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ARTICLE INFO ABSTRACT

Atrticle history: Iterative reconstruction on Single Photon Emission Computed Tomography (SPECT)
Received 4 June 2023 imaging has recently been commercially available, resulting in reconstructed images
Received in revised form 6 October 2023 with lower noise levels and better spatial resolution. The reconstruction variables
Accgpted 15 Qctober 2023 employed and chosen under these suggestions include post-filtering, as well as several
Available online 31 October 2023 . . X .
iterations and subset numbers. However, most of the number of iterations and subsets
will give distortion to the segmentation image on a volume to be segmented. For this
purpose, this paper will compare the effect of distortion on the dice similarity
coefficient of volume segmentation for the iterative reconstruction setting by default
as practice. The best outcome with the smallest root-mean-square deviation, highest
percentage contrast values, and highest dice similarity coefficient) for all iterations and
subsets is in iteration 6 subset 16. Here, the root-mean-square deviation is 8.06.
Moreover, the four most enormous spheres can be calculated from the six spheres
filled. The best contrast percentage is in subset 32, but the background variability for
that subset is exceptionally high, which is 64.5. With post-filtering implementation, the
scatter-corrected slices show the most enhanced image resolution and contrast when
using advanced Astonish reconstruction algorithms. The user must decide if noise
Keywords: reduction via post-filtering or increased image resolution is more suitable for a certain
SPECT; Astonish; OSEM imaging process.

1. Introduction

Iterative reconstruction using Single Photon Emission Computed Tomography (SPECT) is
frequently used in clinical practice and has significantly improved image quality recently. The majority
of recent advancements included expanding the system model to include more variables to simulate
the emission/detection process more precisely [1]. SPECT acquisitions are used to gather the photon
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projection from source distribution to create three-dimensional (3D) images of gamma emitter
distributions [2].

Following the acquisition of a SPECT study, trans-axial slices are computed utilizing mathematical
techniques using emission scan projection data [3]. First, they proposed two-dimensional (2D)
iterative reconstructions to substitute filtered back-projection (FBP) at about the same time. After
implementing attenuation and scatter corrections, they moved on to 3D iterative processing in more
recent years [4]. A satisfactory image quality that satisfies the clinical requirements for examinations
is referred to as good imaging performance. However, keeping the dose at the lowest possible
amount is acceptable [5]. Because of that, several reconstruction algorithm methods have been
developed; there are two approaches to image reconstruction of SPECT imaging.

The first one is analytical reconstruction, and the second one is an iterative reconstruction [6].
The iterative reconstruction is classified into two categories: ordered subset expectation
maximization (OSEM) as well as maximum-likelihood expectation maximization (MLEM). Currently,
most of the SPECT modalities use iterative reconstruction [7]. In iterative reconstruction, subsets may
naturally correspond to groups of projections. Meanwhile, subsets matching the processing of
projections in opposing pairs are used in subsequent simulations, and additional options may be
considered [8].

For the different modalities, the data were reconstructed via General Electric Evolution for Bone,
Philips Astonish, or Siemens Flash3D of eight subsets, as well as different iterations [9]. Nevertheless,
there is an exceptional procedure in Philip SPECT modalities called the Astonish reconstruction
method. The Astonish reconstruction technique utilises a double filtering approach to mitigate noise
and improve uniformity, which improves reconstruction accuracy [10].

Astonish refers to an OSEM iterative approach that lowers statistical noise, allowing for lower
injected doses and faster acquisition time. Additionally, the Astonish algorithm offers signal-to-noise
improvement, resulting in reasonable image quality with a shorter scan time while reducing motion-
induced artefacts [11]. The Astonish software package uses the three-dimensional ordered subset
expectation maximisation (3D-OSEM) algorithm for image reconstruction. The 3D-OSEM algorithm,
based on the MLEM algorithm, models Poisson noise for counting statistics during data gathering and
avoids the long-range noise texture (such as noise streaks) frequently present in FBP reconstructed
images.

The use of 3D technology enables 3D resolution recovery to be incorporated during image
reconstruction [12]. Hippeldinen et al., evaluated the outcomes of several OSEM reconstruction
techniques. They found that alighment performed at its best when the images were corrected for
attenuation, scatter, detector response, and collimator response [13]. However, the standardization
of protocols in each modality used does not take into account the distortion in a volume
segmentation for each use of the number of iterations and subsets during image reconstruction.

