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Abstract
Purpose We compared left ventricular (LV) ejection frac-
tion obtained by gated SPECT with that obtained by
equilibrium radionuclide angiocardiography in a large
cohort of patients.
Methods Within 1 week, 514 subjects with suspected or
known coronary artery disease underwent same-day stress–
rest 99mTc-sestamibi gated SPECT and radionuclide angio-
cardiography. For both studies, data were acquired 30 min
after completion of exercise and after 3 h rest.
Results In the overall study population, a good correlation
between ejection fraction measured by gated SPECT and by
radionuclide angiocardiography was observed at rest
(r=0.82, p<0.0001) and after stress (r=0.83, p<0.0001). In
Bland-Altman analysis, the mean differences in ejection
fraction (radionuclide angiocardiography minus gated
SPECT) were −0.6% at rest and 1.7% after stress. In
subjects with normal perfusion (n=362), a good correlation

between ejection fraction measured by gated SPECT and by
radionuclide angiocardiography was observed at rest
(r=0.72, p<0.0001) and after stress (r=0.70, p<0.0001)
and the mean differences in ejection fraction were −0.9% at
rest and 1.4% after stress. Also in patients with abnormal
perfusion (n=152), a good correlation between the two
techniques was observed both at rest (r=0.89, p<0.0001)
and after stress (r=0.90, p<0.0001) and the mean differ-
ences in ejection fraction were 0.1% at rest and 2.5% after
stress.
Conclusion In a large study population, a good agreement
was observed in the evaluation of LV ejection fraction
between gated SPECT and radionuclide angiocardiography.
However, in patients with perfusion abnormalities, a slight
underestimation in poststress LV ejection fraction was
observed using gated SPECT as compared to equilibrium
radionuclide angiocardiography.

Keywords Left ventricular function .Myocardial perfusion
imaging . Gated SPECT. Radionuclide angiocardiography

Introduction

The assessment of left ventricular (LV) function is
important in the management of patients with coronary
artery disease. Cardiac imaging with gated single-photon
emission CT (SPECT) allows the evaluation of myocardial
perfusion [1–3] and subsequent analysis of global LV
function from ejection fraction calculation [4, 5]. This
integrated approach, combining assessment of perfusion
and function, has already proven to be useful in tissue
characterization [6] and prognostic stratification [7, 8]. LV
ejection fraction provided by gated SPECT under resting
conditions has been well validated in comparison with other
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techniques, such as radionuclide angiocardiography [9–11],
echocardiography [10, 12], and cardiac magnetic resonance
imaging [13, 14]. However, no study has been performed to
compare in the same patients poststress LV ejection fraction
measured by gated SPECT with data obtained by a
reference technique, such as equilibrium radionuclide
angiocardiography. The lack of a direct comparison is
partially explained by methodological issues. In particular,
stress LV ejection fraction by equilibrium radionuclide
angiocardiography is usually obtained during exercise,
while by gated SPECT it is in generally obtained 15 minutes
to 1 hour after the stress test. Thus, this study was designed
to directly compare LV ejection fraction values obtained at
rest and 30 minutes after stress by gated SPECT and by
equilibrium radionuclide angiocardiography in a large study
population with suspected or known coronary artery disease.
In addition, the impact of myocardial perfusion status on the
agreement between the two techniques was evaluated.

Materials and methods

Study population

Between March 2007 and October 2008, 514 subjects with
suspected or documented coronary artery disease were
referred to our laboratory for the evaluation of myocardial
perfusion and LV function. All subjects, following a
randomized sequence, underwent within 1 week same-day
stress–rest gated SPECT imaging with 99mTc-sestamibi and
same-day stress–rest equilibrium radionuclide angiocardi-
ography. No clinical or therapy changes occurred between
the two studies. Patients with abnormal sinus rhythm and/or
bundle branch block were excluded. The ethics committee
of our institution approved the protocol and all subjects
provided informed consent.

