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Myocardial Perfusion Imaging:  
From Diagnosis to Prognosis

This article is adapted from one that originally appeared in the January 2013 issue of 
Primary Care Reports.

Case 1: You are evaluating a 48-year-old woman for chest pain. The pain is episodic, 
sometimes with activity and sometimes with rest. The patient has diabetes and smokes ciga-
rettes. The patient is currently pain-free. The physical examination is normal. The ECG has 
non-specific T-wave changes in the anterior precordium. The initial serum troponin-I is nor-
mal. Would a radionuclide stress test be a reasonable and appropriate study in this patient?

Case 2: You are evaluating a 67-year-old man who presents with acute chest pain for 
the past hour. The onset awoke him from sleep. The pain is moderately severe, located in the 
center of his chest, but does not radiate. He smokes cigarettes but has no history of diabetes or 
hypertension. The physical examination is normal. The ECG shows minor J-point elevation 
of about 1 mm with concave ST-segments in leads V2 to V4. The serum troponin-I is nor-
mal. You have treated him with aspirin and morphine. The patient’s wife tells you that he 
was evaluated by a cardiologist three months ago for chest pain. You call the cardiologist and 
learn that a radionuclide stress test done two months ago was normal. The patient’s pain is 
improving and he is remaining stable. Does the recent stress test provide reassurance? Would 
it be reasonable to discharge the patient home?

Introduction
Myocardial perfusion imaging (MPI) refers to the utilization of radiotracers 

to image regional myocardial perfusion from coronary artery blood flow to the 
heart muscle. Used effectively, MPI can provide the clinician with a noninva-
sive technique that yields both important diagnostic and powerful prognostic 
information regarding the functional significance of anatomic coronary artery 
disease. MPI can help guide therapeutic decision-making by stratifying patients 
with respect to future risk for adverse outcomes. 

Similar to other nuclear medicine imaging techniques, trace amounts of 
radioactive isotopes are combined with other compounds (“ligands”) to form 
radioactive-labeled chemicals or “radiotracers.” These radiotracers localize to 
specific organs within the body based on the ability of the compound to inter-
act with metabolic pathways or cellular receptors. Thus, radiotracer localiza-
tion images according to cellular function and physiology rather than physical 
changes in the tissue anatomy. Nuclear medicine, in a sense, is radiology done 
inside out, or endoradiology, because it creates images from radiation emit-
ted from within the body rather than radiation that is generated by external 
sources, such as X-rays.

MPI uses radiotracers that are delivered via blood flow to the heart and then 
taken up by myocardium. With normal blood flow and metabolic function, 
healthy myocardium takes in enough radiotracer to be easily visible. Coronary 
blood flow and myocardial perfusion varies with metabolic demand. With exer-
cise, the heart rate increases, the metabolic needs of the myocytes for oxygen 
increase, and coronary perfusion rises to increase delivery of oxygenated blood. 
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With blood flow-limiting stenosis in 
the coronary arteries, the affected 
myocardium will incorporate less 
radiotracer that will be detectable as 
a difference from normal areas. With 
current technology and protocols, 
MPI can detect perfusion abnormali-
ties before metabolic, electrical, or 
anatomic disturbances occur.1 (See 
Figure 1.) 

Emergency physicians often review 
and rely on the results of radionuclide 
stress tests when evaluating patients in 
the ED. Some emergency physicians 
also obtain stress tests on patients in 
the ED to assist in the disposition of 
chest pain patients. Thus, it is useful 
to have knowledge concerning these 
tests, how they are done, and what 
the results may mean.

Coronary Anatomy
Two coronary arteries branch from 

the main aorta just above the aortic 
valve; the right coronary (RCA) and 
left main. After a short distance, the 
left main divides into the left anterior 
descending (LAD) and left circumflex 
(LCX) arteries. The most important 
vascular beds supplied by the coro-
nary arteries are the ventricles, the 
main pumping chambers of the heart. 
In general, the RCA supplies blood 
to the right ventricle, and in 80% of 
adults, the inferior portion of the left 
ventricle. The LAD supplies the ante-
rior portion of the left ventricle. The 
LCX supplies the lateral portion of 
the left ventricle and in 10% of adults, 
the inferior portion too. About 10% 
of adults have a dual supply to the 
inferior portion of the left ventricle, 
from the RCA and LCX.  