Most studies only focus on evaluating the hot contrast sphere and background variability for
SPECT images [14,15]. Nonetheless, a lack of studies has the effect of the number of iterations and
subsets on image distortion during the reconstruction process [16,17]. Therefore, this study will focus
on the effect of using iteration number and subset on distortion volume segmentation Astonish
reconstruction method. In addition, this paper will present some novel Dice similarity measures of
volume segmentation for various iterations and subsets.

The unique Graphic User Interface (GUI) known as Medical Image Analysis Version 2.5 (MIA) was
used to assess the contrast noise ratio and background variability for every number iteration and
subset as dependent variables in this study. Furthermore, the contrast sphere and background ratio
will be evaluated to determine the best image quality for clinical practice. In addition, this study will
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use the National Electrical Manufacturers Association (NEMA) phantom with six standard spheres
with lodine-131 (*311) inside as a radiotracer for projection gamma emitter sources.

2. Methodology
2.1 Phantom Preparation

The comparison iteration and the subset of the advanced reconstruction algorithms Philips
Astonish were performed with the NEMA 2007 NU-2 image quality phantom. The NEMA 2007-NU-2
standard’s body phantom was utilized to evaluate the transaxially images’ quality [18]. The NEMA
2007-NU-2 standard’s image quality (IQ) phantom was used, although 31| was used instead of 18F.
The six spheres were filled with a 31| solution that produced an 8:1 lesion-to-background ratio and
had the following dimensions: 37 mm, 28 mm, 22 mm, 17 mm, 13 mm, and 10 mm. All six spheres
were filled, having a concentration of 0.211 MBqg/ml compared to the background phantom’s
concentration of 0.0253 MBg/ml.

On SPECT systems, the tomographic acquisitions were made by Philips BrightView-XCT with the
JetStream as their workstation. All acquisitions followed the same protocol: 128 x 128 matrix size,
360 Single Photon Emission Computed Tomography (SPECT) with six steps, 40 frames per second,
and a variable rotational radius according to the proximity to the phantom surface. An ordinary NECK
SPECT SPECT Philips specification of 120 kV and 20 mAs scan was performed after the SPECT
acquisition. The acquisition workstations scaled the CT data and utilized it to adjust for attenuation.
According to measurements of a point source in water, Philips uses scatter kernels that have already
been calculated [19].

The same image processing workstations usually used for SPECT reconstruction were used for the
reconstructions: Philips Jet-Stream 3.0 (Software version: v. 4.0.3.5, 2009). Astonish reconstructions
were performed with different iterations and subsets. Four iterations, namely 2, 4, 6, and 8, with
subsets 8, 16, and 32, were used for comparison. A Hanning filter with a cut-off was set up for all
modes of iterations and subsets.

2.2 Evaluation of Image Quality

The maximum count for the hot spheres is included in the trans axial slice of the NEMA image
guality phantom, which was used to evaluate image quality. MATLAB R2022a was used as a medium
to analyse the image quality. This GUI, called MIA 2.5, as shown in Figure 1, was developed by Laszlo
Balkay (https://www.mathworks.com/matlabcentral/fileexchange/4706-mia-2-5?s _tid=srchtitle).
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Fig. 1. Medical image analysis

The calculation of the contrast percentage for each hot sphere is as Eq. (1):

Csi/C,—1
S =—2L"" %100 1
R,/Rp, — 1 (1)
where Cs; identifies the counts in a circular region-of-interest (ROI) that is the same diameter as
sphere j. The ratio of the activity concentration in the hot sphere to the activity concentration in the
background is indicated by Rs/Rp. Meanwhile, Cyp stands for the average counts of background ROIs
of equal size. The percentage of background variability, BV, is as in Eq. (2):

SD,,
BV = —2x 100 )
Cp

where, SDy is the standard deviation for background ROI.

Image distortion is evaluated from the IQ images, while aspect ratio is defined as the ratio of the
volume calculation divided by the actual volume. The best-fitting ellipse to a contour and isosurface
function was derived utilizing MATLAB R2022a [20] to capture the best volume calculation distortion.
Figures 2(a), 3(a), and 4(a) demonstrate results from the volume calculation distortion.

