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Preface 
 

 

Coronary artery disease is the leading cause of death in the developed countries and it is 

becoming increasingly common in the developing world. Conventional invasive coronary 

angiography currently remains the gold standard for the evaluation of patients with known or 

suspected coronary artery disease. Limitations of the modality include its invasiveness, 

expense, and time consumption, with small but substantial procedure-related complications. 

This indicates the necessity and importance of identifying a reliable non-invasive imaging 

modality for detection and diagnosis of coronary artery disease. 

Computed tomography (CT) has become a widely used non-invasive imaging modality 

for the diagnosis of cardiovascular disease since the advent of spiral CT in early 1990s. 

However, diagnostic applications of CT in cardiac imaging with single-slice CT scanners 

were limited due to restrictions in spatial and temporal resolution. The introduction of 

multislice CT scanners in 1998 represented another significant advancement in CT 

technology, and for the first time CT angiography with ECG-gating is able to acquire cardiac 

images at considerably faster volume coverage with improved spatial and temporal resolution. 

Since then, multislice CT angiography in cardiac imaging (which is nowadays called 

coronary CT angiography) has become increasingly used for the diagnosis of coronary artery 

disease. With the wide availability of dual-source CT and the recent introduction of 320-slice 

CT the diagnostic accuracy of coronary CT angiography has been significantly enhanced, 

thus, the spectrum of coronary CT angiography in cardiac imaging will be expanded in the 

near future. 

Over the last decade studies on coronary CT angiography have been increasingly 

published in the literature with a focus on the diagnostic performance of coronary CT 

angiography in the diagnosis of coronary artery disease. This is mainly due to the high spatial 

and temporal resolution which is available with the latest multislice CT scanners. However, it 

is important for researchers and clinicians to be aware of the variable results reported in these 

studies with regard to the diagnostic value and study limitations due to heterogeneity of study 

design and patient selection. Judicious use of coronary CT angiography in routine clinical 

practice is an evidence-based practice, which can be addressed by a systematic review of the 

literature. This book fulfills this goal. 

This book is intended to fill the gap by providing a systematic review and meta-analysis 

of the diagnostic value, image quality and radiation dose of coronary CT angiography. It 

serves as a comprehensive piece of literature that encompasses all aspects from the technical 

principles of coronary CT angiography image acquisition to clinical diagnostic value and 
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potential pitfalls of cardiac CT imaging. The primary motion to write this book is to provide 

an overview of the current status of coronary CT angiography in coronary artery disease with 

a focus on the diagnostic value, image quality and radiation dose, as well as the current 

research directions of this fast evolving technique. Effects of various scanning parameters on 

radiation dose and image quality are also addressed in detail. 

The book consists of 13 chapters covering various topics related to the coronary CT 

angiography with inclusion of comprehensive recently published literature. Chapter 1 is an 

introduction of the coronary artery disease with a focus on the increased application of 

coronary CT angiography in clinical diagnosis. Chapter 2 describes the imaging principles of 

cardiac imaging and technical developments of coronary CT angiography including a variety 

of reconstructed visualizations. Chapter 3 discusses the radiation dose measurements in 

cardiac CT and strategies for dose reduction. Commonly used or recommended approaches 

for coronary CT angiography dose reduction are discussed in detail. Chapters 4, 5, 6 and 10 

focus entirely on the systematic review and meta-analysis of diagnostic value of coronary CT 

angiography performed with 64-slice CT, dual-source CT, 320-slice CT, and coronary CT 

angiography with use of prospective ECG-triggering, respectively. Chapter 7 presents a 

systematic review of the research directions in coronary CT angiography based on analysis of 

the articles published in five top radiology journals over the last 6 years. Chapter 8 compares 

retrospectively ECG-gated with prospectively ECG-triggered coronary CT angiography in 

terms of diagnostic value and radiation dose, while chapter 9 elucidates the effectiveness of 

prospectively ECG-triggered coronary CT angiography in terms of diagnostic accuracy when 

compared to invasive coronary angiography. Chapter 11 discusses how coronary CT 

angiography can be used wisely by clinicians and when it should be requested and how its 

benefits can be maximized from a clinical perspective. Chapter 12 describes the current status 

of coronary CT angiography and challenges with regard to the utilization of this fast growing 

technique. Finally, chapter 13 is a brief summary and conclusion of coronary CT 

angiography. 

This book is intended primarily for radiologists, cardiologists and medical imaging 

technologists who are actively involved in performing coronary CT angiography 

examinations. However, other physicians, residents, postgraduate students and other 

healthcare professions who are dealing with cardiac imaging could also benefit from it. This 

book can also be used as guidance for radiology residents or postgraduate students to conduct 

systematic review or meta-analysis as part of the research training program or research 

degree. I hope this book will improve understanding of the diagnostic performance of 

coronary CT angiography and it will contribute considerably to the judicious use of coronary 

CT angiography in the diagnosis of coronary artery disease. 

 

 

Zhonghua Sun, MB, PhD 

 

 

 

 



 

 

 

 

 

 

 

Chapter 1 
 

 

Introduction 
 

 

Coronary artery disease (CAD) is one of the leading causes of morbidity and mortality in 

most developed countries and its prevalence is increasing in developing countries. 

Conventional invasive coronary angiography still remains the gold standard in the diagnosis 

of patients with known or suspected CAD [1]. However, this conventional modality suffers 

from some limitations including its invasiness, expense, time consumption, with a small but 

substantial complication rate (stroke, coronary artery dissection, cardiac arrhythmias, 

hemorrhage at the arteriotomy site, and pseudoaneurysm formation) [2]. The overall 

complication rate associated with invasive coronary angiography is reported to be about 1.8% 

[3]. The mortality rate from the procedure is 0.1%, but may be up to 0.55% in patients with 

co-morbid medical conditions [4]. Furthermore, invasive coronary angiography usually 

requires a short hospital stay and causes discomfort for the patients. It is reported that only 

one-third of all invasive coronary angiography examinations in the United States are 

performed in conjunction with an interventional procedure, while the rest are performed only 

for diagnostic purposes, which is only for verification of the presence and degree of CAD [5]. 

Therefore, a non-invasive technique for imaging of the coronary artery disease is highly 

desirable. 

Cardiac imaging has always been technically challenging due to the heart’s continuous 

movement. Traditionally, noninvasive cardiac imaging was dominated by electron-beam 

computed tomography (EBCT) [6, 7]. Morphological assessment of cardiac strucures became 

possible with EBCT due to its high temporal resolution (50-100 ms) and use of prospective 

eletrocardiographic (ECG) triggering. EBCT with prospective ECG triggering was mainly 

applied in the detection and evaluation of calcification in the coronary arteries (coronary 

calcium scoring), which is considered a risk indicator of the degree and severity of CAD, 

thus, is commonly used for risk stratification in asymptomatic patients [8, 9]. Higher coronary 

artery calcium scores were associated with increased plaque burden and increased 

cardiovascular risk [9, 10]. EBCT had limited value in the detection of coronary stenosis due 

to its inferior spatial resolution (1.5 mm to 3.0 mm in longitudinal direction), thus, it was not 

promoted as a means to identify the presence of coronary stenoses. Imaging of the heart has 

moved into the diagnostic era with the introduction of multislice CT (MSCT) angiography 

and development of electrocardiography-synchronized scanning and reconstruction 
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techniques [11-13], leading to the widely application of coronary CT angiography 

examinations across the world. 

Coronary CT angiography has been well established as a valuable diagnostic modality in 

the detection of coronary artery disease for more than a decade. The rapid technology 

evolution from early generation of 4-slice CT to the latest dual-source CT and 320-slice 

scanners has yielded dramatic improvements in spatial and temporal resolution [14]. 

Improvement of image quality has been reported in the visualization of all coronary artery 

branches with high sensitivity and specificity achieved [15-17]. As a result, there is a growing 

interest in using cardiac CT for evaluation of the heart for many conditions. Coronary CT 

angiography is not only applied to detect and quantify the coronary artery calcifications, but 

also is used to image the coronary vasculature, diagnose the degree of coronary stenosis and 

assess the myocardium [14]. Coronary CT angiography is a recently recommended term used 

to describe the specific application of MSCT imaging in the diagnosis of CAD. The potential 

to visualize coronary remodeling and plaques non-invasively enables this technique to be 

used as a key imaging modality towards CAD [18, 19]. 

There have been many studies reported on the use of coronary CT angiography in the 

diagnosis of coronary artery stenosis as a potential alternative to invasive coronary 

angiography. A huge amount of literature has been published on this technique, with 

increasing evidence claiming that coronary CT angiography serves as a reliable less-invasive 

modality in selected patients. The purpose of this book is to examine the currently available 

literature on coronary CT angiography and to use this for evaluation of the technical and 

diagnostic performance of coronary CT angiography. 

The following chapters in this book will provide an overview of the diagnostic value of 

coronary CT angiography in CAD, with a focus on the diagnostic performance of 64- and 

more slice CT angiography, based on a systematic review and meta-analysis of the evidences 

that are available in the literature. A recently developed protocol, prospective ECG-triggering 

will be discussed in detail with regard to the diagnostic performance and radiation dose, and 

research directions and challenges of coronary CT angiography will be highlighted as well. 
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Chapter 2 
 

 

Coronary CT Angiography:  
Imaging Principles  

and Technical Developments 
 

 

Abstract 
 

Multislice CT has undergone rapid technical developments over the last decade, and 

the most important application of multislice CT imaging is coronary CT angiography 

with its widespread application in cardiac imaging. Imaging of coronary arteries is 

technically challenging because of its small vessel diameters, tortuous path around the 

myocardium and continuous motion of the heart during cardiac scans.  

Thus, high spatial and temporal resolution of coronary CT angiography is essential to 

ensure acquisition of motion-free cardiac images. In addition, specific scanning protocols 

are developed for coronary CT angiography to minimize the artefacts resulting from 

cardiac motion. This chapter focuses on the technical details of coronary CT 

angiography, and presents information about the technical developments of multislice CT 

scanners from early generation of 4-slice to the recent models of 320-slice CT. 

 

Keywords: Coronary artery, coronary CT angiography, electrocardiographic gating, 

multislice CT, reconstruction 

 

 

2.1. Coronary Artery Tree-Anatomical Details 
 

Normal coronary artery diameter has been established with invasive coronary 

angiography. The average size varies with gender (approximately 3 mm in females and 4 mm 

in males) [1]. The four main coronary arteries evaluated at cardiac CT are right coronary 

artery (RCA), left main stem, left anterior descending (LAD) and left circumflex (LCx). The 

coronary arteries are evaluated according to the American Heart Association (AHA) 

classification system, which divides the coronary arteries into 15-segment [2]. Figure 2.1 

shows the 15 coronary segments arising from these four main coronary arteries. 
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Figure 2.1. Classification of coronary segments is performed by dividing the coronary tree into 15 

segments (modified from the American Heart Association [2]). Segments 1-4 correspond to right 

coronary artery (RCA); segment 5, to the left main stem; segments 6-10 to the left coronary artery 

(LCA); segments 11-15 to the left circumflex (LCX). MO-marginal branch, D1-first diagonal branch, 

D2-second diagonal branch, PL-posterolateral branch, PDA-posterior descending artery. 

 

2.1.1. Left Coronary Artery 
 

The left coronary artery (LCA) normally arises from the left aortic sinus and passes to the 

left between pulmonary trunk and left atrium to reach the coronary groove. It courses for a 

variable distance before giving rise to the LAD and the LCx from the short branch of LCA, 

the left main stem (Figure 2.2). 

 

 

Figure 2.2. Volume rendering image shows the LCA (short black arrow) arising from the aorta and 

bifurcating into the proximal LAD (long black arrow) and the proximal LCx artery (white arrow). 
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The LAD artery courses anterolaterally in the epicardial fat of the anterior 

interventricular groove and provides blood supply to the majority of the left ventricle (Figure 

2.3). The major branches are the diagonal and septal perforating arteries [3, 4]. The LCx 

artery is another major branch of the LCA. It courses in the left atrioventricular groove, 

giving rise to obtuse marginal branches (Figure 2.4). 

 

 

a 

 

 
b 

Figure 2.3. Oblique axial (A) and vertical long-axis (B) multiplanar reformation (MPR) images show 

the normal LAD artery (arrows) coursing in the epicardial fat of the interventricular groove toward the 

left ventricle apex. 
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Figure 2.4. Volume rendering image shows the left main stem (show black arrow) divides into the LCx 

(long black arrow) and LAD (white arrow) arteries. 

In approximately 15% of patients, a third branch, ramus intermedius (RI) branch, arises at 

the bifurcation of the LCA, leading to a trifurcation (Figure 2.5) [5]. The RI branch’s course 

is similar to that of a diagonal branch of the LAD artery, which courses laterally toward the 

left ventricle free wall. 

 

 

Figure 2.5. Volume rendering image shows the ramus intermedius (RI) branch arising between the 

LAD and LCx arteries, resulting in a trifurcation of the LCA. D1-first diagonal branch, OM-obtuse 

marginal branch. 
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2.1.2. Right Coronary Artery 
 

The RCA normally arises from the right coronary sinus or the root of the aorta, and 

courses in the right atrioventricular groove toward the crux of the heart. In approximately 50-

60% of patients, the first branch of the RCA is a conus artery (Figure 2.6). Multiple 

ventricular branches arise from the RCA, with the largest being the acute marginal branch [4]. 

The coronary artery that gives rise to the posterior descending artery (PDA) and 

posterolateral branch is referred to as the “dominance” artery. The RCA is dominant in about 

70% of cases (Figure 2.7), while the LCA is dominant in approximately 10% of cases, and in 

the remaining cases, the RCA and LCA are codominant. 

 

 

Figure 2.6. Coronal maximum-intensity projection (MIP) shows the conus artery (arrowhead) arising 

from the RCA (long white arrow). Short white arrow indicates the acute marginal branch.  

 

Figure 2.7. Volume rendering image shows the inferior surface of the heart. A right-dominant system is 

depicted, with the PDA (white arrow) arising from the RCA (arrowhead). A posterolateral branch 

(black arrow) is also noted. 
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2.2. Cardiac Imaging Principles 
 

Imaging of a moving organ such as heart requires dedicated approaches that result in 

decreased motion artefacts by either scanning or reconstructing raw data at the point of least 

cardiac motion. In cardiac CT, there are two well-established modes for imaging the 

constantly moving heart and coronary arteries: prospective electrocardiography (ECG)-

triggering and retrospective ECG-gating [5]. 

 

 

2.2.1. Spatial and Temporal Resolution 
 

The demand from cardiac CT is that images must be acquired with high spatial 

resolution, high temporal resolution, and true volume datasets. Thus, the aim of cardiac CT is 

to develop advanced scanners which provide super-fast gantry rotation times, submillimetre 

slice thickness and datasets consisting of hundreds of thin slices with postprocessing allowing 

isotropic reconstruction in any plane. 

Spatial resolution determines the ability of an imaging technique to visualize contours of 

small structures within the scanned volume. High spatial resolution is essential to enable 

visualization of small coronary arteries and plaques and delineation of complex cardiac 

anatomy with excellent diagnostic quality. Improvement of spatial resolution in cardiac CT is 

of particular importance for the evaluation of coronary artery calcium and diagnostic 

performance of coronary CT angiography. Many cardiac structures, especially the coronary 

arteries and the cardiac valves including the valve flaps, represent small and complex 3D 

structures that require very high and submillimeter isotropic spatial resolution with 

longitudinal resolution close or equal to in-plane resolution (0.4-0.6 mm) [6]. The lumen 

diameter of the main segments of the coronary artery tree ranges from 3-5 mm in the main 

segments to about 1 mm in the distal segments. Detection and quantification of coronary 

artery stenosis with the ability to distinguish a minimal 20% change in the diameter of the 

vessel lumen for the larger-caliber vessels represents a viable goal for cardiac CT imaging. To 

achieve this, CT scanners need to provide a spatial resolution in all three dimensions 

(isotropic voxel along x, y and x-axes) of at least 0.5 mm for visualization of the main 

coronary vessels and of smaller branches [6]. Thus, in-plane and through-plane resolution 

well below 1 mm are needed to accurately assess the main coronary segments, including 

lumen narrowing and plaques. 

With early type of multislice CT scanners such as 4-slice CT, the image quality was 

suboptimal because of relatively limited spatial resolution (0.6 x 0.6 x 1.0 mm) as well as the 

long duration of the required breath-hold (as long as 40 s), thus, the unassessable segments 

could be as high as 30% in studies performed with 4-slice scanners [7]. With the introduction 

of 16-slice (0.5 x 0.5 x 0.6 mm) [8] and development of 64-slice CT, acquisition of isotropic 

volume data is made available, especially with 64-slice CT (0.5 x 0.5 x 0.5 mm), thus 

detection of main coronary artery and side branches is significantly improved when compared 

to earlier types of multislice CT scanners [7, 9]. Although spatial resolution of coronary CT 

angiography is improving, it is inherently inferior to that of invasive coronary angiography 

(0.1-0.2 mm). 
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Temporal resolution is the amount of time it takes to acquire the necessary scan data to 

reconstruct an image [10]. High temporal resolution is critical to minimize or eliminate 

motion artefacts associated with the beating heart to make it possible to image the entire heart 

volume in a single breath-hold. Improved temporal resolution in cardiac CT is achieved by 

fast data acquisition (fast rotation of the X-ray tube), but even more importantly by a 

dedicated reconstruction algorithm [11]. The temporal resolution of multislice CT scanners is 

essentially determined by the speed of gantry rotation. As it is possible to accurately 

reconstruct images using data acquired from a 180 degree rotation rather than the full 360 

degree rotation, the temporal resolution is equal to half the gantry rotation speed (e.g. 250 ms 

for 500-ms rotation time, and 200 ms for 400-ms rotation time). In all modern multislice CT 

scanners, the half-scan reconstruction technique is the method of choice for image 

reconstruction in cardiac CT applications. In clinical applications, the heart should be 

sufficiently centered within the scan field of view in order to maintain a consistent and stable 

temporal resolution of about half the rotation time [6]. 

A temporal resolution of less than 250 ms is sufficient for motion-free imaging in the 

diastolic phase for heart rates less than 60 beats per minute (bpm), whereas a temporal 

resolution of 50 ms is needed in the systolic phase imaging. With increases in heart rates, 

higher temporal resolution is required [12]. A temporal resolution of less than 200 ms is 

required for heart rates less than 70 bpm, and approximately 150 ms for clinically usual heart 

rates up to 90 bpm [6]. It can be expected that a temporal resolution of about 100 ms is 

sufficient for imaging the heart during the diastolic or end-systolic phase also at higher heart 

rates [13]. The temporal resolution for 4-slice CT is 250 ms (gantry rotation is 500 ms), and 

this is further improved to 165 ms for 16- and 64-slice CT, and to 83 ms for dual-source CT 

[14, 15]. In comparison, invasive coronary angiography has an excellent temporal resolution, 

which is less than 20 ms. Studies using dual-source CT showed promising results with high 

diagnostic accuracy for detection of coronary artery disease, and most importantly the image 

quality is less dependent on heart rates [16-18]. 

Although temporal resolution with coronary CT angiography depends on several factors 

related to the inherent characteristics of the CT scanner (gantry rotation time, number of 

detector rows, etc), appropriate utilization of ECG-gating and the type of synchronization 

algorithm is of paramount importance and comprises an essential component of cardiac CT 

imaging. ECG-gating and synchronization allows data acquisition and image reconstruction at 

specific segments or points in the cardiac cycle, thus, optimizing image quality while 

determining the type of information available to clinical diagnosis. There are currently two 

methods of ECG-gating, namely, prospective ECG-triggering and retrospective ECG-gating. 

 

 

2.2.2. Retrospective ECG-gating 
 

A retrospective ECG-gating technique is used in the spiral mode. In the spiral mode, the 

CT data is acquired continuously while the table (and the patient) moves simultaneously at a 

constant speed (Figure 2.8). Retrospectively ECG-gated CT angiography of the heart requires 

a highly overlapping spiral scan with a spiral table speed adapted to the heart rate to ensure 

complete phase-consistent coverage of the heart with overlapping image sections. Using this 

technique, data is acquired throughout the entire cardiac cycle at a very low pitch (0.2-0.4) 

while simultaneously recording the patient’s ECG signal. On the basis of patient’s ECG, only 
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a small part of the raw data is used for image reconstruction to generate image stacks at the 

exact same phase of the cardiac cycle. This results in a 4D dataset with data available for each 

position along the z-axis at every point of the R-R interval. Retrospective ECG-gating 

overcomes the limitations that are encountered during prospective ECG-triggering, thus, it is 

less susceptible to the heart rate changes during the scan. Retrospective gating also allows 

evaluation of cardiac function since volume data is acquired during the spiral CT scan. 

Coronary CT angiography with retrospective ECG-gating has been successfully used for the 

quantification of ventricular function [19], and proved to correlate well with 

echocardiographic and magnetic resonance assessment of the global ventricular function [20-

22]. 

 

 

Figure 2.8. Conventional retrospectively ECG-gated coronary CT angiography. X-ray beam is turned 

on during the entire cardiac cycle without adjusting the tube current, allowing for acquisition of volume 

data. 

However, the data is acquired at the expense of high radiation dose, since the table is 

advanced by less than one detector width during each gantry rotation; thus, the same 

anatomical area is exposed to X-ray radiation several times during consecutive rotations of 

the gantry, which results in higher radiation dose. The entire cardiac cycle is imaged as the 

patient moves continuously throughout the gantry. The radiation dose from retrospective 

ECG-gating ranges from 12 to 20 mSv, and could be as high as 40 mSv in female patients if 

no dose-saving strategies are applied [23, 24]. Different dose-saving strategies have been 

developed to minimize radiation dose, such as lower tube current during the systolic phase 

(tube current modulation), lower tube voltage, with resultant up to 40% dose reduction in 

coronary CT angiography [25-27]. 

 

 

2.2.3. Prospective ECG-triggering 
 

Higher radiation dose associated with retrospectively ECG-gated coronary CT 

angiography has prompted the development of prospective ECG-triggering, as the latter 

involves scanning and reconstruction being performed during late diastolic phase. 

Prospective ECG-triggering is a sequential scanning technique and it has long been used 

in conjunction with electron-beam CT and single-slice CT [28, 29]. In the sequential mode 

the CT scanner acquires the data of one slice during each gantry rotation, after which the table 

(and the patient) is advanced to the next plane position to acquire the next data of an adjacent 

slice, thus it is also called slice-by-slice acquisition or step-and-shoot mode (Figure 2.9). For 

coronary CT angiography with prospective ECG-triggering, a trigger signal is derived from 
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the patient’s ECG on the basis of a prospective estimation of the present R-R interval, and 

data is acquired in a certain predefined cardiac phase (in general the mid-to-end diastolic 

phase). Thereafter, the table moves to the next position, and the next scan is triggered to the 

next available R-wave. Prospectively ECG-triggered coronary CT angiography has been 

evaluated by clinical studies with promising results reported. A significant dose reduction has 

been achieved with up to 90% with use of prospective ECG-triggering when compared to 

retrospective ECG-gating [26, 30, 31]. This technique highly depends on a regular and low 

heart rate and is prone to motion artefacts as it tends to result in misregistration in the 

presence of arrhythmia. Moreover, there is a lack of inherent benefits of spiral CT, thus no 

volume data can be acquired with prospective ECG-triggering. Details about prospectively 

ECG-triggered coronary CT angiography will be discussed in Chapters 8-10. 

 

 

Figure 2.9. Prospectively ECG-triggered coronary CT angiography with X-ray beam on during a 

portion of cardiac cycle, while in the remaining cardiac phase, the X-ray beam is turned off. 

 

2.3. Coronary CT  
Angiography-Postprocessing Techniques 

 

The interpretation of coronary CT angiographic images performed with multislice CT 

scanners requires a number of postprocessing techniques and real-time interaction with the 

volumetric dataset that is generated. Image postprocessing is an essential part of spiral CT 

scans, especially CT angiography. This process involves generation and modification of a 3D 

volume data, which consists of a stack of individual 2D axial images. An ideal volume data of 

high spatial resolution should be isotropic in nature, i.e., each voxel has equal dimensions in 

all three dimensions (x, y and x-axes). This forms the basis for image display in advanced 

image postprocessing techniques as it can be performed arbitrarily at any oriented imaging 

planes to serve different visualization purposes. With the advent of multislice CT and the 

latest models such as 64- and more slice CT, isotropic volume data can be obtained for the 

majority of clinical examinations. The high spatial resolution of the reconstruted data allows 

for quantitative assessment of cardiac anatomy, ventricular function, ejection fraction and 

regional wall motion and wall thickening abnormalities [19-22]. This has improved the 

diagnostic quality of image postprocessing, in particular, forming a vital component for CT 

angiography [32-34]. 
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The axial source images contain the basic information of a CT scan. The in-plane spatial 

resolution of original axial images determines the quality of reconstructed 2D and 3D images. 

For coronary CT angiography, in addition to 2D axial images, multiplanar reformation 

(MPR), maximum-intensity projection (MIP), volume rendering (VR) are the most commonly 

used tools for visualization and assessment of coronary arteries as well as the degree of 

coronary stenosis. Virtual intravascular endoscopy (VIE) is another 3D visualization tool 

which has been reported to provide useful information for assessment of coronary lumen and 

plaques [35]. 

In cardiac CT imaging, axial images are routinely viewed by scrolling through them up 

and down in the craniocaudal direction, which gives a quick overview of the relevant cardiac 

structures, including the normal coronary arteries and pathological changes such as coronary 

plaques. Figure 2.10 shows axial images acquired with a 64-slice CT scanner at different 

anatomical levels from a coronary CT angiography with demonstration of normal coronary 

artery branches. 

 

 

Figure 2.10. Axial images at different anatomical levels of a coronary CT angiography examination in a 

patient suspected of coronary artery disease. The images were acquired using a 64-slice CT scanner 

with 64 × 0.625 mm slices per rotation. Axial images include all of the information acquired in a CT 

scan and should be reviewed in any case, e.g., by scrolling through them. AA-ascending aorta, DA-

descending aorta, SVC-superior vena cava, RA-right atrium, RV-right ventricle, LA-left atrium, LV-

left ventricle. Black arrow indicates RCA, while the white arrow refers to LCA. 

 

2.3.1. Multiplanar Reformation 
 

MPR is the basic tool used to interpret coronary CT angiographic images. Simple 

examples of MPR are coronal and sagittal views which are widely used in general radiology 

but of limited use in cardiac imaging as coronary arteries demonstrate complex course and 

they do not follow a straight path along the cardiac muscle. Thus, a number of MPR images 

are required to demonstrate the entire course of coronary arteries, since not all of the coronary 

segments can be displayed in a single MPR view. Because of variations in the orientation of 

the heart in the thorax, it is generally recommended to evaluate cardiac structures along the 

cardiac planes for optimal evaluation of the cardiac anatomy. 
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2.3.2. Curved Planar Reformation 
 

Since normal coronary arteries are often tortuous, accurate evaluation requires 

assessment of the entire vessel tree along its center line. CVR is the most useful visualization 

tool for cardiac CT as MPR views are generated along the curved planes instead of straight 

planes. Most cardiac workstations with cardiac analysis capabilities have software capable of 

automatically determining the center line of each coronary artery and display the entire length 

of the artery on a single CVR image (Figure 2.11) [5].  

 

 

a 

 

 

b 

Figure 2.11. Curve planar reformatted (CVR) images show the normal RCA (A) and left main stem 

(arrowhead), LAD (long white arrow) and LCx (short white arrow). 
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2.3.3. Maximum-Intensity Projection 
 

MIP is considered the most useful visualization tool in CT angiography as MIP images 

are similar to traditional angiograms, which display intraluminal opacity values, but provide 

angiographic-like images non-invasively. The principle of MIP visualization is the 

demonstration of only maximum CT number encountered in each ray. The differentiation 

between contrast-enhanced blood vessels and background is good, thus highest-attenuation 

structures typically contrast-enhanced arteries, bone and and calcification are preferentially 

depicted and displayed on MIP images (Figure 2.12). The limitation of MIP images is that 

they do not provide depth and spatial information regarding relationships to adjacent 

structures [36, 37]. Thin-slap MIPs are introduced to overcome this shortcoming. In 

particular, for diagnosis of the coronary arteries, planes in parallel to a line connecting RCA 

and LCx, and planes in parallel to a line along the LAD should be used to visualize the course 

of coronary arteries (Figure 2.13) [38]. 

 

 

Figure 2.12. Axial MIP image shows the normal RCA. 

 

Figure 2.13. Thin-slab MIP image shows the normal RCA. 
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2.3.4. Volume Rendering 
 

VR provides a 3D representation of the anatomical structures based on a volume dataset, 

since it utilizes all of the information contained in the data. A voxel-based intensity histogram 

is generated, and several parameters such as color, brightness and opacity are assigned to each 

voxel according to its CT attenuation value. Therefore, 3D relationship between different 

structures can be easily displayed and appreciated on VR, thereby producing an overall image 

of the heart, as shown in Figure 2.14. VR visualization facilitates surface evaluation of the 

heart and coronary arteries. VR requires extensive user interaction for accurate evaluation of 

complex anatomical structures. In most of the situation, segmentation of the overlapping 

structures is required, e.g. to remove the rib cage and pulmonary vessels for visualization of 

the heart and coronary arteries, thus, it could be a time-consuming task. Advanced cardiac 

software packages enable the heart to be automatically removed and VR display of the 

cardiac structures including coronary arteries becomes feasible without further segmentation. 

 

 

a 

 
b 

Figure 2.14. 3D volume rendering images clearly demonstrate the normal RCA (A), LAD and LCx (B). 
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2.3.5. Virtual Intravascular Endoscopy 
 

Another 3D post-processing technique related to VR is VIE. VIE provides unique 

intravascular views of the blood vessels based on CT thresholding techniques [39, 40], thus, 

enabling visualization of coronary plaques and coronary lumen changes which cannot be 

obtained by traditional 2D or other 3D extraluminal views [35]. It offers additional 

information about the intraluminal appearance of coronary artery wall, coronary plaques and 

extent of coronary stenosis, although its clinical value in cardiac imaging remains to be 

proven. Figure 2.15 is an example of VIE visualization of normal coronary artery ostia, while 

Figure 2.16 shows an example of calcified plaques resulting in more than 50% of the 

coronary stenosis. 

 

 
a 

 
b 

Figure 2.15. Virtual intravascular endoscopy (VIE) views of the intraluminal appearance of normal 

right coronary artery ostium (A) and left coronary ostium (B). 

 



Coronary CT Angiography: Imaging Principles and Technical Developments 19 

 
a 

 
b 

Figure 2.16. Calcified plaques are present in the left LAD (arrows in A), resulting in significant lumen 

stenosis. Corresponding VIE shows irregular coronary lumen changes (arrows in B) with more than 

50% lumen stenosis. 

 

2.3.6. Cine Imaging 
 

Cine images are used for the purpose of demonstrating the motion and physiological 

features of cardiac structures such as the left ventricle and cardiac valves. The capabilities of 

the multislice CT scanners allow application of this technique, since data from the heart and 

coronary arteries are reconstructed at specific cardiac segments with least artefacts during 

cardiac cycle. Depending on the individual patient, the 40% series could represent end-

systole, while the 90% series might correspond to end-diastole, with the remaining data points 

representing other phases of the cardiac cycle. Cine images are considered particularly useful 

for examining left ventricle wall motion and wall thickening and for assessing valve motion 

in multiple phases [4]. 
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2.4. From 4-slice to 16-slice CT 
 

The increased performance of multislice CT compared with single-slice CT significantly 

reduces the examination time for standard CT protocols, allows for immediate and 

comprehensive assessment of trauma and non-cooperative patients, and elimination of 

misregistration during breath-hold imaging. Also, the scan range can be extended by a factor 

of M (M=number of detector rows in multislice CT scanners) to allow coverage of longer 

anatomic regions within a shorter period, yet still produces high spatial resolution images [41, 

42]. 

The most important clinical benefit for multislice CT lies in its ability to scan a given 

anatomic region within a given scan time with substantially reduced slice thickness, at M 

times increased longitudinal resolution compared to single-slice CT. The early generations of 

4- and 16-slice CT scanners represented a technological revolution in cardiac imaging [43-

45], although the diagnostic accuracy in terms of sensitivity was low for determining the 

degree of coronary artery disease (CAD). Specificity for exclusion of CAD (negative 

predictive value) was good and this generation of technology also proved useful for the 

evaluation of coronary anomalies and bypass graft patency. Improved spatial resolution with 

16-slice CT plays an important role in the reliable detection and characterization of coronary 

plaques and cardiac wall changes (such as remodelling of the coronary wall due to 

atherosclerotic plaques). Longer anatomical coverage such as imaging of peripheral vascular 

system can be obtained with 16-slice CT with higher spatial (0.6 mm) and temporal resolution 

(165 ms) than early type of 4-slice CT scanners [46, 47]. However, the image quality is 

compromised in patients with high heart rate, or with stents or severely calcified arteries [48, 

49]. 

 

 

2.5. 64-slice and Beyond 
 

The introduction of 64-slice CT brought about a further leap in volume coverage speed. 

With gantry rotation times down to 330 ms for 64-slice CT, temporal resolution for ECG-

gated cardiac imaging was again markedly improved. Improvement of image quality has also 

been reported in the visualization of all coronary artery branches with high sensitivity and 

specificity achieved [50-52]. In contrast to previous studies, high diagnostic accuracy has 

been obtained despite the presence of severely calcified coronary plaques. In patients with 

high heart rates, multisegment reconstruction algorithms were reported to provide diagnostic 

images by offering optimal temporal resolution, thus minimizing the occurrence of motion 

artefacts [53, 54]. 

Dual-source CT was designed to further improve temporal resolution to 83 ms, thus 

increasing image quality by reducing motion artefacts. Studies have shown a significant 

improvement with the use of coronary CT angiography in the assessment of patients with 

high heart rate when dual-source CT is used [15-18]. The development of wide area detector 

CT enables greater coverage per gantry rotation [55-57]. Expansion of multislice CT systems 

from a prototype 256-slice to a 320-slice system has allowed for acquisition of whole heart 

coverage in one gantry rotation. The 320-slice CT has one expanded 64-slice block along the 

z-axis and it can cover 16 cm (0.5 mm x 320 detectors) with an improved gantry rotation, 
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resulting in excellent image quality and demonstration of the entire coronary arteries [58-60]. 

The 320-slice CT can scan the whole heart in less than 1 s, even in patients with an enlarged 

heart or in patients with atrial fibrillation, 320-slice CT produces sufficient image quality to 

diagnose coronary artery disease [56, 61]. More clinical data are being collected with regard 

to the diagnostic performance of 320-slice CT, and this will be discussed in Chapter 6. 

 

 

Conclusion 
 

Multislice CT has undergone rapid developments, which are reflected in high spatial and 

temporal resolution. Technical improvements in CT scanning have enabled acquisition of 

cardiac images within a very short time, but with sufficient image quality for diagnostic 

purpose. Successful performance of coronary CT angiography not only depends on careful 

selection of imaging protocols, but also relies on image postprocessing and visualization 

tools. In particular, multiplanar and 3D reconstruction tools have become a routine 

component of cardiac CT image analysis. 

With 64- and more slice CT scanners becoming widely available, coronary CT 

angiography can be performed with high diagnostic accuracy. In some patients, coronary CT 

angiography is regarded as a reliable alternative to invasive coronary angiography, thus, 

serving as a screening technique for patients with suspected coronary artery disease. Further 

studies are needed to prove its clinical value as a routine imaging modality in cardiac 

imaging. 
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Chapter 3 
 

 

Coronary CT Angiography:  
Radiation Dose Measurements  

and Dose Reduction Strategies 
 

 

Abstract 
 

This chapter provides an overview of the radiation dose measurements that are 

commonly used in coronary CT angiography, and the strategies that are recently 

undertaken and recommended to reduce radiation dose from coronary CT angiography. It 

is of paramount importance to be aware of the fact that CT is a high-dose imaging 

modality, and the necessity to minimize radiation dose when performing coronary CT 

angiography. Significant progress has been achieved over the last few years with regard 

to dose reduction in coronary CT angiography, with dose level equal to or lower than that 

acquired from invasive coronary angiography. 

 

Keywords: Coronary CT angiography, CT dosimetry, dose reduction, radiation dose 

 

 

3.1. Introduction 
 

Radiation dose is becoming a major issue for coronary CT angiography, since 64- or 

more-slice CT shows improved and promising results in the diagnosis of coronary artery 

disease (CAD) [1-4]. It is estimated that in daily practice, median doses of coronary CT 

angiography differ significantly between study sites and CT systems, with up to 6-fold 

differences in dose measurement indicating the large variability in coronary CT angiography 

protocols
 
[5]. Cardiac patients may also be exposed to other sources of medical radiation 

(including from nuclear medicine and invasive coronary angiography examinations). With 

repeated examinations and the cumulated radiation dose, radiation exposure has become a 

definite risk to patients. Given the fact that CT is a high-dose imaging modality, it is essential 

to minimize the radiation dose associated with coronary CT angiographic examinations. 

Many clinicians may still be unfamiliar with the magnitude of radiation exposure arising 

from coronary CT angiography in daily practice and with factors that contribute to the 

radiation dose. Therefore, the benefit of the using coronary CT angiography in the diagnostic 
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workup and patient management must be weighed against the potential risks related to 

radiation exposure. Recently, tremendous progress has been made to lower radiation dose for 

coronary CT angiography. It is obvious that the strategies to lower the overall radiation 

exposure to the population must be twofold: first, the radiation dose of the individual CT 

study should be lowered to a level that is as low as reasonably achievable (ALARA); and 

second, the total number of coronary CT angiography studies must be determined by adhering 

to strict guidelines and recommendations [6]. Strategies to reduce radiation exposure in 

coronary CT angiography have been developed and include anatomy-based tube current 

modulation, electrocardiography (ECG)-based tube current modulation, reduced X-ray tube 

voltage, high pitch value and synchronization to the cardiac cycle-prospectively triggered 

axial acquisition [7-10]. This chapter will provide an overview of the parameters for CT dose 

measurements, and the strategies currently available to address radiation dose reduction 

associated with coronary CT angiography. 

