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Summary
Background: Images of myocardial perfusion taken during an episode of chest pain have been used for patients in the 
emergency department.

Objective: To evaluate the operating characteristics of 99mTc-Tetrofosmin scintigraphy during an episode of chest pain to 
exclude the diagnosis of acute myocardial infarction.

Methods: One hundred and eight patients admitted with chest pain, or up to four hours after the end of symptoms 
and nondiagnostic electrocardiogram, underwent resting scintigraphy and measurement of troponin I concentrations. 
Patients with a history of myocardial infarction (MI) were not excluded (24 patients). Troponin I concentrations were 
determined at admission and 6 hours later. Nuclear physicians performed a blind analysis of the images, and myocardial 
infarction was confirmed whenever troponin I level increase was three times that of the control.

Results: Resting perfusion image was abnormal in all 6 patients with MI. Only 1 patient had a normal image and 
increased troponin levels. Fifty-five patients had positive images without MI, and 46 patients had normal images and 
troponin levels. The prevalence of the disease was 6.5%. The sensitivity and specificity of the resting images during an 
episode of chest pain to diagnose MI was 85.7% and 45.5%, respectively. The negative predictive value was 97.7%.

Conclusion: Patients undergoing chest pain protocol with SPECT showed an excellent negative predictive value to 
exclude diagnosis of myocardial infarction. These results suggest that resting perfusion image is an important tool at the 
chest pain unit. (Arq Bras Cardiol 2009;92(4):255-260)
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The systematic approach followed at the chest pain unit 
allows to provide care to the patient with suspected acute 
coronary syndrome3. When a patient is admitted to the 
chest pain unit, an investigative process starts by taking into 
consideration time elapsed from symptom onset, clinical 
presentation at admission and electrocardiogram findings 
(typically the patient goes through an investigative route) 
to provide timely and adequate treatment. The systematic 
approach towards the chest pain patient significantly reduces, 
from 5 to 0.5%3, the risk of the patient with AMI and unstable 
angina being inadvertently discharged from the emergency 
unit. By using electrocardiograms and serial cardiac enzymes, 
the investigative route system allows to significantly reduce the 
risk of AMI, whereas stress examinations such as myocardial 
scintigraphy help to define stress-induced myocardial 
ischemia2. At the emergency unit, the use of provocative 
testing for myocardial ischemia can reduce by 45% the number 
of admissions. Since it is inexpensive and largely available, 
exercise stress testing has been employed in several studies 
with a negative predictive value of up to 98%. However, in 
a study conducted in Brazil, 36% of the patients presenting 

Introduction
Myocardial perfusion scintigraphy has been used as a 

valuable tool to guide treatment decisions of patients admitted 
to the cardiac emergency department. Its value for acute 
myocardial infarction (AMI) diagnosis and for prognosis of 
patients admitted with acute coronary syndrome has been 
described in the literature with sufficient levels of evidence1. 
In Brazil, experience in using nuclear medicine for patients at 
the emergency department is evolving. A recent publication 
has shown that the presence of stress-induced myocardial 
ischemia in patients admitted with chest pain and risk stratified 
using perfusion scintigraphy was the factor with the highest 
predictive value in medium-term prognosis2.
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with chest pain to the emergency department were not able 
to undergo the test and 16% had non-conclusive results4,5. 

Stress echocardiography and cardiac magnetic resonance 
are tools with sensitivity similar to that of myocardial 
scintigraphy; however, whereas the former is an operator-
dependent technique that demands an adequate acoustic 
window, claustrophobia, use of pacemakers and metal 
prostheses, as well as a relative lack of studies, are limitations 
that preclude the use of the latter6,7.

Myocardial scintigraphy has been included in many studies 
on chest pain in the emergency department, and it is one of 
the few methods validated for case-control multicentric studies 
that has shown a 20% reduction in the number of admissions 
with no increase in the rate of cardiovascular complications. 
For this reason it has been included as part of the protocol at 
our institution (Hospital Pró-Cardíaco)8. 

