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Cardiovascular diseases (CVDs) remain the leading cause of morbidity and mortality worldwide, and traditional preventive measures focus on
lifestyle modifications, pharmacologic interventions, and risk stratification. Recently, imaging has emerged as an interesting tool in cardiovascular
prevention. This review explores the role of various imaging modalities in early detection, risk assessment, and disease monitoring. Noninvasive
techniques such as carotid ultrasound, arterial stiffness assessment, echocardiography, and coronary artery calcium scoring enable the identification
of subclinical atherosclerosis and ventricular dysfunction, providing insights that complement conventional risk factors. Coronary computed
tomography angiography and cardiac magnetic resonance offer high-resolution visualization of vascular and myocardial pathology, contributing
to refined risk stratification. Furthermore, emerging markers such as epicardial adipose tissue and hepatic steatosis are gaining recognition as
potential predictors of cardiovascular risk. Advancements in artificial intelligence (Al) are revolutionizing cardiovascular imaging by enhancing
image interpretation, automating risk prediction, and facilitating personalized medicine. Future research should focus on optimizing the integration
of imaging into clinical workflows, improving risk prediction models, and exploring Al-driven innovations. By exploiting imaging technologies,
clinicians could enhance primary and secondary prevention strategies, ultimately reducing the global burden of CVDs.
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INTRODUCTION This review aims to explore the role of imaging in cardiovascular
prevention, a field that has witnessed remarkable advancements
in recent years. While preventive measures have traditionally
focused on lifestyle modifications, risk factor management,
and pharmacological interventions, the integration of imaging
technologies is emerging as a pivotal component in the early
detection, risk stratification, and monitoring of individuals at
risk for cardiovascular events.

Cardiovascular diseases (CVDs) remain a leading cause
of global morbidity and mortality, imposing a substantial
burden on healthcare systems. Characterized by conditions
such as coronary artery disease, heart failure, and stroke,
CVDs contribute to a significant proportion of worldwide
health challenges. With the advancement of medicine in the
treatment of CVDs, it seems imperative to explore innovative
and effective approaches in prevention, considering that the - ;
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Among noninvasive techniques, the ankle—brachial index (ABI)
is a ratio calculated by comparing the systolic blood pressure
measured at the ankle with that measured at the brachial
artery. Proposed for noninvasive diagnosis of lower-extremity
peripheral artery disease, the ABI has demonstrated its potential
as an indicator of atherosclerosis in other vascular locations
and as a prognostic marker for cardiovascular events.!!
However, according to ESC Guidelines, its application in risk
classification is limited, except for women at intermediate
risk.™

Imaging modalities, ranging from traditional techniques
such as echocardiography to technologies like coronary
computed tomography angiography (CCTA), provide
unprecedented insights into cardiac and vascular structure,
function, and dynamics. The ability to visualize and assess
cardiovascular anatomy and physiology noninvasively has
revolutionized our understanding of disease progression and
allow for the implementation of personalized preventive
strategies.

In the realm of cardiovascular prevention, the utilization of
advanced imaging modalities plays a pivotal role in both
diagnosis and risk assessment. Here, we provide an insightful
overview of the various imaging modalities employed in
cardiovascular imaging.>*

NaturaL HisTory oF CARDIOVASCULAR DISEASE

DEVELOPMENT

The natural history of CVD unfolds as a complex interplay
of genetic, environmental, and lifestyle factors. The disease
typically begins with unmodifiable risk factors such as
family history, age, and gender, influencing the individual’s
susceptibility. Over time, unhealthy behaviors such as poor
diet, sedentary lifestyle, obesity, dyslipidemia, arterial
hypertension, diabetes, and smoking amplify these risks,
fostering the development of atherosclerosis, that initially is a
subclinical condition. Recently epicardial fat, a metabolically
active visceral adipose tissue surrounding the heart, has been
increasingly recognized as an independent cardiovascular
risk factor due to its proinflammatory and proatherogenic
properties, contributing to coronary artery disease and other
cardiac dysfunctions.®7! As atherosclerosis advances, it
may remain asymptomatic for years while in the meantime
it can develop an atherogenic plaque or a subclinical
cardiac dysfunction, such as adverse cardiac remodeling,
extracellular matrix remodeling, and myocardial fibrosis.
After that, especially in case of continuous poor control of
risk factors, a critical event can occur, such as the rupture
of a vulnerable plaque, leading to an acute event such as
myocardial infarction and stroke and so exacerbating the
CVD.M In the subject already suffering from CVD, clinically
symptomatic or not, the control of risk factors and the
correct application of pharmacological and interventional
therapies improve the prognosis, falling within the concept
of secondary prevention.

