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Summary
Objective: To evaluate the prognostic value of stress myocardial perfusion scintigraphy (MPS) applied to patients with 
suspected acute coronary syndrome (ACS).

Methods: Retrospective study. Patients with suspected acute coronary syndrome (ACS) admitted into the chest pain unit 

angina they underwent stress MPS.

Results:

Conclusion: Presence of ISQ was the major independent factor in prediction of adverse events for patients admitted 
into the CPU.
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Introduction
The appropriate approach for patients who seek emergency 

units complaining of chest pain and other symptoms 
suggestive of acute coronary failure is a complex one. When 
the electrocardiogram (ECG) is not diagnostic or presents 
nonspecific alterations and when clinical data are not typical, 
diagnosing Acute Coronary Syndrome (ACS) becomes a 
difficult task. This clinical complexity leads to a large number 
of unnecessary admissions to hospital and a larger number 
of undue discharges of patients who should remain under 
medical care1,2.

Clinical assessment with ECG and measurement of 
myocardial necrosis markers is very sensitive in the detection 
of Acute Myocardial Infarction (AMI)3. However, biochemical 
markers of myocardial necrosis only rise when there is 
irreversible cellular damage. Many patients with ACS do not 
present electrocardiographic alterations and might not present 
myocardial necrosis on admission. This strategy may therefore 

fail to identify patients who, even when considered low-risk 
patients, present significant coronary injuries3-8.

Up to 5% of the patients admitted into the emergency 
room with chest pain and who are considered low-risk 
patients may present ACS9,10. When these patients are 
inadvertently discharged, they have a worse prognosis, with 
a mortality rate two to three times higher than patients who 
are adequately treated. In the United States of America, 
approximately 20% of the suits against physicians are due 
to this bad medical practice11-13.

The Chest Pain Unit (CPU) located in the emergency 
department is an efficient alternative to assess and screen 
patients with suspected ACS. It employs a systematic strategy 
to assess these patients by using protocols for clinical and 
laboratory assessment (serial measurements of markers of 
myocardial necrosis and serial electrocardiogram). It allows 
fast and accurate diagnosis, and allows the stratification of risk 
and the employment of the appropriate treatment for these 
patients14. It represents a safe and effective approach able 
to reduce costs in the management of patients considered 
of low to intermediate risk for cardiovascular events15.
Several diagnostic methods associated with this strategy 
are employed to help establish a diagnostic and prognosis 
for these patients. The most widely used methods and 
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transluminal coronary angioplasty (PTCA). 
Scintigraphy variables used were: type of stress, either 

physical or pharmacological (dipyridamole, dobutamine or 
adenosine), presence of ischemia (area of low uptake of 
radiotracer in the post-stress images which disappears in rest 
images) or fibrosis (area of low uptake of radiotracer in the 
post-stress images which persists in rest images), the number 
of myocardial segments with ischemia and the post-stress 
ejection fraction of the left ventricle26.

Follow-up was considered from the date of hospital 
discharge to the date of the first contact with the patient. We 
phoned each patient to obtain information from him. When 
contact with the patient was not possible, the information was 
obtained from family members, from the assistant doctor or 
from the hospital records. 

We collected information on adverse events which took 
place after the patient’s discharge from hospital. Interventions 
(PTCA, SMR) performed during hospitalization were not 
considered as adverse events, but as a consequence of 
treatment. We considered only those adverse events which 
took place after hospital discharge.

For the purpose of statistical analysis and analysis of the 
prognosis we considered two outcomes – the primary and 
the secondary outcomes. We defined adverse events such 
as death due to any cause or acute myocardial infarction as 
primary outcomes. Acute myocardial infarction was defined 
as a new episode of chest pain with duration greater than 20 
minutes which required hospitalization and was confirmed 
by the elevation of myocardial necrosis markers (creatine 
phosphokinase fraction MB [CK-MB] or Troponin I) or the 
appearance of Q waves on the ECG and the need for reperfusion 
therapy with thrombolysis or emergency PTCA27.

The combination of any of the following adverse 
events occurring after hospital discharge was considered a 
secondary outcome: death due to any cause, AMI, angina 
or rehospitalization due to angina (defined as type A or type 
B precordial pain, with no other determining cause3), SMR 
or PTCA and hospitalization due to heart-related causes 
(arrhythmias, heart failure, etc) 27.

The presence of coronary obstructive injury with luminal 
reduction equal to or above 50% was considered a significant 
coronary injury28.

