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Abstract

Background: The role of myocardial perfusion scintigraphy (MPS) in the follow-up of asymptomatic patients after 
percutaneous coronary intervention (PCI) is not established.

Objectives: To evaluate the prognostic value and clinical use of MPS in asymptomatic patients after PCI.

Methods: Patients who underwent MPS consecutively between 2008 and 2012 after PCI were selected. The MPS were classified 
as normal and abnormal, the perfusion scores, summed stress score (SSS), and summed difference score (SDS) were calculated 
and converted into percentage of total perfusion defect and ischemic defect. The follow-up was undertaken through telephone 
interviews and consultation with the Mortality Information System. Primary endpoints were death, cardiovascular death, and 
nonfatal acute myocardial infarction (AMI), and secondary endpoint was revascularization. Logistic regression and COX method 
were used to identify the predictors of events, and the value of p < 0.05 was considered statistically significant.

Results: A total of 647 patients were followed for 5.2 ± 1.6 years. 47% of MPS were normal, 30% were abnormal with 
ischemia, and 23% were abnormal without ischemia. There were 61 deaths, 27 being cardiovascular, 19 non‑fatal AMI, and 
139 revascularizations. The annual death rate was higher in those with abnormal perfusion without ischemia compared 
to the groups with ischemia and normal perfusion (3.3% × 2% × 1.2%, p = 0.021). The annual revascularization rate 
was 10.3% in the ischemia group, 3.7% in those with normal MPS, and 3% in those with abnormal MPS without ischemia. 
The independent predictors of mortality and revascularization were, respectively, total perfusion defect greater than 6%, 
and ischemic defect greater than 3%. Forty-two percent of the patients underwent MPS less than 2 years after PCI, and 
no significant differences were observed in relation to those who underwent it after that period.

Conclusion: Although this information is not contemplated in guidelines, in this study MPS was able to predict events in 
asymptomatic after PCI patients, regardless of when they were performed. (Arq Bras Cardiol. 2018; 111(6):784-793)

Keywords: Myocardial Infarction; Coronary Artery Disease; Myocardial Revascularization; Heart/diagnostic imaging; 
Percutaneous Coronary Intervention.

Introduction
The coronary artery disease (CAD) is the leading cause 

of death in the world.1 Percutaneous coronary intervention 
(PCI) is currently the most commonly used method of 
coronary artery revascularization in all clinical settings of 
CAD.2 However, despite the technical and pharmacological 
changes in the last decades, patients undergoing percutaneous 
revascularization remain at risk of developing cardiovascular 
events, and the main mechanisms responsible for that are 
restenosis and progression of atherosclerotic disease.3,4

Functional tests, including myocardial perfusion scintigraphy 
(MPS), are recommended in the evaluation of patients who 
develop symptoms after PCI.2,5 In the presence of significant 
ischemia, a new revascularization may be proposed.  
In contrast, in the follow-up of asymptomatic patients, 
although studies have demonstrated the ability of the MPS 
to predict future events,6 the guidelines do not recommend 
ordering routine functional tests in a period of less than 
2 years, with their performance being acceptable only within 
this interval in specific subgroups, such as those undergoing 
incomplete revascularization or with prior silent ischemia, in 
whom a new approach is feasible.2,5

The present study aims to evaluate the association between 
the clinical and scintigraphic data of asymptomatic patients 
submitted to MPS after PCI and the occurrence of outcomes; 
to estimate the prevalence of ischemia and its predictors; to 
evaluate the indications and MPS timing in these patients; and 
to compare the characteristics of the patients who underwent 
MPS befor and after two years of PCI.
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Methods

Population
Among the 6,698 MPS that were consecutively performed 

at the Clínica de diagnóstico por imagem in Rio de Janeiro 
from March 2008 to November 2012, 1,220 patient exams 
were identified as previously undergoing PCI. Of these, 322 
were excluded because the patients had symptoms at the time 
of the exam, and 186 because they had already undergone a 
revascularization surgery. Forty-six patients underwent more 
than one exam in the period and, in those cases, only the first 
exam was considered. Thus, 647 patients were enrolled in the 
study, as shown in figure 1.

The study was approved by the Ethics and Research 
Committee of the Hospital Clementino Fraga Filho, and each 
patient signed a consent form to include their information in 
the database, including clinical characteristics and the data 
of the examination.

Image protocol
MPS were performed using the 2-day protocol. In the 

resting phase, a dose of 20mCi 99mTc-sestamibi was injected 
with acquisition of the images after 30 to 40 minutes, and 
in the stress phase a dose of 20mCi of 99mTc-sestamibi was 
injected during the exercise test or pharmacological stress test, 
and image acquisition was performed after 15 to 30 minutes. 
The physical and pharmacological stress protocols were 

performed as described in a previous study.7 MPS images were 
acquired through the gated-SPECT technique in the Ventri 
gamma-camera, GE Healthcare.

