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Abstract

Cardiac computed tomography angiography (CCTA) has
emerged as a cost-effective and time-saving technique for
excluding coronary artery disease. One valuable tool obtained by
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CCTA is the coronary artery calcium (CAC) score. The use of
CAC scoring has shown promise in the risk assessment and
stratification of cardiovascular disease. CAC scores can be
complemented by plaque analysis to assess vulnerable plaque
characteristics and further refine risk assessment. This paper aims
to provide a comprehensive understanding of the value of the
CAC as a prognostic tool and its implications for patient risk
assessment, treatment strategies and outcomes. CAC scoring has
demonstrated superior ability in stratifying patients, especially
asymptomatic individuals, compared to traditional risk factors and
scoring systems. The main evidence suggests that individuals with
a CAC score of 0 have a good long-term prognosis, while an
elevated CAC score is associated with increased cardiovascular
risk. Finally, the clinical power of CAC scoring and the
development of new models for risk stratification could be
enhanced by machine learning algorithms.

Introduction

Coronary artery disease (CAD) is characterized by the
accumulation of atherosclerotic plaques in the coronary arteries,
leading to the narrowing or obstruction of vessels and then
reduced blood flow to the heart muscle [1]. Early detection and
risk assessment of CAD are essential for effective management
and prevention of adverse cardiac events. Cardiac computed
tomography angiography (CCTA) has emerged as a cost-effective
and time-saving technique for excluding CAD [2]. Over the last
decade, CCTA has witnessed significant technical advancements,
validating, and gaining approval in various guidelines and expert
consensus documents [3-6]. Its utility now extends beyond the
assessment of coronary artery atherosclerosis. One valuable tool
in the evaluation of CAD obtained by non-contrast CCTA (NC-
CCTA) is the coronary artery calcium (CAC) score [1]. The CAC
score measures the amount of calcium deposits in the coronary
arteries, providing information about atherosclerotic plaque
burden and serving as a predictor of future cardiovascular events
[1]. It plays a crucial role in risk stratification, treatment decision-
making, and monitoring disease progression. With the advent of
new advanced techniques, the use of NC-CCTA has diminished.
However, NC-CCTA remains relevant for the detection and
quantification of CAC, indicating the presence of calcified
plaques and serving as a marker of CAD and a surrogate marker
of coronary plaque burden [7-9].

This paper aims to provide a comprehensive understanding of
the value of the CAC as a prognostic tool and its implications for
patient risk assessment, treatment strategies and outcomes.
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Performing computed tomography
calcium scoring

Calculation and interpretation of coronary
calcium score

Calcium scoring of the coronary arteries is typically conducted
using a >64-slice computed tomography (CT) system. A spiral non-
electrocardiogram (ECG) gated technique is commonly employed,
with the patient instructed to take a deep inspiratory breath-hold. The
imaging parameters typically include a tube voltage of 120kV and
tube current power ranging from 50 to 200 mAs. The reconstructed
images are generated with a slice thickness of 3 mm, a field of view
0f 250-300 mm and convolution kernel filtering with b30f[10]. CAC
is defined as an area consisting of at least three contiguous voxels in
the axial plane along the course of a coronary artery, with an
attenuation cut-off of >100 HU (corresponding to a minimum lesion
area >1 mm?) in the 3.0mm reconstruction. Commercial software
programs are utilized to perform the CAC scoring, employing the
Agatston method that considers the plaque density score. Although
ECG-gated acquisition was traditionally required for CAC
measurement with the Agatston method, a good correlation has been
established between CAC identified on non-gated CT scans and
ordinal scores obtained from gated CT scans [5]. The total Agatston
score, commonly referred to as the CAC score, is obtained by
summing the scores for all the lesions in all coronary arteries (Figure
1). The final score depends on the slice thickness and slice spacing,
which can vary depending on the specific protocol used. Patient
stratification based on validated CAC score thresholds [5] is as
follows: O=very low risk; 1-99=mildly increased risk; 100-
299=moderately increased risk; 300-1000=moderate to severely
increased risk; >1000=severely increased risk.

