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PET-MR medical imaging technology

Nathupakorn Dechsupa*

Center of Excellence for Molecular Imaging, Department of Radiologic Technology,
Fuculty of Associated Medical Sciences, Chiang Mai University, 50200, Thailand

Corresponding author (Email: Nathupakorn@cemithai.com)

Abstract

Hybrid medical imaging technologies are originally occurred by a limitation of technology
that is not giving clinical information completely in each one. Thus a further data acquisition
by another modality is required. The diagnostic efficiency of diseases by a medical doctor is
depending on clinical evidence-based information. Increased number of correct clinical data and
evidence of patient is useful to a medical doctor in diagnosis and therapy and finally is health
benefits to patient. It has two basically ideas in development hybrid technology are to improve a
potential and performance of diagnostic machine and to fulfill complementary clinical information
of patient. PET-MR imaging is a new medical imaging hybrid technology integrated from PET
and MRI systems. Some advantages of MRI are high spatial and temporal resolution, provides
anatomical structure and especially soft tissues, and no ionizing radiation like CT scan. PET
provides insight into physiological and pathophysiological processes. It is also highly specificity and
sensitivity. These advantages of PET and MRI are included simultaneously in PET-MR systems.
PET-MR systems are potential and highly performance compared to PET and MRI system. This
hybrid technology is a new challenge as a tool in many research areas and medical imaging
applications. It is useful for diagnosis, therapeutic planning and monitoring, and drug development.
In this review, principle of PET-MR systems, research and development, and clinical application
are discussed. Bull Chiang Mai Assoc Med Sci 2013; 46(2): 81-106
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Table 1 Disadvantages and advantages of different clinical molecular imaging modalities*®

Vol. 46, No. 2 May 2013

Modality Clinical Sensitivity Spatial Temporal Contrast Cost Image Advantages | Disadvanta
Application (M) Resolution Resolution information ges
(Year) (um)
CT (X-ray 1972 10° 10-50 msec High Medium Anatomy High spatial | Patients are
Computed and resolution exposed to
Tomography) Function radiation
with CAs
SPECT (Single 1950s 10™ 500-1000 min Low Medium Function High Low spatial
Photon Emission sensitivity resolution,
Computed long-lived
Tomography) isotopes
PET (Positron 1985 10" 1000 min Medium High Function High Low spatial
Emission and sensitivity, resolution,
Tomography) Metabolism | short-lived cyclotron
isotopes required for
generating
some
isotopes
MRI (Magnetic 1980 10° 10-100 msec High High Anatomy High spatial | Particle
Resonance and resolution size is often
Imaging) Function large,
which
restricts in
vivo
delivery
us 1960 >10° 50 msec Medium Medium Anatomy High spatial | Few probes
(Ultrasonography) microbubbl and resolution, available
es per ml Function cost
blood effective
Ol (Optical msec High Low Function High Restricted
Imaging) 10° 1000/1-5 sensitivity, depth
-Fluorescence 10° 1000 high detection
-Bioluminescence spatial
resolution
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(a) Current MRI
Molecular

Imaging

Sensitivity/
Specificity

Clinical
Utility
1 Very Low
2 Low
3 Good
4 Very Good
5 High

Clinical

Availability

Anatomy

Function

Temporal

Spatial

Development
Technological  Prospects

Maturity

(c) HYBRID PET-MR

Molecular

Imaging

Sensitivity/
Specificity

Clinical
Utility
1 Very Low
2 Low
3 Good
4 Very Good
5 High

Clinical

Availability ~ Technological

(b) Current PET
Molecular

Imaging

Sensitivity/
Specificity

Clinical
Utility
1Very Low
2 Low
3 Good
4 Very Good
5 High

Clinical

Availability

Anatomy

Function

Development
Prospects

Maturity

Spatial

Anatomy

Technological

Maturity

Temporal
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Function

Temporal

Spatial

Development

Prospects

Figure 1 Diagrams represent an overview of the strengths of (a) MRI, (b) PET and (c) hybrid PET-MR. Starting at

the origin, the further one traverses along a given axis (1 to 5), the better that particular attribute is fulfilled. MRI

can provide superior tissue structure, spatial resolution and the technology is widely available. However, MRl is not

strong in the area of molecular imaging and its sensitivity/specificity is also somewhat limited. PET on the other hand,

has poorer clinical available, spatial and temporal resolution than MRI but it is extremely specific and is also very

sensitive. PET is valuable for functional study and molecular imaging. In a hybrid PET-MR capable of simultaneous

measurement of all the chosen attributes are fulfilled in entirety.®

Figure 2 PET-MR imaging with BrainPET system in a volunteer. Three representative orthogonal slices demonstrate

(upper row) the alignment of anatomic (3-D T1-weighted MRI), (middle row) metabolic images ('°F-FDG-PET), and

(lower row) fusion imaged PET-MR."
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(a) Software-based fusion
GE Healthcare
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(b) Hardware-based fusion
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(c) Simultaneous PET-MR

Philips Healthcare Siemens Healthcare

Figure 3 PET-MR systems; (a) software-based fusion®, (b) hardware-based fusion®' and

() fully integrated system.'®
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Table 2 A comparison of PET-MR system from major vendors

Bulletin Chiang Mai Associated Medical Sciences

16-18, 21, 23-24

Vol. 46, No. 2 May 2013

(versus one hour or more for
sequential exams). Touts speed,
lower radiation dose and greater

anatomical data.

available whole body PET/MR
imaging system. Also claims to
produce up to 70 percent less

jonizing radiation than the PET/CT.

Item Vendor/Product name
Siemens Healthcare/ Philips Healthcare/ GE Healthcare/
BIOGRAPH mMR (molecular MR) PHILIPS INGENUITY TF PET/MR PET/CT + MR |
SYSTEM
How it works: PET and MR technology is housed in | Places MR and PET scanners almost | Combines the data, not the
one device, providing a single 10 feet apart, with the patient table in | equipment. MR and PET exams
image. A PET ring detector fits inside | the middle. The table rotates so the are performed sequentially, with a
a 3T magnet combine, patient will be scanned in the exact shared patient transport gurney
simultaneously acquiring MR same position in each machine system. Patient remains in same
anatomical data and PET functional sequentially. Data are merged via position on the table, moving
data. specialized software. between rooms/devices. After
sequential exams, the GE system
merges the data set.
Features: patient only gets scanned once The PET and MR machines can also Can also use PET/CT and MRI
work independently. independently.
Claims: Can scan the body in 30 minutes Industry’s first commercially A financially responsible solution.

2011 North American Frost & Sullivan
Award for new product innovation for

the Biograph mMR.

Space needed 1 room as normal 3T MRI (33 m3) 1 room 2 rooms
Clinical
available
- Asia No Data No Data Yes
- USA (FDA Yes Yes Yes
approval -06/08/2011 -11/23/2011 -GE highlighted its FDA-cleared
(5610(k) PET/MRI system during the SNM
clearance) 2011 meeting in June
- EU(CE Mark) Approved 06/2011 Approved 01/2011 Yes
- Ociania(TGA) Siemens Ltd - PET/MRI system Philips Electronics Australia Ltd - No Data
ARTG number: 188470 PET/MRI system
Registered: 24/08/2011 ARTG number: 193622
Registered: 7/01/2012
Awards Siemens Healthcare received the

*FDA is Food and Drug Administration; ** CE is Conformite European Marking; *** TGA is Therapeutic Goods Administration.