The coronary arteries divide to 
encircle the heart, covering its sur-
face with a lacy network that looks 

like a slightly crooked crown. There 
is overlap between the areas perfused 
by the different arteries. Also, collat-
eral circulation can develop to supply 
an area from one artery when the 
other is obstructed. All combined, 
the coronary arteries carry about 130 
gallons of blood through the heart 
daily.2

Atherosclerosis, 
Coronary Artery 
Disease, and Myocardial 
Infarction

Current theories of the pathogen-
esis of the lesions of atherosclerosis 
start with low-grade injury to the 

artery wall that elicits an inflamma-
tory response, which in turn causes 
accumulation of blood cells and 
plasma constituents in the intima 
of the artery.3 Encrustation of small 
mural thrombi at sites of arterial 
injury are organized by the growth 
of smooth muscle cells into them. 
These sites are where the lesions then 
subsequently grow.4,5 This hypoth-
esis, termed the “response to injury 
hypothesis of atherosclerosis,” has 
been modified to take into account 
aspects of risk factors associated 
with atherogenesis, including hyper-
lipidemia, hormone dysfunction, 
hypertension, cigarette smoking, and 
diabetes.6,7

 z Myocardial perfusion imaging can detect abnormali-
ties before cardiac contractility, electrocardiographic, or 
clinical findings occur.

 z A comparison of images obtained at rest and during 
stress is necessary to identify potential areas of reversible 
ischemia.

 z Pharmacologic agents can be used to stress the heart if 
the patient cannot perform exercise.

 z A patient with a normal stress myocardial perfusion 
study has a very low annual incidence (< 0.5%) of car-
diac death or myocardial infarction for at least two years 
after the study.  

Executive Summary

Figure 1: Physiologic Changes with Ischemia

Nuclear MPI is able to detect abnormalities early in the ischemic 
cascade (hypoperfusion) before the onset of mechanical or electrical 
abnormalities or the onset of clinical symptoms (pain).1,17,18
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Almost all ischemic heart disease 
is due to atherosclerosis of the coro-
nary arteries, termed coronary artery 
disease, or CAD. Almost all myo-
cardial infarctions (MIs) result from 
CAD, generally with superimposed 
coronary thrombosis. The end result 
is luminal narrowing of the coronary 
artery that impairs blood flow. Below 
a critical level of blood flow, myocar-
dial cells develop ischemic injury, and 
if the impairment is severe and/or 
prolonged, irreversible damage with 
cell necrosis (i.e., infarction) occurs.8 
A coronary artery lesion that results 
in a 50% reduction or greater in the 
luminal diameter is considered sig-
nificant, likely to impair blood flow 
during periods of stress, resulting in 
myocardial ischemia. 

Atherosclerotic coronary obstruc-
tions are an easily understood 
explanation of why patients have 
exertional angina — the increased 
metabolic demand associated with 
exercise creates a need for increased 
oxygen, and the ability of coronary 
flow in that region to increase is lim-
ited by the blockage. At rest, oxygen 
delivery is adequate for demand. It 
is only with exercise that ischemia 
develops, but is reversible when 
demand drops. 

The pathogenesis for ischemia 
to occur at rest, unstable angina or 
myocardial infarction (two processes 
encompassed in the concept of acute 
coronary syndrome), is complex and 
related to a change in the heretofore 
stable atherosclerotic obstructions. 
These lesions may become unstable, 
promoting the development of over-
lying thrombosis. This may turn a 
patient with stable, predictable, and 
reversible ischemia into one with an 
unstable and potentially progressive 
course.

Myocardial Perfusion 
Imaging

The two radionuclides used for 
MPI are thallium-201 and techne-
tium-99m. Both emit radioactivity 
in the form of gamma rays or pho-
tons. These photons are detected 
by devices (“gamma cameras”) as 
two-dimensional images, termed 
planar MPI. Radioactivity can also be 

detected by devices that utilize mul-
tiple gamma cameras, with the results 
analyzed using computed tomo-
graphic reconstruction principles to 
create a three-dimensional represen-
tation of radionuclide distribution. 
This can then be used to generate 
tomographic images in different 

planes of view, similar to CT or MR 
imaging. The overall technology is 
called single photon emission com-
puted tomography, or SPECT. 

Thallium-201 and technetium-
99m have important differences (see 
Figures 2-4); thallium-201 emits a 
lower energy photon (70-80 keV) 

Figure 2: Normal Rest and Exercise SPECT MPI Study

Figure 3: Reversible Perfusion Defect of the Left Ventricle 
Anterior Wall

Figure 4: Fixed Perfusion Defect in the Left Ventricle 
Inferior and Apical Wall
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and longer half-life (73 hours) 
compared to technetium-99m (140 
keV and 6 hours, respectively). The 
higher energy of the technetium-
99m-emitted photon means fewer 
photons are stopped by the body and 
more arrive at the gamma camera, 
resulting in better image quality.9,10 
The shorter half-life of technetium-
99m reduces the duration that the 
patient is exposed to radioactivity 
and allows for higher doses to be 
administered. Thus, technetium-99m 
has become the predominant radio-
nuclide used for MPI.

