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Fig. 3 Design of multi-line sources phantom.
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Fig. 6 Reconstructed images of multi-line sources phantom.
(a) without CDRC, (b) with CDRC.

Table 1 FWHMs of reconstructed image [mm)].

No. of source ~ Without CDRC ~ With CDRC
1 8.6 32
2 9.1 3.8
. X ) 3 8.8 35
¢ 100 200 300 400 4 8.7 33
Distance from detector [mm]
5 8.4 33
Fig. 5 Collimator response function for Toshiba GCA7200- 6 8.8 37
A with LEHR collimator and **™Tc. (a) Full width ’ ’
at half maximum as a function of distance from the 7 9.0 3.5
detector. (b) Collimator response functions at the
locations 100 mm, 250 mm and 400 mm distant from 8 8.7 33
datecor. 88 + 02 35+ 0.2
Table 2 CoVs of the reconstructed images of the uniform cylindrical phantom.
No compensation AC AC+SC AC+CDRC AC+SC+CDRC
CoV[%] 13.3 10.5 9.9 10.2 9.7
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Table 3 Count ratio of gray-to-white matter on the reconstructed image of 2D brain phantom.

True No compensation AC+SC AC+CDRC AC+SC+CDRC
GM1/WM1 2.4 2.9 31 4.0
GM1/WM2 1.8 1.7 1.8 1.9
GM1/WM3 1.6 1.7 1.8 2.4
GM2/WM1 2.0 1.8 33 4.3
GM2/WM2 1.4 1.1 1.9 2.1
GM2/WM3 4.0 1.3 1.1 1.9 2.6
GM3/WM1 2.5 25 2.6 4.1
GM3/WM2 1.9 1.4 1.6 1.9
GM3/WM3 1.7 1.4 1.6 2.5
Whole GM/WM 4.0 2.6 2.7 3.1 35
Reference comp::sation AC+SC AC+CDRC AC+SC+CDRC

Fig. 7 Reconstructed images (top row) and horizontal profiles across each with reference profile (bottom row) of
2D brain phantom. Reference is digital image blurred by 3.5mm FWHM Gaussian filter.

Digital b AC+SC AC+CDRC  AC+SC+CDRC
image compensation

Fig. 8 Reconstructed images of 3D brain phantom. (top row) Transverse. (middle row) Coronal. (bottom row) Sagittal.
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BEOS 77 ANMIEbOTEL—HLTWS RBELL Oy F 7 A M 3 RIEMICHES
LR TE. NTWAZ L RERTX-.
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Fig. 9 CoV as a function of spatial resolution in the reconstruction

with/without CDRC. The CoV and the FWHM of line source
are indices of noise and spatial resolution, respectively. The
CoVs in thalamus and ventricle regions on CoV images of
3D brain phantom and the FWHMs of line source images
reconstructed were examined for each number of iterations.
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Fig. 10 Comparison of noise indices in the 3D brain phantom images reconstructed with/without CDRC.
(left) Reconstructed images of first frame. (right) CoV images.
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Evaluation of the Quantitative Accuracy of a Novel Image
Reconstruction Method with Monte Carlo-Based Scatter Compensation and
Collimator Blurring Compensation for Brain SPECT

Tomonori SAKIMOTO"!, Tsutomu ZENIYA™, Kenji ISHIDA ", Hiroshi WATABE™2,
Yoshiyuki HIRANO™, Antti SOHLBERG ", Kotaro MINATO"!, Hidehiro IIDA™

*I Graduate School of Information Science, Nara Institute of Science and Technology
*2 Department of Investigative Radiology, Advanced Medical Engineering Center,
National Cardiovascular Center Research Institute
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The quality of SPECT images is degraded by collimator blurring, attenuation, and scatter. We have
developed a new reconstruction method that includes attenuation compensation (AC), collimator-detector
response compensation (CDRC), and Monte Carlo-based scatter compensation (MCSC). The aim of this
study was to quantitatively evaluate our reconstruction method for brain SPECT in phantom experiments.
We performed the following experiments using a SPECT gamma camera with an LEHR parallel-hole
collimator (GCA-7200A, Toshiba, Japan): (1) measurement of spatial resolution using line sources, (2)
measurement of uniformity in the reconstructed image of a cylindrical phantom filled with a uniform

concentration of radioactivity, and (3) quantification of the concentration of radioactivity in a brain phantom.
Resolution recovery significantly improved the resolution from 8.8 mm to 3.5 mm. The coefficient of
variance (CoV) of the reconstructed image of the uniform cylindrical phantom was approximately 10%. The
accuracy of quantification of the concentration of radioactivity was approximately 12%. These results
suggest that our reconstruction algorithm with AC, MCSC, and CDRC is a valid method for improving

resolution and quantitation in brain SPECT.

Key words: SPECT, Quantification, Scatter compensation, Monte Carlo, Collimator blurring compensation
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Abstract Recently we developed a novel SPECT image reconstruction method that includes attenuation compensation
(AC), collimator-detector response compensation (CDRC) and Monte Carlo-based scatter compensation (MCSC).
The aim of this study was to quantitatively evaluate our reconstruction method for brain SPECT by phantom
experiments with *™Tc. We performed the following experiments using a SPECT camera with LEHR parallel-hole
collimator (GCA-7200A, Toshiba, Japan): (1) measurement of spatial resolution with line sources, (2) evaluation
of quantitaion with pyramid phantom, eccentric ring phantom, 2D brain phantom and 3D phantom. These results
suggested that our reconstruction algorithm with AC, MCSC and CDRC was valid to improve resolution and
quantitation in brain SPECT.
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Recent Development in PET/SPECT Equipments and Data Analysis
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