The exams were classified as normal, or with reversible, 
fixed or mixed perfusion defects. The semi-quantitative visual 
analysis was independently performed by two cardiologists 
with extensive experience, through the standard 17-segment 
model, in which the quantification of radiotracer uptake was 
evaluated in each segment, graduated on a scale of 0 to 4, 
where 0 = normal uptake; 1 = slight reduction of uptake; 
2 = moderate reduction of uptake, 3 = severe reduction of 
uptake; 4 = no uptake.8

The values attributed to each of the 17 segments were 
added in the stress phase, called summed stress score (SSS), 
and in the resting phase, called summed rest score (SRS). 
The difference between these two scores is called summed 
difference score (SDS), and represents the degree of transient 
reversibility. Abnormal MPS was defined by SSS > 3, and 
abnormal MPS with ischemia by SDS > 1. SSS and SDS were 
converted, respectively, into percent of total perfusion defect 
and ischemic defect by dividing the score by 68 (maximum 
value of the score) and then multiplying by 100. The ejection 
fraction (EF) and the left ventricular diastolic and systolic 
volumes were measured automatically using the software.

Follow-up
Patients’ follow-up was carried out through biannual 

telephone interviews and application of a standardized 

Figure 1 – Flow chart of patient selection. PCI: percutaneous coronary intervention; MPS: myocardial perfusion scintigraphy.

6698 MPS were performed between 2008-2012

Inclusion criteria: previous PCI

1220 MPS were selected

Exclusion criteria: 
322 had symptoms
186 had previous

surgical revascularization

702 MPS were selected

647 eligible patients

37 patients had 2 exams
9 patients had 3 exams
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Table 1 – Characteristics of the study population.

Characteristics N (%) or mean ± SD

Age (years), mean ± SD 66.1 ± 10

Male gender 464 (72%)

Arterial hypertension 411 (64%)

Dyslipidemia 378 (58%)

Diabetes Mellitus 189 (29%)

Previous AMI 342 (53%)

Current smoking 48 (7%)

Previous smoking 204 (32%)

Family history of CAD 193 (30%)

SD: standard deviation; CAD: coronary artery disease; AMI: acute 
myocardial infarction.

Table 2 – Predictors of ischemia

Characteristics Univariate analysis OR (95% CI) p value Multivariate analysis OR (95% CI) p value

Age > 70 years 0.36 (0.65 to 1.30) 0,489 0.82 (0.55 to 1.20) 0,309

Male gender 1.13 (0.78 to 1.63) 0,515 1.35 (0.89 to 2.05) 1,155

Diabetes Mellitus 1.22 (0.85 to 1.76) 0,288 1.30 (0.88 to 1.93) 0,179

Previous AMI 2.51 (1.77 to 3.59) < 0,001 2.87 (1.60 to 5.13) < 0,001

Previous PCI by ACS 1.90 (1.36 to 2.68) < 0,001 0.71 (0.41 to 1.24) 0,229

Ejection fraction < 50% 1.52 (1.08 to 2.16) 0,018 1.61 (0.78 to 1.71) 0,454

Pharmacological stress 1.34 (0.95 to 1.89) 0,091 1.22 (0.84 to 1.78) 0,294

MPS indication, incomplete revascularization 3.43 (2,11 to 5.57) < 0,001 2.99 (1.80 to 4.98) < 0,001

AMI: acute myocardial infarction; PCI: percutaneous coronary intervention; ACS: acute coronary syndrome; MPS: myocardial perfusion scintigraphy.

questionnaire. Deaths were confirmed consulting the Mortality 
Information System (SIM) database, and the basic cause of 
death was identified, and all those included in Chapter IX of 
the International Classification of Diseases (ICD-10), which 
comprises the diseases of the circulatory system, were considered 
cardiovascular. Patients not contacted through telephone calls 
were considered alive if they were not found in the SIM database, 
but were considered as loss of follow-up in relation to the other 
outcomes. Primary endpoints were mortality, cardiovascular 
mortality, and nonfatal AMI, and surgical or percutaneous 
revascularization was considered a secondary endpoint.

Statistical analysis
The analysis was performed in the SPSS statistical 

package version 23.0. Categorical variables are presented 
as frequencies and percentages and compared using the 
chi-square test. Numerical variables are presented as mean 
and standard deviation, or median and interquartile range, 
according to the normal distribution pattern assessed 
by the Kolmogorov‑Sminorv test, and compared using 
Student’s t-tests or Mann-Whitney test, as appropriate. 
Variables with statistical significance in the univariate analysis 
were included in the multivariate model, using logistic 
regression and the COX model. Variables with significant 

correlations among them were excluded from the model. 
Survival curves of different subgroups were evaluated by the 
Kaplan Meier estimator and compared by the log-rank test. 
Statistical significance was defined as a value of p < 0.05.

