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Abstract 
Coronary Artery Disease (CAD) is a global health concern, 

contributing significantly to morbidity and mortality rates. 

The Coronary Artery Calcium Score (CACS) has emerged as a 

non-invasive predictive tool for coronary events. This study 

aimed to evaluate the clinical significance of CACS in 

predicting CAD in terms of coronary stenosis. A cohort of 153 

subjects with varying CAD symptoms underwent Computed 

Tomography Coronary Angiography (CT-CAG) scans, and their 

CACS values were correlated with manual stenosis 

estimation. Sensitivity, specificity, accuracy, positive 

predictive value, and negative predictive value were assessed. 

The results indicated that CACS is a robust predictor of 

coronary stenosis, with a sensitivity of 96.04% and specificity 

of 90.38%. These findings highlight the potential of CT-CAG 

combined with CACS as an initial screening method for CAD 

in patients with mild to moderate symptoms, reducing the 

need for invasive diagnostic procedures. 

 

1. Introduction 
Coronary Artery Disease (CAD) is a leading cause of morbidity 

and mortality worldwide, imposing a significant burden on 

healthcare systems and society at large [1]. The profound 

impact it exerts on healthcare systems and society at large is 

a reminder of the urgent need for effective strategies in its 

management and prevention. Recognizing the importance of 

early detection and risk assessment as pivotal components 

of these strategies, the medical community has turned to 

innovative non-invasive approaches.  

Among these approaches, the Coronary Artery Calcium Score 

(CACS) has emerged as a promising tool for evaluating CAD 

risk [2]. By quantifying the extent of calcium deposits within 

the coronary arteries, CACS furnishes clinicians with valuable 

insights into a patient's susceptibility to CAD [3]. This ability 

to offer a predictive glimpse into an individual's CAD risk 

profile is pivotal in enabling timely interventions and 

ultimately enhancing patient outcomes. However, the 

landscape of CAD assessment has evolved further with the 

widespread adoption of Computed Tomography Coronary 

Angiography (CT-CAG) in recent years [4]. This imaging 

modality has become the gold standard for assessing the 

degree of coronary artery stenosis, providing detailed 

anatomical information that enhances diagnostic precision. 

The logical progression in the field of CAD evaluation has led 

to the exploration of integrating CACS with CT-CAG to offer a 

more comprehensive and precise assessment of CAD risk [5] 

[6].  

In this context, our study sets out to examine the clinical 

significance of CACS in predicting the presence or absence of 

coronary stenosis in patients presenting varying degrees of 

CAD symptoms. Our working hypothesis is that CACS can 

serve as an effective predictor of coronary stenosis, 

particularly in patients with mild to moderate symptoms. This, 

in turn, has the potential to substantially reduce the necessity 

for invasive diagnostic procedures, thus improving both 

patient comfort and healthcare resource allocation. In the 

pages that follow, we delve deeper into our research findings 

and their implications, ultimately validating the role of CACS 

in optimizing CAD risk stratification and diagnostic accuracy. 

 

2. Materials and Methods 

2.1 Study Population  

A total of 153 subjects (mean age 57.19 ± 11.74 years, 63% 

male and 37% female) with a range of CAD symptoms, from 

none to severe, were enrolled in this study. All participants 

underwent the CT-CAG scans using the uCT 780 scanner (Mfg. 

- United Imaging Healthcare Co. Ltd, Shanghai). These 

individuals represented a diverse patient population with 
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varying levels of CAD risk. 

 

2.2 CACS Calculation and Stenosis Estimation 

CACS values were calculated using mass, volume, and 

Agatston Score estimation [7]. These approaches provide a 

comprehensive evaluation of calcium build-up within the 

coronary arteries, offering a nuanced understanding of a 

patient's coronary health. To complement this quantitative 

assessment, we engaged the expertise of a seasoned 

radiologist well-versed in cardiovascular imaging. This expert 

meticulously conducted manual stenosis estimations, a 

critical aspect of our study. Drawing upon his extensive 

experience and proficiency, the radiologist carefully 

evaluated the degree of coronary artery stenosis in each 

subject. Our classification of study participants was based on 

the results of these manual stenosis estimations. Specifically, 

we grouped individuals into two distinct categories: those 

with coronary artery disease (CAD) and those without CAD. 

