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ABSTRACT
INTRODUCTION Myocardial reperfusion during the course of an
acute myocardial infarction improves patients’ short- and long-term
prognosis; coronary blood flow is successfully re-established while
preserving a large amount of at-risk muscle. Clinical evolution, however, varies. Presence of residual ischemia or viable myocardial tissue
affects a patient’s prognosis. Assessment by noninvasive methods
allows better prognostic stratification. Cardiac-gated SPECT provides
appropriate parameters to support treatment selection and monitoring
of these patients.
OBJECTIVES Assess the prognostic value—ability to predict occurrence of major cardiac events—of perfusion and cardiac function
obtained by myocardial perfusion scintigraphy in myocardial infarction patients treated by any myocardial reperfusion method, whether
pharmacological or surgical.
METHODS Forty patients were included, mean age 58.8±9 years,
diagnosed with myocardial infarction. Participants were divided into
two groups: primary percutaneous transluminal coronary angioplasty
(15) or thrombolysis (25). All received myocardial perfusion scintigraphy with cardiac-gated SPECT to assess perfusion and left ventricular

INTRODUCTION
Current acute myocardial infarction (AMI) treatment has improved
patients’ short- and long-term prognoses. The main therapies
work by treating thrombus formation and progression of platelet aggregation and by reducing ischemia, hence preserving
cardiac muscle.[1] Early application of myocardial reperfusion
techniques—initially thrombolytic drugs and later percutaneous
transluminal coronary angioplasty (PTCA)—[2] increases the
chances of success in re-establishing coronary circulation. Intracoronary drug-eluting stents and platelet antiaggregant therapy
reduce complications and need for reintervention.[3]
Patient progress after reperfusion is not always satisfactory; in
the first year, there can be complications such as angina recurrence, AMI, need for reintervention, or death from cardiac causes.
Identification of which reperfused patients may suffer a more
unfavorable evolution enables implementation of tailored treatment strategies.[4,5]
Myocardial perfusion scintography (MPS) permits prognostic
stratification of AMI patients. Perfusion and myocardial function
obtained by MPS help identify risk variables, enabling individualization of patient care and fewer future complications for reperfused patients.[6–9] Most studies to date have focused on results
of myocardial perfusion and ejection fraction. However, we believe
it is important to study additional data that can be obtained from
gated MPS, in which acquisition is synchronized with the R wave
of the electrocardiogram to obtain end-diastolic and end-systolic
images. This enables calculation of ventricular function, including:
ventricular volumes, behavior of ejection fraction, regional motil20
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function, and were followed for six months with telephone interviews
and review of clinical records.
RESULTS In the 11 patients who had major cardiac events within
six months of followup, a nonsignificant increase in perfusion defect
extent was seen post reperfusion. Six (54.5%) of those with major cardiac events had anterior perfusion defects. In functional parameters,
a significant increase in end-diastolic and end-systolic volumes and
decrease in left ventricular ejection fraction were observed post stress
(p = 0.006) and at rest (p = 0.001). Post-stress end-diastolic volume
of ≥70 mL had a higher prognostic value for major cardiac events
[sensitivity 100%; specificity 89%, area under ROC curve 0.835 (CI
0.702–0.969), p = 0.001].
CONCLUSIONS Cardiac-gated SPECT is useful to identify variables
(including left ventricular systolic dysfunction and dilation of left cavities,
particularly left end-systolic volume of >70 mL) predictive of major cardiac events in reperfused patients, independent of treatment modality.
KEYWORDS Scintigraphy, cardiac-gated SPECT, single-photon
emission computer-assisted tomography, myocardial infarction, myocardial reperfusion, percutaneous transluminal coronary angioplasty,
thrombolysis, prognosis, Cuba

ity and systolic thickening. These ventricular function variables
complement information obtained about myocardial perfusion.
The combination of normal stress test results with normal images
of myocardial perfusion and ventricular function (ejection fraction >55%) has an excellent prognosis, with a combined annual
mortality rate from cardiac causes (fatal AMI and/or ventricular
arrhythmia) and nonfatal myocardial infarction of <1% and an
annual mortality rate of <0.2%.[10,11] This low fatality rate from
cardiac events remains constant even when the stress test is
positive for ischemia or in the presence of significant coronary
stenosis in myocardial angiography.[12–15] Abnormal myocardial
perfusion images, however, are associated with a 7% increase in
risk of cardiac-related deaths during the first year of followup.[16]
This study’s objectives were to determine the value of MPS—
specifically, cardiac-gated SPECT (single-photon emission-computed tomography), known as gSPECT, in identifying prognostic
perfusion and function variables in AMI patients treated by either
myocardial reperfusion method, and to assess these variables’
ability to predict occurrence of major cardiac events.

