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1. Introduction 

Ischemic coronary artery disease represents one of the major contemporary health problems 
because of its elevated vital risk. Nowadays, atherosclerosis-related cardiovascular disease 
is the most significant non-traumatic mortality factor and the prime “killer” of the 21st 
century. 
Increased morbidity and mortality in coronary artery disease (Rosamond et al., 2008), the 
significant impact on quality of life, negatively affecting the physical, psychological and 
social well-being of the patient (Xie et al., 2008) as well as the high costs of diagnosis and 
treatment for this disease (Rosamond et al., 2008) have lead to developing new imaging 
techniques in order to explore such patients more efficiently.  
Cardiac imaging has developed greatly since the chest radiograph was first used to describe 
the heart’s shape. Nowadays, non-invasive imaging, including echocardiography, Single 
Photon Emission Computer Tomography (SPECT), coronary angiography and, more 
recently, Positron Emission Tomography (PET), multidetector computed tomography 
angiography as well as cardiac magnetic resonance imaging (MRI), represent standard 
procedures in clinical practice (Budoff et al., 2008) (Gaemperli et al., 2008).  
The latter, especially, have a crucial importance in approaching patients with suspected or 
known coronary artery disease, as well as in assessing risk stratification, prognosis and 
reperfusion indications in patients with ischemic coronary artery disease (Mark et al., 2010). 
The purpose of this chapter is to help promote new ways of integrating the non-invasive 
diagnostic imaging in the diagnosis and management of coronary artery disease patients.  

2. The value of non-invasive cardiac imaging in patients with coronary artery 
disease  

Epicardial arteries visualization is essential for confirming coronary artery disease and for 
accurately establishing its severity. Over the last 40 years, coronary angiography has been 
the key exploration in assessing coronary artery obstruction, as well as the need for 
reperfusion, despite its invasive character and high costs. Nowadays, invasive coronary 
angiography is still considered the "gold standard" for diagnostic coronary testing, although 
it has a few major disadvantages and limitations (patient exposure to ionizing radiation, 
two-dimensional image acquisition of coronary arteries, inappropriate atherosclerotic 
plaques assessment).  

www.intechopen.com



Coronary Angiography 
 – Advances in Noninvasive Imaging Approach for Evaluation of Coronary Artery Disease 

 

82

16-channel computed tomography coronary angiography has recently become a leading 
procedure in cardiac imaging, as it allows an accurate visualization of the coronary artery 
lumen, as well as an appropriate assessment of stenosis severity; computed tomography 
coronary angiography results can now be used as an essential tool for prognosis assessment 
in patients with coronary heart disease (Mark et al., 2010). 

2.1 The diagnostic value of non-invasive cardiac imaging in patients with coronary 
artery disease 
However, non-invasive imaging techniques (e.g. coronary multidetector computed 
tomography angiography and magnetic resonance imaging angiography), which are 
valuable and comparatively cheaper, can currently be used for studying the coronary artery 
wall. Both contribute to the diagnosis of coronary artery ischemic disease and the image 
quality produced by coronary multidetector computed tomography angiography favorably 
compares to that of coronary angiography. These explorations have their own limitations, 
including poor image acquisition due to cardiac motion or important calcium deposits, but, 
most of the times, good quality images are obtained.  
Coronary multidetector computed tomography angiography allows outer-luminal plaque 

visualization and can assess subsequent luminal stenosis.  As with invasive coronary 

angiography, visual grading of coronary segment narrowing by ranges of stenosis is the 

current standard of practice and has been shown to provide useful clinical information 

relative to invasive coronary angiography (Cheng et al., 2008) (Miller et al., 2008).  

Quantitative coronary multidetector computed tomography angiography is a high accuracy 

procedure which allows noninvasive detection of suspected obstructive coronary artery 

disease; it has been used in some research applications but is not currently a routine part of 

clinical interpretation. This promising technology has potential as an additional diagnostic 

tool, which will most likely complement invasive coronary angiography in routine clinical 

care (Hoffmann et al., 2005).  

In a recent multicenter study, visual and quantitative assessments of stenosis severity by 

coronary multidetector computed tomography angiography were quite similar (Miller et al., 

2008). Technical progress in coronary multidetector computed tomography technology 

(increased number of detectors – 64, prolonged rotation time and, consequently, good 

spatial resolution) a careful patient selection and multi-slice coronary analysis led to a 

current sensitivity of 90-100%, a specificity of 95-100% (Hamon et al., 2006) and a negative 

predictive value of 97-100% (Yang et al., 2010) in coronary artery disease evaluation. The use 

of coronary multidetector computed tomography versus conventional coronary 

angiography and intravascular ultrasound for diagnostic purposes has been assessed in 

several studies and meta-analysis.  