 

 

3.2. CT Dosimetry Measurements 
 

Patient exposure in CT is different from in conventional X-ray examinations, as the X-ray 

tube rotates around the patient from all angle producing thin slices of the irradiated body 

region during CT image acquisition. Thus, dose calculation in CT is more complicated and 

requires the introduction of special dosimetric quantities such as CT Dose Index (CTDI) for a 

single slice and the Dose Length Product (DLP) for a complete examination [11]. With 

introduction of multislice CT scanners, volumetric CTDI (CTDIvol) was introduced in order 

to determine the dose in one gantry rotation. 

 

 

3.2.1. CT Dose Index 
 

The fundamental radiation dose parameter in CT is the CTDI. The CTDI is usually 

measured with a pencil ionization chamber with an active length of 100 mm both in free air at 

the center of rotation and within cylindrical phantoms of 16 and 32 cm in diameter, 

simulating the head and body of a patient, respectively. CTDI 100 is a measured parameter of 

radiation exposure which is more convenient than the CTDI and it is regarded as the 

measurement of choice performed by medical physicists in the clinical setting [12]. It is 

obtained with an ionization chamber that integrates the radiation exposure of a single axial 

scan over a length of 100 mm [13]. The weighted CTDI (CTDIw) is the weighted average of 

the CTDI 100 measurements at the center and the peripheral locations of the phantom. This 

parameter reflects the average absorbed dose over the two-dimensions (x and y dimensions) 

of the average radiation dose to a cross-section of a patient’s body. 

The volume CTDI (CTDIvol) is a relatively new radiation dose parameter agreed on by 

the International Electrotechnical Commission [14]. The CTDIvol is introduced to determine 

the radiation dose in one tube rotation in multislice CT scanners and allows for variations in 

exposure in the z direction. It is different from CTDIw as the former averages radiation dose 

over three-dimensions (x, y, and z directions) (CTDIw represents the average exposure in the 

x-y plane only) [12]. CTDIvol is the weighted CTDI divided by the pitch, or CTDIvol= 
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CTDIw /pitch. The CTDIvol is now the preferred radiation dose parameter in CT dosimetry. 

Current multislice CT scanners can display the CTDIvol values on the operator’s console. 

This allows the clinician to directly compare the radiation doses that patients receive from 

different imaging protocols. Similar to the CTDIw, the CTDIvol is expressed in milligray 

(mGy). 

 

 

3.2.2. Dose-Length Product 
 

The DLP is used to calculate the dose for a series of slices and is an indicator of the 

integrated radiation dose of an entire CT examination [12]. The DLP is an approximation of 

the total energy a patient absorbs from the scan. It incorporates the number of scans and the 

scan width, e, g. the total scan length, while in contrast CTDIw and CTDIvol represent the 

radiation dose of an individual slice or scan. Therefore, DLP increases with an increase in 

total scan length or variables that affect the CTDIw (e.g. tube voltage or tube current) or the 

CTDIvol (e.g. pitch). Because scan length is expressed in centimeters, the SI unit for DLP is 

mGycm. Similar to CTDIvol, DLP is also available on the operator’s console. 

 

 

3.2.3. Effective Dose 
 

The most important parameter in CT imaging is the effective dose, which is a dose 

parameter that reflects the risk of a non-uniform exposure in terms of a whole body exposure. 

It is valuable in assessing and comparing the potential biological risk of a specific 

examination [15]. The SI unit of measuring effective dose is the sievert (Sv) or millisievert 

(mSv). The effective dose is calculated from information about dose to individual organs and 

the relative radiation risk assigned to each organ [15]. 

The calculation of the effective dose in the current literature is based on a method 

proposed by the European Working Group for Guidelines on Quality Criteria in CT [16], 

deriving radiation dose estimates from the product of the DLP and an organ weighting factor 

for the chest as the investigated anatomic region (k = 0.014 or 0.017 mSv mGy
-1

 cm
-1

) 

averaged between male and female models from Monte Carlo simulations [17]. Effective 

dose allows comparison across the different types of CT studies and between CT and other 

imaging test, facilitating comparison of CT to the most common radiology studies. The 

International Commission on Radiological Protection (ICRP) emphasizes that effective dose 

is intended for use as a protection quantity on the basis of reference values and therefore 

should not be used for epidemiological evaluations, nor should it be used for any specific 

investigations of human exposure [11]. 

The use of effective dose for assessing the exposure to patients undergoing coronary CT 

angiography has several limitations. An effective dose allows comparison of the use of 

similar technologies and procedures in different hospitals and countries as well as from use of 

different technologies for the same medical examinations. However, an effective dose does 

not tell the complete story with regard to the potential effects of ionizing radiation, as specific 

organs and tissues are known to be more radiosensitive than others. 

A recent systematic review of coronary CT angiography with use of prospective ECG-

triggering versus retrospective gating shows that in characterizing a cardiac CT study, DLP is 
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a more objective physics metric than effective dose [18]. The variability of DLP between 

different study sites observed in this review was striking, as the DLP reported in the studies 

ranged from 129 mGy cm to 337 mGy cm. Median DLP at the highest dose sites was more 

than 3 times that at the lowest dose sites. Thus, coronary CT angiography may be associated 

with significantly higher or lower dose than invasive coronary angiography, depending on 

how CT angiography is performed at a study site. The DLP represents most closely the 

radiation dose received by an individual patient and may be used to set reference values for a 

given type of CT examination to help ensure patient doses at CT are as low as reasonably 

achievable. It is recommended that DLP should be recorded for each study and serve as the 

cornerstone of quality assurance efforts [19]. 

 

 

3.3. Strategies for Dose Reduction 
 

Selection of scanning parameters for coronary CT angiography is a complex task and 

depends to a large extent on the anatomical region to be scanned, the size and the pathology 

of the patient. The chosen parameters should result in adequate image quality for clinical 

diagnosis. The main concern in determining exposure parameters is image noise and its effect 

on image quality. Some common parameters that affect the image quality and radiation dose 

of coronary CT angiography are discussed in the following sections. 

 

 

3.3.1. Anatomy-Based Tube Current Modulation 
 

Automatic tube current modulation technique is used to maintain diagnostic images while 

reducing radiation exposure on the basis of patient geometry (anatomy-adapted tube current 

modulation). It is regarded as an effective dose-saving algorithm, as the tube current is 

adjusted according to the patient’s size, anatomic shape or both (e.g. the tube current is 

increased for obese patients or high attenuation projections such as lateral projections and 

decreased for small patients or low attenuation projections to generate a diagnostic image 

quality at the lowest dose).  

Adjustment of the tube current can be performed in three-dimensional directions, 

including x, y (angular modulation), and z-axes (longitudinal modulation). Hence, automatic 

tube current modulation is analogous to the automatic exposure control or photograph-timing 

techniques used on conventional radiography [20]. 

It has been reported that automatic tube current modulation was an effective method of 

reducing radiation dose by 20-60%, depending on the anatomic regions and patient’s habitus 

[21, 22]. 

However, automatic tube current modulation is expected to play a limited role in dose 

reduction in coronary CT angiography because of the relatively smaller angular or z-axis 

fluctuation of attenuation at the heart level
 
[23]. Advanced tube current modulation schemes 

such as organ-based tube current modulation are being developed to reduce radiation dose to 

superficial radiation-sensitive tissues such as the breast without affecting image noise [24]. 
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3.3.2. ECG-Controlled Tube Current Modulation 
 

One of the effective approaches for radiation dose reduction in coronary CT angiography 

is achieved with ECG-controlled tube current modulation. Most of the coronary CT 

angiography scans are performed using retrospectively ECG-gated technique, which indicates 

that the volume data are acquired during the entire cardiac cycle within a single breath-hold 

helical scan. However, image reconstruction of the data only takes place in a specific phase of 

the cardiac cycle (end systole or mid diastole). This implies that tube current can be adjusted 

in different cardiac phases so that high-quality diagnostic images of coronary arteries during 

the reconstruction window, and low-quality, higher noise images of the cardiac chamber and 

cardiac valves during the rest of cardiac cycle can be acquired. This algorithm restricts the 

prescribed tube current to a pre-defined time window during the diastolic phase and decreases 

tube current in the systolic phase of the cardiac cycle [6], thus achieving significant dose 

reduction with this method. With this technique, the tube current outside the diastole is 

lowered to 25% of the nominal value, thus, the effective dose can be significantly lowered, 

with a drop of effective dose to around 10 mSv [5, 6, 25]. 

ECG-controlled tube current modulation has been reported to reduce radiation dose by 

30-50% [26, 27]. ECG-controlled tube current modulation was more effective in patients with 

low and regular heart rates during the CT scan, however, the full tube current window was 

applied in patients with high or irregular/variable heart rates, which leads to the significant 

effect of heart rate and rhythm on radiation dose [28]. Yang et al in their recent study 

performed with 256-slice CT coronary angiography reported the feasibility of using heart 

rate-dependent ECG-pulsed tube current modulation [29]. Radiation dose can be considerably 

reduced, especially in patients with heart rate < 72 beats per minute (bpm) or >85 bpm, 

according to this study. Latest CT models such as 256- and 320-slice CT could address the 

limitation of fast or variable heart rates, although more evidence is needed. 

 

 

3.3.3. Lower Tube Voltage 
 

Another effective method currently undertaken in clinical practice to reduce radiation 

dose is to lower the tube voltage (kV). Lowering the tube voltage represents an important 

radiation dose reduction approach because the radiation dose varies with the square of the kV. 

Lowering the tube voltage has another additional advantage of the higher attenuation levels 

for iodinated contrast medium due to a greater photoelectric effect and decreased Compton 

scattering [30]. 

Modern CT scanners include tube voltages of 120 or 140 kV, reflecting the settings most 

often resulting in adequate image quality. However, cardiac CT acquisition with 100 kV, or 

even lower, is possible and has been suggested as an effective means to reduce radiation dose 

in cardiac CT imaging. It has been shown that decreasing the X-ray tube voltage from 120 to 

80 kV resulted in a 70% reduction in radiation exposure for a constant tube current using 16- 

and 64-slice CT, with increased image noise and unchanged contrast-to-noise ratio [9, 31]. 

Studies utilising dual-source CT compared a 100 kV protocol to the routine 120 kV for 

cardiac CT, and demonstrated a 25–54% reduction in radiation dose, with an estimated 

effective dose as low as 4.4 mSv [30, 32,33]. 
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In the PROTECTION 1 study reducing the tube voltage to 100 kV resulted in a 53% 

reduction in the median radiation dose for coronary CT angiography when compared to the 

conventional 120 kV scan protocol [34]. Diagnostic image quality was not affected, despite 

the increase of image noise. It must be noted that lowering of the tube voltage should be done 

according to the body mass index (BMI) of the patient. Lowering the tube voltage from 120 

to 100 kV is appropriate when the patient’s BMI is <25 kg/m
2
. Reduction of the tube voltage 

to 80 kV should only be considered in children and slim young adults with a BMI <20 kg/m
2
. 

 

 

3.3.4. ECG-Gated High-Pitch Protocol 
 

For the assessment of coronary arteries, coronary CT angiography is most commonly 

performed with spiral acquisition with low pitch values (0.2 to 0.4) and retrospective ECG-

gating, which is associated with substantial oversampling. This indicates that the same level is 

irradiated during several consecutive rotations of the X-ray gantry, resulting in high radiation 

dose [35]. 

A dual-source CT scanner has greater temporal resolution, so the pitch may vary 

automatically with the heart rate. With dual-source scanners, the pitch can be increased at 

higher heart rates, resulting in a faster table speed and a corresponding reduction in radiation 

exposure. Pitch ranging from 0.25 at lower heart rates to 0.5 at high heart rates was possible 

with use of dual-source CT, resulting in coverage of the entire heart volume within 5-10 s, 

thus, dose was decreased accordingly from the pitch adaptation based on heart rates [36, 37]. 

The amount of radiation reduction is dependent on the patient’s heart rate. Ketelsen et al 

[38] in their study based on a Randon phantom showed a significant reduction of radiation 

dose with increased heart rate because of the effect of increased pitch values resulting in less 

overlapping and reduced radiation dose. They concluded that a dose reduction of 31.9% for 

coronary CT angiography and 29.6% for calcium scoring with dual-source CT scans was 

achieved at a heart rate of 100 bpm (pitch 0.5) when compared to the scans performed at a 

heart rate of 40 bpm (pitch 0.2). An increased heart rate tends to degrade image quality in 

cardiac CT imaging with single-source CT, thus, an aggressive approach such as 

administration of beta-blockers prior to CT scanning is commonly used to lower the patient’s 

heart rate [39]. The improved temporal resolution of dual-source CT results in a robust image 

quality within a wide range of heart rates; thus provides the opportunity to image patients 

with higher heart rates without requiring pre-examination use of beta-blockers [38-41]. 

One of the most recent developments in dose-saving strategies for coronary CT 

angiography is the ECG-triggered high-pitch protocol. With this protocol, data is acquired in 

a spiral model while the table moves with a high pitch of up to 3.4, equalling a table feed of 

46 cm/s. When using the high-pitch protocol, the entire heart can be scanned within one 

single cardiac cycle, usually during diastole. Studies using dual-source CT in coronary CT 

angiography shows the feasibility of high-pitch spiral acquisition with prospective ECG-

triggering [42-47]. Diagnostic image quality with very low radiation dose (0.78-2.1 mSv) was 

achieved in the majority of patients by prospectively ECG-triggered high-pitch coronary CT 

angiography (pitch 3.2-3.4). Effective radiation dose can be even lowered to less than 1 mSv 

with prospective ECG-triggering technique [42, 43, 47]. 
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3.3.5. Prospective ECG-Triggering 
 

Another significant leap in radiation dose reduction of coronary CT angiography is the 

introduction of prospective ECG-triggering, or the step-and-shoot mode. Prospective ECG-

triggering is characterized by turning on the X-ray tube only at a predefined time point of the 

cardiac cycle, usually in diastole, while keeping the patient table stationary, and moving to 

the next location for another scan that is initiated by the subsequent cardiac cycle. In 

prospective triggering, radiation is only administered at predefined time points of the cardiac 

cycle, instead of the entire cardiac cycle as observed in the retrospectively-gated helical 

model, thus, a significant dose reduction is achieved with use of this scanning protocol, which 

ranges from 1 to 4 mSv, according to some early reports [48-51]. Coronary CT angiography 

performed with prospective ECG-triggering has been reported to have similar or improved 

image quality but up to 90% lower patient dose when compared with use of retrospectively 

ECG-gated protocol [52-54]. 

According to a number of systematic review and meta-analysis reports, the mean 

effective radiation dose for prospectively ECG-triggered coronary CT angiography in patients 

with a low and regular heart rate ranges from 2.7 mSv to 4.5 mSv [18, 55, 56], which is 

significantly lower than that for retrospectively ECG-gated coronary CT angiography. Further 

reduction of radiation dose can be achieved in prospectively ECG-triggered coronary CT 

angiography with use of lower kV values and high-pitch mode. A reduction of effective dose 

by up to 55% has been reported in prospective ECG-triggering with application of 80 and 100 

kV without compromising image quality [18, 55]. Therefore, a combination of prospective 

ECG-triggering with a low kV protocol should be recommended in patients with BMI less 

than 25 kg/m
2
, since changing tube voltage needs to be correlated with the patient’s BMI. 

Generally, prospectively ECG-triggered coronary CT angiography is only feasible in 

patients with a low and regular heart rate, since this scanning protocol requires the use of 

strict exclusion criteria, thus, patients with higher heart rates are normally excluded. With 

latest CT models, such as 320-slice CT, high diagnostic accuracy of coronary CT 

angiography has been achieved with use of prospective triggering in patients with high or 

irregular heart rates [57, 58], with radiation dose similar to that from invasive coronary 

angiography. 320-slice CT has the potential to broaden the application of coronary CT 

angiography to more patients such as patients with atrial fibrillation, although further studies, 

particularly, studies based on multi-center trials should be conducted to confirm its clinical 

value. 

 

 

3.3.6. Iterative Reconstructions 
 

The iterative reconstruction is an image reconstruction algorithm which is known for the 

potential to reduce image noise, artefacts and dose. It has been used extensively in emission 

tomographic modalities such as single photon emission computed tomography and positron 

emission tomography. In CT, however, this method is not currently in use on most of the 

medical scanners mainly due to its much computationally demanding and time-consuming 

when compared to the filtered back projection methods which are currently available on all 

commercial CT scanners. The benefit of iterative reconstruction on clinical application is that 
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the low noise feature of iterative reconstruction can be applied to those examinations 

requiring high quality of images, but with a much lower dose [21]. 

More recently, different iterative image reconstruction methods for reducing radiation 

dose without compromising image quality have been developed by all major CT 

manufacturers: adaptive statistical iterative reconstruction (ASIR) and model based iterative 

reconstruction (MBIR) (GE Healthcare), iterative reconstruction in image space (IRIS) 

(Siemens Medical Solutions), adaptive iterative dose reduction (AIDR) (Toshiba Medical 

Systems) and iDose (Philips Healthcare) [59]. Clinical evaluation has shown up to 60% dose 

reduction compared to standard filtered back projection while maintaining diagnostic images 

[60, 61]. Coronary CT angiography incorporating iterative reconstruction resulted in a 

significant reduction in the effective dose. 

 

 

Conclusion  
 

It is important to be aware of the amount of radiation dose associated with coronary CT 

angiography and to realize that a careful selection of CT scanning protocols is required to 

keep the radiation exposure ALARA. This chapter demonstrates the radiation dose 

measurements in cardiac CT imaging and highlights the various strategies that have been 

undertaken recently to reduce the radiation exposure to patients undergoing coronary CT 

angiography. The radiation dose of coronary CT angiography can be reduced significantly 

with use of these dose-saving strategies. With successful implementation of these techniques, 

the effective dose of coronary CT angiography can be reduced to as low as 1 mSv in selected 

patients. It is important to note that the current effective doses from coronary CT angiography 

are at the level or even lower than those reported for the invasive coronary angiography. 

Therefore, tremendous progress has been achieved in radiation dose reduction in coronary CT 

angiography. Further research should focus on developing patient-based and technology-

based methods to achieve the aim of reducing radiation dose while maintaining diagnostic 

image quality. Another important issue is to make sure that all these low-dose protocols for 

coronary CT angiography are widely used by the large radiological community performing 

cardiac imaging. 
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Chapter 4 
 

 

64-Slice Coronary CT Angiography in 
Coronary Artery Disease: A Systematic 

Review of Diagnostic Value, Image 

Quality and Radiation Dose 
 

 

Abstract 
 

To perform a systematic review of the diagnostic value, image quality and radiation 

dose of 64-slice coronary CT angiography in the diagnosis of coronary artery disease 

when compared to invasive coronary angiography. A search of PUBMED and MEDLINE 

databases was conducted to identify studies investigating the diagnostic value of 64-slice 

coronary CT angiography in the diagnosis of coronary artery disease. Diagnostic value of 

coronary CT angiography was compared to invasive coronary angiography and analyzed 

at patient-, vessel- and segment-based analysis. Factors affecting diagnostic value and 

image quality were identified. Twenty-two studies met selection criteria and were 

included for analysis. Pooled estimates and 95% confidence interval (CI) of sensitivity, 

specificity, positive predictive value and negative predictive value of 64-slice  coronary 

CT angiography were 98% (95% CI: 96%, 99%), 89% (95% CI: 86%, 91%), 92% (95% 

CI: 90%, 94%), and 97% (95% CI: 95%, 98%), according to the patient-based 

assessment. The mean values of sensitivity, specificity, positive predictive value and 

negative predictive value of 64-slice coronary CT angiography were 92% (95% CI: 88%, 

96%), 92% (95% CI: 87%, 99%), 78% (95% CI: 62%, 93%) and 98% (95% CI: 97%, 

99%) according to the vessel-based assessment; 88% (95% CI: 84%, 93%), 96% (95% 

CI: 95%, 97%), 74%(95% CI: 65%, 82%) and 99% (95% CI: 98%, 99%) according to the 

segment-based assessment, respectively. Radiation dose of 64-slice CT coronary 

angiography was reported in 50% of the studies, with mean value of 13.5 mSv for males, 

which is significantly lower than the 18.5 mSv for females. The main factor that affected 

image quality was severe calcification, which decreased the diagnostic accuracy and 

image quality at segment-based analysis. Sixty-four-slice coronary CT angiography has a 

high diagnostic value in the diagnosis of coronary artery disease. Severe coronary 

calcification seems to be the major factor affecting the diagnostic performance of 

coronary CT angiography. 
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4.1. Introduction 
 

Coronary artery disease (CAD) is the leading cause of death in developed countries [1]. 

The standard of reference for diagnosis of CAD is still invasive coronary angiography, with 

the advantage of superior spatial resolution and temporal resolution. However, its diagnostic 

value has been challenged due to its invasiveness and procedure-related complications by the 

introduction of coronary CT angiography performed with multislice CT scanners. Previous 

reports showed that coronary CT angiography is a promising technique with the increase of 

detector rows from 4-slice to 16-slice and 64-slice scanners [2-10]. With the increase of 

number of detectors, more coronary segments were evaluable, and the sensitivity for a 

significant coronary stenosis in evaluable segment was reported to increase [8-10]. However, 

diagnostic value of coronary CT angiography with early generations of multislice CT 

scanners such as 4-slice and 16-slice was still limited and has not reached the accuracy as that 

of invasive coronary angiography. Preliminary data showed that 64-slice coronary CT 

angiography is more sensitive and specific than earlier 4-slice and 16-slice CT in the 

diagnosis of CAD [10-12]. Currently there is a lack of data for a systematic analysis of the 

diagnostic value of 64-slice coronary CT angiography in coronary artery disease. Therefore, 

the aim of this chapter was to perform a systematic review of 64-slice coronary CT 

angiography in the detection of CAD with regard to the diagnostic value in comparison to 

invasive coronary angiography, based on the available studies in the literature. 

 

 

4.2. Materials and Methods 
 

4.2.1. Criteria for Data Selection and Literature Screening 
 

A search of PUBMED and MEDLINE databases for English literature was performed for 

studies describing the diagnostic value of 64-slice coronary CT angiography in CAD 

compared to invasive coronary angiography. The articles must be peer-reviewed and 

published in English language. The keywords used in searching for relevant articles were: 64-

slice CT and coronary artery stenosis/disease; 64-slice coronary CT angiography; 64-slice 

coronary CT angiography in CAD; 64-slice CT in CAD.  

The search was limited to reports on human subjects and excluded case reports, 

conference abstracts, review articles, in vitro studies and articles investigating the coronary 

stent or bypass graft treatments. Exclusion criteria were also extended to the investigations 

performed with 64-more slice CT techniques or methods, electron beam CT. The search of 

literature was selected to range from 2004 to 2012 (June 2012), as 64-slice CT was first 

introduced into clinical practice in 2004 [13]. In addition, the reference lists of identified 

articles were checked to obtain additional relevant articles.  

Prospective and retrospective studies were included if they met all of the following 

criteria: (a) patients undergoing 64-slice CT angiography with use of retrospective ECG-
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gating, as studies performed with prospective ECG-triggering were discussed in Chapter 10; 

(b) studies included at least 10 patients; (c) assessment or comparison of 64-slice CT 

angiography with coronary angiography was focused on the visualization of coronary arteries 

and detection or exclusion of coronary artery stenosis; (d) diagnostic value of 64-slice CT 

angiography was addressed when compared to invasive coronary angiography in terms of 

sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), 

either according to patients-based, vessel-based or segments-based assessment. 

 

 

4.2.2. Data Extraction 
 

Data were extracted repeatedly based on study design and procedure techniques. The 

reviewer looked for the following characteristics in each study: year of publication; number 

of participants in the study; mean age; mean heart rate; number of male patients; mean body 

mass index (BMI); number of patients receiving β–blockers; prevalence of suspected or 

known CAD; assessable coronary segments in each study; image quality assessment 

(qualitative or quantitative analysis); coronary artery calcium scores; radiation dose 

associated with 64-slice coronary CT angiography; diagnostic accuracy of 64-slice CT when 

compared to invasive coronary angiography in terms of the sensitivity, specificity, PPV, NPV 

and main factors affecting the visualization of coronary arteries or diagnostic performance. 

All diagnostic accuracy estimates referred to segment/vessel/patient-based assessment. 

Sensitivity, specificity, PPV and NPV were calculated with use of the following equations: 

 

 
 

 
 

 
 

 
TP-true positive, TN-true negative, FP-false positive, FN-false negative. 
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4.2.3. Definition of Coronary Segments and Stenosis 
 

Significant stenosis was defined as more than 50% stenosis of the coronary artery lumen 

which is hemodynamically significant. High-grade stenosis was defined as more than 75% 

stenosis. In this chapter, the diagnostic value of 64-slice coronary CT angiography in CAD 

was analysed based on more than 50% stenosis. Coronary artery segments were numbered as 

defined by the American Heart Association [14]. Assessment of coronary artery was based on 

variable descriptions as some investigators listed the segments, while others described the 

portion of the arteries evaluated in terms of numbered segments. The 15/17-segment 

assessment is commonly used by investigators in these studies comparing 64-slice coronary 

CT angiography with invasive coronary angiography. 

 

 

4.2.4. Statistical Analysis 
 

All of the data were entered into SPSS (version 19.0) for analysis. Sensitivity, specificity, 

PPV and NPV estimates for each study were combined across studies using one sample test. 

Between-study heterogeneity of the sensitivity, specificity, PPV and NPV estimates was 

tested using the Mantel-Haenszel Chi-squared test with n-1 degree of freedom (n is the 

number of studies). Comparison was performed by Chi Square test to test if there is any 

significant difference regarding the diagnostic value of coronary CT angiography in CAD, 

between segment-based assessment, vessel-based assessment or patient-based assessment. 

Statistical hypotheses (2-tailed) were tested at the 5% level of significance. 

 

 

4.3. Results 
 

4.3.1. General Information 
 

Twenty-two studies met criteria for inclusion in the analysis [15-36]. Studies reported 

from the same institutions or research groups were still included in the analysis, as long as the 

recruited data consisted of different risk groups or clinical assessment of coronary CT 

angiography was investigated with a focus on different aspects. There were 9 studies 

involving multiple comparisons in different groups, with 5 studies (22 comparisons) at 

patient-based assessment; 2 studies (7 comparisons) at vessel-based assessment and 8 studies 

(34 comparisons) at segment-based assessment dealing with the diagnostic value of 64-slice 

coronary CT angiography in CAD based on effect of different coronary calcium scores [15, 

16, 19, 26, 28, 31, 32], body mass index [19], and variable heart rates [29, 30]. Figure 4.1 is 

the flow chart showing the search strategy to obtain these eligible references. 

Table 4.1 shows the study characteristics in each article reviewed. The number of patients 

enrolled in these studies ranged from 35 to 208. There were 6 studies involving more than 

100 cases [25, 26, 30-32, 36]. Of 22 studies retrieved, all were performed on single-source 

64-slice scanners with spatial resolution of 165 ms to 200 ms, while studies performed on 

dual-source CT scanner were excluded as a detailed analysis of the diagnostic value of dual-

source CT was presented in Chapter 5. Most of the coronary CT scans were performed with 
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Siemens scanners, while in two studies coronary CT angiography was done on Toshiba 

scanner and one study was performed on GE Healthcare. 

 

 

Figure 4.1. Flow chart showing the searching strategy to obtain eligible references on 64-slice coronary 

CT angiography. 

Of all studies reviewed, it was found that the male patients were most commonly affected 

with CAD, with pooled estimate and 95% confidence interval (CI) being 65% (95% CI: 58%, 

73%). β-blocker was used in 13 studies (59%) and the mean value and 95% CI was 55% 

(95% CI: 36%, 74%). The mean heart rate of patients during scan ranged from 58 to 90 beats 

per minute (bpm) across studies (median, 61 bpm). The percentage of assessable segments 

was available in 17 studies with the mean value and 95% CI being 96% (95% CI: 94%, 97%). 

Coronary artery calcium scores were reported in 7 studies with the mean value and 95% CI of 

322 (95% CI: 235, 410). 

Of four studies, 64-slice coronary CT angiography in CAD was investigated for different 

degree of coronary stenosis (>50% vs 75%) [16], different BMI ranges [19], and variable 

heart rates [29, 30]. However, comparison could not be performed due to limited data and 

different method of analysis (patient-based or segment-based), although the sensitivity of 64-

slice coronary CT angiography in the evaluation of >75% stenosis showed slightly higher 

than that in >50% stenosis (80% vs 73%); and application of heart rate control significantly 

improved the diagnostic performance of 64-slice coronary CT angiography. In patients with 

large BMI (>30 kg/m
2
), diagnostic accuracy was reduced when compared to the overall 

accuracy of 64-slice coronary CT angiography in patients with a normal BMI. 

 

 



Table 4.1 Study characteristics of 64-slice coronary CT angiography in coronary artery disease 

 

Studies 
Year of 

publication 

Detector 

collimation 

No. 

Patients 

No. of 

cases β 

blocker 

%  

Mean age 

(yrs) 

No. 

of 

Male 

HR BMI 

Assessable 

segments 

(%) 

Calcium score 
Effective dose 

(mSv) 

Mollet et al 

(15) 
2005 2x32x0.6 52 73 59.6± 12.1 34 

57.8 

±6.8 
 NA 97 231 (15-736) 15.2:21.4 (M:F) 

Leber et al 

(16) 
2005 64x0.6 59 35 64± 10 NS 62 ± 13 NA 100 

Severely/non, 

moderate 
10-14 

Leschka et al 

(17) 
2005 64x0.6 67 60 60.1±10.5 50 

66.3± 

14.7 
NA 100 NA NA 

Plass et al 

(18) 
2005 2x32x0.6 50 NA 66±8 39 65±11 NA 97 NA NA 

Raff et al 

(19) 
2005 2x32x0.6 70 NA 59±11 53 65±10 30±5 88 326 ± 472 13:18 (M:F) 

Ehara et al 

(20) 
2006 64x0.6 69 22 67±11 52 

71.8± 

13.2 
NA 92 NA NA 

Nikolaou  

et al (21) 
2006 2x32x0.6 72 NA 64±10 59 61±9 NA 90 NA NA 

Pugliese et al 

(22) 
2006 2x32x0.6 35 NA 61±10 21 58±6 NA 97 NA 15:20 (M:F) 

Schuijf et al 

(23) 
2006 64x0.5 60 72 60±11 14 60±11 NA 99 423±868 NA 

Ropers et al 

(24) 
2006 64x0.6 84 74 58±10 52 59±9 29±5 96 NA 7.45:10.24 (M:F) 

Shabestari  

et al (25) 
2007 64x0.6 143 89 63±10 103 65 NA 96 0-1213 NA 

Meijboom  

et al (26) * 
2007 64x0.6 104 86 

58±7/ 

59±10 
23/52 60±8 

25.8±3.6 

/26.5±3.7 
NS 

473.9±738.2/44

0±513.6 
15.2:21.4 (M:F) 

Muhlenbruch 

et al (27) 
2007 64x0.6 51 NA 58.5±7.9 39 61±7.7 NA 95 NA 13.6:17.3 (M:F) 

Oncel et al 

(28) 
2007 2x32x0.6 80 53 56 61 58±10 NA 100 NA NA 

Achenbach  

et al (29) ## 
2008 64x0.6 45/55 0/90 

65±11/ 

65±11 
17/23 

70±15/ 

60±8 
NA 82/93 NA 13±2.7/12±2.0 

 



 

Studies 
Year of 

publication 

Detector 

collimation 

No. 

Patients 

No. of 

cases β 

blocker 

%  

Mean age 

(yrs) 

No. 

of 

Male 

HR BMI 

Assessable 

segments 

(%) 

Calcium score 
Effective dose 

(mSv) 

Brodoefel  

et al (30) 
2008 64x0.6 102 62 62±10 82 

68.2± 

13.1 
27.5±4.1 98 226.5 NA 

Diederichsen 

et al (31) 
2009 64x0.625 109 NA 63±11 58 NA 27±4 NA 267 21.3 

Palumbo et al 

(32) # 
2009 2x32x0.6 200 NA 57±13 169 56.8±8.8 26.8±3.5 NA 313±606 NA 

Yang et al 

(33) 
2009 64x0.5 60 0 58.7±12.9 37 90±13.1 24.5±3.6 97 NA 14.5±4.3 

Wehrschuetz 

et al (34) 
2010 64x0.6 37 0 64.3±2.3 22 73.4±1.7 NA 92 NA NA 

Romagnoli  

et al (35) 
2010 64x0.6 64 NA 65±10 38 63 NA NA NA NA 

Cademartiri 

et al (36) 
2010 64x0.6 208 NA 48±11 57 59.4±6.7 29±5 NA NA 15:21 (M:F) 

*two groups (low risk and high risk patients) were included; # five groups based on calcium scores; ## no heart rate control and heart rate control groups, M-

male, F-female, NA-not available. 
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4.3.2. Image Quality Assessment 
 

Subjective assessment of coronary CT angiography images was conducted in 15 studies 

by two observers who were blinded to the results of invasive coronary angiography, with use 

of 3- or 4-point scoring scale applied in 10 studies. Only one observer was involved in the 

evaluation of image quality in 5 studies, while in the remaining two studies, details of 

observer assessment were not available. In contrast, in more than half of the studies (59%), 

invasive coronary angiographic images were evaluated by one observer, while in the 

remaining 9 studies, two observers were involved in the assessment of angiographic images. 

Quantitative assessment of image quality was only conducted in one study with use of 

contrast-to-noise ratio to determine the image quality [16]. 

 

 

4.3.3. Radiation Dose 
 

Radiation dose was reported in 11 studies, while in the remaining studies, information on 

radiation exposure associated with coronary CT angiography was not available. The mean 

radiation dose for males was 13.5 ±2.7 mSv, which is significantly lower than that measured 

for females, which is 18.5 ±3.9 mSv. A tube voltage of 120 kVp was consistently used 

throughout these studies, regardless of the BMI ranges, and no dose-saving strategies were 

applied in these 64-slice coronary CT angiography examinations. 

 

 

4.3.4. Coronary Segments Included in the Analysis 
 

Although the AHA classification system was used in all of the 22 studies, different 

coronary segments were included for analysis among these studies. A 17-segment AHA 

system was used in 8 studies, followed by 15-segment method in 6 studies, and 13- and 11-

segment method in one study each. Details of the coronary segments were not available in the 

remaining 6 studies. 

 

 

4.3.5. Prevalence of Suspected or Know CAD 
 

Prevalence of CAD in these studies was variable according to this review; we categorized 

it into suspected and known CAD. Patients suspected of CAD indicate that the patients 

presented with clinical symptoms such as typical or atypical chest pain, elevated ST, and they 

were recommended for coronary angiography for confirmation of presence of the lesion 

(stenosis/occlusion). The mean value and 95% CI of suspected CAD was 63% (95% CI: 44%, 

82%). In contrast, known CAD refers to these patients which were confirmed to suffer from 

coronary artery disease (presence of stenosis or occlusion) by invasive coronary angiography. 

This analysis showed that high-risk or known CAD ranged from 17% to 88%, with the mean 

value and 95% CI being 53% (95% CI: 40%, 67%). No significant difference was found 

when compared the prevalence of low risk CAD or suspected CAD with that of high risk or 

known CAD (p>0.05). 
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4.3.6. Diagnostic Value of 64-Slice Coronary CT Angiography:  
Patient-Based Analysis 

 

Of 22 studies, evaluation of 64-slice coronary CT angiography in CAD on patient-based 

assessment was available in 15 studies. No statistical heterogeneity was found for these 

analyses according to patient-based assessment among these studies, so the pooled estimates 

across studies were used to demonstrate the diagnostic performance. Pooled estimates and 

95% CI of the sensitivity, specificity, PPV and NPV of 64-slice coronary CT angiography 

were 98% (95% CI: 96%, 99%), 89% (95% CI: 86%, 91%), 92% (95% CI: 90%, 94%), and 

97% (95% CI: 95%, 98%) (Figs 4.2, 4.3). 

 

 

Figure 4.2. Plot of pooled sensitivity of 64-slice coronary CT angiography compared to invasive 

coronary angiography in 15 studies based on patient-based assessment. CI-confidence interval. 

 

Figure 4.3. Plot of pooled specificity of 64-slice coronary CT angiography compared to invasive 

coronary angiography in 15 studies based on patient-based assessment. CI-confidence interval. 
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4.3.7. Diagnostic Value of 64-Slice Coronary CT Angiography:  
Vessel-and Segment-Based Analysis 

 

Severe heterogeneity/inconsistency was noticed at the vessel-based and segment-based 

assessment levels (p<0.05), so pooling was avoided, and only the mean values across these 

studies were described. The mean values of sensitivity, specificity, PPV and NPV were 92% 

(95% CI: 88%, 96%), 92% (95% CI: 87%, 99%), 78% (95% CI: 62%, 93%) and 98% (95% 

CI: 97%, 99%), according to vessel-based assessment which was available in 8 studies; 88% 

(95% CI: 84%, 93%), 96% (95% CI: 95%, 97%), 74% (95% CI: 65%, 82%) and 99% (95% 

CI: 98%, 99%), according to segment-based assessment, which was reported in 15 studies. 

 

 

4.3.8. Effect of Coronary Calcium Scores on Diagnostic Value 
 

Diagnostic accuracy of 64-slice coronary CT angiography in CAD was influenced by the 

presence of calcification and its relationship to the degree of coronary calcium scores was 

investigated in three studies with 12 comparisons according to patient-based assessment; in 

seven studies with 24 comparisons according to segment-based analysis. Table 4.2 shows the 

mean values and 95% CI of 64-slice coronary CT angiography in studies comparing the 

different coronary calcium scores and corresponding diagnostic value. There was no 

significant difference between low, moderate and high coronary calcium scores in terms of 

diagnostic performance at the level of patient-based evaluation, however, significant 

differences were found in the specificity, PPV and NPV according to segment-based analysis 

(p<0.05), indicating the significant effect of severe calcification on the diagnostic value of 64-

slice coronary CT angiography. 

