
Role of computed tomography screening for detection of 
coronary artery disease

Donghee Han1,2, Ji Hyun Lee1,2, Bríain ó Hartaigh, PhD1,2, and James K. Min, MD1,2,3

1Department of Radiology, Weill Cornell Medical College, New York, New York

2Dalio Institute of Cardiovascular Imaging, New York-Presbyterian Hospital, New York, NY

3Department of Medicine, Weill Cornell Medical College, New York, New York

INTRODUCTION

Cardiovascular disease (CVD) remains the most prominent cause of morbidity and mortality 

in western societies, accounting for approximately 17.3 million deaths per year, which is 

projected to rise substantially to more than 23.6 million by 2030. In the United States, the 

economic burden of CVD is immense, resulting in an estimated expenditure of 320.1 billion 

USD in 2011 alone. Of further concern is that the total direct medical costs related to CVD 

are forecasted to reach around $918 billion by 2030 (1).

The initial manifestation of coronary artery disease (CAD) is generally the presence of 

myocardial infarction or sudden cardiac death, particularly among asymptomatic 

individuals, thereby emphasizing the need for improved screening, prediction and treatment 

approaches for subclinical coronary atherosclerosis (2). To date, a potential pitfall of the 

classic cardiovascular risk assessment tools is their inability to identify more than 75% of 

asymptomatic individuals who experience future CAD events (3). Indeed, the availability of 

an alternative modality capable of detecting significant subclinical atherosclerosis, while 

additionally targeting prevention of future cardiovascular events would likely augment 

prognosis in asymptomatic patients at risk for suspected CAD (4).

Screening for coronary artery calcification (CAC) has emerged as a relatively inexpensive 

non-invasive imaging modality that is widely accessible to asymptomatic adults at risk of 

CAD. CAC scoring is considered a robust method for early detection of coronary heart 

disease (CHD), particularly in asymptomatic patients when compared with other risk factor-

based paradigms, such as the FRS and the European Society of Cardiology Score (5). 
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Moreover, epidemiological evidence have documented that CAC scoring represents an 

independent prognostic indicator of adverse cardiovascular events over and above numerous 

conventional risk factors (6,7).

The following review summarizes the role of CT screening for detection of CAC, by 

outlining the methods used in the acquisition of CAC, along with its role as an important 

predictor of adverse events, while also discussing the implications and future directions of 

CT for determining CAC in the clinical setting.

Image acquisition of CAC

In the field of atherosclerotic imaging, among others, electron beam computed tomography 

(EBCT) has been used in quantification of CAC; however, multi-detector computed 

tomography (MDCT) has emerged as the more commonly used imaging modality employed 

for the quantification of the amount of plaque present in the coronary arteries (8). Indeed, 

progressive advancements in these imaging tools have allowed researchers and clinicians to 

expand our understanding of the risk of CAD and its consequences. Some of the major 

advantages of using EBCT include a lower radiation dose along with less motion artifacts, 

while notable benefits of using MDCT include a reduction in noise, along with a higher 

spatial resolution (9), and large volume data acquisition (10).

Typically, CAC is scanned prospectively using an ECG-triggered mode with 2.5–3.0 mm 

axial slice thickness. EBCT utilizes a sophisticated approach that enables rapid acquisition 

of 100 msec scanning times in a prospective mode using 3 mm slice thickness that permits 

reliable measurement of calcium deposits in the coronary arteries (11,12). Some of the most 

commonly used 64-slice CT scanners use a rotation gantry speed of up to 330 msec (10). 

More contemporary MDCT scanners are capable of acquiring up to 128–320 slices of the 

heart, producing a higher temporal resolution. The relative abilities of EBCT and MDCT 

have been discussed elegantly in a recent review by Nasir and co-workers (11).

