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Abstract
Objective: To investigate the impact of a reconstruction method incorporating corrections for scatter, attenuation, 

and distance dependent detector response on cardiac single emission computed tomography (SPECT) perfusion 
studies compared with filtered back projection (FBP).

Materials and methods: A total of 20 patients underwent same-day, rest-stress SPECT/CT myocardial 
perfusion imaging. Images were reconstructed using iterative 3D ordered-subsets expectation-maximization (OSEM 
3D) and FBP algorithms. Stress and rest myocardial perfusion defects were quantified using polar maps and normal 
database comparisons. The Bland-Altman plots were used to assess their degree of agreement. Results were 
confirmed by coronary angiography. The contrast, contrast to noise ratio and signal to noise ratio were used for the 
quantitative evaluation of the reconstruction quality.

Results: Perfusion defect extent quantification on OSEM 3D reconstructed images agreed and correlated well 
with defect extent quantification on FBP reconstructed images (bias ± standard deviation, -15% ± 20; r = 0.63) 
during stress and at rest (-10% ±15; r=0.70). Agreement and correlation were similar for severity scores during 
stress (-1.02 ± 1.77 SD’s; r=0.62), and at rest (-1.10 ± 1.49 SD’s; r=0.61). There were no statistically significant 
differences between the methods regarding perfusion defect extent or severity. The overall agreement rate with 
coronary angiography was similar. OSEM 3D reconstruction algorithm significantly increases the image contrast by 
31% (P<0.05).

Conclusions: Compensation for detector response, attenuation and scatter improves image contrast compared 
with FBP. Applying quantitative analysis, OSEM 3D reconstruction produced increased image contrast compared to 
FBP, but similar results regarding the size and severity of left ventricular perfusion defects.
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Introduction
Myocardial perfusion imaging (MPI) using single-photon 

emission tomography (SPECT) is a widely used noninvasive modality 
in the diagnosis of coronary artery disease (CAD) and for assessing 
the functional significance of coronary stenoses [1,2]. An adequate 
image reconstruction algorithm is essential for image quality and 
diagnostic value of the technique. The routine for cardiac SPECT image 
reconstruction that has been used for many years was filtered back-
projection (FBP) [3]. It is computationally fast, easy to implement, 
and widely clinically applied. Nevertheless, the FBP reconstructed 
images are degraded by a number of factors including soft tissue 
attenuation, Compton scatter, and collimator blurring, which limit 
spatial resolution, degrade the image contrast, and may distort the 
shape of left ventricular (LV) myocardium [4]. The introduction of 
hybrid SPECT/CT scanners in nuclear cardiology offers the potential 
of performing CT-based attenuation correction (AC) of the emissions 
scans, thus optimizing the diagnostic capabilities of cardiac SPECT. 
New reconstruction algorithms have been developed to include 
attenuation correction in the reconstruction process, as well as other 
parameters, such as depth-dependent collimator blurring and scatter 
[5-7]. Recent work has indicated that iterative reconstruction (IR) 
algorithms can be used to model the spatial resolution and sensitivity 
and compensate for the effects of scatter and attenuation when using 
CT [8-10]. Currently, ordered-subset expectation maximization 

(OSEM) is the preferred iterative method for reconstructing cardiac 
SPECT studies. Published data have demonstrated the ability of OSEM 
to improve lesion detectability, overall image quality and contrast, 
indicating a substantial advantage over the conventional FBP method 
[11,12]. This is particularly important for the interpretation of image 
data affected by visceral activity, breast tissue attenuation in women, or 
diaphragmatic attenuation, which can be confused with true perfusion 
defects.

The current study seeks to evaluate the overall cardiac image quality 
of the OSEM with three dimensional resolution recovery (OSEM 3D) 
and CT based attenuation correction as compared to the conventional 
FBP reconstruction and to correlate the MPI scan findings with the 
coronary angiography. 
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Materials and Methods
Study population

The characteristics of the study population are shown in Table 1. The 
study involved 20 patients (13 males, 8 females, median age 61 years, 
range 41–80 years) who underwent MPI followed by invasive coronary 
angiography (CAG) within 3 months, for any positive or equivocal 
findings for CAD at MPI (using OSEM 3D reconstruction algorithm). 
All patients underwent one-day, low-dose rest, high-dose stress Tc-
99m Tetrofosmin myocardial perfusion SPECT. SPECT images were 
acquired between 15 and 30 minutes after rest injection and between 
45 and 60 min after stress injection. All subjects were given 0.14 mg/
kg/min dipyridamole intravenously over 4 min. Three minutes after the 
end of dipyridamole infusion, the radiopharmaceutical was injected 
through an antecubital vein. Hemodynamic data and 12-lead ECGs 
were recorded every minute during dipyridamole infusion. Informed 
consent was obtained from all patients after they received a detailed 
explanation of the procedure. 

