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Advances in Myocardial 
Perfusion imaging for the 
assessment of chest pain 
in the emergency department
Clinical evaluation, cardiac biomarkers, exercise stress testing, and myo-
cardial perfusion imaging (MPI) are all vital components of the diag-
nosis or exclusion of coronary artery disease as the etiology of chest 
pain. Recent advances in single photon emission computed tomography 
(SPECT) camera technology and changes to the imaging protocols have 
allowed MPI to become a more efficient way of providing diagnostic infor-
mation. Compared with conventional SPECT, new high-efficiency cameras 
provide increased sensitivity, energy and spatial resolution. This article 
reviews the current status. 

Chest pain is one of the most common symptoms 
leading to emergency department (ED) visits. 
Every year several millions of patients visit the 
emergency department and seek medical atten-

tion for chest pain that may represent an acute coronary 
syndrome (ACS) [1]. The rapid but accurate triage of 
patients in an ED Chest Pain Unit (CPU) is essential to 
their care. It is imperative to have efficient protocols to 
accurately identify patients with coronary ischemia and 
rapidly exclude those without. Currently, for patients pre-
senting with possible ACS, the American Heart Associa-
tion (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 
myocardial infarction, a provocative stress test (exercise 
or pharmacological) within 72 hours is recommended as 
an alternative to inpatient admission [2, 3]. The European 
Society of Cardiology (ESC) guidelines recommend in 
patients with non-diagnostic ECG’s and negative biomark-
ers stress testing or cardiac computed tomography angi-
ography (CTA) to exclude ACS [1]. Clinical evaluation, 
cardiac biomarkers, exercise stress testing, and myocardial 

perfusion imaging (MPI) are all vital components of the 
diagnosis or exclusion of coronary artery disease as the 
etiology of chest pain. Recent advances in single photon 
emission computed tomography (SPECT) camera technol-
ogy and changes to the imaging protocols have allowed 
MPI to become a more efficient way of providing diag-
nostic information. Compared with conventional SPECT, 
new high-efficiency cameras provide increased sensitivity, 
energy and spatial resolution [4]. New stress protocols 
with provisional injection protocols where the radioiso-
tope injection is withheld if adequate exercise stress is 
obtained, and stress-only imaging where the rest images 
are eliminated if stress images are normal, shorten the 
length of the test, which is of particular importance to the 
ED population.

CLINICAL TRIAGE OF PATIENTS IN THE ED

From the ED perspective, chest pain visits represent the 
leading cause of morbidity, mortality and litigation. Thus, 
with these concerns in mind, ED physicians have adopted 
a more conservative approach in order not to miss anyone 
with potential ACS. This often leads to excessive diagnos-
tic testing, more hospital admissions than necessary, and 
increased hospital costs. The question to admit patients 
with chest pain lacking the high-risk features of ACS to 
the hospital hinges on the physicians clinical judgment as 
well as diagnostic testing. 

The clinical identification of patients with ACS tra-
ditionally depends on symptomatology, ECG changes, 
and cardiac biomarkers however these are highly vari-
able. Cardiac troponins play a central role in establishing 
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a diagnosis and are more sensitive and 
specific than the traditional cardiac 
enzymes. Since the troponin-era began 
almost two decades ago, further refine-
ment of these cardiac enzyme assays has 
taken place so that new high-sensitivity 
assays have a 10- to 100-fold lower limit 
of detection. As a result, MI can now 
be detected more frequently and earlier 
in patients presenting with chest pain. 
A recent study of high-sensitivity tro-
ponin I in low-risk patients presenting 
with suspected ACS, assessed by low 
Thrombolysis in Myocardial Infarction 
scores (TIMI=0 or ≤1) and non-diag-
nostic ECG’s, can be ruled out with 2 sets 
of enzymes 2 hours apart if their levels 
are negative and trending down [5]. This 
early discharge strategy safely reduced 
the observation periods and admis-
sions for approximately 40% of patients 
in the study. In another study of high-
sensitivity troponin T a “rule-out” diag-
nosis was accomplished within 1 hour 
in 77% of patients studied with acute 
chest pain [6]. With these new assays, 
ED stay times are likely to decrease and 
unnecessary admissions and diagnostic 
testing avoided. 