Noninvasive MoDALITIES IN CARDIOVASCULAR
Disease PREVENTION: UNLOCKING INSIGHTS WITHOUT
INvASIVE PROCEDURES

Essentially, the goal of using imaging in cardiovascular
prevention is to identify atherosclerosis and ventricular
dysfunction early when it has not yet caused the clinical event,
to apply proper pharmacological and interventional therapies.

Carotid ultrasound

This noninvasive imaging modality focuses on the
carotid arteries, offering real-time insights into vascular
structure and blood flow, and so identifying atherosclerotic
plaques [Figures 1-3]. A plaque is defined as a focal
wall thickening >50% than the vessel wall or a focal
thickening >1.5 mm. Carotid ultrasound aids in the early
detection of vascular changes and could contribute to
risk stratification and to inform about tailored preventive
measures. In fact, according to the 2021 ESC Guidelines on
Cardiovascular Prevention, this technique may be considered
a risk modifier in case of plaque detection in patients at
intermediate risk when coronary artery calcium (CAC) score is
not feasible.?! Systematic use of intima—media thickness (IMT)
to improve risk assessment is not recommended due to the
lack of methodological standardization, and the absence of the
added value of IMT in predicting future cardiovascular events,
even in the in the intermediate-risk group.®

Arterial stiffness

This parameter can be measured with several methods, the
more common of which are the pulse wave velocity (PWV)
and the arterial augmentation index.?* The PWV is determined
by recording the arterial pulse wave at a proximal artery,
typically the common carotid, and a distal one, like the
femoral. These arteries are commonly chosen due to their
superficial location, and to the fact that the distance between
these two arteries approximates the aortic measurement. The
instrument employed for this purpose is a pulse tonometer.”
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Figure 1: Mild carotid intima-media thickness. Normal values range
reference is 0.6-0.9 mm. The anechoic line is the internal elastic lamina
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Figure 2: Long axis view of an iso-echogenic soft plaque in the common
carotid artery, responsible of a noncritical stenosis

The augmentation index is an indirect measure of arterial
stiffness, and it is calculated as augmentation pressure divided
by pulse pressure x100: when stiffness increases, there is a
faster propagation of the forward pulse wave and a more rapid
reflected wave.l'” Some studies have demonstrated a possible
role of arterial stiffness in predicting CVD risk and improving
risk assessment.””! However, its measurement is difficult and
not so reproducible: these elements preclude widespread use.™!

Despite not being included in recent ESC Guidelines on
CVD Prevention, PVW and augmentation index have been
demonstrated to correlate with the risk of developing CVDs
and all-cause mortality, so being a useful tool to measure the
vessels aging and helping to estimate the CV risk.[''! A large
meta-analysis from 2014 demonstrated that PWV was an
independent predictor of coronary heart disease, stroke, and
CVD events.['?l Moreover, PWV was shown to be altered in
different risk profiles and to improve the risk prediction (13%
for 10-years CVD risk for intermediate risk) in some
subgroups!'?! [Figure 4]. It was even demonstrated that, in
hypercholesterolemic children, the PVW was already altered,
therefore, suggesting an early mechanism of atherosclerosis.[!
Arterial stiffness was correlated also with impaired diastolic
function and the earliest stage of heart failure.!'*

Echocardiography

Due to lack of evidence showing that echocardiography
improves CVD risk reclassification, this imaging technique
is not routinely recommended in primary CVD prevention
and risk assessment.””) However, the possibility of unveiling
subtle anomalies even before their clinical manifestation could
contribute, on an individual basis, to the risk stratification
and to guide personalized preventive strategies. In a recent
meta-analysis, hypertrophy, diastolic diameter, and dilations
of'the left atrium and of the aortic root were associated with an
increased risk of adverse events in individuals without known
CVDs.[" Several recent studies suggested a possible role of
novel echocardiographic risk marker, such as the longitudinal
strain, the three-dimensional morphological and functional
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Figure 3: Long-axis view of a hyperechogenic plaque at the bifurcation
of the common carotid artery

evaluation, and the identification and characterization of
epicardial adipose tissue (EAT). Moreover, it was described
the use of echocardiographic calcium score as a surrogate of
CAC score and as a predictor of angiographic coronary artery
disease.['>19]

