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Abstract
Purpose Conflicting data exist about the difference between
8- and 16-frame gated single-photon emission computed
tomography (SPECT) left ventricular volumes and ejection
fraction (EF); moreover, the influence of framing on detection
of stress-induced functional changes is unknown.
Methods In 133 patients, two separate gated SPECT
studies, one with 8 and one with 16 frames, were
simultaneously acquired during a single gantry orbit using
dedicated software. In 33 of 133 patients, two additional
studies (with 8 and 16 frames, respectively) were acquired
using arrhythmia rejection. Left ventricular EF and volumes
were calculated using the QGS software. Stress-induced
ischemia was identified on summed perfusion images.
Results Arrhythmia-rejection did not influence volumes
and EF independently of framing rate. Using data without
arrhythmia-rejection, there was a significant difference in
volumes and EF between 8 and 16 frames both in resting
and post-stress gated SPECT. However, the difference was
small: 2.6% for resting and 2.8% for post-stress EF. Both
using 8 and 16 frames, there were significantly larger volumes
and lower EF in patients with than without stress-induced
ischemia. A stress-induced decrease >5 EF units was observed
in 26 of 133 patients using 8 and in 23 of 133 using 16 frames,
respectively, with finding agreement in 19 patients.
Conclusions Comparing two simultaneously acquired studies,
the use of 16 instead of 8 frames has minor and predictable
influence on functional data. Furthermore, there are no

differences in the detection of stress-induced functional
changes. The advantage of 16 over 8 frames in the daily
clinical practice appears questionable.

Keywords GatedSPECT. Left ventricular ejection fraction .

Left ventricular volumes . Stress myocardial perfusion
imaging

Introduction

The choice of the best framing interval in myocardial
perfusion gated single-photon emission computed tomog-
raphy (SPECT) is still an unresolved issue [1]. The use of
8 frames is supported by the better count statistics in each
frame, but higher framing intervals, namely 16 frames, have
been reported to give more accurate results in comparison
with reference standards [1–7]. Moreover, recent studies
suggest that 16-frame gated SPECT allows to estimate the
left ventricular diastolic function as well, although for this
aim higher framing rates would be desirable [8]. The direct
comparison of two truly independent gated SPECT acquis-
itions with different framing rates has been so far feasible
only in the setting of phantom studies and has not
definitively demonstrated the superiority of 16 over
8 frames [9]. Human studies based on reframing of gated
SPECT acquired with higher framing rate to simulate lower
framing data have given conflicting results [10–12].
Recently, a gamma camera manufacturer has implemented
on its system a patented technical modality (Concurrent
Imaging, V 2.0, Philips Medical Systems) that allows
creating multiple image sets during the same acquisition.
This makes possible to acquire simultaneously an 8-frame
and a 16-frame gated SPECT and to compare their results
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without the need of post-acquisition re-framing. We took
advantage of this opportunity to directly compare 8- versus
16-interval ejection fraction (EF) and left ventricular
volume measurements in a cohort of consecutive patients.
Furthermore, we also compared the data of resting and
stress gated SPECT to examine whether framing resolution
has some influence on the detection of stress-induced
functional abnormalities.

Materials and methods

Patient population and study protocol

Our patient population consisted of consecutive patients
who were referred to our institution for the execution of
myocardial perfusion gated SPECT on the basis of the
standard clinical indications. Patients were not considered
for this study if they had major arrhythmias preventing
reliable gating (>1 ectopic beat every six heart cycles) or
paced rhythm [13]. Similarly, eligible patients were excluded
from subsequent evaluation if at the moment of gated
SPECT quantitative analysis the automated identification of
the left ventricular borders was ineffective. Gated SPECT
images were acquired using a dual day protocol. The same
99mTc sestamibi dosage (740 MBq) was injected at rest and
at peak exercise or during pharmacologic stress, and the
image collection began at least 60 min later for resting
studies and after 30 min for stress scans.