2.3 Distortion Evaluation

The Dice Similarity Coefficient is a measure of correspondence between two sets [21], as well as
being used in the context of image segmentation to be defined as two times the volume of the
overlap between two volumes of interest (VOI) divided by the total sum of the VOIs volumes. The
original volume segmentation is done by setting the percentage of the maximum count on each
sphere until the actual volume is obtained. Other than that, the reference image used is the image
on iteration 2 and subset 8. This is because this image has a reconstruction image similar to the actual
volume [22,23] For segmentation, after iteration and subsets are used, volume segmentation is
performed on the sphere given as in Eq. (3).
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24X nY]

DSC = ———
IX| + 1Y

(3)

where X is the original volume segmentation and Y is the segmentation volume sphere after an
iteration and subset number reconstruction.

3. Results and Discussion
3.1 Image Contrast and Background Variability

The total effect of advanced reconstruction is portrayed in Table 1, where it is the background
variability for iterations 2, 4, 6, 8, and subsets 8, 16, and 32. Meanwhile, the slices of the contrast
image quality phantom that have been reconstructed are displayed in Figures 2, 3, and 4.

Table 1

Background variability for different iterations and
subsets

Iteration Subset Background Variability
2 8 27.72

4 8 32.95

6 8 39.11

8 8 43.03

2 16 32.52

4 16 43.86

6 16 50.18

8 16 54.05

2 32 45.11

4 32 54.99

6 32 59.91

8 32 64.5

All iterations and subsets for Astonish’s advanced reconstruction modes resulted in increased
background variability when the number of iterations and subsets was raised, as shown in Figure 2.
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Fig. 2. Iteration affected on background variability
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Fig. 3. Iterations 2, 4, 6, 8; subset 8 versus contrast sphere
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Fig. 4. Iterations 2, 4, 6, 8; subset 16 versus contrast sphere
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For iterations 2, 4, 6, 8, and subset 8 as in Figure 5; the background variability is 27.72, 32.95,
39.11, and 43.03, respectively. For iterations 2, 4, 6, 8, and subset 16 as in Figure 6; the background
variability is 32.52, 43.86, 50.18 and 54.05, respectively. For iterations 2, 4, 6, 8, and subset 32 as in
Figure 7; the background variability is 45.11, 54.99, 59.91, and 64.50, respectively.
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Fig. 5. Iterations 2, 4, 6, 8, and subsets 8

Fig. 6. Iterations 2, 4, 6, 8, and subsets 16

Fig. 7. Iterations 2, 4, 6, 8, and subsets 32

The contrasting percentage shows that the contrast percentage increased from spheres 1 to 6 for
all iterations and subsets, as shown in Tables 2, 3, and 4. This demonstrates that when the number
of iterations, as well as subsets, were raised, the contrast percentage decreased. For all iterations
and subset numbers for Sphere 1, Sphere 2, and Sphere 3, the contrast percentage is lower than 20%.
However, Sphere 6 has the highest contrast percentage for all iterations and subset numbers. As for
the graph iteration, iterations 2, 4, 6, and 8 with subset 32, as shown in Figure 7, indicate the
existence of significant non-uniformity of the contrast percentage.
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Table 2

Contrast Noise Ratio for Iterations 2, 4, 6, 8; Subset 8

Iteration 2 Subset 8 Iteration 4 Subset 8 Iteration 6 Subset 8 Iteration 8 Subset 8
Sphere CNR Sphere CNR Sphere CNR Sphere CNR

1 28.25 1 37.56 1 41.63 1 43.89

2 12.97 2 18.00 2 21.75 2 24.42

3 8.61 3 12.51 3 15.68 3 17.97

4 5.32 4 7.64 4 9.59 4 11.07

5 3.33 5 5.17 5 6.90 5 8.25

6 1.32 6 0.91 6 1.33 6 1.69
Table 3

Contrast Noise Ratio for Iterations 2, 4, 6, 8; Subset 16
Iteration 2 Subset 16 Iteration 4 Subset 16 Iteration 6 Subset 16 Iteration 8 Subset 16

