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Abstract. The current technique of choice for perfusion
imaging is gated single-photon emission computed tomo-
graphy (SPECT), which allows the simultaneous assess-
ment of perfusion and left ventricular (LV) function. We
examined the relationships of infarct size and severity
with LV ejection fraction (EF) and volumes in 215 myo-
cardial infarction patients treated with primary percutane-
ous coronary intervention within 6 h of symptom onset.
Patients were studied with resting gated SPECT 1 month
later. Infarct size was expressed as LV percent, and in-
farct severity as the lowest activity ratio within the defect.
LVEF, end-diastolic (ED) and end-systolic (ES) volume
indexes (Vi) were calculated with commercial software.
There was a significant correlation between infarct
size and LVEF (r=-0.68, P<0.00001), EDVi (r=0.53,
P<0.00001), and ESVi (r=0.62, P<0.00001). Slightly
lower correlations were demonstrated using infarct sever-
ity. LVEF and volumes were related to infarct location.
A significantly higher correlation was observed between
infarct size and LVEF in anterior than in non-anterior
infarctions (r=—0.75 vs —0.60, P<0.05). In multivariate
analysis, infarct size and infarct location were significant
predictors of LVEF (R?=0.50) and ESV (R?=0.40). Infarct
size and infarct severity were significant predictors of
EDVi (R?=0.29). Infarct size (and severity) and LVEF
(and volumes) derived from a single gated SPECT study
correlate closely. Infarct location influences this relation-
ship, with anterior infarctions showing a lower LVEF
than inferior or lateral ones of the same extent.
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Introduction

In patients with recent myocardial infarction, resting left
ventricular (LV) ejection fraction (EF) is known to be
important for prognostic stratification [1, 2, 3]. Also, the
final extent of the infarct scar has been demonstrated to
have major prognostic implications [3, 4]. Several stud-
ies have shown the value of infarct size measured using
99mTc-gestamibi single-photon emission computed tomo-
graphy (SPECT), its relationship with LV function and
volumes and the importance of the mismatch between
these parameters [3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13]. Fur-
thermore, 9°mTc-sestamibi SPECT allows the assessment
of infarct severity, and this parameter, which is related to
the residual viability within the infarct area, has been
shown to be important in predicting functional recovery
[14, 15, 16, 17].

The measurement of LV function and volumes to be
compared with infarct size has in the past been per-
formed using a separate imaging modality, most fre-
quently radionuclide angiocardiography. Nowadays, gat-
ed SPECT is becoming the standard modality for perfu-
sion scintigraphy [18]. This method allows the assess-
ment of LV function and the measurement of volumes
during a perfusion scan, and has been reported to be ac-
curate and reproducible [19, 20, 21, 22, 23, 24]. To our
knowledge, however, a comparison of infarct size and
LVEF assessed using gated SPECT has not previously
been reported. Moreover, scanty data are available on the
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relationship between infarct severity and LV function
and volumes, particularly in patients submitted to early
reperfusion therapy [17, 25, 26]. The aim of the present
study was to evaluate the relationships of infarct size and
severity with LVEF and LV volumes, all obtained from a
single gated SPECT study, and to examine which factors
influence these relationships in patients submitted to suc-
cessful primary percutaneous coronary intervention for
acute myocardial infarction.

Materials and methods

Patient population and study protocol. Between January 2001 and
January 2003, 254 patients admitted to our Cardiology Depart-
ment because of acute myocardial infarction within 6 h of symp-
tom onset and submitted to successful primary percutaneous coro-
nary intervention with stenting of the infarct-related vessel, were
referred to our Nuclear Medicine laboratory for the assessment of
infarct size at 1 month. The diagnosis of acute myocardial infarc-
tion required the presence of typical chest pain lasting more than
30 min together with >0.1 mV ST segment elevation in at least
two contiguous electrocardiographic leads. A total of 24 patients
with a history of prior infarction before the index infarction were
excluded. Of 230 eligible patients, 14 were excluded because
arrhythmia due to atrial fibrillation precluded gating of SPECT,
and in one patient the acquisition of gated SPECT failed for tech-
nical reasons. Thus, the final study cohort included 215 patients
(176 men and 39 women, mean age 63+13 years, range 23-90).

Coronary angiography and mechanical revascularisation. Selec-
tive coronary angiography was performed in multiple projections
before mechanical reperfusion. Immediately after diagnostic angi-
ography, percutaneous coronary intervention with stenting of the
infarct-related vessel was performed using standard material. Suc-
cessful primary percutaneous coronary intervention was defined as
Thrombolysis In Myocardial Infarction (TIMI) grade 3 coronary
flow in the treated vessel with a residual stenosis <20% [27].
All patients underwent control angiography at 1 month after index
infarction to exclude the occurrence of restenosis of the infarct-
related artery.

