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History and current status of development of PET/MRI scanner
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Abstract: The development of positron emission computed tomography/magnetic resonance imaging (PET/MRI) scanner is a
hot research topic in the development of multimodality molecular imaging in the last 15 years. Herein the characteristics of PET
and MRI as well as the advantages of multimodality PET/MRI are introduced. Then the early history of PET/MRI scanner
development is reviewed. Several important prototype MRI-compatible small animal PET scanners and commercial clinical PET/

MRI scanners are mainly introduced. Finally, the recent advances in the development of PET/MRI scanners are summarized,

and the future development and application research of PET/MRI are discussed.
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Fig.1 The first prototype MRI-compatible small animal PET insert developed by University of California, Los Angles in 1997

a: PET detectors; b: PET image; c: MRI image. PET: Positron emission computed tomography; MRI: Magnetic resonance imaging
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Fig.2 Prototype small animal PET system

University of California, Davis: (a) Prototype scanner, (b) One detector
module; University of Tubingen: (c¢) Prototype scanner, (d) LSO array and

(e) avalanche photodiode array
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Fig.3 MRI-compatible brain PET insert developed by Siemens
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Fig.5 The whole body PET/MRI scanner developed by GE

4 EHEARR &

i 1545k, PET/MRIL a8 i & — H R 2B R
SRR R R, U HE S SIPM FAR Bk
R, 22 50N AT IR A B R RE AL R RN A& 3 i
SiPM, Mt He %S PET Fil—{& X PET/MRI AL #% B9 &
B3 TEFI S, T L 20 PET/MRI AR AFF & AR (H
FH SiPM., SiPM YGHEIN A JLF-25 & 35 i 6 A 38 Fn
CHL A B, B T AR fURAR 38 25 AR
N BRI RE AT R He S SR AR A i T/ N s )
AR R GBI & A A X A, 2R R iR T F
NS R BRI K, it ELIIE & 1 22 50 R BB SR R
AV R ) A0 B A /N 1 BRI 28 0 BUR R
2015 4£-7F IEEE Medical Imaging Conference [, Davis
i3l T HIEL T SiPM 1) 4 BRI 48 IG5 /N s PET
ARG ARG R A A A 5.5 em, 355 T 1 mm 0
Sy R AHBTER WA A IR R G AR B S0 IE
&3, NanoScan PET/MRI ZAF- 2 — i — 1 R
/N RS0, Rz R G HDCHU SIS  RRgiE T
AHAR AR, AN BEUEAT [ AR > fils 2 A A
TEH M FHR & A T /Nl PET/MRI R R 58,
X R 58 ZHCR TR LD BRI A, SR 3] T = eR
AT PER AR Sl 1 WLEF . MR Solution 23 7] A 2248
it FH AR AR S 21 A AR /I B2 dib AR il ) 40 BT
3 bk .45 .90 F1135 mm, Bruker 2\ #) i 22 50 %
FH B2 AR 38 B il ) PLEF FIRC% . Sedecal
O3] B FR G0 R R AN [ R BUZ iR . R
AR PRI T 1 mm A H DR (HIX e R 50
)P B 000 R AR AR A0 4 1 SCEE R L E U
o LW, A 5K Ok RTINS
Y PET/MRI G R G AE T 4 8 A5 T 20 5%

BUA4 EA {# FH PET/MRI A 74 R A= ) B2 24 WF9E 10 e
1, i PET/MRI 78 AE W B 2k g e i i . 3 H
Ay 1k ME— 15 1] SiPM 14 3 25 Fili PET LAY 2R 55 i
Hong %5 58 1%, % R G FRARLER Ry 44 SiPM 541 152
W) x4 FIREES] AR /INA 3 mmx 3 mmx20 mm,
IR A R GE R 72 A BRI AL, BRI AN ER AN
330 mm, SiPM {5 538 1 3 m K i ¥ fiL 45 2% 1) I ity A
T2 R G HEAT T A PET/MRI B 8,44 , i 1
PET/MRI #4112 [l A oK o

