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Nuclear medicine is a field of medicine that uses radioactive materials for diagnosis and therapy of human diseases. Radionuclide is
combined with medicines to form chemicals. It also forms radiopharmaceuticals in combination with pharmaceutical compounds.
Radiopharmaceuticals refer to unsealed radioactive isotopes, compounds and preparations used for diagnosis or therapy. A great
advantage of nuclear medicine is the imaging of morphological changes in human diseases. Unlike conventional diagnostic exam, the
extent of disease processes in the human body can be imaged based on the cellular function and physiology of the tissue. Nuclear
medicine is used for prognostic determination and therapy planning after diagnosis and therapy of disease. The nuclear medicine exam
differs from the radiological imaging exam. The main difference is that the radiation sources used for imaging are gamma-rays and
beta-rays. According to the generated physical principle, it is divided into single photon emission image and positron emission image.
The purpose of this article is to discuss the introduction of nuclear medical imaging systems and PET/MRI (positron emission
tomography/magnetic resonance imaging) and future development directions.
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1. 89|58} (Nuclear Medicine) ZAI2| &7
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(Nuclear Medicine Imaging Systems)
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Table 1. Types and characteristics of radioactive isotopes.

&) o] 8k(Nuclear Medicine) 227} PET/MRI — HF2l 4= - £rg 2]

Radionuclide Half-life Gamma energy(KeV) Parts

PmTe 6h? 140 Brain, Thyroid, Whole body scan
1231 13h 159 Thyroid, Brain, Tumor

1257 60 d” 35 RIAY

20171 73 h 135,167 Heart, Myocardia

"Ga 78 h 93,184 Tumor and Infection

B 81d 364 Thyroid therapy, Whole body scan
M 67h 173 White blood cell

Sicr 27.8d 320 Renal function

50 2m? 511 PET

18 110 m 511 PET

*Hour. *Day. “Minute. “Radioimmunoassay.

Computer for image processing
display

Computer for event positioning
and detector cotrection

Analog-to-digital

. PM tube

i Collimator

Fig. 1. (Color online) Structure of gamma camera.
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Fig. 2. (Color online) Collimator type.
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Table II. Scintillators used in SPECT and PET.
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2. CHAZRIEIECEEE (Single Photon Emission Computed
Tomography: SPECT)
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. Effective Relative light Decay time Peak emission
Scintillator P (geo) Z output yield (%) 7 (ns) A (nm)
Nal(TI) 3.67 51 100 230 410
CsF 4.64 53 5 4 390
BaF, 4.88 53 12 0.8, 600 220, 310
YAIO;(Ce) (YAP) 5.37 39 40 25 370
Gd,Si0s(Ce) (GSO) 6.71 59 20 60,600 430
Bi,Ge;0,, (BGO) 7.13 75 15 300 480
Lu,SiOs(Ce) (LSO) 7.40 65 75 40 420
LuAlO;(Ce) (LuAP) 8.30 53 50 18 365
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(a) CT coronal plane

Fig. 3. (Color online) CT vs SPECT image.
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Fig. 4. (Color online) Positron decay process and detection.
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Fig. 5. lllustration of a projection and a sinogram.
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(a) Scattered coincidence

Fig. 6. (Color online) Types of coincident events.
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Fig. 7. (Color online) Whole-body FDG study.

-

oxoclucose(FDG)S ©]-83}aL Ut 'F FDGE ¥EH 4
Al Wb 88 BAEA % AXF RN ¥e
ko] Z71eiths ARE o83t FDGE ¥=33
& 98K (Transporter)ell <13 A U2 43 =y Zgt
= 28] Fa7)UokA (Hexokinase)oll 28] Q1kele & o
ol thAk Hlx| @3 7t AFEE Q@) & e BAJo
oI}, ek ok FF BE 9 Wole) B4, ol g
24e Ba) FIIEo R AFEE S QUTH15-17]. 7F%
21 ZHAR= PET 22l ZAKWhole bodyy#H o2

oft

1

m\l

_

i

O o 4

12

]
Q)
=

T

%

o

A

&Y o] 8H(Nuclear Medicine) 427} PET/MRI — 2-8<4= - 12

Not detected

-’ Z60 P
y

+

F

-
L]

ook U ¥ FDG &l BlEHE AHH 55 BT
UTHFig. 7]. 1Y FDG A AEst de] A==
¥+ 4% Al (Standardized Uptake Value: SUV)E= FDG
AHe A A A8 Wit ool ofs) el
3 Jgot. suvel 2= =2 w7fH<SE(Parameter)ol]l 23|
geid = Qi olE 59 3R] Aoy 55, 5 &
=3 =], AHle] T e 297 B JY(ROI)
ARl wEtM= 2R 4= UTHI8]. Fig 72 Adle] ®F
FDG 7} Al 73290 AESH R3olth. A4l 41z oy



