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Abstract: Emergency room evaluations of patients presenting with chest pain continue to rise, and these evaluations
which often include cardiac imaging, are an increasing area of resource utilization in the current health system. Myocar-
dial perfusion imaging from the emergency department remains a vital component of the diagnosis or exclusion of coro-
nary artery disease as the etiology of chest pain. Recent advances in camera technology, and changes to the imaging pro-
tocols have allowed MPI to become a more efficient way of providing this diagnostic information. Compared with con-
ventional SPECT, new high-efficiency CZT cameras provide a 3-5 fold increase in photon sensitivity, 1.65-fold im-
provement in energy resolution and a 1.7-2.5-fold increase in spatial resolution. With stress-only imaging, rest images are
climinated if stress images are normal, as they provide no additional prognostic or diagnostic value and cancelling the rest
images would shorten the length of the test which is of particular importance to the ED population. The rapid but accurate
triage of patients in an ED CPU is essential to their care, and stress-only imaging and new CZT cameras allow for shorter
test time, lower radiation doses and lower costs while demonstrating good clinical outcomes. These changes to nuclear
stress testing can allow for faster throughput of patients through the emergency department while providing a safe and ef-

ficient evaluation of chest pain.
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INTRODUCTION

Chest pain is one of the most common symptoms leading
to emergency department visits. Yearly, approximately 5.5
million patients are evaluated for chest pain that may repre-
sent an acute coronary syndrome (ACS). Historically, 2% of
patients with an ACS are sent home from the emergency
room inappropriately [1]. Over a 10-year period, the percent-
age of emergency department (ED) visits for chest pain in
which a diagnosis of ACS was made decreased 44.9%, from
23.6% in 1999-2000 to 13.0% in 2007-2008 [2]. At the
same time, the percentage of chest pain visits that resulted in
admission, transfer, or death also declined 17.2% [2]. These
figures would suggest that more low-risk patients are being
triaged in the ED for chest pain. As overcrowded emergency
departments continue to see millions of patients annually
with chest pain, it is imperative to have efficient protocols to
accurately identify patients with coronary ischemia and rap-
idly exclude those without. Notably, patients with ACS ex-
perience more adverse outcomes at times of the highest wait-
ing room census and patient-hours in the ED, emphasizing
the need for rapid throughput [3].

With the large number of ED visits for chest pain, there
has been substantial growth in the use of diagnostic imaging
as part of the evaluation (up 367.6% from 1999-2008, from
3.4% to 15.9%) [2]. While this utilization increases the
amount of time spent in the ED [4], imaging often helps phy-
sicians correctly rule out certain conditions, avoiding unnec-
essary treatment or further testing. Currently, for patients
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presenting with possible ACS, American Heart Association
(AHA) guidelines recommend continued monitoring in an
ED, chest pain unit (CPU), or inpatient setting with serial
biomarker evaluation. For those who rule out for a myocar-
dial infarction, a provocative stress test (exercise or pharma-
cological) within 72 hours is recommended as an alternative
to inpatient admission [5, 6].

CLINICAL EVALUATION

Initial admission to a chest pain unit hinges on a physi-
cian’s suspicion for myocardial ischemia in a patient lacking
high-risk features of an acute coronary syndrome. This
leaves a wide variety of low-to-intermediate risk patients
being triaged to chest pain units. According to Bayes' theo-
rem, the diagnostic power of exercise stress testing is maxi-
mal when the pretest probability of coronary artery disease
(CAD) is intermediate (30-70%) based on clinical risk fac-
tors. For very low- or very high-risk patients, a positive
stress test adds little to the post-test probability of CAD [7].
Thus, the first question that needs to be asked of any patient
being evaluated for chest pain is whether the patient needs
any additional diagnostic testing beyond clinical evaluation.

A recent analysis reviewed 220 young patients aged 23-
40 who were evaluated in an emergency department chest
pain unit [8]. All had normal or non-diagnostic ECG’s on
presentation, ruled out for myocardial infarction by serial
biomarkers and did not have a history of coronary artery
disease. Each patient then underwent provocative cardiac
testing to identify the presence of myocardial ischemia. Of
these, only 6 had positive stress test results, 4 were false-
positive tests, so only 2 patients (0.9%) under the age of 40
had true positive stress tests. This analysis suggests that the
combination of age younger than 40 years, normal ECG and
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2 sets of negative biomarkers at least 6 hours apart identified
a patient population at very low risk for true-positive stress
tests and that cardiac stress testing from the ED added little
to the diagnostic evaluation. It would be too general to state
that patients under the age of 40 in a chest pain unit never
need stress testing as part of their workup, but this analysis
highlights the limitations of provocative stress testing in very
low risk populations. Thus it is important to assess pre-test
probability using both clinical assessment and established
risk calculators to ensure that patients with a <30% risk are,
in most cases, not subjected to testing.