‘ 88 Medical Technology ® Physical Therapy ® Occupational Therapy ® Radiologic Technology




018AISINATAMSIVNEIBEDTHU

(a) Positron emission and annihilation (7]

Coulomb interaction:
Positron reach to thermal
energy then combines with
electron and annihilates
yielded two anti-parallel
511 keV gamma photons

Proton decays to neutron
in nucleus= positron and
neutrino emitted

Unstable parent
nucleus

e.9.1%F, %4Cu, *%Ga

(b) Type of coincidence
——— Assigned LOR "“ﬁh Annihilation event O Tissue material

o
' PET module

e,

§ 1

",'"“i
Ring PET
detector

ST

Scattered
coincidence

Random True
coincidence coincidence

Figure 4 Principle of positron emission tomography; (a) positron emission

and annihilation, and (b) type of coincidence.

Table 3 A comparison technical information of commercially PET-MR systems®™*’
Biograph mMR Philips Ingenuity TF PET/MR GE Healthcare
Siemens' technologies Acheiva3.0T X-series
Philips
MRI module
Field strength 3 Tesla 3 Tesla 3 Tesla
(Discovery MR750w)
Bore size 60 cm 50 cm 70cm
Maximum FOV 50x20x50 cm 50x50x45 cm 50x50x50 cm

System length

199 cm

157 cm

173 cm

RF Coil

32-chanel RF Tim ( Total
imaging matrix) [102 x 18] [102
x 32]

X-Series Integrated Body Coil

OpTix optical RF technology
GEM Suit

Field Homogeneity
(Vrms)

<1 ppm

Measured in a 12 cm-radius

0.5 ppm
40x40x40 Volume (cm)

Gradient strength
(Amplitude @ Slew rate)

MQ Gradients (45 mT/m @ 200
T/m/s)

The Quasar Dual Gradient System
(80 mT/m @ 200 T/m/s

High performance whole-body
gradients (44 mT/m @ 200
T/m/s)

Helium consumption

Zero helium boil-off technology

Zero helium boil-off technology

Zero helium boil-off technology

PET Module

PET Detectors

MR-compatible PET detectors;
mMR block detector:

APD 3x3 arrays

PMT

Time-of-Flight No Yes (Astonish system) Yes, for time of flight (TOF)
information and/or a 3D model
of the PET point spread
function (PSF)

Scintillator LSO 8x8 arrays (4 mmx 4 mm x LYSO (4 mmx 4 mm x 22 mm) LYSO (4.2mmx6.2 mmx30 mm)

Crystals (Dimension)

20 mm)

WATANITUANE @ NIENTNLINTR @ AANTTHLNTA @ F9RWMATA
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Table 3 A comparison technical information of commercially PET-MR systems (cont.)

NEMA Standards Siemens mMR PET/MR

NU 2-2007 test

Philips Ingenuity TF PET/MRI

Discovery-690 PET/CT

The scatter fraction (SF) | 37.9%
at20cm, 27 cm, 35

cm diameter cylinder

26%, 35%, 42%

37%

Noise equivalent count 183.5 keps at 23.1 kBq.mL"
rate (NECR)
NEMA cylinder
(diameter)

20cm, 27 cm,35cm

88.5 keps at 13.7 kBg.mL,
41 keps at 9 kBg.mL',
16 keps at 5.8 kBa.mL”

139.1 keps at 29.0 kBa.mL”

(at center of bore)

Spatial resolution

(FWHM, mm):

Transverse (1 cm) 4.3 4.7 4.70
Axial (1 cm) 4.3 4.6 4.74
Radial (10 cm) 5.2 5.0 5.06
Axial (10 cm) 6.6 5.0 5.55
Tangential (10 cm) 4.8 5.3

FOV 21.8cm 18.cm 156.7 cm
Coincidence timing 4.5ns 6 ns 11.7ns
Timing resolution 2.93ns 525 ps 544.3 ps

Energy resolution 14.5% 12%

12.4%

The absolute sensitivity 15.0 keps/MBq

7.0 keps/MBq

7.5 keps/MBq

WHLAAN (Y, gyromagnetic ratio, WnNzEsnRamaan)
fannzdnusulilsneuianwingy 42.58 nnzldss
ROLNART AIUUTANLIIEUINLIIVAN 1.5 LAY 3
waan ldsmeuaziinonuiiansues 63.9 uaz 127.8
wnneEsaaNansy Uninnslaauiaudivanian
lusmaurng  Melusanigasiiianiaesianas satin
LL‘].I‘LIZ?:NLL&iLﬁ@@gﬂu@iN\‘iﬁ@uﬁmtﬂmﬁﬂuﬁﬂiﬂ?m@u
UadauaziinisdnFaesalasfifiAnieiinuny (parallel)
WAZLNAIUNRANIFNUAUNNUANLUANYAN (anti-parallel)

UAKATINTEIALNNLAANTRIlUTAaU (net magnetization

vector; NMV) azfifianialdluwuaifaaiuimnerasauns
WNLAANTAN mﬂﬁmﬂﬁmwﬁﬁm (radiofrequency; RF)
fwhiuasdariuesuedilsnau (resonance frequency)
ldsmauazgandaunaasuuazadluaniusnsysu
(RF excitation) M liaunuudinansantasllsnauinFnig
Weaww @it lUannuuoaunsusiudnuan Lﬁ@ﬂﬂqﬁﬂ,ﬁ
ﬂ?ﬁlumwﬁlﬁwqﬁummau%ﬁmmmwwﬁqmu@@ﬂm
lugﬂﬂﬁlumwﬁamqﬁuﬁu waza N0 udy N nule
AREARYRTUATNN (RF receiver coils) wanemtialain

volume cails, surface coils, intracavity coils Wae phased-array

Table 4 Numerical data for the positron-emitting radionuclides used in PET*®

Nuclide Half-life (min) Specific Decay [3»+ Energy (MeV) Range in Water (mm)
Activity (% B")
(Ci/umol)
Maximum Mean Maximum Mean
“Rp* 1.27 150,400 96.0 3.36 1.50 16.5 4.0
c 20.4 9220 99.77 0.9601 0.3856 4.1 1.1
*Ga* 68.3 2766 87.7 1.8991 0.836 8.2 2.9
“F 110 1710 96.7 0.6335 0.2498 2.4 06
*cu 768 245 17.87 0.6529 0.2781 2.9 0.64
7 4704 39.9 23.0 0.897 0.397 4.0 1.18
ha 6048 31 11.0 1.5323 0.6859 6.3 2.3
12.0 2.1350 0.9736 8.7 35
***Rb and *’Ga are produced by radionuclide generators.
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Table 5 Physical properties of scintillator materials commonly used for PET detector

