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Abstract
Purpose Perfusion gated single photon emission computed
tomography (SPECT) can assess with good reproducibility
left ventricular (LV) volumes and ejection fraction (EF).
Whether this reproducibility is maintained in long-term
follow-up is unknown.
Methods We compared LV end-diastolic (ED) and end-
systolic (ES) volumes (V) as well as EF calculated using
gated SPECT and QGS software in 103 coronary artery
disease patients studied twice at > 1-year interval because
of standard clinical indications. Patients were divided into
two groups: (A) 67 patients without major clinical changes
and with stable resting perfusion and (B) 36 with modified
clinical status or resting perfusion.
Results The relationship between gated SPECT 2 EF (=y)
and gated SPECT 1 EF (=x) was for group A: y=0.91 x +
5.34, r=0.92, p<0.0001, SEE=4 and for group B: y=0.67 x +
13.6, r=0.63, p<0.0001, SEE=10. The 95% limit of
agreement was 8 EF units for group A and 20.6 EF units
for group B. For EDV, the 95% limit of agreement was 22 ml
for group A and 52 ml for group B. For ESV, the 95% limit of
agreement was 13 ml for group A and 44 ml for group B.
Conclusion In stable patients with an unmodified resting
perfusion pattern the functional parameters derived from
perfusion gated SPECT have good reproducibility even

after a prolonged time interval. This supports the value of
gated SPECT for serial evaluations of LV function.
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Introduction

Perfusion gated single photon emission computed tomog-
raphy (SPECT) is currently regarded as a reliable method
for the measurement of left ventricular (LV) ejection
fraction (EF) [1–5]. Although differences as compared to
more precise modalities exist, the feasibility and robustness
of gated SPECT EF are well known [6–12]. Most recently,
a study on a large patient population demonstrated the good
agreement between resting and post-stress gated SPECT EF
with the corresponding measures obtained by equilibrium
radionuclide angiocardiography [13]. Moreover, the gated
SPECT EF has been demonstrated to be reproducible in
repeated acquisitions during the same session or in studies
performed few days apart [14–20]. This has opened the way
to the use of gated SPECT for the serial assessment of LV
function in various clinical settings [21–23]. On the other
hand, in the single study that examined the repeatability of
EF and volume measurements at a 1-year interval the limits
of agreement appear wider, making the detection of serial
changes uncertain [24]. The aim of the present study was to
verify the differences in resting LV function assessed by
gated SPECT using the same hardware and software in
coronary artery disease patients who underwent two separate
studies after a long time interval, taking into account not
only the intervening changes in clinical status, but also the
modifications in the resting perfusion pattern.
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Materials and methods

Patient population and study protocol

We identified in our archives the patients who had
undergone two separate perfusion gated SPECT studies in
our laboratory between April 2003 and June 2009. We
considered only the patients who had performed the study
with the same dual day imaging protocol and on the same
gamma camera in both occurrences and for whom clinical
data and original image files were available and complete.
After all data had been retrieved, clinical information was
examined and tabulated, with particular attention to the
occurrence of major events or clinical changes between the
two studies (acute myocardial infarction, coronary artery
bypass grafting, percutaneous clinical intervention, stable
left bundle branch block, important variations in medical
therapy). The raw gated SPECT studies of the patients
were newly processed by an experienced observer un-
aware of the patient’s identity and of image sequence. We
excluded from analysis the patients with atrial fibrillation
or severe arrhythmias that prevented a reliable gating in at
least one of the two studies. Patients with major image
artefacts that precluded the automatic definition of LV
borders by the processing software were excluded as well.
The study was approved by the Ethics Committee of our
Institution.

Gated SPECT

For the purpose of the study we considered only the
resting gated SPECT of the dual day protocol. Gated

SPECT was acquired 1 h after the injection at rest of
740 MBq of 99mTc-sestamibi, 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, 8 frames/cardiac cycle. The studies were
reconstructed using filtered backprojection without atten-
uation or scatter correction and realigned along the heart
axis. Regional myocardial perfusion was assessed visually
by one blinded experienced observer (V.B.), unaware of
the patient’s data and image sequence, and scored using a
5-point scale (0=normal, 1=mildly reduced, 2=moderately
reduced, 3=severely reduced, 4=absent uptake) [25]. The
summed rest score (SRS) was obtained by adding the
scores of the 20 segments in resting images and was
considered to be normal if it was ≤ 3 [17, 26]. LV end-
diastolic and end-systolic volumes were automatically
calculated using the QGS program and EF was derived
from the LV volumes as usual [1].