Patients with negative investigative routes who have 
undergone non-invasive scintigraphy for risk stratification 
remain at the hospital at least 12 hours before they can be 
safely  discharged2,4. The length of stay represents a significant 
cost burden, and new strategies are being developed aiming 
at improving this cost-benefit relationship. Resting scintigraphy 
performed during chest pain episodes has a high negative 
predictive value, making it possible to safely dismiss the 
hypothesis of AMI as the cause of patient symptoms. The 
sensitivity of this technique ranges from 71% to 88%, and 
the negative predictive value is 100% in low-risk patients; 
therefore, risk stratification of chest pain patients can be 
optimized in hospitals providing this diagnostic technique at 
the emergency department1,3. 

In 2002, our institution (Hospital Pró-Cardíaco) added a 
nuclear medicine service to its Emergency Care Unit. The 
availability of the technique for patients presenting with 
chest pain allowed us to design an evaluation protocol to 
assess whether perfusion scintigraphy performed during the 
pain episodes is useful in dismissing diagnosis of AMI even 
4 hours after symptom onset. The objective of this study is 
to evaluate the usefulness of resting myocardial scintigraphy 
during an episode of chest pain to dismiss the possibility of 
acute myocardial infarction. 

Patients and methods
From November 2002 to March 2004, 108 prospectively 

selected patients were admitted to the chest pain unit of the 
Hospital Pró-Cardíaco with chest pain or time to symptom 
relief < 4 hours and normal/nonspecific ECG; patients agreed 
to be included in the research protocol by signing the free 
informed consent form approved by the institution’s research 
ethics committee. Patient data were included in a database 
(Access) for statistical analysis purposes. 

Resting myocardial perfusion scintigraphy was perfomed 
with 99mTc-tetrofosmin (electrocardiogram-synchronized 
gated images).

Initial resting images were acquired using 10 to 15 
mCi activity level. Images were acquired using a Siemens 
e.cam (duet) gamma camera with one-inch Nal crystals, 
approximately 45 to 90 minutes after venous administration 

of the radiopharmaceutical agent. Images were acquired using 
two detectors configurated at 90°, with a 64x64 matrix and 
64 25-second projections. Images were synchronized with 
the ECG in order to acquire the gated images (gated SPECT) 
with 8 frames per cardiac cycle.

Image reconstruction was carried out by filtered 
backprojections with a fifth-order Butterworth filter and 
cutoff frequency set at 0.5.

Images were arranged into three axes: a short transversal 
axis, a long vertical axis and a long horizontal axis. 
Tomographic slices were evaluated by dividing the 
myocardium into 17 segments5.

The processing of ventricular function images was carried 
out using the Quantitative Gated SPECT (QGS) software with 
left ventricle tridimensional reconstruction, analysis of the 
ejection fraction, ventricular volumes, myocardial contractility 
and thickness.

Images were analyzed by experienced nuclear physicians 
in a blinded fashion (they did not have any information on the 
clinical status of the patient). Results of scintigraphy tests were 
forwarded to the physicians in charge of treating patients. 
For the purposes of this study, images were dichotomized 
into positive or negative for ischemia/myocardial infarction. 
Findings showing perfusion defects associated or not with 
abnormal motility and/or wall thickness were considered 
positive. All other findings were considered negative6. 
Patients with previous infarction were not excluded as they 
represented a significant portion of patients presenting with 
chest pain and nondiagnostic ECG, which means that, at 
admission, this population consisted of low- and medium-
risk patients.  

Patients with normal resting myocardial perfusion images, 
and no abnormalities in the levels of myocardial necrosis 
markers and serial electrocardiogram, underwent risk 
stratification with physical or pharmacological stress imaging. 
These are considered to be low-risk patients, as their resting 
myocardial perfusion, necrosis markers and serial ECG findings 
showed no abnormalities. 