Gated SPECT. Gated SPECT acquisition began 60 min after
99mTe-sestamibi injection (740 MBq), using a double-head camera
(Picker Irix, Philips Medical System, Andover, MA) equipped
with high-resolution collimators, a 180° rotation arc, 34 projec-
tions, 60 s/projection, 8 frames/heart cycle and 64x64 matrices.
The studies were reconstructed using filtered back-projection
without attenuation or scatter correction and realigned along the
heart axis. Perfusion defects were quantified as percentage of LV
wall, with the defect threshold set at 60% of peak uptake [6]. In-
farct severity was defined as the lowest ratio of minimal to maxi-
mal counts in the short axis slices examined for infarct size evalu-
ation [14, 15, 16]. The measurement of LV end-diastolic (EDV)
and end-systolic volume (ESV) and LVEF was performed by an
automated and validated method [19]. Volumetric data were cor-
rected for body surface area, and indicated as indexes by EDVi
and ESVi.

Statistical analysis. Results are expressed as mean value + stan-
dard deviation. The correlation between continuous variables was

calculated using the Pearson’s correlation coefficient. The com-
parisons between groups were performed by one-way analysis of
variance with the Tukey post-hoc test. The interactions between
infarct size, infarct severity, infarct location, infarct-related
vessel, LVEF and LV volumes were analysed with multiple re-
gression analysis. A P value <0.05 was considered statistically
significant.

Results

According to admission electrocardiographic data, 87
patients had an anterior, 104 an inferior and 24 a lateral
myocardial infarction. In the admission coronary angio-
gram, the infarct-related artery was the left anterior
descending in 87 patients, the right coronary artery in 95
and the left circumflex in 33. The infarct-related artery
was the sole diseased vessel in 122 patients; 67 patients
had two-vessel coronary artery disease and 26 three-
vessel disease. Peak creatine kinase was 2,460+2,079 U/L

The mean interval between index infarction and fol-
low up was 36+8 days. At the time of follow-up, all pa-
tients were alive and asymptomatic and none presented
restenosis of the infarct-related artery. A perfusion defect
was visually detected in 180 patients, and a measurable
defect was detected in 188. The location of the de-
tectable infarctions was in agreement with the admission
data in all patients. The infarct size measured according
to gated SPECT was 16.9%=13.1%. The infarct severity
in the 188 patients with measurable defects was
0.40+0.13. The LVEF measured by gated SPECT was
45.7%+11.6%. The EDVi was 61+21 ml, and the ESVi,
35419 ml.

There was a significant correlation between peak
creatine kinase and infarct size [r=0.61, P<0.00001,
standard error of estimate (SEE)=10.4] and between
peak creatine kinase and infarct severity [r=—0.46,
P<0.00001, SEE 0.21]. The infarct size was significantly
correlated to LVEF (r=—0.68, P<0.00001, SEE=8.5%),
EDVi (r=0.53, P<0.00001, SEE=11 ml) and ESVi
(r=0.62, P<0.00001, SEE=10 ml) (Fig. 1). Slightly lower,
but still highly significant correlations were registered
between infarct severity and LVEF (r=0.58, P<0.00001,
SEE=9.4%), EDVi (r=—0.49, P<0.00001, SEE=19 ml)
and ESVi (r=—0.54, P<0.00001, SEE=16 ml).

In univariate analysis, neither the infarct size nor the
infarct severity was correlated to the infarct location or
to the infarct-related vessel. Conversely, LVEF and LV
volumes were significantly related to both parameters
(Table 1). In particular, anterior infarctions had a signifi-
cantly (P<0.005) lower LVEF (41.6%=12.3%) than infe-
rior (48%=+10%) and lateral infarctions (50.4%=11.2%)
(Fig. 2). A similar result was obtained when the infarc-
tions were divided according to the infarct-related vessel,
with nine inferior infarctions being reclassified because
they were related to disease of a dominant left circumflex
artery.
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Fig. 1. Scatter plots of infarct size versus left ventricular ejection
fraction (LVEF) (upper panel), left ventricular end-diastolic vol-

ume index (EDVi) (middle panel) and left ventricular end-systolic
volume index (ESVi) (lower panel)
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Fig. 3. Scatter plot of infarct size versus LVEF in patients with
anterior infarctions (open diamonds, solid line) versus patients
with non-anterior infarctions (solid squares, dashed line)

When the relationship between infarct size or infarct
severity and LVEF or volumes was examined separately
in the anterior versus the non-anterior (inferior or lateral)
infarctions, the correlation coefficients were higher for
the anterior infarctions, and the difference was signifi-
cant for the correlation between infarct size and LVEF
(r=—0.75 for the anterior vs r=—0.60 for the non-anterior
infarctions, P<0.05) (Table 2, Fig. 3).

