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However, in simultaneous PET/MRI systems, the 
emitted positrons trajectory is influenced by the magnetic 
field. Many authors have predicted that the high magnetic 
�À�H�O�G���Z�L�O�O���U�H�G�X�F�H���W�K�H���S�R�V�L�W�U�R�Q���U�D�Q�J�H���L�Q���W�K�H���S�O�D�Q�H���S�H�U�S�H�Q�G�L�F�X�O�D�U��

�W�R�� �W�K�H�� �V�W�D�W�L�F�� �À�H�O�G���� �W�K�X�V�� �L�P�S�U�R�Y�L�Q�J�� �W�U�D�Q�V�D�[�L�D�O�� �U�H�V�R�O�X�W�L�R�Q��

[3-6]. This effect translates into an improvement of the 
�V�S�D�W�L�D�O�� �U�H�V�R�O�X�W�L�R�Q�� �L�Q�� �W�U�D�Q�V�D�[�L�D�O�� �L�P�D�J�H�V���� �+�R�Z�H�Y�H�U���� �G�X�H�� �W�R��

the elongation of the positron range distribution along the 
�P�D�J�Q�H�W�L�F�� �À�H�O�G�� �%0, one artifact that has not yet been clearly 
�H�Y�D�O�X�D�W�H�G�� �L�V�� �W�K�H�� �H�I�I�H�F�W�� �R�I�� �W�K�H�� �K�L�J�K�� �P�D�J�Q�H�W�L�F�� �À�H�O�G�� �R�Q�� �W�K�H��

trajectory of positrons emitted by PET radioisotopes [7, 8].
Measuring the positron range or positron motion 

�L�Q�� �D�� �U�H�D�O�� �0�5�,�� �V�\�V�W�H�P�� �L�V�� �D�� �F�R�P�S�O�H�[�� �S�U�R�M�H�F�W�� �D�Q�G�� �P�D�\�� �Q�R�W��

practicable. Modern Monte Carlo tools may be a tool to 
overcome these deficiencies. The aim of this study is to 
�G�H�À�Q�H���W�K�D�W���L�Q�Á�X�H�Q�F�H���W�R���W�K�H���S�R�V�L�W�U�R�Q���D�Q�Q�L�K�L�O�D�W�L�R�Q���G�L�V�W�U�L�E�X�W�L�R�Q����

Monte Carlo methods have been applied, using GEANT4 
application for tomographic emission (GATE). Several 
isotopes were studied, in various types of materials and with 
different magnetic field strengths, and try to illustrate the 
trajectory of positrons theoretically.

Materials and Methods
The Geant4 Application for Tomographic Emission 

(GATE) is an advanced open source software developed by 
the international Open GATE collaboration and dedicated to 
numerical simulations in medical imaging and radiotherapy 
[9-11]. All of the Monte Carlo simulations were performed 
using the GATE version 7.2 with GEANT4 version 4.10 in 
this study.

The materials used for this study were Air, Water and 
�6�S�L�Q�H�%�R�Q�H�� �D�V�� �G�H�I�L�Q�H�G�� �L�Q�� �*�$�7�(���� �7�K�H�� �L�V�R�W�R�S�H�V�� �V�H�O�H�F�W�H�G�� �I�R�U��

this study were: 18F, 11C, 15O, and 13N. The magnetic field 
strengths for this study were: 0, 3 and 7 Tesla, selected in 
�R�U�G�H�U���W�R���F�R�Y�H�U���D���Z�L�G�H���U�D�Q�J�H���R�I���F�O�L�Q�L�F�D�O���D�Q�G���H�[�S�H�U�L�P�H�Q�W�D�O���0�5��

�V�\�V�W�H�P�V�����7�K�H���P�D�J�Q�H�W�L�F���À�H�O�G���Z�D�V���F�R�R�U�G�L�Q�D�W�H�G���D�O�R�Q�J���W�K�H���=���D�[�L�V��

of the simulation space.
The software used for data acquisition and analysis 

�Z�D�V���5�2�2�7���>�������� �����@�����5�2�2�7���L�V���D���P�R�G�X�O�D�U���V�F�L�H�Q�W�L�À�F���V�R�I�W�Z�D�U�H��

framework. It provides all the functionalities needed to deal 

with big data processing, statistical analysis, visualization 
�D�Q�G���V�W�R�U�D�J�H�����$�O�O���V�L�P�X�O�D�W�H�G���G�D�W�D���Z�L�O�O���V�D�Y�H���L�Q���U�R�R�W���À�O�H���I�R�U�P�D�W����

The Root output is composed of one NTuple (Gate) and three 
TTrees (Hits, Singles, Coincidences) in which the interaction 
type, position and time information are stored. Take 10,000 
events in each run, and the ROOT data file will record the 
end point position. Data acquired in this study were the 
�D�Y�H�U�D�J�H���S�R�V�L�W�U�R�Q���U�D�Q�J�H���L�Q���[�����\���D�Q�G���]���G�L�U�H�F�W�L�R�Q����

Results
�7�K�H���D�Y�H�U�D�J�H���S�R�V�L�W�U�R�Q���U�D�Q�J�H���L�Q���[�����\���D�Q�G���]���G�L�U�H�F�W�L�R�Q���Z�H�U�H��

showed in Table 1, 2 and 3. The results showed variations 
in the positron range between different components and 
especially between the Air and Water.

Table 1.  Average positron range in X direction (mm) 

�� �� �$�L�U�� �� �� �:�D�W�H�U�� �� �� �6�S�L�Q�H���%�R�Q�H

�%�� ���7�� ���7�� ���7�� ���7�� ���7�� ���7�� ���7�� ���7�� ���7
11C 32.58 2.85 2.72 0.36 0.33 0.28 0.27 0.26 0.23
13N 33.04 2.69 2.60 0.48 0.45 0.34 0.35 0.35 0.31
15O 33.78 2.37 2.30 0.81 0.71 0.46 0.58 0.57 0.46
18F 30.48 2.89 2.89 0.18 0.18 0.16 0.13 0.12 0.12

Table 2.  Average positron range in Y direction (mm) 

�� �� �$�L�U�� �� �� �:�D�W�H�U�� �� �� �6�S�L�Q�H���%�R�Q�H

�%�� ���7�� ���7�� ���7�� ���7�� ���7�� ���7�� ���7�� ���7�� ���7
11C 32.42 2.82 2.74 0.36 0.34 0.28 0.27 0.25 0.23
13N 33.38 2.68 2.63 0.49 0.46 0.34 0.37 0.35 0.31
15O 34.10 2.40 2.29 0.81 0.72 0.45 0.59 0.57 0.46
18F 29.97 2.87 2.84 0.17 0.17 0.16 0.13 0.13 0.12

Table 3.�����$�Y�H�U�D�J�H���S�R�V�L�W�U�R�Q���U�D�Q�J�H���L�Q���=���G�L�U�H�F�W�L�R�Q�����P�P����

�� �� �$�L�U�� �� �� �:�D�W�H�U�� �� �� �6�S�L�Q�H���%�R�Q�H

�%�� ���7�� ���7�� ���7�� ���7�� ���7�� ���7�� ���7�� ���7�� ���7
11C 32.57 41.17 41.69 0.35 0.35 0.35 0.27 0.26 0.26
13N 33.36 42.99 42.83 0.48 0.49 0.48 0.35 0.35 0.35
15O 34.08 45.19 45.15 0.81 0.81 0.80 0.59 0.59 0.60
18F 29.92 36.99 36.70 0.17 0.18 0.18 0.13 0.13 0.13
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The visualization options in GATE provide the same 
functionalities as provided in GEANT4. The graphics 
systems that can be selected in GATE are: DAWNFILE, 
VRMLFILE and OpenGL in stored and immediate mode. 
Figure 1 to Figure 3 showed three-dimensional projection of 
simulated position trajectories in air. The Position trajectory 

changeed with the magnetic field strength obviously. Near 
the end of given positron track in Figure 1 and Figure 2, large 
angle scatter occured within a small region with the result 
that the positron winds around quite abruptly as it slowed 
�W�R���D���V�W�R�S���D�Q�G���D���V�L�J�Q�L�À�F�D�Q�W���I�U�D�F�W�L�R�Q���R�I���W�K�H���W�R�W�D�O���H�Q�H�U�J�\���R�I���W�K�D�W��

event was deposited near the end of its track. 
Figure 4 and Figure 5 showed the end point (annihilation 

point) distribution of positrons emitting from 18F in X 
�D�Q�G�� �=�� �D�[�L�V���� �7�K�H�� �D�Q�Q�L�K�L�O�D�W�L�R�Q�� �S�R�L�Q�W�� �G�L�V�W�U�L�E�X�W�L�R�Q�� �L�Q�� �;�� �D�[�L�V��

(perpendicular to the direction of the magnetic field) 
�R�E�Y�L�R�X�V�O�\���F�K�D�Q�J�H�G���Z�L�W�K���P�D�J�Q�H�W�L�F���À�H�O�G���V�W�U�H�Q�J�W�K��

Figure 6 showed that positron range was proportional 
to the kinetic energy of nuclides. The annihilation point 
distribution of X coordinates from 18F in Air, Water and 
�6�S�L�Q�H�%�R�Q�H���Z�H�U�H���V�K�R�Z�H�G���L�Q���)�L�J�X�U�H������

Discussion
The positron is the antiparticle or the antimatter 

counterpart of the electron. The positron has an electric 
chargeof +1 e, a spin of ½, and has the same mass as an 
electron. Many radionuclides decay by positron emission. 
Table 4 shows some commonly used positron emitting 

Figure 1.  18F tracks from a point source in air.