Thallium-201 behaves as a potas-
sium analog and, therefore, can shift 
in and subsequently out of myocar-
diocytes.11,12 Thallium-201 is readily 
taken up by the myocytes in a linear 
relationship to perfusion over a wide 
range of flows.13,14 Because thal-
lium-201 was the first agent used for 

MPI, even today many physicians 
refer to all MPI studies as “thal-
lium scans.” As noted, due to its 
long half-life, which limits the dose 
that can be administered, and its 
low energy gamma radiation, which 
limits picture quality, thallium-201 
has largely been replaced by techne-
tium-99m-labeled radiotracers for 
evaluation of myocardial perfusion. 
However, due to its behavior as a 
potassium-like analog, thallium con-
tinues to be used as a cost-effective 
radiotracer alternative in evaluation 
of myocardial viability.10

As an isolated element, techne-
tium-99m does not participate in 
intracellular metabolic processes or 
bind to cell surface receptors. In 
order to localize this radionuclide to 
the myocardium, it must be attached 
to ligands to form radiotracers. 
The two commercially available 

radiotracers using technetium-99m 
are sestamibi (Cardiolite®) and 
tetrofosmin (Myoview®). Both of 
these ligands are cationic lipophilic 
molecules that diffuse through the 
cell membrane and subsequently 
localize in the mitochondria. Unlike 
thallium, which shifts back out of 
myocardial cells analogous to potas-
sium transport, both the technetium-
99m radiotracers get permanently 
“locked” in the mitochondria and 
do not redistribute. This stability 
of localization, along with higher 
energy resulting in clearer imaging, 
allows for the acquisition of gated 
images synchronized utilizing elec-
trocardiogram leads to take pictures 
of the heart during different stages 
of contraction. With this informa-
tion, wall motion and ejection frac-
tions can be evaluated, something 
not possible with thallium.1,9,10

Figure 5: Technetium-99m-sestamibi Stress Test Showing a Reversible Defect of the Anterior 
Wall and a Summed Stress Score of 8
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Once the radionuclide images are 
acquired and reconstructed in three 
dimensions, they can be superim-
posed on a model of the left ventricle, 
divided into segments or regions per-
fused by each of the major coronary 
arteries. (See Figure 5.) Perfusion in 
each segment or region can be quali-
tatively assessed and graded by visual 
inspection. Alternatively, perfusion 
can be quantitatively assessed by the 
intensity of radioactivity emanat-
ing from each region. A numerical 
score can be calculated to quantify 
the impairment to myocardial perfu-
sion. The Summed Rest Score (SRS) 
is the numerical score representing 
myocardial perfusion during rest and 
the Summed Stress Score (SSS) is the 
score calculated with exercise. The 
SRS identifies impaired perfusion at 
rest, generally areas of myocardium 
that are infarcted and not recoverable. 
The SSS identifies poor perfusion in 
both areas that have diminished per-
fusion at rest in addition to areas that 
are now ischemic with exercise. The 
difference between the two scores is 
the amount of reversibility between 
stress and exercise or the extent of 
reversible ischemic burden to the left 
ventricle. 16 (See Table 1.) The semi-
qualitative visual approach divides 
the left ventricle into 17 segments 
and grades perfusion in each segment 
using a five-level scoring system: 0 = 
normal perfusion and 4 = absence of 
perfusion in the area of interest. The 
individual segment scores are then 
totalled, with a sum greater than 13 
indicating severe abnormality.

Software applications have been 
created to calculate the SSS and SRS 
by automatic segmentation, quantifi-
cation, analysis, and display of myo-
cardial perfusion SPECT images with 
minimal operator intervention. The 
results are as good if not better than 
the semi-qualitative visual approach.

Stress Testing
MPI is typically done when the 

patient is at rest (“rest view”) and 
during exercise (“stress view”). 
The principle behind this approach 
is that a partial coronary obstruc-
tion may not impair blood flow and 
oxygen delivery during rest when 

the metabolic demand of the myo-
cardium is low, but when oxygen 
demand is high — as during exercise 
— the partial obstruction now limits 
perfusion to that vascular bed, and 
decreased amounts of radiotracer 
reach that area of myocardium com-
pared to the other areas of the heart. 
This is detected comparing the rest 
view with the stress view, noting a 
region that has normal radionuclide 
uptake during rest but decreased 
uptake during exercise. 

Patient preparation is important to 
maximize results. Ideally, the patient 
should be fasting. The patient should 
discontinue beta-blockers and cal-
cium channel blockers for at least 24 
hours. Long-acting nitrates should 
be discontinued for at least 4 hours. 
Contraindications to stress test-
ing include active unstable angina, 
recent myocardial infarction, severe 
aortic stenosis, and uncontrolled 
hypertension. 

Exercise is typically done usually a 
treadmill but can also be done with 
a bicycle. Treadmill testing uses a 
defined protocol in which the rate 
and slope of the device is periodi-
cally increased to place increasing 
demands on the heart. The end-
point of the exercise is when the 
heart rate reaches a predefined level, 
usually adjusted according to the 
patient’s age, typically 85% of the 
age-adjusted maximal heart rate. 
If the exercise portion of the study 
is halted before the patient’s heart 
rate reaches the predefined level, the 
resulting images may be inadequate 
to detect CAD.  