Gated SPECT

Gated SPECT was acquired using a dual-head gamma
camera (Skylight, Philips, Milpitas, CA, USA) equipped
with high-resolution collimators and using a 15% window
centred on the 140-keV photopeak of 99mTc. SPECT was
acquired in step-and-shoot mode using a 180° elliptical orbit,
matrix size 64×64, with 32 projections and 60 s/projection.

Using the Concurrent Imaging V 2.0 software, two
separate gated SPECT studies, one with 8 frames and the
other with 16 frames per cardiac cycle, were created. The
Concurrent Imaging V 2.0 software allows creating
multiple image sets with different characteristics such as
gating, energy window, dynamic framing and zooming,
starting from event data obtained by a common behaviour
of the gamma camera gantry. The unchangeable parameters
in case of SPECT studies are collimator type, patient
orientation, gantry position, gantry orbit and angular
sampling.

In the standard acquisition protocol, no arrhythmia
rejection was used. A subgroup of patients was studied
both with and without arrhythmia rejection (AR). The AR
protocol automatically determines the average R–R interval

of the studied patient based on the first five beats. The
allowable variance was set at 50%. One heartbeat was
rejected after the detection of an unacceptable beat. SPECT
images were reconstructed using filtered back-projection
without attenuation or scatter correction and realigned
along the heart axis.

Data analysis

Quantification of gated SPECT data was performed using
the quantitative gated SPECT (QGS) method. For each
framing modality, end-diastolic volumes (EDV) and end-
systolic volumes (ESV) and EF were calculated according
to a fully automatic procedure [3]. Perfusion defects were
visually evaluated on summed images by an experienced
observer blind to patient’s data and expressed as summed
rest score, summed stress score and summed difference
score [14]. The presence of a summed difference score ≥2
was regarded as indicative of stress-induced ischemia. To
define a significant stress-induced EF decrease, we ana-
lyzed the data according to two different criteria. First, we
considered as significant an EF decrease larger than the
95% confidence interval of delta EF in the non-ischemic
patients [15]. Alternatively, we considered significant a
decrease in EF greater than five EF units [16].

Statistical analysis

Continuous variables are expressed as mean±standard
deviation and were compared using the two-tailed Student’s
t test for paired or unpaired data as appropriate, with the
Bonferroni’s correction for multiple comparisons. The
agreement between the two framing modalities was assessed
using the Bland–Altman analysis [17]. A p value <0.05 was
considered statistically significant.

Results

General findings

Of 144 eligible patients, 11 were excluded because the QGS
program failed to automatically detect the left ventricle
borders, mainly because of extracardiac activity. The final
study population included 133 patients (103 men and 30
women; mean age 64±11 years) referred to gated SPECT for
the following indications: diagnosis of coronary artery
disease (CAD; 67 patients), re-assessment of known CAD
(29) and follow-up after revascularization (37). The stress
test was exercise stress testing in 83 cases and pharmaco-
logical stress with dipyridamole in 50 cases.

According to the analysis of myocardial perfusion on
summed gated SPECT images, we found a resting perfusion
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defect in 44 patients; a stress-induced perfusion defect was
registered in 49 patients (34 with abnormal and 15 with
normal resting perfusion).

Among the group of 33 patients that underwent
arrhythmia-corrected and non-arrhythmia-corrected gated
SPECT, 21 had normal electrocardiogram, five had ectopic
beats, four had right bundle branch block, two had extreme
left axis deviation and one had left bundle branch block.

Influence of arrhythmia rejection

As shown in Table 1, in our population of patients without
major arrhythmias, the use of AR did not significantly
influence the volume and ejection fraction measurements
with 8- and with 16-frame acquisition. Therefore, the
comparison between the two framing protocols was
performed using the data without AR of the entire study
population.

