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ABSTRACT 
Background: LVEF is a reliable diagnostic and prognostic value in 
coronary artery disease. Several modalities including ECHO, GSPECT, 
cMRI and RNV can assess the LVEF. Filtering contributes to the variation of 
LVEF with influence on spatial resolution and statistical noise in the 
reconstructed images. The authors investigated the impact of Wiener and 
Butterworth filters variation for accuracy of LVEFs in CAD pts. 
Methods: Scans of 21 patients; 14 males and 7 females, 25-76 years old, 
with suspected CAD who underwent the 99mTc Myoview GSPECT using QPS 
and QGS were reconstructed with Winer filter based on the outcome of 
an earlier SPECT-CT optimisation of two chest phantoms. The patient results 
compared to the previous reports using a standard Butterworth filter and 
the ECHO for comparison. 
Results: 47%, 29% and 24% of pts reported normal, equivocal (EV) and 
having CAD based on LVEF respectively and prior to modified filtering. A 
good correlation between ECHO and the calculated LVEF with Winer and 
Butterworth (r2= 0.876 & r2=0.847) and for small heart (r2= 0.951 & 
r2=0.933) was observed. To achieve less variation in LVEF measurement, 
we established a mean cutoff value for Butterworth (0.26 +/-0.09) and a 
mean point value for Winer (4.9 +/-1.19) in correlation to ECHO. Patients 
with LVEF of <40 showed greater variation in points- setting for Winer, 
but less fluctuation in cutoff for Butterworth. No remarkable difference 
noticed for LVEF between two filter techniques for normal cases after 
adjusting parameters. 
Conclusions: There was a good agreement between LVEF derived from 
GSPECT and ECHO after adjusting parameters with 10% higher accuracy 
in equivocal cases at this stage. Mean percentage LVEF error for Wiener 
and Butterworth against ECHO LVEF were 2% and 6% respectively post 
correction, together with more elevated qualitative acceptable images. 
The accuracy of intermediate CAD reporting for both rest and stress studies 
were elevated, though more patients’ images are needed to be assessed 
for equivocal and smaller size hearts to reach a more statically viable 
result. 
Keywords: LVEF, GSPECT, ECHO, Perfusion defect, Multifunctional filters, 
Echocardiography. 

THE EUROPEAN SOCIETY OF MEDICINE 
Medical Research Archives, Volume 12 Issue 7 

RESEARCH ARTICLE 

Efficacy of 3D GSPECT Reconstruction Filters on LVEF Evaluation in the 
Presence of Low to Intermediate Perfusion Defects – Correlation with ECHO 

Michael Masoomi, PhD, MRCP(Lon) *1-2, Iman Al-Shammeri, MD1, Latifa Al-Kandari, MD3, Hany Elrahman, 
MPH1, Jehan Al-Shammeri, PhD4, Osama Ragab, MD1, Sherif Arafat, MD5 

mailto:masoomim@sky.com
https://doi.org/10.18103/mra.v12i7.5534
https://doi.org/10.18103/mra.v12i7.5534


Efficacy of 3D GSPECT Reconstruction Filters on LVEF Evaluation 

© 2024 European Society of Medicine 2 

1. Introduction 
Myocardial perfusion imaging (MPI) using single photon 
emission computerized tomography (SPECT) 99mTc-
sestamibi is an accurate noninvasive means of detecting 
coronary artery disease (CAD) and assessing the severity 
of perfusion abnormalities in patients with coronary 
stenosis. Gated SPECT (GSPECT) offers the possibility of 
obtaining additional functional information from 
perfusion studies, including wall motion and calculation of 
left ventricular ejection fraction (LVEF). Feasible, 
accurate, and reproducible assessment of left ventricular 
ejection fraction (LVEF) is an important objective of non-
invasive cardiac imaging. The calculation of LVEF relies 
upon the identification of the endocardial surface, which 
will be affected by the spatial resolution and statistical 
noise in the reconstructed images. Left ventricular function 
indicators including left ventricular volumes (LVVs) and 
ejection fraction (LVEF) are powerful and reliable in terms 
of their diagnostic and prognostic value, especially in 
coronary artery disease1-3. Moreover, current practice 
guidelines use LVEF thresholds for decision making in 
different clinical scenarios, such as the recommendation 
regarding device implantation or pharmacologic therapy 
in patients with heart failure4-5 and the recommendation 
for valve replacement in patients with severe valvular 
heart disease. Left ventricular ejection fraction is also a 
common enrolment criterion and/or end point for clinical 
trials 6-7. 
 