In older studies, in which the computed tomography apparatus had less than 64 detection 

channels, coronary multidetector computed tomography seemed to provide less useful and 

less accurate information than conventional coronary angiography. However, the accuracy 

improved over the years, while the number of detectors continued to increase from 4 to 16 

and then to 64, allowing a more faithful description of a larger number of coronary artery 

segments, previously impossible to visualize.  (Hamon et al., 2007) (Vanhoenacker et al., 

2007) (Janne d’Othec et al., 2008). Later studies affirmed that coronary multidetector 

computed tomography might allow a more accurate atherosclerosis evaluation, despite their 

lower efficacy in assessing stenosis severity.  
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Recently, other studies tried to compare the diagnostic performance of 64-channel computed 
tomography with that of invasive coronary angiography in identifying obstructive coronary 
disease in various populations; the average sensitivity per-patient for identifying obstructive 
coronary artery disease was 98%, with an average per-patient specificity of 88% (Stein et al., 
2008). The mean prevalence of obstructive coronary artery disease in these studies was 61%. 
The negative predictive value for multidetector computed tomography was estimated at 
96%, while the positive predictive value proved to be rather insignificant, with large 
variations within the interval 64% to 100%. 
Recently, most multicenter studies which compared 64-channel coronary multidetector 
computed tomography with conventional angiography have proved that multidetector 
computed tomography angiography had excellent sensitivity and very good negative 
predictive value in detecting coronary artery disease (Mowatt et al. 2008). Nevertheless, the 
positive predictive values are less important, since coronary artery stenosis is often 
overestimated by coronary multidetector computed tomography angiography, when 
compared to coronary angiography. This tends to happen because calcium blooming 
artifacts diminish the signal acquisition accuracy, whilst invasive coronary angiography fails 
to appreciate the extent of positive vessel remodelling by atherosclerosis.  
In the prospective ACCURACY (Assessment by Coronary Computed Tomographic 
Angiography of Individuals Undergoing Invasive Coronary Angiography) study, 230 
patients with typical or atypical chest pain were enrolled, all of which were referred for 
invasive coronary angiography and agreed to have a coronary multidetector computed 
tomography prior to their catheterization (Budoff et al., 2008). After having carefully 
interpreted the data, the sensitivity, specificity, as well as positive and negative predictive 
values for detecting ≥50% or ≥70% stenosis were 95%, 83%, 64%, and 99%, respectively, and 
94%, 83%, 48%, 99%, respectively. In this prospective multicenter trial of chest pain patients 
without known coronary artery disease, 64-multidetector row coronary multidetector 
computed tomography proved a very high diagnostic accuracy in detecting obstructive 
coronary stenosis for both 50% and 70% stenosis thresholds. Moreover, the high (99%) 
negative predictive value of coronary multidetector computed tomography angiography 
pleads for its current use as an effective noninvasive alternative to invasive coronary 
angiography to rule out coronary artery obstructive stenosis. 
The CORE 64 (Coronary Artery Evaluation Using 64-Row Multidetector Computed 
Tomography Angiography) study was conducted in 9 international centers and enrolled 316 
symptomatic patients, aged 40 years or more, with suspected or known coronary disease. 
All patients whose calcium scores were less than 600 were referred for invasive coronary 
angiography, 291 (92%) of which completed coronary multidetector computed tomography 
prior to invasive coronary angiography. Obstructive coronary artery disease was diagnosed 
in 56% of the patients. Quantitative computed tomography angiography showed a 
sensitivity of 85%, a specificity of 90%, a positive predictive value of 91% and a negative 
predictive value of 83% in detecting or ruling out significant (>50%) coronary artery stenosis 
when compared to conventional angiography, thus proving  that it can very accurately 
assess the presence and severity of obstructive coronary artery disease. However, the 
negative and positive predictive values estimated by this study are not significant enough to 
consider completely replacing conventional coronary angiography by multidetector 
computed tomography.   Only two patients in the study group had contrast agent-related 
side effects after computed tomography angiography. (Miller et al., 2008) (Dewey et al., 
2010). One study conducted in the Netherlands showed that multidetector computed 
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tomography has a considerable value in diagnosing obstructive coronary disease, but is 
slightly less valuable for stenosis severity assessment when compared to both conventional 
coronary angiography and intravascular ultrasound. In this study, 100 patients underwent 
coronary multidetector computed tomography angiography followed by both conventional 
coronary angiography and intravascular ultrasound. Only those segments in which 
intravascular ultrasound imaging was performed were included for coronary multidetector 
computed tomography and quantitative coronary angiography analysis. On coronary 
multidetector computed tomography angiography, each segment was evaluated for 
significant stenosis (defined as ≥50% luminal narrowing, as in conventional coronary 
angiography). Secondly, on coronary multidetector computed tomography angiography, 
each segment was evaluated for the presence of atherosclerotic plaques. Atherosclerosis was 