A 46 auun 2 waumAu 2556

30, 31

Scintillato Composition Density Zeff Linear Attenuation Probability of Light Decay Scint Hygros Refractive
r material (g/cma) coefficient at Photoelectric output time emission copic index
511-keV gammas Effect (%) (ph/MeV) (ns) wave
(4, cm”) length
(nm)
BGO Bi4Ge301 271 75 0.96 40 9,000 300 480 No 2.15
LSO Lu2SiO5:Ce 7.4 66 0.87 32 30,000 40 420 No 1.82
LYSO Lu0.6Y1.48i05:Ce 5.37 54 0.50 33 46,000 53 420 No 1.81
Nal:Tl Nal:Tl 3.67 51 0.35 17 41,000 230 410 Yes 1.85
Csl:TI Csl:TlI 4.51 52 0.44 21 66,000 900 550 Slightly 1.80
GSO Gd2Siob5:Ce 6.7 59 0.71 25 8,000 60 440 No 1.85
LGSO Lu1.802Si03:Ce 23,000 40 420 No
LuAP LUAIO3:Ce 8.3 64.9 0.95 30 12,000 18 365 No 1.94
YAP YAIO3:Ce 55 33.5 0.47 42 17,000 30 350 No 1.95
LPS Lu2Si207:Ce 6.2 63.8 0.71 29 30,000 30 380 No
LUAG Lu3AI5012:Ce 6.7 62.9 0.75 27 5,606 510 No
BaF2 BaF2 4.9 52 0.44 2,000 0.6 310 No 1.49

coils gAVNe NMV aznauAugan uziRsivieunay
nsldFunAsudasAnamile warlunisAundug
ADNULLANVTDINAINITHAUAANE (relaxation time) U84
IUTM?DquLLﬁ]'@:’,LfI@Lafﬂ’%LL[ﬁlﬂﬁi’]ﬂﬁuiﬂ%u@gjﬁ‘]_lﬂ’)’m
wunuduaallineu (p) viadaedasatly (spin) wag
AWInda (attice) L arsdalaans avsumualasnuay
asdaalaslamluuiundnadesiullsneuiiianson
nMedRdy N aNans laazilnaaada niuTud oy
pauAngfimsaoninanidnenly 2 fiene Aomu
NANNIDIGUINLNIANTAN (ongitudinal axis v3e T1)
Avualuuauny Z Lasuuamanniuaususianman
(transverse axis Y138 T2) NMUALTIULLILNL Xy DeNdeu
NMV Tuwuauni z 1l M wazlunuaunu xy tendlu M,
3IANHTINUALE NMV v3aanuiouni z Tugssng
(Flip angle, o) i 10, 30, 90 Uaz 180 ®3AlALINIT
ﬂi"mwiwmmmm?iu’%m B) lunsdifinandnynos
NMV Tiivings 90 a3 SleaRnmndynnddsneuns
wavdsaninisliudavgelindunnudangaznud
M AvfanmnrAunaU ey oG dunsw
Nl s (longitudinal relaxation Ve T1 recovery;

M=M_x[1-e™") atlureallsnauasnnennasanuld

ALUAIWIAABN LFEN3NA spin-lattice interaction Tuanue
1 Mxy azaanenzdynnaaaiunsrianitiuugas
=M

xy0

% e-TE/TQ)

(transverse relaxation or T2 decay; I\/Ixy

M?@L?ﬂﬂdﬁﬁmmﬁmmwﬁﬁm FID (free induction
decay) wmﬂ@mﬂ@@ﬂimﬂﬂmau M azifinainnis
LLromLﬂ@ﬂu‘wmmm”mqmﬂum‘lmﬂummmmmmﬂ
L‘V\lﬂ (dephasing) AINNIILNA Spin-Spin interaction WAL
annmsldasianeresaunnLaanman (inhomogeneity
of static field B)** ludaiiiaasedoyayios NMV 1szneu
ANEIATY YL M uaz M PINAULAZ AN NN DA TY YT

TR/T1 -TE/T: 2)

wdnansla (intensity ocp.[1-e™ e ATANNUSIU
ANNVUIWLLLEIUIRaU AR T1 (= 0.63M ) uaz
T2(=037M_

nsliAudane TR (repetition time) WazALIAINITHIL

& A al' X o
) aeaileiiie™ (A3 6) wazliuiuAiaan
Atyrynnd TE (time to echo) dnyrynnuaaslisaaulunnn
(xy,2) 5197 azgniiulSlununfiFandn k-space uazay
gnulaafluninidnenslesnowazasoamatiagdas

NIUENBTN (fourier transform)

2. SEULLNT-LANBSUULNMSNATUANLTDILLIL
saleinanadnesiuudEninudizariuasiiunsem
WSNUATLIEA A NN TT UL S ie TSI AU
AusgnINssULIwILazLeNanFlaatanysaituy lag
WAWIANNITUIFIATIAIALANAINTLNNTATNNINEND
TldluglasAusingn™ © fouanduglil 5 2aunou
Famsaadauuuuentedsruinn i Saun aldus

AUENAIN 65.6 . TA1NNI0lAADLAFINTULENDNT
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(X FOV 1um 25.8 931.) dnaanldfuuanasiniis (wall
fusznineiansadammuazszuEesleflsznaudae
AUIBINILALUAABEA (gradient coil) WATAIUTZLL
WlANVAn (magnet cryosat) TuuAazlngarany
(PET module) Usznavldaaadiusng ANNENLAT
1. daunAnduniaiaLnas (scintillators) lunszna
989 LSO #afianauiiifia Aewainizaendsnudu

Table 6 Tissue specific T1 and T2 values at 1.5 Tesla™

Vol. 46, No. 2 May 2013

Innsdesadnedalnnaugs ldladennnudu way
AuantiEn1ailandrosndnedunidaus uansd
NI4T 3 HAN LSO Axnnaeaunauunenas (u 8x8
wn9) AesvinmtnTiasulSanuueauifiadulnnau
Wudyynwas navnldnanduiiaiainesdaunaan
anflumafisdsrannmnsnunistiudauazseanden
9890 luusaziFinazidenldnaniiunnsnaiuuse

Tissue T1 (ms) T2 (ms)
Liver 675+142 54+8
Kidney 559+10 84+8
Muscle 1123119 43+4
Gray Matter 1136191 87+15
White Matter 889+30 86+1.5

lumszna LSO lasflawnaunnsneiu i LSsmaug
\@anld LSO 1unm 4x4x20 av.uu. Lismialdidanlduan
LYSO 111 4x4x22 ALL.NN. A9ULTEMABLaanld LYSO
PR 4.2x6.2x30 aLLuN. Tusrtumm-iEneniidluny
FAATinATIwI AR ALTIENLE AN gINAN R Fazgn
ANl SaunaTianas iy LSO (4x8 array; 2.22 x 2.22
x 5 139" Yoon warAnie AES 4TS LU L UVAN TR
M99990 (8x8 TRIATYYINY) UsenaumamanTIadngtin
sanaulnlndainarsioaiiomue 12 lugausaalu
auvauifiduriugudnansTun 16.3 T8, wazmun
3.2 au. dmivldluszuuliaatininm-1anens famsa
Foluusiazlugaszgniinadsfiieiudny g urunay
mnﬂ?iuﬁmmma‘xuuLﬁu@ﬂﬂ@ﬁqﬁiﬁlﬁwﬁﬂ Lu(1.9)
Gd(0.1)SIO(B):Ce UM 1.5 x 1.5 x 7 ALLNN. 113U 20
x 18 wanifusandasdynnasinaau nnmvaaedly
dlaidesuyanaglumyldnimnmirlafidynneunoy
\Hesnaunnuiinanuanmidaensiaunmdetag
Lanian®

o e

2. d9UAIRAIUNMULAS (photodetector)

v asudyonousaiudoyonodnwin sanseada
Tunnfiazldsoniuszuuisneniledluiodalug
Aasunsaulauasimuindsednmaiio ludausnlsd
MINBUAULLLAIRTIRIALALLTTE L LR WANUNEILES
AMNATAARAILTLEZNIENT 2-3 LuATLUE9Fa PMT
(photomultiplier tube) ﬁ@fgmﬂiﬁamumﬁﬂmqmm Fin®