Nowadays, several modalities including echocardiog-
raphy (ECHO), gated myocardial perfusion single photon 
emission tomography (GSPECT), cardiac magnetic 
resonance imaging (cMRI), and radionuclide 
ventriculography (RNV) are available for the assessment 
of LVVs and LVEF. Much discrepancy in selection of 
proper filter and its parameters for individual cases 
exists and concerns have been raised about the different 
findings in particular situations, such as in the presence of 
perfusion defects or in patients with small heart 8.   Low-
pass filters smoothen the image, obscure the significance 
of small lesions, and reduce the sensitivity of the 
technique9-10. Restoration filters, on the other hand, 
enhance the image contrast, exaggerate artefacts at 
certain frequencies, and reduce the specificity of the 
technique11-12. 
 
 
In the State of Kuwait, CHD is the major cause of 
morbidity and mortality and CVDs are estimated to cause 
46.0% of all mortalities 13-14. A study conducted by the 
MOH-KW in cooperation with WHO in 2006 and 
published by WHO in 2008, showed the incidence of 
heart diseases among the 2,280 Kuwaiti participants was 
2.9%, though it did not exceed 15% among women in 
Kuwait.  The State of Kuwait has witnessed rapid 
economic and sociodemographic changes during the last 
four decades. The major transitions in the developing 
societies have had apparent influences on behavioural, 
social, and lifestyle patterns15.  As a consequence of these 
dramatic changes in the State of Kuwait, the prevalence 
of hypertension is 25.3%, diabetes 23.3%, dyslipidemia 
70.3%, obesity 48.2% and smoking 17.8% 16-17. 

The earlier study by the author, Masoomi M et al.18 of a 
chest phantom and reanalizing and re-evaluation of 92 
male and female patients (41–77 years old) with 
suspected CAD, showed that the Wiener and Butterworth 
filters could produce results with the highest contrast for 
both cold and hot spheres and for the patient data it 
produced elevated improvement in diagnostic accuracy. 
The processed images were consistent with angiography 
results and correlated well with the CT-Angio and 
angiography results (r=0.79) and were statistically 
significant (P<0.001). Sensitivity of the Wiener filter 
(0.96) suggested a high probability that Wiener filter 
will correctly diagnose CAD patient in comparison to the 
Butterworth with a sensitivity of 0.69. In this study, the 
authors addressed the impact of Wiener and Butterworth 
filters variation on quantitative accuracy of LVEFs in CAD 
patients and the correlation between 3D GSPECT and 
ECHO in the evaluation of left ventricular end-diastolic 
volume (EDV), end-systolic volume (ESV) and LVEF in the 
presence of perfusion defect and small hearts was 
assessed.   The ECHO is a routine and widely used 
noninvasive modality for this purpose.  
 

2. Methods 
2.1.  STUDY DESIGN  
This retrospective study was undertaken during the 
period of 2022 with selection of 21 adult patients with 
CAD. Individuals were 25 years old or older, of either 
sex (male or female), any nationality (Kuwaiti nationals, 
non-Kuwaiti Arabs, or non-Kuwaiti non-Arabs). 
 