Results
A total of 647 patients was included and mean follow‑up 

time was 5.2 ± 1.6 years for mortality analysis. In the analysis of 
the other outcomes, there was a loss of follow‑up of 18 patients 
and the mean follow-up time was 3.9 ± 1.5 years. The analysis 
of the demographic characteristics of the population, as 
shown in Table 1, revealed a mean age of 66.1 ± 10 years 
and a predominance of males. Arterial hypertension (AH) was 
the most frequent risk factor, followed by dyslipidemia and 
diabetes mellitus (DM). Fifty‑three  percent had a previous 
history of acute myocardial infarction (AMI). The 18 patients 
lost at follow-up were compared to 629  contacts and no 
statistically significant clinical differences were observed 
between the two groups.

The median dates for prior PCI were March 2008, and 44% 
were performed in the context of acute coronary syndrome 
(ACS). The interval between PCI and MPS was a median of 
3 years, and was less than 2 years in 42% of the cases.

Among the MPS indications, a control examination after 
PCI was the most frequent, reaching 75% of the cases. 
Incomplete revascularization was the second most common 
justification (12%), followed by preoperative evaluation 
(7%). The physical stress protocol was used in 59.5% of 
the exams. MPS were normal in 47% of patients, abnormal 
with no ischemia in 23%, and abnormal with ischemia in 
30%. Previous AMI and incomplete revascularization as an 
indication of MPS were independently associated with the 
presence of ischemia, as shown in Table 2.

During follow-up, 61 deaths were recorded, of which 
27 were due to cardiovascular causes. Mortality was higher 
among patients with abnormal MPS without ischemia, followed 
by the group with abnormal MPS with ischemia, and less found 
in the group with normal perfusion. The annual rate of death in 
each group was 3.3%, 2% and 1.2% respectively. Cardiovascular 
mortality followed the same pattern of incidence in the groups, 
with annual rates of 1.4%, 0.9% and 0.5%, respectively.
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There were 19 nonfatal AMI and this outcome was also 
more prevalent among those with abnormal MPS without 
ischemia compared to the other participants, but without 
statistical relevance.

A total of 139 revascularizations was documented, 
10 patients underwent coronary artery graft bypass surgery, 
126 underwent PCI, and 3 underwent both. Among 
the groups, revascularization was more frequent among 
patients with ischemia, with an annual rate of 10.3%, and 
less expressive among patients with normal and abnormal 
perfusion without ischemia, with an annual rate of 3.7% 
and 3%, respectively. Data on the occurrence of outcomes 
according to the perfusion groups are shown in Table 3.

In the univariate analysis, including clinical and 
scintigraphic characteristics, age above 70 years, AH, 
DM, use of pharmacological stress protocol, indication of 
preoperative MPS, and total perfusion defect higher than 6% 
were considered predictors. After multivariate adjustment, 
with the exception of AH, the other variables emerged as 
independent predictors of death (Table 4). The Kaplan-Meier 
survival curve stratified by ranges of total perfusion defect in 
Figure 2 shows the direct relationship between the extent of 
the defect and mortality, especially when it reaches values 
greater than 6%.

The independent predictors of revascularization were 
incomplete revascularization as an indication for MPS, the 
interval between PCI and MPS of less than 2 years, and the 
ischemic defect greater than 3%, as shown in Table 5. The 
Kaplan-Meier curve that was stratified by ischemic defect 
ranges demonstrates the strong association between the extent 
of ischemia and the occurrence of the endpoint (Figure 2). 
The only factor independently associated with cardiovascular 

mortality was the total perfusion defect greater than 6%, and 
with non-fatal AMI was the presence of DM.

When analyzing the group of patients with ischemia 
at MPS (n = 189), there was a greater presence of males 
(73% × 63%, p = 0.031), a higher frequency of incomplete 
revascularization as an indication of the MPS (39% × 14%, 
p = 0.02) and a higher prevalence of the interval prior 
PCI-CPM less than 2 years (54% × 30%, p = 0.001) among 
those submitted to revascularization (36%), compared to the 
group that did not undergo intervention (64%). The extent of 
ischemic defect was greater among revascularized patients 
(7% × 6%, p = 0.162), but different from expected, with no 
statistical significance. Similarly, mortality was lower among 
revascularized patients (9% × 12%, p = 0.453), however, 
with no statistical value.

When comparing the populations that underwent MPS in 
the interval of less than or more than 2 years after PCI, no 
significant clinical or scintigraphic differences were observed 
between them. Mortality in the follow-up period was also 
similar, as shown in Figure 3.

Discussion
The use of MPS in the follow-up of asymptomatic patients 

after PCI has been studied in the last decades. The first studies 
evaluated the use of MPS in the first 6 months after the 
procedure;9-12 then, some authors tried to establish the use of this 
functional test later in this subgroup.13,14 Most of the publications 
included patients who underwent MPS after fixed intervals 
following PCI, ranging from 4 months12 to 60 months.14 In the 
current study, this interval varied from days to years, allowing 
assessment of the prognostic value of MPS when performed at 
varying intervals after percutaneous revascularization.