Exercise Treadmill Testing

For selected patients in the emergency room, exercise
treadmill testing (ETT) can provide rapid noninvasive risk
stratification. ETT is relatively low cost, readily available,
easy to perform and provides proven prognostic information
[9]. A Science Advisory of the AHA [10] concluded that a
symptom-limited ETT after 8-12 hours of evaluation in low-
intermediate risk patients is safe. In certain lower-risk pa-
tients, ETT has been performed in those without a full set of
cardiac biomarkers, and demonstrated no adverse outcomes
at 1-month follow-up [11]. For conservative management of
chest pain that could represent unstable angina/non-ST ele-
vation ACS, current guidelines recommend ETT without
imaging in patients who can exercise and do not have sub-
stantial ECG abnormalities that would inhibit interpretation
[5, 12].

Functional capacity is an important variable measured by
ETT. Higher exercise capacity, measured in metabolic
equivalents (METs), is a powerful predictor of cardiovascu-
lar events and survival, regardless of age or gender [13-15].
In a recent analysis, Bourque and colleagues prospectively
evaluated the burden of ischemia by nuclear imaging in pa-
tients who achieved >85% of the maximum age-predicted
heart rate (MAPHR) and an exercise capacity of >10 METs
(high workload) [16]. Patients with >10 METs had more
than a 5-fold lower prevalence of reversible ischemia and
2.6-fold fewer fixed perfusion defects than those achieving
<7 METs (low workload). The prevalence of significant
ischemia at high workload was 17-times lower than patients
at a low workload. No patients that achieved >85% MAPHR
with a high workload, without ST-segment depression, had
significant myocardial ischemia on MPI.

Therefore, from a prognostic standpoint, since there are
excellent clinical outcomes for patients achieving >10 METs
on a Bruce protocol there is little added information from
MPI especially when the ECG response is normal and >85%
MAPHR is achieved. Many nuclear cardiology laboratories
have subsequently adopted these results into their practice by
first applying exercise testing alone while having nuclear
tracer agents on “standby”. If a patient achieves >85%
MAPHR and at least 10 METs without ST-segment depres-
sion, the exercise test alone is sufficient. If any parameter is
not met, then the tracer is injected according to routine pro-
tocol and myocardial perfusion imaging is performed.
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MEDICAL RADIATION EXPOSURE

As important as non-invasive imaging is to the diagnosis
of coronary artery disease, it must also be recognized that
certain tests expose the patient to radiation. Medical radia-
tion accounts for a large portion of the increased per-capita
effective radiation dose to Americans over the last 3 decades,
with a large component derived from myocardial perfusion
imaging. Estimates for effective doses for the cardiac imag-
ing studies are shown in Table 1. These estimates were ob-
tained by Chen et al using multiple systematic reviews and
published sources [17]. The radiation dose for myocardial
perfusion imaging can vary significantly based on type of
isotope, dual isotope versus single isotope imaging as well as
imaging protocols, and the estimate in Table 1 is based on
consideration of all these factors. In Chen et al’s population
based study describing radiation exposure from cardiac im-
aging, 9.5% of people in a health insurance database had
undergone at least one cardiac imaging procedure in a 3-year
period. Myocardial perfusion imaging accounted for 74% of
the cumulative effective dose. The mean cumulative effec-
tive dose from all cardiac imaging was 23.1 mSv, whereas
the median dose was 15.6 mSv (range 1.5 to 543.7 mSv). For
comparison, the background level of radiation from natural
sources in the United States is 3 mSv per year. Given that
there is no currently accepted level of radiation exposure that
is deemed safe, physicians should strive to achieve doses that
are “as low as reasonable achievable” to reduce lifetime risk
associated with ionizing radiation exposure [17]. The Ameri-
can Society of Nuclear Cardiology (ASNC) and the Food
and Drug Administration have emphasized methods of re-
ducing radiation doses, including ensuring appropriate test-
ing, adjusting stress protocols, limiting radiotracer doses and
using new technologies [18, 19].