2.2.  PHANTOM STUDY 
Due to variation of imaging system structure and to 
acquire statically reliable and acceptable images, the 
optimized activity was calculated as follows (Equation 1).   
The investigation initiated by performing various SPECT-
CT scans of a NEMA body phantom (Figure 1) having hot 
and cold inserts (9.5-37 mm). Data acquired on GE 670 
PRO SPECT/CT: 360Ø, 64 frames, 60s, 128, LEGP with 
CT attenuation (120 kV & 170 mA).   
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The images were reconstructed with FBP and ITERATIVE 
OSEM utilizing Butterworth, and Wiener filters (Equation 

2). The image contrast [C = (R0–R1)/R0 ∗ 100] where R0 
and R1 are accumulated counts in a defined ROI over the 
mid-slice of inserts as well as on the background, was 
calculated for each set of the reconstructed image of the 
phantom utilizing the stated filters (Winer and 
Butterworth), to assess absolute nearness of the inserts 
quantitatively and qualitatively. The selected filters were 
chosen based on the outcome of the previous study18, for 
image optimization of various SPECT- CT scans of a 
NEMA body phantom with hot and cold inserts.  
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Figure 1: SPECT–CT images (Transaxial) of NEMA phantom for optimization of patient cardiac imaging 
 
2.3. PATIENTS STUDY 
In this study, we retrospectively selected 21 patients, 14 
males and 7 females, age 25-76 years old, with known 
or suspected CAD and have had a history of reduced left 
ventricular EF and sinus rhythm on electrocardiogram. The 
patients were referred from the specialized Dabbous 
Center, a local large Cardiovascular Center, for gated 
SPECT-CT MPI imaging (predominantly 99mTc -Tetrafosmin 
GSPECT) due to clinical indication. A Consent form had 
been signed and obtained as part of the routine clinical 
study, as well as the ethical approval from the institution, 
though reprocessing of patient data was approved by 
the department as part of the optimization. The patient’s 
ergonomic data had been recorded and their body mass 
indexes had been calculated.   
 
Patients had either a treadmill or pharmacological stress. 
Physical stress was undertaken according to Bruce 
protocols.  For pharmacological stress, patients had 
intravenous infusion of Persantine (14mg kg-1min-1) and 
99mTc - Tetrafosmin were injected at 6 mins.      In case of 
a contraindication patients underwent dobutamine 
(starting dose of 10mg kg-1min-1, increased at 3-minute 
intervals to a maximum of 50mg kg-1 min-1), and 
Regadenoson (0.4 mg) will be injected rapidly into the IV 
line over 10 seconds. Patients scheduled for rest imaging 
had been instructed to refrain from caffeine-containing 
beverages for at least 24 hours before the test and had 
received a dose of 99mTc-Myoview (standard, 740 
MBq; but 1000 MBq for patients >100 kg). Both stress 
and rest SPECT images were acquired 45 to 60 minutes 
after tracer injection with 24-hour time delay between 
the stress and rest studies. 
 
Images were acquired on GE 670 PRO SPECT/CT; RAO 
to LPO (180Ø), 64 frames, 25s, 64x64, LEHR with CT 
attenuation (120 kV & 50 mA) and reproduced utilizing 
FBP and ITERATIVE OSEM reconstructions with the 
modified Wiener & Butterworth filters. Quantitative and 
qualitative evaluation was carried out using Cedars Sinai 
QGS and QPS. The post modified filter implementation 
was carried out on 2 ways; a): to match the calculated 
LVEF% for both Butterworth and Wiener filters to the 
ECHO results and record the filtering parameters, b): to 
modify the filtering parameter in conjunction with the 
gated images and the cardiac wall motion for the filters 
and record the LVEF %.  Left ventricular ejection fraction 
was determined from LV end-diastolic volume and end-
systolic volume using the following standard formula: 
LVEF = [(end-diastolic volume) – (end-systolic volume)] / 
[end-diastolic volume] *100. The cardiac images were 
reconstructed and displayed on the short, vertical, and 

horizontal long axis. Echocardiographic examination had 
been done in all patients using an echocardiography 
General Electric Medical System (GE Vivid T8) equipped 
with 2-5 MHz transducers and automated function 
imaging (AFI). Measurements had been performed 
according to the American Society of Echocardiography 
guidelines19.  
 
