
Selection of our books indexed in the Book Citation Index 

in Web of Science™ Core Collection (BKCI)

Interested in publishing with us? 
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected. 

For more information visit www.intechopen.com

Open access books available

Countries delivered to Contributors from top 500 universities

International  authors and editors

Our authors are among the

most cited scientists

Downloads

We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

12.2%

122,000 135M

TOP 1%154

4,800

CORE Metadata, citation and similar papers at core.ac.uk

Provided by IntechOpen

https://core.ac.uk/display/322397282?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


12 

Physiologic Risk Assessment in Stable 
Ischemic Heart Disease – Functional 

Evaluation Versus Coronary Anatomy 

Alessia Gimelli and Paolo Marzullo 
Fondazione Toscana Gabriele Monasterio, CNR, Pisa, 

Italia 

1. Introduction 

The prognostic power of angiographic coronary anatomy has been definitively established 

since the CASS registry (1), where the 12-year survival rate of medically treated patients 

with no significant coronary lesions was 91%, compared with 74, 59 and 50% for patients 

with one, two and three vessel disease. Survival rate is known to further decrease in the 

presence of a left main coronary artery disease, and of a severe proximal left anterior 

descending stenosis (2).    

However, several lines of evidence, obtained with different approaches, demonstrate that a 

physiologic risk assessment is superior to an angiographically oriented approach in 

prognostic stratification of patients with stable ischemic heart disease. In particular, in a 

recent study, Gimelli et al (3), in order to predict patient survival rate, analyzed a group of 

676 consecutive in-patients who underwent a complete diagnostic work-up that included 

gated single photon emission computed tomography (SPECT) and coronary arteriography 

for known or suspected ischemic heart disease. Patients with acute myocardial infarction 

(MI), previous coronary artery bypass surgery, overt hyperthyroidism or who were 

undergoing dialysis treatment were excluded. 

To predict patient survival rate, the Authors utilized an angiographic semi-quantitative 

score, that takes into account the number of stenotic coronary arteries, the location of 

coronary stenoses (proximal, middle, or distal), and the degree of luminal diameter 

reduction (using a 50 and a 70% coronary stenosis threshold). As expected, this score was an 

independent predictor of event-free survival. However, the prognostic impact of this score 

disappeared once gated SPECT variables were included into the model (3).  

The notion that the prognostic impact of functional risk assessment is superior to 

angiography is not novel. In patients with defined coronary artery disease, exercise 

variables primarily relating to the functional state are known to provide an incremental 

prognostic information over coronary anatomy (4). The treadmill score also adds 

independent prognostic information to that provided by clinical data, coronary 

arteriography and left ventricular (LV) ejection fraction (5). The predictive power of clinical 

data is also strengthened by adding the results of dobutamine echocardiography (6); 

however, the power of the model was increased to a minor degree by the addition of 

coronary anatomy data. In a group of patients who underwent stress echocardiography with 
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either dipyridamole or dobutamine, and who also underwent coronary angiography within a 

year without an intervening procedure, coronary angiography parameters did not add 

significant predictive power to the model compared with stress echocardiographic variables 

(7). As to nuclear cardiology, the superiority of myocardial perfusion imaging over coronary 

angiography in risk stratification of patients with ischemic heart disease is also well known. In 

1992, Pollock et al. demonstrated that myocardial perfusion is superior to coronary 

angiography in risk stratification of ischemic heart disease patients (8); at variance with our 

study, these authors used Thallium-201 (Tl-201) and static planar imaging. In a series of 316 

medically treated patients, Iskandrian et al. (9) showed the independent and incremental 

prognostic information of exercise SPECT Tl-201 imaging even when catheterization data are 

available. All these evidences definitively underline the superiority of functional risk 

stratification over an approach based solely on angiographic coronary anatomy.  

These observations can be partly explained by the limitations of coronary angiography. First 

of all, coronary angiography has a limited sensitivity when compared to necropsy studies 

(10) and to intravascular ultrasound investigations (11). Furthermore, the identification of 

significant lesions may be confounded by coronary remodeling and by the extraluminal 

location of some plaques (12). Finally, coronary angiography does not allow to study 

coronary microcirculation, increasingly recognized as independent determinant of impaired 

blood flow, disease progression and adverse prognosis (13).  

2. The role of nuclear medicine as functional imaging 

The clinical use of radioisotopes in the evaluation of patients with ischemic heart disease is 

largely based on noninvasive methodology suitable for visualizing myocardial perfusion. 