Spect/ct imaging protocol

All studies were completed with a 90°-angled dual-head integrated 
Symbia T6 SPECT/ CT camera equipped with low-energy, high-
resolution collimators. Patients were placed in the supine position 
with arms up, and an end expiration CT scan was acquired before 
SPECT images using a tube current of 130 kV, effective mAs of 13, 
delay 3s, for an axial field of view covering the thorax from the lung 
apex to 1-2 cm below the diaphragm. Emission data were acquired with 
a matrix of 64x64 pixels and a 20% energy window centered at 140 
keV. Further acquisition parameters were 32 projections, 180° orbit, 
and 25 s per projection. On a dedicated workstation (Syngo MMWP, 
Siemens Medical Solutions) images were reconstructed iteratively (10 
iterations, 8 subsets, Gaussian filter, FWHM= 9.6) by using the OSEM 
3D approach (e.soft “Flash3D,” Siemens Medical Solutions) with 
compensation for collimator-detector response as described previously 
elsewhere [12,13]. Datasets were visually assessed for misregistration 
with a fusion/registration software tool (Syngo Advanced Fusion, 
Siemens Medical Solutions), and when needed, a manual realignment 
between SPECT and CT images was performed to improve the CT 
attenuation correction process (Figure 1). The raw data were again 
reconstructed using the FBP method (Butterworth filter, Order 5, with 
a cut off frequency of 0.45 cycles/cm) at the same reorientation and 
reslicing angles as was used by Flash 3D. The numbers of iterations 
and subsets as well as the post smoothing parameters used were 
those recommended by the software supplier for the acquisition type. 
(Siemens/4D-MSPECT, INVIA, Ann Arbor, MI). Data analyses

Polar map plots were generated for both stress and rest cardiac 
tomograms. Normal databases matching the criteria of the selected 
dataset (gender specific, image acquisition performed in the same 
physiologic state, specific image based reconstruction technique) were 
used to define normal myocardial perfusion. Myocardial perfusion 
defects were automatically identified as areas with counts below the 
lower limit of normal (2.5 SD’s as compared with the corresponding 
database). The extent of the perfusion defect was expressed as a 
percentage of the left ventricular surface area and the severity, as units 
of standard deviations (SD) below the normal mean. In addition, the 
correlation between the anatomic localization of the stenotic lesions 
and the location of detected perfusion defects were assessed using the 
polar map displays and a coronary artery distribution model template 

Patient characteristic Number of patients (%)
Abnormal rest ECG results 13 (65%)
Prior myocardial infarction 7 (35%)
Prior catheterization 7 (35%)
Revascularization
PTCA
CABG

5 (25%)
2 (10%)

Pacemaker 2 (10%)
Hypertension 9 (45%)
Diabetes 2 (10%)

CABG= coronary artery bypass graft; ECG= electrocardiogram; PTCA= 
percutaneous transluminal coronary angioplasty

Table 1: Characteristics of the study population.

Variable
Abn. 
segm 
(N)