Comparison to other advanced cardiac
compute tomography tools
While invasive coronary angiography (ICA) remains the gold

standard in the diagnosis of CAD, CCTA has increasingly become a
non-invasive alternative for assessing patients at intermediate risk for

Figure 1. Example of coronary artery calcium scoring from a non-
contrast computed tomography. Agatston number is evaluated for
each coronary artery. The final Agatston score, commonly referred
to as the coronary artery calcium score, is obtained by summing
the scores for all the lesions in all coronary arteries.
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CAD. CCTA has achieved the temporal and spatial resolution to be
able to define the lumen of even distal segments of the coronary artery
tree. For this reason, the use of NC-CCTA has become less prevalent
with the development of new techniques [9] and recent studies have
demonstrated the integration of plaque analysis tools and peri-
coronary fat inflammation (pFAI) as valuable additions to
cardiovascular risk evaluation, allowing for better stratification of
cardiac risk beyond the degree of anatomical CAD, even in non-
significant plaques [10-12]. For example, pFAI was shown to have
different temporal distributions in patients with acute myocardial
infarction type 2 compared to those with myocardial infarction with
non-obstructive coronary arteries [13,14]. CCTA has therefore made
significant technical advancements and is now validated and approved
not only for assessing coronary artery atherosclerosis [3,4,15,16]. On
the other hand, CAC offers advantages in terms of cost-effectiveness
in its ability to evaluate the overall burden of atherosclerosis and risk
stratification [7]. Indeed, the presence and extent of CAC may help
to stratify patients at higher risk of adverse outcomes during
hospitalization for non-cardiac diseases, helping to identify patients
who may require more intensive management and monitoring [17].
Currently, contrasted-enhancement cardiac CT contributes to the
evaluation of valve disease severity, particularly in low flow, low
gradient aortic stenosis with preserved left ventricular ejection
fraction, plays a role in pre-procedural planning of transcatheter aortic
valve replacement, and in avoiding patient prothesis mismatch. The
aortic valve, annular and root anatomy, size, and shape with extent
and distribution calcification feasibility of vascular access can be also
assessed (Figure 2).

Diagnostic accuracy

Early studies evaluated the ability of CAC quantification to
predict significant CAD as determined by ICA. Budoff et al
examined 1851 patients who underwent ICA for clinical indications.
The overall sensitivity of CAC for predicting obstructive disease on
ICA was high (95%), but the specificity was low (66%). As the
calcium score increased (>20, >80, and >100), the sensitivity
decreased (to 90%, 79%, and 76%, respectively), and the specificity
increased (to 58%, 72%, and 75%, respectively) [18]. From 1992 to
2007, a total of 18 studies, including 10,355 patients suspected of

Figure 2. Aortic valvular calcification. A) In the planning before
transcatheter aortic valve replacement, cardiac computed tomogra-
phy angiography has a role in defining the valvular aortic calcifi-
cation, its morphology, the new valve size, and the landing zone;
B) aortic vessels calcification assessment before transcatheter aor-
tic valve implantation is essential to plain procedure and select the

best percutaneous road.
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CAD who underwent CAC testing as well as ICA, were conducted.
Significant coronary stenosis was defined as >50% stenosis on the
ICA. Pooled data revealed a high sensitivity of calcium scoring for
any degree of CAC (98%), but a low specificity (40%) for predicting
significant coronary stenosis. The negative and positive predictive
values were 93% and 68%, respectively. It is worth noting that for
CAC>100, the sensitivity decreases to 87%, while the specificity
increases to 79% [19].