Table 3 – Outcomes according to perfusion

Endpoints Normal Abnormal with ischemia Abnormal without ischemia p value

Patients, n 304 193 150

Death (61) 19 (6,3%) 21 (10,9%) 21 (14%) 0,021

Cardiovascular death (27) 7 (2,3%) 9 (4,7%) 11 (7,3%) 0,064

Patients, n 295 289 245

Non-fatal AMI (19) 10 (3,4%) 3 (1,5%) 6 (4,1%) 0,855

Revascularization (139) 52 (17,6%) 68 (36%) 19 (13,1%) < 0,001

AMI: acute myocardial infarction.

Table 4 – Predictors of mortality

Characteristics Univariate analysis HR (95% CI) p value Multivariate analysis OR (95% CI) p value

Age > 70 years 4.27 (2.40 to 7.60) < 0,001 3.40 (1.85 to 6.24) < 0,001

Arterial Hypertension 2.26 (1.20 to 4.28) 0,010 1.48 (0.73 to 3.00) 0,276

Diabetes Mellitus 3.50 (2,04 to 5.99) < 0,001 2.37 (1.30 to 4.31) 0,004

Preoperative MPS, indication 3.85 (1.88 to 7.90) < 0,001 2.25 (1.02 to 4.98) 0,044

Pharmacological stress 4.67 (2.56 to 8.50) < 0,001 2.51 (1.35 to 4.67) 0,003

TPD > 6% 2.40 (1.40 to 4.08) 0,001 2.33 (1.31 to 4.12) 0,004

MPS: myocardial perfusion scintigraphy; TPD: total perfusion defect.
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Figure 2 – A. A kaplan-Meier survival curve of mortality according to ranges of total perfusion defect (TPD). B. Kaplan-Meier survival curve of revascularization according 
to ranges of ischemia defect.
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In the present study, 647 patients were included and the 
mean follow-up time was 5.2 years. Previous studies have 
selected a smaller number of participants, ranging from 
19613 to 370 patients,11 and had less follow-up time, an 
average of 3 years. Regarding the population characteristics, 
the predominance of males and the mean age of 66 years 

were common to other publications, and consistent with 
data from the literature.15 In contrast, the prevalence of 
comorbidities was quite variable. The current study presented 
a higher frequency of diabetics. In addition, more than half 
of the participants had previous AMI, and the prevalence 
of AH pressure was close to those described above.11,14  
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Such variations can be attributed to the use of different 
diagnostic definitions of pathologies. On the other hand, they 
may reflect the selection of populations with different severity 
profiles, thus with different prognostic aspects.

Despite the lack of information on prior PCI, considering 
that only 11% of the procedures were performed before 
2003, time at which drug-eluting stents were introduced, 
and that MPS exams were performed in a private clinic in 
patients with wide access to care, including 30% of diabetics, 
it is believed that the stents used in previous angioplasties 
have been almost entirely drug-eluting stents. In previous 
studies, patients were treated with balloon angioplasty and 
conventional stent implantation,9-13 with the exception of the 
study by Zellweger et al. in which 69% of the participants were 
treated with a drug-eluting stent.14 Such findings should be 
taken into account in the interpretation of outcomes, because 
after the advent of drug-eluting stents, there was a decrease in 
the incidence of early and late complications of the procedure 
and, consequently, in the occurrence of events.

Although the current guidelines2,5,16 do not indicate 
routine functional tests, especially in the period of less 
than 2 years in asymptomatic patients after PCI, in the 
present study, 42% of MPS were performed within less 
than 2 years after PCI, and the control examination was 
the most frequent indication, independent of the period. 
Similarly, Luca et al.,17 in an observational study including 
12,380 patients undergoing PCI in Canada from 2004 
to 2012, and Shah et al.,18 in a study including 21046 
patients undergoing percutaneous revascularization 
between 2004 and 2007 in the USA, observed that 60% 
and 61%, respectively, underwent at least one functional 
test within a 2-year period.17,18 One possible justification 
for functional evaluation to remain a frequent clinical 
practice among asymptomatic patients after PCI is the 
lack of robust information about the theme that defines 
the correct management of these patients, and the fact 
that the current recommendations are based on the 
opinion of specialists.2,5,16

Figure 3 – Kaplan-Meier survival curve of mortality according to previous PCI-MPS interval shorter or longer than 2 years.
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Table 5 – Predictors of revascularization

Characteristics Univariate analysis OR (95%) p value Multivariate analysis OR (95% CI) p value

Age > 70 years 0.78 (0.52 to 1.16) 0,223 0.84 (0.55 to 1.28) 0,419

Diabetes Mellitus 1.30 (0.87 to 1.95) 0,198 1.38 (0.89 to 2.15) 0,145

Previous AMI 1.04 (0.71 to 1.52) 0,823 0.69 (0.45 to 1.06) 0,092

MPS indication, control 0.41 (0.27 to 0.61) 0,000 0.86 (0.46 to 1.63) 0,655

MPS indication, incomplete revascularization 4.80 (2.93 to 7.87) 0,000 3.55 (1.65 to 7.60) < 0,001