Figure 2. Screen capture of 18F tracks from a point source in 
Air���Z�L�W�K���P�D�J�Q�H�W�L�F���À�H�O�G���V�W�U�H�Q�J�W�K�V���%��� �����������7�H�V�O�D���L�Q���]��

direction.

Figure 3. Screen capture of 18F tracks from a point source in 
Air�� �Z�L�W�K���P�D�J�Q�H�W�L�F�� �À�H�O�G���V�W�U�H�Q�J�W�K�V���%��� �� �����7�H�V�O�D���L�Q���]��

direction.
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nuclides and associated properties. Included in the table 
�D�U�H�� �W�K�H�� �P�D�[�L�P�X�P�� �N�L�Q�H�W�L�F�� �H�Q�H�U�J�\�� �R�I�� �W�K�H�� �H�P�L�W�W�H�G�� �S�R�V�L�W�U�R�Q�V��

(E�P�D�[) and half-life of the radionuclides. The positron will 
have an initial energy after emission, which can take a 
�F�R�Q�W�L�Q�X�X�P���R�I���Y�D�O�X�H�V���X�S���W�R���D���P�D�[�L�P�X�P�����$�I�W�H�U���H�P�L�V�V�L�R�Q���I�U�R�P��

the nucleus, the positron loses kinetic energy by interactions 
with the surrounding matter. The positron interacts with 
�R�W�K�H�U���Q�X�F�O�H�L���D�V���L�W���L�V���G�H�Á�H�F�W�H�G���I�U�R�P���L�W�V���R�U�L�J�L�Q�D�O���S�D�W�K���E�\���R�Q�H���R�I��

four types of interaction: (i) inelastic collisions with atomic 
electrons (ii) elastic scattering with atomic electrons (iii) 
inelastic scattering with a nucleus (iv) elastic scattering with 
a nucleus. Major interactions between positrons and the 
surrounding medium include elastic scattering with atomic 
nuclei and inelastic scattering with atomic electrons. In most 
�F�D�V�H�V���D���S�R�V�L�W�U�R�Q���À�U�V�W���O�R�V�H�V���D�O�O���L�W�V���H�Q�H�U�J�\���D�Q�G���W�K�H�Q���D�Q�Q�L�K�L�O�D�W�H�V��

with an electron. In each inelastic collision, the positron only 
loses a small part of its energy, as a result many collisions 

Figure 4. The annihilation point distribution of positrons 
emitted from 18�)�� �R�Q�� �;�� �D�[�L�V�� �L�Q��Air�� �Z�L�W�K�� �=�� �D�[�L�V��

�P�D�J�Q�H�W�L�F�� �I�L�H�O�G�� �V�W�U�H�Q�J�W�K�� �%�� � �� ���7���� ���7�� �D�Q�G�� ���7���� �7�K�H��

�P�D�J�Q�H�W�L�F�� �À�H�O�G���L�V�� �S�H�U�S�H�Q�G�L�F�X�O�D�U�� �W�R�� �W�K�H�� �G�L�U�H�F�W�L�R�Q�� �R�I��

�W�K�H���;���D�[�L�V��

Figure 5. The annihilation point distribution of positrons 
emitted from 18�)�� �R�Q�� �=�� �D�[�L�V�� �Z�L�W�K�� �=�� �D�[�L�V�� �P�D�J�Q�H�W�L�F��

�À�H�O�G���V�W�U�H�Q�J�W�K���%��� �����7�������7���D�Q�G�����7��

Figure 6. The annihilation point distribution of X coordinates 
from 18F, 11C, 15O, and 13N in Water and the 
�P�D�J�Q�H�W�L�F���À�H�O�G���V�W�U�H�Q�J�W�K���%��� �����7��

Figure 7. The annihilation point distribution of X coordinates 
from 18F in Air, Water  and SpineBone .  The 
�P�D�J�Q�H�W�L�F���À�H�O�G���V�W�U�H�Q�J�W�K���%��� �����7��
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will happen before annihilation and the trajectory of each 
positron is tortuous [14, 15].

If a particle of charge q moves with velocity v in the 
�S�U�H�V�H�Q�F�H�� �R�I�� �D�� �P�D�J�Q�H�W�L�F�� �I�L�H�O�G�� �%���� �W�K�H�Q�� �L�W�� �Z�L�O�O�� �H�[�S�H�U�L�H�Q�F�H�� �D��

�I�R�U�F�H���)��� ��q�Y�%�����7�K�H���P�D�J�Q�L�W�X�G�H���R�I���)���L�V�����)��� ��q�%�����Y���V�L�Q�e), where 
vsin�e is the component of the velocity perpendicular to the 
direction of the magnetic field and �e represents the angle 
�E�H�W�Z�H�H�Q���Y���D�Q�G���%�����7�K�L�V���U�H�D�F�W�L�Y�H���I�R�U�F�H���L�V���Z�K�D�W���L�V���N�Q�R�Z�Q���D�V���W�K�H��

Lorentz force [16]. When the charge on the moving particle 
is positive, the right hand rule is used. A positively charged 
particle has a velocity v, yellow arrow, perpendicular to a 
�X�Q�L�I�R�U�P���P�D�J�Q�H�W�L�F���À�H�O�G���D�V���V�K�R�Z�H�G���R�Q���)�L�J�X�U�H���������7�K�H���P�D�J�Q�H�W�L�F��

�À�H�O�G���L�V�� �L�Q�W�R���W�K�H�� �S�D�J�H�����7�K�H�� �P�D�J�Q�H�W�L�F�� �I�R�U�F�H���� �D�W���W�K�L�V�� �L�Q�V�W�D�Q�W���� �L�V��

shown in blue. In this region of space this positive charge 
will move counter clock wise in a circular path. 

A particle undergoing uniform circular motion 
accelerates to the center according to FC�� � �� �P�D� �� �P�Y2/R. 

Therefore the radially component of Newton’s Second 
Law becomes q�Y�%�� � �� �P�Y2���5���� �7�K�H�� �U�D�G�L�X�V�� �R�I�� �W�K�H�� �F�L�U�F�O�H�� �U�� � ��

mv2/ q�Y�%��� �� �P�Y��q�%���� �)�R�U���H�[�D�P�S�O�H����18F, positron E�P�D�[�� � �� ������������

�0�H�9���� �F�K�D�U�J�H�� �T�� � �� �������=10-19 C. Radius of curvature of 0.633 
�0�H�9�� �S�R�V�L�W�U�R�Q���L�Q�������7�H�V�O�D���P�D�J�Q�H�W�L�F�� �À�H�O�G���L�V�����������=10-4 meters. 
This is an ideal assumption. If a charged particle has a 
�F�R�P�S�R�Q�H�Q�W�� �R�I�� �L�W�V�� �Y�H�O�R�F�L�W�\�� �S�H�U�S�H�Q�G�L�F�X�O�D�U�� �W�R�� �%���� �W�K�H�Q�� �L�W�V�� �S�D�W�K��

�Z�L�O�O�� �E�H�� �D�� �F�L�U�F�O�H���� �,�I�� �L�W�� �D�O�V�R�� �D�� �F�R�P�S�R�Q�H�Q�W�� �R�I�� �Y�� �S�D�U�D�O�O�H�O�� �W�R�� �%����

then it will move forward as well. This resulting path is a 
�K�H�O�L�[�����:�H�� �F�D�Q�� �R�E�V�H�U�Y�H�� �V�X�F�K�� �K�H�O�L�[�� �W�U�D�F�N�� �L�Q�� �)�L�J�X�U�H�� ���� �F�O�H�D�U�O�\����

Positron loses energy alone its pathway, and change direction 
when collisions with nuclei and electrons, the velocity and 
direction change variously and unpredictable. 

The work of Kolb et al. shows shine-through effects 
might become relevant when radiopharmaceuticals based 
on high-energy positron emitters are used and accumulate 
close to air cavities [7]. Table 1, 2 and 3 showed variations 
in the positron range between different components and 
especially between the Air and Water. Our simulation result 
is compatible with the paper by Kolb et al.