The primary criterion for this classification was the presence 

or absence of non-zero stenosis, with the former serving as a 

clear indicator of CAD. In parallel to this manual assessment, 

we leveraged the CACS values obtained through our 

quantitative techniques to predict the likelihood of coronary 

stenosis. Notably, a CACS value greater than zero was 

indicative of the presence of coronary stenosis. This dual 

approach, combining expert radiological evaluation with 

quantitative CACS data, allowed us to comprehensively 

ascertain the CAD status of our study participants and form 

a robust foundation for our subsequent analyses. Few of the 

examples are shown in Figures 1 and 2 below differentiates 

the CAD and Non-CAD cases with zero and 2737 calcium 

scores respectively. 

Figure 1 provides a notable observation: the CT-CAG under 

investigation by the radiologist displays an absence of any 

calcified structures within the arteries. This absence serves 

as a compelling indicator of the absence of CAD with Flow 

Limitations with zero CACS. Conversely, Figure 2 presents a 

markedly contrasting scenario. This image provides clear 

evidence of the presence of multiple eccentric calcified 

plaques, strongly suggestive of stenosis, particularly 

occlusions in the Left Anterior Descending Artery (LAD). 

Furthermore, the cumulative CACS, calculated as 2737, 

underscores the extent of calcification within the coronary 

arteries. 

Figure 2 goes beyond merely pointing out the calcification in 

the LAD. It also reveals the presence of stenosis in multiple 

other arterial segments. Specifically, this image depicts 70-80% 

stenosis in the distal Right Coronary Artery (RCA), 60-70% 

stenosis in the distal LAD, 30-40% stenosis in the Left 

Circumflex Artery (LCX), 40-50% stenosis in the proximal RCA, 

and 20-30% stenosis in the Right Posterior Descending Artery 

(RPDA). These findings collectively contribute to a 

comprehensive assessment of the patient's coronary artery 

health and serve as crucial diagnostic information for clinical 

decision-making 

 

2.3 Statistical Analysis 

The quantitative evaluation of our study encompassed a 

meticulous analysis that involved an array of statistical 

parameters, each contributing to a comprehensive 

assessment of the effectiveness of the CACS as a predictive 

tool for coronary stenosis. These statistical metrics, including 

sensitivity, specificity, accuracy, positive predictive value (PPV), 

and negative predictive value (NPV), were harnessed to gauge 

the diagnostic performance of CACS.   

Sensitivity, a crucial measure, quantified the ability of CACS 

to correctly identify individuals with coronary stenosis, 

thereby avoiding false negatives. It quantified the proportion 

of true positive predictions, highlighting the sensitivity of 

CACS in detecting coronary stenosis cases. Specificity, on the 

other hand, assessed the capacity of CACS to accurately 

identify individuals without coronary stenosis, minimizing 

false positives. It represented the proportion of true negative 

predictions, emphasizing the specificity of CACS in correctly 

ruling out coronary stenosis in non-CAD cases. Accuracy, as a 

fundamental metric, provided an overall measure of CACS's 

ability to correctly classify both positive and negative cases, 

offering insight into the overall diagnostic performance of 

this non-invasive tool. Positive Predictive Value (PPV) offered 

valuable insights into the likelihood of an individual with a 

positive CACS result truly having coronary stenosis. It 

highlighted the precision of CACS in identifying true CAD 

cases among those with positive test results. Conversely, 

Negative Predictive Value (NPV) evaluated the probability of 

an individual with a negative CACS result genuinely being free 

from coronary stenosis. NPV shed light on the capacity of 

CACS to effectively rule out coronary stenosis in those with 

negative test outcomes. 

Together, these statistical parameters provided a 

comprehensive evaluation of CACS's diagnostic ability, with 
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its sensitivity, specificity, accuracy, and predictive values in 

finding the presence or absence of coronary stenosis. This 

thorough analysis is fundamental in determining the clinical 

utility of CACS as a screening tool for CAD and in informing 

medical decision-making for patients with varying degrees of 

CAD symptoms. 

 

 

 

Figure 1. The progressive framework of the coronary segmentation model. 

 

 

Figure 2. CT-CAG with the Calcium Score calculated as 2737 whereas, Diagnosis Impression reported by radiologists is the Occlusion of mid LAD with 70-80% stenosis of distal 

RCA, 60-70% stenosis of distal LAD, 30-40% stenosis of LCX and 40-50% stenosis on proximal RCA. 
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3. Results 
Among the 153 patients included in our study, a substantial 

portion, 52 individuals (approximately 34%), displayed 

normal Computed Tomography Coronary Angiography (CT-

CAG) results, indicating the absence of coronary stenosis. 