Statistical analysis

Continuous variables are expressed as mean ± standard
deviation or as median (25th, 75th percentile) as appropri-
ate. The comparisons within groups were performed with
Student’s t test for paired samples or the Wilcoxon non-
parametric test as appropriate. The comparisons between
groups were performed with Student’s t test for independent
samples or the Mann-Whitney U test as appropriate. The
comparison of proportion was made using Fisher’s exact

Table 1 Clinical characteristics of the patient population

All patients (n=103) Group A
(n=67)

Group B
(n=36)

p value (A vs B)

Age, years, mean ± SD 63.6±8.1 63.8±8.4 63.1±7.5 =0.15

Women, n (%) 22 (21%) 14 (21%) 8 (22%) =1

Risk factors

Systemic arterial hypertension, n (%) 83 (81%) 53 (79%) 30 (83%) =0.08

Hypercholesterolaemia (total cholesterol > 200 mg/dl), n (%) 75 (73%) 53 (79%) 22 (61%) =0.24

Diabetes mellitus, n (%) 33 (32%) 20 (30%) 13 (36%) =0.18

Smoking, n (%) 63 (61%) 41 (61%) 22 (61%) =0.38

Indication for perfusion imaging

Symptom worsening in chronic coronary artery disease, n (%) 37 (36%) 25 (37%) 12 (33%) =0.69

Anginal symptoms in prior myocardial infarction, n (%) 11 (11%) 3 (4%) 8 (22%) < 0.02

Follow-up in prior revascularization, n (%) 55 (53%) 39 (58%) 16 (44%) =0.26

Interval between gated SPECT studies, months, mean ± SD 26±17 25±17.2 28.2±18 =0.31

SRS first gated SPECT, median (25th, 75th percentile) 0 (0, 5) 0 (0, 1) 7.5 (2, 16.75) < 0.0001

SRS second gated SPECT, median (25th, 75th percentile) 0 (0, 5) 0 (0, 1) 9 (3, 16.5) < 0.0001
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test. The agreement between the two LVEF measurements
was assessed using linear regression analysis and the
Bland-Altman analysis. A p value<0.05 was considered
statistically significant.

Results

General findings

During the considered time interval a total of 121 patients
had performed two separate rest-stress perfusion gated
SPECT studies. Of them, 111 fulfilled the inclusion criteria
of completely retrievable clinical information and data files.
After data recovery, six patients were excluded from data
analysis because of atrial fibrillation or severe arrhythmias
during one or both acquisitions. Finally, there were two
additional patients who had to be excluded because the
automated processing procedure was impossible owing to
bad image quality or major extracardiac activity. Therefore,
the final study cohort included 103 patients (22 women,
mean age: 63.6±8.1 years, range: 40–81). The SRS of the
entire study group in first gated SPECT was 0 (0, 5), and
the same value was registered in the second gated SPECT
(NS). We divided the patient population into two groups.
Group A included 67 patients in whom (1) there had been
no major clinical events as defined above between the first
and the second gated SPECT and (2) the SRS was normal
in gated SPECT 1, with a maximal SRS difference ≤ 2 in
gated SPECT 2, or was abnormal but unchanged in the two
gated SPECT. Group B included the remaining 36 patients.
Table 1 summarizes the demographic and clinical features
of the patient population. The SRS values within the two
groups, reported in the table, did not change significantly
between the first and the second gated SPECT. Table 2
describes the changes between the two gated SPECT in
group B patients.

LVEF reproducibility

In the whole patient population the mean EF in the two
resting gated SPECT studies was not significantly different
(55.1±13 vs 54.6±13.5%, p=0.49). According to linear

regression analysis, in group A the relationship between
gated SPECT 2 EF (=y) and gated SPECT 1 EF (=x) was:
y=0.91 x + 5.34, correlation coefficient=0.92, p<0.0001,
SEE=4 (Fig. 1). In group B, the corresponding relationship
was: y=0.67 x + 13.6, correlation coefficient=0.63,
p<0.0001, SEE=10 (Fig. 2). Using the Bland-Altman
analysis, the 95% limit of agreement was 8 EF units for
group A and 20.6 EF units for group B (Fig. 3).