5 BEMLER

2006 4F- W g He 25 /NS ) PET i U 5 R Ge bt
K1, 2007 4R PE ] FREEAE G PET UL R Gt &
Ay, 2010 4F-F1 2014 457G 17 13 o A4 B g
PET/MRI 14 & Ge bt A i 51, 2016 4F 22 585 7 82l
W% EPEfE /N8 PET/MRI ML 245 . PET/MRI{X
T E e — B 2B B 2 AR AR & R A, T
THES 5 —Be B[] P, 4R PET/MRIAS#S (9 P et
BEE— T . /N R PET/MRUK 2 T iF
— R RGN PR ANCR 2 5 1% PET/MRI
W B TR = AR Gl 1) SR RN ] R SRl
I S A% AL &% PET/CT #H [t , PET/MRI f9 1l
e HNE 15 % PET/CT BARTEXI I 3] T — &
1 AR FHAE G RS Wb AR B 0 B R E A CT
PEHULRY ERE B PET 320 1F , PET/CT AR TR 58 2 B
HUB PET BN IR PRIZW A BERE . 5 5 PET A%
H MRI AL AH L, PET/MRIELA BUL I R i 2
(] /NI AR C HE G- 34, 5 PET/CT AH LE, HAT 5
K B U0 HEBE I R MIRT B BE ISR BE 15 A AT
Mo PET/MRI & —FPAHXT & 5% A AL 2% , ZEAE G IR
WU 32 B4 % 1), PET/MRI 26 250 TF B AR — g 4



- 1186 - Hh R B2 3546

i _EAEXS PET/CT Jin B dt MRIZE I K2 Wy B A
e EZ BB R, K A LK PET Il MRIASTE [ —
FEE A% B2 2B RS B B Az B AH B EME X PET/
MRI (1) 2 G R AR 2 AEROR AR5 B
— R T MRI MR PET 00 IE ARG . 1
T PET I MRI £ [ Fr H A (58 K 19 14 5E 1 , PET/
MRI T 317 4 J5 — B[R] P #0 J2 ibogd o0 1l 8 95
FG PR 2 W I 3 R T B e S F A Y B 2
WF 5% AR A0 78 B 58 Kk T H IF HA W o &
KRR AR T S T2 A R R

(5% k]

[1] TIDAH, KANNO I, MIURA S, et al. A simulation study of a method
to reduce positron-annihilation spread distributions using a strong
magnet-field in positron emission tomography[J]. IEEE Trans Nucl
Sci, 1986, 33(1): 597-600.

[2] HAMMER B E, CHRISTENSEN N L, HEIL B G. Use of a magnetic-
field to increase the spatial-resolution positron emission tomography
[J]. Med Phys, 1994, 21(12): 1917-1920.

[3] HAMMER B E, CHRISTENSEN N L. Measurement of positron range
in matter in strong magnetic-fields[ J ]. IEEE Trans Nucl Sci, 1995, 42
(4): 1371-1376.

[4] BUCHANAN M, MARSDEN P K, MIELKE C H, et al. A system to
obtain radiotracer uptake data simultaneously with NMR spectra in a
high field magnet[ J]. IEEE Trans Nucl Sci, 1996, 43(3): 2044-2048.

[5] SHAOY P, CHERRY S R, FARAHANI K, et al. Simultaneous PET
and MR imaging[J ]. Phys Med Biol, 1997, 42(10): 1965-1970.

[6] SERVICE R F. Medical imaging-new dynamic duo: PET, MRI, joined
for the first time[J]. Science, 1996, 272(5267): 1423-1423.

[7] BEYER T, TOWNSEND D W, BRUN T, et al. A combined PET/CT
scanner for clinical oncology[ J]. J Nucl Med, 2000, 41(8): 1369-1379.

[8] RAYLMAN R R, MAJEWSKI S, LEMIEUX S K, et al. Simultaneous
MRI and PET imaging of a rat brain[ J |. Phys Med Biol, 2006, 51(24):
6371-6379.