Conclusion
�3�R�V�L�W�U�R�Q�� �P�R�Y�L�Q�J�� �W�U�D�M�H�F�W�R�U�\�� �L�Q�� �D�� �0�5�,�� �P�D�J�Q�H�W�L�F�� �À�H�O�G�� �L�V��

tortuously unpredictable. GATE has the capability to model 
�W�K�H���S�U�H�V�H�Q�F�H���R�I���P�D�J�Q�H�W�L�F���À�H�O�G���D�Q�G���L�O�O�X�V�W�U�D�W�H���W�K�H���W�U�D�M�H�F�W�R�U�\���R�I��

positrons theoretically. Monte Carlo tools could be a tool to 
�R�E�V�H�U�Y�H���W�K�H���P�R�W�L�R�Q���R�I���S�R�V�L�W�U�R�Q���L�Q���3�(�7���0�5�,���P�D�J�Q�H�W�L�F���À�H�O�G�V��
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Using Quality Control Cycle to Improve Cognitive Rate of 
Ionizing Radiation Protection of Staff in the Hospital
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Abstract
The Ionizing Radiation Protection Act is proposed to protect our citizens from harmful effects of exposure to ionizing 

radiation, all in accordance to the ALARA principle. Our hospital has been focusing on radiation protection, and 

therefore we took advantage of quality control cycle (QCC) campaign to try to improve the cognition of radiation 

protection of other hospital staff. In the hope of minimizing doubt and improve patient care. The selected staff 

exposed to ionizing radiation answered the questionnaire before and after the QCC campaign. The cognition and 

disquiet factor would be investigated and analyzed with causal factor statics. From the cause and effect analysis we 

obtained four countermeasures. Those countermeasures are (1) strengthening personnel education and training, 

���������P�D�N�L�Q�J���S�U�R�S�D�J�D�Q�G�D���À�O�P�V���D�Q�G�����������S�R�V�W�H�U�V�����D�Q�G�����������H�V�W�D�E�O�L�V�K���W�K�H���U�D�G�L�D�W�L�R�Q���S�U�R�W�H�F�W�L�R�Q���P�D�Q�X�D�O���L�Q���Q�X�F�O�H�D�U���P�H�G�L�F�L�Q�H��

department, respectively. Accordingly, the cognitive rate improved from 32.33% to 83.47%, and nervous rate from 

36.99% to 20.27%. In the future we will continue to promote radiation protection education and held training courses 

about ionizing radiation and protection skill. To help hospital staff stay focused, away from medical errors.
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Table 1.  SUV test in DESC HELIOS QA Phantom section 1.

CT image set for Attenuation Correction

 Effective mAs FBP SA1 SA2 SA3 SA4 SA5

 140 1.2162�Ô0.0623  1.2161�Ô0.0623  1.2161�Ô0.0623  1.2159�Ô0.0622  1.2159�Ô0.0622  1.2158�Ô0.0622 

 120 1.2167�Ô0.0620  1.2165�Ô0.0620  1.2163�Ô0.0620  1.2162�Ô0.0620  1.2160�Ô0.0620  1.2158�Ô0.0620

 100 1.2162�Ô0.0618  1.2160�Ô0.0618  1.2159�Ô0.0618  1.2159�Ô0.0618  1.2158�Ô0.0619  1.2157�Ô0.0619

 80 1.2165�Ô0.0622  1.2163�Ô0.0622  1.2162�Ô0.0622  1.2161�Ô0.0621  1.2160�Ô0.0621  1.2158�Ô0.0621 

 60 1.2171�Ô0.0616  1.2168�Ô0.0616  1.2167�Ô0.0616  1.2165�Ô0.0616  1.2164�Ô0.0616  1.2162�Ô0.0617

 40 1.2177�Ô0.0623  1.2176�Ô0.0623  1.2176�Ô0.0622  1.2174�Ô0.0623  1.2173�Ô0.0623  1.2171�Ô0.0623 

 20 1.2188�Ô0.0618  1.2185�Ô0.0618  1.2182�Ô0.0618  1.2179�Ô0.0618  1.2175�Ô0.0618  1.2172�Ô0.0618 

Table 2.  SUV test in DESC HELIOS QA Phantom section 2.

 CT image set for Attenuation Correction

 Effective mAs FBP SA1 SA2 SA3 SA4 SA5

 140 1.2310�Ô0.0448  1.2308�Ô0.0448  1.2308�Ô0.0449  1.2307�Ô0.0449  1.2306�Ô0.0449  1.2305�Ô0.0450

 120 1.2295�Ô0.0448  1.2294�Ô0.0448  1.2293�Ô0.0448  1.2291�Ô0.0448  1.2291�Ô0.0449  1.2291�Ô0.0449 

 100 1.2306�Ô0.0451  1.2305�Ô0.0450  1.2304�Ô0.0450  1.2302�Ô0.0450  1.2300�Ô0.0450  1.2299�Ô0.0450

 80 1.2296�Ô0.0446  1.2294�Ô0.0446  1.2293�Ô0.0446  1.2291�Ô0.0446  1.2290�Ô0.0446  1.2288�Ô0.0447

 60 1.2309�Ô0.0441  1.2307�Ô0.0442  1.2305�Ô0.0441  1.2304�Ô0.0442  1.2302�Ô0.0443  1.2300�Ô0.0444

 40 1.2304�Ô0.0446  1.2303�Ô0.0446  1.2301�Ô0.0447  1.2299�Ô0.0447  1.2298�Ô0.0448  1.2297�Ô0.0448

 20 1.2339�Ô0.0453  1.2336�Ô0.0452  1.2333�Ô0.0452  1.2330�Ô0.0452  1.2327�Ô0.0452  1.2324�Ô0.0452 



40

Table 3.  SUV test in DESC HELIOS QA Phantom section 3.

 CT image set for Attenuation Correction

 Effective mAs FBP SA1 SA2 SA3 SA4 SA5

 140 1.2199�Ô0.0586  1.2197�Ô0.0586  1.2197�Ô0.0585  1.2197�Ô0.0585  1.2196�Ô0.0585  1.2197�Ô0.0585 

 120 1.2196�Ô0.0593  1.2195�Ô0.0592  1.2194�Ô0.0592  1.2192�Ô0.0591  1.2193�Ô0.0591  1.2192�Ô0.0590

 100 1.2199�Ô0.0587  1.2199�Ô0.0588  1.2198�Ô0.0588  1.2198�Ô0.0589  1.2198�Ô0.0588  1.2197�Ô0.0588

 80 1.2199�Ô0.0593  1.2197�Ô0.0593  1.2195�Ô0.0593  1.2194�Ô0.0593  1.2192�Ô0.0592  1.2192�Ô0.0592

 60 1.2206�Ô0.0589  1.2206�Ô0.0589  1.2205�Ô0.0589  1.2203�Ô0.0589  1.2203�Ô0.0590  1.2202�Ô0.0590

 40 1.2211�Ô0.0590  1.2210�Ô0.0589  1.2208�Ô0.0589  1.2206�Ô0.0587  1.2204�Ô0.0587  1.2202�Ô0.0587 

 20 1.2206�Ô0.0581  1.2206�Ô0.0581  1.2207�Ô0.0582  1.2209�Ô0.0584  1.2209�Ô0.0583  1.2211�Ô0.0585

Table 4.  CT Number of ROIplexiglass in DESC HELIOS QA Phantom section 1.

CT Number of ROIplexiglass (HU)

 Effective mAs FBP SA1 SA2 SA3 SA4 SA5

 140 133.78�Ô11.63 133.80�Ô10.44 133.80�Ô9.23 133.80�Ô8.06 133.81�Ô6.96 133.83�Ô5.78

 120 134.32�Ô12.78 134.24�Ô11.49 134.17�Ô10.19 134.08�Ô8.88 133.99�Ô7.65 133.94�Ô6.41

 100 134.58�Ô14.33 134.48�Ô12.92 134.42�Ô11.52 134.34�Ô10.11 134.27�Ô8.79 134.20�Ô7.44

 80 133.98�Ô16.32 133.99�Ô14.70 133.94�Ô13.06 133.91�Ô11.44 133.88�Ô9.93 133.88�Ô8.41

 60 133.71�Ô18.77 133.68�Ô16.98 133.65�Ô15.19 133.60�Ô13.41 133.61�Ô11.75 133.61�Ô10.05

 40 133.45�Ô21.91 133.47�Ô19.78 133.44�Ô17.72 133.47�Ô15.65 133.47�Ô13.68 133.45�Ô11.70

 20 134.60�Ô30.93 134.58�Ô27.95 134.57�Ô24.99 134.55�Ô22.08 134.53�Ô19.30 134.53�Ô16.57

Table 5.  CT Number of ROIwater in DESC HELIOS QA Phantom section 1.

CT Number of ROIwater (HU)

 Effective mAs FBP SA1 SA2 SA3 SA4 SA5

 140 1.19�Ô9.64 1.16�Ô8.65 1.13�Ô7.64 1.10�Ô6.61 1.11�Ô5.68 1.06�Ô4.69

 120 1.74�Ô10.45 1.67�Ô9.37 1.58�Ô8.30 1.50�Ô7.23 1.38�Ô6.23 1.30�Ô5.18

 100 1.06�Ô11.76 1.01�Ô10.51 0.94�Ô9.29 0.89�Ô8.04 0.80�Ô6.86 0.75�Ô5.67

 80 1.43�Ô13.33 1.34�Ô11.97 1.30�Ô10.62 1.25�Ô9.25 1.18�Ô7.97 1.15�Ô6.69

 60 0.80�Ô14.02 0.79�Ô12.62 0.77�Ô11.15 0.75�Ô9.73 0.72�Ô8.38 0.71�Ô6.98

 40 1.17�Ô18.21 1.21�Ô16.33 1.23�Ô14.48 1.22�Ô12.63 1.22�Ô10.89 1.29�Ô9.12

 20 1.63�Ô26.53 1.57�Ô23.94 1.50�Ô21.42 1.41�Ô18.90 1.26�Ô16.51 1.11�Ô14.10
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Table 6.  Contrast test. CT Number of ROIplexiglass-ROIwater in DESC HELIOS QA Phantom section 1

 ROIplexiglass-ROIwater (HU)