Although contrast echocardiography and magnetic resonance imaging have been proposed 

recently for the same purpose, at present most of the noninvasive tests for assessing 

myocardial perfusion reside in nuclear cardiology. The most popular radioactive flow 

tracers are characterized by a rapid myocardial extraction followed by either a sequestration 

(for Technetium 99m labeled agents – Tc 99m) or a very slow washout (for Tl-201). These 

features make the tracer uptake proportional to blood flow in each myocardial region, even 

if, up to now, the quantitation of absolute flow is not possible with these techniques. Despite 

this limitation, myocardial perfusion can be imaged and underperfusion can be detected as 

a relative uptake defect compared with the better perfused myocardium. As “significant”  

coronary stenosis regionally impairs flow reserve, myocardial perfusion imaging has 

become a common tool for the diagnosis of coronary artery disease and coronary 

angiography the gold standard for defining its sensitivity and specificity. 

The main strength of radionuclide cardiac imaging in patients with coronary artery disease 

is to provide pathophysiologic and clinical information related to major objectives of 

assessment which include myocardial perfusion, viability and their relationship with left 

ventricular function. For these hypothesis, these data have additional value over anatomic 

information, provided by other imaging techniques, for patient management and outcome. 

3. Overview of imaging principles 

The two different approaches used to evaluate myocardial perfusion by nuclear imaging are 

SPECT and positron emission tomography (PET). SPECT gamma-emitting tracers include 

Tl-201, Tc-99m Sestamibi and Tetrofosmine. PET positron emitting tracers include O-15 

water, N-13 ammonia and rubidium-82, a generator produced readily available agent. 
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As potassium analogue, Tl-201 has high myocardium uptake and has been the most 

commonly used perfusion tracer during the past years (14). Tl-201 is distributed into the 

myocardium proportionally to the flow over a wide range of values. However, some 

limitations have recently reduced its use: the low photon energy is associated with a lower 

resolution and significant attenuation by overlying tissues; the prolonged physical half-life 

(73 hours) causes a significant radiation exposure to the patient.  

Tc-99m labeled tracers, having a shorter physical half life (6 hours) and better imaging 

capabilities, replaced Tl-201 in several indications for clinical SPECT (15). Tc-99m labeled 

tracers are readily available, the images obtained show higher spatial resolution and tissue 

attenuation is also less significant. Tc-99m Sestamibi and Tetrofosmine, the two most 

commonly used labeled tracers, distribute into the myocardium proportionally to the flow 

but their uptake is also dependent on normal mithocondrial function. After myocardial 

uptake, the retention of Tc-99 m labeled tracers in the myocardium is high so that two 

separate tracer injections are required to compare stress and resting perfusion.  

Up to now, one of the major advantages of PET over SPECT is the possibility to correct 

myocardial tissue radioactivity for attenuation of the surrounding organs so that, using 

appropriate models to describe the kinetics of the single tracer, it is possible to quantitate 

myocardial blood flow (MBF) in absolute terms (mL.g-1.min-1) (16-17). O-15 water is 

considered the gold standard for MBF quantitation because its kinetic in the heart is 

independent of myocardial metabolism (18). However, the tracer is freely diffusible and has 

a very short physical half-life (120 sec) so that images have not a high myocardial definition 

and approaches to correct for radioactivity in the vascular compartment are required for 

MBF quantitation (19).  

N-13 Ammonia is highly extracted and retained by the heart and has a relatively longer 

physical half-life than O-15 water (9.96 min) resulting in good to excellent images of the 

myocardium. However, the uptake and retention are dependent on myocardial metabolism 

(20), which may also cause regional differences in tracer accumulation (21). Rest and stress 

studies should be separated by 30 to 40 minutes to allow decay of the previously injected 

dose. There are a number of approaches for MBF quantitation with N-13 ammonia using 

one, two or three compartments models (22-24) and corrections for lower extraction at 

higher flows is used from empirical relationships obtained in experimental studies.  

Rubidium-82, is a potassium analog like Tl-201, allows good quality myocardial images and 

is available by a generator. The very short physical half-life (76 sec) allows to perform rest 

and stress studies with minimal time intervals but also introduces some challenges for the 

absolute quantitation of MBF (16).   

A typical myocardial perfusion imaging exam includes a rest-stress protocol where either a 

physical (bycicle or treadmill exercise in conjunction with SPECT) or a pharmacological 

(dipyridamole, adenosine or dobutamine in conjunction with SPECT or PET) stressor is 

applied. In general SPECT is finalized to the detection of relative regional differences in 

myocardial perfusion while PET adds the potential of measuring absolute regional MBF and 

MBF reserve. The development of ECG-gated SPECT and PET has also enabled accurate 

regional and global cardiac function measurements based on a true tomographic approach. 

