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Measurement of LVEF using ECG-Gated SPECT and
Angiography: a Correlation Study
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Abstract
Introduction- Left ventricular ejection fraction (LVEF) is an important clinical index in diagnosis
and treatment of myocardial diseases. There are three major methods for measurement of
LVEF: echocardiography, angiography and ECG-gated SPECT. The first method is
economical, safe and rapid. The second one is more accurate, however invasive and the third
one lies somewhere in between. Multi-gated SPECT usually suffers from low reproducibility
compared to other methods. This is due to variation in processing factors, mainly
reconstruction methods and filtration. Up to now, there is no standard method of processing of
cardiac SPECT.
Methods- In this study, we attempted to find the optimum processing protocol in which the results
are consistent with the angiographic results. Forty patients (referred to our department for
myocardial perfusion SPECT) who had angiography within 2 weeks of the test were included
in the study. All the patients had a positive history of myocardial infarction. All imaging
performed with a single head GE gamma camera SPECT system model DSX using 99mTcMIBI. Two commonly used reconstruction methods i.e., filtered back projection and ordered
subset expectation maximization with different parameters were used and the results
compared with that of echocardiography and angiography.
Results- In filtered back projection technique, maximum correlation between ECG-Gated SPECT
and angiography (r = 0.775) was observed when using Metz filter with psf FWHM=5 and
order=5. In OSEM reconstruction technique, the maximum correlation (r = 0.706) between
ECG-Gated SPECT and angiography was found using iteration of 2 and subset of 12.
Discussion- Angiography is usually assumed the standard method for calculation of LVEF.
However, techniques such as ECG-gated SPECT can be equally accurate if the method of
processing is selected optimally. We optimized the method of processing in our department in
correlation with the results of angiography (Iranian Heart Journal 2007; 8 (3): 6-15).
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L

eft ventricular ejection fraction (LVEF),
end-diastolic and end-systolic volumes
are important clinical indexes in diagnosis
and treatment of patients with chronic
coronary disease.1

There are several methods for measurement of
these indices, including echocardiography,
angiography, MRI and ECG-gated SPECT.2-7
Echocardiography is the most economic, safe
and rapid.5 Angiography is the most accurate,

Received Jan 22, 2005; Accepted for publication Apr. 21, 2006.
From the Dept. of Medical Physics, Tarbiat Modarres University, Tehran, and the *Dept. of Nuclear Medicine and **Dept. of Cardiology, Shaheed
Rajaie Cardiovascular Medical Center, Tehran, Iran
Correspondence to: H. Rajabi, Dept. of Medical Physics, Tarbiat Modarres University, P.O. Box: 14115-331 Tehran, Islamic Republic of Iran.
Tel: 0098-21-88011001
Fax: 0098-21-88006544
Email: hrajabi@modares.ac.ir

www.SID.ir

Archive of SID
however it is invasive.6
Myocardial perfusion single photon emission
computed tomography (SPECT) has been
used as a reliable diagnostic and prognostic
means of assessment of heart disease since
1999.4,7 Gated myocardial perfusion SPECT
is widely used for qualitative and quantitative
analysis of left ventricular function.8 The test
allows determination of myocardial perfusion
and function in a single study.9 The left
ventricular function is calculated subtracting
the end systolic volume from the end diastolic
volume using endocardial contours.10,11 Gated
perfusion SPECT makes it possible to
calculate several other clinically important
parameters such as absolute heart volume,
myocardial mass and temporal evolution of
wall thickening.12,13
Several algorithms have been described for
calculation of LVEF from gated myocardial
perfusion SPECT,14 the most widely accepted
being known as the Cedars Sinai QGS
algorithm.15 The LVEF values obtained using
this algorithm have been compared to those
from
first-pass
radionuclide
ventriculography,16,17
equilibrium
18,19
radionuclide
ventriculography
and
MRI.20,21 However the correlation coefficients
reported were variant, ranging from 0.51 to
0.94.22
Many factors are responsible for this wide
range, including the reconstruction and
filtering conditions. The calculation of LVEF
relies upon the detection of the endocardial
surface.1 The filtering condition may have
significant effect on the accuracy of the edge
detection algorithms.
It has been previously demonstrated that the
reconstruction filter affects the correlation of
LVEFs from GSPECT with those from
RNVG.3,23 However, the algorithm used to
calculate LVEFs from GSPECT was not the
QGS algorithm that is the most widely used
algorithm.
The aim of this study was to quantify the
effect of reconstruction conditions on
calculation of LVEF and ventricular volumes
using QGS algorithm. The gold standard was