 

Table 4.2. Mean value of sensitivity, specificity, PPV and NPV of 64-slice coronary CT 

angiography according to different coronary calcium scores 

 

Assessment levels 
Sensitivity 

 (95% CI) 

Specificity  

(95% CI) 

Positive predictive 

value (95% CI) 

Negative predictive 

value (95% CI) 

Patient-

based 
assessment 

Low 
CAC 

95% (90%, 100%) 
87%  
(59%, 100%) 

87% (59%, 100%) 97% (88%, 100%) 

Moderate 

CAC 
100% 

87%  

(61%, 100%) 
100% 83.5% 

High 
CAC 

98% (88%, 100%) 
89%  
(57%, 100%) 

98% (88%, 100%) 100% 

Segment-

based 

assessment 

Low 

CAC 
91% (84%, 98%) 

98% 

 (96%, 99%) 
81% (68%, 94%) 99% (99%, 100%) 

Moderate 

CAC 
91% (81%, 99%) 

92%  

(87%, 98%) 
73% (60%, 86%) 98% (97%, 99%) 

High 

CAC 
92% (85%, 99%) 

85%  

(74%, 95%) 
70% (53%, 88%) 98% (96%, 99%) 

CAC-coronary calcium score. 

 

 

Discussion 
 

This chapter shows that 64-slice coronary CT angiography has high diagnostic accuracy 

in the diagnosis of CAD, according to patient-based, vessel-based or segment-based analysis. 
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In particular, a very high negative predictive value (>97%) has been achieved with 64-slice 

coronary CT angiography indicating that this technique can be used as a reliable screening 

tool for patients with suspected CAD. 

In comparison to earlier scanners such as 4-slice and 16-slice CT, 64-slice coronary CT 

angiography has demonstrated significant improvements in the assessment of coronary artery 

branches. Studies performed on the 16-slice CT scanners in the detection of CAD showed that 

the sensitivity of coronary CT angiography decreased when assessing the distal coronary 

segments due to limited spatial and temporal resolution [12]. In comparison to 16-slice CT 

scanners, the current 64-slice scanner has increased slices per gantry rotation and fast gantry 

speed (330 ms vs 375ms), which translate into superior spatial resolution (0.5 mm vs 0.75 

mm) and temporal resolution (165ms vs 188 ms). The reduction in voxel size allows 

acquisition of isotropic volume data and makes distinction between hypointense soft plaque 

and contrast-enhanced blood more evident. Moreover, more coronary segments can be 

assessed with 64-slice CT angiography with the percentage of assessable segments being 

higher than that from 16-slice scanners. Percentage of assessable segments in this analysis 

was 96%, which is significantly higher than that of 16-and 4-slice scanners, which is 92% and 

74%, according to a previous meta-analysis [37]. 

Recent studies have reported that two major limitations for affecting the coronary CT 

angiography evaluation of coronary artery segments are motion artefacts and severe coronary 

calcifications. In order to reduce motion artefacts, β-blockers were commonly used prior to 

CT examination, even if in the 64-slice scanners, as shown in this analysis. Consistent use of 

beta-blocking agents before the scan to keep patients’ heart rates below 60 bpm could 

produce better results in some studies. This is observed in this analysis, as the mean heart rate 

is less than 65 bpm during coronary CT angiography in 68% of the studies, and this indicates 

the necessity of controlling heart rate to ensure acquisition of diagnostic image quality. The 

latest development of dual-source CT has been reported to improve temporal resolution when 

compared to early 64-slice scanners, and coronary arteries were visualized without motion 

artefacts at any heart rate and beta blocker utilization could be discarded [38, 39]. Initial 

experience on dual-source CT showed the advantages of imaging patients with high heart 

rates and reduction of occurrence of motion artefacts in comparison to earlier 64-slice 

scanners [38], although further studies need to be performed to establish the diagnostic 

accuracy of dual-source CT in the diagnosis of CAD. Dual-source CT coronary angiography 

has been increasingly used in clinical practice, and the analysis of its diagnostic value and 

image quality will be discussed in chapter 5. 

Another common factor that affects evaluation of coronary artery lumen is the presence 

of extensive calcification. Similar to 4-slice and 16-slice CT, extensive artery calcifications 

are a frequent source of impairing vessel assessment, even with 64-slice CT, although the 

degree of artefacts due to partial volume effects seem to be less severe. Severe calcification 

obscures coronary lumen and can lead to overestimation of the severity of the lesions due to 

blooming artefacts, making quantification of the degree of coronary artery stenosis difficult. 

The interference of calcification with assessment of coronary artery lumen was reported in 

seven studies, and the analysis showed that the specificity, PPV and NPV was significantly 

decreased with the increase of the calcium score, indicating the relatively high false positive 

cases resulting from extensive calcification. Thus, caution should be considered in imaging 

patients with severe calcifications. 
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BMI seems to be another factor that may affect the diagnostic accuracy of 64-slice 

coronary CT angiography. This was investigated in one study which demonstrated the 

relationship between BMI and diagnostic value of 64-slice coronary CT angiography [19]. 

Relevant research has been performed to investigate the relationship between body 

weight/BMI and image noise for reduction of radiation exposure without loss of diagnostic 

information in CT scanning protocols [40, 41]. Yoshimura et al recently reported that image 

noise correlated well with body weight in coronary CT angiography [40]. Therefore, 

relationship between radiation dose, image noise and diagnostic accuracy need to be further 

investigated to minimize radiation dose while maintaining adequate diagnostic information 

for clinical investigation of coronary artery disease. 

There are some limitations in this analysis that should be addressed. Firstly, publication 

bias may have affected the results as non-English references were excluded. Secondly, lack of 

uniform criteria of assessment is another limitation inherent in most of the studies analysed. 

Inclusion of variable numbers of coronary segments makes the analysis and comparison of 

coronary CT angiography performance difficult. Not all of the studies provided detailed 

information about the diagnostic value of 64-slice coronary CT angiography. Assessment of 

four main coronary branches was only reported in a small number of studies, thus, a 

systematic analysis was not conducted. Finally, radiation dose was only reported in half of the 

studies. In addition, other dose parameters such as volume CT dose index or dose length 

product were not available in all of the studies. The increase in dose estimates with 64-slice 

CT when compared to 4-and 16-slice scanners is due to the higher spatial and temporal 

resolution achieved with the current CT scanner technology and therefore, thus radiation dose 

of 64-slice CT in cardiac imaging deserves to be investigated. 

In conclusion, this chapter demonstrates that 64-slice coronary CT angiography has a 

high diagnostic value in the diagnosis of coronary artery disease, with very high assessable 

segments and negative predictive value achieved. For patients with extensive calcifications in 

the coronary lumen or coronary artery stenoses, diagnostic performance of 64-slice coronary 

CT angiography is apparently affected in the segment-based assessment. Sixty-four-slice 

coronary CT angiography is associated with high radiation dose, and this needs to be 

addressed in further studies with implementation of effective dose-saving strategies. 
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Chapter 5 
 

 

Dual-Source Coronary CT Angiography 
in Coronary Artery Disease:  

A Systematic Review of Diagnostic 

Value, Image Quality  

and Radiation Dose 
 

 

Abstract 
 

To perform a systematic review of the diagnostic value, image quality and radiation 

dose of dual-source CT (DSCT) coronary angiography in the diagnosis of coronary artery 

disease (CAD) when compared to invasive coronary angiography. A search of four 

databases was performed to identify studies investigating the diagnostic value of DSCT 

coronary angiography in the diagnosis of coronary artery disease. Diagnostic value of 

DSCT coronary angiography was compared to invasive coronary angiography and 

analyzed at patient-based, vessel- and segment-based analysis. Twenty-nine studies met 

selection criteria and were included for analysis. Pooled estimates and 95% confidence 

interval (CI) of sensitivity, specificity, positive predictive value and negative predictive 

value of DSCT coronary angiography were 98% (95% CI: 99%, 99%), 83% (95% CI: 

79%, 86%), 88% (95% CI: 86%, 91%), and 97% (95% CI: 95%, 99%), at patient-based 

analysis. The mean values of sensitivity, specificity, positive predictive value and 

negative predictive value of DSCT coronary angiography were 92% (95% CI: 89%, 

95%), 90% (95% CI: 85%, 95%), 77% (95% CI: 71%, 83%) and 97% (95% CI: 96%, 

98%), at vessel-based analysis; 89% (95% CI: 85%, 93%), 94% (95% CI: 92%, 96%), 

76% (95% CI: 70%, 81%) and 98% (95% CI: 97%, 99%), at segment-based analysis, 

respectively. The mean effective dose of DSCT coronary angiography was 12.3 mSv 

(95% CI: 10.6, 14 mSv). Diagnostic performance of DSCT coronary angiography was 

independent of variable heart rates. The main factor that affects the diagnostic value of 

DSCT coronary angiography is presence of severe calcification, since high coronary 

calcium scores (>400) resulted in significant decrease of specificity and positive 

predictive value (p<0.05). DSCT coronary angiography has high diagnostic accuracy in 

the assessment of coronary artery disease, and its diagnostic performance remains high in 

the presence of high heart rates. 
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5.1. Introduction 
 

The advent of multislice CT technology has led to an increasing use of the modality in 

the diagnosis of coronary artery disease (CAD) [1-4]. With increased spatial and temporal 

resolution, diagnostic image quality and accuracy of coronary CT angiography has 

considerably improved. Studies using coronary CT angiography with 64-slice technology 

have reported a high diagnostic accuracy for the diagnosis of CAD [5-10]. In particular the 

high negative predictive value of more than 95% has indicated the reliability of 64-slice 

coronary CT angiography to exclude CAD [8-10]. Despite these promising results with 64-

slice CT, diagnostic accuracy of 64-slice coronary CT angiography was reported to be 

affected by high heart rates and severe coronary calcifications [6, 8, 11, 12]. 

Dual-source CT (DSCT, Siemens, Germany) represents the recently developed multislice 

CT scanner, which enables a high temporal resolution of 83 ms in a single-segment 

reconstruction mode through simultaneous acquisition of cardiac images with two X-ray 

tubes and detectors [13]. The increased temporal resolution of the DSCT scanner makes 

cardiac imaging less dependent on a patient’s heart rate. Since its introduction in 2005, DSCT 

coronary angiography has been illustrated to show improvements in the image quality and 

diagnostic accuracy in the diagnosis of coronary artery stenosis [14-20]. However, the 

reported diagnostic value of DSCT coronary angiography is variable, with wide ranges of 

diagnostic performance from patient-based to vessel-based and segment-based analysis [21]. 

Thus, the questions have to be addressed, which are: Does DSCT coronary angiography have 

adequate diagnostic value to be used as an alternative to invasive coronary angiography and is 

DSCT coronary angiography not influenced by heart rate or other factors? The aim of this 

chapter is to conduct a systematic review of the diagnostic value of DSCT coronary 

angiography in the diagnosis of CAD, according to the currently published studies. 

 

 

5.2. Materials and Methods 
 

5.2.1. Data Selection and Literature Searching 
 

The literature search for relevant references was performed using different databases 

including Pubmed/Medline, ScienceDirect, Scopus and Embase to cover studies describing 

the diagnostic value of dual-source 64-slice coronary CT angiography in CAD between 2006 

(DSCT was first introduced in 2006) and 2012 (last search was done in July 2012). The terms 

used for identification of references were‘ dual-source slice CT and coronary artery 

disease/stenosis’, ‘dual-source coronary CT angiography’, ‘dual-source CT angiography in 

CAD’ and ‘dual-source 64-slice CT in CAD’. The search was limited to include all the 

studies that have been published in the English language and were on human subjects. Case 

reports, conference abstracts, review articles, in vitro studies and articles investigating the 
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coronary stent or bypass graft treatments were excluded from the analysis. In addition, the 

reference lists of identified articles were checked to obtain additional relevant articles. 

Studies were included in the systematic review if they met all of the following criteria: 

(a) patients must be adults with suspected or known CAD who underwent both DSCT 

coronary angiography (first generation DSCT scanner) with use of retrospective ECG-gating, 

as studies performed with prospective ECG-triggering were discussed in Chapter 10; (b) 

studies included at least 10 patients; (c) assessment or comparison of DSCT coronary 

angiography with invasive coronary angiography was focused on the visualization of 

coronary arteries and detection or exclusion of CAD; (d) diagnostic value of DSCT coronary 

angiography was clearly stated and addressed (lumen stenosis >50% as significant stenosis) 

when compared to invasive coronary angiography in terms of sensitivity, specificity, positive 

predictive value (PPV), negative predictive value (NPV), either according to patients-based, 

vessel-based or segments-based assessment. 

 

 

5.2.2. Data Extraction 
 

Data were extracted repeatedly based on study design and procedure techniques. The 

reviewer looked for the following characteristics in each study: year of publication; number 

of patients included in each study; mean age; mean heart rate; number of male patients; mean 

body mass index (BMI); number of patients receiving β–blockers; prevalence of suspected or 

known CAD; assessable coronary segments in each study; image quality assessment 

(qualitative or quantitative analysis); coronary artery calcium scores; radiation dose 

associated with DSCT coronary angiography; diagnostic accuracy of DSCT coronary 

angiography when compared to invasive coronary angiography in terms of the sensitivity, 

specificity, PPV, NPV and main factors affecting the visualization of coronary arteries or 

diagnostic performance. All diagnostic accuracy estimates referred to segment/vessel/patient-

based assessment. 

A formal consensus method, QUADAS” (Quality Assessment of Diagnostic Accuracy 

Studies) was performed by one author for the quality assessment of diagnostic accuracy in 

these studies. The QUADAS is regarded as an important tool for quality assessment in 

systematic reviews as it enables to develop and evaluate an evidence-based quality of 

individual studies in terms of potential for bias, lack of applicability and quality of reporting 

[22]. 

 

 

5.2.3. Image Quality Assessment 
 

Quantitative and qualitative assessments of diagnostic image quality recorded in each 

study were analysed. Quantitative image quality was determined by measuring signal-to-noise 

ratio (SNR) and contrast-to-noise ratio (CNR) for comparisons among the studies. SNR was 

calculated as the mean Hounsfield unit (HU) of particular region of interest (ROI) divided by 

image noise. CNR was defined as the difference of attenuation values of the contrast 

enhancement at two different regions (eg. left ventricular chamber and left ventricular wall) 

and then divided by image noise. Image noise is a standard deviation, SD of HU measured at 

selected anatomical regions. 
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Qualitative assessment of image quality was carried out on a per-segment basis by using 

of three- to five-point Likert ranking scale. The coronary segments were analyzed and the 

results were documented and categorized as percentage of assessable and non-assessable 

coronary segments. The coronary arteries were characterized into 13-17 segments according 

to the classification by American Heart Association (AHA) [23] and the extent of stenosis 

was evaluated in each segment with more than 50% coronary stenosis being defined as 

significant. 

 

 

5.2.4. Statistical Analysis 
 

All of the data was entered into SPSS (version 19.0) for analysis. Sensitivity, specificity, 

PPV and NPV estimates for each study were independently combined across studies using a 

fixed effects model. Between-study heterogeneity of the sensitivity, specificity, PPV and 

NPV estimates was tested using the Mantel-Haenszel Chi-squared test with n-1 degree of 

freedom (n is the number of studies). Pooled sensitivity, specificity, PPV and NPV values on 

patient-based assessment were entered into Meta Disc (V 1.4, Meta Analysis for Diagnostic 

and Screening Trials) for analysis, while the mean values of sensitivity, specificity, PPV and 

NPV values on vessel-based and segment-based assessment were analysed using SPSS. 

Statistical hypotheses (2-tailed) were tested at the 5% level of significance. 

 

 

5.3. Results 
 

Figure 5.1 is the flow chart showing studies that were obtained through the review 

process. After searching through these databases, 3407 articles were identified, of which 52 

potentially relevant articles were selected for full-text assessment. Twenty-nine studies met 

our selection criteria, while the remaining 23 studies were excluded due to various reasons: 

coronary CT angiography performed with high-pitch protocol (n=14) and with prospective 

ECG-triggering (n=4); contents duplicates (n=3); results not presented to enable statistical 

analysis of diagnostic accuracy (n=2). 

 

 

5.3.1. Study Characteristics 
 

The characteristics of the eligible studies [17-19, 24-49] are presented in Table 5.1. The 

29 studies enrolled 2648 patients (median, 75 patients, range, 15-436 patients). The mean age 

of the patients ranged from 58 to 71 years (median, 63 years). Of 29 studies, all were 

performed on dual-source 64-slice Siemens CT scanners (Somatom Definition, Siemens 

Medical Solutions, Forchheim, Germany) with temporal resolution of 83 ms. All of the 

coronary CT angiography was performed with retrospectively ECG-gated scans, while the 

studies performed with prospectively ECG-triggering or with high pitch protocols were 

discussed in Chapter 10. 
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Figure 5.1. Flow chart shows the search strategy to obtain eligible references on dual-source coronary 

CT angiography. 

It was found that the male patients were most commonly affected with CAD, with the 

mean value of 69% (range, 43% to 85%). The mean heart rate of patients during CT scan 

ranged from 59 to 89 beats per minute (bpm) across studies (median, 68 bpm). Beta-blocker 

was only used in 4 studies, and no heart rate control was implemented in 22 studies, while in 

the remaining study, information about beta-blocker usage was not available. The percentage 

of assessable segments was available in 24 studies with the mean value and 95% CI being 

97% (96%, 98%). Coronary artery calcium scores were reported in 7 studies with the mean 

value and 95% CI being 690 (519, 862). 

 

 

5.3.2. Radiation Dose 
 

Information about radiation dose was available in 17 studies, while in the remaining 

studies, this was not reported. The estimated mean effective dose and 95% CI was 12.3 mSv 

(95% CI: 10.6, 14 mSv), and it ranged from 5.8 to 18.4 mSv with retrospectively ECG-gated 

scans. ECG-controlled tube current modulation was the most common approach used in these 

studies for dose reduction, while a tube voltage of 120 kVp was applied across all studies, 

except in two studies, in which 100 kVp was applied in patients with BMI less than 30 kg/m
2
 

[34, 35]. 

 

 

5.3.3. Coronary Segments Included in the Analysis 
 

Although the AHA classification system was used in all of the 29 studies, different 

coronary segments were included for analysis among these studies. A 17-segment AHA 

system was used in 5 studies, followed by 16-segment method in 4 studies, 15-segment 

method in 8 studies, and 13-segment method in 6 studies. Details of the coronary segments 

were not available in the remaining 6 studies. 



 

Table 5.1. Study characteristics of dual-source coronary CT angiography in coronary artery disease 

 

Studies 
Year of 

publication 

Detector 

collimation 

No. 

Patients 

No. of 

cases β 

blocker %  

Mean age 

(yrs) 

No. 

of 

Male 

HR BMI 

Assessable 

segments 

(%) 

Calcium score 
Effective dose  

(mSv) 

Achenbach et al a 

(17) 
2008 2x32x0.6 53 0 61±11 35 69±14 NA 96 NA 14.5±3.3 

Achenbach et al b 

(17) 
2008 2x32x0.6 47 92 63±11 29 59±10 NA 97 NA 14.8±3.5 

Alkadhi et al (18) 2008 2x32x0.6 150 0 62.9±12.1 103 68.5±12.6 26.5±4.2 98.1 309±408 7-9 

Brodoefel  

et al a (19) 
2008 2x32x0.6 125 0 64 85 

63±13.1/ 

64.2±13.1/ 

65.7±12.1 

28.4±4.1 91.8 

491±689/ 

732±927/ 

741±968 

NA 

Brodoefel  

et al b (24) 
2008 2x32x0.6 100 0 62±10 80 64.9±13.2 NA 98.4 786.5±965.9 NA 

Burgstahler 

et al (25) 
2007 2x32x0.6 41 85 66.2±8.4 35 64±14 28±4.4 90.2 1391±966 NA 

Chen et al (26) 2010 2x32x0.6 110 0 60.7 68 86.4 NA 98.6 NA NA 

Fang et al (27) 2010 2x32x0.6 89 0 59.6 57 88 NA 98.8 NA 

11.2-18.5 

(depending on 

HR) 

Heuschmid 

et al (28) 
2007 2x32x0.6 51 0 64±10 37 65±14 28± 4 100 779±996 NA 

Johnson et al (29) 2007 2x32x0.6 35 0 60±12 24 NA NA 98 NA 4.6-7.5 

Leber et al (30) 2007 2x32x0.6 90 0 58±8 57 73 NA 98.7 NA 9.6 (7.1-12.3) 

Leschka et al (31) 2008 2x32x0.6 74 0 61.7±12.3 50 67.7±13.3 27.2±4 97.9 720±968 7-9 

Lin et al (32) 2010 2x32x0.6 44 0 61.2±10 34 66.9±14.2 26±2.7 NA NA NA 

Marvan et al a (33) 2010 2x32x0.6 60 53 71±7 34 70±15 29±5 NA NA 16±5 

Marvan et al b (34) 2011 2x32x0.6 88 NA 66±11 38 61±9 27±5 NA 364 7±5 

Meng et al (35) 2009 2x32x0.6 109 0 63±9 68 71.8±13.2 26.9±3.3 98 821±904 NA 

Moon et al (36) 2011 2x32x0.6 131 78 64.5±8.9 85 58.9±8 NA 97 NA 
5.8±2 (5.5±1.9/ 

6.7±2.2) 

Oncel at al (37) 2007 2x32x0.6 15 0 58.5±9 9 83.7±8.9 ± 94 NA 13.8±1.37 

Piers et al (38) 2008 2x32x0.6 60 NA 64 (57-70) 51 63±12 NA 93 NA 7.3 

Rist et al (39) 2009 2x32x0.6 68 0 64±11 54 77±25 NA 92 NA 13.28 

Rixe et al (40) 2009 2x32x0.6 76 0 65±10 47 68±9 28.7±4.8 100 337±560 
13.8±6.7/ 

14.3±5.6* 



 

Studies 
Year of 

publication 

Detector 

collimation 

No. 

Patients 

No. of 

cases β 

blocker %  

Mean age 

(yrs) 

No. 

of 

Male 

HR BMI 

Assessable 

segments 

(%) 

Calcium score 
Effective dose  

(mSv) 

Ropers et al (41) 2007 2x32x0.6 100 0 61 63 64±13 28 96 NA 

15.3±3.7/ 

15.9±3.1 

(<65bpm 

vs>65bpm) 

Scheffel et al (42) 2006 2x32x0.6 30 0 63.1±11.3 24 70.3±14.2 28.3±3.9 98.6 821±904 NA 

Tsiflikas et al a 

(43) 
2010 2x32x0.6 170 0 64±9 124 64±12 28±4 100 686±976 NA 

Tsiflikas et al b 

(44) 
2010 2x32x0.6 44 0 68±9 31 69±14 27.9±4.3 95 NA NA 

Weustink et ala 

(45) 
2007 2x32x0.6 100 0 61±11 79 68±11 NA 100 NA 

11.1-14.4: low 

HR<56, 

10.7-13.8. HR 68 

8.3-9.6, HR 81 

Weustink et alb 

(46) 
2009 2x32x0.6 436 0 61.6±10.6 301 

69.8±23.9/ 

68.8±22.7 
NA NA NA 

10.7±3.6/14.2± 

3.2/18.4±3.5 

Xu et al (47) 2010 2x32x0.6 84 0 64.6 58 71.4±11.4 NA 100 NA 16.1±3.1 

Yang et al (48) 2010 2x32x0.6 46 0 65±5.7 36 NA NA NA NA NA 

Zhang et al (49) 2011 2x32x0.6 22 0 72.1±8.3 14 89±13 22.5±3.7 97 NA 8.7±4.6 

Achenbach et al (a) and (b) compared two groups of patients, with no heart rate control and heart rate control subgroups.  

Brodoefel et al (a) compared the effect of different BMI ranges on diagnostic value, while Brodoefel et al (b) focused on the effect of 

variable heart rates. 
Rixe et al. * for patients with HR >70 bpm 

Tsiflikas et al (b) and Marvan et al (a): patients with atrial fibrillation were included in the study. Marvan et al (b): patients with uncontrolled hypertension were 

included.  

Weustink et al (b): standard protocol vs ECG pulsing protocol. 

HR-heart rate, NA-not available. 

 

 

 

 

 

 



 

Table 5.2. Quality assessment (QUADAS) 

 
Study  Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 7 Item 8 Item 9 Item 10 Item 11 Item 12 Item 13 Item 14 

Achenbach et 

al (17) 
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Achenbach et 

al (17) 
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Alkadhi et al 

(18) 
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Brodoefel  

et al a (19) 
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Brodoefel  

et al b (24) 
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Burgstahler 

et al (25) 
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Chen et al (26) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes NA 

Fang et al (27) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes NA 

Heuschmid 

et al (28) 
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Johnson et al 

(29) 
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Leber et al (30) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Unclear Yes Yes Yes 

Leschka et al 

(31) 
Yes Yes Yes Yes Yes Yes Yes Yes Unclear Yes Yes Yes Yes Yes 

Lin et al (32) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Marvan et al a 

(33) 
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Marvan et al b 

(34) 
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Meng et al (35) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes NA 

Moon et al (36) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes NA 

Oncel at al (37) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes NA 

Piers et al (38) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Rist et al (39) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Rixe et al (40) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes NA 

Ropers et al 

(41) 
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes NA 



 

Study  Item 1 Item 2 Item 3 Item 4 Item 5 Item 6 Item 7 Item 8 Item 9 Item 10 Item 11 Item 12 Item 13 Item 14 

Scheffel et al 

(42) 
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes NA 

Tsiflikas et al a 

(43) 
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes NA 

Tsiflikas et al b 

(44) 
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes NA 

Weustink et ala 

(45) 
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Weustink et alb 

(46) 
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Xu et al (47) Yes No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Unclear NA 

Yang et al (48) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Unclear Yes 

Zhang et al 

(49) 
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes NA 

Item 1: was the spectrum of patients representative of the patients who will receive the test in practice?  

Item 2: were selection criteria clearly described?  

Item 3: is the reference standard likely to correctly classify the target condition?  

Item 4: is the time period between reference and standard and index test short enough to be reasonably sure that the target condition did not change between the 

two tests?  

Item 5: did the whole sample or a random selection of the sample, receive verification using a reference standard of diagnosis?  

Item 6: did patients receive the same reference standard regardless of the index test results?  

Item 7: was the reference standard independent of the index test (i.e., the index test did not form part of the reference standard)?  

Item 8: was the execution of the index test described in the sufficient detail to permit replication of the test?  

Item 9: was the execution of the reference standard described in the sufficient detail to permit its replication?  

Item 10: were the index test results interpreted without knowledge of the results of the reference standard?  

Item 11: were the reference standard results interpreted without knowledge of the results of the index test?  

Item 12: were the same clinical data available when test results were interpreted as would be available when the test is used in practice?  

Item 13: were uninterpretable/intermediate test results reported?  

Item 14: were withdrawals from the study explained?  

NA-not available. 
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5.3.4. Image Quality Assessment 
 

Subjective assessment of DSCT coronary angiography images was conducted in 24 

studies by two observers who were blinded to the results of invasive coronary angiography, 

with use of 2- to 5-point scoring scale applied in 14 studies. Only one observer was involved 

in the evaluation of image quality in 4 studies, while in the remaining study, details of the 

observer assessment were not available. In contrast, in more than half of the studies (69%), 

invasive coronary angiographic images were evaluated only by one observer, while in 8 

studies two observers were involved in the assessment of angiographic images, and in the 

remaining study, the information was not available. Quantitative assessment of image quality 

was only conducted in one study [35] with use of contrast-to-noise ratio to determine the 

image quality. 

Quality assessment of all included studies based on the updated QUADAS is shown in 

Table 5.2. Overall, the study quality was satisfactory. Of all 29 studies, the investigators 

clearly explained that readers interpreted DSCT coronary angiography results without any 

knowledge of the invasive coronary angiography results and vice versa. In addition, operators 

and readers of DSCT coronary angiography were unaware of patient history and symptoms in 

all studies. 

 

 

5.3.5. Diagnostic Value of DSCT Coronary Angiography:  

Patient-Based Analysis 
 

Of 29 studies, evaluation of DSCT coronary angiography in CAD at patient-based 

assessment was available in 16 studies with 36 comparisons. No statistical heterogeneity in 

sensitivity was found for these analyses according to patient-based assessment, however, 

significant difference in specificity was found among these studies (p=0.001). The pooled 

estimates across studies were used to demonstrate the diagnostic performance. Pooled 

estimates and 95% CI of the sensitivity, specificity, PPV and NPV of DSCT coronary 

angiography were 98% (95% CI: 99%, 99%), 83% (95% CI: 79%, 86%), 88% (95% CI: 86%, 

91%), and 97% (95% CI: 95%, 99%) (Figs 5.2, 5.3). 

Eight out of 16 studies involved multiple comparisons, with 6 studies comparing different 

heart rates with regard to the diagnostic value of DSCT coronary angiography [17, 18, 30, 32, 

35, 42]. The mean sensitivity, specificity, PPV and NPV and 95% CI were 96% (95% CI: 

93%. 99%), 77% (95% CI: 60%, 94%), 84% (95% CI: 74%, 94%) and 93% (95% CI: 79%, 

100%) for patients with heart rate less than 65 bpm; 98% (95% CI: 95%, 100%), 79% (95% 

CI: 60%, 98%), 83% (95% CI: 74%, 92%) and 99% (95% CI: 96%, 100%) for patients with 

heart rate greater than 65 bpm. There was no statistically significant difference in the 

diagnostic performance between these two groups (p>0.05). 

One study compared the effect of different BMI and calcium score values on diagnostic 

performance [18], with no significant change observed in patients with BMI >26 kg/m
2
. In 

the presence of moderate and high calcium scores, the sensitivity was decreased compared to 

the corresponding lower calcium score group, although no significant change was observed in 

the sensitivity, PPV and NPV [18]. Another study compared DSCT coronary angiography to 

the protocol of combining calcium score with coronary CT angiography [31], with combined 

method showing improvement in the specificity in patients with non-evaluable coronary 
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segments. The remaining study compared standard coronary CT angiography (non-pulsing 

protocol) with optimal ECG pulsing protocol [46], with significant reduction in radiation dose 

while preserving the diagnostic performance of DSCT coronary angiography. 

 

 

Figure 5.2. Plot of pooled sensitivity of dual-source coronary CT angiography compared to invasive 

coronary angiography in 16 studies based on patient-based assessment. CI-confidence interval. 

 

Figure 5.3. Plot of pooled specificity of dual-source coronary angiography compared to invasive 

coronary angiography in 16 studies based on patient-based assessment. Note that there are two studies 

[32, 38] reporting very low specificity (<50%), thus, this contributes to the relatively low pooled 

specificity. CI-confidence interval. 
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5.3.6. Diagnostic Value of DSCT Coronary Angiography:  
Vessel-Based Analysis 

 

Of 29 studies, evaluation of DSCT coronary angiography in CAD at vessel-based 

assessment was available in 13 studies with 23 comparisons, as four studies involved multiple 

comparisons.  

Severe heterogeneity/inconsistency was noticed at the vessel-based and segment-based 

assessment levels (p<0.05), so pooling was avoided, and only the mean values across these 

studies were described. The mean values of sensitivity, specificity, PPV and NPV and 95% 

CI were 92% (95% CI: 89%, 95%), 90% (95% CI: 85%, 95%), 77% (95% CI: 71%, 83%) 

and 97% (95% CI: 96%, 98%), according to vessel-based assessment. 

Four out of 13 studies involved comparison of the effect of different heart rates on the 

diagnostic performance of DSCT coronary angiography in the diagnosis of CAD, and 

analysis showed there was no significant difference between two groups (patients with heart 

rate less than 65 bpm versus patients with heart rate greater than 65 bpm) (p>0.05).  

The mean values of sensitivity, specificity, PPV and NPV and 95% CI were 95% (95% 

CI: 87%, 100%), 92% (95% CI: 85%, 98%), 81% (95% CI: 66%, 95%) and 98% (95% CI: 

97%, 99%) for patients with heart rate less than 65 bpm; 94% (95% CI: 92%,. 96%), 89% 

(95% CI: 72%, 100%), 80% (95% CI: 65%, 95%) and 98% (95% CI: 96%, 99%) for patients 

with heart rate greater than 65 bpm. 

One study compared the effect of different coronary calcium scores on the diagnostic 

performance [31], and DSCT coronary angiography showed high diagnostic accuracy in 

patients with coronary calcification. Specificity and PPV was significantly reduced in the 

presence of severe calcification (coronary calcium score >400). 

 

 

5.3.7. Diagnostic Value of DSCT Coronary Angiography:  
Segment-Based Analysis 

 

Evaluation of DSCT coronary angiography in CAD at segment-based analysis was 

available in 24 studies with 63 comparisons. As mentioned in the section of 5.3.3, different 

numbers of coronary segments were included in these studies, resulting in severe 

heterogeneity/inconsistency at the segment-based assessment levels (p<0.05), thus, only the 

mean values across these studies were described. The mean sensitivity, specificity, PPV and 

NPV and 95% CI was 89% (95% CI: 85%, 93%), 94% (95% CI: 92%, 96%), 76% (95% CI: 

70%, 81%) and 98% (95% CI: 97%, 99%). 

 

5.3.7.1. Effect of Heart Rate on Diagnostic Value 

Ten studies compared the effect of different heart rates on the diagnostic performance of 

DSCT coronary angiography in CAD, with no significant difference found between the 

patients with heart rate less than 65 bpm and those with greater than 65 bpm (p>0.05). The 

mean value of sensitivity, specificity, PPV and NPV is shown in Table 5.3. 
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Table 5.3. Mean values of sensitivity, specificity, PPV and NPV of dual-source coronary 

CT angiography according to segment-based assessment 

 

Factors to be assessed 
Sensitivity (95% 

CI) 

Specificity (95% 

CI) 

Positive 

predictive value 

(95% CI) 

Negative 

predictive value 

(95% CI) 

Heart 

rates 

<65 bpm 93% (90%, 95%) 95% (93%, 98%) 78% (71%, 84%) 99% (98%, 99%) 

>65 bpm 93% (91%, 94%) 96% (93%, 99%) 79% (72%, 85%) 99% (98%, 99%) 

Coronary 

calcium 

scores 

Low 

CAC 
89% (82%, 96%) 97% (95%, 100%) 75% (57%, 91%) 99% (99%, 100%) 

Moderate 

CAC 
94% (85%, 100%) 95% (91%, 99%) 77% (69%, 84%) 99% (97%, 100%) 

High 

CAC 
96% (92%, 99%) 87% (76%, 97%) 71% (50%, 92%) 98% (96%, 100%) 

Body 

mass 

index 

<25 

kg/m2 
93% (74%, 99%) 96% (90%, 99%) 73% (71%, 76%) 99% (94%, 100%) 

>25 

kg/m2 
93% (55%, 99%) 94% (69%, 100%) 77% (73%, 83%) 99% (91%, 100%) 

bpm-beats per minute, CAC: coronary calcium score, CI-confidence interval, PPV-positive predictive 

value, NPV-negative predictive value. 

 

5.3.7.2. Effect of Coronary Calcium Score on Diagnostic Value 

Four studies provided coronary calcium scores and their corresponding effects on 

diagnostic performance of DSCT coronary angiography. Diagnostic specificity, PPV and 

NPV were decreased in patients with high calcium scores. Significant differences were found 

in specificity and NPV when comparing groups of low calcium scores with high calcium 

scores (p<0.05); however, no significant difference was found in the sensitivity when 

comparing groups with low calcium scores to those with moderate and high calcium scores 

(p>0.05). The mean diagnostic value corresponding to different calcium scores is presented in 

Table 5.3.3. 

 

5.3.7.3. Effect of Body Mass Index on Diagnostic Value 

Two studies compared the effect of BMI on the diagnostic performance of DSCT 

coronary angiography, and there was no significant difference between different BMI groups 

with regard to the diagnostic value. The mean value of sensitivity, specificity, PPV and NPV 

is shown in Table 5.3.3. 

 

 

Discussion 
 

This systematic review has three important findings which are considered valuable for 

clinical utilization of DSCT coronary angiography in the diagnosis of CAD. Firstly, DSCT 

coronary angiography has high diagnostic sensitivity (>90%) in the detection of CAD at per-

patient, vessel- and segment-based analysis. The consistently high negative predictive value 

(mean 97%) is the most outstanding performance of this technique that indicates the 

reliability of a negative scan for exclusion of significant CAD. Secondly, diagnostic value of 

DSCT coronary angiography is independent of heart rate, thus, this technique can be extended 

to patients with high or irregular heart rate and in most cases no heart rate control is needed. 

Thirdly, diagnostic performance of DSCT coronary angiography is affected by high calcium 
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scores, thus, in patients with extensive coronary calcification, image findings should be 

interpreted with caution due to high percentage of false positive cases. 

Sixty-four slice CT shows improved image quality when compared to early generation of 

4- and 16-slice scanners, owing to further technical improvements in scanning techniques, 

resulting particularly in improved temporal resolution [50]. Several systematic reviews and 

meta-analyses of studies on the use of 64-slice CT coronary angiography reported mean 

sensitivities and specificities ranging from 85% to 99%, and 86% to 96%, respectively [51-

54]. However, its temporal and spatial resolutions are insufficient for precise assessment of 

coronary arteries, particularly in patients with uncontrolled heart rates. Thus, the use of beta-

blockers to lower the heart rate to less than 65 bpm is frequently used in 64-slice CT imaging 

of patients with suspected CAD. The introduction of DSCT marked another technological 

improvement of coronary CT angiography in cardiac imaging, as the temporal resolution is 

further increased from 165 ms to 83 ms, thus eliminating the need to control the heart rate 

during the scan [55, 56]. 

Studies comparing DSCT with single-source CT demonstrated that DSCT maintains high 

diagnostic accuracy in the diagnostic examination of a wide range of patients subsets, e.g. 

patients with higher and even irregular heart rates (including atrial fibrillation) [55, 56]. 

