commonly used as a pharmacologic alternative to stress
testing in stress echocardiography.

TABLE 270e-1 Radiopharmaceuticals for Clinical Nuclear Cardiology
Radiopharmaceutical
Technetium-99m sestamibi
Technetium-99m tetrofosmin
Thalium-201
Iodine-123 metaiodobenzylguanidine (MIBG)
Rubidium-82
13
N-ammonia
18
F-fluorodeoxyglucose

Imaging Technique
SPECT
SPECT
SPECT
SPECT
PET
PET
PET

Physical Half-Life
6h
6h
72 h
13 h
76 s
10 min
110 min

Abbreviations: PET, positron emission tomography; SPECT, single-photon emission computed tomography.

Application
Myocardial perfusion imaging
Myocardial perfusion imaging
Myocardial perfusion imaging
Cardiac sympathetic innervation
Myocardial perfusion imaging
Myocardial perfusion imaging
Myocardial viability and inflammation imaging
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Myocardial Perfusion and Viability Imaging Protocols
Imaging protocols are tailored to the individual patient
based on the clinical question, patient’s risk, ability to
exercise, body mass index, and other factors.
For SPECT imaging, technetium-99m (99mTc)-labeled
tracers are the most commonly used imaging agents
because they are associated with the best image quality
and the lowest radiation dose to the patient (Fig. 270e-5).
Selection of the protocol (stress-only, single-day, or
2-day) depends on the patient and clinical question. After
intravenous injection, myocardial uptake of 99mTc-labeled
tracers is rapid (1–2 min). After uptake, these tracers
become trapped intracellularly in mitochondria and show
minimal change over time. This is why 99mTc tracers can
Figure 270e-4 Two examples of hand-held ultrasound equipment: V-Scan
be helpful in patients with chest pain of unclear etiology
(General Electric, left) and Sonosite (right).
occurring at rest, because patients can be injected while
having chest pain and imaged some time later after symptoms subside. Because the radiotracer is trapped at the
including for initial diagnosis and risk stratification as well as the assess- time of injection, the images provide a snapshot of myocardial perfument of myocardial viability. These techniques use small amounts of sion at the time of injection, even if the acquisition is delayed. Indeed,
radiopharmaceuticals (Table 270e-1), which are injected intrave- a normal myocardial perfusion study following a rest injection in a
nously and trapped in the heart and/or vascular cells. Radioactivity patient with active chest pain effectively excludes myocardial ischemia
within the heart and vasculature decays by emitting gamma rays. The as the cause of chest pain (high negative predictive value). While used
interaction between these gamma rays and the detectors in specialized commonly in the past for perfusion imaging, thallium-201 protocols
scanners (single-photon emission computed tomography [SPECT] are now rarely used because they are typically associated with a higher
and PET) creates a scintillation event or light output, which can be radiation dose to the patient.
PET myocardial perfusion imaging is an alternative to SPECT and
captured by digital recording equipment to form an image of the heart
and vasculature. Like CT and MRI, radionuclide images also generate is associated with improved diagnostic accuracy and lower radiation
dose to patients due to the fact that radiotracers are typically short
tomographic (three-dimensional) views of the heart and vasculature.
lived (Table 270e-1). The ultra-short half-life of some PET radiopharRadiopharmaceuticals Used in Clinical Imaging Table 270e-1 summarizes
maceuticals in clinical use (e.g., rubidium-82) is the primary reason
the most commonly used radiopharmaceuticals in clinical SPECT and
why imaging is generally combined with pharmacologic stress, as
PET imaging.
opposed to exercise, because this allows for faster imaging of these
Protocols for Stress Myocardial Perfusion Imaging Both exercise and rapidly decaying radiopharmaceuticals. However, exercise is possible
pharmacologic stress can be used for myocardial perfusion imaging. for relatively longer lived radiotracers (e.g., 13N-ammonia). PET imagExercise stress is generally preferred because it is physiologic and ing protocols are typically faster than SPECT, but more expensive. For
provides additional clinically important information (i.e., clinical and myocardial perfusion imaging, rubidium-82 does not require an onhemodynamic responses, ST-segment changes, exercise duration, site medical cyclotron (it is available from a strontium-82/rubidium-82
and functional status). However, submaximal effort will lower the generator) and, thus, is the most commonly used radiopharmaceutisensitivity of the test and should be avoided, especially if the test is cal. 13N-ammonia has better flow characteristics (higher myocardial
requested for initial diagnosis of CAD. In patients who are unable to extraction) and imaging properties than rubidium-82, but it does
exercise or who exercise submaximally, pharmacologic stress offers an require an on-site medical cyclotron. In comparison to SPECT, PET
adequate alternative to exercise stress testing. Pharmacologic stress can has improved spatial and contrast resolution and provides absolute
be accomplished either with coronary vasodilators, such as adenos- measures of myocardial perfusion (in mL/min per gram of tissue),
ine, dipyridamole, or regadenoson, or β1-receptor agonists, such as thereby providing the patients’ regional and global coronary flow
dobutamine. For patients unable to exercise, vasodilators are the most reserve. The latter helps improve diagnostic accuracy and risk stratificommonly used stressors in combination with myocardial perfusion cation, especially in obese patients, women, and higher risk individuals
imaging. Dobutamine is a potent β1-receptor agonist that increases (e.g., diabetes mellitus) (Fig. 270e-6). Contemporary PET and SPECT
myocardial oxygen demand by augmenting contractility, heart rate, scanners are combined with a CT scanner (so-called hybrid PET/CT
and blood pressure similar to exercise. It is generally used as an alter- and SPECT/CT). CT is used primarily to guide patient positioning
native to vasodilator stress in patients with chronic pulmonary disease, in the field of view and for correcting inhomogeneities in radiotracer
in whom vasodilators may be contraindicated. Dobutamine is also distribution due to attenuation by soft tissues (so-called attenuation
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