flaqriutiasldinialalentiinazanaeess (APD, avalanche

photodiode) ﬁmma‘nwuﬁi@@mmLLsimﬁﬂﬁﬁmwLmqq
|Fuazilaunnfian Pichler wazanse 2006) 1814 LSO-APD
usansadaluszuuwm-idnensauin 7 wmaan* APD
anrnsnedynnalnneuligaga 10° usdarind
PMT (10° APD azgnaanuuuiiiuenisdsing - iy 3x3
udaud (g 5) etdlsAdnisirunTndygin
wanieldulussuuwnfdailudeiimig 3aneu
Wlngdaminaneieas (siicon photomultiplier; SiPM) 11
fansaadauasinneutslvdangaluilagiu® dedmy
pzaesTiaviAelninaslunezaaedinlsalalen
(Geiger-mode avalanche photodiode; G-APD) uaziidaEen
Iganuansde laun SannnsalnaawaAiaes e NG
(multi-pixel photon counter; MPPC) wazlaanainninna
LAN1iMes (solid-state photon counter; SSPC) AadALlWABL
giniiflauaiidn dn1sgnenadryynnilussiuga
waziinonlodeauinudinansan adlaFuniswmun
drusunisldidusonsaadalnmneud  niussuy
in-Lanenfuazala-LEnens i gnwmulussLuRaadn
DOI-PET uazgzuu 4D-MPET (4 dimensions magnetic
compatible module for positron emission tomography)
Faflulasannsimungusionsaadmnnlianisldaly
AUNNLNIANaENA Taadnisviausannunisldwan
LSYO Fauiu SiPM WFguineununislsd APD wWuan
SIPM Hnsiindnynaiindiuasaetauessagnmnl
ulasuwlanieandn APD Tnaanansadnaruaulnneu
1A 1-1000 IRew YHRWALANNTNIAIN APD
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2

WANMAENEATY YDAV AENAL PMT (109 19 APD
waz SiPM aansnvinanulamealAaunausivanladniiou
fiu PMT satuaaiinnsld APD uaz SPM lusamsaadn
Tuszuumm-Lduansla® © ¥ doyvnuanaasnisld SiPm
Tuszuumm-lEnanSAaN S RANNIIUNIUG N UIEWING
TrUU'® memmmﬂﬁﬂ;mwm“fuﬁugmugﬁ APD Az
nsL@en (gain drifts) 1eedtynnLfiatu 3.5 Wefidus
ROBIANLARTY TITNARaNITUFLUAAT oy I TUNIL
fnasiannalalunisinlindiuazamaionsdadiunn
PAIANTTIALUNITATINNIWNN'Y Yamamoto LavATy
wuAnsTudagiineunlasunlasununndu 10
wlesiussansnasuulasgumgil 1.5 asmaidaa
wazthaldlussunAn-LNeNFuULRAWANYE 0.15
waan laalinuiianarunaudyninmnwsasnala
wsiAn SNR lunwiduanidaanadlunisainaninauad
Y Maramraju wazAnie (2011) lfansindased "
C-raclopride Wag 2-deoxy-2-"®F-fluoro-D-glucose AN
ANDINUAIETTULLNN-LENDITHATUANY TOIULIL 9.4
&A1 AaufanTaada LSO-APD fiafretulusnudn
WAFTYYIUNNTILNIUANNANAT AR ANT BTN LAZ AU
wamsnasanuaziinasian SNR fn®

3. druranaduunns (preamplifier ASIC board)
svaspsnednyn i ligelusasanagiuunncas
BlarnTailnd ASIC (application specific integrated circuit)
Feflnanadeadtyonns

magnet shielding coil

primary magnet coil -
gradient coil
PET camera

RF head coil

9-Channel
driver board

Principle of PET-MR module

Figure 5 Principle of simultaneous PET-MR system.

LSO array

Crystals

3x3APD array

9-Channel
preamplifier
ASIC board
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4. FuluKYsYne (driver board) RIATynYID
Tililgetnsnidinansefindan wazifiudayaliiila
NNFATNNIMANATNITENTATINNTWNNNIATTIURLIL
2D vi3a 3D el

flaqiiuiaiasnn-iduaniginudlulansaw
WEaLBNen3 (Siemens Biograph mMR ) WU N9
AUEENANYIIIMLLIEMI NI EULLIALAZ TELLLENEN T L8
FaHNI0aFnNINNNITBLa AUl AT TR WL
1o Idlunafaaiu riewesdinudazinssuumm
mmu'ﬁaﬁf;ﬁmr??mﬁmﬂu@um@mﬁnmﬁ 3 naan
seurtandnenile wazilaensiuag Syngovia lunis
AFNNTI UL N-LENBNTUTRATIININRNZIZUL
nuazsrudnenfledld svumm-tEnaniilides
meufvteresiilnn/lundfesduensledns @3 nas)
FiuudlulansWidudnen g unsalda¥ienn
lnnzianensleatnanadls”

3. NMSLARIAANAUNAINUAIELENANS e (MR-based
attenuation correction; MRAC)

wnasn I maufiiiaanueulfiaduiiionaou
dufanans Wy iedefiiaaaruiudunainuans
ALNANNTGIUARENANNULALAZONAAN DURAZ NI TNFITL
Salainsernaniluade saiuasdenalinimmaionaes
1a3inaulignies andudasdinisuiaAinisanvan
(attenuation correction) WadaNuaaslnmaus 511

B vr
B rer

air/vacuum

wall

PET module

N

Avalanche
Photo Diodes
(APD)

Integrated
Cooling
Channels

18, 40
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Aladiarnsauliaslumananaming o Wnsaiuanaluesa
Weazldaien naiuntuasnisnszatafavesans
ndrfaanudlieynalndnsounaziurtanisiia
waudfiadulusanandldassgniaauaugaandidldlu
NNIANLFN NI AL ANTBIANTLNATINRAYE LHULAY
fuszLLIn-TRTiRainsuiAInsaane un ALY
iflasanniniAadsngmsaineanisiuuayinindianssn
IngilaquiuldgiilunisuiAinisannau (CT attenuation
correction)  AMFULNN-LENBNTLUNITLAANARIA T
uwnaariuinresnsguiandsnurednaou deiinng
QoL AENAIULAATN 2 AR AB 1) NMIAANEUNAINY
104l RawleaanHaTeINs A UL e IaUI N UNMAD
warARTUAIF I ANy nFaNsasBiannsa g
ez 2) meaaneundwnuraddinenissnilede
1351 uananmalasuasludiuaesfaedeise
ANNNIAANBUNGNNURaTUNY Aaealialduanile
Wunsdndyynnaasldsnau @y uANNAINTed
mwdnendlenil q Sanuaenndesiua HU lanans
A vy MwdNenleenszanuareaINAREHANAN
atulnalAgaiulaaansoauunaananiuls g mis
LAVIANHNTDAUUNTENININTEANUAZ B INABBNANTIWLE
st UnNAzuAnssAuNnlagfinszgnaziinig
aaneunasnuredineuligdusniziiennidliiions
aaneundsnurediney sufuduiuanuimees
tnAdeiazuirnisaanarluszunmn-idueslignies
Sty faatfuszunimm-duenglafimaimunigmauen

