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ABSTRACT 

Coronary artery disease (CAD) is a leading cause of mortality and morbidity in developed countries, although percuta-
neous coronary intervention and coronary artery bypass grafting have developed recently. Appropriate diagnosis will 
improve the prevention, treatment, and care of all patients. We could diagnose only calcification in the coronary arteries 
with the past computed tomography. Recently, multislice computed tomography has been already accepted as an effi-
cient non-invasive tool for the detection of coronary artery stenosis. We get to estimate the coronary artery stenosis with 
cardiac computed tomography. We discuss the usefulness of cardiac computed tomography for the risk stratification of 
coronary artery atherosclerosis. 
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1. Introduction 

Coronary artery disease (CAD) is a leading cause of 
mortality and morbidity in developed countries [1]. CAD 
is a common and sometimes disabling disorder, although 
percutaneous coronary intervention and coronary artery 
bypass grafting have developed. Medical doctors need to 
prevent acute coronary syndrome in the stage of no sig-
nificant stenotic coronary artery atherosclerosis. The de-
velopment of non-invasive cardiac imaging tools (par-
ticularly, cardiac computed tomography, echocardiogra-
phy and so on) for the diagnostic and prognostic assess-
ments of patients is evolving evidence base for various 
treatment strategies. Cardiac catheterization is golden 
standard for the diagnosis of CAD. Although the risk of 
adverse events for invasive coronary angiography is gen-
erally considered to be low, potential life-threatening 
complications can arise, including not only coronary ar-
tery dissection, but also arrhythmia, stroke, hemorrhage, 
myocardial infarction (MI), and death [2]. Computed 
tomography (CT) imaging was introduced in 1972 [3]. 
The ability to obtain cross-sectional images of the com-
puter-assisted tomography, Sir Geoffrey N. Hounsfield 
and Allan M. Cormack were awarded the Nobel prize in 
Medicine in 1979. Moreover, cardiac CT has been de-
veloping. 

Although coronary CT angiography presently cannot 
be considered a routine replacement for invasive coro-
nary angiography, because the diagnostic accuracy of 
coronary CT angiography is not greater than that of inva-
sive coronary angiography, cardiac CT is useful for di-
agnosis of coronary artery disease non-invasively. 

We discuss the usefulness of cardiac computed tomo-
graphy for the risk stratification of coronary artery 
atherosclerosis. 

2. The Diagnosis of Coronary Artery Disease  
with Cardiac CT 

Table 1 shows that the likelihood of ischemia due to 
CAD. We estimate the likelihood of ischemia in the 
medical history, physical examination, and cardiac bio-
marker measurements in patients with symptoms sugges-
tive of acute coronary syndrome. Invasive coronary an-
giography is more appropriate than CT angiography for 
patients with a high pretest likelihood of CAD. CT an-
giography is appropriate for stable patients with acute 
chest pain [4]. A recent guideline reports several appro-
priate indications for coronary CT angiography. Firstly, 
they are symptomatic patients with intermediate likeli-
hood of CAD but in whom stress testing, including in 
electrocardiogram, echocardiogram, and scintigram is not 
possible or the result of stress testing is equivocal or un-
interpretable with acute chest pain. Secondly, they are *Corresponding author. 
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Table 1. We show the likelihood that signs and symptoms represent acute coronary syndrome secondary to CAD. CAD indi-
cates coronary artery disease; CK-MB: MB fraction of creatine kinase; ECG: electrocardiogram, MI: myocardial infarction, 
MR: mitral regurgitation. TnI: troponin I, TnT: troponin T (6). 