<34 E=> Journal of the Korean Magnetics Society Vol. 29, No. 5, October 2019

- 191 -

(a) Axial CT image

Fig. 8. (Color online) PET/CT (Metastatic squamous cell carcinoma).
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A Frsle 4] S48 B 213 A, 71E
ET 94 7171 2Arpds o83t 5 G4S o8 Al Al

ol o2 A sjeky ARE FE3] AlFshA X

i

rone
4
0,
fr
H,

B A1

N
Mr o of

=
ﬁ-o
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A9k PET/CT 9/ 717194e CT os thalgho e
ety glwel Pt g5 AR 958 5 A HSlk
PET/CT ZAJellA] Exje] thgh WARd 9132 oe] CT A
ARl Fojgl PET 91949 UiF Z)Fo|th27]. CT 9%
71719] vi7H<4=(Parameter)?} PET 71719 #elEe &9
FoJatodof slal AolE 9 HA o] et M A Z=2
EZS Agsfolof gt

"F FDG= PETOIX Ag71A] 7P &3l AREE &9
Yiolct. BF FDGE] HARIRRE A HAMY e 93]
ICRP 71 80%E ARE3le] ALK = t}28]. CT= &
Ao g F RS AlFstt CT G4 717 712
o g B9} o8 FARF TEA mle- 231H g4
=7 7E AMge] H543] SUIsIA. M7l rkE "
RE o539 diiel B, I fasdael ojs)
ARASh= B Ads] At T WARKD Akl HHsh=
2333] oJHa Tt 82159 9IS vAAl Hed CTY
32} dEre ) sk B3 Eals(Spatial resolution), =
©]Z(Noise), =Efo]l2~ F7(Slice thickness)®} & A%
5 50, I1 Halle ¥ EFfol T} Bt o]
Z 58 2R B ARS 4l STk B $
2} Aes A3 wie o3l ATeAE Y A5l T
olof 31, CT & 7171 & Al AgsHAl =43t 2zt
A7), A%, AE, 9 e & w7 \eE aEsjof
3t} PET/CT Al CT e =& 9] sty
=7 B4 AL opu), HIF Ut FRe] AxF]
< 7T F97t gl CT 972 PET HloJE9] a1y
ALt Acel F= AREEL o] eke 918 CT 9%
R A 74 7Fse] Atke AS ov|gitt

PET/CTY &2 e didsich. PET/CT Al2~5e] H]
80| & PET AlZHIET 433 so0u= Hx 83
71717 el =9) Al A o=} Aol s A
o7e] wekont ol ARt 348 PET/F A= AlHIR)
PET/CTZ thA] EATH29]. PET/CT 71719 =87} 3242
HA S718F AL PET 717180} Heke] A3e wjEqke o}
Utk Xt o $Q93 AL PET/CT 71719 944 3=t
AYFe] F7PF o 2 offtelth. CTE ©l83224 AC A
7R sE mwko g Gsla PET AE719] A3A M=
2h%E 3D YIS 53k AT AR 400X 2080
FSHOEA PET/CT 97 71719 A4 efdrde] dSH
7] wjiolc}.