Diagnosis of myocardial infarction was confirmed whenever 
the serum cardiac Troponin measurement (cTnI) was equal to 
or greater than 0.6 ng/ml (cutoff value of 0.1 ng/ml).

Results were presented as means ± standard deviations. 
SPECT operating characteristics were calculated to detect 
infarction in the standard manner, and a 95% confidence 
interval was used (CI 95%). The SPSS software was used for 
statistical analysis.

Results
The study consisted of 108 patients (66 men) with a mean 

age of 61.3 ± 11 years. Table 1 displays the clinical profile of 
these patients. Patient sample included a total of 65 individuals 
with previous history of coronary artery disease (acute 
myocardial infarction, revascularization surgery and coronary 
angioplasty). Of the 24 patients with previous myocardial 
infarction, three were diagnosed with non-ST-elevation and 
21 with ST-elevation (eight cases of anterior wall and 13 of 
inferior wall). 
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Cardiac troponin I analysis
None of the 108 patients developed alterations in the 

ECG within the first 12 hours, and seven of them (6%) were 
diagnosed as having myocardial infarction as their serum levels 
of Cardiac Troponin were greater than  0.5 ng/ml. Of these 
seven patients, five already had high values of cTnI at admission, 
whereas in the other two only the late measurements were 
high (9 hours after hospital admission). Cardiac Troponin 
measurements at admission had a 68.8% sensitivity and a 

Table 1 - Clinical profile of the 108 patients undergoing scintigraphy 
during chest pain episode in the emergency room

Variable n %

Male 66 61%

Arterial Hypertension 60 55%

Diabetes mellitus 17 16%

Smoking status 21 19%

Dyslipidemia 43 40%

Family history of early CAD 37 34%

Previous AMI 24 22%

Previous revascularization surgery 14 13%

Previous coronary angioplasty 29 27%

Typical chest pain 14 12%

Atypical chest pain 94 88%

AMI - acute myocardial infarction; CAD - coronary artery disease.

Table 2 - Correlation between perfusion scintigraphy and gated 
SPECT during chest pain episodes with the diagnosis of acute 
myocardial infarction

No AMI AMI 

Normal 
scintigraphy

Normal Gated SPECT 41 1

Abnormal Gated SPECT 5 0

Abnormal 
scintigraphy

Normal Gated SPECT 19 4

Abnormal Gated SPECT 36 2

99% specificity for diagnosing acute myocardial infarction. 
Figure 1 shows the distribution of Cardiac Troponin I values 
at admission and nine hours later of the 108 patients who 
underwent scintigraphy, respectively. 

Analysis of myocardial perfusion by scintigraphy
Of the 108 study patients, 78 (72%) had chest pain when 

the radiotracer was administered. Resting scintigraphy images 
acquired during the chest pain episode showed abnormal 
perfusion patterns in 61 patients and normal pattern in 47 
patients (43%). Of the seven patients who suffered AMI, 
six (86%) had abnormal scintigraphy perfusion imaging. On 
the other hand, among the 101 patients whose myocardial 
necrosis marker levels were normal, scintigraphy images were 
normal in 46 cases and abnormal in 56. Table 2 shows the 
correlation between scintigraphy findings and the diagnosis 
of acute myocardial infarction. The operating characteristics 
of perfusion scintigraphy during an episode of chest pain for 

Figure 1 - Distribution of the Cardiac Troponin I values at admission and after nine hours of the 108 patients undergoing scintigraphy during an episode of chest pain 
in the emergency room.
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Figure. 2 - Perfusion scintigraphic imaging with 99mTc-tetrofosmin acquired 
during an episode of chest pain. A large area of reduced perfusion is seen in the 
interventricular septum, anterior wall, apex and inferior wall of the left ventricle. 
Coronariography showed important lesions in the anterior descending artery 
and in the right coronary artery.

the diagnosis of non-ST-elevation acute myocardial infarction 
were: 86% sensitivity (CI 95%: 49% - 99%), 45% specificity 
(CI 95%: 36% - 55%), 98% negative predictive value (CI 95%: 
89% - 100%), and 10% positive predictive value (CI 95%: 5% 
- 20%). The likelihood ratio for a positive scintigraphy was 1.6, 
and the likelihood ratio for a negative scintigraphy was 0.3.