Clinical applications

Role of calcium score in risk stratification
in asymptomatic and symptomatic individuals

Plaque at high risk of rupture and associated with myocardial
infarction usually have typical histological characteristics such as
inflammation, microcalcification, a thin fibrous cap, and a large, lipid-
rich necrotic core [12,17]. Each plaque on CCTA should be classified
as calcified, non-calcified, or partially calcified. The lipid-rich
necrotic core, which is usually not adequately identified by the CAC
score, can be detected as low-attenuation non-calcified plaque on
CCTA instead [18]. For this reason, the relevance of a CAC score of
0 has been extensively debated, as it cannot fully exclude CAD in
patients with a new onset of chest pain symptoms. To ensure that non-
calcified plaque is also accounted for, the CAC score should be
combined with at least a qualitative assessment of the total plaque
burden [20]. Firstly, in 2012, the American Heart Association and
American College of Cardiology (AHA/ACC) guidelines deemed
CAC scoring evaluation appropriate for patients with a low to
intermediate pre-test probability of obstructive CAD [21]. However,
in the 2021 AHA/ACC guidelines, the role of CAC scoring was
downgraded, suggesting that no tests are necessary for patients with
a low pre-test likelihood of CAD, but CAC scoring could be evaluated
to assess atherosclerotic cardiovascular disease (ASCVD) burden.
According to the 2019 European Society of Cardiology (ESC)
Guidelines for the diagnosis and management of chronic coronary
syndromes, in patients with a very low pre-test probability of CAD,
performing a CT scan or visually estimating calcium based on prior
non-cardiac chest CT can upgrade or downgrade ASCVD risk [16].
A meta-analysis was conducted by Sarwar ez al. [19]. In 29,312
asymptomatic individuals with a CAC score of 0, the average adverse
cardiac event rate was 0.47% (range 0 to 4.43%) in 13 studies. Among
these, 11 studies had event rates <1.01%; the South Bay Heart Watch
study reported the highest event rate of 4.43%. The main explanation
for this finding was that the use of an unconventional 6-mm slice
thickness scanning protocol rather than the standard 3-mm
collimation could have reduced the sensitivity and reproducibility of
detecting <10 mm? CAC [19]. A sub-group of the Multi-Ethnic Study
of Atherosclerosis (MESA) that met the criteria of the JUPITER trial
was studied by Blaha et al. [22].

They found that the 5-year number needed to treat to prevent an
event of coronary heart disease (CHD) was 549 for a CAC score of
0, 94 for scores 1-100, and 24 for scores greater than 100. The
corresponding 5-year number needed to treat to prevent an event of
cardiovascular disease was 124, 54, and 19, respectively [22]. These
data were later supported by a prospective follow-up study of 9715
patients: after an average of 15 years, patients with an absence of
calcium at baseline had a warranty period, with the observed rate of
mortality remaining <1% during the entirety of follow-up. Moreover,
the risk of all-cause mortality was higher among individuals with a
CAC score greater than 0 and low cardiovascular risk compared with
those with a CAC score of 0 and high cardiovascular risk [23].
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This result has important implications for defining preventive
therapy strategies. In appropriately selected low-ASCVD-risk and
asymptomatic patients, a CAC score of 0 could potentially be used
to emphasize lifestyle therapy, limit costly preventive
pharmacotherapy, and refrain from frequent cardiac imaging and
testing [24]. On the other hand, fewer studies have investigated the
role of a CAC score of 0 in symptomatic patients. Sarwar et al.
examined 7 studies involving a total of 3924 symptomatic patients,
of whom 921 patients (23%) had a CAC score of 0 [19]. Overall, a
CAC score of 0 was found in 23% of symptomatic and 40% of
asymptomatic patients. Symptomatic patients with a CAC score of 0
had a significantly lower event rate than those with a CAC score
greater than 0 (1.8% versus 8.99%). Mittal et al. enrolled 3914
individuals presenting with stable chest pain or dyspnea with no prior
history of CHD [24]; of these, 1978 had a CAC score of 0. Kaplan-
Meier survival estimated in the group with a CAC score of 0 and a
calcium score >1 was 99.0% and 94.5% at 5 years, and 95.5% and
84.0% at 13 years, respectively. In the group with a CAC score of 0,
no one died due to a coronary event. The use of CAC score alone in
symptomatic patients is therefore important when the quick exclusion
of obstructive CAD is required while certain conditions do not allow
for contrast agent injection or pose a considerable risk to the patient
(e.g., severe kidney failure, previous anaphylactic reaction to iodine
contrast, or others).