The methods are relatively operator-independent and comprehensive software packages 

allow the evaluation of the extent and severity of regional LV dysfunction, in hypoperfused 

but viable myocardium, as well as of global LV ejection fraction, volumes, diastolic function 

and geometry (25-27). 
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4. Endothelial dysfunction and myocardial perfusion imaging  

Another confirmation that myocardial perfusion imaging remains one of the best predictor 

of prognosis in patients with ischemic heart disease comes from coronary microvascular 

alterations in various heart diseases.  

A specific alteration of coronary endothelial function has been found in patients with 

different diseases such as atherosclerosis (28), dilated cardiomyopathy (29) and arterial 

hypertension (30). However, the relevance of endothelial dysfunction to physiologic flow 

control has not been directly documented. Accordingly, coronary artery stenosis is still 

considered the only factor able to affect coronary blood flow regulation in a relevant fashion 

during daily life. Nevertheless, endothelium is an important factor in the integrated 

response of hyperemic flow, even to agents affecting vasomotor tone, through direct action 

on smooth muscle cells. In fact, the lack of the endothelial contribution might limit the effect 

of endothelium-independent agents on flow. 

Several studies have actually documented abnormal flow responses to dipyridamole or 

atrial pacing in the myocardium supplied by angiographically normal coronary arteries in 

patients with dilated cardiomyopathy (31) or arterial hypertension (32) and even in patients 

with single vessel disease on control coronary arteries (33). 

Thus far, the link between reduced vasodilator response and endothelial dysfunction has 

not been tested directly. However, the coincidence of both abnormalities in populations 

with various heart diseases suggests their possible association in the same patient and thus a 

potential pathophysiologic link between the two. With regard to myocardial perfusion 

imaging, the reduction in maximal flow capacity due to microvascular alterations causes a 

reduction in perfusion differences between territories perfused by angiographically normal 

and stenotic vessels during vasodilator stress, thus explaining the relative decrease in 

sensitivity of myocardial perfusion scintigraphy in the detection of single-vessel coronary 

artery disease (34). On the other side, microvascular dysfunction might produce regional flow 

abnormalities per se, thus hampering the postulated cause-effect relationship between 

epicardial stenosis and perfusion defect. 

In agreement with this concept, Zeiher et al (35) demonstrated that coronary microvascular 

endothelial dysfunction was associated with a high incidence of reversible perfusion defects at 

stress myocardial perfusion imaging despite the absence of coronary stenosis. According to the 

traditional criteria, the abnormal scan results of these patients are considered to be “false 

positive”. In contrast, this feature might represent an actual stenosis-independent abnormality 

in blood flow distribution rather than the effect of technical artifacts such as attenuation or 

partial-volume effect. This concept seems of great relevance, as monitoring of microvascular 

function can also be used for assessing the efficacy of therapy. Gould (36) demonstrated that 

aggressive cholesterol lowering is able to reduce reversible perfusion defects induced by 

dipyridamole. Guethlin et al (37) showed that statin therapy improves myocardial blood flow 

response to adenosine independently of stenosis severity in the related vessel. The most 

striking feature of these findings is that the interventions thought to improve endothelial 

function actually improved the flow response to endothelial independent stimuli, underlining 

the relevance of the endothelium in the integrated tuning of vasomotor tone. 

5. Functional risk assessment vs. noninvasive coronary angiography 

The prognostic value of coronary artery calcium (CAC) has been consistently demonstrated 

in large series of patients (39-41). Current evidence also suggests that the use of CAC is 
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independently predictive of outcome over and above traditional cardiac risk factors. As to 

functional risk assessment, CAC scores are predictive of a higher likelihood of ischemia on 

PET myocardial perfusion imaging (42). More importantly, patients with and without 

ischemia on PET perfusion imaging exhibit a stepwise increase in their risk of cardiac events 

with increasing calcium scores. These findings suggest that imaging approaches that 

combine quantitative information on the anatomic burden of ischemic heart disease with its 

physiological consequences offer improved risk stratification over conventional approaches 

that use myocardial perfusion alone. However, an independent and incremental prognostic 

value of CAC over clinical, electrocardiographic, laboratory, echocardiographic and 

angiographic variables has not been demonstrated yet. 

A similar consideration applies to computed tomography (CT) of the coronary arteries. 