2.4. STATISTICAL ANALYSIS 
Statistical analysis was performed with SPSS software 
(SPSS Statistics for Windows, version 17.0; SPSS Inc., Chi-
cago, IL, USA). Quantitative continuous variables are ex-
pressed as mean ± standard deviation (SD), and 
categorical variables are presented as count 
(percentage). The correlation of left ventricular EF and 
volumes (derived using the available software packages) 
with echocardiography was evaluated by means of 
Spearman’s correlation analysis. The percentage of cases 
reported normal or equivocal, before and after 
reconstruction using the optimized filters, was also 
reported, and compared. 
 

3. Results 
57%, 14% and 29% of the registered patients reported 
normal, equivocal (EV) and having CAD based on 
quantitative and qualitative assessment of LVEF 
respectively, prior to modified filtering.  The post 
modified filter implementation was carried out on 2 
ways; a): to match the calculated LVEF% for both 
Butterworth and Wiener filters to the ECHO results and 
record the filtering parameters, b): to modify the filtering 
parameter in conjunction with the gated images and the 
cardiac wall motion for the filters and record the LVEF %.  
Although, for the first approach (a) there was an absolute 
correlation between GSPECT and ECHO after modifying 
filter parameters, the gated images suffered from over 
smoothing, and the cardiac wall motion was not 
diagnostically observable. We established a mean cutoff 
value for Butterworth (0.26 +/-0.09) and a mean point 
value for Winer (4.9 +/-1.19) in correlation to ECHO.  
For the second approach, Filter parameters continuously 
were adjusted until diagnostically acceptable gated 
images with observable cardiac wall motion were 
obtained. LVEFs were then recorded and compared to 
ECHO (LVEF).  A good correlation between ECHO and 
the calculated LVEF with Winer and Butterworth for men 
(r= 0.88 & r=0.84) and for smaller heart (women, r= 
0.95 & r=0.93) were observed.  A cutoff value (0.5) and 
power (10) for Butterworth and a mean point value (4) 
and power (0.1) for Wiener were established for both 
men and women patients.  Mean percentage LVEF error 
for Wiener and Butterworth against ECHO LVEF were 2% 
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and 6% respectively post correction with much elevated 
qualitative acceptable images. Figures (2-5), present 
reprocessed images of a normal, and intermediates 
(male and smaller heart: woman] perfusion defects using 
the selected filters.   Table (1) also presents quantitative 
LVEF, EDV, ESV and ECHO evaluation and the comparison 
before and after filter modifications for combined male 
and female data. 
 
Figure 2 presents an intermediate perfusion defect case 
- A 24-year-old male smoker with hypertension and 
having palpations for evaluation of myocardial 
perfusion. a): pre modification filters showing poor 
observable perfusion and cardiac wall boundary and 
motion, b): post correction showing a noticeable cardiac 
perfusion wall delineation together with the elevated 
observable cardiac muscle contraction (more observable 
on 3D dynamic).  The LVEF was elevated by 10% post 
correction and was more in line with the ECHO result.   The 
overall report suggested better delineation and much 
reduced uncertainty in the diagnostic accuracy. 

Figure 3 presents a normal cardiac case - A 56 years old 
male smoker with hypertension, shortness of breast and 
atypical chest pain for assessment of myocardial 
perfusion, a - b): Pre filter correction showing cardiac 
images with poor to moderate cardiac wall boundary 
and motion, though LVEF was normal. Post filter correction 
showing more effectively the cardiac wall boundary and 
the wall motion for visual motion assessment.  LVEF were 
elevated by 10%. The overall report also suggested 
normal with higher confidence in diagnostic accuracy.   
 