The safety and utility of immediate 
exercise treadmill testing (ETT) in the 
ED CPU has been well established in 
stratifying patients presenting with chest 
pain suggestive of ACS who are felt to 
be at low risk [7]. Previous studies have 
shown that low-risk patients with posi-
tive, non-diagnostic, and normal ETT’s in 
the ED had subsequent cardiac event rates 
of 26%, 3%, and 0.9%, respectively, dur-
ing 1-year of follow-up [8]. Accelerated 
diagnostic protocols have been increas-
ingly used in low-risk patients who 
present with chest pain without ECG or 
biomarker abnormalities using an ETT 
to see if they have inducible ischemia 
and were shown to be cost-effective and 
safe [9]. In another study, those patients 
who achieved ≥85% of their maximum 
age-predicted heart rate and an exercise 
capacity of high workload (≥10 MET’s) 
during an ETT had very low rates of hav-
ing a reversible or fixed perfusion defect 
and a benign prognosis [10].

Cardiac CTA, while a newer technol-
ogy, has proven to be a clinically robust 

and efficient modality for the non-inva-
sive diagnosis of coronary artery disease. 
Rapid improvement in CT scanner tech-
nology has occurred in the past few years 
which has resulted in improvement in 
image quality, reduction in imaging arti-
facts, increased percentage of diagnostic 
scans, and decreased radiation exposure 
[11]. Several recent randomized studies 
and two meta-analyses have been pub-
lished examining the diagnostic utility 
of CTA in evaluating patients in the ED 
with possible ACS [12-16]. Recent CTA 
studies have suggested efficient triage of 
patients, safe expedited discharge from 
the ED, cost effectiveness, and lower 
radiation dose when compared to stan-
dard diagnostic evaluation including 
MPI. The first meta-analysis supports 
the use of CTA for the evaluation of 
acute chest pain in the ED in low to 
intermediate risk patients[15], while the 
second supports decreased ED cost and 
length of stay the CTA with increased 
frequency of invasive coronary angiog-
raphy and revascularization.[16]

NOVEL STRESS MPI PROTOCOLS

SPECT myocardial perfusion imag-
ing, with Thallium-201 (Tl-201) and 
Technetium-99m (Tc-99m) agents has 
been the cornerstone of non-invasive 
testing for obstructive epicardial coro-
nary disease for decades. However, 
a typical rest-stress sequence takes 
approximately 3.5 hours to complete. 
This procedure has not been modified in 
years [17]. 

The use of stress-first imaging 
sequences which shorten the length of 
the test, which is of particular impor-
tance to the ED population,[18] where 
in the setting of normal stress perfusion 
images, the rest images can be avoided 
as they provide no additional prognos-
tic or diagnostic value. Eliminating the 
rest-imaging portion allows comple-
tion of the entire study in 90 minutes. 
A study in over 10,000 patients showed 
that normal stress-only protocol has a 
benign prognosis similar to that of a full 
rest-stress study [19, 20]. In a retrospec-
tive study specifically looking at the use 
of stress-only protocols in the ED CPU 
population, 2,340 patients underwent 

stress-only MPI and 1,805 a rest-stress 
study. At the end of 36 months of follow-
up, the risk adjusted all-cause mortality 
rates between the two groups were not 
statistically different [21]. 

Correct image interpretation of stress-
only images can sometimes be challeng-
ing due to soft-tissue attenuation arti-
facts. Attenuation correction using scan-
ning line sources of Gadolinium-153 
(Gd-153) or CT attenuation can provide 
a more robust way of discriminating arti-
fact than that of prone imaging strategies 
[22]. In a recent publication, 83% of the 
stress perfusion images thought to be 
abnormal without attenuation correction 
were read as normal with attenuation 
correction [23]. The use of attenuation 
correction with either a Gd-153 line 
source, CT, or prone imaging has become 
a prerequisite for stress-first imaging as 
well as having a physician immediately 
available for the review of the stress 
images and subsequent triage of patients 
to rest images or discharge.