defined on intravascular ultrasound as a plaque burden covering ≥40% from the vessel’s 
cross-sectional area. Multidetector computed tomography angiography correctly ruled out 
significant stenosis in 53 of 53 (100%) patients. However, 19% patients were incorrectly 
diagnosed as having significant lesions on coronary multidetector computed tomography 
angiography, which finally led to 100% sensitivity, 85% specificity, 81% positive and 100% 
negative predictive values. (van Velzen et al., 2011).  
Nowadays, coronary multidetector computed tomography angiography is used to diminish 
the large number of normal coronary angiographies (by 25-30 %) (Blanchard et al., 2002).  
Although coronary multidetector computed tomography angiography results prior to 64-
channel technology were once considered adequate, the current trend in cardiac imaging is 
to ignore such studies, which are only limited to assessing coronary calcium (Otero et al. 
2009). To this day, the incremental diagnostic value of 128 -, 256 - and 320-channel coronary 
multidetector computed tomography systems over 64-channel systems has not been proven. 
(Mark et al., 2010) (Hein et al., 2009). However, non-invasive methods might completely 
replace the expensive and rather unpleasant coronary angiography in the future. 
64-slice coronary angiography can be as effective as conventional coronary angiography in 
patient selection for coronary artery by-pass graft surgery, especially when 3-vessel or left 
main coronary artery disease and its equivalents are present. The overall sensitivity, 
specificity, positive predictive value and negative predictive value of coronary multidetector 
computed tomography angiography for coronary artery bypass graft surgery candidates 
selection were 85.9%, 96.0%, 93.8%, and 90.7%, respectively. (Lee et al., 2011).  
Despite all its advantages, all cases should be thoroughly selected, as coronary multidetector 
computed tomography angiography exposes the patient to a fairly large amount of 
radiation. Since coronary artery disease has become the main cause for mortality in recently 
developed countries, a noninvasive test that would not imply patient exposure to radiation 
is greatly needed.  
In addition to coronary multidetector computed tomography, magnetic resonance imaging 
angiography can also provide accurate data concerning cardiac morphology, as well as 
coronary and cardiac functions (Hoffmann et al., 2008). Over the last 20 years, cardiac 
magnetic resonance imaging techniques have developed greatly, but their current use in 
coronary artery disease assessment is rather limited, despite the high initial expectations. In 
an expert consensus document on “appropriate” indications for cardiac multidetector 
computed tomography (Tayloret al., 2010) and magnetic resonance imaging published in 
2006 (Hendel et al 2006), only coronary multidetector computed tomography angiography is 
recommended as an “adequate” imaging method for coronary artery disease assessment, 
while cardiac magnetic resonance imaging angiography is firmly rejected.  
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As far as spatial resolution and study success rates are concerned, coronary multidetector 
computed tomography angiography is superior to coronary magnetic resonance imaging 
angiography. The latter also has the major disadvantages of long image acquisition times 
and operator dependency, which limit its use to diagnosing congenital abnormal coronary 
artery origin and coronary artery aneurysms in patients with Kawasaki disease (Sakuma et 
al., 2011). 
In a recent study, multidetector computed tomography and magnetic resonance imaging 
angiography were compared. 7516 patients were evaluated by multidetector computed 
tomography, whilst 989 underwent magnetic resonance imaging angiography. Bivariate 
analysis of data yielded a mean sensitivity and specificity of 97.2% and 87.4% for computed 
tomography and 87.1% and 70.3% for magnetic resonance imaging. In other studies which 
only included patients with suspected coronary artery disease, sensitivity and specificity of 
computed tomography were 97.6% and 89.2%. Covariate analysis showed that 16-detector 
row scanners had a greater sensitivity (98.1%) in diagnosing coronary artery disease than 
older-generation scanners (95.6%) (Schuetz et al., 2010).  
When using steady-state free precession magnetic resonance imaging angiography, no 
contrast agents are needed; however, the accuracy of this approach has not yet been 
determined in a multicenter trial.  So far, in a patient-based analysis, the sensitivity, 
specificity, positive and negative predictive values of magnetic resonance imaging 
angiography were 88%, 72%, 88%, and 79%, respectively, all significantly lower than for 
multidetector computed tomography. The non–contrast-enhanced whole-heart coronary 
magnetic resonance imaging angiography at 1.5-T can noninvasively detect significant 
coronary artery disease with high sensitivity and moderate specificity. A negative predictive 
value of 88% indicates that whole-heart coronary magnetic resonance imaging angiography 
can rule out coronary artery disease (Kato et al., 2010). 
A single MRI study can provide very useful information regarding ischaemic heart disease. 
This technique allows the assessment of rest function, as well as gadolinium chelate contrast 
evaluation. The latter comprises three postcontrast temporal phases: phase one provides 
information regarding microvascular obstruction, which is the equivalent of the no-reflow 
phenomenon, at rest and during stress; early perfusion is used to evaluate microvascular 
obstruction and to track down thrombi, while late gadolinium enhancement technique 
provides data regarding the presence of myocardial infarction and focal myocardial 
damage. In most cases of acute chest pain, biomarkers and electrocardiographically can 
