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Abstract
The aim of this study was to compare the correlation and consistency of left ventricular ejection frac-
tion (LVEF) obtained by ECG-gated myocardial perfusion SPET (GMPS) using the four formulas (R0-
R3) in ECToolbox software and by equilibrium radionuclide ventriculography (ERNV), and determine 
the optimal diagnostic thresholds of the four formulas in a Chinese population. A hundred and three 
candidate donors (59 male and 44 female), including 38 patients with a history of myocardial infarc-
tion and 65 patients with suspected coronary heart disease, underwent both 99mTc-MIBI rest GMPS 
and technetium-99m red blood cells (99mTc-RBC) ERNV within a week. The LVEF values calculated by 
ECToolbox R0, R1, R2 and R3 were compared with those obtained by ERNV. Using LVEF≥50% obtained 
by ERNV as the gold standard, the optimal diagnostic thresholds of the four formulas (R0-R3) were 
assessed by receiver operating characteristic (ROC) curves. Results showed that the mean LVEF value of 
ERNV was 54.6%±17.5%, and the mean LVEF value of the four formulas was 64.1±15.7%, 56.3±15.1%, 
69.9±17.9% and 56.3±13.6%, respectively, showing a significantly strong correlation between the 
results obtained by the two methods (r>0.85, P<0.001). All mean LVEF values obtained by the four 
formulas were higher than the mean LVEF value obtained by ERNV, and there was very significant dif-
ference between R0 and R2 results and the ERNV result (t=12.511 and 18.652, P<0.001). Furthermore, 
there was significant difference between R1 and R3 results and the ERNV result (t=2.169 and 2.570, 
P<0.05). Using ERNV LVEF≥50% as the normal diagnostic value, the optimal diagnostic threshold of 
R0~R3 was 56.5%, 51.5%, 64.5% and 52.5%, respectively. There was a strong correlation between the 
LVEF values obtained by the four formulas in ECToolbox software and ERNV, but the numerical values 
of LVEF differed between the four formulas. In conclusion, A strong correlation was observed among 
R0, R1, R2 and R3 in the ECToolbox software when compared with ERNV and also between them for 
the assessment of LVEF. However, there were some differences in the numerical values of LVEF gener-
ated by the individual formulas, which must be taken into account in comparing clinical studies.

Introduction

M yocardial perfusion single photon emission tomography (SPET), (MPS) has been 
used increasingly as an important technique for the clinical diagnosis of cardiac 
function. Electrocardiography (ECG)-gated MPS (GMPS) is able to evaluate the 

left ventricular (LV) perfusion by a single imaging study, and analyze the LV function quan-
titatively by taking advantage of the software. ECToolbox software which is one of the 
most commonly used software for calculation of GMPS LV ejection fraction (LVEF) assumes 
that the LV is a 3D mixture of a semi-sphere and a cylinder to calculate thickening of the 
left ventricular wall according to the maximum myocardial radioactive counting at end-di-
astole and end-systole using Fourier analysis. Assuming the left ventricular wall thickness 
at end-diastole as 10mm, the outer radius of the internal and external membranes was 
calculated according to the thickening of the ventricular wall, based on which the border-
line between the LV internal and external membranes was defined and parameters of LV 
function were calculated [1, 2].

The new edition (version 3.1) of ECToolbox provides four calculation formulas: R0, R1, 
R2 and R3. There are some differences between the LVEF values obtained by the four for-
mulas. All these formulas have a normal data set against which the patient parameters are 
compared and gated results are obtained. As the database in these software programs 
is not based on a Chinese population, it is imperative to define normal limits using our 
patient population. However, there has not been a study reporting how to determine the 
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Subjects and methods

Study population and ethics
Included in this study were 103 patients (59 male and 44 
female) who underwent GMPS and ERNV between March 
2012 and January 2013, who ranged in age from 37 to 84 
years with a mean of 63.6±11.7 years. 

applicability of the four formulas. The report of Wang et al 
(2010) [3] compared R0, R1 and R2 only. 

In this study, we compared the LVEF distribution obtained 
by the four formulas in ECToolbox software and the LVEF value 
obtained by equilibrium radionuclide ventriculography (ERNV), 
in an attempt to determine the most suitable LVEF thresholds 
calculated by the four formulas based on Chinese population. 
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Table 1. The results of reproducibility obtained from five patients by repeated calculations of five observers using the four for-
mulas 