Using conventional CT scanners, CAC is defined as a hyper attenuating lesion above a 

threshold of 130 Hounsfield Units (HU), with an area ≥3 adjacent pixels (8). Several 

methods have been used to quantify calcium scores based on CT imaging. The Agatston 

score is the most universal metric used for CAC scoring (8). Although several CAC cut-

points have been proposed, the following reference categories have generally been 

employed when evaluating the relationship between calcium and risk of CAC: 0 (none), 1–

99 (mild), 100–400 (moderate), >400 (severe) (13). Inter-reader and intra-reader variabilities 

of CAC scoring are low, and approximate 3% and <1%, respectively. Inter-scan variability 

is roughly 15% (8). In light of certain limitations of Agatston CAC scoring (e.g., 

inconsistent inter-scanner comparability), other scoring approaches have been proposed, and 

include the calcium volume score and calcium mass score. Prior studies have demonstrated 

that these methods are comparable with the Agatston approach, especially in terms of 

reproducibility (14).

Importantly, the radiation dose administered for CAC testing is low, with an effective 

median radiation dose of 2.3 mSv, which is equivalent to 1.5 screening mammograms 

performed (15). Though the radiation exposure on the background of a traditional CT 
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appears low, every effort should be made to attempt to lower the margin in radiation dose 

even further, without mitigating the ability to assess the burden of CAC in the coronary 

arteries.

Role of CAC in adverse cardiovascular risk

Prior studies have reported on the robustness of cardiac CT for identifying arterial 

calcification, indicating a high sensitivity for detecting significant coronary obstructive 

disease (11). In one study, Rumberger and colleagues revealed an intimate relation between 

CAC measured by electron beam computed tomography (EBCT) with direct histologic 

plaque areas in autopsied hearts (16). However, in that investigation, not all plaques were 

found to be calcified. There can exist individual differences in the coronary arteries with a 

poor correlation between the degree of plaque calcification and extent of luminal stenosis 

using invasive coronary angiography (17,18). Despite this, CAC estimates using cardiac CT 

correlates well with total atherosclerotic burden (17).

Prior studies have indicated some drawbacks when using conventional risk factors (i.e., such 

as those encompassing FRS) for classifying individuals, especially those belonging to an 

intermediate risk group. This has led some researchers to consider more novel risk markers 

for the purpose of screening for cardiovascular disease. For instance, the CAC score, along 

with carotid intima-media thickness (CIMT), C-reactive protein (CRP), ankle-brachial index 

(ABI), brachial flow-mediated dilation (FMD), as well as other imaging parameters are 

beginning to emerge as more informative parameters for risk prediction. Moreover, several 

studies have assessed the usefulness of these novel risk markers for improving 

cardiovascular risk assessment. In the Multi-Ethnic Study of Atherosclerosis (MESA) 

consisting of 6,814 participants, 1,330 individuals were classified as being at intermediate-

risk, defined as having a FRS between 5% and 20% (19). In that study, CAC, ABI, CRP, 

and family history of early CAD were all independently associated with incident CHD. 

Importantly, CAC provided superior discrimination and risk reclassification compared with 

the other markers. In the Heinz Nixdorf Recall (HNR) study, Möhlenkamp and colleagues 

demonstrated a strong relationship of CAC, FRS, and CRP with CAD in 3,966 patients 

without known CAD or acute inflammation (20). Notably, however, the improvement in risk 

prediction and discrimination was predominantly driven by CAC. In a recent study from the 

Rotterdam cohort, Kavousi et al. assessed the predictive ability of CAC along with 11 other 

novel biomarkers and imaging methods (21). The findings from that study highlighted that 

the NRI on the background of CAC was 19.3%, whereas the NRI relative to the other 

markers ranged from 0.4%–7.6%. The improvement in discrimination (defined as the 

change in C-Statistic) for CAC was 0.05, while for the other markers, the C-statistic ranged 

between 0.00–0.02. Notably, most of the extant literature has proposed that CAC scoring 

reflects a robust, independent and incremental predictor of future adverse cardiovascular 

events over and above other available risk markers.