Table 1. Estimates of Effective Doses for Cardiac Imaging Pro-
cedures [17]

Myocardial perfusion imaging study with ejection 15.6 mSv
fraction

Cardiac computed tomography for assessment of coro- 3.0 mSv
nary calcium

Cardiac computed tomography with contrast for as- 16.0 mSv
sessment of coronary arteries

Diagnostic coronary angiography 7.0 mSv
Percutaneous coronary intervention 15.0 mSv

Among the options available to evaluate for the presence
of obstructive coronary artery disease, stress echocardiogra-
phy does have the advantage of lacking radiation exposure to
the patient. In addition, echocardiography can provide perti-
nent information on cardiac chamber size and valvular func-
tion. However, drawbacks of this modality include a reduc-
tion in image quality in certain patients because of body ha-
bitus or pulmonary disease, and difficult interpretation when
resting regional wall motion abnormalities are present.
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Therefore MPI remains in common use and is widely con-
sidered an important modality in the diagnostic evaluation of
coronary artery disease and chest pain syndromes.

MYOCARDIAL PERFUSION IMAGING

For patients at intermediate risk, single photon emission
computed tomography (SPECT) myocardial perfusion imag-
ing, with radioactive tracers such as Thallium-201 (T1-201)
and Technetium-99m (Tc-99m), has been the cornerstone of
non-invasive testing for obstructive epicardial coronary dis-
ease for decades. A normal MPI provides excellent prognos-
tic information, with a cardiac event rate of <1% at 1 year
[20-22]. Diagnostic accuracy is enhanced even more when
MPI is integrated with clinical data and exercise treadmill
testing [23].

Stress Testing Protocols

Besides being able to choose between two different iso-
topes, T1-201 and Tc-99m, a number of different protocols
can be used for a MPI study depending on laboratory prefer-
ence and patient specific factors including age, gender and
body mass index. The low-dose rest followed by high-dose
stress sequence has long been the standard protocol of many
nuclear laboratories throughout the country (Fig. 1). For a
patient in an emergency-room chest pain unit, a rest-stress
sequence takes approximately 3-5 hours to complete [24].
Newer protocols employing low-dose stress first imaging are
being adopted by many nuclear laboratories to help address
some of the problems with the traditional protocol.

Stress-Only Protocols

In routine clinical practice, up to 60-70% of appropriately
indicated perfusion studies demonstrate normal stress imag-
ing [25-27]. With normal stress images, rest images provide
no additional prognostic or diagnostic value and cancelling
the rest images would shorten the length of the test which is
of particular importance to the ED population. Eliminating
the rest-imaging portion allows completion of the entire
study in 90 minutes as opposed to the usual 3-5 hours. In
addition to a reduction in test length, changing the imaging
protocol alone can also lead to significantly lower radiation
doses (Fig. 2). Dual-isotope (T1-201/Tc-99m) protocols,
which can also be shorter, expose patients to significantly
more radiation than single isotope testing. Using a stress-
only protocol can reduce the radiation doses by approxi-
mately 30% in many patients [28].

Despite the potential benefits of stress-only imaging,
many laboratories are apprehensive about the reliability, di-
agnostic accuracy and prognostic ability of a normal stress-
only study. The concern often lies in the under-diagnosis of
patients with left main or triple vessel CAD that may have a
normal appearing stress image [29]. The inclusion of stress
symptoms, ECG response, gated images, and attenuation
correction can also aid in interpreting a study as normal from
stress images only.

In this context, multiple studies have examined the over-
all clinical utility of stress-only imaging. Gibson et al fol-
lowed 652 patients with low to intermediate probability of
CAD who underwent stress-only imaging [29]. After a mean
of 22.3 months, the overall cardiac event rate was 0.6% with
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no cardiac deaths. In a much larger, diverse group of pa-
tients, Chang et al examined outcomes of 16,854 consecutive
patients undergoing stress testing [25]. A stress-only proto-
col was used in approximately half of the patients evaluated;
rest images were obtained only if abnormalities were de-
tected during stress. Over a mean follow-up of 5 years, there
was no statistical mortality difference in patients who un-
derwent stress-only imaging or rest/stress imaging. This dif-
ference was true regardless of age, sex, clinical risk factors,
history of CAD or the stressor used in the test. Similarly,
Duvall et al examined a retrospective cohort of 10,609 pa-
tients who presented for stress testing [28]. Those at lower
risk for CAD were assigned to a defined stress-only protocol.
Within this group, 1,673 had a normal stress-only study and
3,237 had a normal rest-stress study. At 12 and 40 month
follow-up, while controlling for confounding variables, no
significant difference was found for both all-cause mortality
(p =.94) and cardiac mortality (p = .82).