550 prAemATANIT

ARNBUNANUBENALITATENU
AFUNUTINNTAANAL (1 -Map) EHT0uLNAaNNTLEAN
nsannaunAswasnsaninmauldihy 3 53 fail
1. Segmentation-based methods lunng
‘%Lmﬂmjmﬁmﬁ'@@@mﬂumjm°1 uazdAnduilszdng
neaaneunaIuilenty HuaanIulAnsanneay
Wﬁqmuﬁﬁwmnﬁ@mﬁumixumwm-tﬁumﬂuﬂﬂﬁmﬁuﬁ
ansoutldiiiu 2 duneu Tmm?*'mmmmmmju
Helfiaannnsnenflelagenfaanuuananeas
AN NTDIA Y I UL ULAREANLTA T ULIALAS
dautlsznevmaaiialiie™ 1HHA109NNIAANBUNEII
Hhudady wazarntuiwualasnisusndiudas
AnueasiFndulsyavanisannauanig WaSnslszena
THlunnsdnsnisuandauiiedaluaneuazdniu
¥a519n78 (whole body: WB) lunsaianmidnenslalu
ileidlefifian T2 fidusnn N3zaAN (cortical bone, tendons,
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ligaments, menisci, and periosteum as well as brain, liver,
and spine) AlunnsennTiazuinisaAne LA 511
Aladiannsaulaas Faassuiaglng fluanesass
dndaurasnszgniinnyinliiinisaanaunasuedans
ndriadiinazansegludney luiladeanasdaurng g
yildenn daqiuldRaduiadiisaunndmiunisang
MwaNad Aa UTE (Ultrashort-Echo-Time; ~ 8 Tallasauni)
Lﬁ@ﬁ@%’wmwmz@mﬁ@ Wit (cortical bone)®”” Keereman
WaTADLY (2010) LAaF 19N MIN-LENaN TN UN B NLAL
anaaymilaayinmsuiAiNsanausaLENansamy
Wad UTE uagl4d7 (CTAC) aviaaamafiaiinnnssuun
daunszAN Lﬁmﬁ'@ﬂd@w@ waze M AlALiiteRNANAIA
1ade 5 1Waflius® daenallad Catana uazAMzaTNS
mnn-idnenfresanauazuunnguiaidioaaniy
nIEan Lﬁjmﬁ@ﬂd@ugm uazene \nafidndndsydng
ARNDUTILAL (inear attenuation coefficient, T.™) NNU
0.151 aa." 0.096 6. waz 0 6N.”" AaNa1Au™ Berker
wazAny (2012) lia1sunad UTE triple-echo (UTILE)
Tuananadiasuazauuniiedenanty a1ne © 9.
Hadelsiu (0.090 . ™) dedaseu (0.100 . ) LAy
nszan (0.172 . )™ Tunnraienmiasennanisldan
Fuiad UTE iilesuunnszgnisgndaifudeiiaseu
Taiflmnnamanzaninsnzgadldnalunisawnuiuig
Fafimainmesuunnguiiledieadlutog 35 ngu
deodle 1un 01nna dean Hededauyy ladfuuay
deadailaildluiu gannsldarduiadlug i 2-point
DIXON®"® T1W-3D TSE THRIVE®, 3D-T1W TSE spoiled
gradient echo® waz 3D-T1W multistation spoiled gradient
echo® LTlusu

2. Atlas- and machine learning-based methods
NaanmInenenuulasidynnuaeaduansle (nten-
sity) HAELAUAINITAANAUNANNULUEN (Hounsfield unit;
HU) ¥ SAndns=@ananisanneunaa i iy
(pseudo CT) wantinlltunAIn1sannaunasanulnnay
TuszuunuuulAeeiuids CTAC lunisaigadeya
\Euansleuazds (MR and CT Atlas data base) 1iuvinlg
Ingaiannwdnenflauarnndilugdiaaauieaanul
HAUUUIRTITULAZN AN NN TVUALTIELAT (intensity-
MR, -CT) Tusinunudasng - Inegvinlugilaganusuann
wazthAeassnTuinuazasaflunuy template) 1315
Wanuazvinugdn p fAugtlaaseluadafasaiienm
Euanilagaelislnnaaianildiu MR Atlas §1wsUaa
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unFwaudls (machine learning-based) ﬁu%mﬁﬂ‘ﬁ'ﬂ;ﬂ@
Atlas Usznavlunisdangiuuy (pattern recognition) 184
mwsaansFauiaeddlsunsinsAu AT uNTY
(Kernel machine) Tnamnn L;?J"ﬂu (Gaussian process regression)

WASTNVUAAT i busBnuaa (voxel) TaAENALARILML

52, 62 66, 67

£748937N Atlas NqN189 Hofmann™ ® wag Johansson
TERmuInTuAAdaedatetnsieilasiieannan
auflulunsadenndueanidmiunisuiainsaanau
WANTU

3. Reconstruction of attenuation maps from
emission data TunaliRszuumm-avigaaazldionn
Tduuuazluniraunudiuiuaadanfawaz AT ezazll
sandauurudeddliflananuluniefrssiioan
Fynunnusunautruncated artifact) FilAnandnALes
ddinflaguanaunfiuiinnaauny (field of view; FOV)
Lwiziﬁm*mzuuLWW-Lﬁmmi‘ﬂﬁm%qmwﬁqﬁa;ﬁﬂqmz
Fodlinalunmsawnuunuasiazaaniiazanuaudnals
UUTULALINUNIIWNN-T AuiadasanaaIniTun
Amsasmenngtntlunsainan e FOV 2a4
Lﬁu@ﬂﬂ@ﬁqﬁunﬁWmeﬁ@guaﬂmﬁ@ FOV (Jaqtiuan
NNGA 50 T3.) %“Laigﬂmvﬂﬁ?u VI NNTENENNTNLULDA
aFw-LEN e ST LA A esdiasaglalagn
m”ﬁﬁm,wmz@g_niu@n FOV nga1@4 Delso Way Martinez-
Moller AlETuilomiuasldafraunlunissamann
daunaudivnellliiugn (reconstruction) daeiAannsvinune
ﬂ"]mmmmuwﬁqmummﬂ”@aﬂ@mwwaﬁl,ﬂwﬁmﬁmﬁm

LAEANUANNANMALIAUNINALNL (truncation correction)®”

8869 ¢ B NUALA LTI BN THLAAINITAANAUNAIINU

TUTLLUNN-LENBNTEIUTLNNTATIINTNIIFD

4. g5idFaunauaz @SN §159d
ANSUTTULLAN-LANANS
wiladolrasmuandlunnaned 4 asnsofaeain
L%ﬁuiumqwmmﬁmﬁLﬂumﬁqm% (Biomarkers)
vin nglaa nenedly nealudy llsfiu wennwed
wauRAUes vialawnuadniuTawinesuaziaulsyd
A FaUR NN IR AR NLAZ AN NN TN TSR
Pavantamumiasing q ldagneanimnzianzauasdniug
ALLNANLEATN ATNALELAR NNIYNIUTBITARLAY
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20219AlARAL 0 AVTLNATTIAN T L UTZULLWNAIANTIN
7 andnTnun gl Al uss UL N-LENaNT &S UNITASIa