Mean SD SEM 95% CI of Mean

Extent %

Stress

Severity Score

 Flash 3D
 LAD
 LCx 
 RCA
FBP 
 LAD
 LCx
 RCA

17
17
17

12
13
9

31.94
29.52
41.88

25.08
25.61
25.00

23.58
23.65
27.70

22.44
23.90
23.74

5.71
5.73
6.71

6.47
6.62
7.91

19.81 to 44.06
17.36 to 41.68
27.63 to 56.12

10.82 to 39.34
11.17 to 40.06
6.74 to 43.25

Flash 3D 
 LAD
 LCx
 RCA
FBP
 LAD
 LCx
 RCA

17
17
17

12
13
9

3.77
3.80
3.75

3.49
3.73
3.52

0.89
1.11
0.56

1.19
1.36
0.92

0.24
0.29
0.15

0.31
0.39
0.30

3.23 to 4.31
3.15 to 4.44
3.43 to 4.08

2.80 to 4.18
2.86 to 4.60
2.80 to 4.23

Extent %

Rest

Severity score

 Flash 3D 
 LAD
 LCx
 RCA
FBP 
 LAD
 LCx
 RCA

19
18
19

11
14
11

27.47
22.77
26.84

26.54
19.21
24.09

21.78
17.57
21.91

22.29
18.71
19.36

4.99
4.14
5.02

6.72
5.02
5.83

16.97 to 37.97
14.03 to 31.51
16.27 to 37.40

11.56 to 41.52
8.40 to 30.02
11.07 to 37.10

Flash 3D
 LAD
 LCx
 RCA
FBP
 LAD
 LCx
 RCA

19
18
19

11
14
11

3.39
3.33
3.75

3.56
3.46
3.52

1.29
1.34
0.56

1.11
1.08
0.92

0.33
0.34
0.15

0.32
0.29
0.30

2.67 to 4.10
2.59 to 4.07
3.43 to 4.08

2.85 to 4.27
2.83 to 4.09
2.80 to 4.23

Abn. Segm (N) – number of affected segments (in a bull-eye representation). CI - 
confidence interval; FBP - filtered back projection; Flash 3D-Siemens proprietary 
3D iterative reconstruction algorithm; SD - standard deviation; SEM - standard 
error of the mean. 

Table 2: Comparative description of FBP and Flash 3D derived defect extent 
(number of segments and in %) and severity.

FBP - filtered back projection; Flash 3D-Siemens proprietary 3D iterative 
reconstruction algorithm; FN - false negative; FP - false positive; TN - true negative; 
TP - true positive

Table 3:  Assessment of MPI interpretation using Flash 3D and FBP against 
coronary angiography as the standard of reference.

Flash 3D FBP
Overall LAD LCx RCA Overall LAD LCx RCA

TP n(%) 15 (75) 8 (40) 6 (30) 10 (50) 14 (70) 8 (40) 5(25) 6 (30)
FP n(%) 4 (20) 9 (45) 9 (45) 5(25) 4 (20) 4 (20) 8 (40) 3 (15)
TN n(%) 1 (5) 2 (10) 4 (20) 4 (20) 1 (5) 7 (35) 6 (30) 6 (30)
FN n(%) 0 1(5) 1(5) 1(5) 1 (5) 1(5) 1(5) 5(25)
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included in the software package (Siemens/4D-MSPECT, INVIA, Ann 
Arbor, MI). 

The image quality of FBP and Flash 3D reconstruction was 
characterized using three quantitative criteria: contrast (C), contrast to 
noise ratio (CNR) and signal to noise ratio (SNR). Contrast (C) was 
calculated between two regions of interest (ROIs) drawn inside the LV 
wall and cavity. The mean numbers of counts in these two ROIs were 
calculated, and the contrast was defined as: 

100
AA
AA

C
CavityMyo

CavityMyo ×
+

−
= , where AMyo and ACavity are the mean 

number of counts of the LV wall and the LV cavity, respectively

Noise (σMyo) was estimated as the standard deviation of the mean 
number of counts of the myocardial ROI. 

Contrast to noise ratio (CNR) was determined as the ratio between 
contrast over the noise:

Myo

CCNR
σ

=

SNR in the myocardium region was calculated as the ratio between 
the mean number of counts over the noise:  

Myo

MyoA
SNR

σ
=

Statistical analyses

Data from the 2 reconstruction methods were compared using the 
paired t test. Independent groups were compared using an independent 
t test or 1-way ANOVA with Bonferonni correction. The Fisher exact 
test was used for comparison of proportional data. The estimates of 
left ventricle perfusion defects (percentage of left ventricular defect 
and severity scores) between the two reconstruction methods were 
compared using the Bland-Altman method of comparison [14] 
and Pearson correlation coefficient. A P value of less than 0.05 was 

considered statistically significant. All statistical tests were performed 
with MedCalc for Windows (MedCalc Software, Mariakerke, Belgium).