Left ventricular volumes

Resting 16-frame EDV (107±44 ml) was significantly
larger ( p<0.00001) than 8-frame EDV (105±44 ml).
Resting 16-frame ESV (49±35 ml) was significantly
smaller ( p<0.00001) than 8-frame ESV (51±36 ml).
Similar differences were registered for post-stress volumes.
Post-stress 16-frame EDV (104±46 ml) was larger than
8-frame EDV (102±46 ml, p<0.00001), and post-stress
16-frame ESV (48±38 ml) was smaller than 8-frame ESV
(50±38 ml, p<0.00001). According to Bland–Altman plot
analysis, the mean difference between resting 16- and
8-frame EDV was 2.0 ml [95% confidence interval (CI)
1.6–2.4 ml; Fig. 1]. The corresponding values for post-
stress EDV were 2.1 ml, 95% CI 1.7–2.5 ml. For ESV, the

related values were −2.1 ml (95% CI −1.6 to −2.6 ml) for
16-frame versus 8-frame resting gated SPECT (Fig. 2) and
−2.0 ml (95% CI −1.7 to −2.4 ml) for 16-frame versus
8-frame post-stress gated SPECT.

Ejection fraction

Resting 16-frame EF (57.8±13.0%) was significantly
higher ( p<0.00001) than resting 8-frame EF (55.2±
12.9%). Furthermore, post-stress 16-frame EF (58.4±
13.5%) was significantly higher ( p<0.00001) than post-
stress 8-frame EF (55.6±13.4%). According to Bland–
Altman plot analysis, the mean difference between resting
16- and 8-frame EF was 2.7% (95% CI 2.3–3.1%; Fig. 3).
The corresponding values for post-stress EF were 2.8%
(95% CI 2.5–3.2%; Fig. 4).

Stress-induced functional abnormalities

As shown in Table 2, patients with stress-induced ischemia
were found to have significantly larger volumes and lower
EF than patients without ischemia. These differences were
not influenced by the framing rate. Delta (post-stress—
resting) EDV was significantly different in ischemic versus
non-ischemic patients using both framing rates, with the
ischemic patients showing a slight EDV increase and the
non-ischemic patients some EDV decrease after stress.
Delta ESV showed a similar behaviour, but the difference
between ischemic and non-ischemic patients was just
borderline significant in 16-frame gated SPECT and did
not reach statistical significance in 8-frame gated SPECT
(Table 3). The delta EF was not significantly different in
ischemic patients versus non-ischemic patients according to
both 8- and 16-frame gated SPECT data (Table 3). An EF

Table 1 Effect of arrhythmia
rejection software on left
ventricular volumes and EF

With AR Without AR p

8-frame rest gated SPECT
EDV (ml) 113±51 112±50 NS
ESV (ml) 58±41 59±41 NS
EF (%) 52±14 52±14 NS

8-frame stress gated SPECT
EDV (ml) 111±52 110±52 NS
ESV (ml) 58±44 58±44 NS
EF (%) 53±14 52±14 NS

16-frame rest gated SPECT
EDV (ml) 115±51 114±50 NS
ESV (ml) 56±40 56±39 NS
EF (%) 55±14 55±14 NS

16-frame stress gated SPECT
EDV (ml) 114±53 113±52 NS
ESV (ml) 57±44 56±43 NS
EF (%) 56±15 55±15 NS
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drop larger than the 95% CI of delta EF in the non-ischemic
patients was registered in one single severely ischemic
(summed difference score=8) patient according to 8-frame
gated SPECTand in the same patient and in another severely
ischemic (summed difference score=11) patient in 16-frame
gated SPECT. In 19 patients (nine with inducible ischemia),
an EF decrease greater than five EF units was registered both
using 8- and 16-frame gated SPECT. In seven additional
patients (four with inducible ischemia), such an EF drop was
observed only in 8-frame gated SPECT. Finally, in four other
patients (all without inducible ischemia), the EF decrease
was detected solely by 16-frame gated SPECT.

