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Abstract: Coronary artery disease (CAD) still represents a leading cause of mortality worldwide.
Early identification of patients at the highest risk of CAD is crucial to prevent acute adverse events and
reduce morbidity and mortality. The coronary artery calcium (CAC) score is a reliable cardiovascular
(CV) risk index with an independent prognostic value. Guidelines recommend using it as a risk
enhancer in individuals with low or moderate CV risk. However, other computed tomography
(CT) measurable parameters have recently been proposed as CV risk markers. Increasing evidence
demonstrates the association between epicardial fat volume and coronary atherosclerosis in chronic
and acute coronary syndromes. Furthermore, other parameters obtainable from CT, such as aortic
stiffness, liver fat, aortic calcium, and myocardial scarring, are under investigation. This review aims
to describe all CT potential in atherosclerosis detection and cardiovascular risk assessment beyond
the CAC, trying to understand how to integrate CT parameters with traditional risk factors and to
improve clinicians' ability to detect CAD early, allowing appropriate therapies promptly.

Keywords: cardiac computed tomography (CCT); cardiovascular (CV) risk; coronary artery calcium
(CAC) score; epicardial adipose tissue (EAT); coronary atherosclerosis

Coronary artery disease (CAD) still represents the first cause of death worldwide, and
its prevention (primary and secondary) has become a current health priority [1].

Estimating total cardiovascular (CV) risk is essential because it allows recognizing
patients who could benefit most from prevention models [2]. In apparently healthy individ-
uals, CV risk is composed of multiple risk factors (smoking habits, hypertension, diabetes
mellitus, obesity, dyslipidemia, and family history of cardiovascular diseases) that interplay
synergistically [3]. Therefore, various score systems including these CV risk factors have
been developed for global risk estimation; the most used is the systematic coronary risk
evaluation (SCORE) model and two variants for patients aged 40 to 69 (SCORE2) and for
individuals over 70 (SCORE-OP) [4]. However, these scores have several limitations and do
not allow for establishing the patient's absolute risk of developing coronary atherosclerosis.

Cardiovascular risk estimation has been improved in the last decade using imaging
techniques, mainly looking for subclinical atherosclerotic disease [3]. Cardiac computed
tomography angiography (CCTA) provides information on the presence and extension
of coronary stenoses and plaque burden and morphology. Moreover, the coronary artery
calcium (CAC) score has emerged as a marker of subclinical coronary disease in apparently
healthy individuals. However, according to existing models, its predictive value is lower
in patients with high or very low total CV risk [5]. Finally, epicardial fat volume, aortic
stiffness, liver fat, aortic calcium, and myocardial scarring might be potential markers for
the early detection of atherosclerosis and consequent CAD.
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In this background, this review aims to describe all cardiac CT potential in atheroscle-
rosis detection and CV risk assessment, focusing on the more traditional tools and emerg-
ing parameters under investigation. We also sought to provide information on integrat-
ing CT parameters with traditional risk factors to improve clinicians' ability to detect
CAD promptly.

Five reviewers shortlisted studies and abstracts about CT-scan and cardiovascular
risk assessment, excluding those that were not pertinent to the topic. Studies designed
as randomized controlled trials, non-randomized trials, descriptive, and qualitative were
included. The electronic search was performed on MEDLINE (pub-med) and conducted in
English. The software used for the bibliography management was MENDELEY. Keywords
and abbreviations were used for the concept of reduction/avoiding.

1. Current Role of CCTA in Clinical Practice and Guidelines
1.1. Chronic Coronary Syndromes

CCTA constitutes a first-line non-invasive tool in the diagnostic process of patients
with stable chronic coronary syndromes (CCS). Nevertheless, its role in this category of
patients went through a significant evolution. Indeed, the 2012 American Heart Asso-
ciation/American College of Cardiology (AHA /ACC) guidelines for the diagnosis and
management of patients with stable ischemic heart disease (SIHD) reported that CCTA
should be used as a first-line test for risk assessment only in patients with SIHD who were
unable to exercise to an adequate workload (class Ila) [6]. The 2016 United Kingdom (UK)
guidelines of National Institute for Health and Care Excellence (NICE) [7] recommend
CCTA as the first-line diagnostic test in patients with atypical and typical angina (or electro-
cardiogram abnormalities suggestive of CAD in the absence of symptoms). More recently,
the 2019 European Society of Cardiology (ESC) guidelines recommend CCTA (class IB) in
suitable patients with low-to-intermediate clinical probability of CCS (Table 1) [8]. Indeed,
the PROMISE trial demonstrated that CCTA is superior to functional testing in predicting
cardiovascular events in patients with chest pain suspicious for coronary artery disease
and reduces the rate of coronary angiography showing non-significant coronary artery
disease [9]. Moreover, the SCOT-HEART trial in the same group of patients confirmed that
using CCTA in addition to standard care resulted in a lower risk of death for CAD and
reduced incidence of non-fatal myocardial infarction [10].

1.2. Acute Chest Pain

In the emergency department setting, CCTA may help rule out acute coronary syn-
drome (ACS) in patients with low-to-intermediate pre-test probability (PTP) due to its high
negative predictive value. The 2014 American Heart Association/American College of
Cardiology (AHA /ACC) guideline for the management of patients with non-ST-elevation
acute coronary syndrome does not provide specific recommendations about CCTA [11].
However, CCTA is described as a more rapid and cost-effective diagnostic exam than
stress myocardial perfusion imaging in low-risk patients with chest pain. In front of
low-to-moderate risk of CAD and unconvincing results with cardiac troponin and/or
electrocardiogram (ECG), the most recent European Society of Cardiology (ESC) guidelines
for the management of acute coronary syndromes in patients presenting without persistent
ST-segment elevation propose CCTA (Class IA) as a substitute to coronarography for ruling
out ACS [12]. Furthermore, these recommendations advise performing CCTA (Class IB)
for patients with persistent suspicion of ACS who have no return of chest pain, normal
troponin values, and without electrocardiographic alterations before choosing an invasive
strategy (Table 1) [12].

1.3. Plaque Burden

Several studies highlighted the optimal negative predictive value of CCTA, reporting
annualized event rates ranging from 0.02% to 0.3% for short [13], intermediate [14], and
long-term [15] outcomes in patients with normal CCTA. Contrarywise, the CONFIRM
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(Coronary CT Angiography Evaluation for Clinical Outcomes: An InteRnational Multi-
center) registry indicated a strong association between the extension and distribution of
atherosclerotic plaques detected by CCTA and long-term prognosis, suggesting as the
CCTA plaque burden might represent a significant predictor of patient outcomes [16].