Echocardiography has an important role in evaluating LV
systolic and diastolic functions, both with traditional methods
and with more recent methods.!'” In patient with asymptomatic
heart failure, echocardiography has been demonstrated to have
an incremental value to other risk factors in predicting the
evolution of heart failure and cardiovascular events.l' In young
athletes, after the electrocardiogram (ECG), echocardiography
is the essential first-line screening imaging technique in the
prevention of sudden cardiac death (SCD), allowing the early
identification of structural heart disease, that could be the cause
of SCD in these subjects.[*?% In asymptomatic patients with CV
risk factors, without know CV diseases, and with apparently
normal LV function, tissue Doppler imaging has been correlated
to a significant additional prognostic value, suggesting a
possible role in tailored preventive treatment.”!! Recently
strain imaging of LV is acquiring growing importance for the
evaluation of ventricular function® and has been demonstrated
to predict all-cause mortality better than ejection fraction and
wall motion score index.’! In cardio-oncology, the LV strain
has acquired great importance for detecting and evaluating
drug toxicity, even when the ejection fraction is normal or
mildly reduced® [Figure 5]. Moreover, LV strain could help
in the differential diagnosis of cardiomyopathies, hypertensive
heart disease, or athlete’s heart [Figure 6]. Traditional
cardiovascular risk factors can influence left ventricular
myocardial performance in a selective and gender-specific
manner, as observed in studies that assess systolic and
diastolic impairment through myocardial work quantification,
even if its role in cardiovascular prevention has not yet been
established.!*>? Transthoracic echocardiography (TTE)
easily?” allows to measure coronary flow velocity in the left
anterior descending (LAD) artery, obtained by pulsed-wave

Journal of Cardiovascular Echography | Volume 35 | Issue | | January - March 2025 -
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Figure 4: Carotid-femoral pulse wave velocity measurement: (a) normal pulse wave velocity in a young 29-year-old man with no cardiovascular risk
factors; (b) elevated pulse wave velocity in a 77-year-old man with obesity, type 2 diabetes and hypertension
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Figure 5: Global longitudinal strain (GLS) images from the same patient
before (left) and after (right) treatment with Doxorubicine. Left image: A
GLS average of —20.3% with ejection fraction (EF) 61%. Right image: A
GLS average of —17% with EF 60%, detecting a left systolic disfunction
even with normal EF. EF: Ejection fraction; GLS: Global longitudinal strain;
ANT_SEPT: Antero-septal; ANT: Anterior; LAT: Lateral; POST: Posterior;
INF: Inferior; SEPT: Septal

Doppler in mid-distal LAD, both the rest flow velocity and
the reserve flow velocity during stress with dipyridamole.
High resting coronary flow velocity is usually associated
with a reduced coronary flow velocity reserve, and it has
been associated with worse long-term survival in patients
with chronic coronary syndrome. In patients with chronic
coronary syndrome and normal LVEF, high resting coronary
flow velocity is a predictor of poor outcome; the combination
of high resting velocity and low reserve velocity has been
associated with the worst prognosis.”*’) More, in patients with
ischemic and nonischemic heart failure with reduced LVEF,
high resting coronary flow velocity has been associated with
worse survival, independently and additively to resting LVEF,
coronary flow reserve velocity, left ventricle contractile reserve,
and inducible ischemia.l*"]

Coronary artery calcium score
The determination of the CAC score is done from axial
scans of cardiac computed tomography (CT) [Figure 7],

