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Abstract: 

Coronary artery disease (CAD) remains one of the most important causes of morbidity and 

mortality worldwide, creating a continuous need for reliable tools that can accurately 

identify patients at increased cardiovascular risk. Although traditional clinical risk scores 

are widely used, they may be insufficient for detecting subclinical atherosclerosis or 

predicting future coronary events in some patients. Cardiac computed tomography has 

become an important non-invasive imaging modality for CAD evaluation, particularly 

through coronary computed tomography angiography (CCTA) and coronary artery calcium 

scoring (CACS). CCTA allows detailed anatomical assessment of coronary stenosis, 

plaque burden, plaque composition, and high-risk plaque features, while CACS provides 

a quantitative measure of calcified atherosclerotic burden and helps reclassify patients 

according to their actual cardiovascular risk. In addition, standardized systems such as 

CAD-RADS improve communication between radiologists and clinicians and guide 

appropriate management decisions. Recent advances, including functional CT 

assessment, perivascular fat attenuation index, radiomics, spectral CT, and machine 

learning, have further expanded the role of CT cardiac imaging in individualized risk 

stratification, early preventive intervention, and optimization of treatment strategies in 

patients with suspected or established CAD. 
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Introduction: 

Since the CAD is considered the leading cause of death globally with a prevalence of 7% (1), in addition 

to the significant morbidity that accounting for 182 million disability-adjusted life years in 2019. Hence, the need 

for adequate risk stratification tools facilitating better assessment of the risk of CAD, in order to introduce 

effective prevention measures and to optimize the treatment strategies (2).  

Historically, rapid access chest pain clinics used clinical history and examination followed by an exercise 

tolerance test to risk stratify patients presenting with chest pain caused by stable angina. This was generally 

followed by SPECT or invasive coronary angiography if warranted. Exercise tolerance testing has since been 

removed from guidelines because of its limited diagnostic sensitivity (3).  

Recognizing the traditional risk factors associated with CAD has paved the way for the development of 

sophisticated scoring algorithms that effectively stratify patients by their risk of developing this condition. Several 

of these risk assessment tools have achieved significant clinical relevance and have been integrated in 

contemporary CVD prevention guidelines. Notably, the AHA endorses the use of the Framingham Coronary Heart 

Disease Risk Score (FRS) and the American College of Cardiology/AHA pooled cohort equation (ACC/AHA 

PCE) as the primary tools for assessing the risk of CVD incident. Similarly, the European Society of Cardiology 

advocates for the Systematic Coronary Risk Estimation 2 (SCORE2) as an essential tool for assessing comparable 

outcomes (4). 
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However, nowadays risk stratification for CAD remains a challenge, as traditional clinical risk scoring systems 

are often insufficient in identifying patients who continue to be at risk for coronary events. Recent clinical 

evidence emphasizes the critical role of cardiac imaging through CCTA in the management of patients with stable 

ischemic heart disease. Advanced computed tomography technology allows for precise quantification of plaque 

burden, identification of high-risk plaques, and functional assessments of coronary lesions to detect ischemia and 

guide revascularization efforts for patients suffering from refractory angina symptoms. Moreover, contemporary 

CT machines are enhanced by the Perivascular Fat Attenuation Index (FAI), a non-invasive measurement of 

coronary inflammation that facilitates the direct quantification of residual inflammatory burden on the vascular 

system. In addition, the integration of machine learning, radiomic feature extraction, and spectral CT for tissue 

characterization is expected to significantly enhance the diagnostic and prognostic efficacy of CCTA. By 

combining anatomical, functional, and biological insights into coronary circulation, CCTA provides a robust 

toolkit for more accurate risk stratification and aids in the identification of patients who may benefit from targeted 

and aggressive prevention strategies. This comprehensive approach not only elevates patient care standards but 

also contributes to the ongoing advancement of cardiovascular health (5). 

 

 

Figure 1. CT toolkit for the detection of the vulnerable patient (6). 

 

It is worth mentioning here that CCTA is considered the backbone of the Coronary Artery Disease Reporting and 

Data System (CAD-RADS), first published in 2016 illustrated in (table 1), to standardize risk stratification and 

the reporting system for suspected CAD patients undergoing CCTA, and to guide possible next steps in patient 

management (7). 
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Table 1 CAD-RADS reporting and data system for patients presenting with stable chest pain (8). 