Another study examined the role of stress-only imaging
specifically in an ED CPU setting [30]. A total of 4,145
stress MPIs were performed from the CPU: 2,340 stress-only
studies and 1,805 rest-stress. In patients with normal perfu-
sion, at one year of follow-up, there were 11 deaths in the
stress-only group (0.5% one-year mortality), and 13 deaths
in the rest-stress cohort (1.1% one-year mortality). In addi-
tion, the stress-only group had a lower all-cause mortality
(p<0.0001) than their rest-stress counterparts.

The studies reviewed above demonstrate a benign prog-
nosis, similar to that of a full rest-stress study, when stress-
only testing is performed in low-risk patients being evaluated
for myocardial ischemia. By reducing the time to complete
the study, throughput in the emergency room can be signifi-
cantly affected. In addition to decreasing the overall length
of stay, radiation dose to the patient and the cost to the health
care system can also be reduced.

Attenuation Correction

Correct interpretation of images is sometimes challeng-
ing due to soft-tissue attenuation and artifacts, which can
increase the false-positive rate of the test. Preserved wall
motion in the area of a fixed perfusion defect, Q-waves on
ECG, as well as overlying soft tissue seen on raw images,
can help distinguish artifact from CAD but is by no means
fool proof [29, 31, 32]. Attenuation correction using scan-
ning line sources of gadolinium-153 [29, 33] or computed
tomography provides a more robust way of discriminating
artifact from true perfusion defects than even prone imaging
strategies [34]. In a retrospective analysis of 90 patients who
underwent stress-only, ECG-gated, Tc-99m sestamibi imag-
ing, Heller et al. demonstrated that attenuation correction
using gadolinium significantly increased the number of stud-
ies that were read as definitely normal/abnormal. The use of
attenuation correction led to decreased cost of the study, en-
hanced laboratory efficiency, shorter study times and lower
radiation doses for patients [35].

Acute Rest Imaging

In some institutions, acute rest MPI is used to rapidly risk
stratify patients before completing serial assessments of
biomarkers. Acute rest MPI has been shown to identify low-
and high-risk patients with chest pain [36]. Patients are in-
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Fig. (1). Standard full study (rest-stress) Tc-99m exercise and pharmacologic imaging protocols. A. Exercise, B. Adenosine, C. Dipyrida-

mole [53].

jected with Tc-99m while they are experiencing symptoms
and are imaged when stabilized, providing a snapshot of
myocardial perfusion at the time of tracer injection [37]. Per-
fusion defects indicate ischemia, acute infarction or old in-
farction and are an independent risk factor for acute myocar-
dial infarction (AMI) [37, 38]. Normal perfusion is associ-
ated with a low risk of cardiovascular complications [36-39].
In addition, a review of 11 published articles identified the
negative predictive value for acute rest imaging between 99
and 100%. This suggests that patients with normal studies
have a very low risk of MI [40]. The value of rest MPI has
been demonstrated in multiple trials of ED patients with
chest pain, and was shown to lead to significantly lower rates
of hospitalization as compared with usual care [39, 41]. A
subset analysis in patients with diabetes from a prospective,
multicenter, randomized trial demonstrated a reduction in
inappropriate hospitalizations when combining acute rest
MPI with usual triage decisions, despite the overall higher
incidence of coronary disease in diabetic populations [42].

Despite its proven diagnostic accuracy and ability to help
risk stratification, acute MPI is not frequently used. Limita-
tions of rest MPI include the inability to distinguish ischemia
from an old infarct as recognition of ischemia requires fol-
low-up imaging in a pain-free state to evaluate for resolution
of the defect. Also, small areas of ischemia may be missed
on MPI alone [9]. Successful implementation of acute rest
MPI requires availability of the radiotracers, technologists
for injection, imaging equipment and interpreting physicians,
thus making coordination difficult after hours in many insti-
tutions. In institutions that have developed these protocols,
acute rest MPI can help rapidly discharge appropriate pa-
tients while reserving further workup for patients with ab-
normal scans [43].