Patient R0 CV    R1 CV    R2 CV    R3 CV ERNV CV

1 85.2±1.3 1.53 75.8±1.1 1.45 89.6±0.8 0.89 74.4±1.2 1.61 79.5±1.0 1.26

2 73.3±1.3 1.77 65.4±0.9 1.38 82.6±1.7 2.06 64.4±1.5 2.33 67.1±1.4 2.09 

3 64.5±1.1 1.71 56.7±1.3 2.29 71.2±1.4 1.97 57.3±1.2 2.09 61.6±0.9 1.46 

4 51.8±0.7 1.35 43.4±1.3 3.00 55.2±1.2 2.17 45.8±0.8 1.75 45.1±1.1 2.44 

5 36.9±1.2 3.25 29.7±0.8 2.69 37.5±1.5 4.00 32.1±1.2 3.74 34.5±0.8 2.32 

Table 2. LVEF values calculated by the four formulas in ECToolbox software 
using ERNV 50% as the dividing value of grouping

        <50%           ≥50%

n Mean±SD Range n Mean±SD Range 

ERNV 66 35.3±9.0 21-49 66 65.5±10.1 50-89 

R0 66 46.3±6.8 36-66 66 74.1±8.9 51-90 

R1 66 39.2±6.5 29-58 66 65.9±8.6 44-84 

R2 66 49.2±8.2 36-73 66 81.5±9.0 55-90 

R3 66 41.2±5.8 32-58 66 65.3±7.8 45-82 

Table 3. Paired analysis of the results (%) 
obtained by the four formulas and ERNV

Mean 
value  SD t 

R0-ERNV 9.51 7.68 12.551** 

R1-ERNV 1.65 7.74 2.169* 

R2-ERNV 15.28 8.31 18.652** 

R3-ERNV 2.04 8.07 2.570* 

*P<0.05; **P<0.01

Figure 1. Correlation analysis be-
tween LVEF values obtained by the 
four formulas and by ERNV.
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The 103 patients included 38 patients with a history of myo-
cardial infarction and 65 patients with suspected coronary 
heart disease. All patients underwent GMPS and ERNV within 
a week. Patients who developed acute myocardial infarction 
or unstable angina pectoris within the last three weeks, or re-
ceived coronary artery revascularization or had valvular reflux 
within the previous 30 days were excluded from the study. 
The local Ethics Committee approved the study and all pa-
tients gave their informed consent.

99mTc-MIBI GMPS
Rest GMPS was performed 60min after the intravenous (i.v.) 
injection of 99mTc-MIBI 740MBq. Images were collected using 
Infinia Hawkeye SPET/CT (matrix 64Χ64) low-energy high-reso-
lution collimator (GE, US), and by GMPS simultaneously. With 
the probe rotating 180°, a postural picture was taken per 3°. 
Each cardiac cycle was divided into 8 frames of equal duration, 
and each posture lasted 20sec. Images were reconstructed by 
the ordered subset expectation maximization (OSEM) method. 
Tomographic images were reconstructed by Butterworth. The 
cutoff frequency was 0.4, and the steepness factor was 10. 

99mTc-RBC ERNV 
Equilibrium radionuclide ventriculography was performed 

20min after the i.v. injection of stannous pyrophosphate 
until it was equilibrially mixed with the subsequent i.v. in-
jection of the eluent of 740MBq 99mTcO4

-. Images were ac-
quired in a 64Χ64 matrix of 32 gated frames using Infinia 
Hawkeye SPET/CT low-energy high-resolution collima-
tor (GE, US). The data from the ERNV were acquired and 
stored in ECG-gated frame mode. Studies with rejected 
beats greater than 10% of the total were excluded from 
the analysis.

Image treatment and analysis
The collected images were treated and analyzed on Xeleris 
workstation (version 3.0). Gated myocardial perfusion SPET 
LVEF image treatment was performed by the four formulas 
(R0-R3) in ECToolbox software (version 3.1). The ERNV LVEF 
image treatment was performed using the blood pool anal-
ysis system provided by Xeleris workstation. Left ventricular 
ejection fraction of ≥50% obtained by ERNV was regarded as 
the normal reference. 

Reproducibility test
Five GMPS and ERNV images were selected randomly and 
treated by the same doctor who was blind to the experi-
ment, for five times, to analyze consistency. 

Table 4. Thresholds of ECToolbox four formulas

AUC value SD Threshold Sensitivity (%) Specificity (%)

R0 0.990 0.007 56.5 97.0 94.6

R1 0.990 0.007 51.5 95.5 97.3

R2 0.990 0.007 64.5 95.5 97.3

R3 0.990 0.007 52.5 95.5 97.3

Figure 2. Bland-Altman plots 
showing the consistency be-
tween ECToolbox four formulas 
and ERNV.
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Statistical analysis 
Statistical analysis was performed using SPSS 18.0. All data 
are expressed as sx±

−

. Consistency of the observer was 
examined by coefficient of variation. Correlation analysis 
was verified by Pearson test. Consistency of image analyses 
was verified by Bland-Altman method. R0~R3 LVEF dividing 
values were obtained by ROC curves with reference to ERNV 
LVEF≥50%. 