Exercise stress testing is done with 
continuous electrocardiographic 
(ECG) monitoring and periodic 
blood pressure measurements. The 

ECG monitoring is done for practi-
cal purposes (to assess heart rate 
during the test), for testing purposes 
(to detect ST-segment depression 
that may be a sign of myocardial 
ischemia), and for safety purposes 
(to detect arrhythmias or cardiac 
conduction abnormalities provoked 
during exercise). Exercise stress test-
ing can also provide an assessment of 
the patient’s physical condition and 
identify symptoms such as chest pain, 
dyspnea, or lightheadedness pro-
voked by exertion.  

When the distribution of radio-
tracer is the same during rest and 
stress, the study is considered nor-
mal, or in the parlance of reporting, 
considered as showing no evidence 
of reversible ischemia. (See Figure 2.) 
If an area of underperfusion is visible 
during exercise but not with rest, 
this is deemed evidence of revers-
ible ischemia. (See Figure 3.) If there 
is a region of decreased radiotracer 
uptake identical in both the rest and 

Table 1: Summed Stress Score

Summed Score Classification Each segment graded on 5-level 
scale

< 4 Normal or minimal 
impairment

0 = normal perfusion
1 = mild reduction in uptake
2 = moderate reduction in 
uptake
3 = severe reduction in uptake
4 = absence of uptake

4-8 Mildly abnormal
9-13 Moderately abnormal
> 13 Severely abnormal

Table 2: Causes of False-
negative Stress MPI Studies 
in Patients with CAD

•	Multivessel disease (balanced 
obstructions)

•	Submaximal exercise
•	Noncritical stenosis < 50% 

blockade
•	Isolated right coronary artery 

lesion
•	Coronary collaterals
•	Small ischemic area
•	Early or delayed radionuclide 

redistribution
•	Interfering medication
•	Overestimation of the stenosis 

on coronary angiogram
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stress views, this is termed a fixed 
defect, usually due to prior myocar-
dial infarction. (See Figure 4.)

A variety of protocols for timing 
(one or two day) and sequencing 
(rest or stress first, followed by the 
other) exist. A typical one-day proto-
col using technetium-99m-sestamibi 
(Cardiolite®) is to intravenously 
inject a low dose (6 to 10 millicuries) 
of the radiotracer with the patient at 
rest and obtain the SPECT images 
45 minutes later. Image acquisi-
tion takes place after 30 minutes. 
After that, the patient exercises with 
injection of a larger dose (20-30 
millicuries) of technetium-99m-ses-
tamibi when the target heart rate is 
achieved. The exercise is stopped so 
that the SPECT images are obtained 
30 minutes later. The larger dose 
for the stress portion is given so that 
myocardial perfusion with exercise 
can be distinguished from the resid-
ual radioactivity left over from the 
rest study. This is usually successful, 
but for clearer distinction, the rest 
and stress studies can be separated 
by 24 hours to allow for reduction in 
residual radioactivity from the initial 
study.

A simplified protocol is to per-
form only the exercise stress study, 
and if normal, a rest study is not 
performed. The principle is that if 
an adequate stress is achieved and 
no myocardial perfusion defects are 
seen, the patient is very unlikely to 
have significant CAD, and compari-
son with a rest study does not add 
additional information. 

Like other diagnostic tests, stress 
MPI is not perfect, and patients with 
CAD can have normal studies and 
patients with clean coronary arteries 
on cardiac catheterization can have 
a positive stress test. The accuracy of 
exercise stress MPI testing is affected 
by several factors, some of which can 

account for false-negative MPI stud-
ies in patients with CAD. (See Table 
2.) If the patient cannot exercise 
long enough to place an adequate 
demand on the heart, flow-limiting 
coronary obstructions may not 
manifest. Body habitus may affect 
the acquisition of images. Drugs 
and medications may influence the 
test, especially beta-blockers, long-
acting nitrates, and calcium-channel 
antagonists. Since MPI compares 
blood flow between different regions 
of the heart, if all regions are equally 
affected, the difference will not be 
detectable. A worrisome cause for 
false-negative results is in patients 
with multivessel disease, with the 
obstruction balanced in the vascular 
beds (“3-vessel disease”), which may 
have equal radiotracer uptake during 
both rest and exercise so that no per-
fusion difference will occur between 
rest and stress imaging.  

The reported sensitivity and speci-
ficity of exercise stress MPI testing 
varies according to the population 
studied, the technique utilized, 
and the gold-standard applied for 
comparison. Overall, exercise stress 
MPI testing is reasonably accurate. 
A meta-analysis of 33 studies, which 
included thallium-201 and techne-
tium-99m tracers, found that SPECT 
MPI with treadmill exercise stress for 
the detection of significant coronary 
artery disease, defined as a stenosis of 
more than 50%, had an average sen-
sitivity of 87% and specificity of 73%.9 
A positive test increased the likeli-
hood of the patient having CAD by 
about three times (LR+ = 3.2), and a 
negative test decreased the likelihood 
by about five times (LR- = 0.18).