identify high risk patients; however, in some circumstances, coronary artery disease cannot 
be detected by such methods, thus imposing the evaluation by contrast cardiac MRI; first-
pass perfusion or early enhancement techniques (Nijveldt et al., 2008) can be used for this 
purpose. Ingkanisorn et al, apealed to MRI examination after adenosine stress perfusion to 
investigate patients with typical angina and negative troponin; in such cases, adenosine 
stress results proved to have a 100% sensitivity and 93% specificity and thus a very high 
negative predictive value (Ingkanisorn et al., 2006). Cardiac MRI-measured microvascular 
obstruction is frequently associated with extensive myocardial damage and poor left 
ventricular function and, by consequence, with a poor functional recovery and clinical 
outcome (Rubenstein et al., 2008). 
A multi-center clinical trial proved that delayed-enhancement cardiac magnetic resonance 
imaging can provide solid evidence for the presence of acute and chronic myocardial 
infarction, particularly in patients with negative troponins. Moreover, this type of 
investigation can accurately discriminate between ischemic and non-ischemic myocardial 
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injury, which helps identify the correct diagnosis in patients with normal angiographic 
results. This technique is useful even in cases of confirmed coronary artery disease, as it 
allows the examiner to identify details such as microvascular damage, myocardial stunning, 
residual viability or right ventricular infarction. Post-myocardial infarction complications 
such as pericarditis or left ventricular thrombi can also be identified, which can help in 
choosing the right therapy for these patients. MRI evaluation also allows the quantification 
of infarct size by delayed-enhancement techniques and can be a valuable surrogate end 
point for clinical trials, with significant reductions in sample size when compared to other 
methods (Kim et al., 2010). 
Cardiac magnetic resonance imaging can complete or replace echocardiographic findings in 
patients with dilated ischemic cardiomyopathy and can provide useful information 
concerning myocardial perfusion and viability (Maceira et al., 2006). Left ventricular 
dysfunction after myocardial infarction may be due to necrosis, to post infarction stunning 
or hibernation of viable myocardium (Schinkel et al., 2007). Recurrent stunning may lead to 
myocardial hibernation and requires revascularization for function recovery.  
Regional myocardial function can be evaluated by regional kinesis or regional parietal 
thickening assessment using standard or post-apnoea cardiac magnetic resonance imaging 
techniques, in normal conditions or after pharmacologically induced stress (using adenosine 
or dobutamine) (Kuijpers et al., 2004). Stress cardiac magnetic resonance imaging is 
particularly useful for assessing lesions in stable coronary patients who have no indication 
for coronary angiography (Kuijpers et al., 2004).   
By using cine-cardiac magnetic resonance imaging in post-apnoea, major coronary arteries 
images can be obtained, while morphology and tissue analysis of the atherosclerotic plaque 
allows an accurate assessment of its composition and rupture risk. It is possible to evaluate 
the atherosclerotic plaques while using echo-spin sequences with T1, T2 pondering or by 
measuring proton density. However, the low temporal resolution of this technique limits its 
current use. In this case, MRI signal improvement by using contrast agents, especially 
gadofluorine (Sirol et al., 2004), allows a more appropriate examination of the atherosclerotic 
plaque because of its fast and persistent (as long as 24 hours) accumulation in lipid-rich 
atherosclerotic plaques. The gadofluorine-M-enhanced MRI can accurately identify 
atherosclerotic plaque inflammation and neovascularization in animal models of 
atherosclerosis, which can help identify high rupture risk atherosclerotic plaques (Sirol et 
al., 2009).  
Since macrophage activity is an essential factor in atherosclerosis development and 
complications, macrophage imaging can be used as a biomarker for subclinical inflamed 
lesions, allowing risk assessment and therapy guiding. A sufficient T2 signal intensity after 
superparamagnetic phagocytosable nanoparticles administration can help identify inflamed 
plaques and closely monitor early tissue response to adequate therapy (Morishige et al, 
2010). Cardiac magnetic resonance imaging can also highlight neoformation blood vessels in 
the atherosclerotic plaque by using Gadolinium, which binds ┙v┚3 vessel wall integrin. 
Other contrast agents, with high affinity for lipidic structures, muscular and inflammatory 
cells, can also be used for assessing subclinical coronary artery disease by cardiac magnetic 
resonance imaging (Barkhausen et al., 2003).   
Velocity encoding techniques in post-apnoea can be used to measure the coronary flow with 
the purpose of establishing the coronary flow reserves. Last, but not least, the fast echo-
gradient with phase contrast technique allows perfusion evaluation in normal and stress 
conditions (using vasodilators) and normal or pathological coronary flow velocities. Other 
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technologies are able to provide an accurate image of diseased vessel walls, such as 
intravascular ultrasound, magnetic resonance imaging, and optical coherence tomography 
(Mark et al., 2010). 
Cardiac magnetic resonance imaging allows a fast, radiation-free investigation of the 
myocardial function, perfusion and viability and can provide useful data concerning 
coronary arteries and atherosclerotic plaques. However, precise indications for the use of 
this technique, based on a balanced risk-advantage ratio, are yet to be established.   