Table 1. ESC and AHA/ACC guidelines recommendations about CCTA application in chronic
coronary syndromes (CCS), acute coronary syndromes (ACS), and cardiovascular prevention.

Chronic Coronary Syndromes (CCS)
ESC 2019 AHA/ACC 2012
Non-invasive functional imaging for myocardial ischemic or
CCTA is recommended as the initial test to diagnose CAD in
symptomatic patients in whom obstructive CAD cannot be
excluded by clinical assessment alone
(I-B)
It is recommended that selection of the initial non-invasive
diagnostic test is done based on the clinical likelihood of CAD
and other patient characteristics that influence test performance,
local expertise, and the availability of tests.
(I-O)

CCTA should be considered as an alternative to invasive
angiography if another non-invasive test is equivocal or
non-diagnostic.

(I1a-C)

CCTA can be useful as a first-line test for risk assessment in
patients with SIHD who are unable to exercise to an adequate
workload regardless of interpretability of ECG
(ITa-C)

CCTA may be reasonable for risk assessment in patients with
SIHD who are able to exercise to an adequate workload but
have an uninterpretable ECG
(ITb-B)

CCTA can be useful for risk assessment in patients with SIHD
who have an indeterminate result from functional testing
(ITa-C)

Acute Coronary Syndromes (ACS)
ESC 2020 (NSTEMI) AHA/ACC 2021 (chest pain)
For intermediate-risk patients with acute chest pain and no
known CAD eligible for diagnostic testing after a negative or
inconclusive evaluation for ACS, CCTA is useful for exclusion
of atherosclerotic plaque and obstructive CAD

CCTA is recommended as an alternative to ICA to exclude ACS
when there is a low-to-intermediate likelihood of CAD and
when cardiac troponin and/or ECG are normal or inconclusive
(I-A)

(I-A)
In patients with no recurrence of chest pain, normal ECG
findings, and normal levels of cardiac troponin (preferably high For intermediate-risk patients with acute chest pain with
sensitivity), but still with a suspected ACS, a non-invasive stress evidence of previous mildly abnormal stress test results,
test (preferably with imaging) for inducible ischaemia or CCTA CCTA is reasonable for diagnosing obstructive CAD
is recommended before deciding on an invasive approach. (ITa-C)

(I-B)

CardiovascularPrevention
ESC 2021 AHA/ACC 2019
In intermediate-risk (7.5-20% 10-year ASCVD risk) adults or
selected borderline-risk (5-7.5% 10-year ASCVD risk) adults in
whom a coronary artery calcium score is measured for the
purpose of making a treatment decision:
-CAC scoring is zero — it is reasonable to withhold statin
therapy and reassess in 5 to 10 years, as long as higher-risk
conditions are absent (e.g., diabetes, family history of premature
CAD, cigarette smoking);
-CAC score is 1 to 99 — it is reasonable to initiate statin therapy
for patients >55 years of age;
-CAC score is 100 or higher — it is reasonable to initiate
statin therapy
(ITa-B)
CCS: chronic coronary syndromes; CCTA: coronary computed tomography angiography; CAD: coronary artery
disease; STHD: stable ischemic heart disease; ECG: electrocardiogram; ACS: acute coronary syndromes; CVD: car-
diovascular disease; ICA: invasive coronary angiography; CAC: coronary artery calcium; ASCVD: atherosclerotic
cardiovascular disease.

Coronary artery calcium (CAC) scoring can reclassify CVD risk
in addition to conventional risk factors, and may be considered
in men and women with calculated risks around decision
thresholds

Several studies demonstrated how patients might be stratified across a risk continuum
beyond a simple classification based on the presence of stenoses [17,18]. Indeed, in com-
parison to people without detectable plaques, the recognition of non-obstructive CAD on
CCTA, which is typically undetected by stress test methodologies, has been related to an
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adjusted hazard ratio for major adverse cardiac events (MACEs) among 1.6 and 7.1. [19].
Multiple studies showed that the number of segments involved is one of the best predictors
of outcome, surpassing scores that only consider segments with mild or moderate steno-
sis [14,18]. Bittencourt et al. demonstrated that patients with nonobstructive CAD involving
>4 coronary segments had a similar rate of cardiovascular death or myocardial infarction
(MI) as those who had obstructive disease with <4 diseased segments [17]. The type of
vessel involved also influences the prognosis of these patients. According to Weir-McCall
et al., non-obstructive left main coronary artery disease, contrary to patients with CAD not
including left main, was found to be related with a superior rate of plaque advancement
and increased prevalence of high-risk plaques across the coronary artery tree. This implies
that non-obstructive left main illness may serve as a potential indicator of a CAD category
that is aggressive and may profit from a more aggressive therapy strategy [20].

Notably, plaque burden assessment by CCTA can be semi-quantitative, by counting
the number of segments involved by atherosclerosis (segment involvement score (SIS),
segment stenosis score (SSS), or CT-adapted Leaman score) [21] or quantitative through
plaque burden using automated or semi-automated softwares [22].

In addition, numerous longitudinal trials have evaluated the function of quantitative
coronary computed tomography (QCCTA) in the development of CAD across succedent
CCTA studies in terms of disease advancement. Variations in QCCTA markers served
as potential predictors for the progression of atherosclerotic plaque in the PARADIGM
registry [22].

1.4. Plaque Morphology

Although the risk of plaque rupture is proportional to the extent of stenosis, it has
been reported that nonobstructive lesions with typical features of plaque composition
represent the majority of culprit lesions in ACS. Chang et al. realized a nested case-
control study within a cohort of 25,251 patients undergoing CCTA with a follow-up of
3.4 years. ACS and non-event patients without prior CAD were matched for risk factors and
CCTA-rated obstructive (>50%) CAD [23]. Thus, separate core laboratories performed a
blinded assessment of coronary lesions detected by CCTA, quantifying the percent stenosis
diameter (SD), the percent plaque burden (PB), the plaque volume (PV) by composition
(calcified, fibrous, fibrofatty, and necrotic core), and identifying high-risk plaques (HRP)
(Figures 1 and 2). Notably, HRP was reported in 52% of ACS patients. Moreover, the
authors reported higher PB and fibrofatty and necrotic PV in patients with ACS than
non-event patients, regardless of stenosis severity [23].

Figure 1. Right coronary artery unstable plaque: (a) Coronary computed tomography angiography
(CCTA) assessment; (b) invasive coronary angiography (ICA) assessment.
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Figure 2. Coronary artery stable plaques: (a) calcific plaque; (b) fibro-calcific plaque.