PCI-MPS Time < 2y 1.51 (1.35 to 1.75) 0,001 1.55 (1.36 to 1.83) 0,005

Ischemic defect > 3% 3.07 (2.09 to 4.64) 0,000 2.87 (1.83 to 451) < 0,001

AMI: acute myocardial infarction; MPS: myocardial perfusion scintigraphy.
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The prevalence of 30% of ischemia among patients was 
higher than that found in previous studies. Zellweger et al.14 
detected ischemia in 19% of patients after 60 months of 
PCI, and Rajagopal et al.11 in 23% of those evaluated after 
3.9 months. The exception was the study by Galassi et al.,12 
which included only patients known to undergo incomplete 
revascularization and, as expected, detected more 
abnormal perfusions. Similar to previous studies,9,11 
incomplete revascularization as an indication of MPS and 
the presence of previous AMI were considered independent 
predictors of ischemia. In contrast, the presence of DM was 
not independently associated with ischemia, as described 
by other authors. One possible explanation, given that 
all patients are asymptomatic, is the valorization of the 
presence of comorbidity leading to a higher indication of 
exams. Seventy percent of the diabetics in this study had 
indication of control MPS.

Previous studies that analyzed the role of MPS in the 
follow-up after percutaneous revascularization used the 
composite endpoint model, which impaired the comparison 
of the results. It should be noted that the evaluation of 
events separately, as performed in this study, is important 
because the endpoints analyzed (death, cardiovascular 
death, non-fatal AMI and revascularization) have different 
clinical relevance and occurred at different frequencies in 
all the studies described.9-14

The mortality rate observed was 2% per year, comparable 
to the rate described by Leon et al.,19 in the 5-year follow-up 
of patients treated with conventional and drug-eluting stents. 
However, comparing the different perfusion groups, patients 
with abnormal MPS without ischemia had a mortality rate 
of 3.3% per year, higher than that found in patients with 
abnormal perfusion with ischemia and normal perfusion, 
respectively, 2% and 1.2%. In addition, the extent of the total 
perfusion defect was independently associated with death 
when greater than 6%.

In the evaluation of other variables, age greater than 
70  years was considered an independent predictor of 
mortality, which is expected in the natural evolution of 
coronary disease. Likewise, the presence of DM was associated 
with a higher risk of death, similar to data in the literature that 
showed a more diffuse atherosclerotic involvement among 
diabetics and a higher propensity to develop restenosis after 
percutaneous intervention, thus leading to greater mortality 
in the long term.20

Acampa et al.21 had emphasized that patients undergoing 
pharmacological stress had a higher age group and a higher 
prevalence of clinical predictors of ischemia compared 
to those who underwent physical stress, and, therefore, 
had a poorer prognosis. Similarly, in the current study, the 
pharmacological stress protocol was used in 70% of the 
patients who died and was significantly associated with the 
endpoint risk. Aspects related to MPS indications also directly 
influenced the results, with a preoperative examination being 
associated with a greater chance of death. One possible 
justification for such finding is the risk inherent to the surgical 
procedure itself, and the potential severity of the underlying 
pathology. This variable was not addressed by the other 
studies already cited.9-14

Although they were not included in the multivariate 
analysis because of a strong correlation with perfusion 
scores, the presence of prior AMI and lower EF values were 
more frequently found among those who died, respectively, 
69% × 51%, p = 0.009 and 47 ± 16 × 54 ± 12, p = 0.001.  
Other studies had already demonstrated the impact of 
ventricular function on survival of patients with coronary 
artery disease, among which the Coronary Artery Surgery 
Study (CASS) is highlighted, which observed an inverse 
relationship between EF and mortality. In this register, survival 
rates after 12 years of follow-up of coronary arteries disease 
with EF ≥ 50%, between 35 and 49% and < 35% were, 
respectively, 73%, 54% and 21% (p = 0,001).22

Similar to what was found in the mortality analysis, the 
outcomes of cardiovascular mortality and non-fatal AMI had 
a higher incidence in the group with abnormal perfusion 
without ischemia compared to the others. The  absence 
of statistical significance may be justified by the small 
number of events, but certainly does not compromise 
the importance of the findings, especially cardiovascular 
mortality with p= 0.064, close to what is considered 
relevant. The only factor independently associated with 
cardiovascular mortality was the total perfusion defect 
greater than 6%, and to non-fatal AMI was the presence 
of DM. Georgoulias et al.,10 after an 8-year follow-up of 
246 asymptomatic patients undergoing CPM after PCI, also 
observed that the occurrence of the composite endpoint, 
cardiovascular death, and non-fatal AMI was greater the 
greater the extent of the total perfusion defect. 