 Effective mAs FBP SA1 SA2 SA3 SA4 SA5

 140 132.59�Ô15.11  132.64�Ô13.55  132.67�Ô11.98  132.69�Ô10.42  132.70�Ô8.98  132.77�Ô7.44 

 120 132.58�Ô16.51  132.57�Ô14.82  132.59�Ô13.14  132.58�Ô11.45  132.61�Ô9.87  132.63�Ô8.24 

 100 133.52�Ô18.54  133.47�Ô16.65  133.48�Ô14.80  133.46�Ô12.92  133.46�Ô11.15  133.46�Ô9.36 

 80 132.55�Ô21.07  132.64�Ô18.95  132.64�Ô16.84  132.67�Ô14.71  132.70�Ô12.73  132.73�Ô10.74 

 60 132.91�Ô23.43  132.88�Ô21.15  132.87�Ô18.84  132.85�Ô16.56  132.89�Ô14.44  132.90�Ô12.24 

 40 132.29�Ô28.48  132.26�Ô25.65  132.21�Ô22.88  132.25�Ô20.11  132.25�Ô17.48  132.15�Ô14.83 

 20 132.97�Ô40.75  133.01�Ô36.80  133.07�Ô32.91  133.14�Ô29.07  133.28�Ô25.40  133.42�Ô21.76 

Figure 3.  Low contrast detectability testFigure 2.  Resolution test
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Table 9.  CT Number of ROIpolystyrene-ROI10mm_wate in DESC HELIOS QA Phantom section 2.

CT Number of ROIpolystyrene-ROI10mm_wate (HU)

 Effective mAs FBP SA1 SA2 SA3 SA4 SA5

 140 29.65�Ô17.42 28.60�Ô15.98 27.49�Ô14.69 26.46�Ô13.34 25.39�Ô12.06 24.49�Ô10.83

 120 31.82�Ô18.36 30.62�Ô16.83 29.51�Ô15.37 28.32�Ô13.83 27.17�Ô12.53 25.92�Ô11.22

 100 30.90�Ô18.83 29.88�Ô17.33 28.93�Ô15.70 28.02�Ô14.20 27.01�Ô12.81 26.18�Ô11.42

 80 31.08�Ô21.99 29.95�Ô20.07 28.70�Ô18.24 27.51�Ô16.41 26.34�Ô14.56 25.18�Ô12.79

 60 32.22�Ô26.10 31.10�Ô24.09 29.91�Ô22.16 28.64�Ô20.26 27.43�Ô18.52 26.24�Ô16.73

 40 32.11�Ô30.82 30.72�Ô28.17 29.29�Ô25.66 27.86�Ô23.11 26.55�Ô20.84 25.06�Ô18.48

 20 26.48�Ô42.88 25.34�Ô39.21 24.35�Ô35.54 23.29�Ô32.10 22.28�Ô28.72 21.24�Ô25.40

Table 7.  CT Number of ROIpolystyrene in DESC HELIOS QA Phantom section 2.

 CT Number of ROIpolystyrene (HU)

 Effective mAs FBP SA1 SA2 SA3 SA4 SA5

 140 32.18�Ô12.39 31.16�Ô11.51 30.13�Ô10.80 29.15�Ô9.94 28.09�Ô9.18 27.12�Ô8.45

 120 33.90�Ô12.05 32.76�Ô11.15 31.76�Ô10.28 30.71�Ô9.39 29.65�Ô8.67 28.51�Ô7.91

 100 32.57�Ô13.31 31.55�Ô12.43 30.46�Ô11.51 29.59�Ô10.62 28.55�Ô9.78 27.59�Ô8.95

 80 33.42�Ô15.36 32.37�Ô14.14 31.21�Ô13.01 30.17�Ô11.91 29.04�Ô10.75 28.01�Ô9.67

 60 34.24�Ô17.84 33.11�Ô16.54 31.90�Ô15.29 30.69�Ô14.11 29.42�Ô13.01 28.22�Ô11.79

 40 36.38�Ô20.95 34.98�Ô19.29 33.53�Ô17.70 32.07�Ô16.06 30.63�Ô14.63 29.23�Ô13.12

 20 32.96�Ô28.38 31.63�Ô25.79 30.39�Ô23.20 29.07�Ô20.69 27.75�Ô18.26 26.41�Ô15.75

Table 8.  CT Number of ROI10mm_water in DESC HELIOS QA Phantom section 2.

 CT Number of ROI10mm_water (HU)

 Effective mAs FBP SA1 SA2 SA3 SA4 SA5

 140 2.53�Ô12.24 2.56�Ô11.09 2.64�Ô9.95 2.70�Ô8.90 2.70�Ô7.82 2.64�Ô6.77

 120 2.08�Ô13.85 2.13�Ô12.61 2.24�Ô11.42 2.39�Ô10.15 2.47�Ô9.05 2.58�Ô7.96

 100 1.67�Ô13.33 1.67�Ô12.06 1.53�Ô10.68 1.57�Ô9.43 1.53�Ô8.28 1.42�Ô7.08

 80 2.34�Ô15.74 2.42�Ô14.25 2.51�Ô12.78 2.66�Ô11.28 2.69�Ô9.83 2.84�Ô8.38

 60 2.02�Ô19.05 2.01�Ô17.52 1.99�Ô16.04 2.05�Ô14.54 1.98�Ô13.18 1.98�Ô11.87

 40 4.27�Ô22.59 4.26�Ô20.52 4.24�Ô18.57 4.21�Ô16.62 4.08�Ô14.84 4.17�Ô13.02

 20 6.48�Ô32.14 6.28�Ô29.53 6.03�Ô26.93 5.77�Ô24.54 5.47�Ô22.17 5.17�Ô19.93
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Table 10.  Standard Deviation of ROI10mm_water in DESC HELIOS QA Phantom section 3.

 Standard Deviation of ROI10cm_water (HU)

 Effective mAs FBP SA1 SA2 SA3 SA4 SA5

 140 10.64 9.55 8.46 7.36 6.34 5.27

 120 11.50 10.32 9.15 7.96 6.86 5.72

 100 12.56 11.28 10.01 8.74 7.55 6.33

 80 14.35 12.91 11.49 10.05 8.71 7.34

 60 16.70 15.06 13.45 11.84 10.33 8.80

 40 20.42 18.43 16.48 14.52 12.69 10.84

 20 28.82 26.11 23.44 20.80 18.29 15.81

Table 11.  Reconstruction Time for 112 slices

 Reconstruction Time for 112 slices (sec)

 Effective mAs FBP SA1 SA2 SA3 SA4 SA5

 140 11 39 39 39 39 40

 120 11 39 40 39 40 39

 100 10 40 39 39 39 40

 80 11 39 39 40 40 39

 60 10 39 39 39 39 39

 40 11 40 40 40 39 39

 20 10 40 42 40 40 39

 AVEREGE 10.57  39.43  39.71  39.43  39.43  39.29 

 SD 0.53  0.53  1.11  0.53  0.53  0.49
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The Impact of Sinogram Affirmed Iterative Reconstruction of 
CT Image in PET/CT Scan: A Phantom Study

Fa-Shun Tsai,   Tai-Lin Jiang,   Lin-Chun Ou,   Ting-Kuan Chiu

Division of PET Center, Shin Kong Wu Ho-Su Memorial Hospital, Taipei, Taiwan

Background:   Recent interest in iterative reconstruction techniques has skyrocketed due to increased focus on CT 

dose reduction over the past couple of years. The aim of this experiment is to compare the effect of SAFIRE iterative 

reconstruction with FBP reconstruction on the attenuation of PET images and the quality of CT images.

Methods:   The DESC HELIOS QA phantom was injected with FDG to perform single bed PET / CT scan. CT 

scanning parameters were as routine PET/CT scan with various mAs (140, 120, 100, 80, 60, 40 and 20 mAs).

�&�7���,�P�D�J�H�V���Z�H�U�H���U�H�F�R�Q�V�W�U�X�F�W�H�G���Z�L�W�K���E�R�W�K���)�%�3���D�Q�G���P�X�O�W�L�S�O�H���Y�D�O�X�H�V���R�I���6�$�)�,�5�(���À�O�W�H�U���V�W�U�H�Q�J�W�K�V�����3�(�7���L�P�D�J�H�V���W�D�N�H���&�7��

attenuation correction with each CT image set. PET image SUV values, CT image spatial resolution, contrast scale, 

low contrast detectability, image noise and image reconstruction time were objectively evaluated.

Results:   FBP and SAFIRE had no effect on the attenuation of PET images under various tube current scanning. 

There were no significant difference in CT image spatial resolution, contrast ratio and CT number of different 

materials. SAFIRE reconstruction CT image is superior to FBP image in low contrast detectability and image noise 

test. SAFIRE reached at least the image quality of FBP at a relative dose of 30~60%. A single bed PET/CT scan has 

112 CT images, SAFIRE reconstruction time is around 39 seconds and FBP is 10 seconds. The reconstruction time 

is longer than FBP but still acceptable in the PET / CT scan.

Conclusion: �����7�K�H�V�H���U�H�V�X�O�W�V���F�R�Q�À�U�P���W�K�D�W���6�$�)�,�5�(���D�O�O�R�Z�V���I�R�U���L�P�D�J�H���Q�R�L�V�H���U�H�G�X�F�W�L�R�Q���Z�L�W�K���S�U�H�V�H�U�Y�H�G���&�7���L�P�D�J�H���T�X�D�O�L�W�\����

SAFIRE image reconstruction didn’t affect PET attenuation correction and obtain better CT image quality than FBP 

at low dose. The investigators reduced the CT radiation dose. Although the group looks like a longer time but is 

acceptable.