32

2. PET/MRI(Positron emission tomography and magnetic
resonance imaging)
PETS} MRI 94 BA1E B Alzglow Agst of]

&Y o] 8H(Nuclear Medicine) 427} PET/MRI — 2-8<4= - 12

o= 19909t ZRlel] 25 ARKEATH30]. 1990 thell
ke 55 gdo® PET 2 MR 3f=dgol9] 8 el =
oA AF dlolHE sk T 27] A=l olo] 2010
o] AA PET/MRI A|2=8lo] ==0=d] vlas] =g 7t
o] 9 ofii= PET9} MRIS F&©] PET/CTY Al2HE
o R o Bxslr] wiolth31]. PETS MRIZ 58514
= 571 ¥ 3hhs PETICTY AFolth. MRIE AZZ o
ZL7h Guk CTEY 9573k WAk )Fo] gle Axo]
AR 717158 S@ek= ©l o] BWEFF ZpolHo] Stk
PET/CTE Hlw3] 7hkst T2~z 9t Ao} $xjs0)
Al G oS AlFTH32). EA delA & T B
+ PETICTE= 71EF 22 3shte] HolEd Y HEF
(Gantry)*lX] PET 2 CT 71717} 7+495°] th. PET/MRI
o] & Fde wET] S8l s ME=Y 7171E 38t
© 3 AP EAIR ) Al2E T Vs A7t
0% ofal geofg 4E50°] JTH33]. PET/MRIZ I3+ 7]
=2 HIHLS PET/ICTS ARE 492 PETS MRIY
T4 845 o] MEZ(Gantry)ell BIXshs BAIHAL
(Simultaneous Systems)A| =¥l FA3t= Aotk &
PET/MRI 7]71= PET$F MRI 74 84:0] d53 A3fsiA|
8L 5 AIZERS FEele] €8] A= PET/MRI A|2~R]
o 7t Fd G5 AR FAE EEE shal /v ol
8l PET HE717F MRIS} S8H5]a1 214 witol] 28
F S v 2¥3E PET HE71Y o] dash) &
A ¥ F AEEE SIIMeV Ak AEVE BE
PET 71719] &4 842 dAiA] 4% ditkse] PET
NzEe dubzoz 4o pPMTYl BEH o g A F7)
ABAR JAFAL] F4E 7o E gtk PMTE 511 KeV
Zpdo] AgAe) ds A8 o HEHT WS HES
35 Ao 94X, AR e} ARES EA3sls=d] ik Al
T ¥F PMTY A5 4 mTe 2R3t A7 1ol 2%
s Askh JERGT34]. MRI 7171 W) B 2318 A
5% 4 A= PET AZE7] /NS fJ3] gual 24 Hoj
(Bore) W9] 0.5-1.0T Ateloll e el 254 + U=
PET AS71E WEepAd APds 93 & e o e iHs
ook 3th H PET/MRI A28l 33+ 7}%3F APD
(Avalanche photodiodes)® SiPM(Silicon photomultiplier)2]
Avsta A = MRI 23 14 sHEE7 17 A=)
tH35,36]. PET/MRI Z7]dll= REZ)Z} F A= 74" o
4747 KSequential Systems)A|Z=glo] o™ HAl= FAIHAL
Alz=Hlo) ko g voprlal lthFig. 9].

A& A} AlzEle PETSF MRIZF E2]50] lo} & 94
g5 AlZte]l PETS MRIE st 85 Alzlo] AQHTh
PET/CTS} Hlwsl] CT A} ARE oF 15%~18 &9 A

f

2y
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4 “‘

New Pt Table and
Turn Table ' ‘
e

PET
(a) Photo courtesy of Philips Healthcare

Fig. 9. (Color online) PET/MRI.

Tk, UukERl MRI ZAF AIZES o 7l19] Al Z2~(sequences)
7} 3hte] oz SR oF 20-40% AQFETH PET
A E5 AIZRe e o2 A ¥ (Brainy@dAF Al oF 3~
15%, 1] 2 (Whole body)ZAk= F 10208 A~Q¥T

we}A PET/CTSF 7AARY Hlal Al PET/MRI A %
7 AREeE ZEAte] 2| qlolut AdEol| whE thx{el AAF A
&gl g Aloks WA .