 High likelihood Intermediate likelihood Low likelihood 

Feature Any of the following: 
Absence of high-likelihood features 

and presence of any of the  
following: 

Absence of high- or  
intermediate-likelihood features  

but may have the following: 

Chest or left arm pain or discomfort
as chief symptom 

Chest or left arm pain or discomfort 
as chief symptom reproducing prior 

documented angina Age greater than 70 years 

Probable ischemic symptoms in 
absence of any of the intermediate 

likelihood characteristics 

Male sex 

History 

Known history of CAD, 
including MI Diabetes mellitus 

Recent cocaine use 

Physical examination 
Transient MR murmur, hypotension, 

diaphoresis, pulmonary edema,  
or rales 

Extracardiac vascular disease 
Chest discomfort reproduced by 

palpitation 

Fixed Q waves 
T-wave flattering or inversion less 
than 1mm in leads with dominant 

R waves ECG 

New, or presumably new, Transient 
ST-segment deviation (1 mm or 
greater) or T-wave inversion in 

multiple precordial leads ST depression 0.5 to 1 mm or 
T-wave inversion greater than 1 mm

Normal ECG 

Cardiac markers 
Elevated cardiac TnI, TnT, or 

CK-MB 
Normal Normal 

 
patients with acute chest pain and intermediate likelihood 
of CAD but absence of ECG changes and normal myo-
cardial enzyme levels (Figures 1 and 2) [5,6]. 

We often careful for some disadvantages of cardiac 
CT. Firstly, we should be careful for the renal function, 
because contrast nephropathy sometimes develops. And, 
we should be careful not to use cardiac CT for less than 
50 years old women, because of radiation exposure. Next, 
we should confirm the patient’s contrast allergy. Then, 
we should be careful for the calcified coronary arteries in 
hemodialysis and elderly patients with plain CT, because 
it is difficult to diagnose CAD in the patients with many 
calcified coronary arteries. Lastly, we control the pa-
tient’s heart rate in less than 60 beats per minute with 
beta blocker, especially for arrhythmia patients. 

The best approaches to the care of CAD, improving 
not only the efficacy and safety of treatments, but also 
the cost. 

The stratification of pretest probability of CAD are 
shown in Table 1. 

The age, sex, and symptom groups were then used to 
classify each patient before diagnostic testing into 1 of 32 
subsets associated with a specific likelihood for signifi-
cant angiographic coronary artery disease. These preset 
likelihoods which are based upon a previously published 
review of 28948 patients in the medical literature [7,8] 
are listed in Table 2. 

Very low pretest probability is less than 5% pretest 
probability of CAD. 

Low pretest probability is between 5% and 10% pre-
test probability of CAD. 

Intermediate pretest probability is between 10% and 
90% pretest probability of CAD. High pretest probability 
is more than 90% preset probability of CAD. 

The Duke’s treadmill score (Bruce protocol) is calcu-
lated as follows: duration of exercise in minutes (5 × the 
maximal ST segment deviation during or after exercise, 
in millimeters) − (4 × the treadmill angina index). 

The angina index has a value of 0: if the patient had 
nonlimiting angina, 1: if exercise angina occurred, and 2: 
if angina was the reason the patient stopped exercising. 
The score had a range from −25 (highest risk) to +15 
(lowest risk). 

The outpatients had treadmill scores indicating low 
risk (≥+5) and their four-year survival rate was 99% (av-
erage annual mortality rate, 0.25%). The outpatients had 
scores indicating high risk (<−10) and their four-year 
survival rate was 79% (average annual mortality rate, 
5.0%) [9]. 

Suspected CAD patients with chest symptom or ab-
normal result of electrocardiogram and echocardiogram 
should be performed exercise stress electrocardiogram 
for the diagnosis of ischemia if possible. CAG is per-
formed in the high risk patients or patients diagnosed 
ischemia. Stress scintigram and/or cardiac CT are added 
in the moderate risk patients. As far as stress test, the 
patients who are unable to exercise sufficiently are se-
lected drug stress test, although exercise stress test is  
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Figure 1. Detection of CAD in symptomatic patients without known heart disease [6]. 
 

 

Figure 2. Use of CT angiography in the setting of prior test result [6]. 
 