Key words:   PET/CT, CT, SAFIRE, iterative reconstruction
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�Â�ô
º	•�x�<��	Ì� �,�[	•�x�<	ë  4 	÷�À	��<�ª�Å  5 	Z�¾�«�Å
6 �Â�ô
º�¾� �}�ª�<�ª	ë  �<�ª�û 

7 
7�#�<�ª	ë�g���<�<	ë  	Z�¾�Å�Å
8 
7�#�<�ª	ë  �<�ª�Å�ª�¼�ú�Ô

�a�#�Ú�‚�j105 �Ë 11 �Ü 15 �Ú
�·	Ã�*�k�j�î�Ö�ƒ�<�ª
�
���j�Â�ô
º	•�x�<��	Ì� �,�[	•�x�<	ë	Z�¾�<�ª�•�Ð 
�c�c�c�Â�ô
º�¾� �}�ª�<�ª	ë�<�ª�û
�®�g�j�-���9 23148 �-�³
��•�M�) 362 �î
�c�c�c�-���9 24205 �-�•
��•�M�) 510 �î 
�e���j(886) 2-22193391 �7 66672   �e�•�¦�Ì�jvwneur@yahoo.com.tw
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�j �®�–�Œ�ä	8	8�K�H�”�Á�H	$�D�d
ƒ�k�¯�ï	7�Û�6

���$�”�Á�H
��*�æ�Ÿ	8�K�f�W�‘
l�4�\ 99mTc TRODAT-1

�
�ˆ�•�e�Ø�Ù�4�¿�B
b�Ù�®�–�Œ�ä	8�d�®�–�Œ�ä	8
ƒ�k


?�µ�è�B�…�6���$�Á�Ð�W�‘	8�K�˜�

	�0��� �a�&�d�Í

�þ�d�Þ�Ç�p
ƒ�k���$�W�‘�

		8�K�~�B�…
����”�S�ç�$


e (discordant)�d�ª�ä�I�¼�ú�;�\ 99mTc TRODAT-1
†�S�É


ž	À���$ discordant�$
e�˜�®�–�Œ�ä	8
ƒ�k�~�a�ï�Ì�®

�–�Œ�ä	8�I�}�Ø�µ�Ë�¶�7�6���B�…�Y�¨�.�f

�¿�Ø�~�Ù�,�j�I�¼�ú	æ�Á�V�����$ discordant�$
e�˜�®

�–�Œ�ä	8
ƒ�k�~�^���a�ï�Ì�®�–�Œ�ä	8
ƒ�k
†���¼�ú�i

�®�–�Œ�ä	8
ƒ�k�L�¥
7�ç	6	7�±�ó (ICD-9) �Ô�o���Y�®

�–�Œ�ä	8
b�Ù�z�_�d�(�4�\ Hoehn�q Yahr �±�ó�Œ
Y��
ƒ

�k��� �û���f�À�@���›
Ž�±���¾�ø�U�� T �è�›�±���”�•

	6	7
ƒ�k�µ�Ë�¶�7�6���B�…�J�I�H�¨�.�Ì�f


� ���j �G�\�®�–�Œ�ä	8
ƒ�k�I 99mTc TRODAT-1�B�…��

�›
Ž
����(�Ì�¨�.�i�(�¯	m�K���”�Á�H�8�p�ï�$�d���$

discordant�˜�®�–�Œ�ä	8
ƒ�k�I� �è�e�ˆ�è�~
?�µ�è�Á�H

�Ì�ü��	÷�õ�a�ï�Ì�®�–�Œ�ä	8
ƒ�k�f


����j �_�I
°�¼��
������]�d���$ discordant�˜�®�–�Œ

�ä	8
ƒ�k�è�•�<�ª 99mTc TRODAT-1�B�…	$�D�~�J�è�˜�®

�–�Œ�ä	8�”�•�d�J�8�ê	æ�Á�W�‘ discordant�$
e
†���»

�	�]�Y�¼�ú�f

�ë�Ÿ
Z�j 99mTc TRODAT-1�è�•�<�ª�¿�B�e�®�–�Œ�ä	8�e

�W�‘ discordant�$
e

�è�<�¦�ª�¦ 2016;13:47-52

�Ã   �

�®�–�Œ�ä	8 (Parkinson's disease)�‰
l���˜	Z�¾	×�·

�Ì	6	7�d�õ 1817�Ë�_���•�v�®�–�Œ�ï�Œ�Ö� �d�\���µ��

�ü�[�H�Þ
��*�à�Ô�e���\�e�Ì�b�e�,�n�d�æ
�	8�K�d�þ


��*�à�Ô�e���\�e�n���d�æ�‰�®�–�Œ�ä	8�J�è	8�K [1]�i

�\���¦�Ú�d�_�õ�[�ó�ª�v�#���e���¤�~�r
Â
��ª	o�t�•

�*�\�h�d�®�–�Œ�ä	8�Š�Ó�‰�ô��	Z�¾	×�·	6	7�f�¼�ú��

�_ 1976-2005�Ë�Y�®�–�Œ�ä	8�ï�[���d�ï�$�ï�[���Þ�Ú

	B�º	÷�$
e [2]�i�®�–�Œ�ä	8�8�����¯ 41-49�K
š�•�#��

[3]�d�(�D�Y���j�8�����Ò�‰ 130.1/100,000�d�ï�[���Ò�‰

10.4/100,000 [4]�f

�®�–�Œ�ä	8	7�#�Ú�7�ô���‰�}�Ø
½�/	7�
�d�¿�Ó

�µ�Ë�¶	Z�¾�©�å�s�d�³�›�� 
?�µ�è�Y�µ�Ë�¶�¯�Ç�d�¿

�Ó
›�S
��*�Y�Ø
���	•�0���d�(
†�S�É�B�¤�}�Ø��	•�f

�_�õ�B�…�ª�¦�”�Y�ï�•�d�®�–�Œ�ä	8�Y
b�Ù	ð�W�‘	8

�K�.�d�M�•�ø�¿�
�ˆ�•�e�Ø�Ù�4�¿�B�Š�Ó�‰�ô��
b�Ù�ˆ

�H�d�1�k�I�j�3�’�Y�”�•�d�Þ
Y���µ�Ë�¶�7�6���Y 99mTc 

TRODAT-1 [5, 6]�e�µ�Ë�¶ D2 �a���Y 123I IBZM [7] �ø�¿


Y���µ�Ë�¶	Z�¾�•�Æ�Ì�Y 18F FDOPA [8-10]�i�(�D�f�Ã�µ

�p�4�\ 99mTc TRODAT-1�*�‰
b�Ù�®�–�Œ�ä	8�Y�ô���j�3
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�’�f�Í�þ�d�Ì���4�\���G�j�3�’�d�«���ï�$�®�–�Œ�ä	8


ƒ�k�I
?�µ�è�B�…�O�$���”�Á�H	$�D�f�¢�µ�¼�ú	æ�Á�®

�–�Œ�ä	8	8�K�”�Á�H	$�D
†���¼�ú�d�
�<�r
Â�e���¤�e


��ô�~	Z�¾�·�ª
��ª�•�i�r
Â�¼�ú�(�J�ï�$ �_-synuclein�e

DJ-1�ePINK 
��~�®�–�Œ�ä	8�´�ë�˜
?�ª�°�ï�Y�®�–�Œ

�ä	8�~�Ú�Þ
?�ª�É�

ƒ�k�I�

		8�K�H�¨�. [11-13]�d
†

�S�É�Y	æ�Á�•
Ä�Ì�®�–�Œ�ä	8
ƒ�k
†���•
Ä�r
Â�¼�ú�p

�(�J�ï�$
ƒ�k�H�Þ	$�›
		8�K�€�Œ�Å�J�8
		8�K�Ð�Œ�Å

�J��
		8�K�• [14]�i�¼�ú�8���d
½�/�Å���Y	Z�¾�©���$

50-70%�a�&�Û [15]�d
ƒ�k�‘�6���$
��*�æ�Ÿ	8�K�d�þ
½

�/�8���Ù�Z�ä�p�f�õ�M
l�[�1�H	÷�
�.�Ì�d�8���;�i�Þ

	÷�: 30%�Y�Z�ä�p�f�¨�. [16]�f�¼�ú�k�d���8���Ø���Ø

���ñ (BBB) 
v����	•�J�®�–�Œ�ä	8�

		8�K�Y�ï�[�a�ª

[17, 18]�d�…�}�Ø�…�ÅBBB ���$�.
l�Û�d���¤�m	o�™�ø


}���ˆ
†�]�Ø�«�d
†�þ�¿�Ó�

	
½�/	Z�¾�©�å�s�i�œ�Ù

D2 �a���Y�¤�Z	Z	7�¹�J�Þ�Û�6�¿�Ó�®�–�Œ�ä	8	8�K��

�$�d�#���j�¹�J�Y�*�\�”�6�Ï	Î�

		8�K�d�Í�þ�W�‘�j

�Í�Þ 50%�ª�¤�Z	Z	7�¹�J�Ï	Î�®�–�Œ�ä	8	8�K�Y
ƒ�k�d

�¥�H�Þ�

	�ï	7	$�D [19]�f�=�H�:�µ	æ�Á�®�–�Œ�ä	8�



		8�K�¼�ú�d�f�Ã�Y�¼�ú
����(�Ì�,�ü�½�8���®�–�Œ�ä

	8�

		8�K	7�#�Ú�7�ô�ª�f

�W�‘�ï�$�d�4�\ 99mTc TRODAT-1�
�ˆ�•�e�Ø�Ù�4�¿

�B�Û�d���$�Ç�p�®�–�Œ�ä	8
ƒ�k�

		8�K�~�B�…
����”