Reproducibility of LV volumes

In the whole patient population the mean end-diastolic
volume (EDV) and the mean end-systolic volume (ESV) in
the two resting gated SPECT studies were not significantly
different (105±49 vs 103±50 ml, p=0.23, and 52±44 vs
52±46 ml, p=0.97, respectively). According to linear
regression analysis, in group A the relationship between
gated SPECT 2 EDV (=y) and gated SPECT 1 EDV (=x)
was: y=0.97 x –0.7, correlation coefficient=0.95, p<0.0001,
SEE=11 ml. In group B, the corresponding relationship

Intervening change Number of patients

Acute myocardial infarction 1

Emergence of stable left bundle branch block 1

Percutaneous coronary intervention 6

Coronary artery bypass grafting 3

Normal SRS in gated SPECT 1 with > 2 difference in gated SPECT 2 3

Abnormal SRS in gated SPECT 1 with any change in gated SPECT 2 22

Table 2 Intervening changes
between the two gated SPECT
in group B patients
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Fig. 1 Scatterplot of LVEF in gated SPECT 1 (x-axis) vs LVEF in
gated SPECT 2 (y-axis) in group A. The dashed line represents the
line of identity
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was: y=0.9 x + 12.3, correlation coefficient=0.91, p<
0.0001, SEE=26 ml. Using the Bland-Altman analysis, the
95% limit of agreement was 22 ml for group A and 52 ml
for group B (Fig. 4). As regards ESV, in group A the
relationship between gated SPECT 2 (=y) and gated
SPECT 1 ESV (=x) was: y=1.046 x –3.14, correlation

coefficient=0.97, p<0.0001, SEE=7 ml. In group B, the
corresponding relationship was: y=0.92 x + 8.3, correlation
coefficient=0.93, p<0.0001, SEE=22 ml. Using the Bland-
Altman analysis, the 95% limit of agreement was 13 ml for
group A and 44 ml for group B (Fig. 5).

Discussion

It is well known that the EF assessment by gated SPECT is
a robust measurement, which for instance is relatively
unaffected by gating errors caused by arrhythmias [27, 28].
Therefore, the good reproducibility of EF in serial gated
SPECT acquisitions is not surprising and the limits of
agreement are constantly reported to range approximately
from 5 to 7 EF units [14–18]. As regards the day-to-day
variability, De Winter et al. examined 20 patients with LV
dysfunction (EF<40%) and confirmed the same reproduc-
ibility, with 95% limits of agreement of 6 EF units and of
20 ml for both EDV and ESV [19]. The authors concluded
that gated SPECT can be used for the follow-up of global
LV function in these patients. On the other hand, in the
single study comparing the repeatability of functional data
in two gated SPECT acquired at approximately a 1-year
interval in patients without apparent changes in clinical
status, Thorley and Smith found less satisfactory values,
concluding that the repeatability of EF is acceptable but that
of LV volumes is too low for a clinical use in patient
follow-up [24]. However, their results are quite difficult to
interpret, because the data reported in the tables apparently
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Fig. 2 Scatterplot of LVEF in gated SPECT 1 (x-axis) vs LVEF in
gated SPECT 2 (y-axis) in group B. The dashed line represents the
line of identity

Fig. 3 Bland-Altman analysis
of agreement for resting EF
between gated SPECT 1 and 2.
Group A is represented by
closed circles and solid lines,
group B by open circles and
dashed lines, thick line mean
difference, thin lines 95% limits
of agreement
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do not coincide with those in the Bland-Altman plots, with
the latter showing wider 95% limits of agreement [24]. It
appears therefore still unclear whether gated SPECT is
suitable or not for identifying clinically important EF and
LV volume changes in long-term follow-up.

We performed a retrospective analysis of more than 100
patients studied twice with perfusion gated SPECT at our
institution. The main finding of our study is that the resting
EF and LV volume measurements by gated SPECT have a

satisfactory repeatability in patients in stable clinical
conditions and with unchanged resting perfusion, even if
they are studied at an interval of more than 2 years.
Conversely, patients re-examined after important clinical
changes or in whom resting perfusion is significantly
modified show a wide variability.