2.2 Prognostic value of non-invasive cardiac imaging in patients with coronary artery 
disease 
Coronary calcifications are vascular degenerative phenomena determined by active vascular 
remodeling processes. The calcium burden is an important risk factor for vascular 
remodeling (Schmermund et al., 2001) and plaque instability (Burke et al., 2002). Histo-
pathological studies (Rumberger et al., 1995) have shown a significant relationship between 
calcified areas and the level of arterial atherosclerosis, indicating that coronary calcifications 
are direct markers of coronary artery disease.  
Coronary multidetector computed tomography is a sensitive method for detecting coronary 
artery calcium. Multidetector computed tomography coronary angiography allows a 
pseudo-quantitative assessment of coronary artery calcifications using the Agatston calcium 
score (Corti et al., 2001) as well as calcium mass and volume calculations for certain 
coronary segments (Ulzheimer et al., 2003). Although the latter method proved to have 
higher reproductibility, the Agatston score is more frequently used in clinical practice. The 
prognostic value of coronary calcification assessment by multidetector computed 
tomography coronary angiography has been reported in several studies, but with mixed 
results (Chow et al., 2010) (Carrigan et al., 2009) (Hay et al., 2010).  
Coronary multidetector computed tomography is also important for identifying high risk 
asymptomatic patients, especially if calcium scoring is used (Detrano et al., 1996) and has 
proved to be more accurate than the Framingham score (Greendland et al., 2004) or the 
SCORE method. In asymptomatic patients, low detectable coronary artery calcium scores 
are significantly less reliable in predicting plaque burden due to their association with high 
overall noncalcified coronary artery plaque prevalence and nearly a 10% rate of significantly 
occlusive noncalcified coronary artery plaque (Cheng et al., 2007). In one study, in which 
632 subjects were enrolled, Raggi et al. have demonstrated that elevated coronary artery 
calcium can increase the odds of acute myocardial infarction and cardiac death in 
asymptomatic patients (Raggi et al., 2000). The MESA study also proved that the coronary 
artery calcium score was a better predictor for cardiovascular events in 6772 asymptomatic 
patients, when compared to classic risk factors (Detrano et al., 2008). The target is to 
emphasize risk stratification and primary risk prevention in asymptomatic patients in order 
to decrease cardiovascular mortality and morbidity. The Framingham Risk Score only 
predicts coronary heart disease events moderately well when family history is not included 
as a risk factor. There is a current preoccupation for developing new risk stratification tests 
and establishing new and more accurate risk factors. While the Framingham Risk Score, 
European Systematic Coronary Risk Evaluation Project and European Prospective 
Cardiovascular Munster Study still provide excellent tools for risk factor modification, the 
coronary artery calcium score may bring an additional benefit in risk assessment. There 
have been several studies supporting the role of coronary artery calcium score in predicting 
myocardial infarction and cardiovascular mortality, which proved to be significant for risk 
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stratification in asymptomatic patients presenting in the emergency room (Sharma et al., 
2010).  In CORE study done on 291 patients (5% patients had low, 75% had intermediate, 
and 20% had high pre-test probability of obstructive coronary artery disease) was observed 
that the absence of coronary calcification does not exclude obstructive stenosis or the need 
for revascularization among patients with high enough suspicion of coronary artery disease 
to be referred for coronary angiography, in contrast with the published recommendations 
(Gottlieb et al., 2010).  
Also, the total coronary calcium score measured by multidetector computed tomography 
can be used as an independent prediction factor for major acute coronary events in patients 
with chest pain. A recent study on 263 patients presenting in the emergency room with 
acute chest pain and low-to-intermediate cardiovascular risk, defined by traditional risk 
factors, showed that computed tomography coronary artery calcium assessment is a 
powerful tool for prognosis evaluation. The absence of coronary artery calcium suggests an 
excellent long-term (5-year) prognosis, with no primary or secondary cardiac outcomes 
occurring in study patients at 5-year follow-up (Laudon et al., 2010). However, it has not yet 
been established whether there is a significant correlation between the total coronary 
calcium score and long- term clinical outcomes in patients who underwent percutaneous 
coronary intervention with drug eluting stents. In a recent study on 286 patients with 
coronary artery disease, Jeong showed that the total coronary calcium score measured by 
multidetector computed tomography was highly associated with chronic and significant 
coronary lesions, while the coronary calcium score ≥ 400 predicted lower procedural success 
rate and poor long-term clinical outcomes (Jeong et al., 2010). 
One recently published meta-analysis (Hay et al., 2010) established the prognostic value of 
multidetector computed tomography in 9592 symptomatic patients with suspected coronary 
artery disease, reporting major adverse cardiovascular events such as death, myocardial 
infarction and revascularization. The sensitivity was 0.99 for major adverse cardiovascular 
events after normal multidetector computed tomography findings, with a specificity of 0.41. 
Stratifying by no coronary artery disease, nonobstructive coronary artery disease, or 
obstructive coronary artery disease, there were incrementally increasing adverse events. 
Adverse cardiovascular events among patients with normal multidetector computed 
tomography findings are very rare and comparable to a baseline risk among healthy 
patients. Increasing burden of coronary artery disease on multidetector computed 
tomography is associated with an increasing rate of revascularization necessity, myocardial 
infarction, and death. In predicting the incidence of adverse clinical events, normal findings 
in multidetector computed tomography are comparable to reported values for stress 
myocardial perfusion scan or stress echocardiography. 
The critical analysis of these studies shows that there is a moderate correlation between the 
Agatston score and coronary artery stenosis assessed by coronarography (Detrano et al., 
1996); secondly, the total calcium scoring seems to have a rather low positive predictive 
value, which tends to vary according to sex and age, but a significantly high negative 
predictive value (>95% in asymptomatic patients and 98% in patients presenting with chest 
pain) (McLaughlin et al., 1999). Some of these studies were not adequately powered to 
detect differences in rates of clinical outcomes such as death, myocardial infarction, and 
coronary revascularization. Adequate outcome evaluation studies require the submission of 
large samples and often long periods of follow-up. A recent multidetector computed 
tomography expert consensus statement sponsored by the American College of Cardiology 
and 6 additional medical societies points to the need for continued collection and 
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assessment of prognostic data after multidetector computed tomography (Mark et al., 
2010). 