Gated SPECT imaging

All subjects underwent same-day stress–rest 99mTc-sesta-
mibi gated SPECT according to the recommendations of the
European Association of Nuclear Medicine and European
Society of Cardiology [15]. A symptom-limited treadmill
standardized protocol was performed with monitoring of
heart rate and rhythm, blood pressure and electrocardiog-
raphy (ECG). Test endpoints were age-predicted maximal
heart rate, physical exhaustion, horizontal or downsloping
ST segment depression of >2 mm, ST segment elevation
of >1 mm, moderate to severe angina, systolic blood
pressure decrease of >20 mmHg, blood pressure of >230/
120 mmHg, dizziness, or clinically important cardiac
arrhythmia. At peak exercise, a bolus of 370 MBq of
99mTc-sestamibi was intravenously injected. Patients con-

tinued the exercise for an additional 90–120 s after tracer
injection. Two to three hours after the conclusion of the
stress test, 1,110 MBq of 99mTc-sestamibi was injected at
rest. Gated SPECT imaging (16 frames per cardiac cycle)
was performed 30 and 60 min after tracer injection for the
poststress and rest study, respectively, using a dual head
rotating gamma camera (CardioMD, Philips Medical
System, Best, The Netherlands) equipped with a low-
energy high-resolution collimator and connected to a
dedicated computer system, obtaining 64 projections (35
and 25 s per projection for the stress and the rest study,
respectively) over an orbit of 180° [15]. No attenuation or
scatter correction was used. After filtered back-projection,
short-axis, vertical, and horizontal long-axis tomograms
were generated. Relative perfusion distribution was quan-
titatively analysed using standardized segmentation of 17
myocardial segments [16]. A commercially available
software program (Cedars-Sinai Medical Center, Los
Angeles, CA) was used to automatically calculate LV
ejection fraction and the variables incorporating both the
extent and severity of perfusion defects (summed stress
score, summed rest score and summed difference score)
[17, 18]. Stress SPECT was considered abnormal in the
presence of a summed stress score of ≥3. Patients with
abnormal SPECT were considered to have myocardial
ischaemia when the summed difference score was ≥2 [8].

Equilibrium radionuclide angiocardiography

Same-day stress–rest planar equilibrium radionuclide an-
giocardiography was performed in all subjects according to
the recommendations of the European Association of
Nuclear Medicine and European Society of Cardiology
[19]. Red blood cells were labelled in vivo with 740 MBq
99mTc. Equilibrium radionuclide angiocardiography (16
frames per cardiac cycle) data were acquired 30 minutes
after completion of symptom-limited physical exercise and
after 2 to 3 hours rest using a dual head rotating gamma
camera (CardioMD, Philips Medical System, Best, The
Netherlands) equipped with a high-resolution parallel-hole
collimator. Criteria for interrupting and interpreting the
exercise stress test were the same as those used for the stress
SPECT studies. Radionuclide angiocardiography was ana-
lysed using a semiautomatic standard commercially avail-
able software system [19]. Indices of LV function were
derived by computer analysis of the background-corrected
time–activity curve. Ejection fraction was computed on the
basis of relative end-diastolic and end-systolic counts.

Statistical analysis

Continuous data are expressed as means±SD and categor-
ical data as percentages. Differences were evaluated using a
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t test. Linear regression analysis was used to assess the
relationship between LV ejection fraction values measured
by gated SPECT and radionuclide angiocardiography. A p
value <0.05 was considered statistically significant. Bland-
Altman analysis was used to evaluate the agreement
between the two techniques [20].

Results

The study group comprised 514 subjects (349 men; mean
age 61±9 years), 284 with suspected and 230 with known
coronary artery disease (prior myocardial infarction in 153
patients). In all subjects, LV ejection fraction was success-
fully calculated at rest and after stress both by gated SPECT
and by radionuclide angiocardiography. The haemody-
namic parameters recorded at rest and during exercise are
shown in Table 1. Heart rate, systolic and diastolic blood
pressure at rest and at peak exercise, double product at peak
exercise (systolic blood pressure multiplied by heart rate) and
peak workload did not differ between gated SPECT and
radionuclide angiocardiography. Gated SPECT showed nor-
mal myocardial perfusion in 362 subjects (220 men; mean age
61±10 years) and abnormal myocardial perfusion in 152
subjects (129 men; mean age 63±9 years). Of the latter, 47
(31%) had stress-induced ischaemia only, 44 (29%) necrosis
only, and 61 (40%) necrosis with residual ischaemia.