With the addition of gated (syn-
chronized with the ECG) SPECT 
imaging in MPI with technetium-
99m radiotracers in patients 
with symptoms suggestive of 

typical or atypical angina, exercise 
stress SPECT MPI yielded even 
more accurate results; a sensitiv-
ity of 85-90% and a specificity of 
80-90%.9,19-21 

A meta-analysis of 1405 patients 
compared stress echocardiography 
with stress MPI for detection of 
coronary artery disease. MPI yielded 
higher sensitivity (84% for MPI vs 
80% for stress echo), but had lower 
specificity (77% for MPI vs 86% for 
stress echo).17 Compared to other 
techniques to detect CAD, exercise 
stress MPI is one of the most accu-
rate. 9,19-21 (See Table 3.) The stud-
ies included in this meta-analysis 
primarily utilized older techniques, 
whereas studies utilizing more con-
temporary techniques for MPI have 
yielded specificities similar to stress 
echocardiography.9,19-21 

Alternatives to Exercise 
Testing

For patients incapable of adequate 
exercise, pharmacologic means can 
be used to increase heart rate and 
myocardial oxygen demand (e.g., 
dobutamine) or induce coronary 
vasodilation and increase blood flow 
(e.g., dipyridamole, adenosine, or 
regadenoson).  

In a dobutamine stress test, the 
drug is administered as an intrave-
nous infusion starting at 5 micro-
grams/kg per minute. The infusion 
rate is increased every three minutes 
until the target heart rate is achieved, 
at which time the radiotracer is 
injected and the infusion is discon-
tinued. Contraindications to the 
use of dobutamine include severe 
aortic stenosis, unstable angina, 
recent myocardial infarction, history 
of tachyarrhythmias, severe hyper-
tension, and poor left ventricular 
function. If the patient experiences 
adverse side effects during the 

Table 3: Noninvasive Tests for Detection of Coronary Artery Disease

Diagnostic Test Sensitivity (range) Specificity (range) Number Studies Number Patients
Exercise electrocardiography 68% 77% 132 24,027
Stress echocardiography 76% (40-100%) 88% (80-95%) 10 1174

Planar MPI 79% (70-94%) 73% (43-97%) 6 510
SPECT MPI 88% (73-98%) 77% (53-96%) 8 628
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dobutamine infusion, treatment with 
intravenous beta-blockers can be 
beneficial.

In an adenosine stress test, the 
drug is infused at a rate of 0.14 
milligrams/kg per minute for 6 
minutes and the technetium-99m 
radiotracer is injected 3 minutes 
after the start of the infusion. For a 
regadenoson (Lexiscan®) stress test, 
the drug is administered as a 0.4 mg 
IV push over 10-15 seconds, with 
administration of the technetium-
99m radiotracer 10-20 seconds 
later. Both adenosine and regadeno-
son produce coronary vasodilation 
and increase blood flow by stimulat-
ing adenosine receptors in the car-
diac circulation. Adenosine receptor 
antagonism may also cause bron-
choconstriction and atrioventricular 

block. Contraindications to the use 
of adenosine or regadenoson for 
stress testing include acute asthma 
exacerbation with wheezing, severe 
chronic obstructive pulmonary 
disease, active unstable angina, 
recent myocardial infarction, and 
hypotension. Patients with second- 
or third-degree atrio-ventricular 
block or sick sinus syndrome with a 
functioning cardiac pacemaker may 
undergo stress testing with these 
agents. Severe adverse side effects 
are treated with aminophylline. 
With both adenosine and regadeno-
son, patients should not ingest caf-
feine for 12 to 24 hours prior to the 
stress test using these agents, as caf-
feine interferes with the degree of 
coronary vasodilation and reduces 
the ability to detect CAD.

With either of these three pharma-
cologic agents, images are acquired 
45 minutes after the radiotracer 
injection. SPECT MPI with pharma-
cologic stress demonstrates similar 
results to exercise testing, with an 
average sensitivity of 89% and speci-
ficity of 75%.9

Risk Stratification
The application of prognostic 

testing is based on the premise that 
patients can be stratified with respect 
to risk for adverse outcomes and 
can receive intervention to change 
the natural history of their disease 
so that their subsequent risk is 
reduced. Several studies have histori-
cally shown that patients with stable 
coronary disease can be stratified 
into different risk groups based on 

Figure 6: Annual Rates of Cardiac Death and Myocardial Infarction According to SPECT MPI 
Results44

Rates of cardiac death (solid bars) and myocardial infarction (open bars) per year as a function of scan result. The numbers are 
shown	underneath	the	columns.	*Statistically	significant	increase	as	a	function	of	scan	result.	**Statistically	significant	increase	in	
rate of myocardial infarction vs cardiac death within scan category. Summed stress score (SSS) is predictive of cardiac death and 
myocardial infarction risk.44 

•	In	5183	patients,	the	rates	of	cardiac	death	and	MI	were	evaluated	separately	according	to	SSS	classification	of	the	scan	
results. 

•	For	each	endpoint,	the	more	abnormal	the	scan,	the	greater	the	event	rate,	indicating	good	risk	stratification	across	SSS	
categories. 