METHODS
Population An observational, longitudinal prospective study
was conducted of first-time AMI patients admitted to emergency
service of the Cardiology and Cardiovascular Surgery Institute
(ICCC, the Spanish acronym) in Havana between January and
July 2010. The study looked at the 40 patients treated with thrombolysis or primary PTCA who were referred to nuclear medicine
services by their attending cardiologists for perfusion studies from
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30 to 45 days post AMI; patients were excluded if they had conditions that complicate perfusion study interpretation (complete
left bundle branch block, cardiac arrhythmia) or other known cardiac diseases (valvulopathies; dilated, hypertrophic or restrictive
myocardiopathy). Sociodemographic statistics such as sex and
age were collected as well as clinical conditions including arterial
hypertension, diabetes mellitus, smoking and blood lipid levels.
Two treatment groups were formed: group 1 included those who
received primary PTCA and group 2 those who received thrombolysis. After reperfusion, a myocardial perfusion test was performed with physical or pharmaceutical stress between 30 and 45
days after the acute event.
Patients were followed up for six months during the myocardial
perfusion study, through review of clinical records and/or telephone interview. We determined whether major cardiac events
(nonfatal MI, admission for non-ST elevation acute coronary syndrome, or cardiac death) had occurred and created groups for
analysis by presence or absence of these outcomes to identify
predictive gSPECT variables.
gSPECT A two-day stress/rest protocol by gSPECT was performed on all myocardial-perfusion patients.[17] Physical stress
was conducted on a treadmill (Schiller, Switzerland), beginning
with an initial load of 25 W followed by successive 2-minute increments until reaching maximum cardiac frequency (CF, 220 minus
patient age) or physical exhaustion, hypotension or ST segment
depression of >0.2 mV. Thirty to 60 seconds before completion of
the effort, patients were injected with radiocontrast agent Tc-99m
MIBI (20 mCi). The second day, resting images were taken using
the same doses of the radiocontrast agent. Pharmacological
stress with dipyridamole was used in patients who had limitations
in physical exercise. Images were taken 45 minutes after injection, doing gated studies with the R wave of electrocardiogram,
facilitating acquisition of end-diastolic and end-systolic images for
calculating left ventricular function.
For gSPECT acquisition, images were taken using a dual-head
gamma camera (Mediso, Hungary) with high-resolution collimator
and parallel holes in an anterior orbit of 180° (from right anterior
oblique 45° to left anterior oblique 45°) in step-and-shoot mode,
with 20 seconds per projection for the radiocontrast; 32 projections were conducted with a 64 x 64 x 16-matrix and an energy
emission window of 140±10% keV. The study was synchronized
with ECG at eight frames per cycle in supine position. Filtered
backprojection was used, obtaining short and long horizontal-axis
cross sections and long vertical-axis cross sections; attenuation
was not corrected.
Interpretation of perfusion images For semi-quantitative visual
interpretation of images we used short- and long-axis vertical
tomograms divided into 17 segments. Each segment was analyzed by two independent observers without clinical or angiographic information. A 5-point system was applied (0 = normal
capture, up to 4 = absence of capture); summed scores were
computed for stress and resting states and differences between
the two. Disagreements in interpreting images were resolved by
expert consensus. Capture was considered improved in the followup study if the score dropped by ≥1 point in relation to the
stress study. Emory software[18] was used for observers’ independent analysis of ventricular function variables: regional wall
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motion, left ventricular ejection fraction (LVEF), end-diastolic volume (EDV) and end-systolic volume (ESV) of the left ventricle
(LV).
Myocardial perfusion scintigraphy was reported as normal
(absence of perfusion defects with normal LV regional and overall
function), abnormal (definite anomaly in perfusion and/or anomaly
of LV regional and/or overall function) or equivocal (images do not
meet criteria for either of the two previous categories).
Normal studies were defined by normal myocardial perfusion
upon visual analysis, normal wall movement, and normal systolic
thickening. Severity of myocardial perfusion defects was recorded
as a summed difference score, with a score of ≤3 considered normal; 4 to 8, slight ischemia; 9 to 12, moderate ischemia; and ≥13,
severe ischemia.[19]
The following poor-prognosis variables were assessed: ischemia
in area of anterior descending coronary artery, two or more coronary areas with perfusion defects, end-diastolic volume >120 mL
and end-systolic volume >70 mL, global resting LVEF <40%, poststress LVEF reduced by ≥5%, transient ischemia dilation <1.12.
[20–22].
Statistical analysis Distribution and correlation of general patient
characteristics in the study were assessed. Categorical variables
(including age, sex, arterial hypertension, diabetes mellitus, cholesterol and smoking) were expressed in absolute numbers and
percentages, and continuous variables (ejection fraction; ventricular volumes; and post-stress, resting and summed difference
scores) expressed in average values and standard deviations.
The two groups were compared using the chi-square for categorical variables and the Student t test for quantifiable variables. A
probability of <0.05 was considered significant. To assess degree
of association of variables with major cardiac events, the odds
ratio was also calculated with a 95% confidence interval. Also
determined were sensitivity, specificity and area under the ROC
curve of variables significantly associated with major cardiac
events in univariate analysis. An area under the curve of 0.8 was
specified as having optimal balance between sensitivity and specificity. SPSS 13.0 for Windows was used for statistical processing.
Ethics The study was approved by the Cardiology and Cardiovascular Surgery Institute ethics committee. Prior written informed
consent was obtained from all participants.