�S�ç�d���C�ï�[�õ�8�€���•
		8�K�B�…�ª�O�$�8�€���•


	
?�µ�è�a�&�0��� �þ�Ì�,���Q�Y�$
e (discordant)�f	æ

�Á�ä�S�$
e�d�¢�A
†���«�Q�Ì���Ø�±���d�×
« 2011-2013

�Ë�Y 99mTc TRODAT-1�B�…���Ø
†���±���i�“�

ž	À�®�–

�Œ�ä	8�

		8�K�~�B�…�ë�L�Ì�f

�¿�Ø�~�Ù�,
�a�
�k�o�¿

�¼�ú�Á
e�‰�V�¤���$
��*�à�Ô�e�‘�ß�d�æ
��L�¥�®

�–�Œ�ä	8
b�Ù
ƒ�k�€�g�ò�,�~�d�;�i�Ë�g�‰ 65.6�K�•�d


°	ð�¹�J�¿�I�ü�}�Ø	6	7�B�¤�€�µ�ï�Ì	Z�¾�û�U
B�5

	8�e
†���Ì�è�j	Z�¾�æ�Œ	8�e�›	§	��°	8�e�þ�'�Œ�ä	7�e

�?�9�)�ø�ƒ��	6	7�e�S	��·�A�•�m�e�å�Ø	8�¿�Ø�A�•�d
99mTc TRODAT-1�
�ˆ �• �e�Ø�Ù�4�¿�B�O�$�.
 l 
 	 �~�W

�‘�ô��	8�K�Œ�$
ƒ
	�Ì�,�U�¥�i�$�Þ�^���½
b�‰�a�ï�Ì

�®�–�Œ�ä	8
ƒ�k�˜�Á�k�\�€�g�ò�ž�~�d�;�i�Ë�g�‰ 69.3

�K�•�f�Ô�Þ
ƒ�k�i
Ÿ�a 99mTc TRODAT-1�
�ˆ�•�e�Ø�Ù�4

�¿�B�f

�¿�B�É�7�¿�B�…�×
«

1. �¿�B�£�ê

�4 � \ �P � ˜ � 
 � ˆ � • �Ù �4 �¥ � ; 	÷ � � � � � � �Â �– �_ � \ � �

�ˆSiemens E.CAM Patient Handling System (PHS) Field of 

View (FOV)�‰�"�.�r�B�Ú�×
«�B�…�d�ä�û�U�z���‰ 1.6 

cm �Î�q�d
œ�������‰ 11.2 mm�€�õ�_�\���Œ�& 10 cm�Û

�˜�ð�}�1���Y�S���h�»
{�•�f

2. �B�…�×
«

� ‘ 	 • � ! � › 99mTc TRODAT-1� d � ’ 
 Ž � ‰20-25 mCi�i

�¾ 165�±�R��
†���¿�B�d�B�…�×
«�Û
œ�‰ 40 �±�R�d�(

�¾	¸�¯�ç�M��
{�B�…�f�×
«�B�…�˜	•
 	•�ÿ�‰ 140 KeV 

�Ô10%�d	I	ì�}�ƒ�‰ 128 x 128�d�B�…�×
«���p�‰�Ê�S
u

�B�…�×
« 30 �Æ�d�	�� 
œ�^�‰ 3 ���d
†�� 360��
§�:�d

�²�&�Î���‰ 0.27 mm�f�4�\ ICON alias�±���û�Ì
†���B

�…�ˆ�#�d�£�›�Ø�Å�k� �\�Y�Í���d���Æ���Ä�õ�•�Ð�~�	

�� �å�M�Y�ç�\�o�¿�d
†���Ñ�£�²�&�Y� �\�d�ó�}�â��

�‰1.6�d�(�o�_���°�j 60-66�€
V�˜���}�ƒ�þ�›�•�f
†�S

�É�4�\ Filtered BackProjection� �\�B�…�d�ç�M�Â�–�_�\

���d�;�\ Butterworth�é�*�œ�ˆ�#�B�…�d�£�›	¸�¯�·�p�‰

(cutoff�j0.45�dorder�j4) 
†���À�³�›�B�…� �\�ø�¿	¸�¯

�ç�M���Q�d�;�\�Ñ�£�²�&�B�…���Ø�d� �\�h�K�²�&�B�…

���Ø�q�¿�K�²�&�B�…���Ø�f

���Ø�±��

�¯�›�Ì�Ù�&�d�¢�A
® 99mTc TRODAT-1�®�–�Œ�ä	8

�B�…
V�B�±�ó�z�_�d�1
ƒ�k��� �û���±�‰�M
l�ø�¿�K�S

���ž
 �l�.
l�˜�z�_�d�¯�›
Ž�Ù�&�d�¢�A
®�\ ROI 
6�å

�±���d�ä�±�,�J�;�\
6�å� �è�e�ˆ�è�ø�¿
?�µ�è�*�‰�f

�z
�
9�d
6�å���â�*�‰�à�{
��d�Ž�;�\	$�.
��¥���®�Ì

�€�f�z
� - �à�{
��•���à�{
��Ë�����›
Ž�p�=�f�¢�A
†

�S�É�;�\ ROI �p�=���Q� �è�e�ˆ�è�~
?�µ�è�”�Á�H�8�p

(asymmetry index)�d�”�Á�H�8�p�®�Ì�‰ [(Y-Z) / (Y+Z)] x 2 

x 100�d�I�•�Y Y �~ Z �þ�Œ�”�•
	�Y� �è�e�ˆ�è�¿
?�µ�è

[20, 21]�i�(
†�S�É�4�\ Student's t-test
†���U���è�›�f


�   ��
�Á�k�\�~ discordant�\
ƒ�k�¯�Ì�9�e�Ë�g�e	8�K�8

��
	�e	8�K��� ���€ HYS �z�_�:�›�•�Ú�Þ�U����
9�¨�.
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�€�Œ�S�•� f 99mTc TRODAT-1�B�…ROI �± � � 
 � � � � ï �$�d

discordant�\
ƒ�k ROI �±���;�i�p�=�‰���Ù� �è�e�ˆ�è�e


?�µ�è�±�9�‰ 0.524�e0.313�~ 0.634�i�8�Ù� �è�e�ˆ�è�e


?�µ�è�±�9�‰ 0.54�e0.308�~ 0.619�d�þ�Á�k�\
ƒ�k ROI

�±���;�i�p�=�‰���Ù� �è�e�ˆ�è�e
?�µ�è�±�9�‰ 0.502�e

0.28�~ 0.627�i�8�Ù� �è�e�ˆ�è�e
?�µ�è�±�9�‰ 0.533�e

0.295�~ 0.6�d�G�\
ƒ�k�Ì���J�¯�8��
	�˜� �è�e�ˆ�è�¿

�Æ�H
?�µ�è�d�«�Ì�U����
9���È�€�Œ�Z�•�f�¯�W�‘�<�ª

�:�Ø��� �û���j�u�Ì�ü���¨�.�f

�þ���Q�B�…�”�Á�H�Ì�ï�$�d�a�ï�Ì�®�–�Œ�ä	8�Á�k

�\
ƒ�k� �è�”�Á�H�Ì�‰ 21.4%�e�ˆ�è�‰ 13.7%�e
?�µ�è

�‰9.5%�idiscordant �\
ƒ�k� �è�”�Á�H�Ì
Ã 6.1%�e�ˆ�è

�”�Á�H�Ì
Ã 7.1%�e
?�µ�è�”�Á�H�Ì
Ã 7.7%�i�U���ï�$�d

�G�\�õ� �è�”�Á�H�Ì�O�$��
9�¨�. (t = 2.279�dp < 0.05)�f

�¼�ú�ï�$�d discordant�\
ƒ�k 99mTc TRODAT-1�B�…�Á�H

�Ì�ü��	÷�õ�a�ï�Ì�®�–�Œ�ä	8
ƒ�k�€�Œ�Z�•�f

	À   ��
�ì�½�I�¼�ú�ï�$�d discordant�\
ƒ�k�´�0�õ�a�ï�Ì

�®�–�Œ�ä	8
ƒ�k�d�¯�”�Á�H�Ì�8�p�O�$��
9�¨�.�d�H

discordant�$
e�˜�®�–�Œ�ä	8
ƒ�k�¯ 99mTc TRODAT-1�B

�…�j�Ì���J�¯� �è�e�ˆ�è�¿�Æ�H
?�µ�è�d�Á�H�Ì�0�3�f

�¯�B�…�ª�j�d
?�µ�è�Á�H�Ì�”�3�‰�®�–�Œ�ä	8
ƒ�k�ô��

	$�D�d�ª�ä
²
†�S�É
ž	À�H discordant�$
e�˜�®�–�Œ�ä

	8
ƒ�k�´�ë�Y	7�#�Ú�7�i�_�õ�¢�µ�¹�J�d�½�¤�J�h�’�e

�¤�Z	Z	7�¹�J�¿�%�À�’
��6�¬�ç�ó�'�®�–�Œ�ä	8	8�K�ï

�[�d�þ�I�¼�ú�õ�W�‘�j�Š
°	ð�¹�J�¿�Ó�Y�®�–�Œ�ä	8	8

�K�d�ò�¹�J�¿�Ó�Y	8�K�µ�‰�P
	�d�~�I�¼�ú
ƒ�k
Ã�S
	

�”�L�f�±�Í�a�ï�Ì�d�æ�p��	•�¿�Ó�B�…�j	m�K���a�&�K

�Ò�d�(�a�ï�Ì�d�æ�W�‘�j���ï�$�}�Ø�µ� �Å���Y�.
l�d

�ü���”�•�õ�®�–�Œ�ä	8�d�þ�I�¼�ú�W�‘�Š
°	ð�a�ï�Ì�d

�æ�Y��	•�Ì�f

�¼�ú�8���d�É�C�Ã�µ�Ë�¶�7�6���B�…���Ø�‚
��»