Evolving Camera Technology

The original Anger (Nal) gamma camera technology is
now over 50 years old and required relatively large amounts
of administered radiation, prolonged imaging time, and a
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Fig. (2). Radiation exposure of various standard and novel stress MPI protocols.

large amount of laboratory space. A number of advances
have been made in subsequent years including the develop-
ment of smaller footprint cameras and dual-head cameras
which halved the imaging time compared to single head
cameras. [terative reconstruction algorithms with resolution
recovery have provided additional reduction in acquisition
time with equivalent sensitivity [44]. Further advances, in-
cluding recently introduced solid-state camera systems have
increased sensitivity and resolution by utilizing semiconduc-
tors for photon detection.

Cadmium Zinc Telluride Cameras

The newer solid-state SPECT systems use Cadmium Zinc
Telluride (CZT) which can process >10 million pho-
tons/second/mm~, providing high-energy resolution and very
high count rates [44]. The Discovery NM 530c (GE
Healthcare, Haifa, Israel) and D-SPECT (Spectrum Dynam-
ics, Caesarea, Israel) high efficiency cameras both employ an
array of CZT pixilated detectors and novel collimators based
on a multi-pinhole or square-hole design [45]. Compared
with conventional SPECT, this CZT camera provides a 3-5
fold increase in photon sensitivity, 1.65-fold improvement in
energy resolution and a 1.7-2.5-fold increase in spatial reso-
lution [44]. Studies have demonstrated excellent image qual-
ity compared to conventional SPECT using the CZT cameras
[46-48], and the newer cameras have excellent diagnostic
accuracy in detecting hemodynamically significant coronary
artery disease, verified by invasive angiography, with a sen-
sitivity of 94% and specificity of 86%, which is comparable
to conventional SPECT imaging [49].

This new technology has allowed for a reduction in imag-
ing time and in administered radiation dose. Image acquisi-
tion time has been routinely decreased to 2-4 minutes from
15-20 minutes [46, 47]. Stress first protocols [45], novel dual
isotope imaging protocols using a rapid sequential stress TI-
201 and rest Tc-99m imaging protocol of less than 30 min-
utes in total, as well as simultaneous rest and stress imaging
have all been study to decrease overall test time [50, 51].
Radiation exposure reduction using low dose Tc-99m rest-
stress protocols with 5 mCi rest and 15 mCi stress dose has
also been studied [52]. Image quality, diagnostic perform-
ance, and clinical prognosis were maintained even with these
low doses and fast acquisition times of 3 and 5 minutes. The
effective radiation dose was 5.8 mSv for the rest-stress
study, which is almost 49% less than the 11.4 mSv for a
conventional 10mCi/30mCi Tc-99m rest-stress study and
76% less than the 23.9 mSv given for a dual isotope study
(Fig. 2) [52].

CONCLUSION

Emergency room evaluations for the presence of ACS in
patients presenting with chest pain continue to rise, though
the diagnosis of ACS has declined over recent years. These
evaluations, which often include cardiac imaging, are an
increasing area of resource utilization in the current health
system. Myocardial perfusion imaging from the emergency
room remains a vital component of the diagnosis or exclu-
sion of coronary artery disease as the etiology of chest pain
and recent advances in camera technology, and changes to
the imaging protocols have allowed MPI to become a more
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efficient way of providing diagnostic information. The rapid
but accurate triage of patients in an ED CPU is essential to
their care, and stress-only imaging and new CZT cameras
allow for shorter test time, lower radiation doses and lower
costs while demonstrating good clinical outcomes. These
changes to nuclear stress testing can allow for faster
throughput of patients through the emergency room while
providing a safe and efficient evaluation of chest pain.

CONFLICT OF INTEREST

The author(s) confirm that this article content has no con-
flicts of interest.

ACKNOWLEDGEMENT

We would like to thank Dr. Andrew Einstein for his as-
sistance with Figure 2.

REFERENCES

[1] Pope JH, Aufderheide TP, Ruthazer R, et al. Missed diagnoses of
acute cardiac ischemia in the emergency department. N Engl J Med
2000; 342(16): 1163-70.

[2] Bhuiya FA, Pitts SR, McCaig LF. Emergency department visits for
chest pain and abdominal pain: United States, 1999-2008. NCHS
Data Brief 2010(43): 1-8.

[3] Pines, JM, Pollack, CV, Jr., Diercks, DB, et al. The association
between emergency department crowding and adverse
cardiovascular outcomes in patients with chest pain. Acad Emerg
Med 2009; 16(7): 617-25.