Statistical analysis - We used the chi-square test ( 2) 
or Fisher’s exact test, whenever the 2 test could not be 
applied due to the small number of cases. For the analysis 
of continuous variables between the two groups we used 
Student’s t test for independent samples. Multivariate analysis, 
used to identify independent factors that simultaneously 
influence or explain the occurrence of events and to assess 
the simultaneous influence of clinical variables on events, was 
carried out using Logistic Regression, and we used a stepwise 
process with a level of 5% to select the factors. The uneventful 
survival rate (free of primary and secondary outcomes) was 
adjusted by the Kaplan-Meier method. Log-rank statistics was 
applied to verify if there is significant difference in the event-
free survival curve for primary and combined events stratified 
according to scintigraphy results. The criterion to determine 
significance was a level of 5%.

the best known ones are the treadmill exercise test, stress 
echocardiogram, myocardial perfusion scintigraphy (MPS) 
and magnetic resonance imaging. The number of papers on 
computerized tomography has been growing but this method 
is not widely available in Brazil yet16,17.

MPS has been increasingly used to diagnose ACS in the 
CPU, and many protocols for chest pain assessment use this 
method to assess the prognosis of these patients18-20. MPS has 
proved effective in reducing the number of undue discharges 
and unnecessary admissions18,21,22. Whether the employment 
of this technique in CPUs in Brazil can assess the medium 
term prognosis of patients admitted with chest pain remains 
to be proven.

The objective of our study was to determine the medium 
term prognostic value of stress MPS when performed on 
patients admitted into the CPU with suspected ACS, after 
the diagnosis of AMI and High Risk Unstable Angina are 
ruled out.

Methods
We carried out a retrospective cohort study where we 

selected consecutive patients admitted into the CPU of 
Hospital Pró-Cardíaco with suspected ACS from December 
2002 to April 2004, and submitted to stress MPS. 

These patients were assessed based on the Hospital’s CPU 
care methodology which follows the model of stratification in 
investigative routes described by Bassan et al3,23. This protocol 
includes not only the clinical history but also the performance of 
ECG and the serial measurement of heart enzymes in an interval 
not lower than six hours. Once the diagnosis of AMI or high 
risk unstable angina has been excluded24,25, the patients were 
stratified through the performance of MPS at rest and under 
physical or pharmacological stress upon request of the physician 
of the emergency department or of the assistant doctor. 

The study was approved by the Research Ethics Committee 
of Hospital Pró-Cardíaco under docket nº 137/2005. The free 
informed consent term was not required for this study. 

All the tests were carried out in a dual head gamma chamber 
(Ecam-Duet – Siemens), with a low-energy and high resolution 
collimator with tomographic image acquisition (SPECT - Single 
Photon Emission Computed Tomography) coupled with the 
ECG (ECG-Gated), with 64 projections and a 64 x 64 matrix. 
After their acquisition, the images were reconstructed through 
backprojection with a Butterworth filter and processed using 
e-Soft (Cedars Sinai, Guido Germano and Emory Cardiac 
Toolbox), an image processing software package. The analysis 
of global and segmental contractility and of ejection fraction 
was accomplished using the Gated SPECT. The unit used the 
17-segment myocardial segmentation model26.

Clinical data relative to the patients served and to the results 
of laboratory tests were obtained from the patients’ records 
filed at the hospital. This was considered the main source 
of data. The following clinical variables were considered: 
gender, age, systemic arterial hypertension, dyslipidemia, 
smoking, sedentary lifestyle, diabetes mellitus, family history of 
coronary artery disease, obesity, history of AMI, and previous 
surgical myocardial revascularization (SMR) or percutaneous 
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Results
We selected 301 patients with suspected ACS who were 

submitted to MPS to stratify risk. Our sample was composed 
by 164 male (54.5%) and 137 (45.5%) female patients, with a 
mean age equal to 65.3 ± 12.5 years for this population.

The test was performed early, that is 12 hours after 
admission, in 146 patients (48.6%); between 12 and 24 hours 
after admission in 132 patients (44%) and after 24 hours 
following the admission into the CPU in 23 patients (7.4%). 
The mean time between admission and the performance of 
scintigraphy was 13 ± 12 hours. We did not record any serious 
events such as AMI or death during the performance of the 
cardiovascular stress test. 