RESULTS
Patient characteristics Of the 40 patients, 62.5% (25/40) were
treated with thrombolysis and 37.5% (15/40) with primary PTCA.
Men accounted for 80% (32/40) of the sample; 40.6% (13/32)
of men received primary PTCA, while only 25% (2/8) of women
received such treatment.
Average age was 58.8±9 years. There was no significant difference between the PTCA and thrombolysis groups in behavior of
coronary risk factors: arterial hypertension, 66.7% (10/15) versus
56% (14/25) respectively; dyslipidemia, 46.7% (7/15) versus 32%
(8/25); diabetes mellitus, 26.7% (4/15) versus 16% (4/25); and
smoking, 73.3% (11/15) versus 76% (19/25).
Inferior myocardial infarction was the most common, 52.5% of
total (21/40), followed by anterior in 37.5% (15/40).
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Initial assessment of myocardial perfusion and ventricular
function Semiquantitative analysis of perfusion showed no significant differences between treatment groups post reperfusion:
mean values of summed stress, resting, and difference scores
were similar, independent of treatment modality (Table 1). Thrombolyzed patients showed greater resting and post-stress enddiastolic and end-systolic volumes and lower LVEF than PTCA
patients, without reaching statistical significance. The groups
were similar in respect to a ≥5% post-stress drop in FEV1 and
transient left ventricular ischemic dilation (Table 1).
Table 1: Initial gSPECT findings by reperfusion modality
Parameter
SSS
SRS
SDS
Post-stress LVEF (%)
Resting LVEF (%)
Post-stress drop in LVEF of ≥5%
Post-stress EDV (mL)
Resting EDV (mL)
Post-stress ESV (mL)
Resting ESV (mL)
TID

PTCA
n = 15
12.3±5.7
7.6±5.8
4.2±2.6
64.3±14
64.1±13
3 (20.0%)
95.5±44
95.8±37
36.6±37
36.3±31
3 (20.0%)

Thrombolysis
n = 25

P
Value

13.2±6.7
9.0±7.4
4.1±3.3
56.8±12
58.1±12
6 (24.0%)
105.4±37
102.8±28
44.4±28
42.4±21
3 (12.0%)

0.656
0.498
0.993
0.097
0.156
0.546
0.477
0.536
0.497
0.509
0.400

EDV: end diastolic volume
ESV: end systolic volume
LVEF: left ventricular ejection fraction
PTCA: percutaneous transluminal coronary angioplasty
SSS: summed stress score
SRS: summed resting score
SDS: summed difference score
TID: transient ischemic dilation