LV ejection fraction agreement in overall study population

In the overall study population, rest and poststress LVejection
fraction values were 55±10% and 56±10% by gated SPECT
and 54±9% and 58±10% by radionuclide angiocardiography,
respectively. A good correlation between LVejection fraction
measured by gated SPECT and radionuclide angiocardiogra-
phy was observed at rest (r=0.82, p<0.0001) and after stress
(r=0.83, p<0.0001; Fig. 1). In the Bland-Altman analysis,
the mean differences in LV ejection fraction (radionuclide
angiocardiography minus gated SPECT) at rest and after
stress were −0.6% and 1.7%, respectively. The lower and

upper limits of agreement between the two techniques
were −12.0% to 10.8% at rest and −10.2% to 13.7% after
stress, respectively (Fig. 1).

LV ejection fraction agreement in patients with normal
perfusion

In the 362 subjects with normal perfusion, rest and poststress
LVejection fraction values were 58±9% and 60±9% by gated
SPECT and 57±8% and 61±9% by radionuclide angiocardi-
ography, respectively. A good correlation between LVejection
fraction measured by gated SPECT and radionuclide angio-
cardiography was observed at rest (r=0.72, p<0.0001) and
after stress (r=0.70, p<0.0001; Fig. 2). In the Bland-Altman
analysis, the mean differences in LV ejection fraction at rest
and after stress were −0.9% and 1.4%, respectively. The
lower and upper limits of agreement between the two
techniques were −13.1% to 11.4% at rest and −11.4% to
14.2% after stress, respectively (Fig. 2). In a separate
analysis, the mean differences in LV ejection fraction at rest
and after stress were 0.1% and 2.0% in men and −2.5% and
0.4% in women, respectively.

LV ejection fraction agreement in patients with abnormal
perfusion

In the 152 patients with abnormal perfusion, rest and
poststress LV ejection fraction values were 48±10% and
48±11% by gated SPECT and 48±9% and 51±10% by
radionuclide angiocardiography, respectively. In these
patients, a good correlation between the two techniques
was observed at rest (r=0.89, p<0.0001) and after stress
(r=0.90, p<0.0001; Fig. 3). The mean differences in LV
ejection fraction at rest and after stress were 0.1% and
2.5%, respectively. The lower and upper limits of
agreement were −8.6% to 8.8% at rest and −7.1% to
12.1% after stress, respectively (Fig. 3). The mean differ-
ences in LV ejection fraction at rest and after stress were
0.5% and 2.9% in men and −2.2% and 0.7% in women,
respectively.

Gated SPECT Radionuclide angiocardiography

Rest Peak exercise Rest Peak exercise

Heart rate (beats/min) 70±13 122±11* 68±11 118±18*

Blood pressure (mmHg)

Systolic 126±14 175±22* 125±12 172±22*

Diastolic 79±6 92±9* 79±5 92±9*

Peak double product (×103) – 22±7 – 21±9

Peak workload (W) – 96±34 – 95±33

Table 1 Haemodynamic
parameters recorded at rest and
during exercise for the two
imaging studies

*p<0.001 vs. rest
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Regression analysis and Bland-Altman analysis results,
considering separately patients with stress-induced ischaemia,
with necrosis, and with necrosis and residual ischaemia are
presented in Table 2. In all these subgroups, a good
correlation between LV ejection fraction measured by gated

SPECT and radionuclide angiocardiography was observed,
both at rest and after stress. In the Bland-Altman analysis, in
each subgroup good agreement was found at rest, while gated
SPECT slightly underestimated poststress LVejection fraction
as compared to radionuclide angiocardiography (Table 2).