Clinical use in cardiovascular primary prevention

The 2021 ESC Guidelines on cardiovascular disease prevention
in clinical practice acknowledge the value of CAC in risk
stratification, stating that CAC scoring can improve risk prediction
beyond traditional risk factors [25]. Similarly, the 2019 ACC/AHA
Guideline on the primary prevention of cardiovascular disease
emphasizes the importance of CAC in identifying individuals who
may benefit from intensified preventive therapies [26]. Several
studies have demonstrated the predictive power of CAC in assessing
the risk of CHD events. The landmark study by Wilson ef al.
demonstrated that risk factor categories, including CAC,
significantly improved the prediction of CHD [27]. The
Atherosclerotic Cardiovascular Disease Pooled Cohort risk
equations also incorporate CAC as a risk factor [28]. Furthermore,
Budoff et al. found that even individuals with absent or minimal
CAC were still at risk of cardiovascular events [29]. The
relationship between CAC and age has been extensively studied.
Hoff et al. examined the age and gender distributions of CAC
detected by electron beam tomography [30], while Detrano et al.
investigated the association between CAC and coronary events in
different racial or ethnic groups [31]. In a large cohort study,
LaMonte et al. reported that higher CAC scores were associated
with an increased risk of CHD events in both men and women [32].
CAC has also shown value in predicting the progression of coronary
artery calcification. Kronmal et a/. found that traditional risk factors
and baseline CAC scores were significant predictors of CAC
progression [33].

Moreover, the presence of incidental CAC on a non-gated CT
thorax was found to correlate with the risk of cardiovascular events
and death [34]. In addition to its predictive value, CAC has been
shown to improve cardiovascular risk prediction in the elderly [31].
Other studies demonstrated the prognostic value of CAC in suspected
CAD and highlighted the utility of non-traditional risk markers,
including CAC, in atherosclerotic cardiovascular disease risk
assessment [35,36]. Comparisons between CAC and other risk
markers have also been explored, comparing CAC with carotid
intima-media thickness in predicting cardiovascular disease incidence
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[37]. CAC was also evaluated for improving cardiovascular risk
assessment in intermediate-risk individuals and risk stratification [38].
Pergola et al. investigated the impact of CAC on in-hospital mortality
for SARS-CoV-2 infection, highlighting the potential of CAC as an
identifier of at-risk patients [17].

Recommendations on coronary artery
calcium scoring in treatment decisions

Different guidelines provide varying recommendations regarding
the use of the CAC score in guiding treatment decisions, specifically
concerning statin therapy or other preventive therapies (Table 1).
Notably, Verghese et al. conducted a study published in the American
Journal of Preventive Cardiology that focuses on the contemporary
use of CAC scoring for the allocation of aspirin, specifically
considering the 2022 United States Preventive Services Task Force
(USPSTF) guideline recommendations [39]. The AHA/ACC state in
their 2013 guidelines that CAC scoring may be considered in
intermediate-risk patients (10-year risk of 5-20%) to help determine
the initiation of statin therapy in those with CAC scores >300
Agatston units [40]. However, the guidelines also highlight that the
use of CAC scoring is of uncertain value in patients with low (<5%)
or high (>20%) 10-year risk estimates. The ESC guidelines, in their
2019 update [4], recognize the potential role of CAC scoring in
refining risk stratification. They suggest considering CAC scoring in
intermediate-risk individuals (10-year risk of 5-10%) to guide
therapeutic decisions, especially when there is uncertainty about
treatment initiation. However, the guidelines do not provide specific
thresholds for CAC scores or detailed recommendations regarding
statin therapy based on CAC scoring. The 2018 USPSTF guidelines
do not recommend routine CAC scoring or any other non-traditional
risk factors for risk assessment in asymptomatic adults [41].