The annual rate of endpoint revascularization was 4.6%, 
more significant during the 1st year of follow-up compared to 
that found in subsequent years, 11.9% × 3.4%, respectively. 
Leon et al.19 observed similar results, 20.4% of patients treated 
with conventional stents, and 11.2% of those treated with 
drug-eluting stents underwent a new approach in the 1st year 
of follow-up; then, the annual rate of revascularization was 
a constant of 3.5% between the 2nd and 5th years. In view of 
these findings, it should be pointed out that, as suggested by 
Leon et al.,19 the events taking place in the first year seem to be 
related to the initial procedure, with markedly reduced rates 
of conventional therapy to pharmacological therapy, whereas 
later revascularizations reflect the progression of disease, with 
constant rate, regardless of the type of stent used.

Zellweger et al.,9 in the follow-up of patients undergoing 
percutaneous intervention, demonstrated that the cumulative 
rate of composite outcome was statistically higher among 
patients with ischemia than those without ischemia at 
MPS, and revascularization corresponded to 65% of these 
events. Similarly,  Galassi et al.,12 in a cohort consisting of 
asymptomatic patients submitted to incomplete percutaneous 
revascularization, reported that 42% of the participants 
performed a new approach at the mean follow‑up of 33 months, 
and that the extent of ischemia in the MPS performed 4 to 
6 months after the procedure was a predictor of this outcome.

In the current study, in addition to the presence and 
extent of ischemia, incomplete revascularization as an 
indication of MPS and the interval between percutaneous 
intervention and MPS before 2 years were also significantly 
associated with revascularization. These results suggest that 
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the decision for the new approach was probably influenced 
by the initial procedure. This hypothesis was reinforced when 
it was observed that in the group of patients with ischemia, 
among the 36% who underwent the new revascularization, 
there was a predominance of males and, again, incomplete 
revascularization as an indication of MPS, and of the interval 
between PCI and MPS of less than 2 years.

The extent of ischemia was also higher among those referred 
to repeated revascularization, but, unlike expected, this finding 
was not statistically significant. It is possible that in some cases 
the presence and not the extent of ischemia has been a variable 
with greater impact in the decision making for revascularization. 
Regarding male gender, it shows a higher prevalence of coronary 
disease and greater precocity in the event occurrence; this may 
have contributed to the valorization of the findings and the 
indication of approach in the patients of this gender.

Aldweib et al.,23 in the evaluation of 769 asymptomatic 
patients previously undergoing PCI with ischemia in MPS, 
subsequently referred for drug therapy or revascularization, 
found greater extent of ischemia and greater presence of DM 
among the revascularized patients. Different from the current 
study, the interval between PCI and MPS was similar between 
the groups and the presence of incomplete revascularization 
was not mentioned. After an average of 5.7 years, mortality 
rates were similar in the two treatment groups (p = 0.84).

In our study, the mortality among those who revascularized 
was lower than those who received clinical treatment 
(9% × 12%), but with no statistical significance. Although this 
study was not designed for this purpose, and the possible 
impairment of the statistical analysis due to the small number 
of events, it is worth questioning whether the patients referred 
to the new revascularization would not be at greater risk and 
after the procedure had this risk matched to the ones targeted 
for clinical treatment.

Although the current literature recommends the functional 
evaluation of asymptomatic patients after PCI only after 
2  years,2,5,16 in the present study, the clinical features and 
results of MPS, including perfusion findings, were similar 
among patients who underwent MPS in the smallest interval 
and in the one greater than 2 years. In this selected population, 
the delimitation currently recommended in 2 years did not 
separate distinct populations.

Although incomplete revascularization is a satisfactory 
solution when the culprit lesion is identified and has a favorable 
anatomy for percutaneous approach, especially in the context 
of ACS, patients with remaining lesions need to be monitored 
and stratified, regardless of the presence of symptoms. In the 
present study, in this scenario MPS was shown to be a tool used 
in clinical practice capable of providing incremental prognostic 
information about the occurrence of events, directly interfering 
with the decision to indicate new revascularization.

Previous studies13,21 that performed MPS in the 
follow‑up of patients previously undergoing percutaneous 
revascularization described an excellent prognosis associated 
with normal perfusion, with an annual event rate of less than 
1%. Similarly, in the current study, at the mean follow-up of 
5 years, among patients with normal perfusion, the annual 
mortality rate was 1%, and cardiovascular mortality was 0.5%, 
characterizing this group as low risk.

Limitations
This is a single center retrospective study in which the patients 

were referred to the clinic for MPS at the recommendation of 
their attending physician. Therefore, extrapolation of the results 
should be done with caution.

Another limitation is the lack of information on the type 
of stent used in the prior revascularization procedure in most 
patients. However, considering that only 11% of the procedures 
were performed before 2003, at which time drug‑eluting stents 
were introduced, and that the population was selected in a 
private clinic that mainly serves complementary health users 
with a DM prevalence of 30 %, it is believed that the stents 
used have been mostly drug-eluting ones.

Conclusion
In this study, MPS performed in asymptomatic patients after 

various periods of PCI was able to provide future prognostic 
information, the extent of the total perfusion defect was 
associated with a higher mortality rate and cardiovascular 
death, the presence and extent of ischemia were associated 
with higher rate of revascularization, while normal perfusion 
lead to an excellent prognosis with a low rate of events at the 
mean follow-up of 5 years.

