270e-10 of CAD (>50–60%). Multicenter studies assessing the

performance of individual modalities or comparing
different modalities have consistently resulted in more
modest diagnostic accuracies, tracking more closely
with how these tests perform in practice.

Reversible perfusion defect

Fixed perfusion defect

Stress
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Stress Echocardiography The hallmark of myocardial
Rest
ischemia during stress echocardiography is the development of new regional wall motion abnormalities and
reduced systolic wall thickening (Video 270e-3). Stress
Stress
echocardiography can be performed in conjunction
with exercise or dobutamine stress. Stress echocarRest
diography is best at identifying inducible wall motion
abnormalities in previously normally contracting segments. In a patient with wall motion abnormalities
Stress
at rest, the specificity of stress echocardiography is
reduced, and worsening regional function of a previously abnormal segment might reflect worsening conRest
tractile function in the setting of increased wall stress
rather than new evidence of inducible ischemia.
The advantages of stress echocardiography over
other stress imaging techniques include its relatively Figure 270e-9 Selected technetium-99m sestamibi myocardial perfusion
good diagnostic accuracy, widespread availability, no single-photon emission computed tomography images of two different
use of ionizing radiation, and relatively low cost. patients demonstrating a reversible perfusion defect involving the anterior and
Limitations of stress echocardiography include (1) the septal left ventricular wall, reflecting ischemia in the left anterior descending corotechnical challenges associated with image acquisition nary territory (arrows in left panel ), and a fixed perfusion defect involving the inferior
at peak exercise because of exertional hyperpnoea and and inferolateral walls consistent with myocardial scar in the right coronary territory
cardiac excursion, (2) the fact that rapid recovery of (arrow in right panel ).
wall motion abnormalities can be seen with mild ischemia (especially with one-vessel disease, which limits
sensitivity), (3) difficulty detecting residual ischemia
within an infarcted territory because of resting wall motion abnormal- delineate the extent of obstructive angiographic CAD, especially in the
ity, (4) high operator dependence for acquisition of echocardiographic setting of multivessel disease. The use of quantitative myocardial blood
data and analysis of images, and (5) the fact that good-quality complete flow and coronary flow reserve with PET can help mitigate this limitaimages viewing all myocardial segments occurs in only 85% of patients. tion. In patients with so-called “balanced” ischemia or diffuse CAD,
Newer techniques including second harmonic imaging and the use of measurements of coronary flow reserve uncover areas of myocardium
intravenous contrast agents improve image quality, but their effect at risk that would generally be missed by performing only relative
on diagnostic accuracy has not been well documented. The use of IV assessments of myocardial perfusion (Fig. 270e-10). Conversely, a
contrast agents may also allow assessment of myocardial perfusion, normal coronary flow reserve is associated with a very high negative
although this is not approved or generally reimbursed, and data con- predictive value for excluding high-risk angiographic CAD. These
cerning the utility of contrast perfusion echocardiography are limited. measurements of coronary flow reserve also contribute to risk stratiAs with nuclear perfusion imaging, stress echocardiography is often fication across the spectrum of ischemic changes, including patients
used for risk stratification in patients with suspected or known CAD. A with visually normal myocardial perfusion.
negative stress echocardiogram is associated with an excellent progno- Hybrid CT and nuclear perfusion imaging Because many of the newer
sis, allowing identification of patients at low risk. Conversely, the risk generation nuclear medicine scanners integrate CT and a gamma
of adverse events increases with the extent and severity of wall motion camera in the same acquisition gantry, it is now possible to acquire and
abnormalities on stress echocardiography.
quantify myocardial scar and ischemia and CAC scoring from a single
Stress Radionuclide Imaging SPECT myocardial perfusion imaging is dual-modality study (SPECT/CT or PET/CT) (Fig. 270e-11). The
the most common form of stress imaging tests for CAD evaluation. rationale for this integrated approach is predicated on the fact that the
The presence of a reversible myocardial perfusion defect is indica- perfusion imaging approach is designed to uncover only obstructive
tive of ischemia (Fig. 270e-9, left panel), whereas a fixed perfusion atherosclerosis. Conversely, CAC scoring (or CT coronary angiogradefect generally reflects prior myocardial infarction (Fig. 270e-9, right phy) provides a quantitative measure of the anatomic extent of atheropanel). As discussed above, PET has advantages compared to SPECT, sclerosis. This provides an opportunity to improve the conventional
but it is not widely available and is more expensive and, thus, consid- models for risk assessment using nuclear imaging alone, especially in
patients without known CAD.
ered an emerging technology in clinical practice.
Nuclear perfusion imaging is another robust approach to diagnose
obstructive CAD, quantify the magnitude of inducible myocardial
ischemia, assess the extent of tissue viability, and guide therapeutic
management (i.e., selection of patients for revascularization). One of
the most valuable clinical applications of radionuclide perfusion imaging is for risk stratification. It is well established that patients with a
normal SPECT or PET study exhibit a median rate of major adverse
cardiac events of <1% annually. Importantly, the risks of death and
myocardial infarction increase linearly with increasing magnitude of
perfusion abnormalities, reflecting the extent and severity of CAD.
Despite the widespread use and clinical acceptance of radionuclide
imaging in CAD evaluation, a recognized limitation of this approach
is that it often uncovers only coronary territories supplied by the most
severe stenoses. Consequently, it is relatively insensitive to accurately

Cardiac CT Voluminous plaques are more prone to calcification, and
stenotic lesions frequently contain large amounts of calcium. Indeed,
there is evidence that high CAC scores are generally predictive of a
higher likelihood of obstructive CAD, and the available data support
the concept of a threshold phenomenon governing this relationship
(i.e., Agatston score >400). However, given the fact that CAC scores
are not specific markers of obstructive CAD, one should be cautious in
using this information as the basis for referral of patients to coronary
angiography, especially in symptomatic patients with low-risk stress
tests. Conversely, CAC scores <400, especially in symptomatic patients
with intermediate-high likelihood of CAD, as in those with typical
angina, may be less effective in excluding CAD, especially in young
symptomatic men and women who may have primarily noncalcified
atherosclerosis (Fig. 270e-12).