From a histopathological perspective, a vulnerable plaque is defined by a thin fibrous
cap, a large necrotic core, the presence of positive remodeling (PR) (remodeling index > 1.1),
perivascular inflammation, and spotty calcifications. Moreover, recent studies have re-
ported a specific attenuation pattern of atherosclerotic plaques on coronary CT images
called “napkin ring sign” (NRS) [24]. It is described as a plaque core with low CT attenua-
tion surrounded by a rim-like area of higher CT attenuation. The pathophysiology of this
finding remains unclear, even if it may be linked to various high-risk characteristics such as
contrast enhancement of the vasa vasorum, intraplaque hemorrhage, microcalcifications,
or even healed ruptures [19]. Interestingly, Maurovich-Horvat et al., in a study involving
heart donors, found that the detection of NRS at CCTA had high specificity and positive
predictive value for the presence of advanced lesions [25].

Furthermore, Nakazato et al. evaluated coronary plaque characteristics with both
CCTA and optical coherence tomography (OCT) [26]. They showed that PR and the
presence of low-attenuation plaques (LAP) detected by CCTA are associated with thin cap
fibroatheroma (TCFA) and higher macrophage infiltration evaluated by OCT. Concordantly,
Hoffman et al. described a higher prevalence of remodeling in unstable plaques than
in stable plaques [27]. Finally, in a sub-analysis of the NXT (HeartFlowNXT: HeartFlow
Analysis of Coronary Blood Flow Using Coronary CT Angiography) study, CCTA, invasive
angiography, and fractional flow reserve (FFR) were acquired for 383 lesions in patients
with stable coronary syndromes [28]. The study revealed that LAP detected on CCTA
significantly correlated with the presence of ischemia identified by FFR.

It has also been shown that the evaluation of plaque morphology with the detection
of high-risk characteristics by CCTA is a useful method for forecasting future negative
outcomes and the advancement of CAD. Motoyama et al., in a large longitudinal study,
reported that both PR and LAP were strong predictors of future ACS events [29]. A
sub-analysis of the SCOT-HEART trial revealed that the presence of adverse coronary
plaque features confers a 3-fold increased risk of cardiovascular death or nonfatal MI [30].
Therefore, the Coronary Artery Disease Reporting and Data System (CAD-RADS) recom-
mendations advise mentioning the existence of susceptible plaque whenever there are two
or more high-risk criteria present (Figure 3) [31].

However, the image quality may be affected by artifacts invalidating the estimation
of plaque morphology [32,33]. The most common are the motion and blooming artifacts,
cause of severity overestimation of calcific plaques. The use of de-blooming algorithms and
3D reconstruction models allow us to overcome these limits ensuring a better CT-based
analysis [34].
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High-risk plaque features on coronary CTA

Positive — Napkin ring

; attenuation 0
remodelling | sign
plaque

Spotty calcium

The ratio of outer vessel
diameter at the site of
plaque divided by the
average outer diameter
of the proximal and distal
vessel greater than 1.1

Low-attenuation area
Non-calcified plaque with adjacent to the coronary
internal attenuation lumen, surrounded by a
<30HU ring of higher attenuation
(< 130 HU)

Punctate calcium within
a plaque

A combination of two or more high-risk features is necessary to designate the plaque as high-risk for
CAD-RADS.

Figure 3. Vulnerable plaque features according to Coronary Artery Disease Reporting and Data
System (CAD-RADS) guidelines.

1.5. CCTA in Previous Coronary Revascularization

The role of CCTA is still debated in patients previously revascularized with stents.
The effectiveness of CCTA >64 slices for diagnosing coronary in-stent restenosis (ISR) and
the effect of specific procedural aspects on diagnostic accuracy were examined in a recent
meta-analysis that included 35 trials and 4131 stents [35]. This meta-analysis showed that
CCTA could provide precise information about ISR lesions and that assessing these lesions
could help identify changes over time. This is particularly important because patients
with ISR may finally be suitable for non-invasive angiographic follow-up using CCTA.
Nevertheless, in this context, CCTA has only been observed to have a high sensitivity
in a few instances. For example, in stents with a diameter of >3 mm compared to those
with lower diameters (94% vs. 89%), for stents with metal struts < 100 um compared to
thickening stents (96% vs. 84%), and for simple stents compared to stents implanted on
bifurcations (95% vs. 88%) [19].

On the other hand, the role of CCTA in the evaluation of coronary artery bypass grafts
(CABQG) is more defined. A recent meta-analysis including 1975 patients and 5364 grafts
revealed the excellent diagnostic performance of CCTA in the identification of graft stenosis
or occlusion compared with invasive coronary angiography, with a sensitivity of 96%, a
specificity of 96%, and a negative predictive value of 99% [36]. CCTA could also be used
to assess the disease progression of native nongrafted vessels in patients with recurrent
angina after CABG. Although these segments are often massively calcified and challenging
to assess with CCTA, several studies, such as that of de Graaf et al., showed acceptable di-
agnostic accuracy for the detection of new coronary stenosis, with sensitivity and specificity
of 83-100% and 77-100%, respectively [37].

2. Coronary Artery Calcium Score

To stratify cardiovascular risk, forecast patient outcomes, and direct preventative ther-
apy, coronary artery calcium (CAC) scoring has become a widespread and efficient method.
At this time, CAC score is advised to estimate the likelihood of developing cardiovascular
diseases and mortality CAD-related in asymptomatic individuals [38]. Additionally, the
CAC score is used to reclassify CV risk in other subgroups and to aid in developing primary
prevention decisions such as statin therapy [19]. More recently, CT calcium scoring has
become fundamental also in other clinical settings, such as allowing flow-independent
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assessments of aortic stenosis severity when echocardiography measurements are discor-
dant, pre-procedural planning of transcatheter aortic and mitral valve intervention, and in
determining the etiology of cardiomyopathies [39].

2.1. Imaging Acquisition, Reconstruction, and Quantification of CAC

For CAC assessment, acquisition and reconstruction settings are standardized. Data
are usually acquired using prospective electrocardiographic triggering in late diastole, with
a section thickness of 2.5 mm, a section interval of 1 mm and without contrast material
administration, using 120 kV tube voltage [38].

Electron-beam computed tomography (EBCT) and multi-detector computed tomog-
raphy (MDCT) have been the main CT methods for CAC measurements, using fast scan
speeds to reduce motion artifacts, with MDCT being associated with improved spatial
resolution and largely replacing EBCT in practice [40].