Notably, when we examined their CACS values, 51 of these 

patients were also classified as normal based on their CACS 

measurements. This congruence between CT-CAG and CACS 

findings reflected the high degree of agreement in identifying 

coronary health among these individuals. Impressively, 47 of 

these patients were correctly classified as having normal 

coronary arteries (True Positives), demonstrating the 

robustness of both CT-CAG and CACS in accurately identifying 

non-stenotic cases. However, four patients were 

misclassified as having coronary stenosis (False Negatives), 

emphasizing the importance of considering other clinical 

factors when making diagnostic decisions. 

In contrast, 102 patients were classified as CAD-positive 

based on their non-zero CACS values, indicating the presence 

of coronary artery calcification. Among these individuals, 97 

were correctly classified as having coronary stenosis (True 

Positives), highlighting the strong predictive capacity of CACS 

in identifying CAD cases. However, five patients were 

incorrectly classified as CAD-positive (False Positives) when 

compared to manual stenosis labelling. While this 

represented a small percentage of misclassified cases, it 

underscores the need for comprehensive evaluation in 

clinical practice. Figure 3 shows the comparative plot 

between the CACS and the Stenosis (%) showing the non-zero 

CACS values that indicates the presence of CAD. In addition, 

it can be validated from the plot that the zero CACS is 

indicative of no stenosis. 

Our analysis of the data yielded compelling diagnostic 

statistics. The utilization of CACS as a predictor for coronary 

stenosis demonstrated an exceptional sensitivity of 96.04%, 

signifying its effectiveness in correctly identifying patients 

with coronary stenosis. Moreover, it exhibited a specificity of 

90.38%, indicating its ability to accurately classify individuals 

without coronary stenosis. The overall accuracy of 94.12% 

reaffirmed the reliability of CACS as a diagnostic tool in CAD 

risk assessment through Table 1.

 

 
Figure 3. Comparative Plot CACS vs Stenosis (in %). 
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Table 1. Statistical Analysis CACS vs Stenosis. 

 TP FP TN FN Sensitivity Specificity Accuracy PPV NPV 

CACS > 0 97 5   0.9604 0.9038 0.9412 0.951 0.9216 

CACS = 0   47 4      

TP: True Positive, FP: False Positives, TN: True Negatives, FN: False Negatives, PPV: Positive Predictive Value, NPV: Negative Predictive Value 

 

The PPV of 95.10% highlighted the precision of CACS in 

identifying true CAD cases among those with positive test 

results. Simultaneously, the NPV of 92.16% underscored its 

ability to reliably exclude coronary stenosis in individuals with 

negative test results as shown in Table 1. These impressive 

results collectively underscore the robust predictive 

capability of CACS in effectively identifying coronary stenosis, 

demonstrating its clinical significance as a valuable tool in the 

realm of CAD diagnosis and risk assessment. 

 

4. Conclusion 
This extensive investigation demonstrated that the Coronary 

Artery Calcium Score (CACS) serves as a robust predictor of 

coronary stenosis across a diverse range of CAD symptoms. 

This highlights the versatility and clinical applicability of CACS, 

making it a valuable tool for identifying coronary stenosis in 

patients with varying CAD-related symptoms. Additionally, 

our study revealed the impressive accuracy of Computed 

Tomography Coronary Angiography (CT-CAG) in detecting 

coronary stenosis, with only a minimal 6% misclassification 

rate. These findings align with prior research, reinforcing the 

clinical significance of CACS in CAD risk assessment. Together, 

these results contribute to a better understanding of CAD 

diagnosis and emphasize the utility of CACS and CT-CAG for 

precise identification of coronary stenosis. Integrating these 

diagnostic approaches into clinical practice brings us closer 

to the goal of timely intervention, improved patient 

outcomes, and efficient healthcare resource allocation in 

CAD management.   

 

5. Clinical Relevance 
The combination of CT-CAG and CACS calculation holds 

clinical relevance as an initial screening method for detecting 

CAD in patients with mild to moderate symptoms. This 

approach offers several advantages, including its non-

invasiveness, accuracy, and potential to reduce the need for 

invasive diagnostic procedures. Early identification of CAD 

risk through CACS can facilitate timely interventions and 

improve patient outcomes. 

 

6. Limitations 
It is essential to acknowledge certain limitations of this study. 

First, the study population was relatively small and 

heterogeneous. A larger and more diverse cohort may 

provide additional insights into the clinical utility of CACS. 

Additionally, the study did not assess the long-term 

outcomes of patients with varying levels of CAD risk. Further 

research is needed to determine the prognostic value of 

CACS in predicting cardiovascular events and mortality. 

 

7. Image/Figure Courtesy 
All images are courtesy of Tenet Diagnostic Centre, Bengaluru, 

India. 
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