Discussion

Since the early 1990s, when gated SPECT was introduced
in the clinical practice, 8-interval framing has been the
standard modality for data acquisition [2, 3]. The choice of
8 frames was supported by the need to achieve a high count

statistics in each frame for the good definition of the cardiac
walls and the reliable assessment of regional wall motion,
without unduly prolonging the total acquisition time [1].
Already in 1995, however, Germano et al., in their first
description of the QGS quantitative algorithm, reported an
underestimation of ejection fraction using 8-frame instead
of 16-interval gated SPECT, but since the difference was
predictable, constant over a wide range of values and fairly
small, they concluded that 8 frames were nevertheless to be
preferred [3]. This underestimation was mainly confirmed
by studies that compared the left ventricular EF obtained by
8-frame gated SPECT with other reference standards, such
as equilibrium radionuclide angiocardiography, contrast
ventriculography and magnetic resonance imaging [4–7].
Just few studies directly compared the different framing
modalities in the same patients. Kumita et al. performed a
32-frame acquisition and its reframing in 16- and in 8-
interval gated SPECT [10]. The results obtained using the
QGS algorithm were compared with those of equilibrium
radionuclide angiocardiography and confirmed the EF

Fig. 1 Bland–Altman analysis
of agreement for resting EDV
between 16- (16-fr) and 8-frame
(8-fr) gated SPECT

Fig. 2 Bland–Altman analysis
of agreement for resting ESV
between 16- (16-fr) and 8-frame
(8-fr) gated SPECT
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underestimation, which was just moderate using 16 frames
but appeared quite remarkable using 8 frames. Navare et al.
performed a 16-frame gated SPECT and the subsequent
reframing to 8 frames [11]. Using a quantitative algorithm
different from QGS, they observed significantly larger end-
diastolic volumes, smaller end-systolic volumes and higher
EF using 16-interval gated SPECT and concluded that
16-interval framing should be preferred. Most recently,
Schaefer et al. compared both the QGS and the 4D-
MSPECT algorithms and detected little differences for EF
and volumes between 8- and 16-interval, with slightly
smaller variability for QGS [12]. A limitation of all these
studies is that it was not possible to compare two truly
independent gated SPECT acquisitions, but it was necessary
to reframe the originally acquired data. With regard to this
point, Visser et al., using a dedicated phantom and two
consecutive independent acquisitions, showed that the EF
measured by the QGS software were overestimated as
compared to the actual value and that the overestimation
was larger in the 16-frame gated SPECT [9]. Moreover, the
difference between the two types of framing appeared

smaller than that reported in the above cited human studies.
Therefore, the actual difference between 8-frame versus 16-
frame gated SPECT EF and volumes using the most widely
adopted quantitative algorithm, the QGS, is still unclear.

In the present study, we had the possibility to compare
two independent gated SPECT acquisitions, one with 8 and
the other with 16 frames, collected simultaneously during
the same detector orbit. This opportunity is based on the
patented software of one major gamma camera manufacturer.
In theory, this would eliminate the problem of choosing
between different framing rates because it is possible to
acquire simultaneously a non-gated and one or more gated
SPECT studies with different framing rates. On the other
hand, it offers the ideal tool to directly compare the influence
of framing on gated SPECT results, and this remains an
important issue, both because other gamma camera systems
do not allow this simultaneous acquisition capability and
because acquiring more than one study implies greater
memory occupation and longer processing times.

According to our results, it is confirmed that 8-frame
gated SPECT slightly underestimates the EDV and over-

Fig. 3 Bland–Altman analysis
of agreement for resting EF
between 16- (16-fr) and 8-frame
(8-fr) gated SPECT

Fig. 4 Bland–Altman analysis
of agreement for post-stress EF
between 16- (16-fr) and 8-frame
(8-fr) gated SPECT
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estimates the ESV both in resting and in post-stress gated
SPECT, but the differences are very limited and appear
clearly lower than that reported by others [11]. Conse-
quently, EF is slightly underestimated as well, but again,
the difference is almost negligible, as formerly pointed out
by Germano et al. [3]. Our results do not confirm the
superiority of 16 over 8 frames that had been suggested in
prior reports [10, 11]. As an additional, secondary finding,
our data show that in patients without major arrhythmias
the use of AR does not influence the QGS results.