2.3 Therapeutic value of non-invasive cardiac imaging in patients with coronary artery 
disease 
It is quite difficult to establish whether there is a perfect diagnostic test, since there are quite 
many indirect issues to consider. A diagnostic test can only be considered valuable if it 
provides additional information that can help alter the clinical approach. So far, stress 
testing has not proven useful in such patients. However, some tests were validated by 
clinical trials as useful tools for every day practice. For instance, the choice between early 
emergency revascularization versus elective angiography seemed to favor the latter, as the 
clinical outcome tends to be better (Mark et al., 2010). Although it is reasonable to assume 
that fully validated diagnostic tests that show a direct impact on the clinical outcome are 
better, such level of validation is quite difficult to obtain, since large trial funding is scarce 
and the studies themselves are time consuming. Some statistical models including chi-
square, p values with adjusted hazard ratios or calculation of c-indexes and proportion of 
subjects with reclassified risk have shown that some anatomic imaging tests are more likely 
to provide useful additional information in patients with acute coronary syndromes. 
However, favorable statistical analysis does not imply that a certain diagnostic test should 
alter clinical outcomes more than others and usually does not influence clinical decisions, as 
the test’s value is often overestimated (Mark et al., 2010). 

2.4 Non-invasive cardiac imaging in clinical practice of patients with coronary artery 
disease 
The evolution of atherosclerosis is progressive and clinically silent for a long period of time 
before stable angina is installed, followed by non-stable angina and other acute coronary 
syndromes. The term “acute coronary syndrome” includes unstable angina pectoris, non-
ST-segment elevation myocardial infarction and ST-segment elevation myocardial 
infarction, all of which are life-threatening events (Figure 1). Over the past decades, 
following the use of evidence-based guidelines for the diagnosis and treatment of these 
conditions, the prognosis has improved considerably, as mortality rates became lower.  
Current guidelines provide vital information which can help assess the appropriate use 