 

 

Those patients with a very high-risk pre-test likelihood of coronary artery disease, the 2010 National Institute for 

Health and Care Excellence guidelines suggested performing no investigation and to treat it as angina. However, 

this may potentially be denying this group an assessment of their ‘ischemia burden’, a discriminator that is known 

to confer prognostic information (9). The CE-MARC 2 trial identified that the 2010 National Institute for Health 

and Care Excellence guidelines led to higher rates of unnecessary angiography compared to functional imaging-

guided care; a strategy that potentially increases patient morbidity and healthcare costs (10).  

Finally, radiological quantification of CAC is known as a relatively noninvasive modality that has been developed 

more recently. It is a powerful predictor of the presence of an underlying atherosclerotic burden and can be 

determined either by fast electron beam CT or multidetector CT. It gives information about coronary plaque 

burden and therefore permits to risk stratify patients. Its incremental benefit on CAD risk prediction beyond 

conventional risk factors also has been demonstrated in several studies. The CACS has an independent prediction 

of CAD that a higher score is accompanied with a greater likelihood of having CAD. An independent positive 

correlation has also been observed between CACS and other cardiovascular risk factors such as age, gender, DM, 

hypertension and dyslipidemia (11). 

CACS is the most reliable means of identifying risk. For example, intermediate-risk patients without CAC can be 

reclassified into a lower-risk group, such that statins can be withheld (12). 

CACS is quantified almost exclusively by electrocardiogram-gated multidetector CT scan (Figure 2). Depending 

on the number of CT detector rows, CACS data can be acquired in just a few heartbeats. The best-quality data are 

acquired during mid-diastole, when the cardiac cycle is most quiescent. With recent advances in CT technology 

and dose-reduction techniques, the CACS radiation dose can be relatively small (0.37 ± 0.16 mSv), slightly lower 

than screening mammography (0.44–0.56 mSv) (13). 

 

 

 

https://www.magonlinelibrary.com/doi/full/10.12968/hmed.2022.0176#B22
https://www.magonlinelibrary.com/doi/full/10.12968/hmed.2022.0176#B36
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Figure 2. Representative examples of CAC in 4 patients. (A) A 52-year-old white man with no CAC. (B) A 64-

year-old black man with CAC in the LAD (green) and LCx (blue); Agatston score = 63 (mild CAC), placing this 

patient within the 75th to 90th percentile for his age group. CAC was also present in the RCA (not shown). (C) A 

50-year-old Asian man with CAC in the proximal, mid- and distal LAD (green); Agatston score = 159 (moderate 

CAC), placing this patient within the 90th to 95th percentile for his age group. CAC was also present in the distal 

LAD (not shown). (D) A 60-year-old white man with LM and 3-vessel CAC; Agatston score = 834 (severe CAC), 

placing this patient in the 95th percentile for his age group. CAC at only one level is shown: LCx (blue) and RCA 

(red). CAC, coronary artery 432calcification; LAD, left anterior descending coronary artery; LCx, left circumflex 

coronary artery; LM, left main coronary artery; RCA, right coronary artery (14). 

 

The Agatston score (Table 2), is the most widely used CAC scoring system in clinical practice and 

research. Total CACS is computed by summing the scores of all calcified lesions and can be expressed as a 

percentile, adjusted for sex and race (white, Chinese, black, Hispanic). CACS can also be computed for each 

coronary artery (14).  

 

Table 2 Agatston score for coronary artery disease grading (15). 
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Moreover, CACS can be used in the assessment of plaque burden within the coronaries to predict the severity 

extent of CAD (Table 3). Subsequently, based on plaque burden provided by CACS, it is possible to consider a 

specific management plan to each patient corresponding to the CAD-RADS category (Table 4). 

 

Table  3. Coronary plaque burden (16). 

 
 

*SIS – Segment involvement score. SIS is a semiquantitative measure derived from the coronary CTA scan. For 

each of the 16 coronary segments a score o 1 is added if any plaque is present for a maximum of 16, or 17 in case 

a ramus intermedius is present.  

 

Table 4. Management considerations based on plaque burden (16). 

 
 

One last CACS benefit as a powerful risk stratification tool is its ability to predict future risk of coronary 

events (myocardial infarction, death from coronary heart disease or resuscitated cardiac arrest) in asymptomatic 
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patients, which is more accurate than clinical risk scoring alone, and in symptomatic patients it correlates 

positively with the degree of luminal obstruction of coronary artery (17). 
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