Picco Strain Sistolico

Figure 6: Global longitudinal strain (GLS) pattern in different conditions:
Normal athlete (upper left), arterial hypertension (upper right),
hypertrophic cardiomyopathy (bottom left), transthyretin-amyloidosis
(bottom right). GLS: Global longitudinal strain, TTR: Transthyretin;
ANT_SEPT: Antero-septal; ANT: Anterior; LAT: Lateral; POST: Posterior;
INF: Inferior; SEPT: Septal

even without the use of a contrast medium. The effective
dose of radiation is usually low, <1.5 mSv, comparable to the
exposure associated with mammography.B?" A calcification
within epicardial coronary arteries is identified as an area of
hyperattenuation >1 mm? or >3 adjacent pixels with >130
Hounsfied units (HU)." The more used system for the
quantification of the CAC score is the Agatston method: it uses
the weighted sum of lesions multiplying the area of calcium by
a factor related to maximum plaque attenuation. This method
is reproducible and allows to categorize absolute scores as
0 (no), 1-10 (minimal), 11-100 (mild), 101-400 (moderate),
>400 (severe), and >1000 (very severe).

.Journal of Cardiovascular Echography | Volume 35 | Issue | | January - March 2025
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According to the 2021 ESC Guidelines on CVD Prevention,
the CAC score can be considered in addition to other risk
factors to upward or downward cardiovascular risk.”! Once
calculated, it should be compared with the exact value
expected for a subject of the same age and sex: based on this
comparison, cardiovascular risk is remodulated for better or
worse. This can be very useful in the case of calculated risk
values close to the thresholds. These recommendations come
from several studies and metanalyses, that have described
the addictive predictive value of CAC score in different
subgroups of patients.['>3233) The recent American College
of Cardiology/American Heart Association guidelines on
primary prevention of CV disease and on the management
of blood cholesterol have given an important role to the
CAC score in the decision-making process of the therapeutic
strategy with statins.*>*31 However, the limitations of the
CAC score should not be forgotten. In fact, it does not provide
information on stenosis severity or total plaque burden,
especially in the case of soft plaque.’! Another interesting
observation concerns the increase of CAC score during
treatment with statins, especially at high doses, due to an
increase of densely calcified plaque, that may represent the
plaque-stabilizing effect of statins beyond the deceleration
of atherosclerotic plaque progression due to cholesterol
reduction.’738 This is paradoxical because, stated that a
greater CAC score is a strong predictor of increased risk for
cardiovascular events, the increase of CAC density observed
with high-dose statin treatment may be associated with more
stable and less dangerous plaque features and so lower risk
of cardiovascular events.*”! Already in 2014, it was stated
that CAC density should have been considered together
with the CAC scoring system using the Agatson method.”!
Considering this, the role of CCTA as a noninvasive technique
to quantify and even characterize coronary plaques may be
relevant, and further studies would be desirable.

Figure 7: Cardiac computed tomography showing atheromatic coronary
calcifications. White arrows indicate coronary artery calcification and a
non-critical plaque

Contrast computed tomography coronary angiography
CCTA can identify coronary stenoses and predict cardiac
events, as shown in the literature™ [Figure 8]. In fact, the
use of this technique demonstrated to reduce the rates of
myocardial infarction or coronary death in patients with
stable angina.”? CCTA has a high negative predictive value,
contributing to rule out significant coronary artery disease and
providing reassurance in low-to intermediate-risk patients,
making it an interesting tool in cardiovascular prevention. In a
consistent study from 2009, led on 1256 patients with suspected
CAD, CCTA demonstrated to have a significant prognostic
impact on the prediction of cardiac events for more than
1 year, even identifying a patient population with an event risk
lower than predicted by conventional risk factors only.*! In a
subsequent study by the same group, aimed at evaluation of the
long-term prognostic impact of CCTA in patients with suspected
CAD, CCTA predicted death and myocardial infarction and the
need for subsequent revascularizations up to 5 years.*!! The
same group concluded by stating that CCTA, evaluating both
plaque burden and stenosis, carried additional prognostic value
and that a prognostic score based on these data could improve
risk prediction over clinical risk scores.?! Interesting results
come from the CONFIRM registry, led more than 10 years
ago in 12-center 6-country, over thousands of subjects. In
asymptomatic individuals, CCTA stratified the prognosis, but
the additional risk-predictive advantage was not clinically
significant compared with a classic risk model based on the CAC
score.™ In subjects with angina and suspected CAD, CCTA adds
incremental discriminatory power over CAC for the evaluation
of persons at risk of death or myocardial infarction.*4

CCTA was studied in different settings of CVD prevention
but actually there is no strong evidence to support its use
in this setting, because its value over CAC score is actually
not known.>#1 Recent trials such as SCOT-HEART™®! and
ISCHEMIA™ have demonstrated that increasing severity of

Figure 8: Contrast computed tomography coronary angiography
showing absence of significant epicardial coronary stenosis along the
main coronary axes. RCA: Right Coronary Artery; LAD: Left Anterior
Descending coronary artery; Cx: Gircumflex coronary artery

12 Journal of Cardiovascular Echography | Volume 35 | Issue 1 | January - March 2025 -
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atherosclerotic disease defined by CCTA correlated with the
risk of adverse events.