Figure 4 is an intermediate perfusion defect case - A 56 
years old diabetes female with hypertension and 
shortness of breath. a): images with pre modification 
filters showing poor cardiac wall boundary and unclear 
wall motion. LVEF was reported as 45%, b): post 
correction showing a noticeable cardiac wall delineation 
and cardiac muscle contraction (more observable on 3D 
dynamic).  LVEF calculation elevated to 58% vs. ECHO 
LVEF of 61%. The follow up revisited report suggested 
NORMAL, much correlated with the ECHO result. 

 
              Winer Filter              Butterworth Filter 

a) Prior to modifications 
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b) Post modifications 

               

  
Figure 2: An intermediate perfusion defect case.  a): pre modification and b): post correction filters: Wiener 
and Butterworth. The LVEF was elevated by 10% post correction and was more in line with the ECHO result. 
 
                                   Winer Filter              Butterworth Filter 

a) Prior to modifications 
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b) Post modifications 

      

  
Figure 3: A Normal cardiac case - A 56 years old male smoker with hypertension, shortness of breast and 
atypical chest pain, a-b): Pre and post filter correction. LVEF were elevated by 10%.   

 
Winer Filter               Butterworth Filter 

a)  Prior to modifications 
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  b) Post modifications 

               

        
Figure 4: An intermediate perfusion defect case. a): images with pre modification filters showing poor cardiac wall 
boundary and unclear wall motion. b): post correction showing.  LVEF calculation elevated to 58% vs. ECHO LVEF 
of 61%.  
                                                     

a) Prior to modifications 
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b) Post modifications 
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Figure 5: Scatter plot and linear correlation of SPECT Gated LVEF for normal and smaller size hearts vs. ECHO a): pre 
modification and implementation of Wiener and Butterworth filters, b): pre modification and implementation of Wiener 
and Butterworth filters. 
 
Table 1: Quantitative comparison of EF, EDV, and ESV with ECHO prior and post modifications for combined male and 
female data. 

Parameters Butterworth 
Before 

Modification 

Wiener 
Before 

Modification 

Butterworth 
Post 

Modification 

Wiener 
Post 

Modification 

ECHO 

EF 54.8 (14.5) 50.6 (14.1) 57.1 (14.1) 55.1 (13.9) 53.6 (13.4) 

EDV 107.7 ( 32.8) 109.9 ( 31.8) 100.7 ( 31.2) 118.5 ( 30.9) 131.3 ( 54.1) 

ESV 53.9 (39.6) 57.9 (35.3) 46.1(32.5) 56.0 (32.5) 74.8 (52.4) 

EDV, end-diastolic volume; EF, ejection fraction; ESV, end-systolic volume; ECHO, echocardiography. 
 

4. Discussion 
Left ventricular ejection fraction refers to the fraction of 
LV end-diastolic volume ejected during systole. It is the 
most widely used measure of assessment for LV systolic 
function and is familiar to patients and clinicians20. 
Although echocardiography is not a gold standard tool 
for the evaluation of left ventricular EF and volumes, 
decision making in the initial evaluation, management, 
and follow-up of patients with heart failure is largely 
done based on the widely available echocardiographic 
approach21. A good correlation of functional parameters 
derived from gated SPECT MPI with echocardiography 
indicates that gated SPECT MPI can be reliably used for 
the simultaneous assessment of perfusion and function in 
patients with heart failure, which can provide better 
diagnostic and prognostic accuracy for SPECT MPI. 
 

This is the first study in our center assesses the impact of 
two different filters on GSPECT LVEF compared to 
echocardiography. The current practice for cardiac 
imaging in our busy local hospital was based on FBP and 
Butterworth (But) filter for processing the SPECT/CT 
images. The selected Wiener filter has characteristics of 
both the smoothing and blurring compensation. It reduces 
the high-frequency components of the data (that are 
supposed to be the noise) and at the same time, some 
selected medial frequencies are magnified.  