Section thickness in the axial soft-tissue window and axial lung window settings for
reconstruction is set to 2.5 mm. The CAC score is then determined using vendor-provided
software, often measured with the use of the Agatston method, with calcification typically
being defined as high attenuation (130 HU) and an area > 1 mm [38,41]. The overall plaque
area and a cofactor based on the attenuation of the plaque calcium in Hounsfield units are
combined to get the Agatston score [38,42,43]. The area of the lesion (Ai) is multiplied by a
weighting factor (wi) based on the maximal CT number (CTmax) in the segment of interest
to determine the calcium score for each desired segment (CSi): CSi = wi x Ai, where wiis 1
if 130 HUCTmax <200 HU, 2 if 200 HU < CTmax < 300 HU, 3 if 300 HU < CTmax < 400 HU,
4 if 400 HU < CTmax. Agatston score for each artery, each calcification, or the entire heart,
also known as total calcium score (TCS), is calculated by summing the respective values for
the regions of interest [41,43].

The Agatston score can be reported either as an absolute value with predetermined
cut-offs or as a percentile compared to age-, sex-, and ethnicity-matched individuals using
the Multi-Ethnic Study of Atherosclerosis (MESA) database [44]. As an alternative to
total plaque burden, the following description of the total Agatston calcium score and the
corresponding risk category is suitable: no coronary calcium, 1-9: minimal, 10-99: mild,
100-399: moderate, and >400: severe (Figure 4) [45]. However, the absolute measurement
strategy outperformed the age-gender-ethnicity method, according to the MESA trial, even
though both approaches produced effective risk categorization. In that study, even the
lowest CAC (Agatston score of 1-10) was associated with a 3-fold increased risk of CAD
than patients with an Agatston score of 0, and a score greater than 100 was associated with
a 10-fold increased risk [44].

Another method for CAC assessment was developed based on volume scoring that
represents the volume of the calcification; this score has become popular due to its relative
resistance to slight variations in noise and its robust interscan reproducibility [46]. It is
expressed with the product between the volume of one voxel and the number of voxels
in the volume dataset related to the calcification. Nevertheless, there are several limits
including the overestimation of the CAC grade in areas of strong attenuation and the
vulnerability to partial volume averaging of this method. Another scoring system is the
mass score, which is derived using the plaque volume, plaque attenuation, and a calibration
factor that considers the water attenuation. Even though it is an up-and-coming method
based on the measurement of a true mineral mass of calcium hydroxyapatite in the plaques,
it requires complex postprocessing, and limited supporting data have been available so
far [41,46]. Finally, Brown et al. proposed another score for clinical use, the calcium
coverage score, defined as the percentage of coronary arteries affected by calcified plaque,
which was highly associated with coronary heart disease events and provided information
about cardiovascular occurrence beyond the calcium burden defined by the Agatston or
calcium mass score [47].
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CAC-score: 1768

Figure 4. Coronary artery calcium (CAC) score assessment through cardiac computed tomography
(CCT) stratified for risk category: (a) minimal risk, CAC score <9; (b) mild risk, CAC score 46;
(c) moderate risk, CAC score 119; (d) severe risk, CAC score 1768.

2.2. Pathophysiological Mechanisms of Calcium Deposition

When foamy macrophages rich with lipids and vascular smooth muscle cells (VSMCs)
start gathering in the coronary arteries, the atherosclerotic process begins. This provokes
thickening of the tunica intima which is followed by an increase in free cholesterol, acellular
remains and in the final stages of fibroatheroma, an almost total lack of extracellular
matrix [48]. The earliest calcified components are made up of membrane-bound matrix
vesicles that are actively calcifying, which are produced by apoptotic VSMCs [49]. Then,
the coronary arteries calcification becomes an active pathogenic process, with ectopic bone
production being the base of the process [50]. Notably, VSMCs usually express proteins
that inhibit calcification. However, in the setting of atherosclerosis, the expression of
some of these inhibitors (such as matrix Gla protein) is downregulated, contributing to
a loss of homeostatic inhibition of calcification. On the other hand, transcription factors
such as Msx2, Runx2, Sox9, Cbfal, and bone morphogenetic proteins (BMPs) significantly
increase the expression by VSMCs and macrophages of chondrocyte, osteoblastic, and
osteoclastic-associated proteins facilitating the calcification process [51,52].

Only in histologic sections can these microcalcifications be identified, not with conven-
tional imaging methods. When these minute calcium deposits consolidate, bigger calcium
granules form that can be seen using common imaging methods such as CCTA. When
macrocalcifications further aggregate, they could potentially form a large calcification
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fragment that extends from the necrotic core to the collagen-rich matrix resulting in the
formation of calcified plaque that may protrude into the lumen or media [48].

Inflammation, promoted by apolipoproteins and oxidized phospholipids in the artery
wall, and oxidative stress are also essential in the vascular calcification process [53,54].
Furthermore, it has been estimated that conventional risk factors account for 40% of the
variability of coronary calcification [55]. Indeed, CAC is strongly connected with low-
density lipoprotein (LDL) cholesterol in young asymptomatic men [56]. Furthermore,
glucose has been reported to promote vascular cell calcification, while insulin inhibits the
same process [57]. In this regard, an increased coronary calcification has been demonstrated
in diabetics, especially those with type II diabetes [58].

2.3. Prognostic Value of CAC and Risk Assessment
2.3.1. Asymptomatic Subjects

The most recent data suggest that, in addition to the established cardiac risk factors,
the use of CAC is independently predictive of prognosis. Therefore, the rate of MACEs
rises proportionally with increasing severity of coronary calcifications categorized by the
Agatston calcium score [59,60]. While individuals with CAC levels > 1000 have a mortality
rate comparable to high-risk secondary prevention patients, asymptomatic subjects with 0
coronary calcium show a persistently very low risk throughout multiple studies [61,62].

CAC has also been demonstrated to further stratify patients who were assessed as in-
termediate risk using the Framingham Risk Score alone [63]. CAC score was independently
predictive of ischemic outcomes above and beyond historical risk variables in univariable
and multivariable models estimating CAD occurrence at 4.3 years of follow-up [64]. Other
research has demonstrated that the incremental risk prediction value of CAC extended to
both younger and older individuals, diabetic patients, smokers, and the elderly [65].

Furthermore, CAC may determine whether asymptomatic people might benefit from
statin or aspirin as primary preventive therapy [66]. According to current recommenda-
tions for statin therapy, it is reasonable to assess CAC in patients with an intermediate
risk of developing atherosclerotic cardiovascular disease [4]. However, none of the guide-
lines proposes management based on calcium score because of insufficient support from
randomized clinical trials.

2.3.2. Symptomatic Patients

Recent European guidelines for the diagnosis and treatment of CCS state that CCTA
is appropriate as a first-line diagnostic test for the evaluation of patients with no history
of CAD, atypical or typical angina symptoms, or symptoms that are equivalent to angina,
as well as patients who have undergone inconclusive stress testing. Three milestone
multicenter studies which compared the accuracy of CCTA with ICA for the identification
of obstructive coronary stenosis consistently reported high sensitivity values ranging from
85% to 95%, with a negative predictive value of almost 100% [67,68].