Analysis of left ventricular function by scintigraphy
Images of cardiac function analyzed by gated SPECT 

showed abnormal contractility in 65 patients and no 
abnormalities in 43 patients. Of the seven patients with AMI, 
only two had abnormal wall contractility and/or thickness. On 
the other hand, among the 101 patients whose myocardial 
necrosis marker levels were normal, gated SPECT images were 
normal in 60 cases and abnormal in 41. Table 2 shows the 
correlation between gated SPECT findings and the diagnosis of 
acute myocardial infarction.  The operating characteristics of 
ventricular function analysis by gated SPECT for the diagnosis 
of non-ST-elevation acute myocardial infarction were: 29% 
sensitivity (CI 95%: 8% - 64%), 38% specificity (CI 95%: 29% 
- 48%), 89% negative predictive value (CI 95%: 76% - 95%), 
and 3% positive predictive value (CI 95%: 1% - 10%). The 
likelihood ratio for the positive gated SPECT was 1.8, and the 
likelihood ratio for the negative gated SPECT was 0.4.

To illustrate the value of the technique, we show the 
scintigraphy images of one of the study patients. It is the case 
of a 67-year-old male patient presenting with retrosternal 
oppressive pain radiating to the back and that had started 
one hour before admission to the emergency unit. The 
patient was hypertensive and dyslipidemic. Initial ECG was 
considered normal. Figure 2 presents images of myocardial 

perfusion acquired after administration of the radiotracer 
at rest. A large area of reduced perfusion is seen in the 
interventricular septum, anterior wall, apex and lower wall 
of the left ventricle.

Discussion
At the emergency room, conventional evaluation of 

the chest pain patient consists of history taking, physical 
examination, electrocardiogram and measurements of 
myocardial necrosis markers6. Despite being accurate, this 
approach delays the discharge of low-risk patients until the 
measurements of necrosis markers dismiss the presence of 
myocardial injury. Myocardial perfusion scintigraphy was 
introduced to the emergency room in order to speed up the 
evaluation of patients at low risk of having an acute coronary 
syndrome, especially those patients with normal or non-
diagnostic ECGs7. Several observational studies have shown 
that scintigraphy has a high predictive value in this context to 
confirm the absence of myocardial infarction or subsequent 
cardiac events7-11. In a multicenter randomized study 
conducted in the United States, the addition of scintigraphy 
to the conventional approach to evaluating chest pain in 
the emergency room made it possible to determine earlier 
either the presence or absence of myocardial ischemia, thus 
facilitating early screening and reduction of time spent at chest 
pain observation units12.  

As to sensitivity to detect myocardial infarction, Kontos 
et al11 reported that resting scintigraphy with sestamibi had 
a 92% sensitivity when performed early in the emergency 
room, compared to a sensitivity of only 39% of the initial 
troponin measurement11. Some studies even mention that 
optimal sensitivity of troponin is not reached before 18 hours 
of symptom onset13-18. In our study, we found that Troponin 
I measurements at admission had a sensitivity of 68.8% 
compared to a 86% sensitivity of scintigraphy during chest 
pain. Resting myocardial perfusion images were abnormal in 
six of the seven patients with myocardial infarction. Only 1 
patient presented a normal MPS and increased troponin level. 
This patient’s global and segmental left ventricular function 
was normal and he had a slight elevation of troponin I level 
(<10 ng/ml). The most likely explanation for these findings 
is that the myocardial area at risk was small, since the spatial 
resolution of tomographic scintigraphy in devices as the one 
used in our study is approximately 10x10x10mm19. Some 
imaging studies have shown that approximately 13% of the 
subendocardial infarctions with normal ECG are detected by 
magnetic resonance, but they are below the resolution cutoff 
value of the gamma camera20. However, these small infarctions 
may not have prognostic impact, considering the excellent 
prognostic capacity shown by scintigraphy during chest pain 
episodes as reported by several studies4. Since until now, the 
evidence available confirming the use of this method was 
from reports of cases from reference centers abroad, these 
data suggest that our experience is similar and is favorable to 
employing this technique wherever available. 