Results
Coronary angiography

The coronary arteries have been found to be normal on invasive 
coronoary angiography in five of the 20 patients (25%). A significant 
stenosis (arterial narrowing exceeding 50% of the lumen diameter) 
was present in the left anterior descending coronary artery (LAD) in 9 
cases, left circumflex artery (LCx) in 6 cases and right coronary artery 
(RCA) in 11 cases. Single vessel disease was present in six patients 
(30%), double vessel disease in 7 (35%) and triple vessel in 2 (10%) 
patients. 

Characterization of myocardial perfusion defects

The corresponding polar maps of myocardial perfusion were 
assigned to one of the three major coronary arteries using a standard 
template. All myocardial perfusion defects were automatically 
quantified for the extent and severity with both SPECT reconstruction 
methods (Figure 2). Descriptive statistics for the perfusion defect 
measurements are shown in Table 2 and Figure 3.

Perfusion defects on stress images: A total of 60 myocardial 
segments were included in stress analysis: 51 (85%) showed decreased 
perfusion with Flash 3D and 34 (57%) with FBP reconstruction. 
The mean differences in defect extent between the two methods of 
reconstruction were 6% for the LAD artery, 4% for the LCx and 17% 
for the RCA artery. Correspondingly, the mean differences in severity 
scores were 0.3SD’s for the LAD, 0.1SD’s for the LCx and 0.2 SD’s for the 
RCA. No significant differences were found between the two methods 
of reconstruction regarding the defect extent and severity during stress. 
When all defect extent and severity scores of all coronary arteries were 
pooled, the Bland-Altman method of comparison revealed an observed 
bias of -15 ± 20.73% (overall correlation coefficient, r=0.63) for the 

Figure 1: The resulting image from FBP and Flash 3D reconstruction. Top row shows the alignment of cardiac data matching CT and SPECT images. Middle row 
shows midventricular short-axis slices reconstructed with FBP. Note the presence of an inferior wall perfusion defect on stress-rest images indicating an inferior wall 
myocardial infarction. Bottom row shows midventricular short axis slices reconstructed with Flash 3D. Note the absence of the inferior wall defect, suggesting that this 
was an artifact. Also, better contrast between the left ventricular walls and cavity and better visualization of the right ventricle.
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Figure 2: The coronary artery territory template used for defect extent and severity scores quantification with both reconstruction methods.

Figure 3: Comparison of the defect extent results (left side) and severity scores (right side) at stress (upper row) and rest (bottom row) obtained with FBP and Flash 
3D reconstruction techniques according to the Bland-Altman graphic method. 
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defect extent measurement, and a bias of -1.02±1.77 SD’s (overall 
correlation coefficient, r=0.62) for the severity score. 

Perfusion defects on rest images: Of 60 myocardial segments 
studied, decreased myocardial perfusion was found in 56 (93%) in 
Flash 3D based reconstructions and in 36 (60%) in FBP. The mean 
differences in defect extent between the reconstruction methods 
were 1%, 4% and 3% within the vascular territory of LAD, LCx, and 
RCA, respectively. Mean severity scores slightly increase in FBP by 
0.2 SD’s within the LAD and by 0.1 SD’s in LCx and decrease by 0.2 
SD’s within the RCA vascular territories. No significant differences 
were encountered between the two methods of reconstruction at rest. 
Bland-Altman analysis for pooled data showed a bias of -10.27±15.37% 
(overall correlation coefficient, r=0.70) for the defect extent size, and 
a bias of -1.10±1.49 SD’s (overall correlation coefficient, r=0.61) for 
severity scores.

Comparison between coronary angiography and SPECT-MPI

All MPI studies exhibiting stress perfusion defects were considered 
abnormal. The overall level of disagreement (number of false-
negative and false-positive cases) for CAD detection against coronary 
angiography results was comparable in Flash 3D and in FBP image-
based reconstructions, (4 cases vs.5 cases, P=NS). The distribution 
of true positive (TP), false positive (FP), true negative (TN), or false 
negative (FN) perfusion defects according to the reconstruction 
technique and anatomic localization of the stenotic lesions is shown 
in Table 3. The disagreements for the absence or presence of perfusion 
defects in the coronary artery territories using Flash 3D were slightly 
higher in the LAD and lower in the RCA coronary territory as compared 
to the FBP, but no statistical significance was reached. 