CAC is a well-established surrogate of cardiovascular risk and has shown to provide 

incremental benefit over traditional risk tools. In a meta-analysis comprising 6 CAC studies, 

a higher CAC score was associated with a higher event rate and higher relative risk ratio 

(22). In the latter analysis, the adjusted relative risks according to CAC categories 11–100, 
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101–400, 401–1,000, and >1,000 were 1.9, 4.3, 7.2, and 10.8, respectively. Additionally, 

CAC displays a meaningful improvement in the prediction of CVD beyond traditional risk 

algorithms, such as FRS (23,24). In MESA, the CAC score provided improved prediction 

beyond that conveyed by traditional risk factors, a finding that extended to different racial 

and ethnic groups (25).

Given that the addition of CAC to traditional risk factors led to a significant improvement in 

the classification of risk, (21,26,27) further stratification by use of the CAC score may help 

guide treatment decision-making in clinical practice. Foremost, in a sub-study of participants 

enrolled in MESA who presented with similar inclusion criteria as reported in the JUPITER 

Trial (28), nearly half had a zero CAC score, and these individuals had a very low event rate 

(29). In the same study, one quarter of patients were identified as having a CAC score 

greater than 100, in which, most coronary heart disease events (74%) had occurred in this 

subset of individuals. Moreover, the number needed to treat (NNT) with statin medication in 

order to prevent one CHD outcome over the course of a 5-year study period was favorable at 

24 (29). Similarly, of those eligible to receive aspirin treatment for the primary prevention of 

CVD in a sub-study from MESA, patients with ≥100 had favorable risk/benefit estimation 

on the background of aspirin use, while subjects with a zero CAC were more likely to 

experience harm from using aspirin (30). These observations underline the importance of 

CAC and how it may be used to stratify subgroups of patients who are expected to derive the 

most and least optimal benefits from receiving medical treatment. Forthcoming randomized 

controlled trials are needed to examine whether treatments guided by a patient’s CAC status 

may lead to improved health and wellbeing (31).

Clinical implications

Zero CAC score

Understanding the broad spectrum of CAC scoring for the identification of patients at risk of 

developing CAD, while advocating clinically relevant cut-off points and their use in 

forthcoming studies, is of important concern. Several studies have documented the utility of 

a zero CAC score for the purpose of risk stratification in clinical practice. In a meta-analysis 

of CAC screening comprising a study sample of 71,595 asymptomatic patients, the pooled 

risk of experiencing a cardiovascular event in the absence of CAC relative to the presence of 

any CAC was 0.15 (95% CI: 0.10–0.21; p <0.001) (32). Notably, the presence of minimal 

CAC (i.e., CAC score 1–10) has been shown to exacerbate the risk of experiencing a CHD 

event by 3-fold as compared with the absence of CAC (33). Likewise, the hazard ratio for 

all-cause mortality on the background of a CAC score 1–10 was 1.99 versus CAC = 0 even 

after adjustment for traditional risk factor of CVD (34). On the background of these 

findings, the absence of CAC likely predicts very low risk of CAD in asymptomatic adults, 

and may serve as a useful tool for guiding preventative treatment decision-making in clinical 

practice.

Usefulness of CAC in symptomatic adults

Current guidelines advocate performing CAC screening primarily in asymptomatic 

populations. Others have speculated that CAC may also provide incremental diagnostic and 
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prognostic value in symptomatic persons. Similar to asymptomatic persons, the absence of 

calcium in the coronary arteries was found to be associated with lower cardiovascular risk in 

patients presenting with chest pain. In a meta-analysis consisting of 3,924 symptomatic 

adults, 921 persons presented with no CAC, and of these, only 17 (1.8%) experienced an 

adverse cardiovascular event (32). In a separate study examining the severity of coronary 

stenosis among 10,037 symptomatic patients, a zero CAC score displayed a negative 

predictive value of 96% and 99% according to 50% and 70% coronary stenosis, respectively 

(35). It is therefore plausible to consider the utility of CAC screening as a potential 

gatekeeper for initiating more advanced and in some cases more aggressive assessment of 

CAD in patients deemed at-risk. At present, additional studies are needed to determine the 

importance of a zero CAC score as a possible gatekeeper, especially as the absence of CAC 

alone does not fully dismiss certain adverse outcomes such as occlusive CAD or acute 

coronary syndromes, which frequently occur in individuals with less than 50% coronary 

stenosis (36).