Results  

Reproducibility of ECToolbox software 
The LVEF values repeatedly obtained by the observer showed 
good reproducibility with a CV <5% (Table 1). 

LVEF results of ERNV 
The mean LVEF value of the 103 patients calculated by 
ERNV was 54.6±17.5% (median: 55%, range: 21%-89%), and 
the mean LVEF value calculated by R0, R1, R2 and R3 was 
64.1%±15.7% (median: 67%, range: 36%-90%), 56.3%±15.1% 
(median: 59%, range: 29%-84%), 69.9%±17.9% (median: 75%, 
range 36%-90%), and 56.7%±13.6% (median: 59%, range: 
2%-82%), respectively. 

Of the 103 patients, ERNV LVEF value was <50% in 37 pa-
tients, and ≥50% in 66 patients. LVEF values calculated by the 
four formulas in ECToolbox software are shown in Table 2. 

Comparison of LVEF values between ECToolbox and 
ERNV
Correlation analysis showed good correlation between 
LVEF values obtained by the four formulas and those ob-
tained by ERNV (R0-ERNV: r=0.899, P<0.001; R1-ERNV: 

r=0.898, P<0.001; R2-ERNV: r=0.890, P<0.001; R3-ERNV: 
r=0.895, P<0.001) (Fig. 1). Paired t test showed that there 
were some differences between the mean LVEF values 
obtained by R0~R3 and the mean LVEF value obtained 
by ERNV (Table 3). There was very significant difference 
between the results obtained by R0 and R2 and those ob-
tained by ERNV (t=12.511 and 18.652, P<0.001), and there 
was significant difference between the results obtained by 
R1 and R3 and those obtained by ERNV (t=2.169 and 2.570, 
P<0.05). Bland-Altman plots showed the 95% CI range of 
LVEF difference obtained by the four formulas was similar 
to that obtained by ERNV, but the difference in the mean 
value of LVEF obtained by R1 and R3 and that obtained by 
ERNV was near zero (Fig. 2). 

Assessment on LVEF thresholds obtained by the four 
formulas and ERNV
Using ERNV LVEF≥50% as the gold standard, the optimal 
threshold of R0~R3 was 56.5%, 51.5%, 64.5% and 52.5% re-
spectively as shown by the ROC curves. Analysis of the area 
under the curve (AUC) of LVEF obtained by each formula 
showed that the mean AUC was 0.99 (Table 4, Fig. 3). 

Comparison of ECToolbox four formulas
The result of two-two correlation analysis of the LVEF val-
ues obtained by R0~R3 showed a good correlation be-
tween the results of the four formulas (all r>0.99). Further 
paired t test showed that there was significant difference 
between R1 and R3 (t=2.281, P=0.025<0.05), and there was 
very significant difference between the other formulas 
(R1:t=106.024, P<0.001; R0-R2:t=19.9160, P<0.001; R0-R3: 
t=33.530, P<0.001; R1-R2: t=39.936, P<0.001; R2-R3: t=28.267, 
P<0.001). 

Original Article
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Figure 3. ROC curves 
obtained by ECTool-
box four formulas us-
ing ERNV LVEF 50% as 
the threshold. 



Hellenic Journal of Nuclear Medicine May - August 2013www.nuclmed.gr 95

Discussion 

The aims of this study were: a) to correlate the LVEF obtained 
on rest-gated SPET using four formulas in ECToolbox soft-
ware with LVEF obtained on ERNV at rest, which is consid-
ered the reference standard for the calculation of LVEF; b) to 
intercompare the LVEFs obtained by different formulas and 
c) to set a cutoff value for LVEF obtained using different for-
mulas in our patient population.

The initial study of Faber et al (1999) [4] showed that the 
success rate of ECToolbox automatically mapping out the 
LV internal and external membranes was 96%, showing a 
good correlation with the MR phenomenon and first-pass 
RNA. Later studies reported that LV parameters calculated 
by ECToolbox had a good correlation with the MRI result 
[5-7], and with the result of cardiac blood pool imaging as 
well [8-10]. As ECToolbox assumes the thickness of the LV 
wall at end-diastole as 10mm, error may occur when there 
is a LV wall tumor or myocardial hypertrophy causing thick-
ening or thinning of the ventricular wall. Other studies have 
found that ECToolbox usually over-rates LVEF as compared 
with heart MRI or cardiac blood pool imaging [5, 8]. Simi-
larly, in our study we noted the LVEF values obtained by 
all formulas of ECToolbox software were higher than that 
obtained by ERNV. 