[9] LUCAS A J, HAWKES R C, ANSORGE R E, et al. Development of
a combined microPET((R))-MR system[J]. Technol Cancer Res Treat,
2006, 5(4): 337-341.

[10] GILBERT K M, HANDLER W B, SCHOLL T J, et al. Design of field-
cycled magnetic resonance systems for small animal imaging[J |. Phys
Med Biol, 2006, 51(11): 2825-2841.

[11] CATANA C, WU Y B, JUDENHOFER M S, et al. Simultaneous
acquisition of multislice PET and MR images: initial results with a
MR-compatible PET scanner[J]. J Nucl Med, 2006, 47(12): 1968-
1976.

[12] JUDENHOFER M S, WEHRL H F, NEWPORT D F, et al.
Simultaneous PET-MRI: a new approach for functional and
morphological imaging[J]. Nat Med, 2008, 14(4): 459-65.

[13] CATANA C, PROCISSI D, WU Y B, et al. Simultaneous in vivo
positron emission tomography and magnetic resonance imaging|[J ].
Proc Natl Acad Sci U S A, 2008, 105(10): 3705-3710.

[14] SCHLEMMER H P, PICHLER B J, SCHMAND M, et al.
Simultaneous MR/PET imaging of the human brain: feasibility
study[J ]. Radiology, 2008, 248(3): 1028-1035.

[15] KOLB A, WEHRL H F, HOFMANN M, et al. Technical performance
evaluation of a human brain PET/MRI system|[J ]. Eur Radiol, 2012,
22(8): 1776-1788.

[16] DELSO G, FUERST S, JAKOBY B, et al. Performance measurements
of the Siemens mMR integrated whole-body PET/MR scanner[J]. J
Nucl Med, 2011, 52(12): 1914-1922.

[17] ZAIDI H, OJHA N, MORICH M, et al. Design and performance
evaluation of a whole-body ingenuity TF PET-MRI system[J |. Phys
Med Biol, 2011, 56(10): 3091-3106.

[18] VEIT-HAIBACH P, KUHN F P, WIESINGER F, et al. PET-MR
imaging using a tri-modality PET/CT-MR system with a dedicated
shuttle in clinical routine[J]. Magn Reson Mater Phys Biol Med, 2013,
26(1): 25-35.

[19] GRANT AM, DELLER T W, KHALIGHI M M, et al. NEMA NU 2-
2012 performance studies for the SiPM-based ToF-PET component
of the GE SIGNA PET/MR system[J]. Med Phys, 2016, 43(5): 10.

[20] LEVIN C S, MARAMRAJU H, KHALIGHI M M, et al. Design
features and mutual compatibility studies of the time-of-flight PET
capable GE Signa PET/MR system[J]. IEEE Trans Med Imaging,
2016, 35(8): 1907-1914.

[21] RONCALI E, CHERRY S R. Application of silicon photomultipliers
to positron emission tomography|[J]. Ann Biomed Eng, 2011, 39(4):
1358-1377.

[22] YOON H S, KO G B, KWON S I, et al. Initial results of simultaneous
PET/MRI  experiments with an MRI-compatible silicon
photomultiplier PET scanner[ J |. J Nucl Med, 2012, 53(4): 608-614.

[23] SCHUG D, LERCHE C, WEISSLER B, et al. Initial PET performance
evaluation of a preclinical insert for PET/MRI with digital SiPM
technology[J]. Phys Med Biol, 2016, 61(7): 2851-2878.

[24] THIESSEN J D, SHAMS E, STORTZ G, et al. MR-compatibility of
a high-resolution small animal PET insert operating inside a 7 T MRI
[J]. Phys Med Biol, 2016, 61(22): 7934-7956.

[25] NAGY K, TOTH M, MAJOR P, et al. Performance evaluation of the
small-animal nanoscan PET/MRI system[J . J Nucl Med, 2013, 54
(10): 1825-1832.

[26] HONG K J, CHOI Y, JUNG J H, et al. A prototype MR insertable brain
PET using tileable GAPD arrays|J ]. Med Phys, 2013, 40(4): 042503.

(%h#: T )