Patient followup At six months of followup, 11 of the 40 patients
had suffered major cardiac events, such as recurrence of angina,
AMI, unstable angina and malignant ventricular arrhythmia. There
was no statistically significant difference between thrombolyzed
patients and the PTCA group: 36% (9/25) versus 14.3% (1/7
patients) (p = 0.13; OR 3.6, CI 0.66–20.0).
At six months, patients who had had major cardiac events during
followup were observed to have had a significantly lower initial
LVEF, both in post-stress (50.5% vs. 63.4%, p = 0.006) and resting
images (50.3% versus 64.5%, p = 0.001), compared to patients
who remained asymptomatic (Figure 1). They also tended to have
more areas with perfusion defects: 63.6% (7/11) had ≥3 defects
and only 1 had a single defect. Anterior perfusion defects were
more common (54.5%, 6/11) in patients who suffered acute cardiac events during followup.
Post-stress drops in LVEF of ≥5% were more common in patients
with major cardiac events, although the difference was not significant (p = 0.090; OR 1.44, CI 0.75–2.58).
Resting and post-stress end-diastolic and end-systolic volumes were significantly higher after reperfusion in patients who
developed complications within six months of infarction. Poststress end-diastolic volume in patients with events averaged
136.3±51 mL versus 89.1±25 mL in those without events (p
<0.001). Resting end-diastolic volume in patients with events
averaged 119.6±35 versus 93.2±27 mL in patients without (p =
0.038) (Figure 2). Post-stress end-systolic volume for patients
22
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with events averaged 68.2±45 mL, versus 31.4±17 mL in those
without events (p = 0.000); and resting end-systolic volume
averaged 59.2±33 mL in those with events versus 32.8±17 mL
in those without (p = 0.002) (Figure 3). Patients with major cardiac events showed wide variability in initial mean LVEF and
end-systolic and end-diastolic ventricular volumes (resting as
well as post stress).
The percentage of patients who presented post-stress transient
ischemic dilation was three times higher for those with major cardiac events than for those who remained event-free: 37.5% versus 11.5%, although the difference was not significant (p = 0.196,
OR 1.53, CI 0.67–3.48).
A post-stress end-systolic volume of ≥70 mL was the gatedSPECT parameter with greatest predictive value for occurrence
of major cardiac events within six months of followup, with a
sensitivity of 100% and specificity of 86% (area under the ROC
curve 0.835, CI 0.702–0.969, p = 0.001; OR 1.54, CI 0.94–
2.55) (Figure 4). The remaining variables with significant correlation in univariate analysis showed an area under the ROC
curve of <0.80.

DISCUSSION
This study corroborated the theory presented in Diego-Domínguez’s review[23] of the prognostic value of changes in perfusion
(localization and severity of ischemia as well as number of areas
affected) as predictors of future coronary events. In addition, we
observed that patients who experienced greater LVEF reductions and increased ventricular volumes (end-diastolic and endsystolic) at time of gSPECT suffered more coronary events in the
six months following reperfusion than did patients without these
responses.
Perfusion and myocardial function in relation to type of
reperfusion PTCA patients had better clinical evolution with
fewer coronary events than thrombolysis patients, although no
significant differences were found in final necrosis extent. Gibbons studied a sample of 108 patients and found no differences
in necrosis extent, independent of type of reperfusion,[24] which
may be related to time elapsed between symptom onset and
therapy initiation, a decisive factor in cardiac muscle rescue.
Development of collateral circulation in the artery responsible for
AMI ensures greater resolution of the ST segment with reduced
necrotic area.[25]
Ndrepepa found that patients with revascularization by primary
angioplasty and TIMI 3 flow (Thrombolysis in Myocardial Infarction grade three flow, in which the contrast opacifies the distal bed
with the same intensity as the proximal in the coronary angiography study), but with insufficient myocardial perfusion, have poorer
myocardial tissue rescue and hence a greater extent of necrosis.
[26] In our study, angioplasty success was determined by TIMI 3
flow and not by tissue perfusion, a factor that explains why there
are no differences in necrosis extent between the two groups.
Another factor explaining this phenomenon in our study is that the
perfusion studies were conducted 30 to 45 days after the acute
episode, when the phenomena of self-recovery in the chronic
phase of AMI had already begun: spontaneous repermeabilization
of the responsible artery and microcirculation and cellular function
recovery.[27,28]
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Figure 1: Post-stress and resting left ventricular ejection fraction in relation to occurrence of major cardiac events after
cardiac reperfusion
90