Despite slightly lower per-segment evaluability in patients with higher heart rates, DSCT did 

not show decrease in diagnostic accuracy for the detection of coronary stenoses [30, 41]. This 

analysis is consistent with these reports, as the assessable segment by DSCT coronary 

angiography is 97%, and the diagnostic accuracy remains high in the presence of high heart 

rates, according to per-patient, per-vessel and per-segment analysis. DSCT improves temporal 

resolution which is vital in those patients who cannot have beta blockade. Therefore, this may 

result in less strict criteria for application of DSCT coronary angiography in routine clinical 

circumstances in which there are contraindications to beta-blocker. 

In this systematic review, 14% of the patients among 29 studies received beta-blocker 

before coronary CT angiography examination. Although this is slightly higher than the 8% of 

the total number of patients receiving beta-blocker reported by Salavati et al [57], it is much 

lower than the 41%-76% of patients that received beta-blocker undergoing 64-slice coronary 

CT angiography [52, 54]. Although the range of mean heart rates (59-89 bpm) in the studies 

performed by DSCT is similar to that reported by Salavati et al [57], which is between 56-86 

bpm, the median values in this analysis (68 bpm) are higher than the previous analysis (64 

bpm). Despite the relatively high mean heart rates in these patients, the diagnostic accuracy of 

DSCT coronary angiography in this analysis aligns with previous meta-analyses [21, 57], 

indicating the improved diagnostic performance of DSCT coronary angiography. 

The diagnostic value of coronary CT angiography is widely known to be affected by the 

heavy calcification in the coronary artery tree. High-density calcification produces blooming 

artefacts which lead to overestimation of the degree of coronary stenosis, thus resulting in low 

positive predictive value and specificity. This is confirmed in this analysis, as a significant 

decrease in specificity was found in patients with high calcium scores (more than 400) when 

compared to patients with low or moderate calcium scores. This is confirmed by a recently 

published ACCURACY prospective multicentre study, which included patients with high 

calcium scores [58]. Patient-based specificity of 83% was reported in detecting significant 

coronary stenosis. In contrast, another study which excluded patients with a calcium score of 

more than 600, reported a specificity of 90% [59]. These conflicting findings represent the 

limitations of the current research results in the literature due to different study designs used 
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in each single centre and the degree of strictness applied in controlling bias in the study. It has 

been shown that significant statistical heterogeneity exists among published studies, with 

smaller studies reporting higher diagnostic accuracy of coronary CT angiography in CAD 

[60]. Therefore, reports of the diagnostic value of DSCT coronary angiography in CAD in the 

literature need to be interpreted with caution. 

The relatively high radiation dose associated with coronary CT angiography is a main 

source of concern [61]. With single-source 64-slice CT, improved temporal resolution is 

accompanied by increased radiation exposure to patients because faster gantry rotation 

requires a lower pitch (0.2-0.4) to acquire gapless cardiac images in the volume data coverage 

[62]. In patients with higher heart rate, pitch cannot be increased significantly due to 

multisegment reconstruction requiring a slow table speed to compensate for motion artefacts 

[63]. In contrast, with DSCT, the pitch value can be adapted to the heart rate, thus, 

multisegment reconstruction is not required, thereby limiting radiation dose with increased 

heart rate [27, 63]. The mean effective dose in this analysis is 12.3 mSv, which is similar to 

11.2 mSv in patients with heart rate greater than 100 bpm in a previous report when compared 

to the high radiation dose of 18.5 mSv in the lower heart rate group [27]. ECG-controlled tube 

current modulation is the most common approach used for dose reduction which has been 

reported to reduce the effective dose by 50% [64, 65]. This is also widely used in the studies 

included in this analysis. Reduction of tube voltage from the routine 120 kVp to 100 or 80 

kVp is also an effective approach for dose reduction, and this is recommended in patients 

with BMI less than 25 kg/m
2
 [66-68]. Another dose-saving strategy is prospective ECG-

triggering or step-and-shoot method. Coronary CT angiography using prospective ECG-

triggering has been reported to significantly reduce radiation dose, with effective dose 

ranging from 2.7 mSv to 4.5 mSv [69-71]. Diagnostic value of prospectively ECG-triggered 

coronary CT angiography will be discussed in Chapters 9 and 10. 

Some limitations in this systematic review should be addressed. Firstly, publication bias 

may have affected the results since we just included articles in English and excluded non-

English references. Secondly, different groups, including patients with suspected CAD, 

known cases of CAD, or a mixture of both were enrolled among these studies, thus patient 

selection bias could potentially lead to overestimation of the diagnostic ability of DSCT 

coronary angiography to detect coronary stenosis. Thirdly, different segmentation models 

were used (range, 13-17 segments), as well as different reporting designs that might have 

influenced the absolute number of true and false interpretations in each study, consequently 

contributing to the biased pooled analysis. Lastly, the ideal subjects are patients with 

intermediate pretest probability of CAD [30], thus the performance of DSCT coronary 

angiography in an intermediate risk population need to be investigated.  

In conclusion, this systematic review indicates that DSCT coronary angiography has high 

diagnostic accuracy in the diagnosis of coronary artery disease, even in the presence of high 

heart rates. Diagnostic performance of DSCT coronary angiography is affected by heavy 

calcification in the coronary arteries. DSCT coronary angiography is associated with high 

radiation dose, thus, further dose-reduction strategies need to be undertaken to reduce 

radiation exposure to patients while maintaining diagnostic image quality. 
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Chapter 6 
 

 

320-Slice Coronary CT Angiography in 
Coronary Artery Disease: A Systematic 

Review of Diagnostic Value, Image 

Quality and Radiation Dose  
 

 

Abstract 
 

To perform a systematic review of the diagnostic value, image quality and radiation 

dose of 320-slice coronary CT angiography in the diagnosis of coronary artery disease  

when compared to invasive coronary angiography. A search of different databases was 

performed to identify studies investigating the diagnostic value of 320-slice coronary CT 

angiography in the diagnosis of coronary artery disease. Diagnostic value of 320-slice 

coronary CT angiography was compared to invasive coronary angiography and analysed 

at patient-, vessel- and segment-based assessment. Eleven studies met selection criteria 

and were included for analysis. The mean values and 95% confidence interval (CI) of 

sensitivity, specificity, positive predictive value and negative predictive value of 320-

slice coronary CT angiography were 97% (95% CI: 93%, 100%), 90% (95% CI: 87%, 

93%), 89% (95% CI: 85%, 94%) and 97% (95% CI: 93%, 100%), at patient-based 

analysis; 92% (95% CI: 86%, 98%), 95% (95% CI: 93%, 97%), 86% (95% CI: 79%, 

92%) and 98% (95% CI: 96%, 99%), at vessel-based analysis; 90% (95% CI: 85%, 94%), 

97% (95% CI: 95%, 99%), 85% (95% CI: 79%, 90%) and 98% (95% CI: 96%, 99%), at 

segment-based analysis, respectively. The mean effective dose of 320-slice coronary CT 

angiography was 10.5 mSv (95% CI: 6.8, 14.2 mSv). In patients with high heart rates, the 

mean radiation dose was 15.4 mSv (95% CI: 3.1, 27.6 mSv), which was significantly 

higher than the 5.2 mSv (95% CI: 2.6, 7.4 mSv) observed in patients with low heart rates. 

Diagnostic performance of 320-slice coronary CT angiography was independent of 

variable heart rates. In presence of high coronary calcium scores, specificity and positive 

predictive value was decreased when compared to the group with low calcium scores, 

although this did not reach significant difference. 320-slice coronary CT angiography has 

high diagnostic accuracy in the assessment of coronary artery disease, and its diagnostic 

performance remains high in the presence of high heart rates. High radiation dose 

associated with 320-slice coronary CT angiography is the main concern of this 

technology, and further dose-saving strategies should be implemented to minimize 

radiation exposure to patients. 
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6.1. Introduction 
 

Advances in multislice have made noninvasive imaging of the coronary artery disease 

(CAD) feasible with high diagnostic accuracy achieved. The main advantages of coronary CT 

angiography are its non-invasive nature, high specificity and negative predictive value 

compared with invasive coronary angiography, as reported in several previous studies using 

64-slice and dual-source CT scanners [1-10]. Nonetheless, image quality of coronary CT 

angiography is still affected in patients with irregular heart rates, even with dual-source CT 

[8, 11]. 

Recently, a new generation of CT scanners has been introduced and it represents a 

significant advance from 64-slice technologies. The 320-slice CT is characterized by 320 

slice detectors with a thickness of 0.5 mm and gantry rotation of 350 ms. It enables 16-cm 

coverage in the z-axis, thus, the whole heart can be covered in a single gantry rotation within 

one cardiac cycle [12]. Wide volume coronary CT angiography, in combination with 

prospective image acquisition allows for a significant decrease in scan time, resulting in 

decreased radiation dose and contrast medium when compared with retrospective helical 

gating protocols which require multiple heart beats. In addition, cardiac motion artefacts can 

be reduced and stair-step artefacts are eliminated with use of 320-slice CT. 

Diagnostic performance of 320-slice coronary CT angiography has been investigated in 

previous studies based on low, irregular or high heart rates with satisfactory results achieved 

[13-16]. However, there is no systematic analysis of the diagnostic value of 320-slice 

coronary CT angiography with regard to the overall accuracy and effects of heart rates and 

calcium scores, as well as the associated radiation dose. The purpose of this chapter is to 

conduct a systematic review of the diagnostic value of 320-slice coronary CT angiography, 

according to the published studies in the literature. 

 

 

6.2. Materials and Methods 
 

6.2.1. Data Selection and Literature Searching 
 

The literature search for relevant references was performed using different databases 

including Pubmed/Medline, ScienceDirect, Scopus and Embase to identify studies describing 

the diagnostic value of 320-slice coronary CT angiography in CAD between 2007 (320-slice 

CT was first introduced in 2007) and 2012 (last search was done in July 2012). The terms 

used for identification of references were ‘320-slice/320-detector row CT and coronary artery 

disease/stenosis’, ‘320-slice coronary CT angiography’, ‘320-slice CT angiography in CAD’ 

and ‘320-slice CT in CAD’. The search was limited to include all the studies that have been 

published in the English language and were on human subjects. Case reports, conference 

abstracts, review articles, in vitro studies and articles investigating the coronary stents or 
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bypass graft treatments were excluded from the analysis. In addition, the reference lists of 

identified articles were checked to obtain additional relevant articles. 

Studies were included in the systematic review if they met all of the following criteria: 

(a) patients must be adults with suspected or known CAD who underwent 320-slice coronary 

CT angiography with use of retrospective ECG-gating or prospective ECG-triggering; (b) 

studies included at least 10 patients; (c) assessment or comparison of 320-slice CT coronary 

angiography with invasive coronary angiography was focused on the visualization of 

coronary arteries and detection or exclusion of CAD; (d) diagnostic value of 320-slice 

coronary CT angiography was clearly stated and addressed (lumen stenosis >50% as 

significant stenosis) when compared to invasive coronary angiography in terms of sensitivity, 

specificity, positive predictive value (PPV) and negative predictive value (NPV), either 

according to patients-based, or vessel-based or segments-based assessment. 

 

 

6.2.2. Data Extraction 
 

Data were extracted repeatedly based on study design and procedure techniques. The 

observer looked for the following characteristics in each study: year of publication; number of 

patients included in each study; mean age; mean heart rate (beats per minute-bpm); number of 

male patients; mean body mass index (BMI); number of patients receiving β–blockers; 

prevalence of suspected or known CAD; assessable coronary segments in each study; image 

quality assessment (qualitative or quantitative analysis); coronary artery calcium scores; 

radiation dose associated with 320-slice coronary CT angiography; diagnostic accuracy of 

320-slice coronary CT angiography when compared to invasive coronary angiography in 

terms of the sensitivity, specificity, PPV, NPV and main factors affecting the visualization of 

coronary arteries or diagnostic performance. All diagnostic accuracy estimates referred to 

patient/vessel/segment-based assessment. 

 

 

6.2.3. Image Quality Assessment 
 

Quantitative and qualitative assessments of diagnostic image quality recorded in each 

study were analysed. Quantitative image quality was determined by measuring signal-to-noise 

ratio (SNR) and contrast-to-noise ratio (CNR) for comparisons among the studies. SNR was 

calculated as the mean Hounsfield unit (HU) of particular region of interest (ROI) divided by 

image noise. CNR was defined as the difference of attenuation values of the contrast 

enhancement at two different regions (eg. left ventricular chamber and left ventricular wall) 

and then divided by image noise. Image noise is a standard deviation, SD of HU measured at 

selected anatomical regions. 

Qualitative assessment of image quality was carried out on a per-segment basis by using 

of three- to five-point Likert ranking scale. The coronary segments were analysed and the 

results were documented and categorized as percentage of assessable and non-assessable 

coronary segments. The classification of coronary segment was based on the descriptions of 

each score in Likert rank-scale. The coronary arteries were characterized into 15-17 segments 

according to the classification by American Heart Association (AHA) [17] and the extent of 
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stenosis was evaluated in each segment with more than 50% coronary stenosis being defined 

as significant. 

 

 

6.2.4. Statistical Analysis 
 

All of the data were entered into SPSS (version 19.0) for analysis. Sensitivity, specificity, 

PPV and NPV estimates for each study were combined across studies using one sample test. 

Comparison was performed by Chi Square test using n-1 degree of freedom to test if there 

was any significant difference regarding the diagnostic value of 320-slice coronary CT 

angiography in CAD, between segment-based, vessel-based or patient-based assessment. 

Statistical hypotheses (2-tailed) were tested at the 5% level of significance. 

 

 

6.3. Results 
 

Figure 6.1 is the flow chart showing the review process to obtain these studies. After 

searching through these databases, we identified 120 articles, of which 22 potentially relevant 

articles were selected for full-text assessment. Eleven studies met our selection criteria, while 

the remaining 11 studies were excluded due to various reasons: contents duplicates (n=1); 

results focusing on the image quality and radiation dose, while information of diagnostic 

accuracy not presented (n=10). 

 

 

Figure 6.1. Flow chart shows the search strategy to obtain eligible references on 320-slice coronary CT 

angiography. 
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6.3.1. Study Characteristics 
 

The characteristics of the eligible studies [14-16, 18-25] are presented in Table 6.1. The 

11 studies enrolled 1258 patients (median, 64 patients, range, 37-240 patients). The mean age 

of the patients ranged from 45 to 68 years (median, 61 years). Of 11 studies, all were 

performed on 320-slice CT scanners (Toshiba Aquilion One, Toshiba Medical Systems, 

Japan) with temporal resolution of 175 ms. Coronary CT angiography was performed with 

prospective ECG-triggered scans in 9 studies, while in the remaining two studies, 

retrospectively ECG-gated scan was used [14, 25]. A combination of prospective triggering 

and retrospective gating (for left ventricular function assessment) scans was performed in one 

study [18]. A comparative analysis of the diagnostic performance of prospective triggering 

with retrospective gating was conducted in another study [19]. 

The percentage of assessable segments among these 11 studies with the mean value and 

95% CI was 98% (95% CI: 97%, 99%). Coronary artery calcium scores were reported in 4 

studies with the mean value being 350 (range, 180-653). The mean heart rate of patients 

during CT scan ranged from 56 to 88.4 bpm (median, 61.5 bpm). Beta-blocker was used in 4 

studies, and no heart rate control was implemented in 2 studies, while in the remaining 

studies, detailed information about beta-blocker usage was not available. 

 

 

6.3.2. Radiation Dose 
 

Information about radiation dose was available in 10 studies, while in the remaining 

study, this was not reported [20]. The estimated mean effective dose and 95% CI was 10.5 

mSv (95% CI: 6.8, 14.2 mSv), and it ranged from 3.1 to 23.2 mSv, depending on the scanning 

protocols used in each study (prospective triggering or retrospective gating). The mean 

effective dose for patients with high and low heart rates (more than 65 bpm versus less than 

65 bpm) was 15.4 mSv (95% CI: 3.1, 27.6 mSv), 5.2 mSv (95% CI: 2.6, 7.4 mSv), 

respectively, indicating a significant difference (p=0.05) between these two groups. 

Multiple heart beats reconstruction was performed in 4 studies, with effective dose 

reported in these studies [16, 19, 22, 25]. The effective dose of 320-slice coronary CT 

angiography was significantly higher in the multiple heartbeat groups (2- to 4-heart beat 

acquisition) than in the single heartbeat acquisition. In another study, the scanning field of 

view (FOV) was selected according to the patient’s heart size [24]. The radiation dose in 

small-FOV (FOV=200 mm) scanning was found significantly higher than that in medium-

FOV (FOV=320 mm) scanning, with no difference in image quality. 

Prospective triggering was the most common approach used in these studies for dose 

reduction, while lower tube voltage such as 100 kVp was applied in 9 studies according to 

patients’ BMI. Despite application of lower tube voltage among these studies, a direct 

comparison of effective dose between the 120 and 100 kVp groups was only performed in 

one study [22], with a dose reduction of 41% achieved in lower tube voltage group. 

For the calculation of effective dose, different conversion coefficients were used in these 

studies, with a conversion coefficient of 0.014 and 0.017 mSv x mGy
-1

 x cm
-1

 applied in 4 

and 2 studies, respectively. An updated conversion coefficient of 0.029 and 0.028 mSv x 

mGy
-1

 x cm
-1

 [26, 27] was used in 2 studies and 1 study, respectively [18, 20, 23]. In the 

remaining two studies, this information was not provided. 



 

Table 6.1. Study characteristics of 320-slice coronary CT angiography in coronary artery disease 

 

Studies 
Year of 

publication 

Detector 

collimation 

No. 

Patients 

No. of 

cases β 

blocker (%)  

Mean 

age 

(yrs) 

No. 

of 

Male 

Heart Rate 
Body mass 

index 

Assessable 

segments 

(%) 

Calcium 

score 
Effective dose (mSv) 

Dewey et al 

(14) 
2009 320 x 0.5 30 56 61±10 21 59.9±6.6 26.2±4.7 100 384±742 

4.2 (3.5 in low HR, 

12.3 in high HR) 

De Graaf et al 

(15) 
2010 320 x 0.5 64 NA 61±16 34 60±11 26±2 99 184±223 

10.8±2.8 (3.9±1.3 for 

HR<60, 6.0±3.0 for 

HR>60) 

Xu et al (16) 2011 320 x 0.5 37 43 60±6 16 88.4±23.4 23.6±3 97 NA 

13±4.7 (9±2.9 in 100 

kV group, 15.2±4.1 in 

120 kV group) 

Gang et al (18) 2012 320 x 0.5 94 NA 65±10 65 74.2±11.2 23.9±3.5 93 NA 

14.8±9.8 (7.1±7 for 

HR<70, 20.7±5.9 

HR70-80, 23.7±5.4 

HR>80) 

Nasis et al (19) 2010 320 x 0.5 63 78 63.2±14 38 63±7 27.8±5 100 NA 

10.6 (5.4 for PSG, 

12.4 for RSG, 9.6 for 

single heartbeat, 14.2 

for multiple 

heartbeat) 

Qin et al (20) 

(retrospective 

gating)  

2012 320 x 0.5 240 NA 45±16 156 56±6 21±7 99 NA 23.2±3.4 

Qin et al (20) 

(Prospective 

gating) 

2012 320 x 0.5 240 NA 45±20 163 56±8 22±9 99 NA 10±3.5 

Uhera et al 

(21) 
2012 320 x 0.5 106 0 64±12 72 65.2±15.2 NA 100 180 NA 

Van Velzen et 

al (22) 
2012 320 x 0.5 106 47 57±10 71 58±8 NA 96 NA 

6.0±1.7 (12±4.5 for 

multiple heartbeat) 

Gang et al (23) 2012 320 x 0.5 60 0 68±9 38 73.7±15.4 22.1±5.7 96 

653 

(413-

1949) 

12.5±9.4 (5.2±0.9 for 

HR<70, 22.6±5.2 for 

HR>70) 

 

 



 

Studies 
Year of 

publication 

Detector 

collimation 

No. 

Patients 

No. of 

cases β 

blocker (%)  

Mean 

age 

(yrs) 

No. 

of 

Male 

Heart Rate 
Body mass 

index 

Assessable 

segments 

(%) 

Calcium 

score 
Effective dose (mSv) 

Zhang et al 

(24) 

(premature 

beat group) 

2012 320 x 0.5 50 NA 61±10.7 NA 77.2±12.1 25.4±2.9 100 NA 14.6±1.4 

Zhang et al 

(24) (control 

group) 

2012 320 x 0.5 50 NA 
57.8±10

.4 
NA 58.7±4.7 25.5±2.6 100 NA 3.1±2.4 

Pelliccia et al 

(25) 
2012 320 x 0.5 118 NA 61±10 78 NA 25.1±6.6 100 NA 

3.1±2.3/(2.1±1.1 for 

single heartbeat 

4.2±2.9 for multiple 

heartbeat) 

HR-heart rate, NA-not available, PSG-prospective ECG-gating, RSG-retrospective ECG-gating. 

 

Table 6.2. Mean value of sensitivity, specificity, PPV and NPV of 320-slice coronary CT angiography according to patient-, vessel and 

segment-based assessment 

 
Factors to be assessed Sensitivity (95% CI) Specificity (95% CI) Positive predictive value (95% CI) Negative predictive value (95% CI) 

Patient-based analysis 97% (93%, 100%) 90% (87%, 93%) 89% (85%, 94%) 97% (93%, 100%) 

Vessel-based analysis 92% (86%, 98%) 95% (93%, 97%) 86% (79%, 92%) 98% (96%, 99%) 

Segment-based analysis 90% (85%, 94%) 97% (95%, 99%) 85% (79%, 90%) 98% (96%, 99%) 

Heart rates 
<65 bpm 88% (70%, 100%) 98% (98%, 98%) 83% (67%, 99%) 99% (97%, 100%) 

>65 bpm 86% (62%, 100%) 97% (95%, 99%) 82% (72%, 92%) 99% (97%, 100%) 

Coronary 

calcium scores 

Low CAC 79% (35%, 96%) 99% (99%, 99%) 84% (55%, 100%) 98% (95%, 100%) 

High CAC 90% (66%, 100%) 90% (70%, 100%) 79% (53%, 100%) 97% (93%, 100%) 

bpm-beats per minute, CAC: coronary calcium score, CI-confidence interval, PPV-positive predictive value, NPV-negative predictive value. 
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6.3.3. Image Quality Assessment 
 

A 15-, 16- and 17-segment AHA system was used in 5, 1 and 4 studies, respectively, 

while in the remaining study, this was not provided. Subjective assessment of 320-slice 

coronary CT angiography was performed in all studies with 2 observers blinded to the results 

of invasive coronary angiography assessing the image quality in 10 studies, while in the 

remaining study, only one observed assessed the coronary CT angiographic images. In 

contrast, invasive coronary angiographic images were evaluated by one observer in nearly 

half of the studies (45%), while two observers were involved in the assessment of 

angiographic images in 4 studies. Three observers were involved in the image analysis in one 

study, while in the remaining study, the information was not available. Quantitative 

assessment of image quality was not used in all of the studies, thus SNR or CNR was not 

available for analysis. 

 

 

6.3.4. Diagnostic Value of 320-Slice Coronary CT Angiography 
 

Of 11 studies, evaluation of 320-slice coronary CT angiography in CAD at patient-based 

assessment was available in 9 studies with 13 comparisons, as two studies involved 

comparative analysis of the diagnostic value of coronary CT angiography between patients 

with different heart rates. The mean values and 95% CI of the sensitivity, specificity, PPV 

and NPV of 320-slice coronary CT angiography were 97% (95% CI: 93%, 100%), 90% (95% 

CI: 87%, 93%), 89% (95% CI: 85%, 94%) and 97% (95% CI: 93%, 100%), respectively 

(Table 6.2). There was no significant difference in the diagnostic value of 320-slice CT 

coronary angiography between patients with high and low heart rates (p>0.05). 

Evaluation of 320-slice coronary CT angiography in CAD at vessel-based assessment 

was available in 8 studies with 10 comparisons as one study involved comparison of the 

effect of heart rates on diagnostic value. The mean values and 95% CI of the sensitivity, 

specificity, PPV and NPV of 320-slice coronary CT angiography were 92% (95% CI: 86%, 

98%), 95% (95% CI: 93%, 97%), 86% (95% CI: 79%, 92%) and 98% (95% CI: 96%, 99%), 

respectively (Table 6.2). 

Evaluation of 320-slice coronary CT angiography in CAD at segment-based analysis was 

available in 11 studies with 25 comparisons, as 5 studies involved multiple comparisons. The 

mean values and 95% CI of the sensitivity, specificity, PPV and NPV of 320-slice coronary 

CT angiography were 90% (95% CI: 85%, 94%), 97% (95% CI: 95%, 99%), 85% (95% CI: 

79%, 90%) and 98% (95% CI: 96%, 99%), respectively (Table 6.2). 

 

 

6.3.5. Effect of Heart Rate on Diagnostic Value 
 

Four studies investigated the effect of different heart rates on the diagnostic value of 320-

slice coronary CT angiography, at segment-based analysis. Table 6.2 shows the mean values 

of sensitivity, specificity, PPV and NPV in patients with high and low heart rates. As shown 

in the table, there was no significant difference in the diagnostic performance between these 

two groups (p>0.05). 
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6.3.6. Effect of Coronary Artery Calcium on Diagnostic Value 
 

Three studies provided coronary calcium scores and investigated their corresponding 

effects on diagnostic performance of 320-slice coronary CT angiography. Results showed that 

there was no significant difference in the diagnostic value between patients with low calcium 

scores and those with high calcium scores (p>0.05), although the specificity and PPV was 

decreased in the presence of high calcium score, as shown in Table 6.2. 

 

 

Discussion 
 

This systematic review has three findings which are considered important and valuable 

from a clinical perspective. Firstly, 320-slice coronary CT angiography has high diagnostic 

value in the detection of coronary stenosis, even in patients with high or irregular heart rates. 

In particular, high specificity (>90%) and very high negative predictive value (>97%) indicate 

that 320-slice coronary CT angiography can be used as a reliable modality to exclude 

significant coronary stenosis. Secondly, diagnostic performance of 320-slice coronary CT 

angiography is independent of heart rates, thus, patients with high or irregular hearts will 

benefit from this new technique. Thirdly, radiation dose associated with 320-slice coronary 

CT angiography is relatively high, and the dose value depends on the protocols used in 

performing coronary CT angiography scans. 

The use of 320-slice CT makes it possible to image the whole heart in one heartbeat. This 

eliminates “stair-step” artefacts that are observed during 64-slice cardiac CT scans. Full 

cardiac coverage with one gantry rotation allows for evaluation of coronary arteries in 

patients with arrhythmias, such as with atrial fibrillation. In the presence of arrhythmias, an 

irregular R-R interval results in discontinuous imaging to the through plane with banding 

artefacts. Such images would impair the diagnostic accuracy of coronary CT angiography for 

assessment of the coronary lumen, leading to false diagnosis [28-30]. The imaging principle 

of 320-slice CT is different from previous generations of multislice CT scanners as there is no 

need to piece together image sub-volumes acquired over several heartbeats (normally 4-5 

heartbeats for 64-slice coronary CT angiography) to reconstruct the entire cardiac volume. 

Furthermore, an arrhythmia rejection algorithm has been developed for 320-slice coronary CT 

angiography [13], thus, 320-slice CT can be used with increased reliability in imaging 

patients with irregular or high heart rates. 

Although only 11 studies were analysed in this systematic review, patients with different 

heart rates or atrial fibrillation were included. High diagnostic value of sensitivity, specificity 

and negative predictive value (>90%) has been achieved at per-patient, vessel- and segment-

based analysis. The results are compared favourably to the studies using 64-slice and dual-

source coronary CT angiography [31-35]. The mean assessable segments of 98% by 320-slice 

coronary CT angiography also show that only a small percentage of coronary segments are 

non-diagnostic according to the 15- and 17-segment classification system. These findings 

suggest the improved diagnostic accuracy of 320-slice coronary CT angiography over 64-

slice coronary CT angiography (both single-source and dual-source CT coronary 

angiography). 
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Prospective ECG-triggering with non-helical scan was used a long time ago with 

electron-beam CT for purpose of calcium scoring; however, it was recommended recently for 

cardiac CT imaging, and this imaging protocol is increasingly reported in the literature due to 

its resultant very low radiation dose. It has been widely reported that prospective ECG-

triggering protocol reduces radiation dose significantly compared to the conventional 

retrospective ECG-gating protocol, with a dose reduction ranging from 76% to 83% [36-39]. 

The mean effective radiation dose for prospectively ECG-triggered coronary CT angiography 

in patients with a low and regular heart rate has been reported to range from 2.7 mSv to 4.5 

mSv, according to several systematic reviews [40-42]. The mean effective dose of 320-slice 

coronary CT angiography in this analysis was 10.5 mSv, and this high dose value is due to 

inclusion of patients with high or irregular heart rates among these studies. When comparing 

the effective dose in patients with low heart rates to those with high heart rates, it was found 

that the mean effective dose was reduced to 5.2 mSv in the low heart rate group, which is 

similar to the range reported in the literature. Therefore, dose-saving strategies should be 

implemented in patients with high heart rates when undergoing 320-slice coronary CT 

angiography. 

It is well-known that coronary arteries with severe calcification can lead to misdiagnosis 

of the extent of the plaques and degree of lumen stenosis due to blooming artefacts [43]. 

Calcified plaques were reported to be the most significant factor that affected diagnostic 

accuracy and coronary CT image quality, with more non-assessable segments observed in 

coronary artery with extensive calcification (Agatston calcium score >100) [44]. This analysis 

did not show significant difference in the diagnostic value of 320-slice coronary CT 

angiography between low and high coronary calcium scores. This is because the single gantry 

rotation of 320-slice CT reduced the blooming artefacts resulting from heavily calcified 

plaques. Despite high diagnostic value in patients with high calcium scores, the specificity 

and positive predictive value were decreased to some extent. Therefore, severe calcification 

still remains a factor compromising the diagnostic performance of 320-slice coronary CT 

angiography. 

Some limitations exist in this analysis. Firstly, publication bias may have affected the 

results since we just included articles in English and excluded non-English references. 

Secondly, only a very small number of studies were eligible according to the selection 

criteria, as most of the currently available studies focused on the comparison of image quality 

and radiation dose without addressing the diagnostic accuracy of coronary CT angiography. 

Thirdly, among these eligible studies, not all of them provided detailed information regarding 

the diagnostic performance of coronary CT angiography. Thus, only a systematic review was 

performed, and meta-analysis of the studies could not be conducted. 

In conclusion, this systematic review shows that 320-slice coronary CT angiography has 

high diagnostic accuracy in the diagnosis of coronary artery disease. There is no significant 

difference between patients with low and high heart rates in terms of the diagnostic 

performance, thus, 320-slice coronary CT angiography can be reliably used to diagnose 

patients with high or irregular heart rates. High radiation dose is associated with 320-slice 

coronary CT angiography; therefore, future studies with inclusion of dose-saving strategies 

should be conducted to minimize the radiation dose while achieving diagnostic images. 
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Chapter 7 
 

 

Coronary CT Angiography in Coronary 
Artery Disease: A Systematic Review of 

Research Directions 
 

 

Abstract 
 

To investigate the research directions of coronary CT angiography in the diagnosis 

of coronary artery disease, based on a systematic review of the literature. A search of 

articles on coronary CT angiography in the diagnosis of coronary artery disease was 

performed during a seven-year-period between 2005 and 2011 from five main radiology 

journals namely, Radiology, American Journal of Roentgenology, European Radiology, 

European Journal of Radiology and British Journal of Radiology. Analysis of the 

references was focused on the research directions of coronary CT angiography with 

regard to the type of studies in terms of diagnostic value, application of dose-reduction 

strategies and resultant effective radiation doses with use of these techniques. One 

hundred and eighty seven studies were identified to meet the selection criteria and were 

included in the analysis. Prior to 2007, research was focused on the diagnostic value of 

coronary CT angiography, but since 2008 more attention has been given to the radiation 

dose reduction. Radiation dose was reported in 97 studies, representing 52% of total 

studies published in the five radiology journals. Various dose-saving strategies have been 

implemented, and prospective ECG-triggering and high pitch techniques were found to 

be the most effective approaches for radiation dose reduction, with resultant mean 

effective dose being 3.8 ± 1.8 mSv and 1.4 ± 0.6 mSv. This analysis shows that the 

current research in coronary CT angiography has shifted from the previous focus on 

diagnostic accuracy in coronary artery disease to the more emphasis on the radiation dose 

reduction. This change of research directions indicates the increased awareness of 

radiation dose associated with coronary CT angiography in the literature. The effective 

dose has been achieved through employing dose-reduction techniques with dose levels 

similar to, or lower than those from invasive coronary angiography. 

 

Keywords: Coronary artery disease, coronary CT angiography, diagnostic value, multislice 

computed tomography, radiation dose 
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7.1. Introduction 
 

Coronary artery disease (CAD) is the leading cause of morbidity and mortality in many 

advanced countries and its prevalence is increasing among developing countries [1, 2]. 

According to recent World Health Organization statistics for 2007, cardiovascular deaths 

account for 33.7% of all deaths worldwide, whereas cancer represents 29.5%, other chronic 

diseases 26.5%, injury 7%, and communicable diseases 4.6% [3].  

CAD is the leading cause of cardiovascular death throughout the world. In light of the 

current global focus on healthcare utilization, costs, and quality, it is essential to monitor and 

understand the magnitude of healthcare delivery and costs, as well as the quality of healthcare 

delivery in relation to the CAD. 

Invasive coronary angiography (ICA) is widely used as a reliable technique to diagnose 

CAD because of its superior spatial and temporal resolution. However, it is an invasive and 

expensive procedure with associated small percentage of morbidity and mortality [4]. As an 

alternative to ICA, coronary CT angiography has been increasingly used for the investigation 

of suspected CAD, and rapid technological developments of multislice CT (MSCT) have led 

to both improved spatial and temporal resolution [5-7].  

Studies have shown that coronary CT angiography has a high diagnostic accuracy for the 

detection of significant CAD (≥50% lumen stenosis) when compared to ICA [8-11], and in 

selected patients, coronary CT angiography is recommended as a reliable alternative to ICA 

in the diagnosis of CAD. 

Despite promising results having been achieved with coronary CT angiography, it has the 

disadvantage of high radiation dose, which leads to the concern of radiation-associated risks 

[12, 13]. It is generally agreed that CT is an imaging modality with high radiation exposure, 

as it contributes up to 70% radiation dose of all radiological examinations, although it 

comprises only 15% of all radiological examinations. Radiation-induced malignancy resulting 

from CT scan is a major issue that has raised serious concern in the medical field and this has 

been addressed by the National Research Council of the United States [14]. It is reported that 

radiation dose from a CT scan has been significantly underestimated by the radiologists and 

physicians [12, 15].  

Despite the increased awareness of radiation risk, many clinicians and researchers have 

not realized the amount of radiation exposure associated with coronary CT angiography, or 

the possibility of tailoring the scanning protocols to reduce radiation exposure to patients. 

Thus, the purpose of this chapter was to investigate the current research directions of 

coronary CT angiography in CAD, based on a systematic review of the literature that was 

published in five main radiology journals during a 7-year period between 2005 and 2011. 

 

 

7.2. Materials and Methods 
 

7.2.1. Reference Searching 
 

A search of articles on coronary CT angiography in cardiac imaging was performed 

during a seven-year-period between 2005 and 2011 from five main radiology journals, 

Radiology, American Journal of Roentgenology (AJR), European Radiology (ER), European 
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Journal of Radiology (EJR) and British Journal of Radiology (BJR). The reason we set up our 

searching started in 2005 is because 64-slice CT was introduced in 2004. The keywords used 

in searching the references in each journal website included: MSCT in CAD, diagnostic value 

of CT coronary/MSCT angiography in CAD, coronary CT angiography and CT coronary 

angiography, prospective ECG-gating/triggering in cardiac imaging, cardiac CT with 

radiation dose reduction.  

In addition, searching for relevant articles was conducted by electronically checking the 

monthly issue of each journal’s publications, and eligible full-text articles were obtained for 

data extraction and analysis. Prospective and retrospective studies were included if they met 

the following criteria: (a) studies conducted on human subjects or phantom with use of MSCT 

or coronary CT angiography in coronary artery disease; (b) either coronary calcium scoring, 

or diagnosis of CAD, or prognostic value of CAD, or myocardial perfusion imaging must be 

addressed in each study; (c) coronary CT angiography in terms of retrospective ECG-gating 

or prospective ECG-triggering must be clearly stated in each study; (d) any strategies to 

reduce radiation dose must be provided. Since it is possible that many studies would not meet 

the third and fourth criteria, thus, studies were still eligible for inclusion in the analysis as 

long as they met the first two criteria. Exclusion criteria were: studies on coronary stenting or 

coronary artery bypass surgery; review articles or case reports; a letter or comment to the 

editor. 

 

 

7.2.2. Data Extraction and Analysis 
 

All articles were reviewed and extracted on study design and procedure techniques. The 

retrieved articles were assessed according to the selection criteria. The following 

characteristics in each study were identified: year of publication; type of scanning unit used 

for coronary CT angiography; type of studies in terms of prospective or retrospective studies; 

researcher background, e.g. radiologists, cardiologists, physicians or other healthcare 

professionals (for example, medical imaging specialists); number of research centers where 

studies were performed. In addition, more focus was given to look for the research directions 

of coronary CT angiography with the aim of seeking for information about application of 

dose-saving strategies. This included the common approaches for dose reduction: adjustments 

of kVp and mAs (tube current modulation, either anatomy-based or ECG-controlled tube 

current modulation); high pitch value; prospective ECG-triggering versus retrospective 

gating, and reconstruction algorithms for dose reduction. 

 

 

7.2.3. Statistical Analysis 
 

All continuous variables were expressed as mean value ± SD. Statistical tests were 

performed using SPSS V 19.0 (SPSS, Inc., Chicago, ILL). Comparisons were performed 

using one sample T test. A p value less than 0.05 was considered statistically significant 

difference. 
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7.3. Results 
 

7.3.1. General Information 
 

One hundred and eighty seven studies were identified to meet the selection criteria and 

were included in the analysis. One hundred and seventy nine studies were conducted at a 

single center, while the remaining 8 studies were performed at multicenters. The majority of 

these studies were published in the ER with the highest number of total publications being 76 

articles (41%), and the least number of studies was found in the BJR with only 13 studies 

being identified (7%). For the remaining three journals, Radiology, AJR and EJR, the 

corresponding studies were 33, 33 and 32, respectively. 