To our best knowledge, the influence of framing rates on
the comparison between resting and post-stress functional
data had not been examined before. Several reports suggest
that the detection of post-stress EF changes might be useful
to identify patients with severe and extensive coronary
artery disease [16, 18–20]. The main finding of the present
study is that there are no major differences between 8- and
16-frame gated SPECT in the capability to detect stress-
induced volumetric or EF changes. In particular, the
proportion of patients with major stress-induced EF drop
is the same in the two gated SPECT, and hence there are no
data to suggest that 16-frame gated SPECT is more
effective than 8-frame for the detection of ischemic

functional changes in spite of its theoretically more accurate
definition of left ventricular volumes and EF.

The study limitations must be considered when inter-
preting our results. The patient population was unselected,
and thus there is not an external gold standard to evaluate
the meaning of stress-induced functional changes. We could
only correlate these changes with the perfusion pattern in
gated SPECT itself, so that it is impossible to assess
whether patients with stress-induced functional changes
without ischemia are false positive or patients with severe
diffuse coronary artery disease. On the other hand, this
patient population reflects the daily reality of a busy
Nuclear Medicine Laboratory, and this would reinforce
the concept that 16 frames do not improve significantly the
reliability of gated SPECT calculations in everyday clinical
routine. We used one processing algorithm only, and we
cannot exclude that other programs would have given
different results. Further studies using the simultaneous
acquisition capability that we employed could be helpful to
definitively establish the relationship between the different
processing algorithms and framing rates.

Conclusions

This study suggests that in a direct comparison within an
unselected population of patients submitted to myocardial
perfusion gated SPECT, the difference between 8 and 16
frames has a very small and predictable influence on the
functional measurements, so that there are no reasons to
prefer a higher framing rate for the calculation of left
ventricular volumes and EF. Moreover, the comparison
between resting and post-stress measurements does not
suggest that a higher framing rate could be useful to
improve the recognition of stress-induced functional
changes.

Table 3 Delta (post-stress—resting) EF, delta EDV and delta ESV in
patients with versus without stress-induced ischemia

Ischemia No ischemia p

8-frame gated SPECT
Δ EDV (ml) 0.4±12 −4.7±9 <0.03
Δ ESV (ml) 1.4±11 −2.8±8 <0.05
Δ EF (%) −0.7±5.6 1.1±6.4 NS

16-frame gated SPECT
Δ EDV (ml) 0.4±12 −4.5±9 <0.03
Δ ESV (ml) 0.8±11 −2.3±7 NS
Δ EF (%) 0.2±6.0 0.8±6.0 NS

Table 2 Left ventricular EF,
EDV and ESV in patients with
versus without stress-induced
ischemia

Ischemia No ischemia p

8-frame gated SPECT
Resting EDV (ml) 122±51 95±36 <0.01
Post-stress EDV (ml) 122±53 90±37 <0.001
Resting ESV (ml) 67±43 42±28 <0.002
Post-stress ESV (ml) 68±45 39±29 <0.0005
Resting EF (%) 49.6±13.2 58.4±10.9 <0.002
Post-stress EF (%) 49.0±14.4 59.5±11.2 <0.0001

16-frame gated SPECT
Resting EDV (ml) 124±52 97±36 <0.01
Post-stress EDV (ml) 124±53 92±37 <0.001
Resting ESV (ml) 64±41 40±27 <0.001
Post-stress ESV (ml) 66±44 38±29 <0.0005
Resting left ventricle EF (%) 51.7±14.0 61.5±10.9 <0.0005
Post-stress left ventricle EF (%) 51.9±14.6 62.3±11.2 <0.0005
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