Sphere CNR Sphere CNR Sphere CNR Sphere CNR
1 24.76 1 32.92 1 36.49 1 38.47
2 11.37 2 15.77 2 19.06 2 21.40
3 7.55 3 10.97 3 13.74 3 15.75
4 4.66 4 6.70 4 8.40 4 9.70
5 2.92 5 4.54 5 6.05 5 7.23
6 1.16 6 0.80 6 1.17 6 1.48
Table 4

Contrast Noise Ratio for Iterations 2, 4, 6, 8; Subset 32
Iteration 2 Subset 32 Iteration 4 Subset 32 Iteration 6 Subset 32 Iteration 8 Subset 32

Sphere  CNR Sphere  CNR Sphere  CNR Sphere  CNR

1 4837216 1 45.9583 1 48.28086 1 48.39543
2 36.19233 2 23.55971 2 3248984 2 34.77807
3 22.92848 3 16.84782 3 21.10825 3 22.34467
4 19.62427 4 1293473 4 15.35933 4 17.69682
5 13.39993 5 7.573357 5 11.04244 5 12.56456
6 2.910616 6 0.610675 6 2.33346 6 2.582524

The image distortion was evaluated using images from the image quality (IQ) phantom. Figure 8
summarises the root-mean-square deviation (RMSD), which visually represents the scenario of a
rebuilt sphere distorted into the shape of an ellipse. Generally, increasing the number of iterations
and subsets of Astonish advanced reconstruction modes increases the image’s ability to separate
between the lesion and the background.

Contrast Sphere Iterations 2, 4, 6, 8 Subset 32 Versus Contrast Sphere
bU

50
40
30
20
10

0 1 2 3 ) 4 5 6 7
Iteration 2 Subset 32 Iteration 4 Subset 32 Iterations

Iteration 6 Subset 32 Iteration 8 Subset 32
Fig. 8. Iterations 2, 4, 6, 8; subset 32 versus contrast sphere

62



Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 33, Issue 2 (2024) 55-66

The result shows that iteration 8 subset 32 had the highest number of lesions. Five lesions can be
calculated from the six spheres. Furthermore, iteration 2 subset 8 was the lower number of lesions
that can be shown. Two lesions can be calculated from the six spheres, supposedly. Nevertheless, all
the iterations and subsets cannot be calculated for all six spheres. Although iteration 8 subset 32 can
calculate the five spheres, the percentage distortion is very high compared to iteration 2 subset 8.

3.2 Distortion

The image distortion was evaluated using images from the 1Q phantom. Table 5 summarises the
RMSD for volume calculation of the Dice Similarity Coefficient, which visually represents the scenario
of a reconstructed sphere that has been distorted into a sphere. Generally, increasing the number of
iterations and subsets of Astonish advanced reconstruction modes increases the image’s ability to
separate between the lesion and the background.

Table 5
Image distortion for iterations 2, 4, 6, 8; subsets 8, 16, 32
Iteration  Subset  Sphere Sphere Sphere Sphere Sphere Sphere Root-Mean-  Dice Similarity

1 (ml) 2 (ml) 3 (ml) 4 (ml) 5 (ml) 6 (ml) Square Coefficient
Deviation
2 8 21.08 1.73 - - - - 283.28 0.32
4 8 22.48 5.45 - - - - 56.23 0.41
6 8 23.78 8.46 2.37 - - - 46.64 0.46
8 8 26.37 10.68 4.64 - - - 7.18 0.52
2 16 24.42 7.22 0.00 - - - 29.83 0.66
4 16 26.26 10.57 4.21 - - - 11.21 0.71
6 16 26.26 12.24 6.42 1.99 - - 8.08 0.86
8 16 26.10 12.56 7.12 3.46 - - 8.68 0.61
2 32 26.74 10.46 4.58 1.29 - - 25.36 0.54
4 32 25.88 11.97 7.01 4.53 - - 12.03 0.51
6 32 25.61 11.70 7.33 6.31 - - 16.02 0.42
8 32 26.42 11.92 7.98 7.44 2.43 - 17.86 0.45

It can be noted here that, for the dice similarity coefficient, iteration 6 with subset 16 has the
highest dice, which is 0.86 compared to the other 11 settings. On the other hand, although iteration
8 with subset 32 can distinguish five spheres from the background, the dice similarity is very low,
which is only 0.45.