They state that the current evidence is insufficient to assess the
benefits and harms of CAC scoring for guiding preventive medication
use in individuals without a history of cardiovascular disease. Also,
the Society of Cardiovascular Computed Tomography (SCCT) has
published guidelines on the use of CAC scoring in clinical practice.
In their 2017 guideline [42], they state that CAC scoring provides
incremental prognostic information beyond traditional risk factors
and may be considered in certain clinical scenarios. They recommend
considering CAC scoring in intermediate-risk individuals (10-year
risk of 5-20%) when the decision to initiate statin therapy is uncertain.

A CAC score of 0 may help to reclassify individuals into a lower-risk
category, potentially guiding the decision to defer or withhold statin
therapy. The SCCT guidelines emphasize that the use of CAC scoring
should be integrated into the overall clinical risk assessment and
treatment decision-making process, considering individual patient
characteristics and preferences.

Comparison to traditional risk scores

For over 40 years, clinical decisions in preventive cardiology
have relied on risk assessment equations that utilize office-based
measurements of blood lipids, blood pressure, age, smoking history,
and the presence or absence of diabetes [43]. The CAC score can
modify the predicted risk obtained from the Framingham risk score,
especially for patients in the intermediate-risk category [10]. Despite
the recognized potential of the CAC score in addition to traditional
risk factors, clinical practice guidelines do not currently recommend
the use of risk scores that require CAC testing [27,44,45]. Presently,
the MESA risk score is the only risk score that incorporates CAC
and traditional risk factors to estimate 10-year CHD risk [46]. The
MESA risk score is available online (https://www.mesa-nhlbi.org/
MESACHDRisk/MesaRiskScore/RiskScore.aspx) and as a
smartphone application, and it can be used to communicate risk and
determine risk-based treatment strategies for patients. Among 13
non-traditional negative risk markers, a CAC score of 0 remains the
strongest, resulting in the most significant downward shift in
estimated cardiovascular disease risk [47].

Limitations and challenges

Sources of variability in coronary calcium score
measurement (non-contrast versus contrast studies)

Sources of variability in CAC score measurement can arise from
different factors, particularly when comparing non-contrast and
contrast studies [48-50]. Non-contrast studies rely on the
measurement of calcium deposits in the coronary arteries using
cardiac CT scans [48]. Variability can occur due to factors such as
image quality, scanner settings, and patient characteristics [49,50].
Contrast studies, on the other hand, involve the administration of
contrast agents to enhance the visualization of the coronary arteries

Table 1. Summary of recommendations on coronary artery calcium scoring in treatment decisions: a comparison of guidelines.

Guidelines Recommendation

AHA/ACC 2013 [40]

CAC scoring may be considered in intermediate-risk patients (10-year risk of 5-20%) to determine the initiation of statin therapy in

those with CAC scores >300 Agatston units. However, the use of CAC scoring is of uncertain value in patients with low (<5%) or

high (>20%) 10-year risk estimates.
ESC 2019 [4]

Considering CAC scoring in intermediate-risk individuals (10-year risk of 5-10%) to guide therapeutic decisions, especially when

there is uncertainty about treatment initiation. However, the guidelines do not provide specific thresholds for CAC scores or detailed
recommendations regarding statin therapy based on CAC scoring.

USPSTF 2018 [41]

Routine CAC scoring or any other non-traditional risk factors are not recommended for risk assessment in asymptomatic adults.

The current evidence is insufficient to assess the benefits and harms of CAC scoring for guiding preventive medication use in indi-

viduals without a history of cardiovascular disease.
SCCT 2017 [42]

CAC scoring provides incremental prognostic information beyond traditional risk factors and may be considered in certain clinical

scenarios. Consider CAC scoring in intermediate-risk individuals (10-year risk of 5-20%) when the decision to initiate statin therapy
is uncertain. A CAC score of 0 may help to reclassify individuals into a lower-risk category, potentially guiding the decision to defer
or withhold statin therapy. The use of CAC scoring should be integrated into the overall clinical risk assessment and treatment
decision-making process, considering individual patient characteristics and preferences.