The presence of altered scintigraphy was verified in 162 
patients (53.8%). We also observed an elevated percentage 
of patients who presented ischemia which corresponded to 
47.2% (n=142) of our sample and a significant percentage of 
these patients presented ischemia in three or more segments 
33.9% (n = 102). Patients with and without ischemia did 
not present significant difference regarding age (65.5 ± 13.1 
years as compared with 65.2 ± 11.9 years respectively; p = 
0.82). Male gender (n = 94, p = <0.0001), diabetes mellitus 
(n = 31, p = 0.033), past AMI (n = 52, p = <0.0001), past 
SMR (n = 46, p = <0.0001) and past PTCA (n = 68, p = 
<0.0001) presented statistically significant correlation with 
the presence of ischemia. Other clinical characteristics are 
shown on Table 1.

The type of stress that was used most frequently was 
pharmacological stress. Dipyridamole stress was used in 161 
patients (53.5%), dobutamine stress in 17 patients (6%) and 
adenosine stress in 2 patients (0.5%). Physical stress on the 
treadmill was used with 121 patients (40%). The rate of altered 
tests in patients who were submitted to pharmacological stress 

(n = 109) was significantly higher than the rate for those 
submitted to physical stress (n = 53) (60.6% as compared 
with 43.8% respectively, p = 0.004).

After the performance of MPS, 66.1% of the patients were 
discharged from hospital and 33.9% were referred to coronary 
angiography while still in hospital. Of these, 87 patients (85%) 
presented significant coronary obstructions (reduction of 50% 
or more of the arterial lumen28) and 68 (22.6%) patients were 
submitted to surgical or percutaneous revascularization while 
still in hospital.

The mean follow-up period was 697.7dias ± 326.6 days, in 
that it was impossible to complete the follow up of 28 patients 
due to failure to contact the patient, the assistant doctor or 
family members by phone. These patients were excluded from 
the analysis of prognosis. 

We did not find any significant statistical correlation in our 
sample between clinical and scintigraphic variables and the 
occurrence of a primary outcome. There was only a trend 
towards statistical significance between the presence of altered 
scintigraphy (1.71 as compared with 6.04%; p = 0.086) and 
the occurrence of a primary outcome within one year.

With regard to the type of stress employed, the group 
of patients submitted to pharmacological stress presented a 
higher rate of secondary outcomes when compared with the 
group of patients submitted to physical stress (n = 44, 40% as 
compared with n = 103, 56%; p = 0.02) – Figure 1. Other 
clinical characteristics of these two groups are on Table 2.

The patients with altered scintigraphy (n=76) as 
compared with those with normal scintigraphy (n=22) 
presented a secondary outcome rate significantly higher in 
the follow-up period (77.5% as compared with 22.5%; p 
< 0.0001), just as those patients who presented isolated 
ischemia (n=73) as compared with patients who presented 

Table 1 – Frequency of clinical variables according to the presence of ischemia

Absent Present

Clinical variable n n p value

Gender Male
Female

70
89

44.0
56.0

94
48

66.2
33.8 < 0.0001

Hypertension 107 67.3 105 73.9 0.20

Diabetes 20 12.6 31 21.8 0.033

Dyslipidemia 85 53.5 77 54.2 0.89

Sedentary lifestyle 80 50.3 70 49.3 0.86

Family history of CAD 78 49.1 72 50.7 0.77

Obesity 29 18.2 30 21.3 0.50

Smoking habit 17 10.7 17 12.0 0.72

Previous AMI 25 15.7 52 36.6 < 0.0001

Previous SMR 22 13.8 46 33.1 < 0.0001

Previous PTCA 37 23.3 68 47.9 < 0.0001

CAD - coronary artery disease; AMI - acute myocardial infarction; SMR - surgical myorcardial revascularization; PTCA - percutaneous transluminal coronary 
angioplasty.
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normal tests (n=25) (74.5% as compared with 25.5%; p < 
0.0001). The presence of fibrosis alone did not correlate 
with a higher occurrence of secondary outcome (p=0.10). 
When we stratified the patients according to the number 
of segments with ischemia we verified that patients with 1 
to 2 (n=19) myocardial segments with ischemia and those 
with 3 or more (n=54) segments with ischemia presented a 
higher number of secondary outcomes when compared with 
patients without ischemia (n=25) (p=0.0001). However, 
the two first groups did not present statistically significant 
differences between them (Figure 2).