In multivariate analysis, both infarct size and infarct
location were selected as significant predictors of LVEF,
with R?=0.50. Infarct size and infarct severity were sig-
nificant predictors of EDVi, with R?=0.29. Finally, in-
farct size and infarct location were both significant pre-
dictors of ESVi, with R2=0.40 (Table 3).
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Table 1. Infarct size, infarct severity, left ventricular ejection fraction, and end-diastolic and end-systolic volume indexes in the patient
population classified according to the infarct location or according to the infarct-related vessel

Infarct size (%) Infarct severity LVEF (%) EDVi (ml) ESVi (ml)
Infarct location Anterior 18.7x15.1 0.45+0.23 41.6+12.3%1.%2 66£23%3 40+22%4
Inferior 16.2+11.8 0.49+0.24 48+10%1 57+31%3 31+]15%4
Lateral 13.7£10.3 0.50+0.22 50.4+11.2%2 58+20 3117
Infarct-related artery LAD 18.7+15.1 0.45+0.23 41.6+12.3%1.%2 66+£23%5 40+22%4
RCA 16x11.6 0.49+0.25 48.4+9%1 57+£18%5 30+14%4
LCx 15.1x11.5 0.48+0.20 48.8+12.1%2 6123 33+21

*1ys *1=P<0.0001, *2 vs *2=P<0.005, *3 vs *3=P<0.02, *4 vs
#4=P<0.002, *5 vs ¥5=P<0.01

Table 2. Correlation between infarct size or infarct severity and
left ventricular ejection fraction and end-diastolic and end-systolic
volume indexes in the patient population classified according to
the infarct location

Anterior Non-anterior

infarctions infarctions
Infarct size vs LVEF r=—0.75% r=—0.60*
Infarct size vs EDVi r=0.56 r=0.47
Infarct size vs ESVi r=0.64 r=0.57
Infarct severity vs LVEF r=0.62 r=0.56
Infarct severity vs EDVi r=—0.54 r=—0.45
Infarct severity vs ESVi r=—0.58 r=—0.51

*ys #*=P<0.05
EDVi, End-diastolic volume index; ESVi, end-systolic volume
index; LVEF, left ventricular ejection fraction

Table 3. Multivariate predictors of left ventricular ejection frac-
tion and end-diastolic and end-systolic volume indexes

F value P value
LVEF
Infarct size 180 <0.000001
Infarct location 17 <0.00005
R? of the model =0.50
EDVi
Infarct size 82 <0.000001
Infarct severity 5 <0.03
R? of the model =0.29
ESVi
Infarct size 131 <0.000001
Infarct location 7 <0.01

R2? of the model =0.40

EDVi, End-diastolic volume index; ESVi, end-systolic volume
index; LVEEF, left ventricular ejection fraction

EDVi, End-diastolic volume index; ESVi, end-systolic volume
index; LAD, left anterior descending coronary artery; LCx, left
circumflex coronary artery; LVEF, left ventricular ejection frac-
tion; RCA, right coronary artery

Discussion

The present results confirm that there is a significant re-
lationship between infarct size and both LVEF and LV
volumes assessed on the basis of a single gated SPECT
perfusion study performed at 1 month after first myocar-
dial infarction treated using primary percutaneous coro-
nary intervention. Furthermore, it appears that, together
with the infarct size, the infarct location (or the infarct-
related artery) also influences LVEF and volumes, with
lower LVEF values in anterior than in inferior or lateral
infarctions of the same extent, and larger EDVi and ESVi
in anterior than in inferior or lateral infarctions. As re-
gards infarct severity, this study demonstrates a signifi-
cant relationship with LVEF and LV volumes. Infarct
severity offers additional information over infarct size
for predicting the EDVi.