[4] Gardner RL, Sarkar U, Maselli JH, Gonzales, R. Factors associated
with longer ED lengths of stay. Am J Emerg Med 2007; 25(6):
643-50.

[5] Anderson JL, Adams CD, Antman EM, et al. ACC/AHA 2007
guidelines for the management of patients with unstable
angina/non-ST-Elevation myocardial infarction: a report of the
American College of Cardiology/American Heart Association Task
Force on Practice Guidelines (Writing Committee to Revise the
2002 Guidelines for the Management of Patients With Unstable
Angina/Non-ST-Elevation Myocardial Infarction) developed in
collaboration with the American College of Emergency Physicians,
the Society for Cardiovascular Angiography and Interventions, and
the Society of Thoracic Surgeons endorsed by the American
Association of Cardiovascular and Pulmonary Rehabilitation and
the Society for Academic Emergency Medicine. ] Am Coll Cardiol
2007; 50(7): el-e157.

[6] Hendel RC, Berman DS, Di Carli MF, et al. ACCF/ASNC/ACR/
AHA/ASE/SCCT/SCMR/SNM 2009 appropriate use criteria for
cardiac radionuclide imaging: a report of the American College of
Cardiology Foundation Appropriate Use Criteria Task Force, the
American Society of Nuclear Cardiology, the American College of
Radiology, the American Heart Association, the American Society
of Echocardiography, the Society of Cardiovascular Computed
Tomography, the Society for Cardiovascular Magnetic Resonance,
and the Society of Nuclear Medicine. Circulation 2009; 119(22):
e561-87.

[7] Libby PB, Robert O, Mann Douglas L, Zipes Douglas P.
Braunwald's Heart Disease: A Textbook of Cardiovascular
Medicine. 8th ed. Vol. 1. 2008, Saunders Elsevier: Philadelphia,
PA. 345-89.

[8] Hermann LK, Weingart SD, Duvall WL, Henzlova MJ. The limited
utility of routine cardiac stress testing in emergency department
chest pain patients younger than 40 years. Ann Emerg Med 2009;
54(1): 12-6.

[9] Kontos MC, Diercks DB, Kirk JD. Emergency department and
office-based evaluation of patients with chest pain. Mayo Clin Proc
2010; 85(3): 284-99.

[10] Stein RA, Chaitman BR, Balady GJ, et al. Safety and utility of
exercise testing in emergency room chest pain centers: An advisory
from the Committee on Exercise, Rehabilitation, and Prevention,

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Current Cardiology Reviews, 2012, Vol. 8, No. 2 121

Council on Clinical Cardiology, American Heart Association.
Circulation 2000; 102(12): 1463-7.

Amsterdam EA, Kirk JD, Diercks DB, Lewis WR, Turnipseed SD.
Immediate exercise testing to evaluate low-risk patients presenting
to the emergency department with chest pain. ] Am Coll Cardiol
2002; 40(2): 251-6.

Gibbons RJ, Balady GJ, Bricker JT, et al. ACC/AHA 2002
guideline update for exercise testing: summary article. A report of
the American College of Cardiology/American Heart Association
Task Force on Practice Guidelines (Committee to Update the 1997
Exercise Testing Guidelines). J Am Coll Cardiol 2002; 40(8):
1531-40.

Myers J, Prakash M, Froelicher V, et al. Exercise capacity and
mortality among men referred for exercise testing. N Engl J Med
2002; 346(11): 793-801.

Snader CE, Marwick TH, Pashkow FJ, et al. Importance of
estimated functional capacity as a predictor of all-cause mortality
among patients referred for exercise thallium single-photon
emission computed tomography: report of 3,400 patients from a
single center. J] Am Coll Cardiol 1997; 30(3): 641-8.

Goraya TY, Jacobsen SJ, Pellikka PA, ef al. Prognostic value of
treadmill exercise testing in elderly persons. Ann Intern Med 2000;
132(11): 862-70.

Bourque JM, Holland BH, Watson DD, Beller GA. Achieving an
exercise workload of > or = 10 metabolic equivalents predicts a
very low risk of inducible ischemia: does myocardial perfusion
imaging have a role? J Am Coll Cardiol 2009; 54(6): 538-45.