AHA/ACC, American Heart Association/American College of Cardiology; ESC, European Society of Cardiology; USPSTF, United States Preventive Services Task Force;

SCCT, Society of Cardiovascular Computed Tomography; CAC, coronary artery calcium.
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[50]. This introduces additional variables, including the timing and
dosage of the contrast agent, which can impact calcium score
measurements. Furthermore, differences in image acquisition
protocols and interpretation methodologies can contribute to
variability in the measurement of coronary calcium scores between
non-contrast and contrast studies. Understanding and minimizing
these sources of variability is crucial for an accurate and consistent
assessment of coronary artery calcification [48-50].

Influence of medications on the score
“the calcium paradox”

The relationship between statin therapy and cardiac calcium
scores has been the subject of several studies, with some findings
suggesting that treating patients with atherosclerosis using statins can
actually increase the calcium score, despite the fact that elevated
scores are often the reason for initiating statin treatment. A study by
Lee et al. [51] investigated potential mediators between statins and
CAC. However, a study by Puri ef al. shed light on the implications
of this increase in calcium scores [52]. The study reviewed eight
separate studies that utilized intravascular ultrasound to evaluate the
size and composition of atherosclerotic plaques in patients undergoing
statin therapy. The researchers made two important observations.
First, high-dose statin therapy tended to shrink plaques. Second, as
the plaques were shrinking, their composition underwent changes.

Specifically, the volume of lipid deposits within the plaques
decreased, while the volume of fibrotic cells and calcium increased.
This transformation from unstable “soft” plaques to more stable
"hard" plaques may reduce the risk of sudden rupture and subsequent
cardiovascular events. It is believed that these changes contribute to
the significant reduction in cardiovascular risk observed in patients
with CAD receiving statin therapy. Thus, the available evidence
suggests that statin therapy not only reduces cholesterol levels but
also modifies existing plaques, making them less prone to rupture. As
a part of this process, the plaques may become more calcified, leading
to an increase in the CAC score. Therefore, an elevated calcium score
following statin therapy should be seen as an indication of treatment
success rather than a cause for alarm. In the recent PARADIGM study,
Park er al. investigated the impact of statins on coronary plaque
progression in mild stenosis lesions [53]. This study aimed to evaluate
the effects of statin therapy on plaque features associated with a high
risk of adverse cardiovascular events. The results indicated that statins
had a significant impact on slowing the progression of coronary
plaque in mild stenosis lesions, particularly when high-risk plaque
features were present. These findings highlight the importance of
tailoring statin therapy based on individual plaque characteristics to
effectively manage and prevent cardiovascular disease [54].

Potential limitations and challenges
in clinical implementation

The clinical implementation of CAC scoring for assessing CAD
can face certain limitations and challenges. Factors such as motion
artifacts, calcification in non-coronary arteries, or blooming effects
can affect the accuracy of calcium scoring (Figure 3). Another
challenge is the variability in calcium score thresholds used to define
the presence or severity of disease, as different guidelines or
institutions may have different cut-off values. Additionally, the
radiation exposure associated with CCTA scans used for calcium
scoring raises concerns, especially for repeat testing and younger
populations. Cost can also be a barrier, as calcium scoring may not
be universally reimbursed, limiting its accessibility. Furthermore,
integrating calcium scoring into clinical workflows and electronic

OPEN aACCESS

health records may require adjustments to optimize efficiency and
ensure proper data interpretation. Addressing these limitations and
challenges through ongoing research, standardization of protocols,
education, and appropriate utilization can enhance the clinical
implementation of calcium scoring and its potential benefits [54].

Future directions and research

Emerging technologies and techniques
for coronary calcium scoring

Emerging technologies and techniques in CAC scoring hold
promise for advancing the field. One notable approach is the
application of deep learning and convolutional neural networks, as
demonstrated in the studies by Wolterink ef al. [55], Mu et al. [56],
and Wang ef al. [57]. These methods have shown the potential for
automated and accurate CAC scoring in cardiac CCTA images,
eliminating the need for additional non-contrast CT imaging and
providing efficient risk assessment [55-57]. Continued advancements
in deep learning algorithms and image analysis techniques are
expected to further enhance the performance and efficiency of
coronary calcium scoring.

e
&mﬁm"-;.

