0.5 mL/m*/mmHg g .
3 & o7
£ 150. E os
3 ° 5
5 @ 05 p=000085
; < u
é 100 2
3 g 02
[0
» g«
@ oo
- 0 1000 2000 A 3000 4000 5000 6000
Left Atrial Time (days)
Myopathy (53%) 0. Number at risk
LA volume >34 mL/m?
or atrial fibrillation 0 1 2 3 4 | or less {210 107 59 24 10 3 0
£4433 254 141 56 20 2 0
No phenogroup (5.7%) m'ﬂn%%m‘:::mw) Number of Phenogroups Present 0 1000 2000 3000 4000 5000 6000
Time (days)

: — * Hemodynamic signatures and determinants of exercise
94.3% of patients categorized into a phenogroup, intolerance differed by phenogroup
Cardiometabolic group being most common. «  Greater phenogroup multiplicity associated with greater risk

Phenogroups displayed marked overlap

Most patients fulfilled criteria for 22 different phenogroups. These data underscore the complexity of HFpEF and underline
the need for novel treatments targeted to specific phenogroups.




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

EurJ Heart Fail 2024;26:564-577
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Y, Stress and HFpEF:
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Molecular Diagnostics in Heart
Failure: From Biomarkers to
Personalized Medicine

=

=

Biomarkers Heart Personalized

Genomics, Failure Medicine

transcriptomicics,  Liquid Tailored
proteomics, etc. biopsy diagnosis and tretment
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microRNA
Exosome W

Endothelial cell

Monitoring patients with
advanced therapies and
heart transplants.

Cardiac hypertrophy and
fibrosis.

Circulating free DNA

Inflamation in acute and
chronic heart failure.

Myocardial stress and
injury.

Cellular apoptosis.




Genomics and Transcriptomics in HF Diagnostics

Genetic Risk and
Polygenic Scores

/
~

Transcriptomic Profiling

Y,
_ R
Epigenetics and Non-
Coding RNAs

/
\

Biopsy and Non-Invasive
Molecular Tools

/




E&rw Proteomics Proteomics J
Protein Proteins of interest
extraction/isolation
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MIiRNA in HF.

miRNA

Role

mir-22

Regulates calcium reuptake by sarcoplasmic reticulum

Associated with hypertrophy and myocardial fibrosis

miR-133 /miR-

Their silencing reduces GLUT4 expression and thus increases

223-3p myocardial glucose uptake in HF patients
e [nvolved in HF-related fibrosis through the stimulation of the ERK-
miR-21
MAP pathway
miR-1 * [nvolved in regulating myocardial hypertrophy

miR-212/132

Associated with cardiac hypertrophy and HF




Nuove frontiere:
intelligenza artificiale e medicina di precisione

La crescente disponibilita di big data clinici e omici consente
I"applicazione di modelli di machine learning per:

Clustering di fenotipi nascosti

Predizione di risposta terapeutica

'integrazione tra Al e biotecnologia apre la strada alla
personalizzazione terapeutica per ogni paziente HFpEF.
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Summary of Technology-Driven Interventions in Heart Failure

Technology/intervention Device/Platform

Pulmonary artery
pressure monitoring |28

Wearable devices [33]

Al-driven predictive
algorithms [31.32)

Telemedicine & mobile
health [27]

CardioMEMS

Apple Watch, Fitbit,
ActiGraph

Heart-Logic,
SELENE-HF, Triage
HF

Telehealth
platforms, Health

apps

Management

Functionality Monitored
Pulmonary artery pressure

ECG, HR, oxygen saturation, physical
activity

Multi-parametric {(HR, impedance,
arrhythmias, activity)

Symptom reporting, vitals, medication
adherence, and patient education

Clinical Qutcomes Observed

48% reduction in hospitalizations;
improved QoL

Improved self-care behaviors; mixed
evidence for hospitalization reduction

Early wamnings for decompensation,
reduced hospitalizations

Improved self-care, no major impact on
clinical outcomes



POCT platforms and technologies

ML algorithms

Lateral flow assays
(LFASs)

B
<
o
a
o
=3
o
E]

: Y & H
v v &
5 ﬂ N L
Untrained Human SMARTA!-
1 individuals experts LFA :

Bline test (clinical validation)

b Prediction

Vertical flow assays

(VFAS)
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Support vector machines
Data augmentation
Self-supervised learning

Neural Networks

Physics-driven
computational models

Fully-connected neural networks
Statistical quality controls

Image morphology

Recurrent neural networks
Convolutional neural networks
Transformer models

Gate recurrent unit models

Convolutional neural networks

Differential analysis

Feature extraction

Dimensionality reduction

-

Automating interpretation
Improving sensitivity
Classification/quantification

Noise tolerance

Binary classification
Quantification
Computational optimization

Reducing assay cost

J

-

Reducing readout time
Result prediction/classification
Improving accuracy

Auto analysis/decision support

Quantitative/qualitative diagnosis
Reducing assay time
Automated interpretation

Image quality enhancement

v

ML-enhanced POCT platforms



Clinical Translation:
Challenges and Opportunities

"One-Size-Fits-All"
standardized
therapeutic regimen

Heart Failure Scope of Personalized Medicine

& alii

L l ™ |
. D 0
‘ P Molecular $ Pharmacogenomics
Tt Diagnostics 2B 5 .

Technology-Driven
Interventions

Tailored therapy

Treatment resistance Decrease hospitalizations
Suboptimal outcomes Minimise adverse effects
Adverse events Improve the clinical efficacy

o~

¢ 9 5 o 9 @
Y a 8

Standard Treatment may not fit for all Can improve Overall outcomes



Clinical Translation:
Challenges and Opportunities

_ Novel Biomarkers

_—

Validation Studies

l

Standardized Workflows Translational Research Education & Training Regulatory Framework Enhanced Outcomes & Efficiency

R NS

Clinical Integration

EHR & Analytics Multidisciplinary Collaboration Scalable Platforms Value-based Care




Clinical Translation:
Challenges and Opportunities

Future Directions in
Personalized Medicine for
Heart Failure Management

Robust Clinical Validation _
through Large-Scale Trials

'\Education, Training, and
Patient Engagement
Initiatives

Standardization
Digital Health Integration

and Consensus Building
and Interoperability
Multi-Omic and
Integrated Predictive Modeling Ethical, Legal, and
Social Frameworks

(ELSI)
Addressing
Population Diversity = Economic Evaluations and

and Equity Cost-effectiveness Studies
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