Analysis of author background indicates that most of the studies were performed by 

radiologists, followed by cardiologists, and other healthcare professionals such as physicians 

and medical imaging specialists. Radiologists accounted for 55% of the authors who 

performed the studies, while cardiologists represented 35% of the researchers who were in 

collaboration with radiologists as a research team in all of the studies, except in two studies 

published in ER and one study in BJR, where cardiologists alone conducted the research. 

Of 187 studies, 170 were performed on patients (91%), and the remaining 17 studies were 

conducted on anthropomorphic phantoms with the aim of investigating the effect of heart rate 

on diagnostic image quality, or radiation dose or high pitch value on image quality. Ninety 

studies (48%) were performed to study the diagnostic value (82 studies) and prognostic value 

(8 studies) of coronary CT angiography in CAD, while the remaining studies were mainly 

focused on the radiation dose reduction. 

Coronary CT angiography was compared with integrated single photon emission 

computed tomography (SPECT)/CT and positron emission tomography (PET)/CT in two 

studies to demonstrate the potential myocardial perfusion value of coronary CT angiography. 

Coronary CT angiography was compared with cardiac magnetic resonance imaging (MRI) in 

8 studies with half of them published in the journal of ER. Six out of these 8 studies 

investigated the diagnostic value of coronary CT angiography with regard to the accuracy of 

assessing myocardial perfusion compared to cardiac MRI, with four studies showing that 

coronary CT angiography could accurately assess the extension and patterns of myocardial 

perfusion with low radiation dose. In the remaining two studies, coronary CT angiography 

was found to have limited ability to demonstrate hemodynamic change or myocardial 

perfusion compared to cardiac MRI. One study showed that combining coronary CT 

angiography with cardiac MRI had high diagnostic value in the diagnosis of CAD compared 

to ICA. The remaining study compared left ventricular function assessment using five 

different software tools on dual-source coronary CT angiography in comparison with cardiac 

MRI, with interchangeable results of left ventricular function assessment reported. 

 

 

7.3.2. Type of Multislice CT Scanners 
 

Variable MSCT scanners were used in these studies, with 64- or more slice-scanners 

representing the majority (87%) of the studies. Figure 7.1 shows the distribution of different 

generations of MSCT scanners that were identified in the analysis. Despite rapid 
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technological developments of MSCT scanners, such as the increased availability of 256- and 

320-slice CT, single-source 64-slice and dual-source 64-slice CT still dominated 79% of the 

coronary CT angiography studies. 

 

 

Figure 7.1. The number of studies performed with different generations of multislice CT scanners. 

 

7.3.3. Research Directions of Coronary CT Angiography 
 

Radiation dose issue has been addressed since 2007 in the publications of Radiology, 

AJR and BJR, while this has been addressed since 2008 in the publications of EJR. In 

comparison, radiation dose was first reported in 2 studies published in 2005 and 2006 in the 

journals of Radiology and ER, although more attention has been given to the dose issue since 

2007. Prior to 2006 and 2007, the research was focused on the diagnostic value of coronary 

CT angiography in CAD, regardless of the studies performed with 8-slice, 16- or 64-slice CT 

scanners. From 2008, more and more studies started to address the reduction of radiation dose 

among these five radiology journals. 

 

 

7.3.4. Dose-Saving Strategies 
 

Various dose-saving strategies have been implemented in these studies, and these 

included adjustments of tube voltage (kVp), tube current (tube current modulation), high pitch 

value, prospective ECG-triggering versus retrospective ECG-gating, addition of padding in 

patients with high heart rate variability, and application of adaptive statistical iterative 

reconstruction algorithm for image noise reduction. Radiation dose was reported in 97 

studies, representing 52% of total studies published in the five radiology journals. Of these 97 

studies, 50% were published in the journal of ER. 

Prospective ECG-triggering was the most commonly applied technique for dose 

reduction with 44 studies being reported among these five radiology journals. Of these 44 
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studies, a direct comparison between prospective ECG-triggering and retrospective gating 

was performed in 20 studies. The mean effective dose was 3.8 ± 1.8 mSv for prospective 

ECG-triggering, which is significantly lower (p<0.0001) than that acquired with retrospective 

ECG-gating, which is 15.1 ± 5.4 mSv. 

ECG-controlled tube current modulation was the second most common approach that was 

utilized in 23 studies for dose reduction. However, the effective dose value was only reported 

in 17 studies, with the mean dose being 8.3 ± 2.4 mSv. Application of pitch (up to 3.4) in 

coronary CT angiography was reported in 10 studies with the mean effective dose being 1.4 ± 

0.6 mSv. Lower kVp of 100 versus the standard 120 kVp was compared in 9 studies with the 

resultant mean effective dose of 4.7 ± 2.8 mSv for 100 kVp protocols, and 9.8 ± 5.3 mSv for 

120 kVp protocols, leading to a dose reduction by 52%. Of these 9 studies, one study 

compared the 80 kVp with 100 kVp in patient with body mass index (BMI) less than 25 

kg/m
2
 with use of both prospective triggering and retrospective gating protocols. This resulted 

in much lower dose of 0.76 mSv with use of prospectively ECG-triggered and 4.3 mSv with 

use of retrospectively ECG-gated coronary CT angiography, although the 80 kVp protocol 

has higher image noise than the 100 kVp protocol. Figure 7.2 shows the mean effective dose 

associated with the above-mentioned commonly used strategies for dose reduction. As shown 

in the figure, prospective ECG-triggering and high pitch lead to the lowest doses when 

compared to other dose-saving strategies. 

 

 

Figure 7.2. Box plot shows the mean effective dose associated with different dose-reduction techniques. 

Coronary CT angiography with use of high pitch and prospective ECG-triggering protocols lead to the 

lowest radiation dose. 
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Adaptive statistical iterative reconstruction (ASIR) was reported in three studies and the 

mean effective dose was less than 3.0 mSv, which is significantly lower than the traditional 

filtered back projection approach. A comparison of radiation dose with use of the 

International Commission on Radiological Protection (ICRP) 103 and ICRP 60 documents 

was conducted in two studies with a significant difference observed, indicating that the 

radiation dose was underestimated if dose calculation is based on the weighting factors that 

were reported in the ICRP 60. 

Radiation dose corresponding to different heart rates was reported in four studies and the 

analysis shows that dual-source CT (DSCT) is superior to single-source CT in the diagnosis 

of CAD in patients with higher heart rates, with resultant lower doses. Padding was applied in 

one study performed with prospective ECG-triggering. The purpose of adding padding is to 

provide additional phase information to compensate for variations in heart rate by adding time 

before and after the centre phase of the acquisition. Padding is described in the range of 0-200 

ms and is added to both sides of the centre of the acquisition with padding 0 corresponding to 

a window of 100 ms scanning time and padding 100 corresponding to a window of 200 ms 

scanning time. In that study, the effective dose was 2.3 mSv for 0 padding, and dose increased 

to 3.8 mSv for 1-99 padding and 5.5 mSv for 100-150 padding. 

The remaining study involved the investigation of the effect of adjusting the scan length 

of coronary CT angiography using the calcium scoring images instead of the scout view with 

regard to radiation dose. The effective dose associated with the calcium scoring-derived 

length (9.0 ± 0.6 mSv) was significantly lower than that using the scout view-derived length 

(10.7 ±1.2 mSv), corresponding to a radiation dose reduction of 16%. 

Effective dose of coronary CT angiography was estimated by multiplying the dose length 

product (DLP) by a chest-specific with conversion coefficient of ĸ=0.014 or 0.017 mSv × 

mGy × cm
-1

 among these studies. 

 

 

Discussion  
 

This analysis presents three findings which are considered important for clinical 

application of coronary CT angiography in CAD. Firstly, there is a changing in research 

direction with a shift of focus from the previous diagnostic value of coronary CT angiography 

in CAD to an emphasis on radiation dose reduction. This indicates the increased awareness of 

radiation dose to patients during coronary CT angiography examinations. Secondly, more 

dose-saving strategies have been implemented to reduce radiation dose associated with 

coronary CT angiography while still maintaining diagnostic image quality. Of these 

strategies, prospective ECG-triggering and high pitch protocols represent the most effective 

approaches with a significant reduction of radiation dose compared to conventional 

retrospective gating or other approaches. Thirdly, coronary CT angiography performed with 

64-slice CT (single-source or DSCT) dominated the majority of studies that were reviewed, 

and this indicates that 64-slice CT still plays a key role in the clinical diagnosis of CAD, 

despite the emergence of 256- or 320-slice CT. 

Over the last decade a great deal of interest has been focused on the imaging and 

diagnosis of CAD using coronary CT angiography, due to its less invasive nature and 

improved spatial and temporal resolution. Moderate to high diagnostic accuracy was achieved 
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with 64- or more slice CT, owing to further technical improvements [16-20]. These studies 

have indicated that coronary CT angiography has high accuracy for the diagnosis of CAD and 

could be used as an effective alternative to ICA in selected patients. However, coronary CT 

angiography has the disadvantage of high radiation dose which raises concerns for both 

clinicians and manufacturers. This is reflected in the changing research directions from the 

early research focus on the diagnostic value of coronary CT angiography in CAD to the 

increasingly reported studies on dose reduction, as demonstrated in this analysis. 

Radiation dose is becoming a major issue for coronary CT angiography, since 64- or 

more-slice CT shows improved and promising results in the diagnosis of CAD [21-24]. It is 

estimated that in daily practice, effective dose of coronary CT angiography may reach up to 

40 mSv in female patients if no dose-saving strategies are applied, and this is associated with 

radiation exposure to breast tissues [25]. The radiation risks associated with coronary CT 

angiography have raised serious concerns and have become a hot topic of debate in the 

literature in recent years [12, 13, 26]. The general view about radiation dose is that CT is 

associated with a risk of cancer development. The recent Biological Effects of Ionizing 

Radiation (BEIR) VII provides a framework for estimating cancer risk associated with 

radiation exposure from ionizing radiation [14]. According to the report, it is estimated that 1 

in 2000 people will develop cancer due to an exposure of 10 mSv. Brenner and Hall [12] 

estimated that approximately 1.5% to 2% of all cancers in the United States may be caused by 

radiation exposure from CT examinations. Davies et al estimated that in the UK radiation 

from CT scans causes 800 cancers a year in women and 1300 in men [27]. Radiation 

exposure is especially important for young and female patients as radiation effects in young 

patients and women are more severe than in older individuals and in men, so that protection 

from overly high radiation doses are most important in young individuals. A recent study 

reported that one in 270 women aged 40 years who undergo coronary CT angiography will 

develop cancer [28]. Therefore, coronary CT angiography should be performed with dose-

saving strategies whenever possible to reduce the radiation dose to patients. 

One of the most effective approaches for dose reduction is adjustment of the tube current 

according to ECG signal, which is defined as ECG-controlled tube current modulation. This 

approach represents the most significant improvement in minimizing radiation exposure from 

coronary CT angiography. It has been reported that radiation dose can be reduced by 30%-

50% through modulation of the tube current output to decrease the dose given during the 

systolic phase [29,30]. The estimated radiation dose reduction is similar to or less than that of 

an ICA examination with use of this dose saving strategy [29, 31]. The mean effective dose of 

ECG-controlled tube current modulation in this analysis is 8.3 mSv, and this is comparable to 

that of ICA, which is between 3-9 mSv [32]. 

Prospective ECG-triggered scans use the same technique as that used in electron-beam 

CT which is defined as the step-and-shoot method. The technique is initially used for 

quantitative assessment of coronary calcium burden, but recently it has been increasingly 

used for coronary CT angiography examinations. Unlike retrospective ECG-gating, 

prospective ECG-triggering allows for acquisition of data by selectively turning on the X-ray 

tube on only in the selected phase, triggered by the ECG signal, and turning it off during the 

rest of R-R cycle. In prospective ECG-triggering, exposure only occurs at the pre-defined 

cardiac phase instead of the continuous exposure during the entire cardiac cycle, thus leading 

to a significant reduction of radiation dose. Prospective ECG-triggering has been confirmed 

to be one of the most efficient techniques for radiation dose reduction in coronary CT 
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angiography [33]. Use of prospective ECG-triggering with 64-slice or dual-source CT has 

been reported to reduce the effective radiation dose by up to 90% when compared to 

retrospective ECG-gating technique, with diagnostic image quality being achieved in more 

than 90% of the cases [34-40]. This is confirmed in this analysis as the mean effective dose of 

prospective triggering is 3.8 mSv, which is equivalent to or even lower than that of invasive 

coronary angiography. 

Another effective method currently undertaken in coronary CT angiography to reduce 

radiation dose is to lower the tube voltage, since radiation dose varies with the square of the 

kVp. Modern CT scanners include tube voltages of 120 or 140 kVp, reflecting the settings 

most often resulting in adequate image quality. However, acquisition of cardiac CT images 

with 100 kVp, or even lower, is possible and has been suggested as an effective means to 

reduce radiation dose in coronary CT angiography [41, 42]. Up to 70% dose reduction has 

been reported in the literature when the X-ray tube voltage is decreased from 120 kVp to 100 

kVp or even lower to 80 kVp [43-45]. This analysis shows that 52% dose reduction was 

observed in coronary CT angiography with use of 100 kVp when compared to the routine 120 

kVp protocol, and this is consistent with the results reported in the literature. However, 

attention should be paid to changing the tube voltage as it is directly correlated with patient’s 

BMI. Lowering tube voltage from 120 kVp to 100 or 80 kVp can be used when the patient’s 

BMI is less than 25 kg/m
2
. Therefore, tube voltage can be adjusted in cardiac CT angiography 

without affecting diagnostic image quality, and this should be applied whenever possible in 

clinical practice [46]. 

For coronary CT angiography, very low pitch values (0.2-0.4) are typically required for 

coronary data acquisition to ensure continuous z-axis coverage between image stacks 

reconstructed from consecutive cardiac cycles. The main disadvantage of this approach is 

higher radiation exposure since the table is advanced by less than one detector width during 

each gantry rotation, thus, same anatomic area is exposed to X-ray radiation during 

consecutive rotations of the gantry. Increasing pitch to a higher value was made possible with 

the development of the second generation of dual-source CT scanners, Siemens Definition 

Flash, which enabled acquisition of 128 slices simultaneously (flying focal spot) [47-50]. 

This DSCT mode allows coronary CT angiography to be performed at high pitch value of up 

to 3.4 with significant reduction of radiation dose. A high pitch was applied in 10 studies in 

this analysis with a mean effective dose of 1.4 mSv, and radiation dose less than 1.0 mSv was 

also reported in three studies, indicating the effectiveness of this dose-reduction approach. 

The new scan mode, with a superior temporal resolution of 75 ms, is regarded as an attractive 

alternative to invasive coronary angiography due to the very low dose and high image quality, 

although more studies based on a large cohort are required. 

More recently, different iterative image reconstruction methods for reducing radiation 

dose without compromising image quality have been developed by all major CT 

manufacturers, and the method of ASIR represents a good example of dose reduction 

approach which was developed by the GE Healthcare [51, 52]. ASIR is an alternative to 

filtered back projection for image reconstruction in coronary CT angiography. ASIR 

incorporates statistical modelling to reduce image noise, which may allow preservation of 

image quality with reduced tube current, thereby resulting in lower radiation dose. Recent 

studies have shown that use of ASIR leads to up to 44% dose reduction compared to standard 

filtered back projection while maintaining diagnostic images [53, 54]. An effective dose less 

than 3.0 mSv was reported in three studies according to this analysis, and this demonstrates 
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that ASIR represents a novel method of radiation dose reduction that appears additive to 

existing techniques. 

The calculation of the effective dose of coronary CT angiography takes into account the 

biological effect of the radiation on the heart because each organ is given a tissue weighting 

depending on its individual susceptibility to the effects of ionizing radiation. The tissue 

weightings are derived from the ICRP documentation which focuses on all aspects of 

protection from ionizing radiation. In 2007, ICRP released the 103 publication updating the 

16-year old ICRP 60 dataset, following the latest available scientific information of the 

biology and physics of radiation exposure, particularly the tissue weighting for breast tissue 

has increased from 0.05 to 0.12 [55]. The conversion factor used to calculate effective dose 

from coronary CT angiography has been upgraded from 0.014 to 0.028, thus, doses from 

coronary CT angiography could be significantly underestimated due to failure of using a 

cardiac specific conversion factor in the recent ICRP documentation [56, 57]. This is also 

confirmed in this analysis as the effective dose of coronary CT angiography calculated with 

ICRP 103 is 24% to 42% higher than that calculated with ICRP 60. Appropriate conversion 

factors are needed to reflect the current tissue weighting and accurately estimate effective 

dose. 

Effective dose based on a conversion factor of 0.014 or 0.017 is only an estimate. The 

calculation of the effective dose in these studies is based on a method proposed by the 

European Working Group for Guidelines on Quality Criteria in CT [58], deriving radiation 

dose estimates from the product of the DLP and an organ weighting factor for the chest as the 

investigated anatomic region (k = 0.014 or 0.107 mSv*mGy
-1

* cm
-1

 averaged between male 

and female models from Monte Carlo simulations [59]. The DLP represents most closely the 

radiation dose received by an individual patient and may be used to set reference values for a 

given type of CT examination to help ensure patient doses at CT are as low as reasonably 

achievable. It is recommended that DLP should be recorded for each study and serve as the 

cornerstone of quality assurance efforts [60]. 

Some limitations exist in this review. Firstly, our searching for references only focused 

on the five main radiology journals. However, research articles on cardiac CT imaging are 

also published in cardiac journals such as European Heart Journal, Journal of American 

College of Cardiology, Circulation, American Journal of Cardiology and International Journal 

of Cardiovascular Imaging. Therefore, it is possible that some relevant references are not 

included in this analysis. Secondly, although tube current modulation is one of the most 

effective methods for radiation dose reduction, a number of studies did not report the actual 

effective dose, despite application of this technique in their studies. This emphasises the 

importance of awareness of radiation exposure to patients by physicians; thus, radiation dose 

values (volumetric CT dose index or dose length product) should be recorded in each study to 

enable comparison of dose-saving techniques between different studies. Thirdly, we tried to 

include as many references as possible that were available over the last seven years; however, 

some articles which were accepted for publication are excluded from the analysis. Finally, 

although this analysis shows that 64-slice coronary CT angiography dominated the majority 

of the studies, there is no doubt that more and more studies are being performed with latest 

models such as 256- and 320-slice CT scanners. Further research to include these studies is 

necessary. 

In conclusion, this chapter based on a systematic review of the literature in five main 

radiology journals shows that the current research in coronary CT angiography has shifted 
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from the previous focus on diagnostic accuracy in coronary artery disease to the more 

emphasis on the radiation dose reduction. This review also indicates that the increased 

awareness of radiation dose associated with coronary CT angiography in the literature. 

Various dose-saving strategies have been undertaken in the past few years to lower the 

radiation exposure to patients undergoing coronary CT angiography. Effective dose reduction 

has been achieved by employing techniques with radiation dose of around 10 mSv to as low 

as 1 mSv in some studies. It is important to note that the current effective doses from 

coronary CT angiography are at the level or even lower than those acquired from ICA. 

Therefore, according to this analysis, the achievements in radiation dose reduction in 

coronary CT angiography have been tremendous. 
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Chapter 8 
 

 

Coronary CT Angiography  
in Coronary Artery Disease: 
Prospective ECG-Triggering  

versus Retrospective ECG-Gating 
 

 

Abstract 
 

With the advent of multislice CT more than a decade ago, coronary CT angiography 

has demonstrated a huge potential in the less invasive imaging of cardiovascular disease, 

especially in the diagnosis of coronary artery disease. The diagnostic accuracy of 

coronary CT angiography has been significantly augmented with the rapid technical 

developments ranging from the initial 4-slice, to the current 64-slice and 256 and 320-

slice CT scanners. This is mainly demonstrated by the improved spatial and temporal 

resolution when compared to the earlier type of CT scanners.  

Traditionally, coronary CT angiography is acquired with retrospective ECG-gating 

with acquisition of volume data at the cost of increased radiation dose, since data is 

acquired during the entire cardiac cycle.  

Recently, there is an increasing interest in utilising prospective ECG-triggering in 

cardiac imaging with latest multislice CT scanners (64-slice and beyond) with significant 

reduction of radiation dose when compared to the retrospectively ECG-gated protocol.  

However, there is some debate as to the diagnostic value of prospectively ECG-

triggered coronary CT angiography in the diagnosis of coronary artery disease, despite its 

advantage of lowering the radiation dose.  

This chapter will provide an overview of the diagnostic performance of retrospective 

ECG-gating versus prospective ECG-triggering in the diagnosis of coronary artery 

disease; highlight the potential applications of prospective ECG-triggering, and explore 

the future directions of coronary CT angiography in cardiac imaging. 

 

Keywords: Coronary CT angiography, coronary artery disease, diagnostic accuracy, 

prospective ECG-triggering, radiation dose, retrospective gating 

 

 

 

 



Zhonghua Sun 106 

8.1. Introduction 
 

Coronary artery disease (CAD) is the leading cause of death in advanced countries and its 

prevalence is increasing in developing countries. Invasive coronary angiography is still 

regarded as the standard of reference for diagnosis of CAD, due to the advantage of superior 

spatial resolution and temporal resolution. Despite its cost, inconvenience to patients, and a 

small but distinct procedure-related morbidity (1.5%) and mortality (0.2%) rate, more than 

one million invasive diagnostic coronary angiography procedures are performed annually in 

the United States alone. Similarly, CAD is the single most important cause of death in 

Australia and New Zealand. Every year, billions of dollars have been spent in the treatment of 

coronary artery disease ($3.9 billion direct spending in Australia 1993-94 according to 

Australian Institute of Health and Welfare, 2003). Given the invasiveness of coronary 

angiography and potential danger of having a small risk of serious complications (arrhythmia, 

stroke, coronary artery dissection and death), a non-invasive technique for imaging of the 

coronary artery disease is highly desirable. 

Imaging of the heart and coronary artery branches has always been technically 

challenging when compared to the non-cardiac imaging due to the heart’s continuous 

movement. Over the last decade, great strides have been made in the field of cardiac imaging 

as non-invasive coronary imaging modalities have undergone rapid developments [1-4]. 

Initially, electron-beam CT was found valuable in coronary calcium scoring as coronary 

calcum score is a highly sensitive marker with increased prognostic value compared with 

conventional cardiovascular risk factors for determining the atherosclerotic disease. However, 

the application of electron-beam CT in the diagnosis of CAD was restricted to a greater extent 

due to limited spatial resolution [2]. Magnetic resonance imaging (MRI) shows promising 

results as reported in some studies [3, 4], however, the imaging protocols are variable based 

on the MRI vendor and software availability which prevents it from being widely used. 

Imaging of the heart and coronary arteries has become clinically practicable with high 

diagnostic accuracy achieved, with the introduction of multislice CT and development of 

electrocardiography-synchronized scanning and reconstruction techniques. 

Multislice CT represents technical evolution in cardiac imaging when 4-slice CT scanner 

was first introduced into the clinical practice in 1998, and this development leads to the 

widespread application of coronary CT angiography in the diagnosis of CAD [1]. Diagnostic 

accuracy of coronary CT angiography has been significantly improved with the development 

of scanning techniques, which are demonstrated by the emergence of 16-, 64-slice and recent 

models of 256-and 320-slice CT scanners [5-8]. Traditionally, coronary CT angiography was 

performed with retrospective ECG-gating with high diagnostic accuracy reported for the 

detection of CAD, however, this is achieved at the cost of high radiation dose since images 

are acquired with helical scan during the entire cardiac cycle, while only a portion of the data 

is used for final image reconstruction. Prospective ECG-triggering with axial non-helical scan 

was used a long time ago with electron-beam CT for calcium scoring. However, in early CT 

studies of the coronary arteries, the retrospective approach was favoured (and is still widely 

regarded) as the method of choice to achieve high image quality, especially when patient 

factors are not favourable for optimal image quality (e.g. arrythmias, high heart rate, etc). The 

main drawback of the retrospective approach is the relatively higher dose penalty and this has 

brought back into favour the prospective ECG-triggering. 
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Recently, prospective ECG-triggering was introduced for coronary CT angiography, and 

this imaging protocol is increasingly being reported in the literature, despite sufficient 

evidence is still needed to verify its diagnostic value. This chapter will provide an overview 

of the diagnostic accuracy of retrospectively ECG-gated CT angiography versus prospectively 

ECG-triggered coronary CT angiography; the potential applications of prospectively ECG-

triggered coronary CT angiography, and highlight some future directions of coronary CT 

angiography in cardiac imaging. 

 

 

8.2. Diagnostic Value of Retrospectively ECG-
Gated Coronary CT Angiography 

 

The feasibility of coronary CT angiography was initially demonstrated with 4-slice CT 

using retrospectively ECG-gated technique. Volumetric CT data is acquired throughout the 

entire cardiac cycle during simultaneous recording of the ECG signal. Subsequently, data 

from specific periods of the cardiac cycle (most commonly at late diastolic phase) is 

reconstructed by retrospective referencing to the ECG signal with the aim of generating 

images with the least motion artefacts. Over the last decade a great deal of interest has been 

focused on imaging and diagnosis of CAD with multislice CT due to its less invasive nature 

and fast scanning technique with extended z-axis coverage when compared to single-slice CT. 

Earlier studies with 4-slice CT showed moderate diagnostic accuracy with pooled sensitivity 

and specificity of 78% and 93%, respectively [9]. However, image quality was suboptimal in 

many cases with 4-slice CT due to limited spatial and temporal resolution, and the 

unassessable segments could be as high as more than 30% in studies performed 4-slice 

coronary CT angiography [9]. With the introduction of 16-slice CT, image quality in coronary 

CT angiography has become more consistent with improved results achieved. Studies that 

used 16-slice CT with acquisition and gantry rotation times of <400 ms have reported 

sensitivities between 83% and 98% and specificities between 96% and 98% [10-13]. 

Shorter examination times are possible with further improved diagnostic accuracy with 

64-slice CT owing to improved spatial and temporal resolution compared with 16-slice CT. 

Acquisition of isotropic volume data are made available with 64-slice CT, thus detection of 

main and side coronary artery branches is improved when compared to earlier types of 

multislice CT scanners. Several meta-analyses of 64-slice CT studies reported sensitivities of 

93% and specificities of 96% (in 6 studies) [14], sensitivities of 97% and specificities of 88% 

(in 15 studies) [15], and sensitivities of 86% and specificities of 96% (in 19 studies) [16]. 

These studies concluded that coronary CT angiography, especially with 64-or more slice CT 

has high diagnostic accuracy for detection of CAD and could be used as an effective 

alternative to invasive coronary angiography in selected patients. 

In 2006, the first dual-source CT (DSCT) scanner was introduced [17]. With the coupling 

of two X-ray tubes mounted at 90° to each other in a single gantry, the rotation time was 

shortened, temporal resolution was doubled (83 ms with DSCT vs 165 ms with single-source 

64-slice CT), and diagnostic images are still able to be achieved in patients with high heart 

rate. Studies performed with DSCT showed promising results with high diagnostic accuracy 

for detection of CAD, and most importantly the image quality is independent of heart rate 

[18-20]. Leber et al [18] in their early study reported DSCT had high diagnostic accuracy for 
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detection of coronary stenoses and image quality was independent of heart rate. The benefit 

of improved temporal resolution with DSCT is evident with supporting evidence by later 

studies further confirming its improved accuracy, with heart rate having no significant effect 

on image quality and diagnostic accuracy [18-21]. Rixe et al concluded that high diagnostic 

accuracy (99% and 92% at segment-based and patient-based analysis, respectively) was 

achieved even at high heart rates [21]. Heart-rate independent image quality with DSCT 

represents another milestone in cardiac imaging and it could be used as a reliable alternative 

to invasive coronary angiography for detection of CAD in patients with high heart rates. A 

systematic analysis of the diagnostic performance of DSCT coronary angiography has been 

provided in Chapter 5 with high diagnostic accuracy achieved, and most importantly, the 

diagnostic performance of DSCT coronary angiography remains high in the presence of high 

heart rates. 

Further technical developments of multislice CT scanners, such as the emergence of 

wide-area detector CT enabled greater coverage per gantry rotation. Expansion of multislice 

CT systems from a 64-slice to 128-, 256- and 320-slice system has allowed for the accurate 

assessment of stenosis severity and atherosclerotic plaque composition, or even the 

acquisition of whole-heart coverage in one gantry rotation [7, 8, 22-25]. Studies performed 

with 128- and 256-slice CT demonstrated the ability of coronary CT angiography for 

quantification of coronary lumen stenosis and assessment of plaque morphology and 

distribution in the coronary arteries [22, 23]. With 320-slice CT, 16 cm of longitudinal 

coverage (64-slice CT can only achieve up to 4 cm z-axis coverage, depending upon the 

detector array width) can be obtained in a single heartbeat, with excellent image quality and 

demonstration of the entire coronary arterial tree. As shown in Chapter 6, 320-slice coronary 

CT angiography has high diagnostic accuracy, even in patients with high heart rate or atrial 

fibrillation [24, 25]. 

While satisfactory results have been achieved with the retrospectively ECG-gated 

coronary CT angiography through continuous exposure in a low-helical pitch (0.2-0.4) 

resulting in multiple overlapping regions of X-ray exposure, the downside is the relatively 

high effective radiation doses. The radiation dose associated with retrospective ECG-gating is 

gradually increased with the increased number of detector rows and reduction of detector size 

[26]. Thus, 4-slice CT scanners have lower dose than 16-slice scanners. Similarly 16-slice 

scanners have lower doses than 64-slice, and subsequently doses from 64-slice will be lower 

than those acquired with 256- and 320- slice scanners. Therefore, various strategies have been 

undertaken to reduce the radiation dose while using coronary CT angiography in cardiac 

imaging, and prospective ECG-triggering is by far the most effective and significant 

technique to reduce radiation dose. 

 

 

8.3. Diagnostic Applications of Prospectively  
ECG-Triggered Coronary CT Angiography 

 

Prospective ECG-triggering utilizes the same technique as that used in electron-beam CT 

which is defined as the step-and-shoot method. It is mainly used for quantification of calcium 

burden, but recently it is increasingly used for coronary CT angiography examinations. The 

scan is performed in a non-helical way with acquisition of a series of axial images instead of 
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volumetric data. Unlike retrospective gating, prospective ECG- triggering allows for 

acquisition of data by selectively turning the X-ray tube on only in the selected phase, 

triggered by the ECG signal, and turning off during the rest of R-R cycle. This is also referred 

to sequential or step-and-shoot acquisition with prospective triggering and the effective pitch 

is 1.0. The main advantage of this scanning protocol is the lower radiation dose as X-ray 

exposure only takes place during the selected cardiac phase rather than throughout the entire 

cardiac cycle. Therefore, a significant reduction of radiation dose can be expected from 

prospective ECG-triggering, which is the most attractive advantage of this scanning protocol 

compared to retrospective ECG-gating. 

Recent technical developments of multislice CT imaging technique allows for 

prospective ECG-triggering to be performed in a single heartbeat with helical scan [27, 28]. 

Rybicki et al in their initial study showed that diagnostic images acquired with prospectively 

ECG-triggered 320-slice CT angiography were achieved in more than 90% of patients with 

reduction of radiation dose [8]. In addition to the reduction of motion artefacts, functional 

assessment of the heart can also be achieved with 320-slice CT since the scan is performed in 

a single heartbeat [27]. 

Use of prospective ECG-triggering with 64-slice or DSCT has been reported to reduce 

the effective radiation dose by up to 90% when compared to retrospectively ECG-gated 

technique [29-39]. In 2006, Hsieh et al [29] first described the step-and-shoot prospectively 

ECG-triggered protocol for imaging coronary artery disease. They claimed that patient dose 

could be reduced by at least 50% when compared to the standard retrospectively ECG-gated 

protocol without compromising image quality. Afterwards, Husmann et al [30] in their first 

clinical experience demonstrated the feasibility of prospective ECG-triggering with low dose 

results. Diagnostic image quality was achieved in 93% of 41 patients with suspected or 

proved CAD with very low mean effective dose of 2.1 mSv (1.1-3.0 mSv), when heart rate 

was less than 63 beats per minute (bpm). This contrasts significantly to the higher radiation 

dose arising from previous retrospectively ECG-gated coronary CT angiography (up to 21 

mSv) [40, 41]. It must be noted that such a high radiation dose results from coronary CT 

angiography without using ECG-based tube current modulation. The mean effective doses 

were reduced to less than 10 mSv for 64-slice coronary CT angiography performed with 

ECG-based tube current modulation [42, 43], although it is still higher than those from 

prospectively triggered protocols. 

Studies comparing prospective triggering and retrospective gating further confirmed the 

significant reduction of radiation dose with use of prospective triggering protocol. Shuman et 

al in their prospective study compared a group of patients who underwent prospectively 

triggered coronary CT angiography with another matched group of patients who underwent 

retrospectively gated protocol. Similar image quality of coronary segments was scored for 

both groups, but 77% dose reduction was achieved in the prospectively triggered group [31]. 

This was also confirmed by another two comparative studies performed by Hirai et al and 

Earls et al who both showed the similar image quality between prospectively triggered and 

retrospectively gated protocols, but with dose reduction of 79% and 83% achieved in the 

prospectively triggered groups [32, 33]. With adequate preparation and patient selection, 

Earls et al concluded that most patients would benefit from prospective triggering with 

acceptable diagnostic images and significant reduction of effective radiation dose, 

subsequently reducing the risk of developing radiation-induced malignancies. 
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Radiation dose can be further reduced with reduction of the tube voltage (kVp), in 

addition to the tube current modulation which is available in most of the 64-slice scanners. 

Researchers investigated the prospective triggering with different kVp values, and its effect 

on radiation dose with promising results achieved. Stolzmann et al studied the image quality 

and radiation dose with DSCT prospective triggering by using different protocols [37]. Their 

results showed no significant differences in image quality between 100 kVp and 120 kVp 

protocols, but with significant reduction of radiation dose achieved in 100 kVp protocols (1.2 

mSv ± 0.2) compared with 120 kVp protocols (2.6 mSv ± 0.5). Gopal et al in their recent 

study consisting of 149 patients compared prospective triggered and retrospective gated 

protocols with different kVp groups [35]. A reduction of radiation exposure up to 90% was 

achieved with use of 100 kVp without compromising image quality. Therefore, there is still 

room for radiation dose reduction when using the prospectively triggered technique, although 

more data from multicentres are needed to corroborate these early findings. 

It is important to note that while prospectively ECG-triggered coronary CT angiography 

leads to a significant reduction in effective radiation dose and provides equivalent or 

improved image quality relative to retrospectively gated images, studies reported in the 

literature highlight some important limitations to the current multislice CT scanners. The 

main limitation lies in the fact that image quality is dependent on the heart rate, heart rate 

variation and body mass index (BMI). Maximum heart rate threshold is between 63-75 bmp 

for prospectively triggered protocol. When heart rate is greater than 70 bmp, or heart rate 

variation greater than 10 bmp, or BMI greater than 30 kg/m
2
, lower image quality occurs as 

reported by some studies [36, 37]. All of these limitations indicate that prospectively ECG-

triggered coronary CT angiography is limited to patient cohorts strictly defined by the above 

three factors, thus the prospectively triggered protocol applies only to appropriately selected 

patients. 

Further technical developments in multislice CT technique overcome the above-

mentioned limitations with the emergence of new generation of multislice CT techniques such 

as 256- and 320-slice CT scanners. Longer z-axis coverage available with 256- and 320-slice 

scanners ranging from 12.8 cm to 16 cm in one gantry rotation permits full cardiac coverage 

in one gantry rotation with prospective triggering, thus, eliminating the restrictions and 

limitations associated with 64-slice scanners (maximum z-axis coverage is 4 cm for 64-slice 

CT) [7, 8]. Huamann et al reported that stair-step artefacts in 64-slice coronary CT 

angiography with prospective ECG-triggering are determined by the BMI and high heart rate 

variations [44]. Studies using 320-slice CT demonstrated the improvement of prospective 

triggering with the new generation of CT scanner, eliminating the motion-related artefacts 

[24, 25]. The majority of patients could be imaged in a single heartbeat with excellent image 

quality, according to the study performed by Rybicki et al [8]. Also, patients with cardiac 

arrhythmias are no longer excluded from the cardiac CT imaging [25]. 

 

 

8.4. Diagnostic Value of Prospectively ECG-
Triggered Coronary CT Angiography 

 

Despite the promising aspect of significant reduction of radiation dose with prospective 

triggering, there is a lack of sufficient evidence to show the diagnostic value or performance 
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of prospective triggering in the detection of coronary artery disease. Most of the studies 

currently available in the literature addressed the image quality and reduction of radiation 

dose when comparing prospectively triggered with retrospectively gated protocols. A direct 

comparison between prospective triggering and invasive coronary angiography is limited for 

the diagnosis of coronary stenosis. Scheffel et al presented the first report demonstrating the 

diagnostic performance of low-dose prospective triggering CT for the diagnosis of CAD [37]. 

Diagnostic accuracy was obtained in patients with heart rate less than 70 bmp with 

prospectively triggered coronary CT angiography with more than 96% in sensitivity and 

specificity, whether the analysis was segment-based, vessel-based or patient-based. 

Stolzmann et al also reported the high diagnostic accuracy of prospective triggering for 

diagnosis of CAD with low radiation dose, even in the presence of heavy calcification, 

despite the fact that increased rate of non-diagnostic segments was observed due to heavy 

calcification [45]. Further studies comparing prospective triggering with invasive coronary 

angiography are required to verify the diagnostic value of this rapidly growing CT imaging 

protocol. Chapter 10 will provide a systematic review and meta-analysis of the diagnostic 

performance of prospectively ECG-triggered coronary CT angiography. 