Previous literature suggests that the 
results of MPI add little to the prognosis 
of patients who exercise ≥ 10 METS dur-
ing stress testing and the added value of 
MPI to exercise in this population was 
questionable [10]. With this in mind, a 
provisional injection protocol has been 
developed in which a patient would not 
receive an injection of radioisotope if 
adequate exercise were achieved without 
symptoms and a negative ECG response. 
This protocol would result in substan-
tially shorter test time; less radiation 
exposure to the patient, and decreased 
cost and would be particularly relevant 
to the ED population.[24] 

ADVANCES IN CAMERA TECHNOLOGY

For 50 years the Anger camera has been 
used in the field of nuclear cardiology 
utilizing sodium iodide (NaI) crystals 
for imaging. Newer solid- state SPECT 
systems use Cadmium Zinc Telluride 
(CZT) with semiconductors which pro-
vide a 3.5-fold increase in photon sensi-
tivity, 1.65-fold improvement in energy 
resolution, and 1.7-2.5-fold increase in 
spatial resolution [25]. Advances in col-
limation and iterative reconstruction 
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software have added to this evolution in 
camera technology yielding higher effi-
ciency cameras, which can result in more 
rapid imaging and reduced administered 
activity. These high-efficiency cameras 
have excellent diagnostic accuracy in 
detecting hemodynamically significant 
CAD verified by invasive angiography, 
with a sensitivity and specificity of 94% 
and 86% respectively, which is compa-
rable to conventional SPECT imaging 
[26]. This increased count sensitivity 
has allowed for imaging time reduction 
down to 2-5 minutes from the traditional 
15-20 minutes [4]. Lower administered 
doses are also possible with published 
protocols of 5 mCi/15 mCi (5.8 mSv) for 
rest-stress[27] and 5.5 mCi (1.4 mSv) for 
stress-only [28] . 

SUMMARY

Emergency rooms continue to be over-
crowded and the number of patients 
presenting with chest pain continue to 
rise, increasing health care resource uti-
lization. New methods to efficiently tri-
age these patients with high sensitivity 
troponins, ETT, and new MPI techniques 
are becoming a vital component of the 
diagnosis or exclusion of CAD as the 
etiology of chest pain in the ED. Recent 
advances in camera technology and 
changes in the imaging protocols have 
allowed MPI to become a more efficient 
way of providing diagnostic information 
leading to faster throughput of patients 
through the emergency room decreasing 
the overall hospital costs.

REFERENCES:

1.  Hamm, C.W., et al., ESC Guidelines for the man-
agement of acute coronary syndromes in patients 
presenting without persistent ST-segment elevation: 
The Task Force for the management of acute coro-
nary syndromes (ACS) in patients presenting without 
persistent ST-segment elevation of the European 
Society of Cardiology (ESC). Eur Heart J, 2011. 
32(23): p. 2999-3054.

2.  Anderson, J.L., 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. J Am Coll Cardiol, 
2007. 50(7): p. e1-e157.

3.  Hendel, R.C., et al., ACCF/ASNC/ACR/AHA/ASE/
SCCT/SCMR/SNM 2009 appropriate use crite-
ria 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): p. e561-87.

4.  Sharir, T., et al., Multicenter trial of high-speed ver-
sus conventional single-photon emission computed 
tomography imaging: quantitative results of myocar-
dial perfusion and left ventricular function. J Am Coll 
Cardiol, 2010. 55(18): p. 1965-74.

5.  Cullen, L., et al., yValidation of high-sensitivity 
troponin I in a 2-h diagnostic strategy to assess 
30-day outcomes in emergency-department patients 
with possible acute coronary syndrome. J Am Coll 
Cardiol, 2013.

6.  Reichlin, T., et al., One-hour rule-out and rule-in of 
acute myocardial infarction using high-sensitivity 
cardiac troponin T. Arch Intern Med, 2012. 172(16): 
p. 1211-8.

7.  Lewis, W.R. and E.A. Amsterdam, Chest pain emer-
gency units. Curr Opin Cardiol, 1999. 14(4): p. 
321-8.

8.  Diercks, D.B., et al., Identification of patients at 
risk by graded exercise testing in an emergency 
department chest pain center. Am J Cardiol, 2000. 
86(3): p. 289-92.

9.  Amsterdam, E.A., et al., Exercise testing in chest 
pain units: rationale, implementation, and results. 
Cardiol Clin, 2005. 23(4): p. 503-16, vii.

10.  Bourque, J.M., et al., Achieving an exercise work-
load of > or = 10 metabolic equivalents predicts 
a very low risk of inducible ischemia: does myo-
cardial perfusion imaging have a role? J Am Coll 
Cardiol, 2009. 54(6): p. 538-45.

11.  Sharma, A. and A. Arbab-Zadeh, Assessment of 
coronary heart disease by CT angiography: current 
and evolving applications. J Nucl Cardiol, 2012. 
19(4): p. 796-806.