Table 2. Pretest probability of CAD by age, sex, and symptom. 

Age Sex 
Typical/definite 
angina pectoris 

Atypical/probable 
angina pectoris 

Nonanginal chest pain Asymptom 

Men Intermediate Intermediate Low Very low 
30 - 39 

Women Intermediate Very low Very low Very low 

Men High Intermediate Intermediate Low 
40 - 49 

Women Intermediate Low Very low Very low 

Men High Intermediate Intermediate Low 
50 - 59 

Women Intermediate Intermediate Low Very low 

Men High Intermediate Intermediate Low 
60 - 69 

Women High Intermediate Intermediate Low 
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more physiologic (Figures 3 and 4). 
1) Hospital condition for cardiac CT 
a) The staffs have sufficient experience on cardiac CT. 
b) The hospital equips with cardiac CT which is better 

than 64 slice. 
c) The staffs are able to show good images and work 

the proper reporting system. 
d) The staffs understood the feature of each CAG and 

cardiac CT. 
e) The staffs try to make the protocol for lowering the 

radiation exposure.  
2) Patient condition for cardiac CT 
a) The staffs are careful of the risk of radiation expo-

sure in women which is less than 50 years old. 
b) It is difficult to diagnose in the patients with many 

calcified coronary arteries, for example, the patients with 
hemodialysis, and the elderly patients. 

c) Serum creatinin is less than 2.0 mg/dL. 
d) The eGFR is more than 60 mL/min/1.73m2. 
e) Diabetes mellitus nephropathy patients, including to 

microalbuminuria are not recommended. 
f) The contrast alergy patients are not recommended. 
g) Asthma patients are not recommended.  
3) Stress SPECT 
a) The stress test is recommended exercise stress, 

rather than drug stress. 
b) The diagnosis is recommended 17 or 20 segment 

method to diagnose the area and degree of ischemia. 
c) The staff confirms whether the patients have con-

traindication of the stress drug. 
d) Echocardiogram and perfusion MRI can be alterna-

tive stress test depending on the facilities. 
e) Less than 50% count of maximum count in the de-

fect area is more than moderate ischemia. 
f) The count between 50% and 70% count of maxi-

mum count in the defect area is mild ischemia. 
g) More than 70% count of maximum count is normal 

myocardium. 

3. The Visualization of the Coronary Artery 
Lumen in Cardiac CT 

Cardiac CT can be applied for visualization of the coro-
nary artery lumen after intravenous injection of a contrast 
agent. The administration of beta blockers before the 
cardiac CT scan and the use of sublingual nitroglycerin 
can achieve coronary vasodilation and maximize image 
quality. Studies using 64 slice CT scanning with invasive 
coronary angiography report sensitivities and specifici-
ties of 94% - 99% and 86% - 97%, respectively, and im-
portantly, a negative predictive value of 98% - 100% 
[10-12]. Patency and occlusion of bypass grafts can be 
established with very high accuracy in cardiac CT [13, 
14]. But, the limitations are the detection of stenoses at  

 

 

Figure 3. Algorithm to diagnose stable angina pectoris for the patients who are able to exercise (revised Japanese Circulation 
Society Guideline 2009, Circulation Journal, Vol. 73, Suppl. III, 2009, pp. 1019-1089). 
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Figure 4. Algorithm to diagnose stable angina pectoris for the patients who are not able to exercise (revised Japanese Circu-
lation Society Guideline 2009, Circulation Journal, Vol. 73, Suppl. III, 2009, pp. 1019-1089). 
 
the site of anastomosis to the coronary artery and in the 
peripheral run-off coronary artery. Cardiac CT with vol- 
ume rendering images is useful to patients with known or 
suspected congenital coronary artery anomalies. Cardiac 
CT can classify the origin and the complex course of 
anomalous coronary arteries [15,16]. 

