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ABSTRACT

Objective: To compare left ventricular parameters using Quantitative Perfusion SPECT / Quantitative Gated SPECT (QPS /
QGS) and 4 Dimension-Myocardial SPECT (4-DM) softwares.

Study Designs: Analytical Cross Sectional study

Place and Duration of Study: Nuclear Medical Centre, Armed Forces Institute of Pathology Rawalpindi, Pakistan from Jun
2022 to Jun 2023.

Methodology: One hundred and thirty seven patients with suspicion of coronary artery disease underwent myocardial
perfusion scan during study duration. The patients underwent stress and rest gated SPECT imaging using a single day
protocol. All the images were processed using QGS / QPS and 4-DM softwares separately and left ventricular parameters
including Summed Stress Score (SSS), Summed Rest Score (SRS), Summed Difference Score (SDS), End Diastolic Volume
(EDV), End Systolic Volume (ESV) and Ejection Fraction (EF) were calculated. Mean values and relationship between both
softwares were calculated.

Results: Out of 137 patients, 80(58.4%) were men and 57(41.6%) were women with mean age of 56.29+£15.17 years. The mean
SSS, SRS, SDS, EDV, ESV and EF by QGS was 9.83+8.08, 6.24+6.01, 2.54+2.18, 93.94+42.73 ml, 48.04+38.16 ml and 55.94+18.06
%. While by 4-DM was 9.07+7.41, 6.72+6.39, 2.84+2.51, 97.64+43.46 ml, 45.02+40.29 ml, 61.59£18.36 % respectively. All the left
ventricular parameters including SSS, SRS, SDS, EDV, ESV and EF as measured by both softwares showed substantial
variation with a p-value of <0.001 suggesting significance statistical difference.

Conclusions: The left ventricular parameters assessed by both softwares differ significantly, so both softwares should not be
used interchangeably for a single patient.
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INTRODUCTION

Cardiovascular diseases are the leading cause of
death attributing to almost one-third of deaths
worldwide i.e., almost nine million per year.! Among
these, prevalence of ischemic heart disease (IHD) is the
much more. Risk factors for cardiovascular diseases
are diabetes, hypertension, dyslipidemia, obesity,

stratification of patients with coronary artery disease.”
However gated SPECT has been comprehensively
used for the assessment of perfusion, yet in addition to
LV functions in patients with known or suspected
ischemic heart disease®# MPI produces data on
myocardial perfusion and left ventricle (LV)
volumes.®1® Two generally used softwares for
smoking along with other health, social and quantification of left ventricle perfusion and functions
behavioral ~factors.2? Multiple modalities like —are Quantitative Perfusion SPECT (QGS/QPS),
echocardiography, cardiovascular magnetic resonance Cedars-Sinai Medical Center, Los Angeles, USA) and 4
(CMR) and computed tomography (CT) or gated Dimension Myocardial SPECT (4-DM, University of
blood pool studies and gated SPECT studies are well- Michigan, Ann Arbor, USA).

known techniques in cardiology.*5¢ Both softwares are extensively studied in
evaluating left ventricular volumes and functional
parameters against a gold standard. Yet it was found
that if both programs are simultaneously applied to
same patients, significant difference was observed for

Among these different imaging modalities, gated
myocardial perfusion imaging (MPI) with SPECT is
most used imaging procedure in the analysis and risk
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left ventricular parameters between both software.
Keeping this perspective in mind we conducted this
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study to calculate mean values and correlate left
ventricular volumes and functional parameters
including Summed Stress Score (SSS), Summed Rest
Score (SRS), Summed Difference Score (SDS) and
function as left ventricular ejection fraction (LVEF),
End Diastolic Volume EDV and End Systolic Volume
(ESV) between both softwares

METHODOLOGY

This analytical cross sectional study was
conducted at Nuclear Medical Centre, Armed Forces
Institute of Pathology, Pakistan from June 2022-June
2023 over a period of one year. Study protocol was
approved from IRB before start of the study (FC-
NMC20-1/READ-IRB/22/1452). Sample size was
determined using WHO sample size calculator with
margin of error 8 %, probability in previous studies
prevalence 0.65 and confidence interval 95% which
came out to be 137.11 Patients were selected by
nonprobability convenient sampling technique.
Informed written consent was obtained from all
participants.