12.  Goldstein, J.A., et al., The CT-STAT (Coronary 
Computed Tomographic Angiography for Systematic 
Triage of Acute Chest Pain Patients to Treatment) 
trial. J Am Coll Cardiol, 2011. 58(14): p. 1414-22.

13.  Hoffmann, U., et al., Coronary computed tomog-
raphy angiography for early triage of patients 
with acute chest pain: the ROMICAT (Rule Out 
Myocardial Infarction using Computer Assisted 
Tomography) trial. J Am Coll Cardiol, 2009. 53(18): 
p. 1642-50.

14.  Litt, H.I., et al., CT angiography for safe discharge of 
patients with possible acute coronary syndromes. 

N Engl J Med, 2012. 366(15): p. 1393-403.
15.  Samad, Z., et al., A meta-analysis and systematic 

review of computed tomography angiography as a 
diagnostic triage tool for patients with chest pain 
presenting to the emergency department. J Nucl 
Cardiol, 2012. 19(2): p. 364-76.

16.  Hulten, E., et al., Outcomes after coronary com-
puted tomography angiography in the emergency 
department: a systematic review and meta-anal-
ysis of randomized, controlled trials. J Am Coll 
Cardiol, 2013. 61(8): p. 880-92.

17.  Henzlova, M.J., et al., Stress protocols and tracers. 
J Nucl Cardiol, 2006. 13(6): p. e80-90.

18.  Hesse, B., et al., EANM/ESC procedural guidelines 
for myocardial perfusion imaging in nuclear cardi-
ology. Eur J Nucl Med Mol Imaging, 2005. 32(7): 
p. 855-97.

19.  Chang, S.M., et al., Normal stress-only versus 
standard stress/rest myocardial perfusion imag-
ing: similar patient mortality with reduced radia-
tion exposure. J Am Coll Cardiol, 2010. 55(3): 
p. 221-30.

20.  Duvall, W.L., et al., The prognosis of a normal 
stress-only Tc-99m myocardial perfusion imaging 
study. J Nucl Cardiol, 2010. 17(3): p. 370-7.

21.  Duvall, W.L., et al., Stress-only Tc-99m myocardial 
perfusion imaging in an emergency department chest 
pain unit. J Emerg Med, 2012. 42(6): p. 642-50.

22.  Garcia, E.V., SPECT attenuation correction: an 
essential tool to realize nuclear cardiology’s mani-
fest destiny. J Nucl Cardiol, 2007. 14(1): p. 16-24.

23.  Mathur, S., et al., Clinical value of stress-only 
Tc-99m SPECT imaging: importance of attenuation 
correction. J Nucl Cardiol, 2013. 20(1): p. 27-37.

24.  Duvall, W.L., et al., A hypothetical protocol for the 
provisional use of perfusion imaging with exercise 
stress testing. J Nucl Cardiol, 2013.

25.  Sharir, T., P.J. Slomka, and D.S. Berman, Solid-state 
SPECT technology: fast and furious. J Nucl Cardiol, 
2010. 17(5): p. 890-6.

26.  Nakazato, R., et al., Quantitative upright-supine 
high-speed SPECT myocardial perfusion imaging 
for detection of coronary artery disease: correla-
tion with invasive coronary angiography. J Nucl 
Med, 2010. 51(11): p. 1724-31.

27.  Duvall, W.L., et al., Reduced isotope dose and 
imaging time with a high-efficiency CZT SPECT 
camera. J Nucl Cardiol, 2011. 18(5): p. 847-57.

28.  Oddstig, J., et al., Reduced administered activity, 
reduced acquisition time, and preserved image 
quality for the new CZT camera. J Nucl Cardiol, 
2013. 20(1): p. 38-44.

Perfusion images, with typical image quality, showing normal perfused myocardium of one patient from each 
activity group examined with a 1-day 99mTc-tetrofosmin protocol at stress and rest. Images are shown as short 
axis (SA), vertical long axis (VLA), and horizontal long axis
(HLA). Image reproduced courstey of Springer  from  Oddstig J  et al., Reduced administered activity, reduced 
acquisition time, and preserved image quality for the new CZT camera. J Nucl Cardiol, 2013. 20(1): p. 38-44.

Die_Juin-juillet_2013_p26-40.indd   28Die_Juin-juillet_2013_p26-40.indd   28 26/07/13   13:2026/07/13   13:20