 

 

8.5. Retrospectively Gated versus Prospectively 
Triggered Coronary CT Angiography 

 

It seems that the current direction of coronary CT angiography in cardiac imaging is 

moving from the previous retrospective gating to the currently recommended prospective 

triggering, and this is demonstrated by the increasing reports available in the literature over 

the last few years. The main driving force for this trend is the reduction of radiation dose, 

which is the most attractive aspect of prospectively triggered protocol. Certainly this is only 

made available due to the technical developments of multislice CT technique, especially with 

the increased temporal resolution. In order to acquire diagnostic quality images, prospectively 

ECG-triggered coronary CT angiography must be performed with use of 64 or more slice CT 

scanners. While radiation dose is significantly lower than that acquired with retrospectively 

ECG-gated coronary CT angiography, the evidence of prospective triggering for diagnosis of 

coronary artery disease is insufficient at this stage. Thus, it is too early to draw conclusions 

that prospectively triggered coronary CT angiography can be used as a reliable alternative to 

invasive coronary angiography for the diagnosis of coronary artery disease before adequate 

research evidence is available. 

With more research findings available in the literature in the near future, it is expected 

that coronary CT angiography will be used as a first line technique in cardiac imaging, 

possibly with prospective triggering replacing the traditional retrospectively gated technique. 

There is no doubt that coronary CT angiography has entered a new era in cardiac imaging 

with the advent of 64-, 256- and 320-slice scanners, and its applications in clinical practice 

will benefit more patients with suspected or proved coronary artery disease. While reduction 

of radiation dose is important, the most significant aspect of coronary CT angiography is the 

image quality required for diagnostic purposes. Thus, both of these two factors need to be 

taken into account when choosing prospectively ECG-triggered coronary CT angiography in 

the diagnosis of coronary artery disease. The Table 8.1 shows the pros and cons of these two 
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coronary CT angiography protocols. The aim of the following recommendations is to provide 

some kind of guidance for readers using coronary CT angiography in coronary artery disease: 

 

Table 8.1. Comparison of prospective ECG-triggering and retrospective ECG-gating for 

diagnosis of coronary artery disease (with 64- or more slice scanners) 

 
Parameters to be 

compared 

Retrospective ECG-gating Prospective ECG-triggering 

Pros Cons Pros Cons 

Scanning protocols 

Axial helical scan 

allows acquisition 

of volume data 

Exposure takes 

place during the 

entire cardiac cycle 

and only a portion 

of data is used for 

reconstruction 

Exposure only 

occurs at a selected 

cardiac cycle (late 

diastolic phase) 

Axial non-helical 

scan with most of 

the manufacturers; 

Helical scan with 

2nd generation of 

dual-source CT 

scanner 

Image quality 

(assessable 

segments) 

98-100% 

Affected by heavy 

calcification and 

high heart rate 

95-99% 

Affected when 

heart rate is >70 

bpm or irregular 

Effect of heart rate 

Diagnostic 

accuracy is high 

even in higher 

heart rate; 

Independent of 

heart rate with 

dual-source CT 

Diagnostic accuracy 

slightly decreases 

with increasing 

heart rate (70-100 

bpm) 

 

High assessable 

segments and 

diagnostic value in 

low and regular 

heart rate 

Limited to heart 

rate <70 bmp; 

Limited to regular 

and stable heart 

rate 

Diagnostic value  

High sensitivity 

and specificity, 

especially very 

high negative 

value 

Sensitivity is 

affected by heavy 

calcification 

High sensitivity and 

specificity, no 

significant 

difference from that 

of retrospective 

gating 

 

Limited data 

available 

Prognostic value 

High prognostic 

value in 

predicting major 

adverse cardiac 

events 

 

Most of the studies 

are conducted at 

single centres 

High prognostic 

value 

Very limited data 

available in the 

literature 

Parameters to be 

compared 

Retrospective ECG-gating Prospective ECG-triggering 

Pros Cons Pros Cons 

Radiation dose 

Low tube voltage, 

ECG-controlled 

tube current 

modulation could 

reduce radiation 

dose  

High radiation dose 

with range of 7.6-

31.8 mSv, 

depending on dose-

saving strategies 

Significant 

reduction of with 

range of 2.1-9.2 

mSv, with dose 

even lower than 1.0 

mSv for high-pitch 

protocol 

Radiation dose 

increased in 

patients with higher 

heart rate 

Cardiac functional 

assessment  

Available as 

volume data are 

acquired 

Radiation dose is 

higher 

Functional 

assessment is only 

available with 256- 

or 320-slice CT 

Unavailable with 

64-slice CT 

scanners 

 

• With use of 64-slice or dual-source CT, in patients suspected of CAD for whom only 

the cardiac anatomy or presence or absence of CAD is the main concern, prospective 

triggering is suggested; 

•  With use of 64-slice or dual-source CT in patients suspected of CAD, if cardiac 

functional information will make a meaningful or significant contribution to the CT 
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assessment or clinical treatment, use of retrospective gating is suggested with additional 

dose being justified; 

• With use of 320-slice CT in cardiac imaging, prospective triggering is recommended 

since it allows acquisition of dataset in one gantry rotation, thus providing both 

anatomical assessment and physiological evaluation; 

• With use of prospectively triggered protocol, 100 kVp is recommended in patients with 

BMI less than 30 kg/m
2
 for further reduction of the radiation dose; 

• Narrowing the phase window width in prospectively triggered protocol is recommended 

to reduce patient radiation dose in a single heartbeat coronary CT angiography (320-

slice CT). 
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Chapter 9 
 

 

Coronary CT Angiography Using 
Prospective ECG-Triggering:  

An Effective Alternative to Invasive 

Coronary Angiography 
 

 

Abstract  
 

Despite the tremendous contributions of coronary CT angiography to the diagnosis 

of coronary artery disease, radiation dose associated with coronary CT angiography has 

raised serious concerns in the literature, as the risk of developing radiation-induced 

malignancy is not negligible. Various dose-saving strategies have been recommended, 

with some of them resulting in significant dose reduction. Of these strategies, prospective 

ECG-triggering represents one of the most effective techniques with resultant effective 

radiation dose similar to or even lower than that of invasive coronary angiography. 

Prospectively ECG-triggered coronary CT angiography has been increasingly used in the 

diagnosis of coronary artery disease due to its high diagnostic accuracy with image 

quality comparable to that of retrospective ECG-gating, but with significantly reduced 

radiation dose. Successful performance of prospective ECG-triggering depends on strict 

selection criteria and careful patient preparation. This chapter provides an overview of 

the diagnostic applications of coronary CT angiography with use of prospective ECG-

triggering with a focus on radiation dose reduction. Diagnostic value and prognostic 

performance of prospectively ECG-triggered coronary CT angiography in patients with 

suspected coronary artery disease is discussed. Current status and future directions are 

briefly highlighted. 

 

Keywords: Coronary artery disease, coronary CT angiography, image quality, prospective 

ECG-triggering, radiation dose 

 

 

9.1. Introduction 
 

Over the last decade a great deal of interest has been focused on imaging and diagnosis of 

coronary artery disease (CAD) using coronary CT angiography due to its less invasive nature 
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and improved diagnostic performance. Moderate to high diagnostic accuracy was achieved 

with 64- or more slice CT, owing to further technical improvements [1-5]. These studies have 

indicated that coronary CT angiography has high accuracy for the diagnosis of CAD and 

could be used as an effective alternative to invasive coronary angiography in selected 

patients. However, coronary CT angiography has the disadvantage of high radiation dose 

which raises concerns to both clinicians and manufacturers. This is reflected in the changing 

research directions from the early research focus on the diagnostic value of coronary CT 

angiography in CAD to the increasingly reported studies investigating the radiation dose 

reduction and image quality [6]. 

Radiation dose is becoming a major issue for coronary CT angiography, since more and 

more studies are being performed with 64- or more-slice CT in the diagnosis of CAD [7-10]. 

It is estimated that in daily practice, effective dose of coronary CT angiography may reach up 

to 40 mSv in female patients if no dose-saving strategies are applied, and this is associated 

with radiation exposure to breast tissues [11]. The radiation risks associated with coronary CT 

angiography have become a hot topic of debate in the literature [12-14]. The general view 

about radiation dose is that CT is associated with a risk of cancer development. Therefore, 

coronary CT angiography should be performed with dose-saving strategies whenever possible 

to reduce the radiation dose to patients. 

Of various dose-saving strategies used in coronary CT angiography [11, 15, 16], 

prospectively ECG-triggered scanning protocol represents one of the most promising dose-

saving techniques with a significant reduction of radiation dose when compared to the 

retrospective ECG-gating and invasive coronary angiography [17-19]. Early studies 

demonstrated the diagnostic feasibility of prospective ECG-triggering and later reports 

confirmed that diagnostic images are acquired with this new technique while achieving the 

target of reducing the effective dose by up to 90% [20-23]. It has been reported that the 

effective dose of prospectively ECG-triggered coronary CT angiography is comparable to or 

even lower than that of invasive coronary angiography [20-27]. Since prospectively ECG-

triggered coronary CT angiography shows promising results in the diagnosis of CAD with 

resultant very low effective dose, it is expected that more and more studies will be conducted 

with this technique in cardiovascular imaging. It is essential to develop methods that reduce 

radiation dose without compromising image quality when choosing coronary CT angiography 

as the main diagnostic modality in cardiac imaging. The purpose of this chapter is to provide 

an overview of coronary CT angiography with use of prospective ECG-triggering with a 

focus on the imaging protocols, diagnostic accuracy, prognostic value and radiation dose 

when compared to conventional retrospective ECG-gating. Future directions on prospectively 

ECG-triggered coronary CT angiography are highlighted. This chapter will provide readers 

with a good understanding of the current status of prospective ECG-triggering in the 

diagnostic applications of coronary artery disease. 

 

 

9.2. Prospective ECG-Triggering: 
Technical Requirements 

 

Prospective ECG-triggering with non-helical scan was used a long time ago with 

electron-beam CT for calcium scoring; however, it was recommended recently for multislice 
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CT cardiac imaging, and this imaging protocol is increasingly being reported in the literature 

due to its resultant very low radiation dose [17-27]. 

Prospective ECG-triggering uses the partial-scan technique to the motion of the heart, 

which is defined as the step-and-shoot method, so that scan is triggered by ECG signal 

instead of spiral CT acquisition. This technique allows data to be acquired in a certain phase 

of cardiac cycle, preferably in the mid-diastolic phase, when cardiac motion is minimal and at 

the resting state. 

This technique contrasts significantly to the retrospectively ECG-gated coronary CT 

angiography, which acquires the volume data during spiral scanning at a very low pitch (0.2-

0.4) so as to produce volume coverage without gaps in each phase of the cardiac cycle with 

multiple overlapping regions. Prospective triggering is also referred to as sequential data 

acquisition with an effective pitch of 1.0. The main advantage of this scanning protocol is the 

very low radiation dose as the X-ray exposure time is short. Most importantly, this 

prospectively ECG-triggered method is still accurate in diagnosing coronary artery disease. 

However, there are some several limitations associated with this protocol. 

Firstly, it is limited to heart rate less than 65 beats per minute (bpm). Estimation of the 

next R-R interval may be incorrect when heart rate changes are present such as arrhythmia 

[28]. Secondly, ECG-triggered sequential scan is usually restricted to scanning with non-

overlapping adjacent slices, or slice increments with only small overlap. The scan time to 

cover the heart volume is thus directly proportional to the slice increment. Consequently, 

prospective ECG-triggering puts high demand on the z-axis coverage, therefore, it is normally 

performed with 64- or more slice scanners. Presence of misalignment due to acquisition of 

images in 4-5 heart beats to cover the entire heart with 64-slice CT is an example of this 

limitation (Figure 9.1). This can be overcome with the latest 320-slice CT scanner, which 

enables coverage of the cardiac volume in a single heartbeat (z-axis coverage is up to 16 cm). 

Lastly, cardiac images are acquired during only a small portion of the R-R interval as ECG-

triggered acquisition targets only a specific phase of the cardiac cycle; thus, functional 

information about cardiac valve or ventricular wall motion is not available [17, 27]. 

 

 

Figure 9.1. Prospectively ECG-triggered coronary CT angiography curved planar reformatted image 

shows presence of misalignment due to artefacts, affecting visualization of the right coronary artery. 



Zhonghua Sun 120 

Prospective ECG-triggering can also be performed with high-pitch spiral scan which is a 

new type of spiral acquisition developed specifically for the second generation of dual-source 

CT (DSCT) scanner, Siemens Definition Flash. This scanning protocol enables acquisition of 

128 slices simultaneously (flying focal spot) [29-31]. The pitch can be increased substantially 

while still allowing image reconstruction due to dual-source geometry. Overlapping radiation 

dose is avoided, thus substantially reducing the effective radiation dose to the patient. 

According to Achenbach and Alkadhi’s reports, a very high pitch value (up to 3.4) allowed 

coverage of the volume of the heart in a very short (approximately 0.260 s), enabling 

acquisition of complete data in a single cardiac cycle with excellent image quality at a 

consistent dose lower than 1.0 mSv [29, 31]. Thus, high-pitch spiral coronary CT 

angiography with prospective triggering is a very attractive approach due to its very low dose. 

 

 

9.3. Diagnostic Value of Prospective  
ECG-Triggering at Low Heart Rate 

 

A significant dose reduction has been reported in several studies performed with 

prospectively ECG-triggered coronary CT angiography [32-34], however, diagnostic value of 

prospective ECG triggering in the assessment of coronary arteries or CAD has not been 

systematically studied. Achieving high diagnostic accuracy with prospective ECG-triggering 

is essential to ensure that this scanning technique can be reliably used as an alternative to 

high-dose retrospective ECG-gating or invasive coronary angiography in the diagnosis of 

CAD. 

 

 

9.3.1. Assessable Coronary Segments and Image Quality 
 

Most of the studies performed with prospectively ECG-triggered coronary CT 

angiography that are available in the literature focus on the assessment of coronary artery 

segments and image quality evaluation, in addition to the reduction of radiation dose. The 

mean assessable segments for prospectively ECG-triggered coronary CT angiography were 

more than 97%, which are comparable to those for retrospectively ECG-gated scans, 

according to recent analyses. On average, less than 3% of the coronary segments were 

reported to be non-diagnostic image quality in prospectively ECG-triggered scans [32, 33]. 

It is well known that the high-density calcification produces blooming artefacts, which 

lead to overestimation of the degree of coronary stenosis, thus affecting the assessment of 

coronary segments and resulting in low positive predictive value. Although it has been 

reported that the rate of non-diagnostic segments in patients with a higher calcium score was 

significantly higher than the rate of non-diagnostic segments in patients with a lower calcium 

score [35], the diagnostic accuracy was not affected in patients with higher calcium loads 

[36]. 

Qualitative assessment of image quality was normally performed by a Likert-scale point 

score system (3 to 5-point ranking scale) in most of the studies, while quantitative assessment 

of image quality with use of signal-to-noise ratio (SNR) and contrast-to-noise ratio (CNR) 

was only reported in a few studies [27]. Although image noise (standard deviation) was 
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slightly increased in prospectively ECG-triggered coronary CT angiography when compared 

to that measured in retrospectively gated scans, there is no significant difference in SNR and 

CNR between the two groups [27]. 

 

 

9.3.2. Diagnostic Accuracy 
 

Information about diagnostic value of prospectively ECG-triggered coronary CT 

angiography in CAD is limited, as the majority of currently available studies focus on 

reduction of radiation dose with acceptable diagnostic images. Two meta-analyses of studies 

on the use of prospectively ECG-triggered 64-or more slice coronary CT angiography 

reported that the mean patient-based sensitivities and specificities ranged from 99% to 100%, 

and 89% to 91%, respectively [36, 37]. The vessel- and segment-based estimates showed 

lower sensitivities and higher specificities, which ranged from 95% to 97% and 93% to 95%; 

91% to 92% and 96% to 97%, respectively. Early evidence indicates that coronary CT 

angiography with prospective ECG-triggering has high sensitivity and good specificity for the 

diagnosis of significant CAD. The very high negative predictive value of prospectively ECG-

triggered coronary CT angiography with low radiation dose suggests that this imaging 

technique can be used as a reliable test for ruling out CAD. 

Based on the individual studies and meta-analyses, it can be concluded that for the group 

of patients with a low and regular heart rate (less than 70 bpm) examined to date with 

coronary CT angiography, use of a prospectively triggered scan has not been shown to change 

patient-based, vessel-based and segment-based sensitivity or specificity when compared to 

the existing data for retrospectively gated exams [1-5]. 

 

 

9.4. Diagnostic Value of Prospective  
ECG-Triggering at High Heart Rate 

 

Although prospectively ECG-triggered coronary CT angiography has high diagnostic 

accuracy in patients with heart rates below 65 bpm, and radiation dose is low [36, 37], this 

technique is considered unsuitable for 64-slice and dual-source CT when scanning patients 

with heart rates more than 70 bpm or significant heart rate variability (e.g. arrhythmia) [38, 

39]. For higher heart rates, exposure windows are generally expanded to cover both the 

systolic and diastolic duration to preserve optimal intervals; however, this comes at the cost 

of a higher radiation dose [10]. The introduction of 320-slice CT enables whole heart 

coverage within one heartbeat without requiring table movement, thus, optimal reconstruction 

intervals could be achieved in patients with higher heart rates using prospective ECG-

triggering, while radiation dose is estimated to be lower with high diagnostic accuracy. 

Sun et al in their study consisting of 47 patients with a mean heart rate of 74.8 bpm 

reported that prospectively ECG-triggered 320-slice coronary CT angiography had diagnostic 

sensitivity of 98% and specificity of 99.2%, according to per-segment analysis [40]. In the 

presence of higher heart rates, image quality was still satisfactory for diagnosis, while the 

radiation dose was increased from 3.2 mSv when heart rate was less than 70 bpm to 10.2 mSv 

with heart rate more than 90 bpm. Xu et al further confirmed the diagnostic accuracy of 320-
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slice coronary CT angiography in 37 patients with persistent atrial fibrillation [41]. The mean 

heart rate was 88.4 bpm in their prospective group, but 320-slice coronary CT angiography 

still demonstrated the feasibility in patients with atrial fibrillation, depicting 96.8% diagnostic 

coronary segments. The sensitivity and specificity of 320-slice CT coronary angiography in 

the diagnosis of coronary stenosis was more than 90%, either on a per-patient, or per-vessel, 

or per-segment basis, indicating the high diagnostic performance of prospectively ECG-

triggered coronary CT angiography. However, a much higher radiation dose is the main side 

effect in most patients with atrial fibrillation or premature heart beats due to use of multiple 

heartbeats for image acquisition [41, 42]. Therefore, dose-reduction strategies, such as 

lowering tube voltage and adjusting tube current must be implemented to reduce radiation 

exposure while maintaining diagnostic image quality in this group of patients [41]. 

 

 

9.5. Prognostic Value of Prospective  
ECG-Triggering 

 

The anatomy-based approach is a well-established method for risk stratification of 

patients as demonstrated by invasive coronary angiography, which clearly delineates the 

severity and extent of significant coronary stenosis. High risk coronary anatomy (three-vessel 

CAD, stenosis of left main coronary artery) is directly related to poorer outcome [43-45], 

while normal coronary artery is associated with an excellent prognosis [46]. Despite many 

reports showing the prognostic value of coronary calcifications detected on non-enhanced CT 

scans, it is not until very recently that the prognostic value of coronary CT angiography has 

been made clear. 

Findings of coronary CT angiography based on a single center experience have been 

closely associated with the future cardiac events, with 0% or 1% cardiac events being 

reported in patients with normal cardiac CT or mild coronary artery disease, and up to 30% in 

patients with one or more vessel obstructive CAD [47-49]. Recently, Abdulla et al conducted 

a meta-analysis of 10 relatively large studies evaluating the prognostic value of 64-slice CT 

angiography [50]. The meta-analysis showed that cumulative cardiac event rates over a mean 

follow-up of 21 months were 0.5% in patients with normal coronary CT angiography, 3.5% in 

those with non-obstructive CAD and 16% in patients with obstructive CAD by 64-slice CT 

angiography. Compared to a normal coronary CT angiography, non-obstructive CAD was 

associated with a significant increased risk of major adverse cardiac events, while obstructive 

CAD was associated with a greatly increased further significant risk. 

As mentioned in previous sections, prospectively ECG-triggered coronary CT 

angiography has demonstrated high diagnostic accuracy in the diagnosis of coronary artery 

disease, however, its predictive value has not been established. Buechel et al in their pioneer 

study demonstrated the excellent prognostic value of prospectively ECG-triggered coronary 

CT angiography [51]. Their results showed that coronary CT angiography served as an 

excellent predictor of even-free survival in the absence of atherosclerotic lesions, while in 

patients with obstructive lesions, a significant reduction in event-free survival was observed. 

A 0% of first-year event rate (major adverse cardiac events) was found for patients without 

any evidence of atherosclerosis, 3% for patients with non-obstructive lesions and 26% for 

patients with obstructive lesions. Furthermore, the mean effective radiation dose of 
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prospectively ECG-triggered coronary CT angiography in their study was less than 2 mSv. 

Further studies, particularly, with long-term follow-up are needed to confirm the prognostic 

value of this low-dose coronary CT angiography. 

 

 

9.6. Radiation Dose of Prospective ECG-Triggering 
 

Prospective ECG-triggering is associated with lower radiation doses than retrospective 

gating since in the former case data acquisition is limited to a predicted imaging window of 

interest. In prospective acquisition, X-ray exposure takes place during one quiescent cardiac 

phase, most commonly corresponding to ventricular diastasis (usually at the 75% of R-R 

interval). Thus, single-phase acquisition using prospective triggering depends on accurate 

prediction of the cardiac phases with minimal cardiac motion. This is feasible with the use of 

the ECG when the cardiac rhythm is regular and the heart rate variation is minimal [52]. 

It is an essential step to control patients’ heart rate to 70 bpm or lower in coronary CT 

angiography using prospective ECG-triggering in order to guarantee image quality and low 

effective dose, as shown in previous studies (Figure 9.2) [17-27]. In patients with high or 

irregular heart rate, higher radiation dose has been reported in studies due to the use of 

padding [53-55]. 

 

 

Figure 9.2. Box plot shows the mean effective dose reported in the studies with use of retrospective 

ECG-gating and prospective ECG-triggering. It is obvious that the radiation dose of prospectively 

ECG-triggered coronary CT angiography is significantly lower than that of retrospectively gated 

protocol, according to a systematic review [36].
 
Horizontal line in each box shows median and top and 

bottom lines of boxes show interquartile range. 
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Significant heart rate variation may lead to inaccurate prospective prediction regarding 

the optimal centring of the imaging window within the expected rest period, and may also 

result in stair-step artefacts due to misalignment of the imaging windows. To compensate for 

heart rate variability is to add temporal padding.  

The purpose of adding padding (additional surrounding x-ray beam on time) is to provide 

additional phase information to compensate for variations in heart rate by adding time before 

and after the centre phase of the acquisition. Padding is described in the range of 0-200 ms 

and is added to both sides of the center of the acquisition with padding 0 corresponding to a 

window of 100 ms scanning time and padding 100 corresponding to a window of 200 ms 

scanning time. Padding is generally used when the heart rates are more than 65 bpm or when 

there is apparent heart rate variability (heart rate variation is more than 10 bpm) [56]. 

LaBounty et al in their recently published large multicentre study showed that the use of 

minimal padding was associated with substantial reduction in radiation dose with preserved 

image interpretability [57].  

Use of no or reduced padding should be considered in dose-saving strategies. Freeman et 

al in their prospective study consisting of 2025 patients undergoing prospectively ECG-

triggered 64-slice coronary CT angiography reported that the mean effective dose was 2.75 

mSv in patients without use of padding, while the mean effective dose was increased to 5.88 

mSv in patients studied with padding [54].  

Similarly, Hoe and Toh in their study performed with 320-slice CT coronary angiography 

showed that radiation dose has been significantly increased in patients with heart rate >65 

bpm or irregular heart rate when compared to the low heart rate group [55]. The mean 

effective dose was 5.7 mSv in patients scanned by one-heart beat protocol, but the dose was 

increased to 13.0 mSv and 17.5 mSv in patients scanned by two- and three-heart beat 

protocols, respectively. Modification of the prospectively ECG-triggered protocols is 

necessary to enable further dose reduction in these patients with high or irregular heart rate. 

Dual-source CT (DSCT) coronary angiography shows promise in examining patients 

with different heart rate. Few data are available to show the diagnostic value of DSCT 

coronary angiography with use of prospective ECG-triggering. Sun et al investigated the 

diagnostic performance of DSCT prospectively ECG-triggered coronary angiography in 

patients with low to high heart rate, and their results showed no significant difference among 

low, medium and high heart rate groups in terms of diagnostic image quality, and mean 

effective dose [53].  

Despite encouraging results, patients with irregular heart rate or heart rate more than 90 

bpm were excluded from their study due to potential failure or unpredictable image quality 

(Figs 9.3, 9.4). Xu et al explored feasibility of DSCT prospectively ECG-triggered coronary 

CT angiography in patients with heart rate higher than 70 bpm, and their results indicated that 

prospective ECG-triggering is feasible in patients with a heart rate between 70 and 110 bpm 

with excellent depiction of coronary segments and 57% dose reduction compared to the 

retrospective gating [58].  

The second generation of DSCT system with capability of achieving 75 ms temporal 

resolution could be a promising solution for patients with irregular or high heart rate with use 

of prospectively ECG-triggered technique. 
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a 

 
b 

Figure 9.3. Prospectively ECG-triggered coronary CT angiography curved planar reformatted images of 

the right coronary artery (A) and left coronary artery branches (B) with excellent vessel visualization 

and no artefacts. 

 
a 

Figure 9.4. (Continued). 
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b 

Figure 9.4. Prospectively ECG-triggered coronary CT angiography curved planar reformatted images of 

the right (A) and left coronary arteries (B) with blurred borders due to moderate artefacts. 

 

9.7. Current Status and Future Directions 
 

Current available data indicate that achieving low-dose coronary CT angiography using 

prospective ECG-triggering is feasible in an everyday population but requires the use of strict 

exclusion criteria and careful patient preparation [54, 59]. Heart rate control is crucial for 

performing a successful coronary CT angiography with prospective ECG-triggering with use 

of either 64- or 128- or 320-slice scanners [20-24, 54, 60-63]. A regular heart rate control of 

less than 70 bpm is achieved through oral or intravenous administration of β-blockers, and 

this is conducted in almost all of currently available reports. This may result in the exclusion 

of patients who do not respond or have known contraindications to β-blockers. DSCT 

coronary angiography offers potential opportunities for inclusion of patients with different 

heart rate, although more studies are needed to confirm the diagnostic value and image 

quality. 

The tissue weightings of estimating the effective dose of prospectively ECG-triggered 

coronary CT angiography are derived from the ICRP (International Commission on 

Radiological Protection) which focuses on all aspects of protection from ionizing radiation. In 

2007, ICRP released the 103 publication updating the 16-year old ICRP 60 dataset, following 

the latest available scientific information of the biology and physics of radiation exposure, 

particularly the tissue weighting for breast tissue has increased from 0.05 to 0.12 [64]. The 

conversion factor used to calculate effective dose from coronary CT angiography has been 

upgraded from 0.014 to 0.028, thus, doses from coronary CT angiography could be 

significantly underestimated due to failure of using a cardiac specific conversion factor in the 

recent ICRP documentation [65, 66]. Gosling et al compared the effective dose using the 

latest ICRP 103 tissue-weighting factors with that calculated with previously published chest 

conversion factors [65]. Their results showed that the use of chest conversion factors (0.014-

0.017) significantly underestimated the effective dose when compared to the dose calculated 

using the conversion factor of 0.028. A conversion factor of 0.028 would give a better 



Coronary CT Angiography Using Prospective ECG-Triggering 127 

estimation of the effective dose from prospectively ECG-triggered coronary CT angiography. 

Appropriate conversion factors are needed to accurately estimate effective dose. A conversion 

factor of 0.014 or 0.017 is commonly used in many cardiac CT studies to estimate the 

effective dose associated with coronary CT angiography, thus, this could lead to variations in 

the reported effective dose. As a result, the DLP or CTDIvol is recommended to compare the 

radiation exposure of coronary CT angiography [56].
 

Most of the current studies on prospective ECG-triggering are performed by the same 

expert groups at a single academic center, thus, further studies at multiple centers are needed 

before widespread implementation of this technique can be recommended. 

 

 

Conclusion 
 

There is sufficient evidence to confirm that coronary CT angiography with prospective 

ECG-triggering results in high diagnostic image quality and is associated with a low radiation 

dose. Prospectively ECG-triggered coronary CT angiography is regarded as a reliable 

alternative to retrospectively ECG-gated coronary CT angiography in the assessment of 

coronary arteries in patients with a regular and low heart rate. It is important to note that the 

current effective doses from prospectively ECG-triggered coronary CT angiography are at the 

same level or even lower than those acquired from invasive coronary angiography. Therefore, 

according to the currently available data in the literature, the radiation dose reduction in 

coronary CT angiography has been very effective and promising. Further studies based on 

large cohorts with inclusion of patients with different heart rates, and with a focus on the 

diagnostic and prognostic value are needed to confirm its clinical accuracy. 
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Chapter 10 
 

 

Coronary CT Angiography with 
Prospective ECG-Triggering in Coronary 

Artery Disease: A Systematic Review 

and Meta-Analysis of Diagnostic Value, 

Image Quality and Radiation Dose 
 

 

Abstract 
 

The aim of this chapter is to perform a systematic review and meta-analysis of the 

diagnostic value of prospectively ECG-triggered coronary CT angiography in the 

diagnosis of coronary artery disease. A search of biomedical databases for English 

literature was performed to identify studies investigating the diagnostic value of 64- or 

more slice CT angiography with use of prospective ECG-triggering in the diagnosis of 

coronary artery disease. Sensitivity, specificity, positive and negative predictive value 

estimates pooled across studies were tested using a fixed effects model. Seventeen studies 

met selection criteria for inclusion in the analysis. Pooled estimates and 95% confidence 

interval (CI) of sensitivity, specificity, positive and negative predictive value of 

prospectively ECG-triggered coronary CT angiography for diagnosis of significant 

coronary stenosis were 99% (95% CI: 98%, 100%), 90% (95% CI: 87%, 93%), 93% 

(95% CI: 91%, 95%) and 99% (95% CI: 97%, 100%), according to the patient-based 

assessment. The mean value of sensitivity, specificity, positive and negative predictive 

value of prospectively ECG-triggered coronary CT angiography were 94% (95% CI: 

93%, 96%), 94% (95% CI: 93%, 95%), 85% (95% CI: 81%, 90%), and 97% (95% CI: 

96%, 99%), according to vessel-based assessment; 91% (95% CI: 90%, 93%), 97% (95% 

CI: 97%, 98%), 81% (95% CI: 75%, 88%), 99% (95% CI: 98%, 99%), according to 

segment-based assessment, respectively. The mean effective dose was 2.91 mSv (95% 

CI: 1.65, 4.16 mSv) for the prospectively ECG-triggered coronary CT angiography. This 

analysis shows that for a predominantly male population with high disease prevalence the 

use of coronary CT angiography with prospective ECG triggering has diagnostic efficacy 

with a reduced radiation exposure. 

 

Keywords: Coronary artery disease, coronary CT angiography, image quality, prospective 

triggering, radiation dose 
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10.1. Introduction 
 

Since the introduction of 64- or more-slice CT technology, coronary CT angiography has 

been increasingly used in the diagnosis of coronary artery disease (CAD) due to its high 

diagnostic accuracy owing to the improved spatial and temporal resolution [1-4]. The non-

invasiveness and high diagnostic accuracy of coronary CT angiography for CAD have led to 

rapidly increasing numbers of cardiac CT examinations performed worldwide. However, the 

risk of radiation exposure associated with coronary CT angiography still remains a challenge 

compared with invasive coronary angiography, given the fact that CT is a high-dose imaging 

modality [5]. This has raised serious concerns in the medical field due to the possibility for 

radiation-induced malignancy [6-9]. 

In response to these concerns, tremendous progress has been made to lower radiation 

dose for coronary CT angiography, and various strategies have been undertaken to address 

this issue. These include automatic exposure control, ECG-triggered current modulation, 

lower kVp settings, adjustments of pitch value and scan range and prospective ECG-

triggering [10]. Of these dose-saving strategies, prospectively ECG-triggered protocol 

represents the most effective approach with a significant reduction of radiation dose when 

compared to conventional retrospective ECG-gating [10, 11]. 

Early studies demonstrated the feasibility of prospective ECG-triggering and later reports 

confirmed that diagnostic images could be acquired with this new technique while achieving 

reduction of the effective dose by up to 90% [10, 11]. The effective dose of prospectively 

ECG-triggered coronary CT angiography has been reported to be comparable to or even 

lower than that of invasive coronary angiography [12, 13]. Most of the studies reported in the 

literature focus on the assessment of image quality and radiation dose of prospective ECG-

triggering with use of 64- or more slice CT in comparison to retrospective ECG-gating, while 

the information about diagnostic value of prospective ECG-triggering in CAD is limited [12-

14]. Since prospectively ECG-triggered coronary CT angiography shows promising results in 

the diagnosis of CAD with resultant very low effective dose, we would expect that more and 

more studies will be performed with this technique in the near future. Thus, achieving high 

diagnostic accuracy with prospective ECG-triggering is essential to ensure that it can be 

reliably used as an alternative to high-dose retrospective ECG-gating or invasive coronary 

angiography in the diagnosis of CAD. The purpose of this chapter was to perform a 

systematic review and meta-analysis of diagnostic value of coronary CT angiography with 

use of prospective ECG-triggering in the diagnosis of CAD compared to invasive coronary 

angiography, based on the currently available literature. 

 

 

10.2. Materials and Methods 
 

10.2.1. Search Methods 
 

We searched MEDLINE/PUBMED and COCHRANE databases from January 2008 to 

July 2012 for articles studying the diagnostic value of prospective ECG-triggering using 64-

or more slice CT angiography in patients with suspected or confirmed CAD. The key words 

used in searching the references were: multislice CT/coronary angiography with prospective 
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/ECG-triggering/ECG-gating, diagnostic value of multislice CT/coronary CT angiography 

with prospective ECG-triggering, coronary CT angiography and prospective triggering/ECG-

gating, prospective ECG-triggering/gating in cardiac imaging. The literature search ranged 

from 2008 to present as prospective ECG-triggering with coronary CT angiography was first 

reported in the literature in 2008 [15]. In addition, the reference lists of identified articles 

were checked to obtain additional relevant articles. 

 

 

10.2.2. Selection Criteria 
 

Prospective and retrospective studies were included if they met all of the following 

criteria: (a) studies included at least 10 patients with suspected or known CAD and must be 

performed using 64- or more slice CT prospectively ECG-triggered protocols as a diagnostic 

tool for evaluation of coronary artery disease, with >50% lumen stenosis defined as the cut-

off criterion for significant stenosis; (b) assessment of diagnostic value of prospectively ECG-

triggered 64-or more slice CT angiography in CAD must be addressed at either patient-based, 

or vessel-based or segment-based analysis when compared to invasive coronary angiography 

in terms of sensitivity, specificity, positive predictive value (PPV) and negative predictive 

value (NPV); (c) the absolute number of true positive, true negative, false positive and false 

negative results of prospectively ECG-triggered coronary CT angiography were available or 

could be derived from the available data; (d) effective dose of prospectively ECG-triggered 

protocols was reported in each study. Exclusion criteria were: patients after treatment of 

coronary stenting or coronary artery bypass grafts or percutaneous coronary intervention. 

When multiple reports from a single center were published, all reports were reviewed to 

obtain the most complete information, but studies with potential duplicate or overlapping data 

were excluded from the analysis. 

 

 

10.2.3. Data Extraction and Quality Assessment 
 

Data were extracted repeatedly based on study design and procedure techniques. The 

reviewer assessed the retrieved articles for possible inclusion according to the selection 

criteria. The reviewer looked for the following characteristics in each study: year of 

publication; number of participants; mean age; mean heart rate, heart rate variability and body 

mass index (BMI); percentage of male patients and number of patients receiving beta-

blockers; type of imaging unit used for coronary CT angiography; effective dose estimated in 

each group; number of coronary vessels and segments analysed, and diagnostic accuracy of 

coronary CT angiography in CAD when compared to invasive coronary angiography. 

The quality assessment of included studies was performed using an updated quality 

assessment tool “QUADAS-2” (Quality Assessment of Diagnostic Accuracy Studies) 

guidelines [16]. This revised tool is a considerable improvement over the original tool as it 

allows for more transparent rating of bias and applicability of primary diagnostic accuracy 

studies. 

 

 

 



Zhonghua Sun 136 

10.2.4. Statistical analysis 
 

All of the data was entered into Meta Disc (V 1.4, Meta Analysis for Diagnostic and 

Screening Trials) for analysis. Sensitivity, specificity, PPV and NPV estimates for each study 

were independently combined across studies using a fixed effects model. Between-study 

heterogeneity of the sensitivity, specificity, PPV and NPV estimates was tested using the 

Mantel-Haenszel Chi-squared test with n-1 degree of freedom (n is the number of studies). 

Statistical hypotheses (2-tailed) were tested at the 5% level of significance. 

 

 

10.3. Results 
 

10.3.1. General Information 
 

Twenty-two studies met the selection criteria and 17 studies (with 19 comparisons) were 

finally eligible for analysis [17-38]. Two studies were excluded as the actual number of true 

positive, true negative, false positive and false negative results was not available in these 

studies [37, 38]. Although two studies were reported from the same research group, patient 

data were collected differently, thus both of them were included in the analysis [19, 20].
 
Six 

studies were reported from the same research group over different study periods with data 

being cumulatively accrued [17, 18, 27, 29, 34, 35], but only four of them were used in the 

analysis [17, 18, 27, 29]. Of these four studies that were eligible for analysis, one study 

looked at the effect of calcium scores on the diagnostic value of prospective ECG-triggering 

[17]; another study consisted of the largest number of data collection [18]; one study was 

conducted with use of the second generation of dual-source CT scanner which is different 

from the other two studies performed with single-source CT [27]; while the remaining study 

focused on the diagnostic value of prospective ECG-triggering at low heart rates [29]. 