Calcium

in LAD

/Y and D1
s

No calcium

Figure 3. A,B) Distribution of coronary calcium on cardiac com-
puted tomography in two different patients: no detectable coronary
calcium (A), coronary calcium in epicardial coronary arteries (B),
including the left anterior descending and diagonal artery; C,D)
distribution of calcium in the mitral valve; E) evidence of coronary
artery calcium, the yellow arrows indicate pericardium cardiac cal-
cium; F) the presence of electrode impedes coronary calcium
assessment.
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Potential for integrating coronary calcium score
with other biomarkers

Integrating CAC scores with other biomarkers has the
potential to improve risk assessment and enhance the predictive
value of CAC scoring. Machine learning models, as demonstrated
by Han et al. [58] and Ren et al. [59], have shown the benefits of
incorporating clinical variables alongside CAC scores in
predicting outcomes such as all-cause mortality and obstructive
CHD [58,59]. The combination of CAC scores with additional
biomarkers, such as blood biomarkers, genetic markers, or
imaging features, may provide a more comprehensive assessment
of cardiovascular risk and aid in personalized risk stratification.
Further research is needed to explore the integration of coronary
calcium scores with other biomarkers and develop comprehensive
risk prediction models [58,59]. These advancements have the
potential to refine risk stratification strategies and improve the
management of cardiovascular disease [57-59]. Further studies
and collaborations are needed to validate and optimize these
approaches for clinical application.

Conclusions
Summary of key findings and implications

The use of CAC scoring has shown promise in the risk
assessment and stratification of cardiovascular disease. The
CRESCENT trial demonstrated the effectiveness and safety of a
tiered cardiac CT protocol utilizing CAC score determination and
the selective performance of CT angiography [60]. This approach
resulted in significant cost savings and reduced the need for
additional diagnostic testing. Individuals with a CAC score of 0
had a good long-term prognosis, while elevated CAC scores were
associated with increased cardiovascular risk. CAC scoring has
demonstrated superior ability in stratifying patients, especially
asymptomatic individuals, compared to traditional risk factors and
scoring systems. Furthermore, CAC scoring in patients with
diabetes mellitus has shown an adequate correlation with
outcomes. Evaluating CAC scores can be complemented by
plaque analysis to assess vulnerable plaque characteristics and
further refine risk assessment (Figure 4). The use of machine
learning algorithms has confirmed the value of CAC scoring in
assessing cardiovascular risk and presents opportunities to develop
new algorithms and models for improved risk stratification.

Figure 4. Coronary artery disease evaluation. A) Cardiac comput-
ed tomography angiography reconstruction, in particular, a moder-
ate left main artery stenosis; B) the same patient underwent inva-
sive coronary angiography which confirms moderate left main
artery stenosis.
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Recommendations for clinical practice

Based on the evidence presented, incorporating CAC scoring into
clinical practice can provide valuable insights for risk assessment and
management of cardiovascular disease. Based on our review of the
literature, we suggest the following recommendations: i) consider the
use of CAC scoring as an additional risk factor in the evaluation of
patients, particularly in asymptomatic individuals, to enhance risk
stratification; ii) utilize a tiered cardiac CT protocol that includes CAC
scoring and selective CT angiography in patients with intermediate
risk or high CHD pre-test probability, as demonstrated in the
CRESCENT trial, to optimize diagnostic evaluation and reduce costs;
iii) recognize the prognostic value of a CAC score of 0, which
indicates a good long-term prognosis and may warrant a longer
interval before further testing; iv) perform plaque analysis in
conjunction with CAC scoring to assess vulnerable plaque
characteristics and identify patients at elevated ASCVD risk; v)
embrace the potential of machine learning algorithms to further
enhance the clinical power of CAC scoring and develop new models
for risk stratification.

Implementing these recommendations can lead to more accurate
risk assessment, targeted interventions and improved management of
cardiovascular disease.
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