MNENETlauaNANNEIUIBIAALRAR AINNUIIEUNN

A 46 auun 2 waumAu 2556

LimAnLa AR AT UAIF AN LA NTINA AN
ANTATRININLAZTaslsA ATl uAaE nTLIENenS e
(MRI contrast agents) fhafldaudAtyvinlinnienansla
fanuandauazfiaanininngiusenlsageiu ans
wWiaussasnanafinuantiuasmisuinuindvse
walsuuniuAng (para- or ferro-magnetic agents) Lo
Mavlesay wu uwnaledilan Gd™) waaniila (Mn®)
VIBLRan (Fe™) sqavamaneanlod (superparamagnetic
iron oxides; SPIOs) \{luasAdsznavluluanadinalunis
Wasuulasdsundantaaiiedovnlianauni
aeddilsnaunlanuulas Snisazanneinaunusuan
dota (ocal magnets) TuileifauaziAndunsiseniy
Tsmeu dawasaraainsaanasaaaddilnauialiugg
T1 uay T2 90atiiaifiotiu - iy Gd-DTPA, Gd-dTP-MB,
Gd-DOTA fiwasianisiinANadnsasdoyunnninly
WALA TIW @91 SPIOs ANARBNITANAIUBIAIINATINY
gaanwlumatia Tow usu arsiFausiidluyn
weluladinisafranmidliluaatnuazriiunisiuses
710 FDA lugudega MICAD (molecular imaging and
contrast agent database) atuesaulatl (Uiuilzeangn
F19B93UT 8 WnsAN 56) 3 236 $18N1T ANAIUIL
Vaviain 1,361 $18M13 7R EUNNANENATE Avsuans
WRuFnaENanslefininsAneAseiiveau 154 snanns
wazHIUW FDA WA 12 7180137 aandenlunsysoiinis
AaRsnaa @i Aaaiulaeannzaunlumalula g
NN IR IR RN AT T eumnalletnannn
ANNTATNNNATUIATIATIN NTATNNTNNABALABA
4n1765190I N3NNI B9 EaTUAENNTATINNI LY
STAUTARMAUNIZNINT Y AADAUWRIUNANTLL S
phafifivisnantiinnansaaidadalsauaznisinelen
(theranostic agents) ‘af;ﬂ,uimL@Q@Laﬂmﬁ@ﬂ?zqﬂﬁﬂ%ﬁu
T9msing 1 Iasanglulsanzi$a” samsnad 8
wazluilaqgiuldiniswmuiansilFausneaiia

)27 2UNIUNN-

UANEAIRTIAIA (multimodality probes
Lﬁm@ﬁmnﬁ?u?ﬁmfﬂuﬁy’uﬁﬁﬂd@uﬂaﬁﬂﬁw%uma‘ﬁm
annuazRamamadsuinin meadunwiedensiss
LAZANIINTZANEFIIBINLITY FIM1997 O

5. AAUNARAIUSUSTULINN-LANDS
asunadTldlussuudnenTlalnfiannisn

liuszuumm-idnensiauasltsaniuansilFaumle

WuReniu s suRaanailungYin MRCA msainemm
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Table 7 PET radiopharmaceuticals as molecular imaging probes

29, 70

Vol. 46, No. 2 May 2013

SSTR2, 3, and 5

*Ga-DOTANOC

Biochemical Process Specific Target PET Radiopharmaceutical Application
Blood flow Simple diffusion ["*O]water, [''C]Butanol Oncology,
Neurology,
Cardiology
["°F1-BMS747158 Cardiology
Metabolism
Glucose Hexokinase [mF]FDG Oncology,
Neurology,
Cardiology
Choline Cholinekinase [“C]Choline, [WBF]ﬂuorochoIine Oncology
Free fatty acids Thiokinase [''CIPalmitate, 14-["°Flfluoro-6-thiaheptadecanoic acid Cardiology
Fatty acids (FA) TCA cycle, FA synthetase [''ClAcetate Cardiology
Fatty acids TCA cycle, acetyl-CoA synthetase 2—[1BF]quoroacetate Oncology
AAs AA transport, protein [''CIMethionine, [HC]S—Hydroxytryprophan Oncology
synthesis [WBF]FIuoroethyI—L—tyrosine, [18F]—FACBC (Fluciclovine)
AAs Aromatic L-amino acid 6—[18F]Fluoro—l—m—tyrosine Neurology,
decarboxylase [WSF]FIuoro-I-dopa Oncology
Bone Hydroxyapatite [18F]Fluoride
Proliferation Thymidine kinase ["'CIThymidine, ["°FI-FLT, ["*F-FMAU Oncology
Hypoxia Intracellular reduction 60mmCu—ATSM, [mF]FMISO, [mF]FAZA, Oncology
and binding [°FIFETA
Angiogenesis avBS integrin receptor [WSF]»Ga\acto»RGD, [18F]—AH111 (Fluciclatide) Oncology
Apoptosis Phosphatidylserine I-Annexin V, *Cu-annexin V Oncology
Receptor binding SSTR SSTR2 *Ga-DOTATOC, “Ga-DOTATATE NETs

Estrogen receptor

Estrogen receptor

16-0-' °F-fluoro-17-B-estradiol

Breast cancer

Androgen

Androgen

16B—18F—ﬂuoro—5(x—dihydrotestosterone

Oncology

Dopaminergic system

Dopamine D2 receptors

["'CIRaclopride, [18F]Fallypride

Neuropsychiatry

Dopaminergic neurons Dopamine transporter ["'clcocaine, [”C]B -CIT, [''CIPE2i, [WSF]FP»CIT Neurology
Dopaminergic neurons VMAT ['cIpTBZ, [°FIDTBZ

Serotoninergic system 5-HT1A receptors ['"cIDWAY, ["'cIcuMI-101, [*FIMPPF Neurology
Serotoninergic system 5-HT2A receptors [18F]Altanserin, [wF]setoperone Neurology
Serotoninergic system Serotonin transporter ["Cl(+)McN-5652, ['CIDASP Neurology
Microglia PBR receptor [''CIPK11195 Neurology
GABAA receptor complex Benzodiazepine site [HC]FIumazemI, [18F]flumazeni| Neurology

Tumor antigen binding

(immuno-PET)

Carbonic anhydrase IX
PSMA

HEGF receptor (HER2)

"*-.cG250 chimeric mAb
*Zr-DFO-J591 mAb

*Zr-trastuzumomab (Herceptin)

Renal cancer
Prostate cancer

Breast cancer

Senile plaques

Ab
Ab and NFTs

["'cIPiB, [11CIBF-227, [ *F13'-F-PIB
F-AV-45, [*FIBAY94-9172 (AV-1),
["°F1AZD-4694, ['*FIFDDNP

Neurology

Gene expression

Herpes virus thymidine kinase

[“FIFHBG

Gene therapy

‘ 96 Medical Technology ® Physical Therapy ® Occupational Therapy ® Radiologic Technology




21581SINATAMSIWNEIBETHU

Table 8 MRI contrast agents and clinical applications™

TN 46 auui 2 woumau 2556

Agent (abbreviated name)

Application

Target

GdAB42 (Gd-DOTA-pF(ab’)24.1)

Alzheimer's disease

Beta amyloid plaques

Gd-DTPA-g-R826

Apoptosis

Phosphatidyl serine

VCAM-MPIO-P-selectin

Atherosclerosis

Vascular cell adhesion molecule-1 (VCAM-1)

CLIO-Tat Cellular MRI Hematopoietic and neural progenitor cells
FluidMAG Cellular MRI Human mesenchymal stem cells