In this setting, CAC may raise estimates of the clinical likelihood of obstructive CAD
(such as a coronary stenosis > 50%) together with sex, age, and symptoms. As a result of
employing the CAC score in the pre-test estimate of the likelihood of CAD, more than half
of symptomatic individuals were reclassified into a reduced risk category for obstructive
CAD [69]. However, current evidence does not yet support its use as a diagnostic tool to
rule out obstructive CAD because it does not provide precise information on the severity of
coronary stenoses [8].

2.3.3. Role of CAC in Specific Subgroups

It is essential to mention the role of CCTA and CAC in some specific subgroups of
patients at higher risk of developing ischemic events, such as those with diabetes, older
age, and chronic renal insufficiency.

Patients with diabetes more frequently develop calcified and extensive CAD, present-
ing as silent ischemia, and greater plaque progression in terms of disease load and ad-
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verse plaque characteristics than patients without diabetes. Therefore, Perrone-Filardi et al.
reported higher mortality in diabetic patients than in nondiabetic patients for any degree
of CAC [45]. Accordingly, a recent meta-analysis reported that the rise in CAC score is
substantially linked to an elevated risk for all-cause mortality and/or fatal and non-fatal CV
events in asymptomatic diabetics [70]. In addition, evaluation of CAC may help identify
diabetic subjects who are more likely to have inducible ischemia and may be utilized as a
strategy for preselecting people before functional imaging [45].

Few studies have examined the predictive significance of CAC in the elderly
(>75 years). A recent study found that women are more at risk than men for cardio-
vascular and all-cause mortality, with CAC scores and percentiles being highly predictive
of these outcomes among older persons. In contrast, relatively low-risk older individuals
have low coronary artery calcium scores of 0 to 9 or 25th percentile [71].

Dialysis patients experience a faster progression of CAC, which is correlated with age,
the length of dialysis, the etiology of chronic renal failure, changes in mineral metabolism,
and the use and dosage of calcium-based phosphate binders. According to reports, the level
of CAC in dialysis patients is related to cardiovascular outcomes [72]. However, further
information is required to determine the potential practical application of the CAC score
for further risk categorization of this subgroup [39].

2.3.4. CAC and Progression of Coronary Atherosclerosis

Calcium deposition within atherosclerotic plaques progresses by an average of 15
to 25% per year. Thus, the progression of CAC scores over time has been reported in
several studies and associated with worse prognosis, as well as its regression due to
specific anti-atherosclerotic therapies such as statins, has been associated with improved
outcomes [44,73,74].

Previous studies have shown that CAC progression has been associated with a higher
risk for MI and all-cause mortality [75-77]. Conversely, the Cooper Center Longitudinal
Study (CCLS trial) found no additional predictive value of CAC progression compared
with the single CAC measurement on cardiovascular outcomes [77]. Likewise, Lehmann
et al. observed that CAC progression adds only weakly to risk prediction models for CAD,
solely for those patients reporting a significant increase in CAC between baseline and
5-year follow-up (from 1 to 399 to CAC > 400), who demonstrated a nearly 2-fold increase
in cardiovascular events than subjects in which CAC remained below 400 [78]. Therefore, a
second CAC scan may be beneficial in the presence of CAC > 0 to determine if and when
CAC values tend to exceed the high-risk threshold of CAC > 400 [78].

2.4. Emerging Technologies

Different technologies are emerging to overcome CAC's current limitations and offer
better tools and methods for clinical decision-making. CAC scoring non-gated CT scans,
dual-energy CT and virtual non-contrast imaging, and artificial intelligence for automatic
CAC scoring show great potential [38]. Regarding non-gated-CT scan, the 2016 Society of
Cardiovascular Computed Tomography (SCCT) and the Society of Thoracic Radiology (STR)
guidelines recommended its use in the evaluation of CAC even in patients without known
CAD for better prognostic stratification [79]. Furthermore, CT-derived FFR has been shown,
together with other CT-derived hemodynamic parameters (wall shear stress and axial
plaque stress) [80], to improve the specificity and accuracy of CCTA in several clinical trials,
especially when assessing intermediate stenoses and may improve the selection of patients
who are most likely to benefit from coronary angiography and revascularization [81]. On the
other hand, computed tomography perfusion (CTP) imaging may be useful when the value
of FFR is in the gray area (for example, 0.74-0.85) or when FFR cannot be calculated due
to technical reasons. They allow to integrate the morphological data with hemodynamic
risk indexes leading to better plaque evaluation. Integrating these analyses also with
ECG-derived electromechanical parameters able to predict myocardial ischemia, we could



Appl. Sci. 2023,13, 241

11 0f 25

get complex models based on multimodal data analysis achieving a patient-specific risk
assessment [82-84].

The combination with electromechanical models [85] could allow to overcome the limit
of the CT-derived FFR overestimation in patients with concomitant coronary microvascular
dysfunction, improving diagnostic accuracy [86-88].

Furthermore, integrating anatomical and functional imaging or hybrid imaging such as
single positron emission computed tomography (SPECT)/CCTA may improve the selection
of candidates for invasive procedures in patients with uncertain results with one of the two
techniques [89].

However, further studies are requested to obtain strong evidence about the cost-
effectiveness, the prognostic value of these technologies and their role in clinical decision-
making [19,90].

3. Epicardial Adipose Tissue

The epicardial adipose tissue (EAT) is a metabolically active organ recently associated
with heart failure and atrial fibrillation and classified as an independent risk factor for
subclinical coronary artery disease [91,92]. For this reason, in the last years, some evidence
suggests as the assessment of EAT using CCTA might represent an additional tool to
quantify patients’ cardiovascular risk.

3.1. Anatomy and Functions of Epicardial Adipose Tissue

The intrathoracic adipose tissue surrounding the heart can be divided into epicardial
adipose tissue (EAT) and pericardial fat (PF). The PF is located between the pericardial
visceral and parietal layers; it derives from the primitive thoracic mesenchyme and is
supplied by branches of the internal thoracic artery [93]. On the other hand, EAT is placed
between the pericardial visceral layer and the myocardial muscle covering about 80% of the
cardiac surface; it originates from the splanchnopleuric mesoderm and is vascularized by
branches of coronary arteries. Lastly, the portion of the EAT immediately contiguous with
the adventitial layer of coronary arteries is called pericoronary adipose tissue (PCAT) [94].