Fig. 1 Linear regression
analysis and Bland-Altman plots
for LV ejection fraction meas-
urements by gated SPECT and
by equilibrium radionuclide an-
giocardiography (RNA) at rest
(a) and after stress (b) in the 514
subjects overall

Fig. 2 Linear regression
analysis and Bland-Altman plots
for LV ejection fraction meas-
urements by gated SPECT and
by equilibrium radionuclide an-
giocardiography (RNA) at rest
(a) and after stress (b) in the 362
subjects with normal myocardial
perfusion
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Discussion

Gated SPECT is a useful non-invasive method for the
simultaneous evaluation of myocardial perfusion and LV
function. Automatic quantitative programs by gated SPECT
provide accurate and operator-independent information
regarding LV systolic function [4, 14]. Gated SPECT
measurement of LV ejection fraction at rest has been
validated in several studies [9–14]. However, no study has
been performed to compare gated SPECT poststress data
with those obtained by other imaging modalities in the
same patients.

Equilibrium radionuclide angiocardiography is an
established “gold-standard” modality for the evaluation

of LV function at rest and during exercise [21–23]. The
lack of comparative studies between poststress gated
SPECT and radionuclide angiocardiography is partially
related to the different protocols recommended for the two
methods [15, 19]. To our knowledge, this is the first study
that directly compared LV ejection fraction by gated
SPECT with equilibrium radionuclide angiocardiography.
It is particularly noteworthy that, for the purposes of the
present investigation, the same acquisition protocol (i.e.
16 frames per cardiac cycle) and the same delay time for
poststress imaging (i.e. 30 minutes) were adopted for both
techniques. Moreover, the study was large, comprising
subjects with as well as without myocardial perfusion
abnormalities.

Table 2 Results of linear regression and Bland-Altman analyses considering separately patients with ischaemia, necrosis and ischaemia, and
necrosis

Ischaemia (n=47) Necrosis and ischaemia (n=61) Necrosis (n=44)

Rest Poststress Rest Poststress Rest Poststress

Correlation (r) 0.82 0.86 0.90 0.90 0.91 0.89

Slope 0.87 0.97 0.94 0.86 1.0 1.0

Intercept (%) 5.8 −0.2 0.01 −3.3 3.1 3.1

p value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Mean difference 0.8 1.8 0.0 2.5 −0.5 3.4

Limits of agreement (%) −9.0 to 10.6 −7.8 to 11.4 -9.4 to 9-3 −8.0 to 12.9 −6.8 to 5.8 −5.0 to 11.7

Fig. 3 Linear regression
analysis and Bland-Altman plots
for left ventricular ejection frac-
tion measurements by gated
SPECT and by equilibrium
radionuclide angiocardiography
(RNA) at rest (a) and after stress
(b) in the 162 subjects with
myocardial perfusion
abnormalities
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Overall study population

The major finding of the present study was the good
agreement between poststress LV ejection fraction by gated
SPECT and radionuclide angiocardiography. In fact, there
was a high correlation in the data between the two
techniques and, in the Bland-Altman analysis, the mean
differences in poststress LV ejection fraction was small,
with reasonable limits of agreement, and without a
significant degree of directional measurement bias. These
results are similar to those obtained at rest in the present
study as well as in previous investigations [9–14].
Interestingly, published data show a systematic underesti-
mation by gated SPECT when eight-frame gating acquisi-
tion was used [24–26]. In contrast, Kikkawa et al. [27]
compared gated SPECT results with those of radionuclide
angiocardiography in the assessment of LV ejection
fraction, ensuring uniform data analysis conditions with
the use of a fully automated program with the same
temporal resolution (32 frames per R-R interval). Their
findings showed a good correlation in the data between the
two techniques, and the mean difference shown in the
Bland-Altman analysis, similar to our data, was considered
not significant. Kikkawa et al. [27] also emphasized that
despite the substantial technical differences between gated
SPECT and radionuclide angiocardiography (e.g. myocar-
dial vs. blood pool imaging, tomographic vs. planar
imaging, and actual volume calculation vs. count changes)
the shapes of the volume curve and the time–activity curve
corresponded well, and thus any differences in these aspects
can be considered trivial.