There are various implications of our findings. First, we
confirm that the good reproducibility of gated SPECT
functional data is an intrinsic feature of this technique that

Fig. 4 Bland-Altman analysis
of agreement for resting EDV
between gated SPECT 1 and 2.
Same symbols as in Fig. 3

Fig. 5 Bland-Altman analysis
of agreement for resting ESV
between gated SPECT 1 and 2.
Same symbols as in Fig. 3
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is maintained over a prolonged time span and is not
remarkably influenced by other conditions, given that the
perfusion pattern is stable and that there are no differences
in the acquisition details. The good reproducibility of
baseline resting LV EF and volumes implies that the
recognition of unexpected changes over a relatively narrow
threshold should prompt for the search of otherwise
undetected abnormalities. Therefore, the availability of
comparable resting functional values would be an addition-
al value of gated SPECT perfusion scintigraphy in patients
with chronic coronary artery disease. With regard to this
point, a recent study suggests that EF values are inter-
changeable because major post-stress variations are seldom
registered [29]. However, Verberne et al. had already
demonstrated that ischaemia is related to larger differences
between resting and post-stress EF [18]. Accordingly, the
value of the comparison between resting and post-stress EF
to identify the presence of ischaemic stunning has been
extensively demonstrated [30–32]. The possibility to
perform a reliable serial evaluation of LV function using
gated SPECT would discourage the use of post-stress EF as
a surrogate for resting EF.

Finally, taking into account the current scenario of close
competition among the various imaging modalities and of
extreme cost consciousness, the demonstration that gated
SPECT functional data that can be obtained without
additional expenses during perfusion assessment are both
robust and highly reproducible could contribute to reinforce
the role of nuclear cardiology in various clinical settings
[23]. In general, the reproducibility of functional parameters
assessed by the other imaging modalities, such as cardiac
magnetic resonance, three-dimensional echocardiography
and multislice computed tomography, does not appear
clearly superior to that of gated SPECT [19, 33–35].
Furthermore, there are no available data about the long-
term repeatability of LV functional measurements using
those techniques to be compared with the results of the
present study. Interestingly, in a most recent report
comparing two separate cardiac magnetic resonance exams
at an interval of approximately 2 months, the EF coefficient
of variability was very similar to our data [36]. Therefore,
although it is clear that the radiation burden of gated
SPECT must be taken into account, the repeatability of
functional measurements after a very prolonged time
interval is certainly an additional value of this modality.

Some limitations of the present study must be consid-
ered. The study is retrospective and the patient selection
could not be planned. Therefore, the criteria used to
differentiate the patients with from those without anticipat-
ed EF changes are imperfect. However, it is reasonable to
suppose that a more precise definition of unchanged
functional status would reduce the number of eligible
patients but also improve the reproducibility of gated

SPECT measurements. The number of patients with SRS
changes (group B) is too small to evaluate whether there is
a correlation between differences in resting perfusion and in
LV function from gated SPECT 1 to gated SPECT 2.
Similarly, because of the relatively small patient population,
we could not perform a reasonable separate analysis on
specific subgroups, such as women or patients with
depressed LV function. As regards this latter point,
however, the visual analysis of the Bland-Altman plot does
not show any trend towards a different behaviour in patients
with low EF, independently of the group to which they
belong. Studies on wider patient populations are probably
needed to identify the relationship between type and degree
of perfusion changes, including variations in ischaemic
burden and functional modifications. Our data are based on
a single processing software. Therefore, the same compar-
ison using other programs would be desirable. We used 8-
frame gated SPECT for EF measurement. Although the
higher precision of 16-frame gated SPECT has been
advocated and recently confirmed [13], there are enough
data to support the opinion that 8 intervals are adequate for
most clinical purposes, and therefore are the most widely
used modality [1, 17–19, 24, 37, 38].

Conclusion

This study demonstrates that the functional parameters
derived from perfusion gated SPECT have a good repro-
ducibility even after prolonged time intervals in patients
with stable clinical conditions and unmodified resting
perfusion pattern. Therefore, the use of gated SPECT for
long-term serial evaluations of LV function should be
considered reliable and this represents an important
additional value of this imaging modality.
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