The EAT is microscopically composed of different cells, including adipocytes, resident
monocytes, immune cells, and nerve cells [95]. Interestingly, no muscle fascia between EAT
and myocardium is present, allowing direct communication between these two organs
through paracrine and vasocrine mechanisms [93]. Physiologically, EAT plays a protective
role for the heart. It acts as a local energy store and provides free fatty acids to the myocar-
dial tissue in times of high demand [96]. It also releases adipokines with anti-inflammatory,
antioxidant, and vasodilator functions (adiponectin and adrenomedullin) [97]. In addi-
tion, the EAT offers mechanical support preventing coronary artery torsion during cardiac
contraction, exerts a thermoregulatory function [96] and acts as an immune organ [98].

However, in pathological conditions, EAT becomes pro-arrhythmogenic and pro-
atherogenic. Indeed, in patients who have CAD, EAT shows pro-inflammatory features
with an increased concentration of inflammatory M1 macrophages than anti-inflammatory
M2 macrophages [99], higher production of interleukin-6 (IL-6), interleukin-1 (IL-1), and
tumor necrosis factor-alpha (TNF-a) associated with reduced production of adiponectin
and adrenomedullin, and an elevated concentration of reactive oxygen species (ROS) [100].

The mechanisms of EAT dysfunction might translate into atherosclerotic plaque de-
velopment are not entirely known. However, it has been proposed that macrophages,
together with T- and B-lymphocytes, are triggered by the Toll-like receptor (TLR) binding
that stimulates nuclear factor-kB (NF-kB) and JUNN-terminal kinase (JNK) [101,102]. The
activation of these two molecules leads to increased interleukin production, such as IL-6,
facilitating endothelial cell permeability and monocyte adhesion [103]. The entire process
is powered by the increased ROS levels that further favor endothelial dysfunction and
interleukin secretion [100].
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3.2. Quantification of Epicardial Adipose Tissue Using CCTA

A trustworthy quantification of EAT can be obtained using different non-invasive
techniques. EAT thickness could be measured by transthoracic echocardiography on the
free wall of the right ventricle [104]. However, CCTA is considered the most validated and
reproducible technique for its quantification, given the higher spatial resolution compared
to magnetic resonance (MR) and allowing for simultaneous evaluation of CAD [105].

In detail, quantification of EAT by CCTA envisages the measure of density (Hounsfield
units), volume (cm?), and thickness (mm). Epicardial fat density ranges from —190 to
—30 Hounsfield units (HU) [106]. Measurements of thickness may be achieved in the
horizontal long-axis plane, in the basal short-axis plane, and over the right ventricular
free wall [107]. Regarding volume quantification, manual segmentation of EAT is the
most widespread method. The operator manually draws EAT contours every 15 mm
within a region of interest that usually includes the anterosuperior mediastinum at the
pulmonary trunk level, the left main trunk, the left anterior descending and circumflex
arteries in proximal segments, the posterior mediastinum, and the inferior diaphragmatic
surface. (Figure 5a—c) Different software can be used to optimize and speed up this
process [108]. The advantages of CT volumetric quantification are the high definition and
reproducibility, whereas the main limitation is the need for a long segmentation time for an
accurate measurement [109]. EAT can also be measured during coronary CT in the interval
between contrast administration and angiographic acquisition and does not require specific
acquisition [108].

Figure 5. Cardiac computed tomography angiography (CCTA) assessment of epicardial adipose
tissue (EAT) and peri-coronary adipose tissue (PCAT): (a) EAT in short-axis view; (b) EAT in four-
chamber view; (c) EAT in two-chamber view (dashed line); (d) peri-coronary adipose tissue (PCAT)
radiodensity (—44 HU) compared with radiodensity of EAT surrounding free left ventricle wall
(—89 HU).
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3.3. Epicardial Fat Volume and Atherosclerosis Progression

Recent studies have demonstrated that EAT volume is associated with the develop-
ment and progression of atherosclerotic plaques. Therefore, previous studies reported
greater EAT volumes in patients with angiographic evidence of coronary stenoses than
those without [110,111]. Similarly, Gitsioudis et al., enrolling patients with intermediate
CAD risk undergoing cardiac CT with contextual EAT volume quantification, showed a
higher EAT volume in patients with coronary stenosis >50% compared with those with
<50%. Moreover, the multivariate regression analysis revealed an independent association
between coronary stenosis severity, plaque burden, and EAT volume [112].

Notably, EAT volume is also associated with atherosclerosis progression and, more
specifically, with the development of high-risk plaques. In this regard, Alexopoulos et al.
demonstrated that EAT was higher in patients with mixed/non-calcified plaques than
those with calcified lesions [113]. The same evidence was reported by Tsuyoshi et al., that
quantified epicardial fat volume in 1308 patients with symptomatic CAD and a zero-calcium
score. EAT was greater in patients with obstructive atherosclerotic plaques than no plaque
and even more in those with vulnerable plaque than no plaque [114]. Similarly, a recent
meta-analysis by Nerlekar et al. confirmed the association between EAT volume and high-
risk plaques [115]. Otsuka et al. found that EAT volume in ACS patients was significantly
higher than in those suffering from CCS [116]. Finally, Yamashita et al. demonstrated a
significant positive correlation between EAT volume and necrotic plaque detected using
intravascular ultrasound imaging (IVUS) and a negative correlation between EAT volume
and fibrous plaque [117].

Several studies also reported a direct relationship between EAT and CAC score.
Iwasaki et al. demonstrated increased CAC in patients with EAT volume >100 cm? than in
those with EAT volume <100 cm?, with a higher incidence of CAD in the same group [118].
These results were confirmed in the study conducted by Cosson et al., where EAT vol-
ume was independently associated with CAC > 100 AU (per 10 cm? increase: OR 1.11
(1.02-1.20)) [119].

Another measurable parameter derived from EAT assessment and associated with a
worse prognosis is fat radiodensity. Franssens et al. demonstrated in 140 patients under-
going CT-scan that one standard deviation lower EAT attenuation (5 HU) was associated
with 1.9 and 1.07 higher odds (for men and women respectively) of being in higher CAC
class (0, 1 to 100, 101 to 400, and >400) [120]. Similarly, Goeller et al. quantified both EAT
volume and density in 456 asymptomatic patients; EAT volume resulted lowest in patients
without coronary calcium and higher in patients with severe atherosclerosis, while EAT
density resulted lower in patients with high coronary calcium and increased occurrence of
adverse clinical events [121].