Inclusion Criteria: All patients with suspected
coronary artery disease referred for myocardial
perfusion scan were included in our study.

Exclusion Criteria: Patients who had fixed perfusion
defect on Myocardial Perfusion scan, significant
arrhythmias, symptoms of angina, dilated
cardiomyopathy (DCM) and congestive heart failure
were excluded from our study.

All patients went through stress/rest Gated
SPECT imaging using a single day protocol. Resting
Gated SPECT scintigraphy was done first followed by
stress Gated SPECT  scintigraphy. G-SPECT
scintigraphy was performed in the supine position by
using dual head gamma-camera - cardiac Cor Cam
Gamma Camera System (DDD Diagnostic Denmark).
Camera was equipped with low energy high-
resolution (LEHR) collimators. Sixty four views over
180 0 orbit were obtained from RAO 450 to LPO 1350
with a zoom factor of 1.45 & at the rate of 25 sec per
view and 16 frames per cardiac cycle. Acquired images
were stored in matrix having size of 64 x 64 in the
computer. Butterworth filters (cutoff = 0.5 of Nyquist
frequency, power = 5.0) for gated tomographic images
were used. Ramp filtering was done in the trans axial
plane. The transverse images were re-arranged into
three sets of orthogonal slices i.e. short axis (SA),
horizontal long axis (HLA) and vertical long axis
(VLA), for display and interpretation. These
manipulations were performed on Segami Oasis V1.9

software. Input data were processed on both
QGS/QPS and 4-DM software, both of which were
previously installed on the computer system. Images
were assessed by visual as well as semi-quantification
method. The 20 segment five-point scoring system (0 =
normal perfusion, 1 = mildly reduced perfusion, 2 =
moderately reduced perfusion, 3 = severely reduced
perfusion, 4 = absent perfusion) was employed for
quantification of myocardial perfusion. The SSS and
SRS were calculated by adding the different segment
scores obtained from the study. The SDS was
calculated by subtracting SRS from the SSS, which
indicates degree of ischemia.

All data including patient demographic data and
software parameters were entered and analyzed by
statistical package for the social sciences (SPSS version
20.1). Quantitative data was presented as Mean + SD
and categorical data was presented as frequency and
percentages. To compare SSS, SRS, SDS and function
as left ventricular ejection fraction (LVEF), EDV and
ESV between both softwares independent Sample t
test was applied. Correlation Analysis was used to
find out the realtionship of EF (%age) between QGS &
4DM, and EDV (ml) between GQS & 4DM. The p
value of < 0.05 was considered significant.

RESULTS

Out of 137 patients, 80(58.4%) were men and
57(41.6%) were women, ranging in age between 27
and 86 years (mean age: 56.29+15.17 years). 57(41.6%)
had hypertension, 59(43.1%) had diabetes, 68(49.6%)
had hyperlipidemia, 47(34.3%) had chronic kidney
disease, 43(31.4%) had congestive heart failure,
38(27.7%) had myocardial infarction, 44(32.1%) had
COPD as significant risk factors shown in Table-I. The
mean SSS by QGS was 9.83+8.08 and by 4-DM was
9.07+7.41. The mean SRS by QGS was 6.24+6.01 and by
4-DM was 6.72£6.39. The means SDS by QGS was
2.54+2.18 and by 4-DM was 2.84+2.51. The mean EDV
by QGS was 93.94+42.73 ml and by 4-DM was
97.64+43.46 ml. The mean ESV by QGS was
48.04£38.16 ml and by 4-DM was 45.02+40.29 ml. The
mean EF by QGS was 55.94£18.06 % and by 4-DM was
61.59+18.36 % as shown in Table-II.

5SS, SRS, SDS, EDV, ESV and EF as measured by
both softwares show substantial variation with a p-
value of <0.001 suggesting significance statistical
difference as shown in Table-II. The linear correlations
between EF as calculated by 4DM and QGS/QPS
shows strong correlation with r value of 0.88 as shown
in Figure-1. Similarly, EDV values calculated by 4DM
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and QGS/QPS were strongly correlated with r value
of 0.91 as shown in Figure-2.