90

80

80
Resting LVEF

100

Post-stress LVEF

100

70
60
50

70
60
50

40

40

30

30

20

20
n

29
11
No
Yes
Adverse cardiac events

n

29
11
No
Yes
Adverse cardiac events

LVEF: left ventricular ejection fraction

Figure 2: Post-stress and resting end-diastolic volume in relation to occurrence of major cardiac events after cardiac reperfusion
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Figure 3: Post-stress and resting end-systolic volume in relation to occurrence of major cardiac events after cardiac reperfusion
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Figure 4: Post-stress end systolic volume related to major cardiac
events after reperfusion (area under ROC curve)
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Ventricular function analysis LVEF of <40% was another functional parameter that correlated significantly with occurrence of
major cardiac episodes. Similar results have been reported in the
literature. Spinelli, in a study of 1680 patients with infarction who
underwent PTCA or surgical revascularization, reported that the
functional parameters LVEF and end-systolic and end-diastolic
volumes correlated significantly with cardiac episodes.[34]
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End-diastolic and end-systolic volumes were slightly lower in
PTCA patients and LVEF was greater in this group, although
these parameters were not statistically significant; this contrasts
with Zachorski, who studied 40 AMI patients, finding LVEF significantly greater and end-systolic and end-diastolic volumes lower in
PTCA than in thrombolysis patients.[29] These differences could
be related to the fact that in their study, MPS was performed six
months after revascularization, a period in which positive ventricular remodeling occurred, more markedly in PTCA patients.
Relation between occurrence of cardiac events and gSPECT
parameters Disease in the anterior descending coronary artery
correlates more closely with anterior perfusion defects (specificity
100%) and these defects occupy close to 50% of left ventricular
mass,[30] which explains the poorer prognosis for anterior AMI
patients. This is congruent with our finding that more than half
of patients with major cardiac episodes had anterior necrosis.
Similar results are reported in earlier studies, such as Wong’s in
a 717-patient registry, which found a mortality rate of 78.6% when
the anterior descending artery was responsible for the AMI.[27]
Zeymer studied 1333 PTCA patients and found that involvement
of the anterior descending artery in cardiogenic shock was an
important predictor of in-hospital mortality.[31]
In our study we observed a tendency for major cardiac episodes
to increase with increasing numbers of areas exhibiting perfusion
defects; this did not reach statistical significance, but our sample
was small. In contrast, Travin’s study of 3207 patients found that
more than one occurrence of perfusion defects in vascular areas
led to an annual episode rate of 8.6%, compared to 5.1% in the
patients with only one vascular area affected (p = 0.002); presence
of several clinically important lesions in the coronary tree with coronary reperfusion generated a larger ischemic burden and increased
probability of major cardiac episodes.[32] In Brown’s series of 139
patients with thoracic pain and no prior MI, a logistic regression
analysis revealed that number of ischemic segments was the only
prognostic factor for death and/or MI in 3- to 5-year followup.[33]
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No important reductions in LVEF post stress were observed in
the group of patients with major cardiac events, and there is
no consensus yet on this factor’s prognostic value. It has been
observed that LVEF may barely drop in patients with significant
inducible ischemia and that patients with normal myocardial perfusion studies can show significant LVEF reduction post stress,
leaving in question whether the finding is a coincidence or really
a sign of myocardial stunning from significant coronary disease.
[35] However, in a study of 57 patients, Dona found a close correlation between a >5% drop in LVEF and occurrence of acute
cardiac episodes, independent of ischemia.[36] Given these
contradictory results, we consider that the acquisition protocol
can influence findings, since delay in taking post-stress images
can allow time for recovery from ischemia-induced myocardial
stunning.
A tendency was observed to both greater end-diastolic and endsystolic ventricular volumes in thrombolysis patients, related to
the presence of cardiac events. Factors such as microcirculation
dysfunction, myocytic death and changes in left ventricular structure can impede functional recovery and cause negative ventricular remodeling post infarction.[11]
In our study, end-systolic volume showed greater prognostic value
than LVEF and was the most accurate hemodynamic predictor of
mortality in AMI patients. In a study of 1680 patients, Sharir found
that end-systolic volume and LVEF had greater prognostic value
than information obtained only from perfusion,[22] consistent with
our results. The prognostic superiority of end-systolic volume with
respect to other functional parameters in our study may be because
these patients experience negative ventricular remodeling with loss
of the heart’s ellipsoidal geometry and ventricular synchronism,
leading to deterioration of left ventricular systolic function.
It is important to bear in mind that in prognostic stratification of
patients for secondary prevention of AMI, nuclear medicine techniques can provide relevant information, not only about perfusion
but also about functional variables useful for predicting future
events and informing treatment selection.
Limitations The sample in this study was too small to permit creation of management guidelines for myocardial patients. Further
studies are needed controlling for other variables related to the
myocardial revascularization process, such as time between pain
onset and reperfusion, whether through thrombolysis or PTCA,
to avoid biased comparison of the effectiveness of the two procedures.

CONCLUSIONS
Several parameters identified by gSPECT were associated, independent of modality, with greater probability of major cardiac
events in the first six months of followup after reperfusion post
AMI. This finding supports gSPECT’s usefulness in risk stratification for improved clinical management of such patients.
MEDICC Review, April 2013, Vol 15, No 2
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