Finally, all this evidence allows identifying EAT volume as a predictor of MACEs. For
example, Eisenberg et al. quantify EAT volume in asymptomatic patients from the EISNER
(Early Identification of Subclinical Atherosclerosis by Noninvasive Imaging Research) trial,
showing its association with increased risk of MACE after 14 & 3 years of follow-up. It was
also demonstrated that MACE risk progressively increased with EAT volume > 113 cm?
and CAC > 100 AU [122]. Thus, Fuller et al. revealed that patients with CAD who died
from sudden cardiac death had significantly higher EAT thickness [123]. Moreover, in the
Heinz Nixdorf Recall Study, the incidence of coronary events increased directly with EAT
quartiles, with a doubling of EAT volume associated with a 1.5-fold risk of coronary events
independently from other traditional CV risk factors [124].

3.4. Pericoronary Fat: Marker of Coronary Artery Stenosis Severity

Another CT-measurable parameter associated with CAD severity is the pericoronary
fat (Figure 5d). In this regard, a study conducted by Gorter et al. evaluated in 128 symp-
tomatic patients undergoing percutaneous coronary intervention (PCI) the EAT volume and
the pericoronary fat. Patients with low BMI and multivessel coronary disease had increased
values of both CT parameters compared to patients without CAD [125]. Likewise, Balcer
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et al. analyzed PCAT volume in 46 patients with acute MI undergoing coronary-CT an-
giography, demonstrating higher values around culprit lesions than non-culprit ones [126].
Furthermore, Ma et al. reported a raised pericoronary adipose tissue mean attenuation
(PCATMA) in arteries with CT-measured plaques, particularly in non-calcified /mixed
plaques [127]. Interestingly, PCATMA was also associated with in-stent restenosis. Thus,
Nogic et al. enrolled 151 patients undergoing CT-scan for suspected CAD, treated with
stent implantation within three months and that repeated coronary angiography after a
maximum of five years for any reason. The study demonstrated that patients with ISR
had a significantly increased lesion-specific PCATMA at baseline compared with patients
without stent hyperplasia [128].

3.5. Effective Therapies in the Reduction of Epicardial Fat

Recent studies have shown several drugs' efficacy in reducing EAT thickness and
volume. Thanks to their pleiotropic effects, statins have been reported to reduce epicardial
fat metabolic activity, thickness, and attenuation [129]. In this setting, atorvastatin provided
better results than pravastatin [130]. Furthermore, metformin also reduced EAT thickness
after three months of treatment in diabetic patients [131]; similar results were reported
for liraglutide, semaglutide, and dulaglutide [132,133]. Correspondingly, sodium-glucose
cotransporter 2 (SGLT-2) inhibitors (dapagliflozin and empagliflozin) demonstrated a
reduced EAT volume in CAD patients after six months of treatment [134]. Notwithstanding,
further studies are needed to evaluate how the well-known cardiovascular benefit of all
these drugs might be related to the attenuation of EAT thickness and volume.

4. Additional CT-Measurable Parameters for Cardiovascular Risk Stratification
4.1. Aortic Calcium

The assessment of extra coronary calcifications, such as aortic valve calcification,
mitral annular calcification, and thoracic aortic calcium (TAC), can improve cardiovascular
risk stratification beyond the CAC score. Notably, non-contrast cardiac CT estimates
coronary and extra coronary calcifications with the same scans without additional scanning
or radiation.

Different methods for evaluating TAC have been reported. The simplest one is just
identifying the presence or absence of aortic calcium, recording TAC in a binary fashion.
Alternatively, TAC can be expressed with the Agatston method, similar to CAC [135].
Several studies demonstrated a correlation between TAC and cardiovascular events. In
the Multi-Ethnic Study of Atherosclerosis (MESA), Budoff et al. demonstrated that TAC
predicted future cardiovascular events over risk factors and CAC, but only in women [136].
Another study by Santos et al. showed that the presence of TAC was associated with
all-cause mortality. This relationship was independent of conventional cardiovascular
risk factors and the presence of CAC. Accordingly, Allison et al. showed that multisite
calcifications, including thoracic aortic calcifications, predict total mortality [137].

Furthermore, previous studies have reported a close relationship between TAC and
CAC. Rivera et al. analyzed a cohort from the MESA and demonstrated that TAC is
significantly associated with CAC incidence and progression [138]. Previously, Kuller
and colleagues showed that the presence of TAC and carotid plaques in postmenopausal
women is significantly related to CAC [139].

4.2. Liver Fat

Cardiac CT scans used for CAC scoring can also identify both epicardial and liver fat
(LF) without any modifications to the scan protocol; this latter is identified as a decreased
liver attenuation [140]. The attenuation measurement obtained with CT is more reliable
than that obtained with echocardiography or cardiac magnetic resonance (CMR), especially
in a homogeneous and non-hypervascular parenchymal organ [141]. Cardiac CT generally
does not include the whole liver in the scans. However, it has been demonstrated that
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the attenuation measurement of two or three sites of the liver reflects that of the whole
liver [142].

LF is considered a marker of cardio-metabolic health because it is closely associated
with non-alcoholic fatty liver disease (NAFLD), which is correlated to metabolic syndrome
and CV disease [143,144]. Indeed, it has been shown that patients with NAFLD have
an increased risk of developing atherosclerotic disease [144]. In this regard, NAFLD has
been independently associated with increased carotid intima-media thickness (CIMT) and
CAC, both measures of atherosclerosis severity [145]. In addition, the ROMICAT II trial
demonstrated that high-risk plaque features evaluated by CCTA (positive remodeling,
napkin-ring sign, spotty calcification, low attenuation) were more frequent in patients with
NAFLD compared with patients without NAFLD [146]. Furthermore, Wolff et al. investi-
gated the relationship between LF, traditional cardiovascular risk factors and subclinical
coronary artery disease [147]. The authors found that LF was associated with all traditional
cardiovascular risk factors, specifically to waist circumference, diastolic blood pressure,
HDL cholesterol and diabetes mellitus. Additionally, a greater volume of LF was associated
with a higher burden of subclinical CAD, regardless of the presence of other cardiovascular
risk factors [147].

Several mechanisms have been proposed to motivate the relationship between LF and
CAD. Firstly, the fatty liver excretes high levels of substances that damage the cardiovas-
cular system, such as coagulation factors, very low-density lipoproteins, and C-reactive
protein. Additionally, LF is closely linked to insulin resistance and pro-inflammatory
status [148,149]. All this evidence suggests that LF, measured with CT, can be valid for a
comprehensive cardiovascular risk assessment together with other CT parameters.

4.3. Myocardial Scar

An emerging application of non-contrast cardiac CT in detecting myocardial scars
due to an occult MI has recently been demonstrated. The 10-year mortality related to
unrecognized MI is estimated to be 45-50% [150]. Therefore, recognizing occult MI is
crucial to identify that subgroup of patients who could benefit from intensive medical
treatments, coronary revascularization procedures, or implantable cardioverter defibrillator
implantation. The evidence of an occult MI also has prognostic value since it is considered
a predictor of MACE recurrence and cardiac death.