The above protocol defines a period of up to four hours for 
symptom remission to take place before the possibility of AMI 
can be safely dismissed. Other authors have reported different 
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experiences with some time elapsed after the end of chest 
pain before radiotracer injection10. The reduction in technique 
sensitivity is directly proportional to time elapsed after 
symptom remission11.  This type of protocol establishes that a 
reduction in myocardial perfusion is the first manifestation of 
the ischemic cascade. This event precedes symptoms, as well 
as electrocardiographic and echocardiographic abnormalities. 
When injecting the radiopharmaceutical (99mTc - Sestamibi 
or Tetrofosmin), the myocardial cellular membrane must be 
intact for the radiopharmaceutical agent to go through, which 
is not the case during an acute ischemic coronary event4,5. 
The final result is a resting scintigraphic image with areas of 
reduced uptake where perfusion is impaired. This evaluation 
allows us to dismiss and prognose adverse events and future 
hospitalizations2. The admission of patients to undergo an 
investigative route generates costs to both the hospital and 
health insurance companies, which can have negative impacts 
on the health system. There is evidence corroborating the cost-
benefit of the injection protocol for chest pain6.  Resting MPS 
after chest pain also has an important prognostic value as most 
patients remain without any events for up to one month6.

Some studies, such as that of Kontos et al21, have employed 
Gated SPECT as one of the criteria to determine the test as 
being abnormal; therefore, only the tests with perfusion defects 
associated with abnormalities in wall motility or thickening 
would be considered as abnormal. In our study, we showed 
the reason why gated imaging was excluded as a criterion for 
determining a positive result in radiotracer injection during 
chest pain - since the image is obtained some time after the 
administration, the alteration in contractility may not persist 
long enough to be detected during image acquisition. This 
is corroborated by the low sensitivity of gated imaging in 
our sample. The low specificity is also understandable, since 
we have not excluded patients with previous infarction or 
myocardial revascularization, which can result in contractile 
alterations that do not correlate with a new acute episode 
or abnormal movement of the interventricular septum, 
respectively. In general, patients with previous myocardial 
infarction are not good candidates for radiotracer injection 
during an episode of chest pain, since they are more likely to 

be undergoing an acute coronary syndrome and due to the 
probability that the perfusion alterations are the result from 
previous events; however, the test can still provide additional 
diagnostic information when the previously infarcted area is 
known, or if the patients have an evaluation of a previous 
normal image22. Other techniques, such as echocardiography, 
have shown good accuracy in assessing chest pain in the 
emergency room by identifying myocardial infarction 
patients and at risk of events. In an analysis consisting of 16 
studies and more than 1,300 patients, echocardiography 
had a sensitivity of 93% and a specificity of 71%. Despite the 
acoustic window limitation, in some patients the technique 
can be considered similar to scintigraphy when performed by 
experienced echocardiographists23. Other techniques such as 
calcium scoring, coronary angiotomography and magnetic 
resonance have not yet been sufficiently studied so as to 
provide sound recommendations for the management of the 
patient presenting to the emergency unit with acute pain and 
non-diagnostic ECG.  

In short, this study evaluated the use of resting scintigraphy 
with 99mTc-Tetrofosmin in patients undergoing chest pain to 
exclude the diagnosis of acute myocardial infarction. The 
incorporation of this technique into the strategy for emergency 
room evaluation of the chest pain patient seems to safely 
exclude the presence of myocardial infarction, thus reducing 
unnecessary admissions and improving the effectiveness of 
the screening process. 
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