Although the presence of obstructive coronary lesions at 64-slice CT angiography was a 

predictor of an adverse outcome (death, nonfatal myocardial infarction, unstable angina, 

and coronary revascularization) as compared to the patients with normal coronary arteries 

(43), an independent and incremental prognostic value of CT angiography over clinical, 

electrocardiographic, echocardiographic and scintigraphic variables has not been 

demonstrated. Up to now, two studies have been designed to test the impact of a combined 

anatomic and functional non-invasive imaging for detection and characterization of 

ISCHEMIC HEART DISEASE: the EVINCI study in Europe and the SPARC trial in the 

United States of America. While we are waiting for the results of these two trials, patients 

outcome in stable ischemic heart disease should be estimated using the evidences so far 

collected. 

6. Myocardial perfusion imaging and revascularization 

No differences in the composite of death, acute myocardial infarction and stroke was found 

between patients with stable ischemic heart disease, objective evidence of ischemia and 

significant coronary stenoses randomized to optimal medical therapy with or without 

percutaneous coronary intervention in the COURAGE trial (44). The relationship between 

extent of myocardial ischemia at gated SPECT and coronary revascularization has been 

explored in a subset of patients enrolled in a nuclear substudy of the COURAGE trial (45). In 

these patients, the addition of percutaneous coronary intervention to optimal medical 

therapy resulted in more effective reduction of ischemia than optimal medical therapy 

alone. This greater reduction in ischemic burden was associated with improvements in 

angina class and less reliance on nitrate therapy for symptom relief. Moreover, patients with 

moderate to severe ischemia randomized to percutaneous coronary intervention plus 

optimal medical therapy more commonly experienced a significant reduction in ischemia at 

follow-up compared with those receiving optimal medical therapy (78% versus 52%). Thus, 

the results of the nuclear substudy suggest that gated SPECT could be utilized for the 

identification of patients who will benefit more from coronary revascularization.  

7. The proper diagnostic work-up 

In patients with stable ischemic heart disease, myocardial perfusion imaging may be 

sometimes regarded as an unnecessary, or even redundant investigation. The study of 

Gimelli and Colleagues shows that myocardial perfusion abnormalities at rest and after 

stress are still the best predictors of cardiac event-free survival, even when compared with 
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an extensive diagnostic work-up. Specifically, when gated SPECT data were added to the 

clinical, laboratory, electrocardiographic and echocardiographic variables, the prognostic 

stratification significantly improved; however, when coronary angiography was added to 

gated SPECT, prognostic stratification did not further improve (Figure 1, top panel). On the 

other hand, if the information provided by gated SPECT was made available after clinical, 

laboratory, electrocardiographic, echocardiographic and angiographic variables, the 

prognostic stratification still improved significantly (Figure 1, lower panel). Thus, gated 

 

 

Modified from Gimelli et al, J Nucl Med 2009;50:546-53 

Fig. 1. Incremental prognostic value during the diagnostic work-up.  In the upper panel, the 

information provided by stress/ rest gated SPECT is available after clinical examination, 

laboratory tests, electrocardiography and echocardiography but before coronary 

angiography. In the lower panel, the information provided by gated SPECT is available after 

coronary angiography.  
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SPECT adds a prognostic information that is greater than that provided by coronary 

angiography. This observation suggests that the indications for myocardial perfusion 

imaging in risk stratification of patients with known or suspected ischemic heart disease 

should be broadened. 

In current clinical practice, a functional risk assessment may conflict with a health care 

delivery policy oriented towards cost saving and direct reperfusion. In this respect, a recent 

survey of the European Society of Cardiology has shown that non-invasive functional tests 

are under-utilized, with wide variability between different countries (46), so that several 

patients without significant ischemic heart disease directly undergo invasive coronary 

angiography. On the other hand, coronary lesions detected by coronary angiography are 

often revascularized even without the evidence that either myocardial blood supply or 

mechanical function is altered (47). This “anatomically oriented”  invasive approach may 

negatively affect patient management, with consequent suboptimal medical treatment, 

inappropriate revascularizations, additional risks and increased health costs.  

8. Conclusions 

Several lines of evidence, collected with different approaches, demonstrate that a 

physiologic risk assessment is superior to an angiographically oriented approach in 

prognostic stratification of patients with stable ischemic heart disease. On these basis, 

stress/ rest myocardial perfusion abnormalities should be known – whenever possible - 

before coronary angiography in order to guide decision making, provided that 

appropriateness and patient’s risk/ benefits ratio are correctly considered. 
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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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