Patients with ejection fraction below 45% (n=21) presented 
a rate of secondary outcomes which was significantly higher 
than patients with LVEF above 45% (n=72) (relative risk = 
1.72, confidence interval 95% = 1.38 to 2.06; p=0.006).

Multivariate analysis - No clinical or scintigraphic variable 
was selected by the multivariate analysis to explain the 
occurrence of the primary outcome. The loss of significant 
variables to the level of 5% is probably due to the small number 
of patients who presented primary outcome (n=13).

The presence of myocardial ischemia was the major 
independent variable to explain the occurrence of secondary 
outcome (Relative Risk = 6.5; Confidence Interval 95% 
= 1.61 to 26.83, standard error = 0.717; p=0.009) 
followed by history of previous PTCA (Relative Risk = 3.8; 
Confidence Interval 95% = 1.95 to 7.70, standard error 
= 0.35; p<0.0001) and previous SMR (Relative Risk = 

Fig. 1 - Graphic demonstrating the secondary outcome rate according to the 
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Table 2 – Analysis of clinical variables relative to the occurrence of combined events

Combined Events 

Absent Present

Clinical variable Category n n p value

Gender Male
Female

87
88

49.7
50.3

65
33

66.3
33.7 0.008

Hypertension yes 123 70.3 66 67.4 0.61

Diabetes yes 29 16.6 19 19.4 0.55

Dyslipidemia yes 96 54.9 54 55.1 0.96

Sedentary lifestyle yes 90 51.4 41 41.8 0.12

Family history of CAD yes 81 46.3 50 51.0 0.45

Obesity yes 37 21.1 12 12.4 0.071

Smoking habit yes 17 9.7 13 13.3 0.36

Previous AMI yes 35 20.0 36 36.7 0.002

Previous SMR yes 27 15.5 36 37.5 < 0.0001

Previous PTCA yes 42 24.0 57 58.2 < 0.0001

CAD - coronary artery disease; AMI - acute myocardial infarction; SMR - surgical myocardiatl revascularization; PTCA - percutaneous transluminal coronary 
angioplasty.

Fig. 2 - Graphic demonstrating the frequency of combined events according 

segments on scintigraphy.
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2.41;Confidence Interval 95% = 1.17 to 4.97, standard 
error = 0.36, p=0.01).

Analysis of event-free survival - Survival free of primary 
outcome presented a trend to be higher for the group of 
patients with normal scintigraphy (p=0.086) (Figure 3). 

We observed that there is significant difference (p=0.0001) 
in the curve for survival free of secondary outcome between 
the groups of patients without ischemia and the groups with 
one or two and three or more segments with ischemia, but 
we did not observe a significant difference between the two 
latter ones (Figure 4).

The patients who presented left ventricle ejection fraction 
below 45% also presented shorter survival free of secondary 
outcome (p=0.001) (Figure 5).

Discussion
Our study demonstrated that patients admitted into the 

Fig. 4 - Curve of survival free of secondary outcome according to the number of segments with ischemia.
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chest pain unit with suspected ACS can benefit from the use 
of stress myocardial perfusion scintigraphy, because this test 
was able to determine the prognosis in the medium term. 
The presence of myocardial ischemia on scintigraphy in this 
group of patients was associated with a 6.5 times higher risk 
for combined adverse events as compared with the patients 
with normal scintigraphy.

Some clinical characteristics should be taken into account 
in the global assessment of the impact of a complementary 
test. Although the mean age of the population studied was 
higher than in other studies carried out in a chest pain unit20,22,
stress myocardial scintigraphy proved viable, safe and effective 
in the determination of the prognosis. 

The male gender has been associated with a higher 
rate of altered scintigraphies. Miller et al29 demonstrated 
a higher frequency of tests with ischemia in male patients 
(58% as compared with 31%; p<0.001) and verified that 
these patients were more frequently referred to coronary 

Fig. 3 - Curve of survival free of primary outcome according to the presence of altered scintigraphy.
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angiography (17% as compared with 8%; p < 0.001)29. In 
our sample, the male gender correlated with the presence 
of ischemia on myocardial scintigraphy. However, in the 
multivariate analysis, it did not present an independent 
correlation with adverse events.

A history of previous AMI, SMR or PTCA correlated with 
the occurrence of a secondary outcome. We did not find any 
similar paper in the literature that assessed the prognostic value 
of MPS in a population with these characteristics – with a high 
prevalence of coronary artery disease30. In all, 140 patients 
(46%) presented a previous history of coronary artery disease 
and these variables correlated with the presence of ischemia 
and adverse events. Elhendy et al. assessed 218 patients and 
demonstrated that a previous history of coronary disease was 
the major factor to predict adverse events31.