In spite of the recommendations of the guidelines, in this 
study, 42% of MPS were performed within less than 2 years 
after PCI and no relevant clinical differences were observed 
in relation to those who performed after this period.

Author contributions
Conception and design of the research and Acquisition 

of data: Andrade LF, Sousa AC, Peclat  T, Bartholo C, 
Pavanelo T; Analysis and interpretation of the data and 
Statistical analysis: Andrade LF, Lima RSL; Writing of the 
manuscript: Andrade LF; Critical revision of the manuscript 
for intellectual content: Lima RSL.

Potential Conflict of Interest
No potential conflict of interest relevant to this article 

was reported.

Sources of Funding
There were no external funding sources for this study.

Study Association
This article is part of the thesis of master submitted by 

Larissa Franco de Andrade, from Universidade Federal do 
Rio de Janeiro.

Ethics approval and consent to participate
This study was approved by the Ethics Committee of the 

Hospital Universitário Clementino Fraga Filho under the 
protocol number 1643951. All the procedures in this study 
were in accordance with the 1975 Helsinki Declaration, 
updated in 2013. Informed consent was obtained from all 
participants included in the study.

791



Original Article

Andrade et al
Prognostic Value of Myocardial Scintigraphy

Arq Bras Cardiol. 2018; 111(6):784-793

1.	 World Health Organization. (WHO). Cardiovascular diseases (CVDs) 
[Internet]. [Access in 2017 Nov 20]. Available from: http://www.who.int/
mediacentre/factsheets/fs317/en/index.html. 

2.	 Windecker S, Kolh P, Alfonso F, Collet JP, Cremer J, Falk V, et al. 2014 ESC/
EACTS Guidelines on myocardial revascularization: The Task Force on 
Myocardial Revascularization of the European Society of Cardiology 
(ESC) and the European Association for Cardio-Thoracic Surgery (EACTS) 
Developed with the special contribution of the European Association 
of Percutaneous Cardiovascular Interventions (EAPCI). Eur Heart J. 
2014;35(37):2541-619.

3.	 Zellweger MJ, Kaiser C, Jeger R, Brunner-La Rocca HP, Buser P, Bader F, et al. 
Coronary artery disease progression late after successful stent implantation. 
J Am Coll Cardiol. 2102;59(9):793-9.

4.	 Stone GW, Maehara A, Lansky AJ, Bruyne B, McPherson J, Farhat N, et al; 
PROSPECT Investigators. A prospective natural-history study of coronary 
atherosclerosis. N Engl J Med. 2011;364(3):226-35.

5.	 Wolk MJ, Bailey SR, Doherty JU, Douglas PS, Hendel RC, Kramer CM, et al; 
American College of Cardiology Foundation Appropriate Use Criteria Task 
Force. ACCF/AHA/ASE/ASNC/HFSA/HRS/SCAI/SCCT/SCMR/STS 2013 
multimodality appropriate use criteria for the detection and risk assessment of 
stable ischemic heart disease: a report of the American College of Cardiology 
Foundation Appropriate Use Criteria Task Force, American Heart Association, 
American Society of Echocardiography, American Society of Nuclear 
Cardiology, Heart Failure Society of America, Heart Rhythm Society, Society 
for Cardiovascular Angiography and Interventions, Society of Cardiovascular 
Computed Tomography, Society for Cardiovascular Magnetic Resonance, and 
Society of Thoracic Surgeons. J Am Coll Cardiol. 2014;63(4):380-406.

6.	 Harb SC, Marwick TH. Prognostic value of stress imaging after 
revascularization: a systematic review of stress echocardiography and stress 
nuclear imaging. Am Heart J. 2014;167(1):77-85.

7.	 Lima RS, De Lorenzo A, Pantoja MR, Siqueira A. Incremental prognostic 
value of myocardial perfusion 99m-technetium-sestamibi SPECT in the 
elderly. Int J Cardiol. 2004;93(2-3):137-43.

8.	 Hendel R, Budoff MJ, Cardella JF, Chambers CE, Dent JM, Fitzgerald DM, et 
al. ACC/AHA/ACR/ASE/ASNC/HRS/NASCI/RSNA/SAIP/SCAI/SCCT/SCMR/
SIR 2008 Key Data Elements and Definitions for Cardiac Imaging: A Report 
of the American College of Cardiology/American Heart Association Task 
Force on Clinical Data Standards (Writing Committee to Develop Clinical 
Data Standards for Cardiac Imaging). Circulation. 2009;119(1):154-86. 

9.	 Zellweger MJ, Weinbacher M, Zutter AW, Jeger RV, Mueller-Brand J, Kaiser C, 
et al. Long-term outcome of patients with silent versus symptomatic ischemia 
six months after percutaneous coronary intervention and stenting. J Am Coll 
Cardiol. 2003;42(1):33-40.