•	 In the cohort of 2946 patients, a normal scan was associated with very low rates for both MI and cardiac death (< 1%). 
•	On	the	basis	of	the	data,	patients	with	mildly	abnormal	scan	results	will	not	have	a	clear	outcome	benefit	from	

revascularization, since their cardiac death rate is already < 1%. However, the MI rate in these patients is intermediate. Thus, 
aggressive risk factor management — the only treatment shown to reduce MI rates — is appropriate. 
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demographics, exercise, MPI, and 
catheterization information.22-31 

Schinkel and colleagues found 
that half of 650 patients with 
known or suspected CAD with 
normal exercise ECGs had abnor-
mal SPECT myocardial perfusion 
studies. In 20% of these studies, 
the abnormalities were related to 
ischemia and, therefore, revers-
ible. The degree of abnormality on 
myocardial perfusion SPECT was 
predictive of cardiovascular death or 
morbidity out to 10 years. The SSS, 
which measures both infarcted and 
ischemic myocardium, was an inde-
pendent predictor of major adverse 
cardiac events. The SRS, which 
measures the amount of infarcted 
myocardium, was an independent 
predictor of death.

Studies that utilized planar imag-
ing techniques with treadmill exer-
cise stress found that a normal study 
was a significant predictor of lower 
risk for MI or death at 1 year.24-26 
Compared with planar imaging, 
SPECT imaging has better image 
quality, improved sensitivity in 

detecting individual diseased ves-
sels, and is more quantitative in 
nature with respect to describing 
the severity or extent of disease.32,33 
Iskandrian and colleagues examined 
the independent and incremental 
prognostic value of exercise SPECT 
thallium imaging in patients with 
angiographically defined coronary 
artery disease. Data were obtained 
in 316 medically treated patients 
with coronary artery disease who 
underwent coronary angiography 
over a mean follow-up time of 28 
months. The primary endpoints 
were cardiac death or non-fatal 
MI. Univariate analysis showed 
that gender, exercise work load, 
extent of coronary artery disease 
and left ventricular ejection frac-
tion, and thallium SPECT variables 
were prognostically important. 
Multivariate analysis demonstrated 
that thallium SPECT data pro-
vided incremental prognostic value 
to catheterization data, with the 
extent of the perfusion abnormality 
being the single best predictor of 
prognosis.34 

The important concept for emer-
gency physicians is the low risk of 
death for patients with a normal 
stress test. Shaw and colleagues 
enrolled 4728 consecutive patients 
who underwent SPECT MPI with 
yechnetium-99m-tetrofosmin with 
either exercise or pharmacologic 
stress. The observed annualized 
survival rate for those patients with 
a normal study was 99.4%.35 Other 
investigators have demonstrated that 
event rates associated with normal 
or low-risk myocardial perfusion 
SPECT with thallium or technetium 
agents are less than 1% per year of 
follow-up.37-43 

Hachamovitch and colleagues 
performed a study to examine dif-
ferences in the rates of MI and car-
diac death after SPECT myocardial 
perfusion testing.44 They identified 
5183 consecutive patients who 
underwent stress/rest SPECT and 
were followed up for the occur-
rence of cardiac death or MI over a 
mean follow-up of 642 ± 226 days. 
Patients with normal scans were at 
low risk for myocardial infarction 
(0.5% per year) or cardiac death 
(0.3% per year). Rates of both out-
comes increased significantly with 
worsening scan abnormalities. (See 
Figure 6.) 

Recommended Uses  
for Nuclear MPI

The Appropriate Use Criteria 
(AUC) for Cardiac Radionuclide 
Imaging were developed by the 
American College of Cardiology 
Foundation (ACCF), along with 
key cardiology societies, to serve as 
a guide for the responsible use of 
radionuclide MPI. 

In general, the use of MPI is 
appropriate for the diagnosis and 
risk assessment of intermediate- and 
high-risk CAD patients, according to 
the AUC. (See Figure 7.) MPI testing 
for low-risk patients, routine repeat 
testing, and general screening in 
certain clinical scenarios are consid-
ered less appropriate.45 If the pretest 
probability for CAD is low, analy-
sis indicates that a stress test with 
ECG analysis alone would be more 
cost-effective and, thus, the use of 

Figure 7: Use of Radionuclide MPI Testing in Symptomatic 
Patients

*ACS includes unstable angina, myocardial infarction with ST elevation, and myocardial 

infarction without ST elevation according to ACC/AHA Guidelines.

Adapted from: Hendel RC, et al. J Am Coll Cardiol 2009;53:2201-2229.
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radionuclide MPI in low-risk patients 
would be inappropriate.

Radiation from Nuclear 
Myocardial Perfusion 
Imaging

Procedures that utilize ionizing 
radiation should be performed in 
accordance with the as low as reason-
ably achievable (ALARA) philoso-
phy. Thus, physicians ordering and 
performing cardiac imaging should 
be very familiar with the dosage of 
radiation from cardiac diagnostic 
tests and ways in which the dose can 
be minimized.