Impact of myocardial perfusion abnormalities

Patients with documented coronary artery disease and
perfusion defects is a group increasingly targeted by
medical therapeutic approaches [28, 29] and, therefore, it
is desirable to accurately and reliably monitor these patients
for the effect of therapy on cardiac function. Focusing on
this cohort is a rigorous test of the gated SPECT technique,
because it reflects the accuracy of an algorithm based on
endocardial detection in patients whose perfusion defects
prevent visualization of variable areas of the myocardium.
In the 152 patients with abnormal perfusion included in the
present study, a good correlation between gated SPECT and
radionuclide angiocardiography was observed at rest and
after stress. Accordingly, the mean difference in LV ejection
fraction was 0.1% at rest and 2.5% after stress, indicating a
slight underestimation for gated SPECT. Also considering
separately patients with inducible ischaemia, with necrosis,
and with necrosis and residual ischaemia, in all the three
subgroups a good correlation was observed both at rest and
after stress, and in the Bland-Altman analysis, a good

agreement was found at rest. Again, gated SPECT slightly
underestimated poststress LV ejection fraction values as
compared to radionuclide angiocardiography.

Manrique et al. [30], in 50 patients with large perfusion
defects and LV dysfunction, found that gated SPECT
significantly underestimated LV ejection fraction at rest as
compared to equilibrium radionuclide angiocardiography.
These results could be explained by several factors. First,
the gated SPECT cycle comprised eight time segments,
while the equilibrium radionuclide angiocardiography cycle
comprised 16 time segments; thus, end systole could be
better resolved by the radionuclide angiocardiography cycle
than by the gated SPECT cycle. The overall 5% underes-
timation reported by these authors for gated SPECT is
consistent with the use of eight-frame gating [30]. This
temporal under-sampling may induce a truncation of end
systole, leading to a reduction in the measured LV ejection
fraction. Germano et al. [4] confirmed this phenomenon,
demonstrating a 4% average reduction in ejection fraction
by using eight-frame as compared to 16-frame gating. On
the other hand, Williams and Taillon [31] noted a greater
underestimation for high values of LV ejection fraction.
Another possible explanation is that, in regions with
myocardial scarring, the thinner the myocardium is, the
more it is subject to the partial volume effect phenomenon.
A poor agreement between gated SPECT and cardiac
magnetic resonance imaging in assessing wall thickening
has been found in segments with severely reduced
perfusion [32]. This phenomenon may lead to overestima-
tion of end-systolic volumes and, therefore, to underestima-
tion of ejection fraction. Finally, the extent and severity of
perfusion defect, as well as the presence of dyskinesia, could
potentially interfere with ejection fraction measurements.

Our findings show that the underestimation of poststress
ejection fraction is higher in patients with myocardial
perfusion abnormalities as compared to those without. It
was demonstrated that the defect severity associated with
myocardial necrosis may represent a potential limitation of
the detection algorithm in finding the correct endocardial
edge when myocardial counts are severely reduced [33]. It
should be also considered that patients with stress-induced
perfusion defects might also have reversible ischaemic LV
dysfunction that may persist up to several hours after
stress testing. Therefore, LV function may not have
returned to baseline by the time of poststress acquisition.
To avoid the possible influence of different time intervals
between acquisitions, in the present investigation, the
same delay time for poststress imaging was used for both
gated SPECT and radionuclide angiocardiography. How-
ever, it should be considered that the underestimation of
poststress ejection fraction in patients with myocardial
perfusion abnormalities might affect the detection of
myocardial stunning.
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Conclusion

In a large cohort of subjects with suspected or known
coronary artery disease, a good agreement between gated
SPECT and equilibrium radionuclide angiocardiography in
the evaluation of LV ejection fraction was found both at rest
and poststress, using the same acquisition protocol and the
same delay time for poststress imaging. However, in patients
with myocardial perfusion abnormalities gated SPECT
slightly underestimates poststress LV ejection fraction as
compared to equilibrium radionuclide angiocardiography.
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