All these LVEF calculations were based on the original 
R0 formula, but version 3.1 ECToolbox software has three 
more R1~R3 formulas for verification. Of the four formulas 
in ECToolbox software, R0 is the original formula estab-
lished on the basis of the heart model; R1~R3 are progres-
sion equations of R0; R1 and R3 are obtained on the basis 
of comparison of LVEF values as calculated by ECToolbox 
and Cedars Sinai Quantitative Gated SPET (QGS) programs, 
of which R1 is calibrated according to QGS images of the 8 
frames of each cardiac cycle, and R3 is calibrated accord-
ing to QGS images of the 16 frames of each cardiac cycle, 
where the equation for LVEF calculation is: y=0.96x-0.53 
and y=0.885x+0.0173, respectively. R2 is the result of com-
parison between ECToolbox and GMPS images, where the 
equation is y=1.22x-0.072. It was found in clinical practice 
that there were relatively large differences in LVEF values 
calculated by the four formulas. Wang et al (2010) [3] as-
sessed the LVEF measured by three of the four formulas 
in ECToolbox software in correlation with ERNV in 64 pa-
tients with ischaemic heart disease or hypertension. They 
showed that there was good correlation between the LVEF 
values measured by the three formulas and those meas-
ured by ERNV (P<0.05). They also found that the three for-
mulas overestimated LVEF in varying degrees , and the LVEF 
values of R1 and ERNV revealed no significant differences 
(P<0.05), whereas R0 and R2 yielded significantly higher 
values compared with ERNV (P>0.05). However, this report 
did not study the R3 formula and moreover, did not analyse 
the normal cutoff values of LVEF of R0, R1 and R2.

Few studies [8, 11] have compared the LVEF values of car-
diac software programs with ERNV. Ballal et al (2012) [8] re-
ported a strong correlation of ECToolbox, QGS, 4D-MSPECT 
and Myometrix software programs with ERNV for the assess-
ment of LVEF. In the above study, there were some differ-
ences in the objective values and the normal cutoff values 
of LVEF generated by individual software, for clinical studies. 
Similar findings were suggested by other researchers [11], 
who found that the LVEF values obtained by the ECToolbox 

or QGS were significant correlation with gated cardiac blood 
pool scan (GCBPS), they are significantly different and not in-
terchangeable with gated cardiac blood pool scan (GCBPS) 
results. In our study good correlation between LVEF values 
obtained by the ECToolbox software and by ERNV was also 
found. The authors compared only LVEF values obtained 
from the different software, however, they were not con-
cerned about the four formulas of the same software EC-
Toolbox. 

The higher LVEF values calculated by the four R0-R3 for-
mulas than by ERNV, that we found in this study could be 
explained by differences in the operation of software algo-
rithms. The mean value of LVEF obtained by R1 was closest 
to that obtained by ERNV as others have also reported [3]. 
Ours was the only study that compared the mean LVEF of all 
four R0-R3 formulas with those of the ERNV. 

In the present study, we also found that the width of 
Bland–Altman limits of LVEF for all four formulas was simi-
lar with that of ERNV indicating that the LVEF values for the 
four formulas seemed to similarly disperse around the ERNV 
values. 

The cutoff values derived by the ROC analysis were 56.5, 
51.5, 64.5 and 52.5% for R0, R1, R2 and R3, respectively. 
The area under the curve (AUC) value for each formula was 
high and not different between algorithms, indicating high 
sensitivity and specificity of each of the formulas. Correla-
tion analysis showed a strong correlation between the LVEF 
values calculated by the four formulas, which is consistent 
with the fact that R1, R2 and R3 all come from the regression 
equation of R0. However, two by two correlation analysis of 
these four formulas showed that there was significant differ-
ence in LVEF values, indicating that the values calculated by 
the four formulas should not be used randomly. The same 
formula should be used in the follow-up of the same patient. 
The differences in the objective values of LVEF generated 
by the individual formulas can be explained by the differ-
ent regression coefficient used in the linear equations for 
each formula. In addition, whether or not the LVEF is normal 
should not be judged by its 50% value only; rather, a differ-
ent threshold should be selected when a different formula is 
used. We can conclude that similar results can be obtained 
from each formula, keeping in mind the different threshold 
values. To the best of our knowledge this study is the first to 
derive the normal cutoff values in a Chinese population for 
all these four formulas.

In conclusion, we found a high degree of correlation be-
tween all four formulas R0-R3 of the ECToolbox and equilib-
rium radionuclide ventriculography. We also found a good 
correlation when software packages were compared with 
each other. However, there were some differences in the 
objective values of left ventricular ejection fraction (LVEF) 
generated by individual formulas, which must be taken into 
account for clinical studies and use only the same formula in 
the same patient for comparison. The normal cutoff values 
for the derived LVEF were 56.5, 51.5, 64.5 and 52.5% for R0, 
R1, R2 and R3, respectively, as measured for the first time in 
a Chinese population. These cutoff values can be taken into 
account when reporting LVEF by the different formulas in 
clinical practice.
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