Another study was also excluded, despite its meeting the selection criterion [36], since the 

study included 33% of patients treated with coronary stents, which interfered with the 

diagnostic value of coronary CT angiography in CAD. Therefore, a total of 5 studies were 

excluded from the analysis. Figure 10.1 is the flow chart showing the search strategy to obtain 

these references. 

 

 

10.3.2. Study Characteristics 
 

Overall, 4345 coronary arteries and 15272 coronary segments were examined in 1063 

patients included in the 17 studies. Table 10.1 lists patient’s characteristics and study details 

related to prospectively ECG-triggered coronary CT angiography. Seven out of 17 studies 

were performed with single-source 64-slice CT, four studies were performed with the first 

generation of dual-source 64-slice CT, four with the second generation of dual-source CT 

(128-slice with a pitch value of up to 3.4), and the remaining two studies with 320-slice CT. 

Seventeen studies provided data at the patient level, 15 at the vessel and 14 at the segment 

level, respectively. On average, 3% of the coronary segments were reported to be non-

diagnostic image quality. 
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Figure 10.1. Flow chart shows the search strategy used to identify eligible references. 

 

10.3.3. Quality Assessment 
 

Quality assessment of all included studies based on the updated QUADAS-2 is shown in 

Table 10.2. Overall, the study quality was satisfactory. For all 17 studies, the investigators 

clearly explained that readers interpreted coronary CT angiography results without any 

knowledge of the invasive coronary angiography results and vice versa. In addition, operators 

and readers of coronary CT angiography were unaware of patient history and symptoms in all 

studies. 

 

 

10.3.4. Patient Characteristics 
 

The mean prevalence of CAD for study patients was 59.5%, and mean BMI was 26.2 

kg/m
2
 and the mean age was 62.6 years. The mean heart rate was less than 65 beats per 

minute (bpm) in 16 studies, while in the remaining study the mean heart rate was 67.7 bmp 

[30]. Patients were referred for coronary CT angiography and invasive coronary angiography 

examinations mainly due to the symptom of typical or atypical chest pain in all of the studies. 

Invasive coronary angiography confirmed that the prevalence of significant CAD (>50% 

lumen stenosis) was found in more than 50% of patients among 17 studies. Calcium scores 

were measured in eight studies with nine comparisons, as one study included two groups of 

patients with different calcium scores [17]. The mean calcium scores were 299.2, indicating 

the high prevalence of coronary artery disease in these studies. Diagnostic accuracy of 

coronary CT angiography with use of prospective ECG-triggering was not affected by the 

presence of heavy calcifications, as reported in one study [17]. 

 

 



 

Table 10.1. Study characteristics of prospectively ECG-triggered coronary CT angiography in the diagnosis of coronary artery disease 

 

Studies 
Year of 

publication 

Detector 

collimation 

No. 

Patients 

No. of 

cases β 

blocker 

%  

Mean age 

(yrs) 

No. 

Male 
HR BMI 

Assessable 

segments 

(%) 

Coronary 

calcium 

score 

Effective dose  

(mSv) 

Stolzman et 

al (17)  
2008 2x32x0.6 100 21 64.2 ± 6.5 62 60.7 ± 5.4 26.1 ± 2.9 96 

316  

(108 ± 107/ 

1000 ± 547) 

2.6±0.8 (3.1±0.5 

for 120 kV 

protocol, 1.7±0.4 

for 100 kV 

protocol)  

Scheffel et al 

(18)  
2008 2x 32x0.6 120 47 68.2 ± 8.5 71 59 ± 6 26.2 ± 3.2 98 238 

2.5 ± 0.8 (3.0±0.5 

for 120 kV 

protocol, 1.6±0.3 

for 100 kV 

protocol) 

Herzog et al 

(19) 
2008 64x0.625 30 67 58.8 ± 9.9 19 55.7 ± 7.9 27.0 ± 4.9 96 NA 2.1 ± 0.7 

Herzog et al 

(20)  
2009 64x0.625 42 83 62 ± 8.4 29 55.4 ± 6.2 26.9 ± 4.4 97 NA 2.1 ± 0.7 

Pontone et al 

(21)  
2009 64x0.625 80 85 64.8 ± 9.6 70 54.7 ± 5.2 27 ± 3.9 96 375 ± 393 

5.7 ± 1.5  

(3.8±1.2/0 

padding, 

5.8±1.8/100 

padding, 

7.4±3.0/200 

padding)  

Maruyama  

et al (22) 
2009 64x0.625 76 0 69.9 ± 9.9 47 54.6 ± 6.9 23.6 ± 4.6 96.6 NA 4.3 ± 1.3 

Leschka et al 

(23) 
2009 2x64x0.6 35 29 62±8 28 58±3 26.2±3.1 99 NA 0.9±0.1 

Dewey et al 

(24) 
2009 320x0.5 30 63 61 ± 10 21 59.6 ± 6.6 NA NA 384 ± 742 

4.2 (3.9 for 

HR<65, 12.3 for 

HR>65) 

LaBounty  

et al (25) 
2010 64x0.625 45 NA 63 ±12 32 56 ± 10 27 ± 4 98.8 NA 2.6 

 



 

Studies 
Year of 

publication 

Detector 

collimation 

No. 

Patients 

No. of 

cases β 

blocker 

%  

Mean age 

(yrs) 

No. 

Male 
HR BMI 

Assessable 

segments 

(%) 

Coronary 

calcium 

score 

Effective dose  

(mSv) 

Carrascoca et 

al (26) 
2010 64x0.625 50 92 62.4 ±12.5 33 57.8 ± 5.6 27.7 ± 3.4 97.9 NA 3.4 ± 0.4 

Alkadhi et al 

(27) 
2010 2x64x0.6 50 30 62 ± 8 38 58 ± 8 26.4 ± 3.1 98.6 NA 1.4 ± 0.4 

Alkadhi et al 

(27)* 
2010 2x64x0.6 50 34 63±8 36 56±10 25.9±2.8 98.9 NA 0.9±0.1 

de Graaf et al 

(28) 
2010 320x0.5 64 NA 61 ± 16 34 60 ± 11 26 ± 3 99 184 ± 223 

10.8 ± 2.8 (3.9 ± 

1.3 at 75% R-R 

interval, 6.0 ±.3.0 

at 65-85% R-R 

interval) 

Husmann et 

al (29) 
2010 64x0.6 61 83 61 ± 11 37 56 ± 7 27 ± 5 NA 481 ± 885 2.1 ± 0.7 

Lu et al (30) 2011 2x32x0.6 62 0 57.7 ± 9.7 42 67.7 ±10.5 25.3 ± 3.0 100 254.9±396.3 2.95 ± 1.39 

Stolazman  

et al (31) 
2011 2x32x0.6 100 83 68 ± 8 58 58 ± 7 26.3 ± 3.1 98.4 162 2.2 ± 0.4 

Achenbach  

et al (32) 
2011 2x64x0.6 50 90 59±12 34 54±6 NA NA NA 0.76±0.08 

Hu et al (33) 2012 2x64x0.6 103 NA 57±6 73 61 24.5±2.9 98.6 NA 0.9±0.2a/1.5±0.3b 

HR-heart rate, BMI-body mass index, NA- not available. 

Alkadhi et al * high pitch mode was applied to this group of patients. 

Hu et al 
a
 Conversion k= 0.017 mSv x mGy x cm

-1
. 

Hu et al 
b
 Conversion k=0.028 mSv x mGy x cm

-1
. 

 

 

 

 

 

 

 

 



 

Table 10.2. QUADAS-2 results for studies performed with prospectively ECG-triggered coronary CT angiography 

 

Studies 

Risk of Bias Applicability Concerns 

Patient 

selection 
Index test 

Reference 

standard 

Flow and 

timing 

Patient 

selection 

Index 

test 

Reference 

standard 

Stolzman et al (17)         

Scheffel et al (18)         

Herzog et al (19)     ?   ? 

Herzog et al (20)        

Pontone et al (21)     ?    

Maruyama et al (22)        

Leschka et al (23)        

Dewey et al (24)        

LaBounty et al (25)        

Carrascoca et al (26)        

Alkadhi et al (27)        

Alkadhi et al (27)*        

de Graaf et al (28)        

Husmann et al (29)        

Lu et al (30)        

Stolazman et al (31)        

Achenbach et al (32)        

Hu et al (33)        

=low risk, =high risk, ?= unclear risk  

Alkadhi et al * high pitch mode was applied to this group of patients. 
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10.3.5. Analysis of Study Heterogeneity 
 

We explored sources of clinical and statistical heterogeneity by performing additional 

analysis of the results. On a segment-based level, a 15-17 segment classification model was 

used in all of these studies. It is expected that all of the four coronary vessels within any 

patient should be included in the analysis. Therefore, calculations of sensitivity and 

specificity involve mixtures (a range of values arising from segments combined with a range 

of values arising from several vessels, but with variations in contributions, by 

presence/absence rather than by magnitude, to numerators and denominators). No statistical 

heterogeneity was found for these analyses (p=0.56-0.72) according to patient-based 

assessment among these studies, so the pooled estimates across studies were used to 

demonstrate the diagnostic performance. However, severe heterogeneity/inconsistency was 

noticed at the vessel-based and segment-based assessment levels (p<0.001), so pooling was 

avoided, and only the mean values across theses studies were described. 

 

 

10.3.6. Diagnostic Value 
 

The mean assessable segments for prospectively ECG-triggered coronary CT 

angiography were 98% (95% CI: 97%, 99%). Pooled estimates and 95% confidence interval 

(CI) of sensitivity, specificity, PPV and NPV of prospectively ECG-triggered coronary CT 

angiography for diagnosis of CAD on a patient-based assessment were 99% (95% CI: 98%, 

100%), 90% (95% CI: 87%, 93%), 93% (95% CI: 91%, 95%) and 99% (95% CI: 97%, 100%) 

(Figs 10.2, 10.3).  

 

Figure 10.2. Plot and table of pooled sensitivity of prospectively ECG-triggered coronary CT 

angiography compared to invasive coronary angiography in 17 studies (19 comparisons) based on 

patient-based assessment. CI-confidence interval. Group A consists of patients with Agatson score less 

than 316, while Group B consists of patients with Agatston score more than 316. Alkadhi et al (27)’s 

study involved comparison of two groups with one group undergoing standard prospective triggering, 

while another group undergoing high-pitch mode. 
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The mean values of sensitivity, specificity, PPV and NPV were 94% (95% CI: 93%, 

96%), 94% (95% CI: 93%, 95%), 85% (95% CI: 81%, 90%), and 97% (95% CI: 96%, 99%), 

according to vessel-based assessment; 91% (95% CI: 90%, 93%), 97% (95% CI: 97%, 98%), 

81% (95% CI: 75%, 88%), 99% (95% CI: 98%, 99%), according to segment-based 

assessment, respectively. 

Diagnostic value of prospective ECG-triggering with inclusion of non-diagnostic 

segments was reported in two studies [19, 28], however, the analysis of these results was not 

conducted as inclusion of non-diagnostic segments could make the diagnostic value invalid. 

In addition to the criterion of 50% coronary stenosis, more than 70% stenosis was also 

analysed in two studies [24, 33]. The limited data of these two studies did not allow a 

statistical analysis.  

 

 

Figure 10.3. Plot and table of pooled specificity of prospectively ECG-triggered coronary CT 

angiography compared to invasive coronary angiography in 17 studies (19 comparisons) based on 

patient-based assessment. CI-confidence interval. Group A consists of patients with Agatson score less 

than 316, while Group B consists of patients with Agatston score more than 316. Alkadhi et al (27)’s 

study involved comparison of two groups with one group undergoing standard prospective triggering, 

while another group undergoing high-pitch mode. 

 

10.3.7. Effective Dose 
 

Effective dose was estimated by multiplying the dose length product with a conversion 

coefficient of 0.014 and 0.017 used in 4 and 13 studies, respectively. The calculation of the 

effective dose in these studies is based on a method proposed by the European Working 

Group for Guidelines on Quality Criteria in CT [39], deriving radiation dose estimates from 

the product of the dose length product and an organ weighting factor for the chest as the 

investigated anatomic region (k = 0.014 or 0.107 mSv*mGy
-1

* cm
-1

 averaged between male 

and female models from Monte Carlo simulations) [40]. In addition to the conversion 
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coefficient of 0.017, a new coefficient of 0.028 mSv*mGy
-1

* cm
-1

 was used as the coefficient 

to calculate the effective dose in another study [33]. This was proposed by Gosling and 

Einstein to reflect the increased weighting factor of the breast during cardiac CT imaging [41-

43]. 

The mean effective dose was 2.91 mSv (95% CI: 1.65, 4.16 mSv) for the prospectively 

ECG-triggered coronary CT angiography among all of these studies. There were 4 studies 

performed with the second generation of dual-source CT scanners, with a high-pitch value of 

up to 3.4 applied in coronary CT angiography. The mean effective dose of the high-pitch 

prospectively ECG-triggered coronary CT angiography was 0.87 mSv (95% CI: 0.75, 0.98 

mSv), and this was significantly lower than that acquired with the conventional prospectively 

ECG-triggered coronary CT angiography, which was 3.53 mSv (95% CI: 2.03, 5.03 mSv) 

(p=0.01). 

A kVp of 100 and 120 was both applied and compared in two studies with use of 

prospectively ECG-triggered protocol, and a reduction of effective dose by up to 46% was 

found in the studies scanned with 100 kVp (mean dose 1.65 mSv) when compared to those 

with 120 kVp (mean dose 3.05 mSv), indicating a further dose reduction of radiation dose 

with use of lower kVp values in patients with BMI less than 25 kg/m
2
. 

Padding was applied in one study to manage patients with heart rate variations [21]. The 

purpose of adding padding is to provide additional phase information to compensate for 

variations in heart rate by adding time before and after the centre phase of the acquisition. 

Padding is generally used when the heart rates are more than 60 bpm or when there exists 

apparent heart rate variability (more than 2 beats/min). Application of padding helps to 

generate diagnostic images in patients with high heart rate variations, however, this leads to 

an increase of effective dose by up to 90% when compared to that from without padding 

groups, as shown in this study. 

 

 

Discussion 
 

In this analysis, we focused on the diagnostic performance of prospectively ECG-

triggered coronary CT angiography for the detection of obstructive coronary artery disease. 

This systematic review and meta-analysis shows three important findings which are 

considered valuable from clinical perspectives. Firstly, the mean assessable segments of 

prospective ECG-triggering are very high (98%), and this indicates a very high value of 

prospective ECG-triggering for evaluation of coronary arteries. Secondly, the analysis shows 

that prospectively ECG-triggered coronary CT angiography has a high diagnostic value 

(>90% for both sensitivity and specificity) in the diagnosis of coronary artery disease in 

patients with a low heart rate, at all three levels (patient-, vessel and segment-based levels). 

This indicates that it could be used as a reliable alternative to retrospective ECG-gating and 

invasive coronary angiography in selected patients. Thirdly, the effective dose associated with 

prospectively ECG-triggered coronary CT angiography is less than 3.0 mSv, which is 

comparable to or even lower than that of invasive coronary angiography. 

Coronary angiography has been increasingly used in cardiac imaging since 64- and more 

slice CT shows improved and promising results in the diagnosis of CAD [1-4]. Several meta-

analyses of studies on the use of retrospectively ECG-gated 64-slice CT reported mean 
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sensitivities and specificities ranging from 85% to 99%, and 86% to 96%, respectively [44-

47]. The mean diagnostic performance reported in this analysis is consistent with those recent 

reports. The very high specificity and negative predictive value of prospective ECG-

triggering allows this technique to be used reliably as an alternative modality for the diagnosis 

of CAD. Based on this analysis, it can be concluded that for the group of patients examined to 

date with coronary CT angiography, use of a prospectively triggered exam has not been 

shown to change patient-based, vessel-based and segment-based sensitivity or specificity 

when compared to the existing data for retrospectively gated exams. 

Despite promising results having been achieved with coronary CT angiography, CT has 

the disadvantage of high radiation dose, which leads to the concern of radiation-associated 

risks [6-8]. Of various approaches that have been recommended to reduce the radiation dose 

of coronary CT angiography, prospective ECG-triggering has been reported to result in a 

significant reduction of effective dose when compared to retrospective ECG-gating [48, 49]. 

This analysis is consistent with these reports with regard to the low effective dose resulting 

from prospective ECG-triggering. With use of prospective ECG-triggering, it is possible to 

produce diagnostic images with effective dose even lower than that of invasive coronary 

angiography. 

Recently, the second generation of dual-source CT scanners was introduced, providing 

long detector coverage with use of 128-slice detectors [50-52]. This dual-source CT scanner 

allows coronary CT angiography to be performed at high pitch values of up to 3.4. In the 

prospectively ECG-triggered coronary CT angiography with 64- or more slice scanners, the 

pitch is set at 1.0 to ensure axial scans, while the applicable pitch is limited to values from 0.2 

to 0.4 in retrospectively ECG-gated scans to ensure gapless volume coverage of the heart. By 

combining high pitch and large detector coverage, coronary CT angiography acquisition time 

is reduced to a quarter of a second, allowing acquisition of the entire heart within a single 

heartbeat with a temporal resolution of 75 ms. Radiation exposure is inversely proportional to 

pitch in the ECG-gated spiral CT. Thus, the high-pitch coronary CT angiography is a low 

radiation dose technique with average values of 1 mSv [12, 13, 53, 54], significantly lower 

than that of standard retrospectively ECG-gated spiral CT even with use of ECG-controlled 

tube current modulation. This is confirmed in this analysis as the mean effective dose of high-

pitch prospectively ECG-triggered coronary CT angiography is 0.87 mSv and this is 

significantly lower than that acquired from the low-pitch protocol, while still maintaining 

high diagnostic accuracy. There are only four studies included in this analysis for assessment 

of the diagnostic performance of prospectively ECG-triggered coronary CT angiography, 

since most of the current studies performed with high-pitch mode focus on image quality and 

radiation dose. Thus further studies are needed to verify its diagnostic value in the detection 

of coronary stenosis with resultant very low dose. 

Appropriate use of lower kVp values (80 or 100 kVp) for coronary CT angiography 

examinations can further reduce radiation dose without compromising the image quality. 

Recent studies utilising dual-source CT compared a 100 kVp protocol to the routine 120 kVp 

for cardiac CT angiography, and demonstrated a dose reduction of 25-54%, with an estimated 

effective dose as low as 4.4 mSv [55, 56]. With use of a lower kVp in prospective ECG-

triggering, a further dose reduction by 46% was achieved with acquisition of diagnostic 

images with a mean dose of less than 2.0 mSv, as indicated in this analysis. Thus, a 

combination of prospective ECG-triggering with a low kVp protocol should be recommended 
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in patients with BMI less than 25 kg/m
2
, since changing tube voltage needs to be correlated 

with the patient’s BMI. 

Some limitations in this analysis should be addressed. Firstly, the publication bias exists 

and may affect the results as non-English publications were excluded. However, it is reported 

that language-restriction meta-analyses overestimated the treatment effect by only 2% on 

average compared with language-inclusive meta-analyses [57]. Secondly, coronary CT 

angiography was performed in patients referred for invasive coronary angiography, creating a 

selection bias of patients with a relatively high prevalence of significant CAD. Significant 

CAD was confirmed in approximately 60% of the patients by coronary angiography in this 

analysis, indicating the high prevalence of CAD among the patients. Thus, the present 

diagnostic performance was achieved in an intermediate-to-high prevalence patient 

population. As a result, the current data (in terms of very high sensitivity and specificity 

values) may not be directly applicable to patients with a low-to-intermediate prevalence of 

CAD. 

Lastly, effective dose based on a conversion factor is only an estimate. Because the 

mathematical modelling done to compute organ doses is based on a standard adult (70kg), 

effective dose estimation can underestimate the risk for children and thin patients and 

overestimate the risk for obese patients. Therefore, one should remember that the uncertainty 

associated with the effective dose estimations could vary as much as 40% in some cases. One 

has to adopt a correction factor when making comparisons with different studies. Although 

the use of effective dose estimates for assessing the exposure of patients has severe 

limitations, the effective dose is still widely used as a dose parameter to reflect the radiation 

risk and compare doses from different diagnostic and therapeutic imaging procedures in 

different hospitals and countries as well as of different technologies for the same medical 

examinations. 

In conclusion, this systematic review and meta-analysis shows that prospectively ECG-

triggered coronary CT angiography has high diagnostic value with a low radiation dose in the 

diagnosis of obstructive coronary artery disease. The very high specificity and negative 

predictive value allows it to be used as a reliable alternative to retrospective ECG-gating in 

patients with a regular and low heart rate. 
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Chapter 11 
 

 

Coronary CT Angiography in  
Coronary Artery Disease:  

How to Use It Wisely and When  

to Request It Appropriately? 
 

 

Abstract  
 

Coronary CT angiography has been increasingly used in the diagnosis of coronary 

artery disease due to rapid technological developments and improved diagnostic 

performance. High diagnostic accuracy has been achieved with 64- and more slice CT 

scanners and in selected patients, coronary CT angiography is regarded as a reliable 

alternative to invasive coronary angiography. Although the tremendous contributions of 

coronary CT angiography to cardiac imaging are acknowledged, appropriate use of 

cardiac CT as the first line technique by physicians has not been well established. 

Optimal selection of cardiac CT is essential to ensure acquisition of valuable diagnostic 

information and avoid unnecessary invasive procedures.  

This is of paramount importance since coronary CT angiography not only involves 

patient risk assessment, prediction of major adverse cardiac events, but also impacts 

physician decision- making on patient management. Applications of CT in cardiac 

imaging include coronary artery calcium scoring for predicting the patient risk of 

developing major cardiac events, followed by coronary CT angiography which is 

commonly used to determine the diagnostic and prognostic accuracy in the coronary 

artery disease. This chapter presents an overview of the applications of CT in cardiac 

imaging in terms of coronary calcium scoring and coronary CT angiography. Judicious 

use of both cardiac CT tools will be discussed with regard to their value in different 

patient risk groups with the aim of identifying the appropriate criteria for choosing a 

cardiac CT modality. An effective diagnostic pathway is finally recommended to 

physicians for appropriate selection of cardiac CT in clinical practice. 

 

Keywords: Coronary artery disease, coronary artery calcium, multislice CT, risk, radiation 

dose 
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11.1. Introduction 
 

The diagnosis and management of coronary artery disease (CAD) is increasingly 

dependent on non-invasive imaging modalities. Recent technological advances have led to a 

considerable increase in image quality for coronary imaging using multislice CT [1-3]. 

Numerous studies have shown that coronary CT angiography, as a less-invasive alternative to 

invasive coronary angiography, has a high diagnostic accuracy for the detection of significant 

coronary stenosis (≥50% lumen stenosis) when compared to invasive coronary angiography 

[3-9]. High quality multislice CT (64-slice and beyond) is not only able to provide reliable 

information on coronary luminal changes, but also has the potential to visualize coronary 

artery wall morphology, characterize atherosclerotic plaques and identify non-stenotic 

plaques that may be undetected by invasive coronary angiography. Studies have shown that 

coronary CT angiography demonstrates high prognostic value in CAD, as it is able to 

differentiate low-risk from high-risk patients [10-12], with very low rate of adverse cardiac 

events occurring in patients with normal coronary CT angiography, and significantly high rate 

of these events in patients with obstructive CAD. 

It has been a regular procedure to perform coronary artery calcium (CAC) scoring and 

coronary CT angiography for the diagnosis of patients with suspected CAD. Results dealing 

with the incremental prognostic value of CAC scoring used in combination with coronary CT 

angiography have recently been published [13]. Although satisfactory results have been 

achieved in these studies, with strengths and weaknesses being addressed, very few studies 

have specifically examined the clinical applications of coronary CT angiography in the 

particular target population, or risk stratification and assessment with regard to the judicious 

use of coronary CT angiography [14-16]. Identification of the exact role of coronary CT 

angiography in patients from different risk groups is clinically significant as this could lead to 

unnecessary examinations due to the fact that multislice CT is an imaging modality with high 

radiation dose. In addition, appropriate selection of coronary CT angiography is of paramount 

importance for physicians to choose it as a gatekeeper for further diagnostic testing. This 

chapter explores how physicians should use coronary CT angiography wisely in terms of the 

clinical value of coronary calcium scoring to predict the extent of coronary artery disease or 

cardiac events, and coronary CT angiography in patients from different risk groups with a 

focus on low to intermediate risk patients. The potential value and benefits of coronary CT 

angiography in asymptomatic patients are also explored. Finally, this chapter looks at when 

physicians should request coronary CT angiography appropriately from a clinical point of 

view by following the appropriate imaging pathways. 

 

 

11.2. Current Status of Coronary CT Angiography 
in Coronary Artery Disease 

 

With recent progress in the technical developments of multislice CT scanners, images can 

be acquired in a very short time with high spatial resolution. In particular, the development of 

64- or more slice CT scanners allows acquisition of cardiac images with a temporal resolution 

that is a fraction of the length of the cardiac cycle with an isotropic volume resolution of less 

than 0.5 mm [9, 17]. Non-diagnostic coronary CT angiography studies have decreased from 
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15-25% with the early generation of 4- and 16-slice CT scanners to less than 10% with 64-

slice CT scanners [17, 18]. The cost of performing a coronary CT angiography examination is 

much lower than that of an invasive coronary angiography, and is equivalent to an imaging 

stress test. Unlike invasive coronary angiography, which is associated with procedure-related 

complications, coronary CT angiography is a less invasive modality with very rare occurrence 

of complications resulting from CT examinations. Consequently, there has been an extensive 

interest in the clinical application of coronary CT angiography in the evaluation of patients 

with suspected CAD. 

Most studies have reported the diagnostic accuracy of coronary CT angiography on 

coronary segment-based, coronary artery vessel-based and patient-based assessment. Several 

meta-analyses of studies on the use of 64-slice CT reported mean sensitivities and 

specificities ranging from 85% to 99%, and 86% to 96%, respectively [3, 8, 19, 20]. Given 

the dependence of positive predictive value and negative predictive value on the prevalence 

of disease, the relatively high prevalence of significant CAD as determined by invasive 

coronary angiography in many of these selected study populations compared to the general 

population raises a concern in appraising the value of coronary CT angiography in clinical 

practice. It has been shown that significant statistical heterogeneity exists among published 

studies, with smaller studies reporting higher diagnostic accuracy of coronary CT 

angiography in CAD [21].  

Two recent multicentre studies discussed several methodological limitations of coronary 

CT angiography, as patients with high calcium scores were excluded from the analysis of one 

study, while in another study, no segments were excluded from the analysis despite high 

calcium scores [4, 6]. Therefore, reports of the diagnostic value of coronary CT angiography 

in CAD in the literature need to be interpreted with caution. 

 

 

11.3. Coronary Artery Calcium Scoring – 
Predictive Value 

 

Quantifying the amount of coronary artery calcium with unenhanced CT calcium scoring 

has been widely accepted as a reliable non-invasive technique for screening risk of future 

cardiac events [22 23], and is usually quantified by using the Agatston score or scores such as 

the volume score or calcium mass [24-26].  

Clinical application of CAC has been supported by evidence showing that absence of 

calcium reliably excludes obstructive coronary artery stenoses [27], and that the amount of 

CAC is a strong predictor for risk assessment of myocardial infarction and sudden cardiac 

death, independent of conventional coronary risk factors [28-30]. However, the prognostic 

value of CAC depends on the risk groups as to whether patient risk is reclassified and patient 

management can be changed based on CAC scores when compared to traditional risk 

assessments [31].  

The Framingham risk score is one of the most commonly used risk-estimation systems, 

which enables clinicians to estimate cardiovascular risk in asymptomatic patients. It is 

calculated using traditional risk predictors, including age, gender, total cholesterol, high-

density lipoprotein cholesterol, smoking status, and systolic blood pressure, and is 

represented as a 10-year risk score for the prediction of coronary heart disease events [32]. 
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However, there is growing evidence to show that these traditional risk assessment methods, 

based on risk factor analysis, have significant limitations when used to guide individual 

patient therapy [32-24]. CAC score by multislice CT has been increasingly used as an 

additional assessment tool to evaluate the risk of developing major cardiac events in 

asymptomatic and symptomatic patients. 

 

 

11.3.1. Coronary Artery Calcium Scoring–Predictive Value in 
Asymptomatic Patients 

 

In asymptomatic individuals, zero CAC is associated with a very low (<1% per year) risk 

of major cardiac events over the next 3-5 years, whereas in asymptomatic patients with 

extensive coronary calcification, the major cardiac events have been reported to be increased 

by up to 11-fold [35-37]. Several large population-based studies have reported that in 

asymptomatic patients without known CAD, CAC is predictive of future cardiac events above 

and beyond traditional risk factors [38-40]. The recent population-based multi-ethnic study of 

atherosclerosis, conducted in 6,722 asymptomatic patients belonging to four racial ethnic 

groups and followed for 3.8 years, showed a significant difference in the prevalence of CAC 

among different ethnic groups.  

Nonetheless, CAC has demonstrated incremental prognostic value over traditional risk 

factors, with a seven-fold increase in the incidence of cardiac events for Agatston scores >100 

when compared with patients with zero CAC [38]. 

Other studies evaluating the prognostic value of the measurement of CAC have shown 

that coronary calcification is predictive of cardiac events in asymptomatic patients with 

different age groups [39-41]. LaMonte et al in their study consisting of nearly 11,000 patients 

ranging from 22 to 96 years of age who underwent a screening medical examination, reported 

increased cardiac events in patients with coronary calcium scores of 400 or more during a 

mean follow-up of 3.5 years [40].  

In the Prospective Army Coronary Calcium Project among men and women 40 to 45 

years of age, Talyor et al concluded that the presence of coronary calcium was associated 

with an increase in the risk of coronary events by a factor of 12 during 3 years of follow-up 

[39]. Similarly, higher calcium scores were found to be associated with the relative risks of 

coronary events in the population-based Rotterdam Study of elderly asymptomatic patients 

[41]. 

 

 

11.3.2. Coronary Artery Calcium Scoring– Prognostic Value in 
Symptomatic Patients 

 

Coronary calcification is considered only marginally related to the degree of coronary 

stenosis and it is well known that both obstructive and non-obstructive CAD can occur in the 

absence of calcification [42-44].  

Significantly, coronary stenoses are frequently found to be non-calcified (Figure 11.1), 

and highly calcified plaques are frequently non-obstructive. Thus, the value of a zero or low 

calcium score (a low coronary calcium score is defined as an Agatston score of 1 to 100 

because a coronary calcium score of 100 is often used as a cut-off point for risk assessment) 
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in symptomatic patients remains unclear. Several studies have reported the presence of 

obstructive non-calcified plaque in up to 8.7% of symptomatic patients with zero or low 

calcium score [45-47].  

The question has been raised as to whether only using CAC score is a reliable tool to 

determine the extent of CAD, since non-calcified coronary artery plaque may not be detected. 

Cheng et al reported that low but detectable CAC scores are less reliable in predicting plaque 

burden due to their association with high overall non-calcified coronary artery plaque [45]. 

They concluded that low CAC scores are significantly less predictive of prevalence or 

severity of underlying non-calcified coronary plaque. 

 

 

Figure 11.1. Coronary CT angiography in a 43-year-old male presenting with chest pain and raised 

cardiac enzymes shows non-calcified plaque at the left main and left anterior descending arteries 

(arrows) causing a complete total occlusion of these vessels. 

It has been recently suggested in some studies that coronary CT calcium score assessed 

with unenhanced CT may be supported by coronary CT angiography, or coronary CT 

angiography may be performed alone with the aim of acquiring more diagnostic information 

[48-50]. Coronary CT angiography allows not only visualization of the vessel lumen, but also 

of the vessel wall, including composition of atherosclerotic plaque (calcified versus non-

calcified or mixed type of plaques).  

However, the contrast enhancement in the coronary artery vessels may obscure detection 

of plaque, especially the presence of extensively calcified plaques, and thus may obviate 

reliable measurements of plaque density. Coronary CT angiography was found to 

underestimate higher Agatston scores [48]. It has been reported in that study that coronary CT 

angiography allows for the detection of CAC with high accuracy, as well as good correlation 



Zhonghua Sun 156 

with unenhanced CT calcium score. In contrast, in patients with zero or low calcium score, 

coronary CT angiography was found to provide additional valuable information on patient 

management as coronary CT angiography detected obstructive coronary lesions in 7% of 

patients with a zero score and in 17% with a low CAC score.  

Their study indicated that in symptomatic patients with a zero or low CAC score on CT 

CAC scoring can be used to exclude an acute or long-term coronary syndrome, whereas 

coronary CT angiography is recommended as the non-invasive test of choice in these patients 

[48]. Similarly, van Werkhoven et al in their recent report showed that coronary CT 

angiography provided additional prognostic information regarding stenosis severity and 

plaque composition when compared to CAC score for risk stratification in patients with 

suspected CAD.  

Their study involved analysis of plaque composition with coronary CT angiography, and 

results showed that the number of segments with non-calcified plaques and the number of 

segments with mixed plaques was found to be independently associated with increased risk 

for adverse cardiac events [50]. 

 

 

11.4. Coronary CT Angiography in High-Risk 
Patients 

 

The pre-test probability of CAD may have a significant impact on the diagnostic 

performance of the CT scan. Pre-test probability or likelihood is defined according to 

Diamond and Ferrester criteria, which are based on age, gender and symptomatic status [51]. 

Intermediate likelihood is defined as a pre-test probability between 13.4% and 87.2%, while 

low and high pre-test probability are defined as less than 13.4% and more than 87.2%, 

respectively. It is noticed that the diagnostic performance of coronary CT angiography is 

different in patients from different risk groups.  

The diagnostic accuracy of coronary CT angiography has been extensively studied in 

populations with a high pre-test likelihood for CAD [17-20]. However, this population is 

unlikely to benefit from coronary CT angiography because most patients require invasive 

coronary angiography for the purpose of revascularization. Meijboom et al in their 

prospective study observed that, in patients with a high pre-test likelihood for CAD, 

interpretations using coronary CT angiography failed to significantly change the post-test 

probability of significant CAD.  

Thus, normal findings of coronary CT angiography did not result in a sufficient reduction 

of the post-test probability to reliably rule out the presence of significant CAD. These data 

indicate that the majority of these symptomatic patients are likely to proceed to invasive 

coronary angiography despite the negative coronary CT angiography findings [15]. Coronary 

CT angiography is considered to be of limited clinical value in the evaluation of the high pre-

test probability group.  

In patients with a high pre-test likelihood for significant stenosis, functional evaluation, 

such as myocardial perfusion imaging, may be more relevant than coronary CT angiography 

to determine the need for revascularization. 
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11.5. Coronary CT Angiography in Low-  
And Intermediate- Risk Patients 

 

In contrast to the high pre-test probability group, patients with an intermediate or low 

pre-test likelihood for CAD might receive more benefit from coronary CT angiography. A 

very high negative predictive value (>99%) of coronary CT angiography reliably rules out the 

presence of significant CAD and can be used as a highly effective gatekeeper for invasive 

coronary angiography [14, 52, 53]. Thus, when coronary CT angiography is used in a patient 

population with a low or intermediate pre-test likelihood, the need for additional imaging will 

be restricted to those patients with an abnormal finding from coronary CT angiography. 

Consequently, the use of coronary CT angiography could avoid invasive coronary 

angiography in most patients. This concept is also supported by relevant data about cost-

effectiveness. Min et al investigated the value of coronary CT angiography as a first line test 

compared to myocardial perfusion imaging using single photon emission computed 

tomography (SPECT) in patients with a low to intermediate pre-test likelihood. They 

concluded that lower referral rates to invasive coronary angiography and lower healthcare 

costs were observed in their low-risk group [54]. 

Diagnostic value of coronary CT angiography in the detection of atherosclerosis in low- 

to intermediate-risk groups has been confirmed in a latest study performed by 64-slice CT 

compared to myocardial perfusion imaging. Iwasaki et al in their study used 64-slice CT to 

detect subclinical atherosclerosis in 415 asymptomatic patients with more than 95% 

belonging to low- and intermediate-risk groups [55]. Their results showed very high 

prevalence (71%) of subclinical atherosclerosis in patients with low to intermediate risk 

patients, with one-fifth of them having significant coronary stenosis. This is supported by 

other studies showing the high prevalence of atherosclerosis. Hausleiter et al reported the 

prevalence of coronary plaques was 67.1% in their study comprising of 161 patients with an 

intermediate risk for coronary artery disease [46]. Choi et al studied 1000 middle-aged 

asymptomatic patients with 64-slice CT and noticed the prevalence of 22% atherosclerotic 

plaques in these patients [56]. These studies further testified that coronary CT angiography is 

a valuable imaging modality for detection of atherosclerotic changes in the low- to 

intermediate-risk patients. 

 

 

11.6. Coronary CT Angiography in Asymptomatic 
Patients 

 

Despite the high diagnostic accuracy of coronary artery stenosis and prognostic power of 

coronary CT angiography in symptomatic patients, to date there have been very limited 

publications evaluating the prognostic potential of coronary CT angiography in asymptomatic 

patients. Although only limited data are available in asymptomatic patient populations, it is 

possible that coronary CT angiography is valuable for risk stratification in these patients, 

since coronary CT angiography can be used to detect atherosclerosis for long-term risk 

assessment [57-59]. The prevalence of atherosclerosis was reported to be 22% in a recent 

study consisting of 1,000 asymptomatic individuals undergoing coronary CT angiography, 
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with 5% and 2% being observed in ≥50% CAD and ≥75% CAD, respectively [57]. Cardiac 

events occurred in 1.5% of individuals during a follow-up of 17 months, all of whom had 

atherosclerosis on coronary CT angiography. These data indicate that coronary CT 

angiography is currently not acceptable as a general screening tool and CAC score testing 

may be a preferable option. However, non-invasive coronary CT angiography may potentially 

be used as a test in the workup of asymptomatic individuals with cardiac risk characteristics 

[57-60]. 