Early CCTA has focused on the study of obstructive stenosis;
CCTA is also the only noninvasive tool for the evaluation of
nonobstructive CAD, which contributes to adverse cardiac
events. Recent CCTA imaging technique studies enable the
quantification and characterization of atherosclerotic plaques,
assessing the extent of CAD and differentiating between various
plaque features. In fact, CCTA is useful in predicting clinical
outcomes basing on the extent of coronary atherosclerosis and
on plaque characteristics such as low attenuation-soft plaque,
positive remodeling, and spotty calcification.! Comparing
several studies, it seems relevant that not only plaque burden,
but also plaque location, composition, and vulnerability, along
with stenosis severity, play a role in pathophysiology and
outcomes.*! The combination of morphologic and functional
features of coronary plaques could improve the detection of
vulnerable plaques and therefore have a role in secondary
prevention.’ From a 2014 analysis of COURAGE trial
patients, it emerged that the anatomic burden of coronary
stenosis, in this case, evaluated using coronary angiogram
in patient treated medically, was a consistent predictor of
death and myocardial infarction, whereas ischemic burden
evaluated with single photon emission CT was not. In this
perspective, CCTA enables an accurate anatomic assessment of
coronary plaque and potentially could have an important role
as a prognostic stratifier.5! The application of semiautomatic
software has already been evaluated in 2016, where it was
observed that a semiautomatically derived index of total
coronary atheroma volume had good accuracy in identifying
patients with significant CAD.F?

This emerging evidence along with other applications based
on CT, such as derived fractional flow reserve and artificial
intelligence (AI), support the possible future role of CCTA
role as an important technique in CV primary and secondary
prevention.>

Cardiac magnetic resonance

Due to its limited availability and significant costs and
execution times, cardiac magnetic resonance (CMR) is
hardly used as a tool for primary cardiovascular prevention.
However, its enormous potential allows it to be used in
specific settings [Figure 9]. CMR, in fact, allows for the
accurate and highly reproducible evaluation of cardiac
morphology and function. Furthermore, a characterization
of the myocardial tissue is permitted, even without
the use of contrast medium. Finally, the evaluation of
perfusion and therefore myocardial viability should also be
mentioned. Thanks to these characteristics, CMR is now
increasingly used in the prevention of SCD in subjects with
cardiomyopathies and ischemic cardiopathy, overcoming
the known limits of left ventricle ejection fraction (LVEF)
calculated by echocardiography, that doesn’t seem to be the
most accurate parameter for arrhythmic risk assessment,
especially in nonischemic cardiomyopathies.’*>% In fact,
several cardiopathies (i.e. hypertrophic cardiomyopathy
and phenocopies, arrhythmogenic cardiomyopathy) present
a substantial arrhythmic risk beside a normal LVEF. Late
gadolinium enhancement (LGE), T1-T2 mapping, and
extracellular volume assessment have been reported to add
incremental value for arrhythmic assessment across both
ischemic and nonischemic cardiomyopathies.¥-6) LGE,
as an expression of fibrotic irreversible damage, has been
described as a strong predictor of SCD, both considering
the extension and the location, i.e. anterior or septal location
of the left ventricle.l’**7-% ts use as a predictor of SCD
risk is now admitted in multiparametric evaluation scores
and to guide the indication of implantable cardioverter
defibrillator in hypertrophic cardiomyopathy.l*- However,
LGE still suffers from limitations, like not being a static
phenomenon and because of the lack of a standardized
method of evaluation; more, data about its association with
the risk of SCD are sometimes conflicting, underlining the
need for further studies to obtain solid data.’> T1 mapping