Table-I: Baseline Characteristics of Patients (n=137)

Characteristics Values
Age, years (Mean + SD) 56.29+15.17
Gender n (%oage)
Male 80(58.4%)
Female 57(41.6%)
Comorbid n (%age)
HIN 57(41.6%)
DM 59(43.1%)
Hyperlipidemia 68(49.6%)
CKD 47(34.3%)
CHF 43(31.4%)
MI 38(27.7%)
COPD 44(32.1%)

HTN: Hypertension, DM: Diabetes mellitus, CKD: Chronic kidney disease, CHF:
Congestive heart failure, MI: Myocardial infarction, COPD: Chronic obstructive
pulmonary disease.

Table-II: Comparison Of Left Ventricular Parameters Among
Softwares (n=137)

Parameters Software p-value
QGS (n=137) | 4DM (n=137)
SSS 9.8348.08 9.07£7.41 0.005
SRS 6.24+6.01 6.7246.39 <0.001
SDS 2.54+2.18 2.84+2.51 0.014
EDV 93.94+42.73 97.64+43.46 <0.001
ml ml
ESV 48.04+38.16 45.02+40.29 <0.001
ml ml
EF 55.94+18.06 % | 61.59+18.36 % <0.001

SSS: Summed Stress Score, SRS: Summed Rest Score, SDS: Summed Difference
Score, EDV: End Diastolic Volume, ESV: End Systolic Volume, EF: Ejection
Fraction.

Correlation analysis of EF (%age) between GQS and 4DM
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Figure-1: Correlation Analysis of EF (%age) between QGS and
4DM (n=137)

DISCUSSION

In this study the quantitative analysis of left
ventricular perfusion parameters, including the SSS,
SRS and SDS, revealed a significant difference in SSS,
SRS, and SDS values between the two software

packages (p<0.001), indicating that the software choice
impacts the quantification of left ventricular perfusion
parameters. Knollmann et al. compared SSS and SRS
of Normal Databases and found that SSS mean values
were 9.4+10.3 and SRS mean values were 5.8+9.7 for
QPS. Similarly, SSS mean values were 8.248.7 and SRS
mean values were 6.2+7.8 for 4D-M which are
comparable to results found in our study.2

Correlation analysis of EDV (ml) between GQS and 4DM

Figure-2: Correlation Analysis of EDV (ml) between GQS and
4DM

Regarding left ventricular function parameters,
the mean end-diastolic volume (EDV) measured by
QGS and 4-DM were 93.94+42.73 ml and 97.64+43.46
ml, respectively, while the mean end-systolic volume
(ESV) was 48.04+38.16 ml and 45.02+40.29 ml],
respectively. The mean ejection fraction (EF) obtained
with QGS and 4-DM were 55.94+18.06 % and
61.59+18.36 %, respectively. Similar to the perfusion
parameters, significant differences were observed in
the EDV, ESV, and EF measurements between the two
software packages (p<0.001). Lavender et al in their
research found that 4DM-SPECT produces EF
estimates up to 15% above or 12% below the QGS
estimate.’® Niliifer et al. measured EDV, ESV and EF
for 109 females with suspicion of coronary artery
disease but normal MPS and found a difference of 9%
between EF calculated with 4-DM and QGS.14 Main
reason being that these algorithms produce different
results and behave differently from one another and
should not be used interchangeably.!>

Major difference between the QGS and 4DM-
SPECT software is valve plane determination criteria.
In QGS/QPS, valve plane refers to that surface that
intersects the basal myocardial points resulting in an
oblique valve plane tilting towards septal
myocardium.’® Whereas in 4DM-SPECT, the valve
plane is perpendicular to the long axis of the heart.1718
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These findings suggest that there is a discrepancy
in the quantification of both perfusion and function
parameters when using the CSMC (QGS/QPS) and
INVIA-4DM  software packages. The observed
differences in the mean values can be attributed to
variations in the algorithms, segmentation techniques,
and image processing algorithms employed by the
software packages.

At the same time, there are many other
parameters that can lead to significant differences in
estimation of functional parameters including soft
tissue attenuation, obesity and chest circumference of
the patient. Individuals with greater body mass index
(BMI) may have decreased and heterogeneous
myocardial count densities, which leads to
underestimation of EF.1 Moreover, the results of these
types of studies also depends on various physiological
differences that exist between different sexes and that
are not fully understood up-till now.

CONCLUSION

The left ventricular parameters assessed by both
softwares differ significantly, so both softwares should not
be used interchangeably for a single patient.
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