Image quality evaluation

Flash 3D reconstruction algorithm significantly increases the image 
contrast by 31% (P=0.002) during stress (from 30 to 61%, P=0.005) and 
at rest (from 11 to 42%, P< 0.001). A trend towards a decrease in SNR 
and CNR values was found during stress (from 9.04±3.34 to 7.64±2.68 
for SNR, P=NS and from 0.52±0.84 to 0.22±0.11 for CNR, P=NS) and 
at rest (from 9.34±2.93 to 8.56±3.23 for SNR, P=NS and from 0.71±1.49 
to 0.63±0.36 for CNR, P=NS) as compared with FBP.

Discussion 
The present study was performed to assess the feasibility of an 

OSEM reconstruction algorithm and CT- based attenuation correction 
(Flash 3D), which has been reported to improve image quality and 
quantitation performance by applying compensation techniques 
for photon attenuation, Compton scatter and 3-dimensional depth-
dependent resolution [12,13,15]. First, we compared the impact of 
Flash 3D versus FBP on myocardial perfusion defect and severity 
quantification in 20 patients who had undergone both stress-rest 
myocardial perfusion SPECT and coronary angiography. Our results 
indicated that there was no statistically significant difference in 
myocardial perfusion defect extent and severity using Flash 3D versus 
FBP. This study showed that the number of patient images with 
perfusion defects was identical with Flash 3D and FBP reconstruction. 
Small differences in perfusion defect extent (up to 6%) were 
encountered in individual coronary artery territories with Flash 3D 
against FBP, except the RCA vascular territory (17% mean difference 
during stress), but no statistical significance was reached. The 
difference in mean severity scores was negligible, with the highest value 
of 0.3 SD’s found in the LAD coronary territory during stress. With 
respect to individual vascular territories (Table 3), the disagreements 

between the two types of reconstruction were mostly in the RCA and 
LCx arteries. This is probably due to the effect of subdiaphragmatic 
activity and diaphragmatic attenuation especially in the case of inferior 
wall which is not corrected in FBP reconstruction.  This finding may 
suggest that, although the compensation techniques for the photon 
attenuation and scatter might be effective with Flash 3D, it does not 
decrease the difficulties associated with the inferior wall attenuation 
artifacts [16]. Also, a certain degree of misregistration might be present 
between SPECT and CT data, even after manual realignment. Scatter as 
well, may contribute, since all patients underwent pharmacologic stress 
with dipyridamole, well-known for the high radiopharmaceutical 
uptake in the liver [17]. Nevertheless, the use of a standard template of 
coronary arteries distribution in MPI perfusion analysis may have also 
influenced.  For instance, if a perfusion defect lies in the RCA territory, 
slightly increased perfusion defect size in Flash 3D reconstruction will 
incorporate part of the LCx territory as well [18]. Summarizing, Flash 
3D algorithm provides results equivalent to conventional FBP in terms 
of quantitative myocardial perfusion defect analysis and location as 
confirmed by coronary angiography.  

Like previous studies [19-21] our results indicate that combined 
scatter, attenuation and detector response correction led to an increase 
in image quality. The contrast between the myocardial wall and the 
left ventricular cavity increases by 31%. Without any corrections (FBP 
reconstruction), the CNR and SNR values were higher, with a trend 
toward decreased values in Flash 3D reconstructed images that is 
consistent with a slight increase in image noise. This could be related 
to the increased number of iterations and subsets used in our study 
(10 iterations, 8 subsets) which may have an additive effect on noise 
as it has been suggested by other researchers [22,23]. Anyhow, Flash 
3D reconstructed images are improved quantitatively by increasing the 
absolute values of image contrasts, while CNR and SNR values remain 
approximately equal to those measured in the FBP reconstructed 
images. 

The small number of subjects studied is a major limitation of the 
study and subsequent large scale clinical implementation of this novel 
image reconstruction algorithm requires a further larger patient study 
rigorously tested in standardized conditions. 

Conclusions
OSEM 3D image reconstruction algorithm (Flash 3D) with 

attenuation, scatter, and spatial resolution compensation proved to be 
superior to conventional FBP in terms of image contrast, and equivalent 
to FBP for specific clinical findings, and in particular does not decrease 
the difficulties associated with the inferior wall attenuation artifacts.
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