Figure 9: Cardiac magnetic resonance images showing the adding value in precisely assessing dimensions and function of hearth, late gadolinium

enhancement site and extension

.Journal of Cardiovascular Echography | Volume 35 | Issue | | January - March 2025
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enables the assessment of fibrosis, and its use has been
described as a prognostic indicator in patient with ischemic
or nonischemic cardiopathy.®>% However, the lack of a
standardized evaluation method still precludes an extensive
use of T1 mapping. A suggested multiparametric method,
incorporating the measurement of scar tissue extent, left
ventricular end-diastolic volume, and regional wall motion
abnormalities, enhances the risk assessment of patients with
a history of myocardial infarction.!®”’ Magnetic resonance
imaging (MRI) is also essential in the differential diagnosis
of various phenocopies in patients with a hypertrophic
phenotype, distinguishing between hypertrophic sarcomeric
cardiomyopathy and other conditions such as cardiac
amyloidosis or Fabry disease. Moreover, cardiac MRI
is invaluable in diagnosing myocarditis, a condition that
can underlie SCD even in young athletes, highlighting its
importance in preventive cardiology. Finally, CMR could also
be useful for the evaluation of EAT that, as reported below,
plays arole in cardiovascular pathophysiology;*®! however,
strong data about the role of CMR in EAT evaluation in
cardiovascular prevention are missing. In conclusion, CMR
is a strong method to overcome the limitations of LVEF in
the evaluation of cardiac patients, being able to identify
myocardial fibrosis, which is an expression of cardiac damage
and one of the most relevant arrhythmic substrates. %!

EpicArDIAL ApiPoSE TissuE AND FATTY LIVER

The evaluation of EAT is a new element that seems to correlate
with the risk of atherosclerosis. EAT is typically identified as
the inhomogeneous hypoechoic formation located between
the outer myocardial wall and the visceral layer of the
pericardium!® [Figure 10]. In clinical practice, EAT thickness
is most commonly measured utilizing parasternal long-axis
views at the end-diastole phase, with a cutoff value of increased
EAT considered more than 5 mm.%’ Often EAT is limited
to the front of the right ventricle, and the measurement is
performed perpendicularly along the free wall of the right
ventricle. Other authors measured EAT at end-systolic phase,
and values have been averaged over three cardiac cycles.[’”
The same authors found that the median thickness of epicardial
fat was 7 mm in men and 6.5 mm in women among a large

Figure 10: Parasternal long-axis echocardiographic images demonstrating
epicardial adipose tissue (EAT) thickness. The white arrows indicate the
inhomogeneous hyoechoic formation corresponding to EAT, measuring
6 mm (left) and 8 mm (right).

cohort of patients who underwent TTE for standard clinical
indications.[”” Furthermore, Natale et al. proposed an upper
normal limit for EAT thickness of 7 mm, based on data gathered
from a study involving 50 healthy volunteers. Other authors
suggest that measurements >5 mm during end-diastole could
be considered as the cutoff value of increased epicardial fat,
but larger studies are missing.l’!) As recently described, EAT
is independently and linearly associated with coronary artery
disease and its severity.”" Moreover, EAT could have a role
in the development of several CVDs as atrial fibrillationt”! or
Takotsubo syndrome,’® through complex mechanisms and
could be a potential therapeutic target for novel cardiometabolic
medications that modulate adipose tissue.l””®! Given this, in
particular the simplicity of detection, EAT could, therefore,
play an important role in cardiovascular prevention and
treatment of CVD, both with echocardiogram and with other
cardiovascular imaging methods, even with the application of
deep learning technologies.>¢*""!

Hepatic steatosis, also known as fatty liver disease, is a
condition in which an accumulation of fats is created in the
liver. Generally, patients don’t have specific symptoms and so
they are unaware of this condition. The most recent literature
shows a close connection between nonalcoholic fatty liver
disease (NALFD) and CVDs.[”#I Ultrasound imaging is
frequently used to detect steatosis, even if it’s limited because
of nonquantitative and subjective assessment. It is not difficult
to imagine that NAFLD fits into a metabolic syndrome picture,
with various elements acting on the cardiovascular system.
Furthermore, NAFLD is associated even with endothelial
dysfunction, increased systemic inflammatory tone, and
systemic fat deposition: this is the result of an important
systemic disturbance in lipid metabolism. Although not
standardized, several articles conclude by underlining the
importance of a better description of the correlation between
NALFD and CVDs, to optimize the prevention strategies for
these two conditions.®% For this purpose, the visualization
and description of the liver echogenicity during the subcostal
sections of the echocardiogram might be a starting point.