assumed to be the values derived from
angiographic study performed within 2 weeks
of GSPECT studies. Up to now, there is no
standard method of processing for cardiac
SPECT.
Methods
Patient study: Totally 52 patients’ data were
processed in this study. The patients (referred
to our department for myocardial perfusion
SPECT) who had angiography within 2 weeks
of the test were included in the study. All the
patients had a positive history of myocardial
infarction. They were 48 males and 4 females,
aged 48 to 70 years (mean 55.3 years).
Gated SPECT imaging: A single head SMV
gamma camera SPECT system model DSX,
equipped with low energy high-resolution
parallel hole collimator was used. Energy
window was set at ±10% of photo peak. A
total of 32 projection images in 64×64 matrix
size and 8 frames per cardiac cycle were
acquired. Imaging was performed over 180
degrees from -45º (left posterior oblique) to
135º (right anterior oblique). Circular orbit,
radius of rotation between 25 to 30 cm
(depending on the patient’s size), step-andshoot mode, and zoom factor of 1.33 were
used. The time per view was 30 sec/view for
the rest imaging. Imaging was performed 4560 min after injection of 750-950 MBq
Tc99m-sestamibi at rest condition.
Reconstruction
and
filtration:
Two
reconstruction methods, the filtered back
projection (FBP) and the ordered subset
expectation maximization (OSEM) were used
to construct tomographic slice images of the
heart. In the FBP technique, five
reconstruction filters, Metz (psf FWHM = 3.5,
4, 4.5, 5, 5.5, and 6, order = 3, 6 and 9),
Butterworth (cutoff = 0.2, 0.25 ,0.3 ,0.35, and
0.4, order = 2, 4, and 6), Hanning (cutoff = 0.3,
0.35, 0.4, 0.45 and 0.5), Wiener (psf FWHM = 4,
4.5, 5, 5.5 and 6) and Gaussian (Alfa = 2, 2.5, 3,
3.5 and 4) were examined. For OSEM
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combination of three iterations (2, 4, 6) and
four subsets (4, 8, 12, and 16) were examined.
Statistical analysis: Continuous variables for
LVEDV, LVESV and LVEF are quoted as
mean ± standard deviations (SD). Regression
analysis was used to assess the relationship
between ejection fractions calculated using
gated SPECT with those calculated using
angiographic data. Pearson’s r was also
calculated to quantify the correlation. In
addition, the standard error of the estimate
(SEE) was calculated.
Bland–Altman analysis was used to assess
agreement between the ejection fractions and
volumes calculated with each reconstruction
filter. The Wilcoxon signed rank test was
used to test for statistically significant
differences between values calculated using
each filter, and for differences between the
widths of the 95% prediction intervals.
Results
Correlation coefficients between LVEF
values calculated using different filter and
angiographic data are presented in Table I.
Table .I. Pearson correlation of ejection fraction
using ECG-Gated SPECT and angiography
Reconstruction
FBP Metz(psf FWHM=5 and order=3)
FBP Butterworth (cutoff=0.2 and order=4)
FBP Weiner(psf FWHM= 6)
FBP Gaussian(alpha =2.5)
FBP Hanning (cutoff=0.35)
FBP ramp filter
OSEM (iteration=2 and subset=12)
OSEM (iteration=4 and subset=4)

Pearson
correlation
0.776
0.763

When using FBP, the maximum correlation
between ECG-Gated SPECT and angiography
(r = 0.775) was found for Metz filter
(FWHM=5 and order=5). In the case of
OSEM
reconstruction
the
maximum
correlation (r = 0.706) was found with
iteration=2, subset=12. The minimum
correlation was found with OSEM
reconstruction with iteration = 4, subset=4.
The maximum correlation with Butterworth
filter (cutoff=0.2 and order=4) was 0.763 and
with Weiner filter (FWHM= 6) it was 0.759.
With Gaussian filter (alpha =2.5) maximum
correlation was 0.752 and with Hanning filter
(cutoff = 0.35) it was 0.720. The correlation
with ramp filter was 0.654.
The mean ± standard deviation and the
absolute values for LVEF from ECG-gated
SPECT with 95% width are shown in Table
II. The mean LVEF with FBP Metz (psf
FWHM = 5 and order = 3) was 59.62 ± 13.72
but the mean LVEF with OSEM (iteration=2
and subset=12) was 46.69 ±10.95, that is the
nearest value to the mean of the angiographic
data (48.09 ± 8.93).
Surprisingly, the mean value for the ramp
filter was very much closer to the mean value
for angiographic data than any other values
calculated.
However, the correlation of
angiographic values and the values obtained
using the ramp filter was poor. The mean ±
standard deviation for LVSV, LVEDV and
LVESV from ECG-gated SPECT are shown
in Table II.