(Taylor et al.; 2010), performance (Abbara et al., 2009), and interpretation (Raff et al.; 2009) of 

multidetector computed tomography and magnetic resonance imaging (Hendel et al.; 2006) 

in order properly establish the diagnostic and therapeutic approach towards patients with 

coronary artery disease.  

2.4.1 Asymptomatic patients with coronary artery disease  
In asymptomatic patients with high risk for developing silent or manifest coronary artery 

disease, including acute myocardial infarction or coronary heart disease death, risk 

stratification is essential and three different classes have been established (Taylor et al.; 2010):  

- Low risk of coronary artery disease development; the age-specific risk level is below 

average and correlates with a 10-year absolute coronary heart disease risk <10%. 

- Intermediate risk of coronary artery disease development; the age-specific risk level is 

average or above average and correlates with a 10-year absolute coronary heart disease 

risk between 10% and 20%. 
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Fig. 1. Algorithm of diagnostic in coronary artery disease 

- High risk of coronary artery disease development; in patients >40 years of age, with 
diabetes mellitus, peripheral arterial disease or other coronary risk equivalents; it 
correlates with an absolute or 10-year risk of coronary heart disease >20%. 

Multidetector computed tomography angiography (64-slice scanner) has high sensitivity 
and specificity in patients presenting to the emergency department with atypical chest pain, 
normal cardiac biomarkers and/or non-diagnostic ECG (Hoffmann et al., 2009). 
Symptomatic patients with coronary artery disease are stratified in three classes according 
to the risk of major cardiovascular events development:  
- Low risk for developing cardiovascular events (<10%). 
- Intermediate risk for developing cardiovascular events (10% to 90%). 
- High risk for developing cardiovascular events (>90%). 

2.4.2 Symptomatic patients with stable angina pectoris 
Several studies have shown that multidetector computed tomography helps assess non-
significant, but possibly unstable atherosclerotic plaques with high risk for rupture and 
embolisation. This is the more important as the negative predictive value of stress tests with 
regard to major cardiovascular events is rather low (Vignaux, 2008). The role of cardiac 
magnetic resonance imaging in such patients is not established (Figure 2).   
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Fig. 2. Non-invasive imaging in stable coronary artery disease detection algorithm  

 
 

 

Fig. 3. Algorithm for non-invasive imaging use in detecting coronary artery disease in 
patients with Acute Coronary Syndrome 
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2.4.3 Symptomatic patients with acute coronary syndromes 
Non-invasive imaging techniques should be employed according to the type of coronary 
syndrome (ST-segment elevation myocardial infarction, non- ST-segment elevation 
myocardial infarction or UI) or the possible risk (whether high or low) for developing major 
cardiovascular events (Figure 3).  