Although artifacts caused by metal and partial volume 
effects limit the evaluation of in-stent restenosis with 
64-slice CT, the sensitivity was 91%, specificity was 
91%, positive predictive value was 68%, and negative 
predictive value was 98% [9]. 

It is important to note that an analysis of the degree of 
coronary stenosis and risk areas of the myocardium can 
be performed without additional radiation exposure or 
contrast injections. The introduction of myocardial as-
sessment by first-pass scan protocols into clinical prac-
tice is easy without additional stress and cost. 

4. The Morphology of Atherosclerosis in the 
Coronary Artery 

Atherosclerosis consists of two pathological processes. 
Atherosis characterized by morphologic atheromatous 
lesions appearing in the intima, and sclerosis character-
ized by an increase in stiffness of the vessel walls. 

Cardiac CT has several potential applications for pa-
tients with coronary artery disease. Cardiac CT can de- 
monstrate the morphological consequences of coronary 
artery disease and estimate ventricular function, perfu-
sion. Recently, the visualization of coronary artery has 
been developing with coronary artery calcification, co- 
ronary artery stenosis. 

Non-enhanced CT studies of the heart are almost ex-
clusively performed to assess calcified structures within 
the heart and coronary artery calcification (CAC). 

As far as the pathology of coronary artery, CAC is a 
surrogate marker for coronary atherosclerotic plaque. In 
the coronary arteries, calcifications occur almost exclu-
sively in the context of atherosclerotic changes [17,18]. 
In the most patients with acute coronary syndromes, 
CAC can be detected, and the amount of calcium in these 
patients is substantially greater than in the patients with-
out coronary artery disease [19]. With the exception of 
patients in the renal failure, nonatherosclerotic calcifica-
tion of the coronary artery wall is rare. CAC is not asso-
ciated with stability or instability of an individual plaque 
[18]. Plaques with healed ruptures contain calcium, 
whereas plaque erosions are frequently not calcified. 

Calcification does not occur in a normal vessel wall, it 
therefore indicates the presence of atherosclerosis, and 
endothelial dysfunction in the coronary arteries but is not 
specific for luminal obstruction. 

However, the absence of detectable CAC rules out the 
presence of significant coronary artery stenoses with high 
negative predictive value [17]. Because even coronary 
atherosclerotic plaque burden is not necessarily associ-
ated with hemodynamically luminal narrowing, even the 
detection of large amounts of calcium does not imply the 
presence of the significant stenoses. The greatest poten-
tial for CAC detection could be as a marker for CAD 
prognosis in asymptomatic patients. The presence and 
severity of CAC has independent and incremental value 
in the estimation of death or nonfatal MI [20]. Coronary 
calcium is important in the risk stratification, and non-
calcified atherosclerosis is also important. Some studies 
against intravascular ultrasound have reported sensitivi-
ties of 53 to 83 percent for the detection of noncalcified 
plaque by 16 and 64 slice CT [21-23]. Noncalcified pla- 
que is consisted of lipid-rich plaques and fibrous plaques. 
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Lipid-rich plaque (14 to 72 HU) is lower CT Hounsfield 
attenuation numbers than fibrous plaques (90 to 121 HU) 
[23,24]. Patients with acute coronary syndromes were 
found to have a higher prevalence of noncalcified as 
compared with calcified plaque than stable coronary ar-
tery disease [25]. 

5. Conclusion 

Cardiac CT is a rapidly developing and advancing tech-
nology. The diagnostic accuracy of Cardiac CT in the 
detection of coronary artery stenoses has been reported 
with very high negative predictive values by many inves-
tigators. The increase of radiation will reduce artifact, 
improve coronary artery visualization, although an ex-
cess of radiation exposure leads to cancer. Cardiac CT is 
useful in the invasive diagnosis of coronary artery dis-
ease for the stable and acute chest pain patients, espe-
cially who cannot be sufficiently evaluated by electro-
cardiography, echocardiography or cardiac MRI. 
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