It has been recently confirmed that performing coronary CT angiography before invasive 

coronary angiography is a cost-effective strategy in the management of patients without 

symptoms who have positive stress rest results [59]. It is generally believed that a patient at 

low risk who has a positive stress test result (such as treadmill ECG studies, stress 

echocardiography, and radionuclide stress studies) is often referred for cardiac 

catheterization, especially when the positive stress test result is obtained in a preoperative 

workup. Halpern et al in their study using decision tree analysis reported that when a patient 

with an expected CAD prevalence of less than 85% is found to have a positive test result, 

coronary CT angiography is a less expensive alternative to invasive coronary angiography 

[59].
 
Although most patients undergo screening for CAD with stress tests to obtain functional 

and perfusion information which is not available with coronary CT angiography, a meta-

analysis on more than 35,000 patients with coronary angiography as the reference standard 

showed that only average sensitivity and specificity was achieved with stress 

echocardiography and SPECT [61]. Thus, the use of coronary CT angiography in 

asymptomatic patients can avoid unnecessary invasive cardiac angiography procedures. 

 

 

Summary and Conclusion 
 

The introduction of coronary CT angiography has significantly changed the clinical 

diagnostic approach to CAD. There is no doubt that, in patients with clinical suspected CAD, 

coronary CT angiography plays a significant role in establishing or excluding the diagnosis. 

With a very high negative predictive value, coronary CT angiography is widely regarded as a 

reliable technique in clinical practice to exclude significant CAD. 

Use of coronary CT angiography for diagnosis and risk assessment in patients with low 

or intermediate risk or pretest probability for coronary artery disease is favourably preferred, 

whereas in high-risk patients, coronary CT angiography is less favourably recommended. Use 

of non-contrast CT for coronary artery calcium scoring is considered an appropriate approach 

in low- and intermediate-risk patients for prediction of cardiac events, while in symptomatic 

or high- risk patients, its predictive value is less reliable due to high prevalence of non-

calcified plaques. Appropriate selections of cardiac CT will have a significant impact on 

physician decision-making and performance that will guide appropriate patient management 

strategies. Figure 11.2 is a flow chart that recommends the CT imaging pathways for 

physicians to choose coronary CT angiography appropriately in patients with suspected 

coronary artery disease and within different pre-test probabilities or risk groups. It is expected 

that these imaging pathways will assist physicians, particularly cardiologists, to make 

judicious use of cardiac CT in their clinical practice. 
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Figure 11.2. Flow chart shows the imaging pathways for appropriate selection of coronary  CT 

angiography in patients with suspected CAD. CAD-coronary artery disease, CCTA-coronary CT 

angiography, CAC-coronary artery calcium, MI-myocardial infarction. 
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Chapter 12 
 

 

Coronary CT Angiography:  
Current Status and  

Continuing Challenges 
 

 

Abstract  
 

Coronary CT angiography represents one of the most exciting advances in the 

medical imaging field and it has been increasingly used in the diagnosis of coronary 

artery disease due to rapid technological developments. Although satisfactory results 

have been reported in the literature with use of 64- and more slice CT, there exist a 

number of challenges and controversies with respect to the diagnostic accuracy and 

appropriate use of coronary CT angiography in patients with suspected coronary artery 

disease. The purpose of this chapter is to discuss the diagnostic role of coronary CT 

angiography in the workup of coronary artery disease, including technical and diagnostic 

challenges; diagnostic value of coronary CT angiography in patients from different risk 

groups; radiation dose issue; awareness of radiation dose by physicians and patients; and 

finally when physicians should refer coronary CT angiography to patients with suspected 

coronary artery disease. 
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12.1. Introduction 
 

Coronary artery disease (CAD) remains the leading cause of death in many advanced 

countries and its prevalence is increasing among developing countries [1, 2]. In 2001, CAD 

was reported to be responsible for 7.3 million deaths and 58 million disability-adjusted life 

years lost worldwide [3]. CAD is the leading cause of cardiovascular death throughout the 

world. According to recent World Health Organization statistics for 2007, cardiovascular 

deaths account for 33.7% of all deaths worldwide, whereas cancer represents 29.5%, other 

chronic diseases 26.5%, injury 7%, and communicable diseases 4.6% [4]. Cardiovascular 

disease costs more than any other diagnostic group [1]. The total direct and indirect cost of 

cardiovascular disease and stroke in the United States for 2010 is estimated to be $503.2 
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billion. In contrast, in 2008, the estimated cost of all cancer and benign neoplasms was $228 

billion. In light of the current global focus on healthcare utilization, costs, and quality, it is 

essential to monitor and understand the magnitude of healthcare delivery and costs, as well as 

the quality of healthcare delivery in relation to the CAD. Invasive coronary angiography is 

widely used as a reliable technique to diagnose CAD because of its superior spatial and 

temporal resolution. However, it is an invasive and expensive procedure with associated 

morbidity and mortality [5]. Furthermore, invasive coronary angiography usually requires a 

short hospital stay and causes discomfort for the patients. Therefore, a non-invasive technique 

for imaging of the coronary artery disease is highly desirable. The diagnosis and management 

of CAD is increasingly dependent on non-invasive imaging modalities. Over the last decades, 

non-invasive coronary imaging modalities have undergone rapid developments, such as 

electron-beam CT (EBCT) and magnetic resonance imaging [6, 7]. Despite encouraging 

results, neither of these techniques has been considered suitable for routine clinical use in the 

diagnosis of CAD. Imaging of the heart and coronary artery tree has moved into a new 

diagnostic era with the introduction of multislice CT and development of 

electrocardiography-synchronized scanning and reconstruction techniques [8, 9]. Recent 

technological advances have led to a considerable increase in image quality for coronary 

imaging using multislice CT. Numerous studies have shown that coronary CT angiography 

has a high diagnostic accuracy for the detection of significant CAD (>50% lumen stenosis) 

when compared to invasive coronary angiography [10-13]. High quality multislice CT (64-

slice and higher) is not only able to provide reliable information on coronary luminal changes, 

but also has the potential to visualize morphological changes of the coronary artery wall, 

characterize atherosclerotic plaques and identify non-stenotic plaques that may be undetected 

by invasive coronary angiography. Studies have shown that coronary CT angiography 

demonstrates high prognostic value in CAD, as it is able to differentiate low-risk from high-

risk patients [14, 15], with very low rate of adverse cardiac events occurring in patients with 

normal coronary CT angiography, and significantly high rate of these events in patients with 

obstructive CAD. Although satisfactory results have been achieved with coronary CT 

angiography, and in selected patients, it is recommended as a reliable alternative to invasive 

coronary angiography, there are controversial reports in the literature with regard to the 

diagnostic value of coronary CT angiography. In addition, a number of challenges exist for 

coronary CT angiography before it becomes a routine imaging modality to replace invasive 

coronary angiography. This chapter focuses on exploration of the technical, clinical and 

diagnostic challenges of coronary CT angiography in the diagnosis of CAD. Controversial 

areas are also explored, such as variable reports of diagnostic value of coronary CT 

angiography in the literature due to different study designs; when coronary CT angiography 

should be referred by physicians to patients for CAD detection and diagnosis, and whether 

coronary CT angiography is appropriately selected and utilized as a first line technique for 

reduction of the unnecessary invasive angiography examinations. 

 

 

12.2. Technical Challenges of Coronary CT 
Angiography 

 

To acquire images with minimal or no artefacts due to cardiac motion, very short 

exposure times are required for the acquisition of axial images of the heart and coronary 
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artery. High temporal resolution is particularly important for imaging the coronary artery and 

its branches as they are located very close to the myocardium and demonstrate strong 

movement during cardiac cycle. Traditionally, non-invasive imaging of the heart and 

coronary artery is performed with contrast-enhanced EBCT due to its high temporal 

resolution (50-100 ms). However, the diagnostic value of sensitivity and specificity of EBCT 

is limited because of the low spatial resolution (1.5 mm to 3.0 mm along the longitudinal 

axis). This restricts its diagnostic value in accurately evaluating the severity of coronary 

artery disease. After the arrival of multislice CT scanners in the late 1990s, the use of EBCT 

became scarce and was eventually replaced by multislice CT from 2003 onwards. 

Improved temporal resolution in cardiac CT is achieved by fast rotation of the X-ray 

tube, but even more importantly by a dedicated reconstruction algorithm [16]. The temporal 

resolution of multislice CT scanners is essentially determined by the speed of gantry rotation. 

The half-scan reconstruction technique is the method of choice in all modern multislice CT 

scanners for image reconstruction in cardiac CT applications. A temporal resolution of about 

250 ms is estimated to be appropriate for motion free imaging in the diastolic phase up to a 

heart rate of about 60 beats per minute (bpm), about 200 ms up to a heart rate of 70 bpm, and 

approximately 100-150 ms for imaging heart rates up to 90 or even higher bpm [17, 18]. The 

temporal resolution for 4-slice CT is 250 ms which restricts the diagnostic applications of 

coronary CT angiography to a greater extent. With 16- and 64-slice CT, the temporal 

resolution is reduced to 165 ms, and to 75 ms with dual-source CT (even down to 37.5 ms 

using 2-segment reconstruction algorithm) [19], thus, diagnostic performance of coronary CT 

angiography has been improved significantly. Therefore, there is a strong demand for the 

improvement of temporal resolution of multislice CT scanners, so that coronary CT 

angiography can be extended to image patients with high heart rates. Improvement of spatial 

resolution in multislice CT is of particular importance for the evaluation of CT coronary 

calcification scoring and coronary CT angiography. Many cardiac structures, especially the 

coronary arteries and corresponding side branches represent small and complex 3D structures 

that require very high and submillimeter isotropic spatial resolution with longitudinal 

resolution close or equal to in-plane resolution (0.4-0.6 mm) [17]. With early generation of 

multislice CT scanners such as 4-slice CT, the diagnostic accuracy is limited due to inferior 

spatial resolution, and the unassessable segments could be as high as more than 30% in 

studies performed with 4-slice CT [20]. With the introduction of 16- and 64- slice CT, and the 

development of 256- and 320-slice CT, acquisition of isotropic volume data is made available 

(isotropic voxel 0.5 x 0.5 x 0.5 mm
3 

or 0.6 x 0.6 x 0.6 mm
3
), thus detection of main and side 

coronary artery branches is significantly improved when compared to earlier types of 

multislice CT scanners [10, 20]. In summary, isotropic volume data is available with 64- or 

more slice CT scanners, which enables excellent visualization of both main and side branches 

of coronary artery tree. The temporal resolution of current multislice CT scanners is still 

inferior to that of invasive coronary angiography. However, with developments of dual-

source CT (DSCT) and use of reconstruction algorithms, it is possible to achieve a temporal 

resolution between 37.5 ms and 75 ms, thus, imaging patients with high heart rates or no need 

to control heart rates has become a reality. Table 12.1 lists the technical details of different 

generations of the multislice CT scanners. 



 

Table 12.1. Technical details in terms of spatial and temporal resolution for different generations of multislice CT scanners 

 

Maximum Resolution 4-slice CT 16-slice CT 

64-slice CT 

256-slice CT 
320-slice 

CT 

Invasive 

coronary 

angiography 

Single-source  Dual-source 

Maximum Spatial 

resolution 

(x, y, z-axis mm
3
) 

0.6 x 0.6 x 

1.0 

0.5 x 0.5 x 

0.6 

0.5 x 0.5 x 

0.5/ 

0.6 x 0.6 x0.6 

0.5 x 0.5 x 

0.5/ 

0.6 x 0.6 

x0.6 

0.67 x 0.67 x 

0.67 

0.5 x 0.5 x 

0.5 
0.2 x 0.2 

Maximum Temporal 

resolution (ms) 
250 165 165 75 135 175 10 
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12.3. Diagnostic Challenges of Coronary CT 
Angiography 

 

Over the last decade a great deal of interest has been focused on imaging and diagnosis of 

CAD using multislice CT, due to its less invasive nature and improved spatial and temporal 

resolution. Moderate to high diagnostic accuracy was achieved with 64- or more slice CT, 

owing to further technical improvements [10, 21-24]. These studies have indicated that 

coronary CT angiography has high accuracy for the diagnosis of CAD and could be used as 

an effective alternative to invasive coronary angiography in selected patients. However, there 

are a number of challenges that need to be resolved with respect to the diagnostic accuracy of 

coronary CT angiography. 

One of the main difficulties for cardiac imaging is that image quality highly depends on 

heart rate. Despite promising results having been achieved with recent multislice CT 

scanners, the assessability and diagnostic accuracy are still higher in patients with a lower 

heart rate, and deteriorate at a higher heart rate [20]. Thus, beta-blockers are frequently used 

in coronary CT angiography performed with 64- or more slice CT scanners with the aim of 

lowering the heart rate to less than 65 bpm. DSCT offers improved temporal resolution 

compared to single-source 64-slice CT, thus, high diagnostic accuracy can still be achieved 

with use of DSCT in a wide range of patients with higher and even irregular heart rates [25, 

26]. Despite slightly lower per-segment evaluablility in patients with higher heart rates, 

DSCT did not show decrease in diagnostic accuracy for the detection of coronary stenoses 

[27, 28]. DSCT improves temporal resolution which is vital in those patients who cannot 

sustain beta blockage or do not respond well to the heart control with use of beta blockers. 

It has been well established that the diagnostic value of coronary CT angiography is 

hindered by the presence of extensive calcification in the coronary artery tree. According to 

several meta-analyses [20-23], high-density calcification produces blooming artefacts which 

lead to overestimation of the degree of coronary stenosis, thus resulting in low positive 

predictive value. Patients with high Agatston calcium scores are generally excluded from 

studies using coronary CT angiography. Specifically, calcium scores greater than 400 were 

found to significantly reduce the diagnostic specificity due to high number of false positive 

cases. This was confirmed by the three recently published prospective studies investigating 

the effect of high calcium scores or body mass index (BMI) on the diagnostic value of 

coronary CT angiography [11-13]. Results from these studies showed that a high patient-

based specificity of more than 90% was achieved when patients with BMI >40 kg/m
2
 and a 

calcium score of more than 600 were excluded from the analysis, whereas a low to moderate 

specificity of 64% and 83% was reported in the studies with inclusion of patients with poor 

image quality and extensive calcification [12, 13]. These conflicting findings indicate the 

challenge of coronary CT angiography in patients with suspected CAD in the presence of 

high calcium scores or extensive calcification, or large BMI. 

Diagnostic value of coronary CT angiography in CAD is usually assessed according to 

either patient-based, or vessel-based, or segment-based criterion. However, the reports in the 

literature should be interpreted with caution as there is a lack of uniform criteria for the 

assessment of the coronary arteries and associated branches or segments. Studies performed 

with early generations of multislice CT, such as 4- and 16-slice CT scanners involved 

assessment of coronary arteries based on a wide variation ranging from 9 to 17-segment 
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classification [20], so this indicates a variation of the data analysis, thus affecting the results 

to a greater extent. A 15- to 17-segment classification according to American Heart 

Association is commonly used in the majority of studies performed with 64-slice CT 

scanners, thus, leading to more consistent results [10, 22-24]. Similarly, a significant variation 

was reported on a vessel-based evaluation. It is expected that all of the four coronary vessels 

within any patient should be included in the analysis; however, in some studies, the average 

coronary arteries per patient to be evaluated ranged from 2.77 to 4.0 [29-31]. In addition, the 

unevaluable segments (mainly the distal small coronary segments) were excluded from the 

analysis in most of the studies [10, 20], so this could lead to high diagnostic accuracy in 

studies performed with 16-slice coronary CT angiography. 

Another limitation of coronary CT angiography is the criterion of determining significant 

coronary stenosis which is set at more than 50% lumen stenosis, as this is normally performed 

in most of the studies. A recent study has reported that diagnostic performance of coronary 

CT angiography is optimal for predicting the hemodynamically significant stenosis when the 

degree of stenosis is more than 60% [32]. Future studies adopting the suitable cut-off value of 

stenosis degree are required to ensure the validity of diagnostic performance of coronary CT 

angiography in CAD. 

In summary, given the above-mentioned challenges, the reported diagnostic value of 

coronary CT angiography in the detection and diagnosis of CAD could be variable according 

to the literature, due to the heterogeneity of study designs. Therefore, standardized protocols 

should be implemented across institutions with the aim of reducing variation across patients 

and facilities. 

 

 

12.4. Radiation Dose Challenges of Coronary CT 
Angiography 

 

12.4.1. Radiation-Induced Risk and Dose Reduction 
 

Radiation exposure associated with coronary CT angiography has increased substantially 

over the past two decades and it has raised a major concern in the medical field that needs to 

draw attention to both clinicians and manufacturers. The general view about radiation dose is 

that coronary CT angiography is associated with a risk of cancer development [33-36]. 

Therefore, coronary CT angiography should be performed with dose-saving strategies 

whenever possible to minimize or reduce the radiation dose to patients. 

Effective dose is a single parameter used to reflect the relative risk from exposure to 

ionizing radiation. The calculation of the effective dose of coronary CT angiography takes 

into account the biological effect of the radiation on the heart because each organ is given a 

tissue weighting depending on its individual susceptibility to the effects of ionizing radiation. 

The tissue weightings are derived from the ICRP (International Commission on Radiological 

Protection) which focuses on all aspects of protection from ionizing radiation. The conversion 

factor used to calculate effective dose from coronary CT angiography has been upgraded 

from 0.014 to 0.028, thus, doses from coronary CT angiography could be significantly 

underestimated due to failure of using a cardiac specific conversion factor in the recent ICRP 

documentation [37-39]. Appropriate conversion factors are needed to accurately estimate 
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effective dose. A conversion factor of 0.014 or 0.017 is commonly used in many cardiac CT 

studies to estimate the effective dose associated with coronary CT angiography, as shown in 

the previous chapters, thus, this could lead to variable ranges in the reported effective dose. 

As a result, the dose-length product or CT dose index is recommended to compare the 

radiation exposure of coronary CT angiography [40]. 

As the use of cardiac CT continues to grow, particularly in young adult patients, concern 

over the population dose from CT is being widely expressed in the scientific literature [34, 

41, 42]. It has become clear that the responsible use of CT is absolutely necessary in terms of 

justifying and adjusting scanning techniques. In response to these concerns, the radiology 

community (radiologists, medical physicists, and manufacturers) has worked to implement 

ALARA (as low as reasonably achievable) principles in CT imaging [43, 44]. The guiding 

principle for dose measurement in cardiac CT is that the right dose for a cardiac CT 

examination takes into account the specific patient attenuation and the specific diagnostic 

purpose. The reader is referred to several excellent review articles on dose reduction 

strategies currently recommended in coronary CT angiography [19, 40-43]. 

For comparison, the radiation dose of diagnostic coronary angiography is between 3 and 

9 mSv, while the average yearly background radiation dose is around 2.4 mSv, but this varies 

between populations [45]. About 10% of people worldwide are exposed to annual effective 

doses greater than 3 mSv [35]. As shown in the previous chapters, it is possible to produce the 

radiation dose from coronary CT angiography equivalent to or even lower than that from 

invasive coronary angiography if appropriate dose-saving strategies are implemented. With 

most recent multislice CT scanners such as 320-slice CT, whole heart coronary CT 

angiography has the potential to significantly reduce the radiation dose compared with 

invasive coronary angiography while maintaining high diagnostic accuracy [46]. 

 

 

12.4.2. Awareness of Radiation Dose  
 

As public awareness of medical radiation exposure has increased recently, there has been 

intensified awareness among patients, physicians, and regulatory agencies of the importance 

and need for holistic benefit-and-risk discussions as the basis of information consent in 

medicine [47]. Communicating benefits and risks of CT scans in a comprehensive manner 

between physicians and patients is a challenge, as this could lead to potential harm if the 

patient avoids appropriate and medically necessary imaging because of misunderstanding or 

unfounded fears [48, 49]. 

 

 

12.4.3. Awareness of Radiation Dose by Physicians 
 

Although ionizing radiation has been established to be linked to the cancer development, 

with increased concern having been expressed widely in the literature, the knowledge of 

health care professionals about the radiation doses arising from CT scans is limited and 

inadequate, regardless of the field of expertise [50-55]. Studies have shown that physicians 

and radiologists lack awareness of the potential risk associated with common radiological 

examinations, especially CT imaging [51, 55]. Krille et al conducted a systematic review of 

14 primary research articles on physicians’ knowledge of radiation dose from CT and other 
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diagnostic imaging procedures and associated risks. Their analysis indicated there is a 

moderate to low level of knowledge and radiation risk awareness among the physicians [55]. 

Wong et al in their recent questionnaire study assessed the general awareness of radiation 

exposure associated with radiological imaging, and their results indicated that physicians and 

radiologists’ knowledge on radiation dose related to CT imaging is poor and unsatisfactory 

[56]. This could imply a tendency of radiation misuse and under-utilization of alternative 

imaging modalities such as ultrasound or magnetic resonance imaging, as some medical 

practitioners in their survey failed to recognize ultrasound and magnetic resonance imaging as 

radiation-free modalities. Lee et al found that only 47% of radiologists and 9% of emergency 

department physicians believed that there was an increased risk of cancer associated with CT 

scans [51]. Jacob et al in their questionnaire study reported that only 12.5% of doctors were 

aware of the 1/2000 risk of induction of a fatal cancer resulting from the abdominal CT scans 

[52]. Thus, there is an urgent need for physicians to educate themselves and increase their 

awareness about ionizing radiation from CT and its associated risks. 

 

 

12.4.4. Awareness of Radiation Dose by Patients 
 

There is a growing trend in medical practice where patients are becoming more involved 

in medical decision making [57-59]. Prudent and ethical medical practice requires close 

communication between the patient and the physician. Clearly, shared medical decision 

making requires a dialogue between patients and their healthcare providers [60]. Degner et al 

found that 44% of patients with breast cancer wanted to make treatment decisions in 

collaboration with their physician, while 34% wanted to leave the decision to their physician 

[58]. Similarly, it was reported in a recent study by Caoili et al that 83% of their patients 

stated that they had discussed the reasons for obtaining a CT examination with their 

physician, and the decision to undergo CT imaging was shared by both the physician and 

patient in 44% of the cohort [59]. However, the patients’ knowledge about ionizing radiation 

associated with CT examination was limited. Their survey showed that most of the patients 

were not aware of the risks associated with medical imaging, with only 6% of respondents 

having knowledge of the information that radiation exposure from CT increased the lifetime 

risk of cancer. 

Some researchers suggested that the referring physician should be the one to explain to 

patients on radiation-related information [61]. While another approach of increasing 

awareness of radiation safety could be achieved through providing leaflets and education 

posters in the hospitals. It has been shown in a study that brief brochures with information 

about CT scan could improve the understanding of parents of pediatric patients and would not 

increase refusal rate [62]. In summary, the way we communicate benefit and risk can affect a 

patient’s perceptions and decision making. It is clear that better information and education 

about medical radiation and the associated benefit and risk consequences are needed, as well 

as a deeper understanding of the psychology of risk communications [60]. Therefore, 

increased awareness of radiation dose related to CT scan by both physicians and patients is 

equally important to ensure the appropriate use and selection of CT imaging technique. 
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12.5. Controversies-Diagnostic Reports  
in the Literature 

 

Although promising results have been achieved regarding the diagnostic value of 

coronary CT angiography in patients with suspected CAD, its role is controversial. As 

mentioned earlier in the diagnostic challenge, excellent results of coronary CT angiography 

had been obtained at least in part due to exclusions in some instances of poorly visualized 

coronary segments or patients with large BMI, high coronary calcium scores, or high heart 

rates. Other controversial areas include whether coronary artery calcium scoring should be 

part of the routine coronary CT angiography protocol, and when coronary CT angiography 

should be referred by physicians to diagnose patients with suspected CAD or to serve for risk 

stratification purpose. 

 

 

12.5.1. Should Coronary Calcium Scoring Be Incorporated into Coronary 
CT Angiography? 

 

There is absolutely no doubt that coronary CT angiography represents the most valuable 

and potentially effective alternative to invasive coronary angiography for the diagnosis of 

CAD. Coronary CT angiography has been recommended as an alternative diagnostic modality 

for evaluating CAD in patients with different risk profiles [63]. Currently, coronary calcium 

scoring (CAC) has been widely accepted as an effective indicator for screening risk of future 

cardiac events, independent of traditional risk factors [64-66]. Quantifying the amount of 

coronary artery calcium with non contrast-enhanced CT calcium scoring is usually performed 

using the Agatston score. Clinical application of CAC scoring has been supported by 

evidence showing that absence of calcium reliably excludes obstructive coronary artery 

stenoses, and that the amount of CAC is a strong predictor for risk assessment of myocardial 

infarction and sudden cardiac death [67]. However, the role of CAC scoring in patients from 

different risk groups has been controversial according to the literature and statements from 

different professional societies. Currently, performing both CAC scoring and coronary CT 

angiography in combination has been a regular procedure for the diagnosis of CAD. Results 

dealing with the incremental prognostic value of CAC scoring used in combination with 

coronary CT angiography have recently been published [68]. Studies have shown that higher 

CAC scores are associated with increased plaque burden and increased adverse cardiac events 

[69-71]. Since coronary CT angiography allows not only visualization of the vessel lumen, 

but also of the vessel wall, including composition of atherosclerotic plaques, several studies 

have taken advantages of this feature of coronary CT angiography in patients with suspected 

CAD. Reports from these studies have demonstrated that coronary CT angiography may 

supplement CAC scoring and could be performed alone to acquire most prognostic 

information [72-74]. Thus, if CAC scoring has no added benefit over coronary CT 

angiography in the routinely combined CAC scoring and coronary CT angiography scans, 

CAC scoring may not be necessarily incorporated into the coronary CT angiography protocol. 

Kwon et al in their recent prospective study concluded that coronary CT angiography has 

positive correlation with CAC scores for prediction of major adverse cardiac events, and 

coronary CT angiography has better predictive value than CAC scoring in low-risk patients 
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suspected of CAD [75]. Their results showed no added benefit to the addition of CAC scoring 

to coronary CT angiography, although their study population was restricted to a relatively 

low-risk group. Some statements on CAC scoring are available from professional societies, 

but their views are diverse. In 2000, a consensus statement of the American College of 

Cardiology and the American Heart Association recommended against CT calcium scoring in 

asymptomatic individuals [76, 77]. Similarly, statements of the Cardiology Society of 

Australian and New Zealand and the US Preventive Services Task Force recommend against 

CT scanning for calcium scoring of coronary stenosis [78, 79]. By comparison, the European 

guidelines issued on behalf of eight societies are more positive and state that the calcium 

scoring is an important parameter to detect asymptomatic individuals at high risk for future 

cardiac events, independent of traditional risk factors [80, 81]. 

 

 

Figure 12.1. Flow chart shows the imaging pathways for appropriate selection of coronary CT 

angiography in patients with suspected coronary artery disease. CAD-coronary artery disease, CCTA-

coronary CT angiography. 

Another factor which needs to be considered when using CAC scoring as a screening tool 

is the radiation dose. CAC scoring is usually performed with a low-radiation dose protocol as 

the purpose of CT scan is to detect and quantify the calcium rather than diagnosis of CAD. 

However, it still delivers radiation exposure to patients, although the dose is much lower than 

that from routine coronary CT angiography. Efstathopoulos et al recently reviewed patient 

radiation dose associated with CAC scoring and coronary CT angiography, and reported that 

the mean effective dose for CAC scoring with use of retrospective ECG-gating is between 2.7 

and 3.3 mSv, while with use of prospective ECG-triggering, the mean dose ranges from 0.7 to 

1.1 mSv [82]. Effective dose for coronary CT angiography performed with prospective ECG-
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triggering ranges from 2.9 to 3.9 mSv. Thus, additional radiation dose from CAC scoring 

should be taken into account if CAC scoring is recommended as part of the coronary CT 

angiography protocol. 

Figure 11.2 is the flow chart showing recommended imaging pathways with use of CAC 

scoring and coronary CT angiography in patients with suspected CAD. As shown in the 

figure, CAC scoring is not recommended in symptomatic patients as coronary calcification is 

considered only  marginally related to the degree of coronary stenosis because both 

obstructive and non-obstructive CAD can occur in the absence of calcification [83-88]. Low 

CAC scores are found to be significantly less predictive of prevalence or severity of 

underlying non-calcified coronary plaque. 

 

 

12.5.2. When Should Coronary CT Angiography Be Referred by 
Physicians? 

 

Despite satisfactory results having been reported for coronary CT angiography to 

diagnose significant coronary artery disease in the literature, it is noticed that the diagnostic 

performance of coronary CT angiography is different in patients from different risk groups. 

Thus, judicious use of coronary CT angiography by physicians who request the coronary CT 

angiography examination has become an important factor in justifying the selection of 

coronary CT angiography in clinical practice. The diagnostic accuracy of coronary CT 

angiography has been widely studied in populations with a high pre-test likelihood for CAD 

(e.g. with typical angina, risk factors and a positive stress test) [20-23, 89]. However, this 

population should not undergo coronary CT angiography as it is unlikely for them to benefit 

from coronary CT angiography because most patients would probably be better served by 

undergoing invasive coronary angiography for the purpose of revascularization. Meijboom et 

al in their prospective study observed that, in patients with a high pre-test probability for 

CAD, interpretations using coronary CT angiography failed to significantly change the post-

test probability of significant CAD [63]. Thus, normal findings of coronary CT angiography 

did not result in a sufficient reduction of the post-test probability to reliably rule out the 

presence of significant CAD. These data indicate that the majority of these symptomatic 

patients are likely to proceed to invasive coronary angiography despite the negative coronary 

CT angiography findings. In patients with a high pre-test probability for significant stenosis, 

functional evaluation, such as myocardial perfusion imaging, may be more relevant than 

coronary CT angiography to determine the need for revascularization [90]. 

In contrast to the high pre-test probability group, patients with an intermediate or low 

pre-test likelihood for CAD might receive more benefit from coronary CT angiography. The 

most obvious indication for coronary CT angiography is to exclude CAD in patients with low 

to intermediate pretest likelihood of disease. A very high negative predictive value (>95%) of 

coronary CT angiography reliably rules out the presence of significant CAD and can be used 

as a highly effective gatekeeper for invasive coronary angiography [91-93]. Thus, the need 

for further imaging examinations will only be restricted to those patients with an abnormal 

findings on coronary CT angiography. Consequently, the use of coronary CT angiography 

could avoid unnecessary invasive coronary angiography in most patients. This concept is also 

supported by relevant data about cost-effectiveness. Min et al investigated the value of 

coronary CT angiography as a first line test compared to myocardial perfusion imaging using 
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single photon emission computed tomography (SPECT) in patients with a low to intermediate 

pre-test likelihood [94]. They concluded that lower referral rates to invasive coronary 

angiography and lower healthcare costs were observed in their low-risk group. 

Figure 12.1 shows the diagnostic imaging pathways with use of coronary CT 

angiography and other imaging modalities in patients from different risk groups (pre-test 

probability of CAD). It is expected that the recommended pathways will assist physicians to 

appropriately choose coronary CT angiography in the diagnosis of patients with suspected 

CAD. 

 

 

12.5.3. When Should Coronary CT Angiography Be Referred for Risk 
Stratification? 

 

Coronary CT angiography is one of the most exciting developments in recent years in the 

diagnosis of CAD. The use of both non-invasive and invasive studies has increased 

substantially, and the cost of imaging services has doubled from 2000 to 2006 according to 

the Government report in the United States [95], with $14.1 billion in Medicare spending for 

imaging services ((www.gao.gov/products/ GAO-08-452). The increased use of non-invasive 

imaging should aim for more effective risk stratification of patients, allowing identification of 

those patients who would be most likely to benefit from invasive coronary angiography and 

ideally reduce the number of invasive procedure in patients who do not have obstructive 

disease. Thus, the key role of coronary CT angiography has to be defined clearly by 

physicians (mainly the cardiologists) as to when this technique is appropriately selected for 

diagnostic purposes. However, current clinical and imaging algorithms are suboptimal with 

regard to the proper identification of patients with obstructive CAD and judicious use of 

coronary CT angiography as a risk stratification approach [96]. 

In the ACCURACY trial which involved 230 patients with typical angina or atypical 

chest pain who were referred from 16 centers for invasive coronary angiography, 75.2% of 

the patients had normal coronary arteries or non-obstructive CAD on invasive coronary 

angiography [12]. Kim et al in their literature review indicated that up to 10% of patients 

thought to have ST-elevation myocardial infarction and up to 32% of patients thought to have 

acute coronary syndrome had normal coronary arteries or non-obstructive disease on invasive 

coronary angiography [97]. Patel et al in their study consisting of 398,978 patients who had 

undergone invasive coronary angiography reported that 62.4% had either normal coronary 

arteries or non-obstructive CAD (≤50% stenosis) [98]. Among those with a positive non-

invasive test result, 58.7% had either no disease or non-obstructive CAD on invasive 

coronary angiography; whereas among those with negative non-invasive test results, 28.3% 

were in fact found to have obstructive CAD. These studies suggest that many unnecessary 

invasive coronary angiography examinations were performed in the clinical evaluation of 

patients with suspected CAD. Coronary CT angiography is an effective imaging modality of 

determining which patients should proceed to invasive coronary angiography. 

Appropriate criteria for coronary CT angiography have been developed in 2006 by a 

multidisciplinary task force [99]. These criteria are well known and appear to be used by 

many practicing physicians. It is recommended that coronary CT angiography be appropriate 

in patients with chest pain syndrome who had an intermediate pretest probability of CAD, or 

in chest pain syndrome patients with an uninterpretable or equivocal stress test. A list of 
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indications that were thought to be of uncertain appropriateness as well as a list of indications 

for which coronary CT angiography was considered inappropriate has been provided in the 

document. Due to rapid technological developments of multislice CT, researchers expressed 

concern about the “exploding use” of coronary CT angiography and that we do not yet know 

enough about how it changes patient management or leads to better outcomes [100, 101].  

However, a recent study has reported that coronary CT angiography is actually 

underutilized when compared to myocardial perfusion imaging (MPI). Levin et al assessed 

utilization trends of coronary CT angiography and determined how rapidly this relative new 

procedure is growing over a 10-year period study [102]. Their results showed that although 

coronary CT angiography and MPI are useful imaging modalities in the diagnosis of 

suspected CAD and often provide complementary information, there were 44 times as many 

MPI as coronary CT angiography examinations in 2008. As a widely publicized technology, 

coronary CT angiography underwent a phase of rapid growth during its early years, but it 

declined in use in 2008, according to Levin et al’s findings. Their observation emphasizes that 

invasive coronary angiography and MPI are over utilized, while coronary CT angiography is 

the procedure that should be recommended with greater use in an effort to more definitely 

determine the severity of disease in patients with suspected CAD and to reduce the use of 

invasive and expensive procedures. The diagnostic pathways with regard to appropriate use of 

coronary CT angiography for risk stratification in patients with suspected CAD are shown in 

Figure 12.1. 

 

 

Conclusion  
 

Coronary CT angiography has become an important non-invasive imaging modality in 

the diagnosis of suspected CAD. The technological advances in multislice CT gradually 

overcome the above-mentioned technical and diagnostic challenges, thus, these advances 

have a dramatic impact on its accuracy to diagnose CAD. The role of coronary CT 

angiography will continue to grow with wide availability of multislice CT scanner and its 

improved capabilities. However, the need for any given cardiac CT examination should 

always be justified on the basis of the individual patient’s benefits and risks, given the fact 

that CT is an imaging modality associated with high radiation dose. Accurate risk 

stratification for appropriate selection of diagnostic methods of CAD is crucial, and both 

radiologists and referring physicians need to work together to develop better selection criteria 

for patients referred for coronary CT angiography. The main purpose of utilizing coronary CT 

angiography is to address specific clinical questions without allowing concerns about 

radiation exposure to dissuade physicians or their patients from obtaining or undergoing the 

required examination. 
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Chapter 13 
 

 

Coronary CT Angiography  
in Coronary Artery Disease:  

Summary and Conclusion 
 

 

The recent technological developments in cardiac CT provide the ability to examine the 

cardiac structure with a level of detail that was not previously possible. Coronary CT 

angiography represents the most rapidly developed imaging modality in cardiac imaging, with 

satisfactory results having been achieved in the diagnosis of coronary artery disease. The 

technological advances in multislice CT from 4- to 64- and to 320-slice scanners have 

gradually overcome the technical and diagnostic challenges, resulting in better quality of 

cardiac images. Thus, these advances have a dramatic impact on its accuracy in diagnosis of 

coronary artery disease. The role of coronary CT angiography will continue to grow with the 

wide availability of multislice CT scanners and its improved capabilities. 

Coronary CT angiography demonstrates high accuracy for detection and characterization 

of atherosclerotic plaques, evaluation of coronary stenosis and accurate prediction of major 

adverse cardiac events. Thus, coronary CT angiography could serve as a reliable imaging 

modality to predict atherosclerosis and prevent further development of coronary artery 

disease. 

Although coronary CT angiography cannot fully replace invasive coronary angiography 

in diagnosis of coronary artery disease, it could serve as an effective and independent 

predictor for predicting coronary artery disease progress and major cardiac events. This has 

significant clinical value because a normal coronary CT angiography suggests that patients 

who have normal coronary arteries and can be safely reassured without undergoing further 

tests or invasive examinations such as invasive coronary angiography. 

Radiation dose becomes an issue for coronary CT angiography mainly due to low pitch 

values required for acquisition of gapless cardiac images and special image reconstruction 

process. Radiation dose associated with coronary CT angiography has increased substantially 

over the last decade with the development of multislice CT scanners and widespread use of 

CT technique in cardiac imaging. This has raised serious concerns, which need to be drawn to 

the attention of both clinicians and manufacturers. However, several steps can be taken to 

reduce the dose, with very effective outcomes having been achieved, as discussed in the 

previous chapters. With application of appropriate dose-saving strategies, coronary CT 
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angiography dose is approximately equivalent to or even lower than that of an invasive 

coronary angiography. 

Tremendous progress has been made to reduce the radiation dose; however, much effort 

is still required to ensure that coronary CT angiography is safely performed in imaging 

patients with suspected coronary artery disease. Accurate risk stratification for appropriate 

selection of coronary CT angiography is crucial, and both radiologists and referring 

physicians (mainly cardiologists) need to work together to develop better selection criteria for 

patients referred for coronary CT angiography. Utilization of coronary CT angiography must 

be defined as to whether it leads to the greatest benefit and whether the radiation risk may be 

greater than the benefit expected from the CT examinations. 
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