�®�–�Œ�ä	8�d�_�õ	m�K���a�&��	•�ï�[�µ�Ë�¶�7�6��

�þ�µ�*� \ [22]�d�• �Ô
b�Ù�_�½���d�Á�k�I �¼�ú�ï �$�H

discordant�$
e�Y�®�–�Œ�ä	8
ƒ�k�d�I	8�K��� �û���§�õ

�À���Y 1-2 	t�d�ª�ä�B�…�a�µ�Ë�¶�7�6���þ�µ��	•�Ì�}

Table 1.   Demographic characteristics

 Parkinson's disease Discordant patients

No. 8 7

Age 69.38�Ô2.89 65.57�Ô3.34

Gander 3M/5F 3M/4F

�0�R�G�L�À�H�G���+�<�6�� ���������Ô0.62 1.64�Ô0.56

�$�E�E�U�H�Y�L�D�W�L�R�Q�V�������+�<�6�����0�R�G�L�À�H�G���+�R�H�K�Q���D�Q�G���<�D�K�U���6�F�D�O�H��

Table 2.	 Dopamine Transporter (DAT) binding potentials (BP) in the basal ganglion, caudate and putamen of the discordant 
patients of Parkinson’s disease and idiopathic Parkinson’s disease submitted to brain SPECT with 99mTc TRODAT-1

Brain region	 idiopathic Parkinson’s disease ( n= 8) 	 Discordant patients (n = 7) Mean�ÔSD	 p value

Rt. caudate	 0.28�Ô0.029	 0.313�Ô0.044	 0.526

Lt. caudate	 0.295�Ô0.035	 0.308�Ô0.035	 0.796

Rt. putamen	 0.502�Ô0.043	 0.524�Ô0.044	 0.727

Lt. putamen 	 0.533�Ô0.045	 0.54�Ô0.038	 0.915

Rt. basal ganglion	 0.627�Ô0.04	 0.634�Ô0.042	 0.898

Lt. basal ganglion	 0.6�Ô0.055	 0.619�Ô0.05	 0.805

AI. caudate	 13.70%	 7.10%	 0.0119

AI. putamen	 21.40%	 6.10%	 0.04*

AI. basal ganglion 9.50% 7.70% 0.698

Rt.: right, Lt.: left, AI: asymmetry index.
aTwo-tailed unpaired t test.
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�#�i�ä�.�d�®�–�Œ�ä	8�6
��æ�Ÿ
�	8�K�ï�[�Û�d	m�K��

�µ�Ë�¶	Z�¾�©�Š�a�&�: 50%�ø�j [15]�d�ò�H�[�8��	m�K

���
�.�} [16]�d�_�õ�Ì
}
{�]
ƒ�k	7�Ã	m�K���B�…�d�ª
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Dopaminergic Transporter Imaging in the 
Clinical Discordant Phenomenon of Parkinson's Disease

Yu-Ming Fan1,6,   Chun-Chieh Lin7,   Shao-Yuan Chen4,5,6,   Jen-Cheng Lin8,   
Yao-Nan Yuan1,6,   Vinchi Wang2,3,6

1Department of Nuclear Medicine, Cardinal Tien Hospital, New Taipei City, Taiwan
2Neurological Center and 3Medical Quality Management Center, Cardinal Tien Hospital, New Taipei City, Taiwan
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6School of Medicine, College of Medicine, Fu-Jen Catholic University, New Taipei City, Taiwan

7Department of Neurology, Tri-Service General Hospital, National Defense Medical Center, Taipei, Taiwan
8Graduate Institute of Medical Sciences, National Defense Medical Center, Taipei, Taiwan

Purpose:   The motor symptoms of Parkinson's disease usual have been asymmetric characteristics from disease 

onset. A significant decrease in uptake of dopamine transport in the striatum was found in Parkinson’s disease 

patients with the 99mTc TRODAT-1 scan. Reduction of the uptake was showed in the contralateral striatum to match 

predominantly symptoms of Parkinson’s disease. However, we found some special cases to present ipsilateral clinic 

symptoms and basal ganglion damage, especially in mild or moderate stages of Parkinson’s disease. The purpose 

of this investigation was to evaluate the use of 99mTc TRODAT-1 dynamic technique and single-photon emission 

computed tomography (SPECT) in patients with or without the discordant phenomenon of Parkinson's disease.

Materials and Methods:   In this study, we have used the 99mTc TRODAT-1 SPECT scan to evaluate the alterations 

in patients of Parkinson's disease with or without the discordant phenomenon. ROI analysis used the ratio of 

radioactivity [the (St–Oc)/Oc ratio] was derived by dividing the difference between the average activity in the striatum 

(St) and the average activity in the occipital cortex (Oc) by the average activity in the occipital cortex (Oc). The 

value of asymmetry Index was estimated using the following standardized formula: [(Y-Z) / (Y+Z)] x 2 x 100, where 

Y and Z are the 2 different sides striatal binding indexes, calculated from the ipsilateral caudate and putamen ROI 

radioactivity counts.

Results:   The patients with discordant phenomenon had significant differences in striatal asymmetry index, 

especially in putamen, as compared with controls. 

Conclusion:   In our preliminary results, this 99mTc TRODAT-1 studies may provide quantitative analysis in patients 

with or without the clinical discordant phenomenon of Parkinson's disease.

Key words:  99mTc TRODAT-1, Parkinson's disease, clinical discordant phenomenon of Parkinson's disease
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Figure 1:  (A, B) Planar parathyroid scan revealed Tc-99m 
Sestamibi distribution in bilateral thyroid lobes on 
the 15-min imaging and wash-out on the delayed 
2-hour imaging. Tc-99m Sestamibi retention in 
�V�W�H�U�Q�D�O���U�H�J�L�R�Q���P�D�\�� �E�H���F�R�Q�V�L�G�H�U�H�G���À�U�V�W���� ���&���� �2�Q���W�K�H��
transverse SPECT/CT image, it revealed Tc-99m 
Sestamibi retention in the anterior mediastinum 
precisely.

Figure 2:	(D, E) Planar parathyroid scan revealed Tc-99m 
Sestamibi retention in the right supraclavicular 
region on the 15-min and delayed 2-hour imaging. 
(F, G) SPECT/CT imaging revealed it as an 
intramuscular soft tissue mass.

Figure 3: (H, I) Planar parathyroid scan revealed Tc-
99m Sestamibi retention in the midline of chest 
cavity. (J) SPECT/CT imaging localized a Tc-
99m Sestamibi avid ectopic nodule in the anterior 
mediastinum precisely.
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Localization of Parathyroid Glands with Single-photon 
Emission Computed Tomography/Computed Tomography

 (SPECT/CT) — Case Reports

Hsiu-Lan Chu,   Chia-Yang Lin,   Hui-Chen Yu,   I-Hsin Tsai,   Chih-Ting Liu

Department of Nuclear Medicine, Kaohsiung Medical Hospital University, Kaohsiung

Abstract
Parathyroid scintigraphy can be used to differentiate and localize parathyroid glands of primary hyperparathyroidism. 

Parathyroid scintigraphy can also localize the residual or recurrent parathyroid glands in patients with 

hyperparathyroidism. The differential diagnosis of primary and secondary hyperparathyroidism and localization of 

parathyroid glands is by means of the different rate of accumulation and washout of Tc-99m sestamibi in thyroid 

glands and parathyroid glands. Although the sensitivity of parathyroid scintigraphy is high, planar imaging can not 

�S�U�R�Y�L�G�H�� �G�H�À�Q�L�W�H�� �W�K�H�� �O�R�F�D�W�L�R�Q�� �R�I�� �O�H�V�L�R�Q�V�� �G�X�H�� �W�R�� �W�K�H�� �V�X�S�H�U�S�R�V�L�W�L�R�Q�� �R�I�� �R�U�J�D�Q�V���� �6�3�(�&�7���&�7�� �F�D�Q�� �S�U�R�Y�L�G�H�� �P�R�U�H�� �G�H�W�D�L�O�H�G��

information about the surrounding anatomy. We share our clinical experience about localization of parathyroid 

glands in three patients.