THe RoLE oF ARTIFICIAL INTELLIGENCE

Due to the huge amount of real-world data about CVD risk
factors and prevention, the application of Al on these data
could lead to a personalized medicine and tailored primary
or secondary prevention strategies.®! Al techniques could be
easily applied to imaging tools, such as CT, echocardiography,
and CMR. In echocardiography, LVEF with automatic
calculation is an Al-learned pattern that can effectively calculate
LVEF.¥ Recently, a group from Japan successfully applied
a deep convolutional neural network technology to diagnose
regional wall motion abnormalities in patients with a history
of myocardial infarction.®” The automated global longitudinal
strain was described as an independent predictor of major
cardiovascular events in patients with a history of myocardial
infarction.®! The application of Al in CCTA imaging, that
is often time-consuming and requiring semiautomated
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evaluation, has recently reached brilliant results in accurate
and rapid assessment of stenosis, atherosclerosis, and vessel
morphology.®” A recent big multicenter international study on
subjects with a wide range of clinical presentations of coronary
artery disease that underwent CCTA demonstrated that a deep
learning system provides rapid and reliable measurements of
plaque volume and stenosis severity; more, this algorithm
has showed a potential significance in predicting prognosis
of myocardial infarction."!

CAC is visible on all CT scans of the chest but is not routinely
evaluated. Recently an international group evaluated a deep
learning system to automatically quantify coronary calcium
on routine cardiac-gated and noncardiac-gated CT of the
chest, studied on more than 20,000 individuals from cohorts
of asymptomatic and stable and acute chest pain subjects. The
study showed that the automated score is a strong predictor
of cardiovascular events and is independent by risk factors,
demonstrating its clinical value.” A study conducted
by Eisenberg et al. used a fully automatic deep learning
algorithm to qualify EAT volume and attenuation from
noncontrast cardiac CT in subject without a history of CAD:
this study demonstrated that automated-EAT was associated
with an increased risk of major cardiovascular events and
so may provide prognostic information in asymptomatic
patient, even without additional imaging techniques or human
interaction.

A multicenter British group applied Al on CMR and
obtained a very interesting result: in fact, in patients with
known or suspected coronary artery disease, reduced stress
myocardial blood flow and myocardial perfusion reserve
measured automatically with Al quantification provide a
strong and independent predictor of adverse cardiovascular
outcomes.”®! The Al-aided CVD outcome prediction seems
to be real and effective on real data, thus helping secondary
prevention. Al can also integrate different information at
different points in time, creating a personalized patient
risk model that is difficult to conceive and implement
by a human operator.® Even if not directly applied to
imaging techniques, the capacity of Al in the prediction
of cardiovascular events from the simple reading of ECGs
considered normal is sensational (86949

We mustn’t forget the limitation of Al, that are actually related
to the transparency and fairness of algorithms."®* The automatic
decision-making of Al enables decisions without human
interference; the result is more efficient data management but
also a more difficult understanding of decisions. This raises
a major ethical problem in the application of Al in medicine.

Examples of Al application in CVD prediction models are
growing fast and we are experiencing a turning point in recent
years. It is likely that the application of Al in this specific field
of medicine, with all the limitations and unknowns, will play
a primary role that will revolutionize the way of predicting
cardiovascular risk and therefore the way of carrying out
primary and secondary prevention.

CONCLUSIONS

Cardiovascular imaging plays a crucial role in assessing
cardiovascular risk by enabling the refinement of risk
stratification across a spectrum of baseline risk levels. The
examination of myocardial strain has proven valuable,
especially in specific patient subgroups, for detecting early
signs of ventricular dysfunction before clinical manifestation.
In low to intermediate-risk patients, CT coronary angiography,
incorporating the calculation of coronary calcium score,
is currently considered the preferred imaging method. The
potential discovery of novel risk markers, including through
echocardiography, cardiac tomography, and CMR, coupled
with the imminent integration of Al, enhances the promise and
utility of cardiovascular imaging in the realm of cardiovascular
prevention.
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