Radiation dosimetry from a 
study using a radiopharmaceutical 
is typically estimated on the basis 
of a mathematical biokinetic model 
that quantifies the distribution and 
metabolism of that agent in the 
body. Such models incorporate bio-
kinetic data from animal and human 
models.

Effective doses of MPI proce-
dures are nontrivial and vary greatly 
between protocols. Substantial differ-
ences exist between procedures with 
the use of different radiopharmaceu-
ticals and between different proce-
dures with the use of the same agent. 
While the typical effective dose of a 
posteroanterior chest X-ray is 0.02 
mSv, and the annual background 
radiation in the United States is 3.0 
mSv, typical values for MPI studies 
range from 2.2-31.5 mSv. Of the 
most commonly performed studies, a 
rest-stress technetium-99m-sestamibi 
study averages 11.3 mSv, and a rest-
stress technetium-99m-tetrofosmin 
study averages 9.3 mSv. Single-
injection protocols are associated 
with a dose that is approximately 
30% lower. Doses are much higher 
for studies using thallium-201. A 
single-injection thallium-201 MPI 
study has an average value of 22 mSv. 
Dual isotope studies have the high-
est effective doses, with an average 
value of 29.2 mSv for a combination 
thallium-201 and technetium-99m- 
sestamibi study or approximately 
three times that of a single-injection 
protocol using a technetium-99m 
containing agent.46 Thus, ALARA 

considerations appear to favor the 
use of technetium-99m agents rather 
than thallium-201.46 

Biological effects of ionizing radia-
tion can be classified as deterministic 
or stochastic. Deterministic effects 
such as skin injuries and cataract 
formation occur predictably when 
the dose exceeds a certain threshold, 
whereas stochastic effects such as 
cancer incidence and germ cell muta-
tions occur with a probability that 
increases with the dose.

In cardiac imaging, the only deter-
ministic effect that occurs with any 
frequency in patients is skin injury. 
Stochastic risks of potential concern 
include heritable genetic effects and 
cancer. Risks for all classes of genetic 
diseases occur at a rate estimated 
at 0.30% to 0.47% per Gy per first-
generation progeny. Even with the 
highest gonadal doses found in car-
diac imaging using thallium-201, the 
testicular absorbed dose of approxi-
mately 60 mGy, corresponded to 
a risk of genetic diseases of only 
0.02% to 0.03% per first-generation 
progeny.46 

Ionizing radiation causes numer-
ous types of DNA damage and it 
is hypothesized that damaged sites 
such as double-strand breaks are 
oncogenic. For the type of radia-
tion used in cardiac imaging, i.e., 
low levels (≤ 100 mSv) of low linear 
energy transfer ionizing radiation, 
the relationship between dose and 
lifetime risk of cancer is a controver-
sial one. The estimated lifetime risk 
for all cancer attributable to a single 
radiation exposure increases with the 
intensity of radiation and decreases 
with age. Thus, the estimated life-
time risk of cancer for a 40-year-old 
due to a 100 mSv exposure is less 
than 1%, whereas in a newborn, it is 
2-4%. 

Conclusion
Case 1: The patient has two major 

risk factors for CAD and is symp-
tomatic with a mixed picture of 
exertional and rest chest pain. The 
pretest risk stratification for this 
patient would be moderate risk for 
CAD, and stress MPI is appropriate.  

Case 2: This patient has four 

major risk factors for CAD and with 
new-onset chest pain has entered an 
unstable phase. The patient’s recent 
stress test result is irrelevant when 
acute symptoms or instability occurs. 
The patient underwent coronary 
angiography the next day and was 
found to have 3-vessel CAD with 
acute obstruction of the LAD. The 
relatively balanced obstructions in 
the three major coronary arteries 
accounted for the normal stress test.
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Physician CME Questions

1. In nuclear medicine, small amounts of 
radioactive substances are bound to pro-
teins, compounds, or pharmaceuticals to 
form:
A. radioisotopes
B. radioparticles
C. radiostudies
D. radiotracers
E. radiowaves

2. Which of the following statements regard-
ing myocardial perfusion imaging is 
incorrect?
A. The radionuclide is delivered by blood 

flow through the coronary artery.
B. The radionuclide localizes in areas of 

ischemia.
C. Coronary blood flow increases with 

increased metabolic demand from the 
myocardium.



www.emreports.com  Emergency Medicine Reports / Volume 34, Number 3 / January 27, 2013 35

D. Coronary artery obstructions can 
limit uptake of the radionuclide in 
that vascular bed.

3. When the heart is subjected to ischemia, 
the first disturbance to occur is:
A. electrical
B. perfusion
C. metabolic
D. chest pain
E. drop in ejection fraction