2.4.3.1 ST-segment elevation myocardial infarction patients 

In ST-segment elevation myocardial infarction patients, non-invasive cardiac imaging is 
used only in accordance with the intended moment for revascularization (before of after 
revascularization), with the time passed from the onset of pain until hospitalization (acute 
or recent myocardial infarction) or with invasive coronary angiography results (coronary 
lesions versus normal arteries). In ST-segment elevation myocardial infarction patients 
which present within the first hours from the onset of pain, emergency revascularization is 
required and non-invasive imaging is of no use.   However, non-invasive imaging can prove 
useful in patients with previously revascularized ST-segment elevation myocardial 
infarction for assessing residual ischaemia and establishing the need for late 
revascularization. Multidetector computed tomography is particularly useful if common 
trunk or right coronary artery sinus lesions, non-detected by invasive techniques, are 
suspected or in quantifying lesion length, as well as the vascular bed down-stream in order 
to provide the necessary information pending aorto-cornary by-pass. Cardiac magnetic 
resonance imaging in post-revascularization ST-segment elevation myocardial infarction 
patients is useful for morphology and global and segmentary left ventricle systolic function 
assessment, mechanical complication evaluation, infarctus size, stress and rest myocardial 
perfusion. Cardiac magnetic resonance imaging is particularly efficient in establishing the 
cause of acute coronary syndromes in ST-segment elevation myocardial infarction patients 
with normal coronary arteries, who sometimes have a Tako-Tsubo syndrome or suffer from 
myocarditis. In some cases, coronary multidetector computed tomography can help identify 
intra-stent restenosis or unstable atherosclerotic plaques, as well as coronary artery 
abnormalities that have not been identified during the invasive procedure.  At patients with 
ST-segment elevation myocardial infarction and normal coronaries (Vignaux, 2008), cardiac 
magnetic resonance imaging have an important role in establishment of infarctus diagnosis 
and for excluding Tako-Tsubo syndrome or myocarditis.  

2.4.3.2 Non-ST-segment elevation myocardial infarction patients 

Myocardial revascularization is not a top priority in patients presenting with non-ST-
segment elevation myocardial infarction, since no major long term benefit has been proven. 
The most appropriate approach is a late (48 hours) angiography. Multidetector computed 
tomography angiography could help select patients at risk who have normal myocardial 
biomarker values and non-diagnostic ECGs and allow the early discharge of subjects with 
normal coronary arteries. (Goldstein et al., 2007) (O'Connor et al, 2010). 

2.4.3.3 Patients with unstable angina and atypical chest pain  

Multidetector computed tomography is very useful in patients with atypical thoracic pain 
and normal cardiac enzymes, as well as in patients with valvular or vascular disease, dilated 
cardiomyopathy, congenital heart disease or left ventricular aneurysms, intracardiac 
thrombi and confirmed coronary artery disease. In addition to that, only 15-25% of 
hospitalized patients presenting with nonspecific acute chest pain prove to have genuine 
acute coronary syndromes (Yoo et al., 2010) 
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Coronary artery disease can also provide additional data when common trunk or right 
coronary ostium stenosis are present, in case of myocardial infarction with normal coronary 
arteries or in patients with confirmed coronary artery disease. Cardiac magnetic resonance 
imaging can be used for confirmation and risk stratification in patients with coronary artery 
disease and for sustaining differential diagnosis with myocarditis or pericarditis.   

3. Conclusion 

Over the last few years, new non-invasive imaging techniques that allow heart exploration 
such as coronary multidetector computed tomography and cardiac magnetic resonance 
imaging have demonstrated their diagnostic and prognostic value, as well as their impact on 
clinical outcomes, when properly used. However, despite convincing evidence concerning 
their high efficiency, sustained by several studies, clinical trials and meta-analyses, there is 
still an acute need for proper algorithms which can be used for basic approach in relation to 
cardiovascular risk and coronary artery disease severity.   
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In the intervening 10 years tremendous advances in the field of cardiac computed tomography have occurred.

We now can legitimately claim that computed tomography angiography (CTA) of the coronary arteries is

available. In the evaluation of patients with suspected coronary artery disease (CAD), many guidelines today

consider CTA an alternative to stress testing. The use of CTA in primary prevention patients is more

controversial in considering diagnostic test interpretation in populations with a low prevalence to disease.

However the nuclear technique most frequently used by cardiologists is myocardial perfusion imaging (MPI).

The combination of a nuclear camera with CTA allows for the attainment of coronary anatomic, cardiac

function and MPI from one piece of equipment. PET/SPECT cameras can now assess perfusion, function, and

metabolism. Assessing cardiac viability is now fairly routine with these enhancements to cardiac imaging. This

issue is full of important information that every cardiologist needs to now.
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