Chen J, Einstein AJ, Fazel R, et al. Cumulative exposure to
ionizing radiation from diagnostic and therapeutic cardiac imaging
procedures: a population-based analysis. J Am Coll Cardiol 2010;
56(9): 702-11.

Cerqueira MD, Allman KC, Ficaro EP, ef al. ASNC Information
Statement: Recommendations for reducing raditation exposure in
myocardial perfusion imaging. 2010.

Initiative to reduce unnecessary radiation exposure from medical
imaging. 2010, US Food and Drug Administration Center for
Devices and Radiological Health.

Brown KA, Altland E, Rowen M. Prognostic value of normal
technetium-99m-sestamibi cardiac imaging. J Nucl Med 1994;
35(4): 554-7.

Berman DS, Hachamovitch R, Kiat H, ef al. Incremental value of
prognostic testing in patients with known or suspected ischemic
heart disease: a basis for optimal utilization of exercise technetium-
99m sestamibi myocardial perfusion single-photon emission
computed tomography. J Am Coll Cardiol 1995; 26(3): 639-47.
Iskander S, Iskandrian AE. Risk assessment using single-photon
emission computed tomographic technetium-99m sestamibi
imaging. J] Am Coll Cardiol 1998; 32(1): 57-62.

Iskandrian AS, Chae SC, Heo J, ef al. Independent and incremental
prognostic value of exercise single-photon emission computed
tomographic (SPECT) thallium imaging in coronary artery disease.
J Am Coll Cardiol 1993; 22(3): 665-70.

Henzlova MJ, Cerqueira MD, Mahmarian JJ, Yao SS. Stress
protocols and tracers. J Nucl Cardiol 2006; 13(6): €80-90.

Chang SM, Nabi F, Xu J, Raza U, Mahmarian JJ. Normal stress-
only versus standard stress/rest myocardial perfusion imaging:
similar patient mortality with reduced radiation exposure. J Am
Coll Cardiol 20105 55(3): 221-30.

Berman DS, Kang X, Slomka PJ, et al. Underestimation of extent
of ischemia by gated SPECT myocardial perfusion imaging in
patients with left main coronary artery disease. J Nucl Cardiol
2007; 14(4): 521-8.

Shaw LJ, Hendel RC, Heller GV, et al. Prognostic estimation of
coronary artery disease risk with resting perfusion abnormalities
and stress ischemia on myocardial perfusion SPECT. J Nucl
Cardiol 2008; 15(6): 762-73.

Duvall WL, Wijetunga MN, Klein TM, et al. The prognosis of a
normal stress-only Tc-99m myocardial perfusion imaging study. J
Nucl Cardiol 2010; 17(3): 370-7.

Gibson PB, Demus D, Noto R, Hudson W, Johnson LL. Low event
rate for stress-only perfusion imaging in patients evaluated for
chest pain. J] Am Coll Cardiol 2002; 39(6): 999-1004.

Duvall WL, Wijetunga MN, Klein TM, ef al. Stress-Only Tc-99m
Myocardial Perfusion Imaging in an Emergency Department Chest
Pain Unit. Submitted 2010.



122 Current Cardiology Reviews, 2012, Vol. 8, No. 2

[31]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

DePuey EGRozanski A. Using gated technetium-99m-sestamibi
SPECT to characterize fixed myocardial defects as infarct or
artifact. J Nucl Med 1995; 36(6): 952-5.

Smanio PE, Watson DD, Segalla DL, et al. Value of gating of
technetium-99m sestamibi single-photon emission computed
tomographic imaging. J Am Coll Cardiol 1997; 30(7): 1687-92.
Hendel RC, Berman DS, Cullom SJ, ef al. Multicenter clinical trial
to evaluate the efficacy of correction for photon attenuation and
scatter in SPECT myocardial perfusion imaging. Circulation 1999;
99(21): 2742-9.

Garcia EV. SPECT attenuation correction: an essential tool to
realize nuclear cardiology's manifest destiny. J Nucl Cardiol 2007;
14(1): 16-24.

Heller GV, Bateman TM, Johnson LL, et al. Clinical value of
attenuation correction in stress-only Tc-99m sestamibi SPECT
imaging. J Nucl Cardiol 2004; 11(3): 273-81.

Klocke FJ, Baird MG, Lorell BH, et al. ACC/AHA/ASNC
guidelines for the clinical use of cardiac radionuclide imaging--
executive summary: a report of the American College of
Cardiology/American Heart Association Task Force on Practice
Guidelines (ACC/AHA/ASNC Committee to Revise the 1995
Guidelines for the Clinical Use of Cardiac Radionuclide Imaging).
J Am Coll Cardiol 2003; 42(7): 1318-33.