4. Myocardial perfusion imaging with tech-
netium-99m yields better image quality 
than with thallium-201 because:
A. it gives off higher energy radiation
B. it has a longer half-life
C. it behaves like potassium in the body
D. it is a newer agent
E. it is a naturally occurring element in 

the heart

5. Thallium may be used in the assessment 
of myocardial viability because:
A. it has a short half-life
B. it is a naturally occurring element in 

the heart
C. high doses can be safely injected
D. it behaves like potassium in the body
E. it behaves like sugar in the body

6. Which study has the highest sensitivity 
in detecting obstructive coronary artery 
disease?
A. exercise ECG
B. stress echocardiogram
C. planar myocardial perfusion imaging
D. single photon emission tomography 

myocardial perfusion imaging

7. Which of the following statements regard-
ing a typical technetium-99m SPECT 
stress test is incorrect?
A. The end point of the exercise portion 

is a heart rate that is 85% of the age-
adjusted maximum.

B. Continuous ECG monitoring is used.
C. The rest and exercise portions must 

be performed on separate days.
D. The typical radiation exposure aver-

ages around 11 mSv.

8. The annual risk of cardiac death in a 
patient with a normal myocardial perfu-
sion study is less than:
A. 1%
B. 2%
C. 3%
D. 4%
E. 5%

9. In a patient incapable of exercise, which 
pharmacologic agent can be used in the 
stress portion of a MPI study?
A. epinephrine
B. aminophylline
C. adenosine
D. nitroglycerin

10. Which of the following may account for a 
false-negative MPI stress test?
A. submaximal exercise

B. small ischemic area
C. collateral circulation
D. multivessel disease
E. all of the above
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Exclusive to our subscribers Rapid Access Management Guidelines

Myocardial  
Perfusion Imaging

Physiologic Changes with Ischemia

Normal Rest and Exercise SPECT MPI Study

Noninvasive Tests for Detection of Coronary Artery Disease

Nuclear MPI is able to detect abnormalities early in the ischemic 
cascade (hypoperfusion) before the onset of mechanical or electrical 
abnormalities or the onset of clinical symptoms (pain).1,17,18

Echocardiography

Nuclear 
imaging

Angina

Systolic dysfunction

Diastolic dysfunction

Perfusion abnormalities

Duration of Ischemia

ECG changes

Reversible Perfusion Defect of the Left 
Ventricle Anterior Wall

Fixed Perfusion Defect in the Left Ventricle 
Inferior and Apical Wall

Diagnostic Test Sensitivity (range) Specificity (range) Number Studies Number Patients
Exercise electrocardiography 68% 77% 132 24,027
Stress echocardiography 76% (40-100%) 88% (80-95%) 10 1174

Planar MPI 79% (70-94%) 73% (43-97%) 6 510
SPECT MPI 88% (73-98%) 77% (53-96%) 8 628
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Technetium-99m-sestamibi Stress Test Showing a Reversible Defect 
of the Anterior Wall and a Summed Stress Score of 8

Annual Rates of Cardiac Death and Myocardial Infarction  
According to SPECT MPI Results

Summed Stress Score

Rates of cardiac death (solid bars) and myocardial infarction (open bars) per year as a function of scan result. The numbers are 
shown underneath the columns. *Statistically signifi cant increase as a function of scan result. **Statistically signifi cant increase in 
rate of myocardial infarction vs cardiac death within scan category. Summed stress score (SSS) is predictive of cardiac death and 
myocardial infarction risk.44 

• In 5183 patients, the rates of cardiac death and MI were evaluated separately according to SSS classifi cation of the scan 
results. 

• For each endpoint, the more abnormal the scan, the greater the event rate, indicating good risk stratifi cation across SSS 
categories. 

• In the cohort of 2946 patients, a normal scan was associated with very low rates for both MI and cardiac death (< 1%). 
• On the basis of the data, patients with mildly abnormal scan results will not have a clear outcome benefi t from 

revascularization, since their cardiac death rate is already < 1%. However, the MI rate in these patients is intermediate. Thus, 
aggressive risk factor management — the only treatment shown to reduce MI rates — is appropriate. 

Event 
Rate 
(%)

5

4

3

2

1

0
0.3

0.5
0.8

2.7**
2.3

2.9 2.9*

4.2*

 2946 884 455 898
 Normal Mildly Moderately Severely
  Abnormal Abnormal Abnormal

Summed Score Classifi cation Each segment graded on 5-level 
scale

< 4 Normal or minimal 
impairment

0 = normal perfusion
1 = mild reduction in uptake
2 = moderate reduction in 
uptake
3 = severe reduction in uptake
4 = absence of uptake

4-8 Mildly abnormal
9-13 Moderately abnormal
> 13 Severely abnormal

Causes of False-negative Stress 
MPI Studies in Patients with 
CAD

• Multivessel disease (balanced 
obstructions)

• Submaximal exercise
• Noncritical stenosis < 50% 

blockade
• Isolated right coronary artery 

lesion
• Coronary collaterals
• Small ischemic area
• Early or delayed radionuclide 

redistribution
• Interfering medication
• Overestimation of the stenosis 

on coronary angiogram