During the process of optimization and to select a most 
suitable filter that provides higher contrast for a range of 
defects, many phantom images were reconstructed by 
applying a series of cutoff frequencies, orders, PSF and 
the noise to signal values for the listed filters18. SPECT 
filters can greatly affect the quality of clinical images by 
their degree of smoothing. Determining the best filter and 
the proper degree of smoothing can help to ensure the 
most accurate diagnosis. 
 
We acknowledge that reconstruction filter is not the only 
parameter that affects the related image quantitatively 
and qualitatively. Other influencing factors such; scatter, 
attenuation, partial volume effect, the imaging system 
calibrations, and choice of collimators are influencing the 
outcome that is not with the remit of this study. The authors 
investigated the practical application of the range of 
filters in previous study18 that are currently employed for 
cardiac processing at the imaging centre. 
 
The measurements of EF, EDV, and ESV by using gated 
SPECT MPI with Cedars Sinai QGS and QPS post filter 
modification well correlate with echocardiography data. 
Although echocardiography is not a gold standard tool 
for the evaluation of left ventricular EF and volumes, 
decision making in the initial evaluation, management, 
and follow-up of patients with heart failure is done based 

y = 0.8925x + 8.9919  (But)
R² = 0.7347

y = 0.9012x + 6.476  (Wie)
R² = 0.7689
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on the widely available echocardiographic approach22. 
A good correlation of functional parameters derived 
from gated SPECT MPI with echocardiography indicates 
that gated SPECT MPI can be reliably used for the 
simultaneous assessment of perfusion and function in 
patients with heart failure, which can provide better 
diagnostic and prognostic accuracy for SPECT MPI. 
Previous works by other authors also showed a good 
correlation between the two methods respectively. 
Vourvouri et al. reported a good correlation between 
QGS and two-dimensional echocardiography in 32 
patients with severe left ventricular systolic dysfunction (r 
> 0.8 for EF, and r > 0.9 for EDV and ESV)23. In a study 
by Berk et al.24, a good correlation between QGS and 
echocardiography was also found in 33 patients with 
dilated cardiomyopathy, and it was noted that eight-
frame gated SPECT overestimates the values of EDV and 
ESV compared with echocardiography; however, it 
appeared the EF was not statistically significant.  Our 
study revealed slightly higher values of EF than 
echocardiogram post correction though, differences were 
not statistically significant. Comparatively EDV, and ESV 
showed lower values than echocardiography for both 
sexes using Cedars Sinai QGS and QPS post filter 
modification (Table 1). In contrast to patients with a small 
heart, the ESV less than the EDV owing to technical 
variability and edge detection and might be explained 
by better count statistics due to partial-volume effect and 
smaller left ventricular volume in the end-systolic frame. 
It has been reported25 that gated SPECT MPI can be most 
advantageous when the simultaneous evaluation of 
myocardial function and perfusion are required, even in 
heart failure patients such as those who are candidates 
for cardiac resynchronization therapy, when the assess-

ment of myocardial viability, ESV, and left ventricular 
dyssynchrony are needed for the evaluation of response 
to cardiac resynchronization therapy. The presented 
results were based on a retrospective study.  
 

5. Conclusion 
The current study, based on the limited number of 
patients, is suggesting that modification of Wiener and 
Butterworth filters could produce results that are 
consistent with ECHO and can help speed image 
processing time since a proper filter function is often 
chosen clinically by the tedious and time-consuming 
process of trial and error. Mean percentage LVEF error 
for Wiener and Butterworth against ECHO LVEF were 2% 
and 6% respectively post correction, together with much 
elevated qualitative acceptable images. The authors are 
aware of the current limited number of patients, though 
the outcome is very encouraging and so aiming to gather 
the larger sample data for further comparison.    
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