EP-3533 Fibrosis (myocardial infarction) Collagen

EgadMe Gene expression Beta-galactosidase

Gd-DTPA-CMAG-A,

Hepatobiliary imaging and liver cancer

Asialoglycoprotein receptor (ASGP-R)

Gd-DOTA-R832

Inflammatory diseases

Vascular cell adhesion molecule-1 (VCAM-1)

Antibody-vectorialized CD3-

specific particle

Lymphoma imaging

CD3

CR2-Fc-SPIO

Nephritis

Complement C3 fragments

CLT1-(Gd-DTPA)

Thrombosis and atherosclerotic plaque

Fibrin-fibronectin complexes

RGD-USPIO, ¢(RGDyE)-USPIO

Tumor angiogenesis

Integrin ovB3

OCT-USPIOs (USPIO-PEG-OCT)

Tumor detection

Somatostatin receptors (SSTRs)

SPIO-PEG-FA

Tumor detection

Folate receptor (FR)

Gd-DOTAMA-C6-GIn

Tumor detection

Glutamine transporter

USPIO-anti-CD20

Tumor detection

CD20

MnMEIO-Herceptin

Tumor detection

Human Epidermal growth factor Receptor 2

(HER2/neu, ErbB-2)

SapC-DOPS-10

Tumor imaging

Apoptotic cell

Gd-DTPA-D3-PEG-CTX

Tumor imaging

Matrix metalloproteinase-2 (MMP-2)

TCL-SPION-Apt(Dox)

Tumor scintigraphy/therapy

Prostate-specific membrane antigen (PSMA)

Table 9 Multimodality imaging probes

Agent (abbreviated
Application Target Agent (Composition) Reference
name)
. "*F-NaY0.2Gd0.6Yb0.18Er0.02F4 72
F-cit-NPs Cell labelling Non-specific
nanophosphors
“Cu-Gd*"-EP-2104R Thrombus imaging | Fibrin 73
64 *'Cu-Fe304-DOPA-DOTA, 74
Cu-SPIOs o
o Stem cell labelling Non-specific Cu(MnO)7- DOPA-DOTA,
Cu-MnO )
#Cu(Mn0)20-DOPA-DOTA
o integrin *“Cu-DOTA-Iron oxides—coeted cyclic 75
Cu-DOTA-IO-RGD Tumor cell imaging
avp3 arginine-glycine aspartic (RGD) peptides
*Cu-DTPA-CLIO-VT680 “Cu-Labeled diethylenetriamine 76
or*“cu trireporter Atherogenesis Macrophages pentaacetic acid (DTPA)-CLIO-Vivotag 680
nanoparticle (VT680)
o #Cu-DOTA-Iron nanoparticles-coated 77
Cu-DOTA-HSA-IONPs Tumor imaging Dopamine receptor
human serum albumin
Near IR fluorescence dye, ZW800-embed 78
ZW800 Sentinel lymph
Tumor metastasis mesoporous silica nanoparticles (MSNs)
@MSN@Gd@64Cu nodes . o
labeled with Gd™ and "~ Cu

WATANITUANE @ NIENTNLINTR @ AANTTHLNTA @ F9RWMATA
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vasaluAIas Philips Ingenuity TF PET/MR ‘lsun atmm
pulse sequence senaumae 3D multi-stack spoiled T1W
gradient echo, flip angle 10°, TE 2.3 ms, TR 4.1 ms, small-
est water-fat shift’® *°, T2 weighted single shot fast spin
echo sequence-HASTE, UTE (ultra short echo), 2point
DIXON®"® T1W-3D TSE THRIVE®, 3D-T1W TSE Spoiled
gradient echo® Laz 3D-T1W multistation spoiled gradient
echo™ dauanduiadaw - Aignlddvsuszunmnm-iduens
Town fMRI, perfusion, proton-density weighted, T2-
weighted, GRE: gradient echo diffusion, 2D multi-echo
GRE (magnitude and phase), FLAIR, 3D-MPRAGE, 3D-
SPACE, GRAPPA, 3D-VIBE, 3D-CISS, 3D-STIR way 3D
T2-weighted TIRM 1Hupin® 2