PET/MRIS] 72 sl=do] B3] B34 o]efol] oz
7 g2 F23 Ve IAIE ok oA HHH
PET/CT A28l CT7} allfshd] JRZ A2 Sk oy
2 ACE 44 Wk 4= glEd, PET/MRE] 749 MR 4
3o G vHE 718 = o] FAF S5l IS
nxe B3 @ t2e=E 53] oyt

CTY 3 Fre =2 s oL Je Ak A
5A-ge] 7RI}, FHaT= W Shell WA} HZH ¢
T2 9)7} Shell AR} A5 2Rgof] WAgtt. wheba] HA}
Ue= PETS CTOA 3} 49 4:430]al CT Hounsfield
919} PETS] AC Al Atelo] BlaZ 7hdst Wgto] ks
3lt}. A MR 4] AFE A4 a4z 270
w2l Wislslal MR Alse} 3 5 Aoldle 23420 o
27} §lo] MR 733} W (Emission) H|o]E]e] A4 gako
ZHE AC Yo TFo] ¥AIsln ERsI37,38]. Al
o] 7HA] WHEC] NEEIARE, ofF] ¢hd3] A ¢k
a1 g At Fok= dol Stk PET/MRI Al~E1e]
ol 9Jo] PET/MRI 97 34 $91= 583k Aol
of|Z E°] fMRI(functional MRI) A= *H(Brain) < ]
21737 g ] 417 ALEZ (Neurotransmitter) 2 ©]E
T8 (Receptor)?] E5-S AP ZAOZ wigsh= ABAE
o] ATl vlES & A otk ¥ A HuEd 9
T8A|2] &Fol olgk A~ AT (Blood Oxygenation Level
Dependent: BOLD)YS- S33%}¢] BOLD Alg= o] &4 X
7F sl Al F21e] MEdA ARAE SREER]
(Hemoglobin)© 25 Ho} AL83HA] =1, HA &9 F|n

g m—

3T Magnetic field

-193 -

(b) Photo courtesy of GE Healthcare
2R AAE WS Al Fot. o]Hgk 2kA AH]ef o]o &
F B AaE AT Qe RIene ¥Hee ¥
7ol Z7bt Qolbl sk, oleidt Aol @RS 3
7k2 1%t wAl A7) WslE MRIE 53l AE3te

BOLD 41&5 9& 4 A ot 3F BOLD 2l&e] 54
< ol&ste] 583 HAIE kA sl] L Ho[H<} F
2 (Restingyd®l Clo[ElE $7 E4% #8S B3l ¥ &
Ale} THAE BOLD A1) WSlE ¥ Roox HEF 5
QA Bk A 109 E7F IMRIE 083 = Eopol] ©@e
o] AR, A2 tMRIS] SIS WAFaL olAl= 4F
A 3o sEETE ofg} HE FEole A ¥ A
AgEd 9 849} e G459 7153 vy W AL
ole] A Hlw kS Hslar Aok o] Hepd EAEE
<l WHSlE AR PET 47 A st 4 24 9
7o) Heks 3R A1 7 UTH39-43].

oL

IV. PET/MRI 0O|2H

B Ve FolE AC A o)Ll PET/CTY AdFA]
H owEA P Ade] g Bof 2] /A £ olf=
Aoz 71 ZAL AlREeE Q19 A A} X2]Rke] A,
A -S89 HA, =& vl8 4] #Evlgoltt. PET9}H
MRI®] T Aol Al 21 B A2 3AH ol
o] Itk 53] PET/MRI FAR= AR 9135 ikelA] &
o} Ao} gxje} wkEZQ] Al HAE a3 X8 $xlofAl
o] fr-8-5iTH44].

PET/MRI®IA PET 942 FFE(Pico molar)EA} 7420l
et wi-g- FAIAolaL FE HolEE AlEeh Al Al
FIHAK(Cell metabolism)2} 484 (Receptor) ol TSk A
715l YRS AFSt. MRI Q32 allFeE dodol| =5ks]
A k31 IF(Perfusion), EXH(Diffusion), A Metabolism),
tMRI®] 7|53 JRE A|FIHH45], [Fig. 10]. T=Ho=
ol PET/MRE] 438 AAshe 2e A1 eldAdw
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&) o] 8k(Nuclear Medicine) 227} PET/MRI — HF2l 4= - £rg 2]

(a) 18F FDG PET

Fig. 10. (Color online) Simultaneous PET/MR study in an epilepsy patient.

B g9loltt. PET/CTE] S71ell me & PETS Whe
AlE FE e 299, PET/MRY] 2 7H4] s asljo}
g 7Ie3 EAlEC] AN R FE D8welA
mefe] ek, A5 24, X5l e B ek =72
g Z0]t}H46,47]. PET/MRE] Atha 9 71Xl thgt d)
ofEI7} Husle % d et vig- ZHEE Aotk
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