In nuclear medicine, iterative reconstruction approaches for reconstructing Single Photon
Emission Computed Tomography (SPECT) data are currently the most commonly used. However, by
strengthening the mathematical modelling of the acquisition procedure, it is possible to significantly
enhance the transaxial slices’ image quality. Therefore, three subsets and four iterations of Philips’
Astonish advanced iterative algorithms that use the function of the detector response during the
reconstruction process via image quality measurement were compared in this study. Meanwhile,
four iterations of 2, 4, 6, and 8 were used for the reconstruction process criteria (e.g., number of
iterations and subsets). Moreover, subsets 8, 16, and 32 were used in this research. In this work, all
the various parameters reconstruction methods Philips Astonish were tested to be clinically
reasonable.

With the help of the NEMA image quality phantom, their performance was examined. Phantoms
were obtained using cutting-edge SPECT systems: Philips BrightView XCT. The phantoms were
acquired properly according to the standard clinical guidelines for bone research. Subsequently, the
data were used to reconstruct advanced reconstruction algorithms with various settings. This design
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was chosen to assess the algorithms’ performance utilising the manufacturers’ recommendations,
which are the reconstruction parameters that are most frequently employed in clinical practice.

The number of iterations and subsets employed by the different methods and the recommended
post-filters range greatly between the systems that implement the post-filtering using the
conventional method (Philips: Hanning). The result obtained in this work shows that iteration 2 with
subset 8 has lower background variability compared to other iterations and subsets. Meanwhile,
iteration 8 with subset 32 shows the highest background variability. According to Zimmerman [24],
an image with lower background variability is more significant to implement in clinical practice
practically. If the background has low variability, it is the most accessible to differentiate the lesion
background.

On the other hand, the contrast percentage evaluation increases from Sphere 1 to Sphere 6. For
the biggest sphere (Sphere 1), there is a difference in contrast between the sphere and the
background. This is because Sphere 1 has a high mean count compared to Sphere 2 and Sphere 3.
For Spheres 4, 5, and 6, the contrast percentage is under 20% because the mean counts are almost
identical to the mean counts in the background. This is also due to the small volume’s poor spatial
resolution in SPECT imaging with a diameter below 20 mm.

However, looking at iterations 2, 4, 6, and 8 with subset 32, the percentage contrast supposedly
becomes lower than that of iterations 2, 4, 6, and 8 with subset 16 due to the high ability of the
Astonish algorithm to localise the sphere between the backgrounds. However, the distortion and the
background variability itself must be considered. Although iterations 2, 4, 6, and 8 with subset 32
have high contrast, the background variability and geomean percentage distortion are also very high.
In addition, the low accuracy of the calculation volume makes it difficult for the physician to
differentiate the lesions and background if qualitative visualisation is used.

Observing the distortion aspect, the best setting is iteration 6 and subset 16. This setting will
calculate the four lesions with a geomean of only 8.06%. Even though iteration 8 with subset 32 can
calculate five lesions, the distortion percentage is very high. Therefore, the vendors recommended
using only iteration 2 with subset 8 for the Astonish reconstruction method. Increasing the number
of iterations and subsets, the time will increase to reconstruct the image, thus rendering it an
impractical routine practice.

4. Conclusions

This study has found that the iterations and subsets numbers on the Astonish reconstruction
method have a big effect on quality images. In this paper, a best iteration and subset number for high
accuracy dice similarity coefficient is proposed. The main contribution of this work is to evaluate the
image quality using medical image Analysis (MIA 2.5) and to determine the high accuracy for volume
segmentation on targeted volume. Although the Astonish algorithm leads to a visual with a
contrasting image and lowering noise, the overshoot artefact can be one type of reconstruction’s
drawbacks. Before using images that have been restored using this algorithm, it is advised that
guantitative applications be given great thought. The amount of this artefact could be decreased by
sampling projection data more frequently. This has been made possible by the noise reduction
provided by the Hanning filter throughout the rebuilding process. Apart from that, the findings of this
work thus support the idea that collimators with all purposes can be utilised for Astonish Single
Photon Emission Computed Tomography (SPECT) imaging instead of collimators with high resolution.
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