0.759
0.752
0.720
0.654
0.706
0.585

Correlation is significant at the 0.01 level (2-tailed).
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Table II. Mean and standard deviation of LVEF, LVSV, LVEDV and LVESV
LVEF

Reconstruction methods
and filter
FBP Ramp filter
FBP Gaussain (alpha
=2.5)
FBP Hanning
(cutoff=0.35)
FBP Weiner (psf
FWHM= 6)
FBP Butterworth
(cutoff=0.2 and order=4)
FBP Metz(psf FWHM=5
and order=3)
OSEM (iteration=2 and
subset=12 Ramp filter)
OSEM (iteration=4 and
subset=4 Ramp filter)
Angiography

LVSV

LVEDV

LVESV

Mean

SD

Mean

SD

Mean

SD

Mean

SD

48.44

10.77

58.37

16.95

99.10

64.72

64.95

38.59

56.71

12.29

62.25

18.06

92.77

54.94

58.88

33.48

57.29

12.38

62.20

16.65

91.80

52.48

58.24

31.76

57.00

14.69

58.42

17.87

87.45

47.51

57.23

31.72

57.60

13.25

58.88

16.03

85.62

48.34

55.53

31.79

59.62

13.72

61.50

17.33

87.84

48.84

56.14

32.95

46.69

10.95

59.09

18.79

105.42

74.02

69.68

46.38

49.98

9.83

60.87

22.00

103.10

67.89

66.00

37.32

48.09

8.93

-

-

-

-

-

-

Comparison of reconstructed images using
different filters by two different methods,
FBP and OSEM, suggests that FBP
reconstruction method with Metz (psf FWHM

= 5, order = 3) creates more consistent results
(quantitatively
and
qualitatively)
for
evaluation of LVEF volumes (Fig. 1) and
others (Figs. 2-A, 2-B, 2-C).
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Fig. 1. LVEF calculated with different filters
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Fig. 2-A. Comparison of images reconstructed by FBP method using Metz , Butterworth and Wiener filters.
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Fig. 2-B. Comparison of images reconstructed by FBP using Gaussian, Hanning and Ramp filters.
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Fig. 2-C. Comparison of images reconstructed by OSEM method using iteration (2,4) and subset (2,4).

Discussion
This study investigated the effect of the
reconstruction and filtration on left ventricular
ejection fraction and volumes calculated from
gated myocardial perfusion tomography using
QGS algorithm. Angiography is usually
assumed as the most reliable method for
calculation of LVEF. However, such
techniques as ECG-gated SPECT can be
equally accurate if the method of processing
is selected optimally.
ECG-gated SPECT is a technique in which
myocardial perfusion could be evaluated in
addition to quantitative and qualitative
assessment of LV function. However, low
reproducibility is the main disadvantage of

the technique. Therefore, variations in
reconstruction methods and filtration are the
main concerns. As a result, high accuracy is
achievable if the selection of reconstruction
method and filtration is optimum. Since the
technique is non-invasive and extremely
useful in patients with poor-window echo, in
particular the definition of the optimal
reconstruction method is of value. In our
study the best results, i.e., the nearest results
to angiography, were found using FBP with
Metz filter (FWHM=5 and order=3).
The calculated LVEF was shown to increase
with resolution recovery filters, although the
magnitude of the change was small. Metz and
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Wiener are two typical resolution recovery
filters. Both filters divide the frequency
components of the data by MTF of the
system. MTF is the normalized Fourier
transform of system spread function. This
action compensates the blurring effect
introduced by MTF.
It should not be overlooked that different
manufacturers may define filters in slightly
different ways. Moreover, the definition of
the cut-off frequency differs between filter
types. Therefore, it may be difficult to
compare the results of filtering when data are
processed in different systems.
Besides the filtering condition, other factors
like patient selection, administered activity,
collimator may also have adverse effects on
the calculation of LVEF and cardiac volumes.
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