Key words: ���3�D�U�D�W�K�\�U�R�L�G���V�F�L�Q�W�L�J�U�D�S�K�\�����7�F�������P���6�H�V�W�D�P�L�E�L�����6�3�(�&�7���&�7
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Figure 1.	The 99mTc-MDP whole body bone scan reveals 
markedly increased tracer uptake from left forearm 
to left hand.
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Figure 2. Follow-up examination 1 years later, there was 
normal radiotracer uptake was noted on the left 
forearm and hand.
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Abstract
A 58-year-old male with laryngeal cancer underwent a 99mTc-MDP whole body bone scan for evaluation of bone 

metastasis. Asymmetrical uptake of radiotracer in left foream was noted unexpectedly. The image findings were 

consistent with glove phenomenon due to intraarterial injection of radiotracer on the left antecubital region and the 
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Abstract
Epilepsy is a group of neurological diseases and a 

chronic noncommunicable disorder of the brain that 

affects people of all ages. Diagnosis of epilepsy can be 

�G�L�I�À�F�X�O�W���� �,�Q�� �W�K�H�� �F�O�L�Q�L�F�D�O���� �W�K�H�� �0�5�,�� �V�F�D�Q�� �L�V�� �U�H�F�R�P�P�H�Q�G�H�G��

to diagnose after the seizure. Brain perfusion SPECT 

also is generally acknowledged to provide clinical 

�D�S�S�O�L�F�D�W�L�R�Q�V�� �L�Q�� �H�S�L�O�H�S�V�\���� �+�H�U�H�L�Q���� �Z�H�� �G�H�P�R�Q�V�W�U�D�W�H�� �W�Z�R��

patients with epilepsy and the diagnostic images by 

�0�5�,�� �D�Q�G��99mTc ethyl cysteinate dimer (ECD) brain 

�S�H�U�I�X�V�L�R�Q�� �6�3�(�&�7�� �Z�H�U�H�� �S�H�U�I�R�U�P�H�G���� �,�Q�� �W�K�H�V�H�� �W�Z�R��

�F�D�V�H�V���� �Z�H�� �I�R�X�Q�G�H�G�� �W�K�H�� �E�U�D�L�Q�� �S�H�U�I�X�V�L�R�Q�� �6�3�(�&�7�� �F�D�Q��

�S�U�R�Y�L�G�H�� �D�G�G�L�W�L�R�Q�D�O�� �L�Q�I�R�U�P�D�W�L�R�Q�� �Z�K�H�Q�� �0�5�,�� �V�K�R�Z�H�G�� �R�Q�O�\��

�Q�R�Q�V�S�H�F�L�À�F���À�Q�G�L�Q�J�V��

Key words: �� �� �(�S�L�O�H�S�V�\����99mTc ethyl cysteinate dimer 

���(�&�'�����E�U�D�L�Q���S�H�U�I�X�V�L�R�Q���6�3�(�&�7�����0�5�,

�-���1�X�F�O���0�H�G���7�H�F�K����������������������������

Introduction
Epilepsy is one of the most prevalent neurologic 

disorders and affects approximately 1% of the general 

population. Many can be rendered seizure free with surgery. 

Only 40%–50% of extratemporal lobe seizures can be treated 

by surgery. Temporal lobe seizures are usually accompanied 

by head deviation, aphasia, swallowing, tooth grinding, 

a chewing motion, and staring spells. MRI scan were 

recommended to diagnose epilepsy. MRI scan can provided 

good localization of the epilepsy focus. In some situation, 
99mTc ethyl cysteinate dimer (ECD) brain perfusion SPECT 

may provide additional information for clinicians when MRI 

�V�K�R�Z�H�G���Q�H�J�D�W�L�Y�H���À�Q�G�L�Q�J���>�������@����

Case Report
1. A 27-year-old woman got sudden onset of bilateral 

arms convulsion with loss of consciousness in college 

dormitory. There's no generalized tonic-clonic convulsion, 

versive movement, urine or stool incontinence noticed. 

Her consciousness gradually recovered about 1 minute 

later. Post-ictal confusion was noticed for about 10 

minutes, with associated post-ictal headache and general 

fatigue. She denied recent infection, alcohol consumption, 

or illicit drug use.

 She had never experienced the seizure episode before 

and there's no family history of epilepsy. Due to falling 

down on the ground, there's head injury with abrasion 

wound over the head. Brain CT was performed but there's 

no obvious intracranial lesion detected. There's no focal 

neurological deficit noticed. MRI scan and 99mTc ECD 

brain perfusion SPECT were performed for the post-ictal 

�V�W�X�G�L�H�V���� �0�5�,���7�����Z�H�L�J�K�W�H�G���À�Q�G�L�Q�J�V�� �Z�H�U�H���Q�R�U�P�D�O�����)�L�J�X�U�H��

1) while 99mTc ECD brain perfusion SPECT showed 

decreased radioactivity in mesial aspect and inferior 
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�S�R�U�W�L�R�Q���R�I���U�L�J�K�W���W�H�P�S�R�U�D�O���O�R�E�H�����)�L�J�X�U�H��������

������ �$���������\�H�D�U���R�O�G���Z�R�P�D�Q���G�H�Q�L�H�G���D�Q�\���V�\�V�W�H�P�L�F���G�L�V�H�D�V�H���H�[�F�H�S�W��

intractable epilepsy episode when she was 18-year-

old. Under the impression of seizure and epilepsy, she 

received medication and follow-up at our neurology 

outpatient department since that time. Recently, complex 

partial seizure with secondary generalization was noticed. 

�7�K�H�� �G�X�U�D�W�L�R�Q�� �Z�D�V�� �D�U�R�X�Q�G�� ���a���� �P�L�Q�X�W�H�V�� �Z�L�W�K�� �L�Q�L�W�L�D�O�� �O�R�V�V��

Figure 1.	MRI coronal (Left) and transverse (Right) T2-weighted imaging showed normal. No imaging evidence 
of the suspected lesion or disease.

Figure 2.	 99mTc ECD brain perfusion coronal (Left) and transverse (Right) imaging showed decreased 
radioactivity in mesial aspect and inferior portion of right temporal lobe.
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of consciousness and then generalized tonic-convulsion 

�R�F�F�X�U�U�H�G�����+�H�U���F�R�Q�V�F�L�R�X�V�Q�H�V�V���U�H�F�R�Y�H�U�H�G�����a�����P�L�Q�X�W�H�V���O�D�W�H�U��

and denied any post-ictal discomfort. MRI scan and 99mTc 

ECD brain perfusion SPECT were also performed in this 

�S�D�W�L�H�Q�W���� �0�5�,���7�����Z�H�L�J�K�W�H�G���À�Q�G�L�Q�J�V�� �Z�H�U�H�� �Q�R�U�P�D�O�����)�L�J�X�U�H��

������ �Z�K�L�O�H��99mTc ECD brain perfusion SPECT showed 

decreased radioactivity in mesial aspect and inferior 

�S�R�U�W�L�R�Q���R�I���U�L�J�K�W���W�H�P�S�R�U�D�O���O�R�E�H�����)�L�J�X�U�H��������

Figure 3.	 MRI coronal (Left) and transverse (Right) T2-weighted imaging showed normal. No imaging evidence 
of the suspected lesion or disease.

Figure 4.	 99mTc ECD brain perfusion coronal (Left) and transverse (Right) imaging showed decreased 
radioactivity in mesial aspect and inferior portion of right temporal lobe.
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Conclusion
Diagnosis of epilepsy can be applied by CT scan, MRI 

scan and 99mTc ECD brain perfusion SPECT. MRI is much 

superior to CT in terms of its sensitivity and specificity 

for identifying subtle abnormalities because CT will miss 

�P�D�Q�\�� �V�P�D�O�O�� �P�D�V�V�� �O�H�V�L�R�Q�V�� �>���@�����:�H�� �G�H�P�R�Q�V�W�U�D�W�H�� �W�Z�R�� �S�D�W�L�H�Q�W�V��

with epilepsy and the diagnostic images by MRI and 99mTc 

ethyl cysteinate dimer (ECD) brain perfusion SPECT were 

performed. Although the MRI images revealed that there 

is no imaging evidence of the suspected lesion or disease, 

the 99mTc ECD brain perfusion imaging showed decreased 

radioactivity in temporal lobe which is a characteristic 

�À�Q�G�L�Q�J���I�R�U���W�H�P�S�R�U�D�O���O�R�E�H���H�S�L�O�H�S�V�\����

Some epilepsy patients meet with a situation that MRI 

shows no obvious lesions. It is known as MRI negative 

epilepsy or non-lesion epilepsy. The MRI negative cases 

�P�D�N�H�� �X�S�� �������a�������� �R�I�� �W�K�H�� �S�D�W�L�H�Q�W�V�� �Z�L�W�K�� �W�H�P�S�R�U�D�O�� �O�R�E�H��

�H�S�L�O�H�S�V�\�� �>���@���� �,�Q�� �F�D�V�H�V�� �R�I�� �Q�H�J�D�W�L�Y�H�� �0�5�,���� �W�K�H�� �E�U�D�L�Q�� �S�H�U�I�X�V�L�R�Q��

SPECT is sensitive in detecting impairment of regional 

cerebral function and plays a complementary role in to 

localize epilepsy foci. 
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