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INTRODUCTION

Heart failure (HF) is a condition with high
prevalence and a significant impact on global
health, associated with elevated rates of mortal-
ity, morbidity, and costs. It is a complex syn-
drome whose pathophysiology involves
marked hemodynamic alterations—such as re-
duced cardiac output and systemic conges-
tion—demanding increasingly precise diagnos-
tic and therapeutic approaches (CHEUNG-

PASITPORN et al., 2024).

In this context, artificial intelligence (Al)
has emerged as a promising tool for enhancing
care in patients with HF. Through techniques
such as machine learning, deep learning, super-
vised and unsupervised algorithms, reinforce-
ment learning, and neural networks, Al enables
the processing of large volumes of clinical, la-
boratory, and imaging data, facilitating early
disease detection, outcome prediction, and
treatment personalization (CHEUNGPASIT-
PORN et al., 2024; SINGH et al., 2025).

The integration of AI with blood bi-
omarkers has allowed for greater precision in
risk stratification and therapy individualization
in HF patients, contributing to more effective
clinical decisions and slowing disease progres-
sion. Moreover, the concept of interoception—
the body’s ability to perceive and interpret in-
ternal signals such as heart rate and respira-

tion—has proven relevant in the cardiovascular

context. Interoceptive alterations can nega-
tively impact prognosis, and Al can assist in un-
derstanding and monitoring these physiological
mechanisms (SUN et al., 2023; SINGH et al.,
2025).

Among the practical applications of Al are
imaging processing techniques applied to ex-
ams such as echocardiography, cardiac mag-
netic resonance, and computed tomography,
which allow for more accurate structural and
functional heart analyses. Additionally, the use
of remote monitoring tools, automated analysis
of complementary exams, and large-scale lan-
guage models (LLMs), such as clinical chat-
bots, has expanded AI’s applicability in the out-
patient and home management of HF patients

(REICH & MEDER, 2023).

Heart failure remains one of the leading
causes of morbidity and mortality worldwide,
affecting more than 60 million people and plac-
ing a substantial burden on healthcare systems
(KHAN et al., 2023). Despite recent therapeutic
advances, traditional strategies still face limita-
tions, such as late detection and challenges in
accurately stratifying patient risk. Al emerges
as a strategic ally by integrating clinical, ge-
netic, and imaging data, promoting more per-
sonalized and effective care (CHEUNGPASIT-
PORN et al., 2024).

Therefore, this chapter is justified by the

need to understand how Al technologies can be
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integrated into HF management, aiming to en-
hance diagnostic accuracy, reduce clinical com-
plications, and promote treatment individuali-
zation. Given the increasing digitalization of
healthcare and the complexity of medical data,
it is essential to discuss the opportunities, ethi-
cal challenges, and limitations related to the im-
plementation of these technologies in the HF
context (REICH & MEDER, 2023; KHAN et
al., 2023).

Challenges and Future of Al in Heart Fail-

ure

Supervised learning techniques — such as
artificial neural networks (ANNs) and support
vector machines (SVMs) — have proven effec-
tive in analyzing electrocardiograms, while un-
supervised approaches have enabled the clus-
tering of patients with similar clinical charac-
teristics, facilitating risk stratification and ther-
apeutic planning (SUN et al., 2023; LI et al.,
2022). In the context of myocardial recovery,
machine learning algorithms applied to patients
with reduced ejection fraction or those sup-
ported by left ventricular assist devices
(LVADs) have demonstrated the ability to pre-
dict clinical outcomes with areas under the
curve (AUC) exceeding 0.85 (LANG et al.,
2024).

However, despite these advances, the in-

corporation of Al into clinical practice faces

significant challenges. The quality and diver-
sity of the data used to train models are critical
to their accuracy and generalizability. Incom-
plete, biased, or unrepresentative data under-
mine algorithm performance and can perpetuate
disparities — such as those based on race or so-
cioeconomic status (LANG et al., 2024). The
low interpretability of models, especially deep
neural networks, also hinders their acceptance
by healthcare professionals (AMIN et al.,
2021).

Moreover, unresolved ethical and regula-
tory issues remain — among them data privacy
protection, legal liability in the event of errors,
and the need for methodological standardiza-
tion. To overcome these limitations, measures
have been suggested such as building diverse
databases, employing explainable models,
training clinical teams, adopting metrics famil-
iar to healthcare providers, and establishing

clear data governance guidelines (LANG et al.,

2024).

In summary, Al has the potential to revolu-
tionize cardiology, particularly in the manage-
ment of heart failure. From early detection to
continuous monitoring and the discovery of
new therapies, the advances observed thus far
point to a promising future. Nevertheless, it is
essential that these technologies be imple-
mented ethically, safely, rigorously validated,

and equitably—ensuring that their benefits are
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fully realized by all populations (WEYMANN
etal., 2023).

Fundamentals and Clinical Applications of

Al in Heart Failure

The application of artificial intelligence
(AI) in cardiovascular medicine — especially in
the management of heart failure (HF) — has
gained prominence in recent decades, driven by
the growing demand for more effective diag-
nostic, therapeutic, and monitoring solutions.
Given that non-communicable chronic dis-
eases, particularly heart conditions such as HF,
rank among the leading causes of morbidity and
mortality in Brazil and worldwide, the integra-
tion of Al into healthcare systems represents a
paradigm shift in clinical practice (FARAH et
al., 2021; SOARES et al., 2024).

HF, characterized by the heart’s inability to
maintain adequate cardiac output without
pathologically elevated intracavitary pressures,
affects more than 64 million people globally,
with prevalence rising due to population aging

(MICHELHAUGH & JANUZZI et al., 2022).

In this context, Al emerges as a promising tool
for early diagnosis, risk stratification, remote
monitoring, and clinical decision support. Ma-
chine learning models have demonstrated supe-
rior performance over traditional methods in
identifying asymptomatic left ventricular dys-
function, interpreting echocardiograms, and
predicting response to cardiac resynchroniza-
tion therapy (CRT) (SOUZA FILHO et al.,
2020; SUN et al., 2023; NAZAR et al., 2023).

When integrated with Al, clinical decision
support systems (CDSSs) have expanded the
potential of personalized medicine. The use of
algorithms such as XGBoost and LightGBM
has proven capable of anticipating critical
events—such as cardiac arrest—up to six hours
in advance, outperforming previous approaches
in accuracy, sensitivity, and specificity (KIM et
al., 2023). Furthermore, Al applied to the anal-
ysis of electronic medical records (EMRs) and
omics data has enabled the discovery of novel
biomarkers and more precise stratification of
HF subtypes, facilitating targeted therapeutic
approaches and individualized prognoses

(MICHELHAUGH & JANUZZI et al., 2022).
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