CT screening for simultaneous detection of CAD and lung cancer

Thoracic non-gated CT is extensively used for lung cancer screening. In 2007, 

approximately 13.6 million non-gated thoracic CT examinations were performed in the 

United States alone (37), with the number of patients fulfilling the criteria for screening by 

the US cancer prevention task force almost 7 million (38). Current National Comprehensive 

Cancer Network (NCCN) guidelines recommend annual thoracic CT scanning among older 

at-risk individuals, as well as those who smoke (39). Importantly, plaque in the coronary 

arteries is a common finding in patients undergoing screening for lung cancer by CT (40). 

The latter findings are somewhat unsurprising, as those recommended for lung cancer 

screening (i.e., generally older and/or those who smoke), are often considered to be at least 

intermediate risk for future cardiac events. Despite this, CT screening for CAC most often 

does not occur in combination with thoracic CT screening for lung cancer, and some patients 

may be overlooked as having CAC in the coronary arteries as these patients were referred to 

undergo lung cancer assessment only (41). Notably, the benefits of utilizing a one-time CT 

scan for determining both CAC and lung cancer include a lower overall cost while 

additionally reducing the radiation dose that patients will be exposed to.

If performed together, it is important to note that there are differences in the methods 

employed to determine CAC versus detection of lung cancer by CT. Screening for lung 

cancer by CT is routinely performed using a non-gated approach, administering a radiation 

dose typically between 0.8–0.9 mSv (42), with the heart constantly visualized. In 

comparison, CAC screening is performed using ECG-gated CT with a mean radiation dose 

between 1.0–2.9 mSv, depending on type of scanner and protocol (43,44). The latter gated 

CT method provides a more accurate measurement of calcium, while conceding that the 

lung region is not fully covered in an effort to lower the overall radiation dose required for 

screening. It is important to note that the estimation of CAC is influenced by motion artifact 

(45), and this may contribute to substantial variability between non-gated and ECG-gated 

CT. Despite this potential variability, CAC scores detected by non-gated CT have been 

shown to be well correlated with CAC scoring as determined by ECG-gated scans (46). It 

bears mentioning, however, that non-gated CT has previously yielded a false negative for 
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CAC among 8.8% of individuals, while underestimating the presence of CAC in 19.1% (46). 

Although additional studies are clearly needed to explore the possibility of a single CT scan 

to simultaneously screen for lung cancer and CAC, if confirmed, this approach would likely 

provide a major benefit by lowering the cost attributable to multiple CT scans while also 

attenuating the radiation dose administered from two separate scans.

Conclusion

CT scanning for the detection of CAC has proven to reflect a robust predictor of 

cardiovascular outcomes. For CAD risk estimation, CAC as detected by CT has 

demonstrated incremental benefit over and above traditional risk factors. In asymptomatic 

adults undergoing screening for CAD, the majority of these patients tend to present with a 

zero CAC, and the findings from these investigations propose that the absence of CAC 

should perhaps be considered a ‘ marker of protection’ from CAD. The role of CAC has 

received some attention in symptomatic patients, particularly in a low-to-intermediate risk 

setting, whereby CAC may act as a ‘gate keeper’ to guide further treatment decision-

making. Studies have also underlined the value of CAC for the purpose of reclassifying as 

well as stratifying patients who are most likely to benefit from additional medical treatment, 

while the possibility of simultaneously screening for lung cancer and CAC may substantially 

lower the cost associated with multiple CT scans and diminish the radiation dose 

administered from two separate scans. Although the evident data suggest promise for CAC 

for routine clinical use for prediction of CAD, additional studies are needed to determine its 

cost effectiveness and ability to properly stratify treatment options for patients with 

suspected CAD.
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