The relationship between perfusion infarct size and
LVEF has previously been demonstrated using separate
imaging modalities, mainly equilibrium or first-pass
radionuclide angiocardiography [3, 7, 8, 12]. However,
since gated SPECT is the current state-of-the-art tech-
nique for myocardial perfusion imaging, it is difficult to
justify either the administration of an additional amount
of radioactive tracer or the acquisition of a separate
study to obtain the LVEF. On the other hand, some dif-
ferences between gated SPECT measurements and those
obtained using other techniques, mainly because of the
limited time framing currently used, have been reported
[19]. Therefore, it is interesting that the present study
demonstrated a very close linear relation between in-
farct size and LVEF in the setting of gated SPECT, and
a SEE that compares well with that reported using first-
pass angiocardiography in a larger patient population
[12]. Moreover, a major advantage of gated SPECT over
both gated blood pool and first-pass angiocardiography
is that it can easily provide a quite reliable estimate of
LV volumes. It was possible to demonstrate a linear
relation between infarct size and both ED and ES vol-
umes, and the relationship appears well comparable to
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that registered in larger patient populations by other
authors [3, 8].

Unlike the relationship between infarct size and
LVEF, that between infarct severity and LVEF and vol-
umes has not been extensively examined. According to
our data, there is a significant relationship between in-
farct severity and LVEF and volumes, although the
correlation coefficients always appeared lower than the
corresponding values obtained using the infarct size.

An additional result of this study was to identify in
univariate analysis a significant influence of infarct loca-
tion (or of the infarct-related artery) on LVEF and LV
volumes, but not on infarct size or infarct severity. In
multivariate analysis both infarct size and infarct loca-
tion were included in the model as significant predictors
of LVEF and of ESVi, while infarct size was selected to-
gether with infarct severity as a significant predictor of
EDVi. Also the relationship between infarct size and
LVEF was influenced by the infarct location, with a
steeper slope and a significantly higher correlation coef-
ficient in the anterior infarctions. The same trend to-
wards a higher correlation coefficient in anterior infarc-
tions, although without statistical significance, was reg-
istered for the relationships between infarct severity and
LVEF and volumes. Previous data obtained in the setting
of acute reperfusion therapy with primary angioplasty
had demonstrated a larger extent of risk area and of in-
farct size measured at hospital discharge in anterior ver-
sus non-anterior infarctions [14]. We have no explana-
tions for the disagreement between those data and our re-
sults, although the shorter time interval between symp-
tom onset and vessel reperfusion in our series could have
affected more favourably the final infarct size of the
potentially more severe anterior infarctions than that of
the inferior or lateral ones [28]. In their population stud-
ied within 16 days of index infarction, Burns et al. did
not find a significant influence of infarct location on the
relation between infarct size and LVEF or ESVi [3].
Conversely, in an echocardiographic study, McClements
et al. observed a lower LVEF for similar infarct size,
assessed as extent of regional wall motion, in the antero-
apical than in the other infarctions [29]. Also our results
suggest that for any extent of infarct (and for any degree
of infarct severity), the LVEF is lower, and the EDVi and
ESVi are larger, if the infarction is anterior than if it is
inferior or lateral. From the clinical point of view, this
supports the most aggressive therapeutic approach in
anterior infarctions, because an important functional
impairment has to be expected even in the presence of
a relatively limited infarct extent.

Another interesting finding of this study is that in
multivariate analysis, infarct severity was selected with
infarct size as a significant predictor of EDVi. Since in-
farct severity is an expression of infarct transmurality
and of viability within the infarcted area, this finding is
in agreement with other observations about the influence
of viability on LV remodelling [30].

973

The results of the present study must be evaluated
with caution because of its limitations. We have already
referred to the possible underestimation of LVEF be-
cause of the poor temporal resolution with the time fram-
ing (8 frames/cycle) most frequently used for gated
SPECT [19]. In spite of the good correlation with infarct
size demonstrated in our series, further comparative
studies using better temporal resolution, for instance
with 16 frames/cycle, would be desirable. We assessed
the infarct size at 1 month after index infarction instead
of at hospital discharge, as in the majority of previously
published studies. On the other hand, this circumstance
should be more effective in preventing interference of
myocardial stunning with the extent of perfusion defects
[31]. Moreover, the execution of a coronary angiographic
control before gated SPECT allowed the exclusion of
infarct-related vessel restenosis. Finally, because we
studied a patient population submitted to a very aggres-
sive revascularisation protocol, including early direct
percutaneous coronary intervention, caution should be
exercised when extending our data to infarct patients
submitted to other types of reperfusion therapy.

In conclusion, our data confirm that infarct size (and
severity) and LVEF (and volumes) measured using the
data of a single perfusion gated SPECT study are closely
correlated. Infarct location influences the relationship be-
tween infarct size and LV functional parameters (LVEF
and ESVi), with lower LVEF in anterior than in inferior
or lateral infarctions of the same extent. Infarct severity
and infarct size are significant predictors of EDVi.
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