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Using radioactive isotopes and non-sealed labeling compounds, the brain’s mechanism of action could be analyzed from a molecular
perspective using the characteristics of a positron emission tomography (PET) image, which could identify molecular changes in the
region of interest in the human body in three dimensions. Similarly, magnetic resonance imaging (MRI) images provide high-
resolution anatomical information to determine the activity of nerve cells that reflect the activity of brain neurotransmitters and
receptors. After measuring the brain neurotransmitter through MRI images and the amount of Blood Oxygenation Level Dependent
(BOLD) produced by receptors, certain areas of the brain could identify activation changes. The development of positron emission
tomography-magnetic resonance imaging (PET-MRI) has been made to reflect the respective characteristics of PET and MRI images

at the same time.
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Table I. Representative radionuclide in nuclear medicine.

“Ga, 'In 5 ©] Bo] &L Utk e].

Radionuclide Half life Gamma Energy (KeV) Application

99mTe 6" 140 Brain, Thyroid, Whole Body Scan
1231 13.2° 159 Thyroid, Brain, Tumor

1231 60" 35 radioimmunoassay

1311 8" 364 Thyroid therapy, Whole Body Scan
20171 72" 0.135, 0.167" Heart, Myocardia

Ga 78" 93,184,296 Tumor and Infection

n 67" 173 White blood cell

SICr 27.8" 320 Renal function

50 2™ 511 PET

Bp 110™ 511 PET

Since several half-life and energy units for the radioisotopes were used in this table.
Thus, the unit was specifically classified as follows; ‘means by hours, “means by days,

*odok .
means by minutes, “means the MeV.
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Fig. 1. (Color online) The scheme of gamma camera system. Gamma energy converted to light through the scintillator is focused through a light
pipe. Converted light could be changed into an electrical signal during passing the photocathode. The massive amplification of electrons occurs as
it passes through the dynode, and could be emitted as a signal that could be analyzed.
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Detector head

Fig. 2. (Color online) The SPECT camera. (A) Multiple detector array, (B) Fixed detector array with internal movement detection, (C) Fixed
detector array with pin hole collimator attached. The SPECT cross-sectional images that could be used for image reconstruction could be classified
into three types according to the detector arrangement. A rotating detector array is used to detect gamma ray incident from a specific direction, and
a pinhole collimator is used to acquire images with high resolution. The figure of clinical image was referred from the paper of Imaging of

Sarcoidosis (Mario Silva, 2015).
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Fig. 3. The scheme of annihilation radiation (A) and coincidence circuit (B). Two gamma rays are generated in the direction of 180 degrees up and
down by the reaction between the positron emitted from the atomic nucleus and free electrons. In order to measure gamma rays generated

simultaneously, a coincidence circuit system is essential in the PET systems.
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Fig. 4. (Color online) Cyclotron. By accelerating hydrogen charged
particles in a circular vacuum tube, high energy (8 MeV or more)
protons applied with kinetic energy to the hydrogen charged particles
could be irradiated to the target material and obtained through nuclear
reaction. The schematic above is referenced from the following
sites:http://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/cyclot.html.

Table I1. The cyclotron radionuclide.

Radionuclide Target Nuclear reaction  Half-Life
18p H,"*0 B0(p,n)"*F 109.7m
¢ “N, (1% 0,) “N(p,o)''C 20.4m
BN H,'%0 0(p,0)*N 9.96m
150 BN, (1% 05) 5N(p,n)'*0 2.07m
%Cu N *Ni(p,n)**Cu 12.7h
1241 124'1-*e '24Te(p,n) 1241 4.18d
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oxy-orthosilicate, Y,SiOs_Ce and/or Tb), LGSO(Lu,-xGdxSiOs),
HEeA] 23291 CdTe, CZT(Cadmium zinc telluride) 52
A 2AE AFga, Zople) W s W B &
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Table I11. The characteristics and type of scintillation crystals meterials.
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. Effective Relative light Decay time Peak emission
Scintillator p (g/ce) 7 output yield (%) (ns) (nm)
Nal(Tl) 3.67 51 100 230 410
Lu2SiO5(Ce) (LSO) 7.40 65 75 40 420
Gd2SiO05(Ce) (GSO) 6.71 59 20 30-60 430
Bi4Ge3012 (BGO) 7.13 75 15 300 480
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Fig. 5. The scheme of PET-CT. The anatomical information that is
difficult to interpret with PET images alone could cause difficulties in
interpreting local lesion in clinical. In order to improve these result,
PET-CT, which could display PET and CT information, simultaneously,
has been developed that could be collected and released as a fusion
image. The above figure was referred from the paper of Low Dose
Interpolated Average CT for Thoracic PET/CT Attenuation Correction
(Sun Tao, 2013).
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Fig. 6. (Color online) PET-MRI. The fusion of the both molecular informatics function of the cellular activity for the metabolic state of PET and
the excellent soft tissue contrast of MRI, spectroscopy, and functional magnetic resonance imaging (fMRI) is achieved through neurological
imaging including molecular information. The above figure (A) was referred from the paper of PET System Technology Designs for Achieving
Simultaneous PET/MRI (Brian J. Lee, 2016) and (B) was obtained from Seoul National University Hospital web (“PET-MRI (positron
tomography-magnetic resonance imaging) device”, last modified Oct 16. 2017, accessed Feb 19.2021, http://www.snuh.org/board/B006/

view.do?bbs no=3855&searchKey=&searchWord=&pagelndex=1).
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