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Abstract

Purpose: Since 1-125 emits low energy (27-35 keV) radiation, thinner crystal and collimator could be
employed and, hence, it is favorable to obtain high quality images. The purpose of this study was to derive
the optimized parameters of 1-125 SPECT using a new simulation tool, GATE (Geant4 Application for
Tomographic Emission). Materials and Methods: To validate the simulation method, gamma camera
developed by Weisenberger et al. was modeled. Nal(Tl) plate crystal was used and its thickness was
determined by calculating detection efficiency. Spatial resolution and sensitivity curves were estimated by
changing variable parameters for parallel~hole and pinhole coliimator. Performances of 1-125 SPECT
equipped with the optimal collimator were also estimated. Results: In the validation study, simulations were
found to agree well with experimental measurements in spatial resolution (4%) and sensitivity (3%). In order
to acquire 98% gamma ray detection efficiency, Nal(T!) thickness was determined to be 1 mm. Hole
diameter (mm), length (mm) and shape were chosen to be 0.2:5:square and 0.5:10:hexagonal for high
resolution (HR) and general purpose (GP) parallel-hole collimator, respectively. Hole diameter, channel
height and acceptance angle of pinhole (PH) collimator were determined to be 0.25 mm, 0.1 mm and 90
degree. The spatial resolutions of reconstructed image of the 1-125 SPECT employing HR:GP:PH were
1.2:1.7:0.8 mm. The sensitivities of HR:GP:PH were 39.7:71.9:5.5 cps/MBg. Conclusion: The optimal crystal
and collimator parameters for 1-125 imaging were derived by simulation using GATE. The results indicate
that excellent resolution and sensitivity imaging is feasibie using [-125 SPECT.
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Fig 1. A 5 mm length Parallel-hole collimator which has 0.2 mm X 0.2 mm square
shape hole and 0.05 mm septa thickness is shown (A). Geometry of gamma
camera system simulated with GATE. Line source and gamma camera
coupled to parallel hole collimator are shown (B).
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Fig 3. Imaging geometry of a pinhole collimator (A) and schematic diagram of pinhole collimator aperture (B).

Sol] M
7% FU%
3]

A

2) HiETYEET|

sbsTH 2V YA, Az, HE4

5=, 24} IAEA S v Z A g
Ashe T o3 gdefv|efolct

at

of

A

,d
e
o
i)

o

y

o
AR A LS AR Qe W SR
o mE stoge A4elct. 30 mm FOVE} 90

mm PSPMT 7] %W (R3292-02 PSPMTS] §-3#.A] o)
S 2ABAZ &, ddlgo] 4 29 AR A 3§
745 HgkE AsAckFig 3A). &4 %%
ETYAFe] TR HI R wA &=
3 34152 60, 70, 80, 90
2 WA %, 27hel $EEe] il 0.5,

=
o
mmQl vhEFHzREZE 24 H, AdEel
0

=
=
0.1, 0.25, 0.5, 0.75, 1.0 mm& W3LAJFH A ™



78 wigrslelakalA: ASA A|LE 2004

Table 1. Comparison of Measured and Simulated Spatial Resolutions and Sensitivities

Spatial resolution

Sensitivity

Measured 1.76 mm 30.63 cps/MBq
Simulation 1.69 mm 31.58 cps/MBq
% Difference 4.0% 3.1%
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Fig 4. Detection efficiency as a function of Nal(T) cystal thickness when
irradiated with 28 keV gamma ray.
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Fig 9. Spatial resolution and sensitivity as a function of channel height. Pinhole
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Fig 10. Reconstructed images of point source placed at the FOV center and 10 mm off-center
obtained with (=125 SPECT coupled to high resolution parallel-hole collimator (A), general
purpose parallel-hole collimator (B) and pinhole collimator (C).
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Table 2. Spatial Resolution and Sensitivity of Reconstructed Images Obtained with Various
Collimators and with the Source at FOV Center and at 10 mm Off-center

Spatial resolution (mm)

Sensitivity (cps/MBQ)
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10 mm off-center 1.2 1.7 30.2 70.3 52
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