Acampa et al demonstrated that patients with a negative 
scintigraphy for ischemia had a lower risk of heart events in the 
long term than patients who presented ischemia, demonstrating 
that even patients who knowingly have coronary artery disease 
benefit from the performance of MPS, and comparing with 
the patients who presented negative stress echocardiogram for 
ischemia, the latter had more adverse events when compared 
with patients who presented negative MPS for ischemia (14% 
as compared with 9%; p<0.001)3.

Pharmacological stress correlated with the presence of 
altered tests (p=0.04) and with the occurrence of secondary 
outcome (p=0.02), but was not significant regarding the 
occurrence of primary outcome (p=0.08). In agreement with 
the literature, we found a higher rate of adverse heart events in 
the group of patients who were submitted to pharmacological 
stress both for patients with normal tests and for those with 
altered tests33,34. We believe that this was due to the fact 
that the population submitted to pharmacological stress was 
comprised of patients with more severe cardiac disease than 
the population submitted to physical stress. 

According to the multivariate analysis, the major 
independent variable to predict secondary outcomes was 

the presence of myocardial ischemia. This result is similar to 
the results obtained in several papers published where the 
presence of ischemia correlated with a higher rate of adverse 
events in patients admitted with suspected ACS20,22,27,35,36.

Based on the results obtained in this study, we believe that 
patients admitted into the CPU with suspected ACS and with a 
normal MPS present low risk of adverse events within one year. 
We found a rate of primary outcome of 1.71% within one year 
for the patients with altered scintigraphy, as compared with 
6.04% for patients with normal tests. Our results, although they 
present only a trend towards statistical significance (p=0.086) 
for the occurrence of primary outcome are in accordance with 
the literature19,31,37-39 (Chart 1).

Studies which assessed the prognostic value of myocardial 
scintigraphy demonstrated that when this test presents altered 
results it has an independent predictive value for major heart 
events (death or myocardial infarction)27,40,41. The population 
that presents altered tests presents a risk for severe adverse 
events which is 3 to 5 times higher than the population with 
normal tests, and the mean rate of events in the population 
with altered tests is 5.9% per year34. Shaw et al assessed 
4,728 patients and verified that the rate of severe adverse 
events, death or AMI, in patients with normal MPS was 
0.6% per year, in a three-year follow up42. However, higher 
rates of severe events are expected for the population with 
a previous diagnosis of DAC or high risk of developing it. In 
this population, the yearly rate of events is approximately 
2% per year34,42,43. Unlike other studies, we did not find a 
significant statistical difference between patients with different 
ischemic loads and the presence of fibrosis alone did not 
present correlation with a higher rate of adverse events 
either19. Fesmire et al. did not find significant difference in the 
occurrence of events in patients admitted into the CPU with 
suspected ACS and that presented different quantifications 
of ischemic areas44.

Ejection fraction is important information for prognosis 
and can be assessed on MPS when we use ECG-gated 

Fig. 5 - Curve of survival free of combined outcome according to post stress LVEF. LVEF - left ventricle ejection fraction.
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image acquisition45. In our study we verified that patients 
with ejection fraction below 45% presented a higher rate of 
secondary outcomes but we found no statistical significance for 
the occurrence of primary outcomes. We believe that this was 
partly due to the small number of events for primary outcome. 
Travin et al. in a study with 3,207 patients demonstrated that 
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presented a higher cumulative rate of heart events, AMI and 
heart death, 13.1% as compared with 3.7% of events (p < 
0.001) in the group of patients with ejection fraction above 
50%46.
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medium term for patients with negative scintigraphy suggests 
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prognosis. The patients referred to stress scintigraphy at the 
CPU of our institution are pre-selected according to a local risk 
stratification protocol and therefore our results might not be 
applicable to the population of patients admitted with chest 
pain into the emergency room.

Conclusion
We conclude that stress myocardial perfusion scintigraphy is 

able to determine in the medium term the prognosis of patients 
admitted into the CPU with suspected ACS, after the diagnostic 
of AMI and high risk unstable angina have been ruled out. The 
presence of myocardial ischemia on scintigraphy presented 
an independent contribution in the multivariate analysis to 
predict adverse events.
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