10.	 Georgoulias P, Demakopoulos N, Tzavara C, Giannakou S, Valatassiou V, 
Tsougas I, et al. Long-term prognostic value of Tc-99m tetrofosmin myocardial 
gated-SPECT imaging in asymptomatic patients after percutaneous coronary 
intervention. Clin Nucl Med. 2008;33(11):743-7.

11.	 Rajagopal V, Gurm HS, Brunken RC, Pothier CE, Bhatt DL, Lauer MS. 
Prediction of death or myocardial infarction by exercise single photon 
emission computed tomography perfusion scintigraphy in patients who 
have recent coronary artery stenting. Am Heart J. 2005;149(3):534-40.

12.	 Galassi AR, Grasso C, Azzarelli S, Ussia G, Moshiri S, Tamburino C. Usefulness 
of exercise myocardial scintigraphy in multivessel coronary disease 
after incomplete revascularization with coronary stenting. Am J Cardiol. 
2006;97(2):207-15.

13.	 Acampa W, Petretta M, Florimonte L, Mattera A, Cuocolo A. Prognostic 
value of exercise cardiac tomography performed late after percutaneous 
coronary intervention in symptomatic and symptom-free patients. Am J 
Cardiol. 2003;91(3):259-63.

14.	 Zellweger MJ, Fahrni G, Ritter M, Jeger RV, Wild D, Buser PM, et al; BASKET 
Investigators. Prognostic value of “routine” cardiac stress imaging 5 years 
after percutaneous coronary intervention: the prospective long-term 
observational BASKET (Basel Stent Kosteneffektivitäts Trial) LATE IMAGING 
Study. JACC Cardiovasc Interv. 2014;7(6):615-21.

15.	 Benjamin EJ, Blaha MJ, Chiuve SE, Cushman M, Das SR, Deo R, et al; 
American Heart Association Statistics Committee and Stroke Statistics 
Subcommittee. Heart Disease and Stroke Statistics-2017 Update: a report 
from the American Heart Association. Circulation. 2017;135(10):e146-603.

16.	 Fihn SD, Gardin JM, Abrams J, Berra K, Blankenship JC, Dallas AP, et al; 
American College of Cardiology Foundation/American Heart Association 
Task Force. 2012 ACCF/AHA/ACP/AATS/PCNA/SCAI/ISTS. Guideline for 
the Diagnosis and Management of Patients With Stable Ischemic Heart 
Disease: a report of the American College of Cardiology Foundation/
American Heart Association Task Force on Practice Guidelines, and the 
American College of Physicians, American Association for Thoracic Surgery, 
Preventive Cardiovascular Nurses Association, Society for Cardiovascular 
Angiography and Interventions, and Society of Thoracic Surgeons. 
Circulation. 2012;126(25):e354-471.

17.	 Luca SR, Koh M, Qiu FQ, Alter DA, Bagai A, Bhatia RS, et al. Stress testing 
after percutaneous coronary interventions: a population-based study. CMAJ 
Open. 2017;5(2):E417-23.

18.	 Shah BR, Cowper PA, O’Brien SM, Jensen N, Drawz M, Patel MR, et al. 
Patterns of cardiac stress testing after revascularization in community 
practice. J Am Coll Cardiol. 2010;56(16):1328-34. 

19.	 Leon MB, Alloco DJ, Dawkins KD, Baim DS. Late clinical events after drug-
eluting stents: the interplay between stent-related and natural history-driven 
events. JACC Cardiovasc Interv. 2009;2(6):504-12.

20.	 Alderman EL, Kip KE, Whitlow PL, Bashore T, Fortin D, Bourassa MG, et al; 
Bypass Angioplasty Revascularization Investigation. Native coronary disease 
progression exceeds failed revascularization as cause of angina after five 
years in the Bypass Angioplasty Revascularization Investigation (BARI). J Am 
Coll Cardiol. 2004;44(4):766-74.

21.	 Acampa W, Evangelista L, Petretta M, Liuzzi R, Cuocolo A. Usefulness of 
stress cardiac single-photon emission computed tomographic imaging late 
after percutaneous coronary intervention for assessing cardiac events and 
time to such events. Am J Cardiol. 2007;100(3):436-41.

22.	 Emond M, Mock MB, Davis KB, Fisher LD, Holmes DR Jr, Chaitman BR, et 
al. Long-term survival of medically treated patients in the Coronary Artery 
Surgery Study (CASS) Registry. Circulation. 1994;90(6):2645-57.

23.	 Aldweib N, Negishi K, Hachamovitch R, Jaber WA, Seicean S, Marwick TH. Impact 
of repeat myocardial revascularization on outcome in patients with silent ischemia 
after previous revascularization. J Am Coll Cardiol. 2013;61(15):1616-23.

References

792



Original Article

Andrade et al
Prognostic Value of Myocardial Scintigraphy

Arq Bras Cardiol. 2018; 111(6):784-793

This is an open-access article distributed under the terms of the Creative Commons Attribution License

793