Kontos MC, Jesse RL, Schmidt KL, Ornato JP, Tatum JL. Value of
acute rest sestamibi perfusion imaging for evaluation of patients
admitted to the emergency department with chest pain. ] Am Coll
Cardiol 1997; 30(4): 976-82.

Heller GV, Stowers SA, Hendel RC, ef al. Clinical value of acute
rest technetium-99m  tetrofosmin tomographic —myocardial
perfusion imaging in patients with acute chest pain and
nondiagnostic electrocardiograms. J] Am Coll Cardiol 1998; 31(5):
1011-7.

Knott JC, Baldey AC, Grigg LE, ef al. Impact of acute chest pain
Tc-99m sestamibi myocardial perfusion imaging on clinical
management. J Nucl Cardiol 2002; 9(3): 257-62.

Duncan BHG.V., H. Acute rest myocardial perfusion imaging in
the evaluation of patients with chest pain syndromes. ACC Curr J
Rev 1999; 8(6): 52-6.

Udelson JE, Beshansky JR, Ballin DS, et al. Myocardial perfusion
imaging for evaluation and triage of patients with suspected acute
cardiac ischemia: a randomized controlled trial. JAMA 2002;
288(21): 2693-700.

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

Harrison et al.

Kapetanopoulos A, Heller GV, Selker HP, ef al. Acute resting
myocardial perfusion imaging in patients with diabetes mellitus:
results from the Emergency Room Assessment of Sestamibi for
Evaluation of Chest Pain (ERASE Chest Pain) trial. J Nucl Cardiol
2004; 11(5): 570-7.

Heller GV. Acute rest myocardial perfusion imaging in the
emergency department: a technique whose time has come... or
gone? J Nucl Cardiol 2002; 9(3): 350-2.

Sharir T, Slomka PJ, Berman DS. Solid-state SPECT technology:
fast and furious. J Nucl Cardiol 2010; 17(5): 890-6.

Duvall WL, Croft LB, Godiwala T, et al. Reduced isotope dose
with rapid SPECT MPI imaging: Initial experience with a CZT
SPECT camera. J Nucl Cardiol 2010; 17(6): 1009-14.

Esteves FP, Raggi P, Folks RD, ef al. Novel solid-state-detector
dedicated cardiac camera for fast myocardial perfusion imaging:
multicenter comparison with standard dual detector cameras. J
Nucl Cardiol 2009; 16(6): 927-34.

Sharir T, Slomka PJ, Hayes SW, e al. Multicenter trial of high-
speed versus conventional single-photon emission computed
tomography imaging: quantitative results of myocardial perfusion
and left ventricular function. J Am Coll Cardiol 2010; 55(18):
1965-74.

Sharir T, Ben-Haim S, Merzon K, et al. High-speed myocardial
perfusion imaging initial clinical comparison with conventional
dual detector anger camera imaging. JACC Cardiovasc Imaging
2008; 1(2): 156-63.

Nakazato R, Tamarappoo BK, Kang X, ef al. Quantitative Upright-
Supine High-Speed SPECT Myocardial Perfusion Imaging for
Detection of Coronary Artery Disease: Correlation with Invasive
Coronary Angiography. J Nucl Med 2010; 51(11): 1724-31.
Berman DS, Kang X, Tamarappoo B, ef al. Stress thallium-201/rest
technetium-99m sequential dual isotope high-speed myocardial
perfusion imaging. JACC Cardiovasc Imaging 2009; 2(3): 273-82.
Ben-Haim S, Kacperski K, Hain S, et al. Simultaneous dual-
radionuclide myocardial perfusion imaging with a solid-state
dedicated cardiac camera. Eur J Nucl Med Mol Imaging 2010;
37(9): 1710-21.

Duvall WL, Croft LB, Ginsberg ES, ef al. Reduced Isotope Dose
and Imaging Time with a High Efficiency CZT SPECT Camera. J
Nucl Cardiol 2011; 18(5): 847-57.

Henzlova MJ, Cerqueira MD, Hansen CL, Taillefer R, Yao SS.
ASNC Announcement. J Nucl Cardiol 2009; 16(2): 331.

Received: December 31,2010

Revised: August 20,2011

Accepted: September 5, 2011