nuAdenaznslszana liwn-laxanslunispaiin
srun-lEneFlegnldlunnsaddinunntusi
Frunzise wala anesuazszuulszam aafienw
WALBATY @Lquﬁﬂu@ﬁmmm% ANNTYINAUTBIANDL'
285 payleit uavAMz (2005) leAnuzSanadlugiae
28 778 lAYVINITUINIWANAINNITETNNTNALLETT
WNAT9E FET (O-(2-"®F-fluoroethyl)-L-tyrosine) lulviaum
3D wazNIWLENBTLe (1.5 Waa") ArewnATiA MPRAGE
WAz FLAIR $98iU Gd-DTPA andawnuiulaeldlisunss
ABNAIADT (MPI tool version 3.28; ATV, Kerpen, Germany)
wuANnEllunIRsRdalAanauantaan 96% tilu
93% WATAMNAIINZRENISIaNaLANTLAN 53 11y
94 wesiiug Havhnsnsadiadadaaszuuisnenile
WAZTZULLNN-LBNNTAINAIALY Herzog WULNNNTIE
a1959@ "®F-fluoro-ethyl-tyrosine (FET), "'C-flumazenil wa
BEFP-CIT Tun19a5 14N naNadssuunn-LaNens lng
AT aInTIRTAINMEULLY (2.5 mm LSO-APD system)
IdluglasAnindniua 3 maan Winnisiannmia
HENMUIANITUENUEZGINTIINITAT NN INANDIALTEUL
NMAeNegeni® Ledezma uazAnsz (2009) leild
“F-FDOPA \fluansundaiadisinanallagend "*F-FDG lu
meafumwiledieanasmiin Gioma lugilaadaaszuy
INNULAZANNARENTAF NN ENBTlesaNn Lan TG ay
N9 TIW Waz T2W aMntiiinnmannaaadssissn
daurununieldsunsy Mirada Fusion7D (Vital Images,
Inc., Minnetonka, MN, USA) A3IQNLALILUNTBINSLT
ARAARBINLNTATANTRY "°F-FDOPA 4 90 wefidum
WATNNTUBNATWAUIT DINZTIPIETELLLNN-LENBT
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TuilanSoufausuniaimaunuitesasingien®
Jon Shah wazaiz (2012) dszgnaldszuuinm-1dnens
ANNUTIAUNUHLIANEA (3 UaT 9.4 naan) lun9aienIn
sruvtlszann lngldinainisaieaniniaaaiaunad
vanguLavaslugn 1 9alae anilsyaunsniuesdis
Martinez-Maller TUN17@5NWRZETIFN 7 11U NI5aNed
NziFaanld wvieszulszam uvSeRengnuann uay
ATNNINNITNTLANLUATANANNTBINTITY AVENITATIS
PNAN-LE 1O FLRNNZBTHIZUATNNIE TN NI IAA
wlduazlaldans i B aumnesaniuansndasg 1wy -
FDG, *®Ga-DOTATOC uaz ''C-Choline WuU31N19659
nmwanizedtizadliTrasinngean 45 Wl wazng
aammissaltiaangegn 70 wii®  dau Garibotto
wazAns (2013) Wnantiaandn 2 dalus neasienan
wn-tanafsuuvafudaulugilaiilulsaaneuas
izuuﬂizmwgﬂﬁﬁmﬂLL@iLuQ’ﬂfmﬁLﬂumﬁmmm%ugga
waznsldszuninn-iinen ST unFaaTda e85y
(AN "°F-FDG) Azuagnanni1snsaanianefaeLnm-ans’
Fruuinnnm-aiazldrudianuiedgeluainieies
lenassaT (2-3 AAATIAM) wazanaNTINFErTIENIFlY
NMTAFINNAN (N5LE CF-FDG aglasuTunnusaddana
09 7-15 RadBAFnTue UL Funusaanls) lnaaglds
15010uF9ds90szan0l 20 RaaTi3R° Buchbender way
AN (2012) 1AVINNNTIRADELALINYUARILIUNUAZNNT
nszanzwanzifludiosnziFeunu 14 g poanaiia
DWI (diffusion weight imaging) Ing/a319n1nAaesLLLwm-
LB NN SULILITAFANLANA ADC (apparent diffusion coef-
ficient) LazA1 SNR (signal to noise ratio) Tuilalfesn °
souasuannsnszansfrasnzsdulaaiiila
waztlaszuumladfimnuuansneiuasnadidadAynng
aniA™ Drzezga WazANL (2012) AntNETloanzifantinging -
v NzifaRamls nzifasun s ldlvg) azisadaiden
NUSHU NeiSaRuseu Nuifarennress avisanandds
NZTINNTUUNLATNZTIMAaARIMT LHUAN A1U9U
32 918 HAHTEUULAN-LENDTULIURA UaNY TiL UL S
natlunsaanwisialeanianndn 20 wndl il
¥msdnA1 SUV 1eq PF-FDG lwiilaidieasiesanann
wazfiiladodu oun fu den fudeu NITANLAY
ndaile WBauauiuiunnsSRdasmadamwn- 19
Tnelfunndaasfinyinnissziliunnsasanuuuanseay
wusTaaameialinasumsuanasai etz
WALINULAZAT SUV AARenn-T9asdAaInnandnng
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sEULI-LENens uALiiavinnisliuan suv ey
n&siiaznudnaziinsazasmas F-FDG lwilaiie
fasdadniunziganddlussuumwn-37 viadAads
suv luiiaidieszisaitldanniasesssuuiiandlszans
ANANNLAALT] 8T LN (spearman correlation coefficient)
Viznghﬁu 0.93% | uLReATL Boss wazAME (2012) Ale
AR AL T L ULAN-LENaNTENN 0L A AN NABY
jsulassairauaziunisazases *F-FDG lugtlas
NTIFIHELATAIAD (8 918) AW ENAUNLIZLLLNN-TT
TP TANANNENAUS (R) iNTTU 0.99 WAL 0.96 ANNANSL™
Lee WAZAY (2012) Wm%qmwslumﬁmzr?ju‘lﬁﬁm
nénuLiiaalanie (myocardial infraction; MI) WAy
a1 nenelulasinn-iduans (°F-FDG/Gd-DTPA)
WudasIN AT IR raraN AU iianaaie
alameannfigaluduil 5 udsannnisiiliian M
Feaanadasiun nnn-gilugilasivaandenuns
TalsunTeongasuiiung) 5 94 aznunITazaNYe3
BEFDG iNTufimumlesniiandsiiiailagnadne
MAANTLNAAL™ Ratib wazAY (2011) Tednengilos
NELTY (AU 62 918) THARNG 7] LU NEFIRaNgnyain
Q) nzlFUAUN (8) Nziadan (5) NzSITRIAaBA
(5) NiamaNIIAR (4) m‘[mmu@uf:m@ﬂmz@n
(4) NELTINIILAUBINIT (4) WHasanluanes
(@) fiasanlumadivenns @ wanlusn @) szisideu
(2) MeaaLmIugLiuNIIatlsAaNdn () waenslvedsai
SINeNBENNAL ] (10) 28NTaF NS LLIAN-LENeNS
LUUATALAIULAZLALUNLNITETINANNLAN-TA AN
SUV 989 F-FDG lwileifionzise walwilefioduy
6un anes Uan visla sy nszan L4 uazndnsile
TdfAuuansnaiu ilafiansandn suv lwilaiile
NUFATTUINUNN-LBNBTUALNN - TR AN ANAUS AU
FaeAn R WAL 0.89 uaz 0.91 FuFUAILAALLAS
ANGIAARNASL Thorwarth UazAE (2011) (ERTIRY
lunguusniansaldnmnisinszuuinm-tdxensle
LHURATUANY TN IF AT U suwunns SNl
LLLIALBaN (meningioma) ANUAY 1 918 ARE3EN1TaNE
F9@ULL IMRT (intensity-modulated radiation therapy) 1aelled
UFannuisdsan 54 inedl (Gray) IMRT ludsnisinmdilas
ueriinuualasvilaifilssananimg Wi
funnsanaununisineluilaqriuildnisarsnmdag
F7 1n-37 (°Ga-DOTATOC) Faniudnanslaiiarmun
AWUUe UTumseInauNzi5a (gross target volume:

A 46 auun 2 waumAu 2556

GTVPET/CT+MR) Wara319lsunnsa1uiunisanasea

(planning target volume: PTV ) NNIANENTENTIN

PET/CT+MR
Funnstlvangsagdgnisaeninmn-1duensuuy
HAUANYTOALUANANIAINNIIINAEIATIANNATFIUAS
ww-Afifaniudnens winsldsruugnuanazaniuney
nNrasINNAauWN-TRadl R aiesa e ndiuay
AFNMNAN-LENDNFIYINTU™® Neuner LavAY (2012)
Tinngaunisuaadiulusnaasinsiagld EEG saufu
NTA3ININETTUUIAN-LENENT 3 s B9line

ULAENAUAUNITAS N INARELaNa1TLanF

JDALAZIDADEUDILNN-LANDS

ANNFTHUALLAAUIAABETEYINLANN -G
WATLAN-LENBNTU89 Von Schulthess WaTADLE (2009)°
mNﬁqsﬂ”w@miﬁﬂm%ﬁﬂmqﬁﬁﬁﬂiuﬁQQixﬂqu@ﬁ
Suguaeanalulafinn-teuenisailanaiadnguy
78.19.76.519 gy qspanihiluanisunazansadliail

AALAY

1. Wn-LdnesiTuazidansulATaas19ae9
dadledeu anas iU weglanszgnldfindinisairanin
LAN-9

2. nsAnmuFaufiaunisarennniiasnanieg
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anes 1edu uaznzisalansegn HeaanAdoaiuile
ﬁf«mmixuume-Lﬁmmﬁf‘ﬁ'wmmzuumﬁqmmga‘mﬂ%
WHANIWAN-TA UM 78T NINNZITILNeT A

3. m-dnansansnlideyasulaseainanas
AMsvnanuaedadeaElAvaneasing [ nsvinwas i
BBLNUANNUUIUULIBITAR 1ATIATNILAVIANA LAY
ARLNYLNANUAATHN \AAANE NN9RTLAulATeITaa
MINNUTDIENDT UBNANTNN-LENan STaunald
ANENWAFNERTLATAAANARTIRILNLA

4. IV-LBNENFITULNINATULLULANYTOIANHNNTD
afamwnldednraiisaasnaniuiunisaiienw
Enenslaresnulaseaiauaznisvinan e danz

5. LAN-LENDNTITULRANULLILANY SOl ENeNTle
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gnuaNsaxiumvainliam Fanusaludilaoasls sy
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ALNULLLTIATTELY

AnRDE
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(FrUUW-LENeNFIaNS I TIud TAeTanlszany
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