The areas of old MI appear hypo-attenuated due to fatty replacement on non-contrast
cardiac CT or pre-contrast cardiac CT [151]. Specifically, myocardial fat associated with
an old MI appears on CT as an area of subendocardial hypoattenuation following the
culprit coronary artery [152,153]. In this regard, Ichikawa et al. showed that left ventricle
myocardial fat can be observed at least after three years from the MI with a subendocardial
location [154]. Furthermore, in patients with old MI the different CT attenuation between
normal and necrotic myocardium is more significant compared to patients with acute MI,
suggesting that cardiac CT may help differentiate between recent and old MI [155]. Another
interesting study evaluated the ability of non-contrast cardiac CT to identify chronic MI
in patients with evidence of no-reversible perfusion alterations on nuclear myocardial
imaging [156]. Sixty-two patients with non-reversible perfusion defects underwent CAC
scanning and MI was identified as a hypo-attenuation area on CT. The study showed that
non-contrast cardiac CT was able to identify prior MI in 57 patients, with a sensitivity of
92% [156].

Furthermore, the delayed enhancement cardiac CT, which shares a similar patho-
physiological basis with delayed enhancement cardiac magnetic resonance, provides more
specific information in this context. A delayed phase CT scan is generally performed
5-15 min after CCTA with the administration of an additional contrast medium. Iodinated
contrast is an extracellular contrast agent with late washout from areas of abnormal my-
ocardium, such as fibrosis or scar [157]. Therefore, cardiac CT with delayed enhancement
can be used to identify myocardial scar or fibrosis in both ischemic and non-ischemic
cardiopathy, similar to CMR with late gadolinium enhancement, which is actually the
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gold standard for tissue characterization. Compared with CMR, cardiac CT has some
advantages, such as higher availability and shorter examination time. It can also be helpful
in patients with CMR contraindications (i.e., claustrophobia and metallic implants).

Several studies demonstrated that contrast-enhanced cardiac CT allows the identifica-
tion and quantification of MI, showing a good agreement with CMR [158-160]. Specifically,
two different contrast-enhancement patterns can be observed in case of MI: early hypo-
enhancement, which is correlated to the microvascular obstruction in acute MI, and delayed
hyper-enhancement, which is typical of chronic MI. Therefore, the ability of cardiac CT to
characterize ischemic myocardium can be helpful in the clinical reality to stratify cardiovas-
cular risk and also to manage clinical decisions. In addition, delayed enhancement cardiac
CT may facilitate, in patients with acute chest pain and elevated cardiac biomarkers, the
differentiation of myocarditis and ACS through the detection of the characteristic mid-wall
or subepicardial delayed enhancement and the absence of significant coronary stenosis in
patients with myocarditis. Indeed, Palmisano et al. demonstrated in patients with acute
chest pain and elevated cardiac troponin with negative triple rule out (TRO) CT scan that
late contrast enhancement CT can increase the diagnostic rate identifying myocarditis,
myocardial infarction with non-obstructed coronary artery (MINOCA) and Takotsubo
cardiomyopathy [161].

For instance, Bouleti et al. demonstrated that delayed phase cardiac CT could be a
valid alternative to delayed enhancement CMR in detecting inflammatory segments in
patients with acute myocarditis, with a diagnostic accuracy of 95% [162]. Furthermore,
Esposito et al. showed that cardiac CT with delayed enhancement also provides a three-
dimensional characterization of myocardial scars associated with ventricular tachycardias.
This information may help to plan electrophysiological procedures such as electro-anatomic
mapping and arrhythmias radiofrequency catheter ablation [163].

Lastly, delayed enhancement cardiac CT can be used to measure an index of diffuse
myocardial fibrosis, which is named myocardial extracellular volume fraction (ECV) [164].
ECV can be estimated using the following method obtained from cardiac CT:
ECV = (1-hematocrit) x (AHULV myocardium/AHULV blood), where AHU is the change
in HU attenuation pre-contrast and in the delayed phase CT (HU delayed phase — HU
pre-contrast) [157]. The measurement of ECV with cardiac CT can be helpful in the setting
of non-ischemic cardiomyopathies, such as hypertrophic cardiomyopathy, cardiac amy-
loidosis, dilated cardiomyopathy, and sarcoidosis. Hence, several studies demonstrated
that mean ECV values obtained with delayed phase cardiac CT are significantly higher in
patients with hypertrophic cardiomyopathy, cardiac amyloidosis and dilated cardiomy-
opathy compared to healthy subjects [165,166]. In these patients, delayed enhancement
cardiac CT also assesses the identification of myocardial fibrosis areas with various delayed
enhancement patterns (transmural, subepicardial, subendocardial, or mid myocardial).

5. Limits of CCTA

There are several limits of the CCTA. Respiratory motion artifacts are a frequent issue
in image acquisition that can reduce image quality. The presence of arrhythmias or other
technological factors might also cause problems with electrocardiographic gating during
picture acquisition. In some cases, there may be technical problems such as partial exclusion
of the coronary arteries from the field of vision [41,90]. Besides that, coronary artery motion
artifacts, non-coronary calcium (for instance calcified thoracic lymph nodes, pleural or
pericardial calcifications, mitral annular calcification), and artifacts from adjacent metallic
prostheses are potential issues that can cause CAC calculation and other CT parameters
assessment to be inaccurate [38]. Moreover, radiation exposure is also a limiting factor.
However, radiation doses may be further reduced using low tube potential (<100 kVp) and
high-pitch helical acquisition, when appropriate, and consequent heart rate lowering [167].
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6. Conclusions

CCTA is a first-line investigation tool approved by the current AHA and ESC guide-
lines for detecting coronary stenosis in chronic and acute coronary syndromes [6,8]. More-
over, through CAC scoring assessment, it is also recommended in asymptomatic patients
for cardiovascular risk stratification [4]. Recently, CCTA's role as a predictor of plaque
burden has been emerging, and other measurable parameters are being evaluated. Beyond
CAC, EAT volume is the more promising, associated with atherosclerosis progression,
development of high-risk plaques, and increased MACEs [110-123]. The others are aortic
calcium [137] (able to improve CV risk stratification exceeding CAC score), liver fat [144]
(a marker of cardio-metabolic health and atherosclerosis development) and myocardial
scar [155] (an indicator of worst prognosis in patients with myocardial infarction). In the
future, these novel CCTA applications allow a better prognostic stratification and early
detection of patients at risk of developing severe atherosclerosis and adverse clinical events.
Notwithstanding the need for further studies, their use in clinical practice might also guide
optimal primary and secondary prevention strategies.
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