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Research progress of quantitative multimodal brain imaging technology
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Abstract: Advanced medical imaging technology facilitates human brain recognition and its disease diagnosis research like
positron emission tomography ( PET) and magnetic resonance imaging (MRI). The changes of structure, function, metabo-
lism, and signaling pathways yield richer multimodal image data for disease diagnosis research. Traditional clinical imaging
techniques are mostly based on qualitative interpretation. The signal intensity of acquired images are differentiated for nor-

mal tissues, resulting in uncertainty in image contrast due to the microscopic scaled structure and function changes in tissue
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disease pathology. It is an effective way to obtain accurate and reliable detection of lesion features while the tissue contrast
changes intensively higher than the noise level. In comparison to qualitative medical imaging, the current measurement
focuses on physiology and physics related parameters to generate its quantitative parameter map. Quantitative parameters
have their own physical units in common and their quantitative values reflect the physiological and physical information of
the object mathematically. Quantitative measurement of tissue is essential to physiopathological modeling. The relationship
between image nuances and pathology, realize in-depth clinical data mining for accurate diagnosis based on the integration
of effective model analysis. The quantitative integration of cross-modalities and multiple imaging mechanisms medical ima-
ging has been developed in brain tumors and neuropsychiatric diseases. While quantitative imaging technology is challeng-
ing in clinical settings, no matter due to its long acquisition time or its different image presentation. The common quantita-
tive PET and MRI measurements are based on data fitting from multiple measurement. The multiple measurements are time
consuming and costly. The modeling and simulation of micro-physiological systems still need to be continuously developed
and improved, including the development from static models to dynamic models. Our research review and discuss the key
technical issues and development of existing quantitative imaging technologies for human brain microstructure and physiolog-
ical function indicators detection through PET and MRI methods. The clinical applications and future directions are
introduced as well. Specifically, we focus on the establishment of quantitative models, the measurement of quantitative
parameters and imaging methods, the influencing factors in the measurement, and the clinical application of related technol-
ogies. First, the review of quantitative MRI is based on the current situation and deficiencies of single-parameter quantifica-
tion and the development trendency of simultaneous multi-parameter quantification. Then, it introduces two methods of
myelin imaging based on the quantification of microscopic parameters, including multicomponent T2 quantification and
ultrashort echo based myelin imaging. An introduction to the comparability and reproducibility of magnetic resonance quan-
titative imaging is followed on, especially magnetic resonance diffusion imaging. Second, the review of quantitative PET is
based on the most extensive metabolic kinetic model-the compartment model. To extend quantitative error sources like mod-
el option, image quality, and input functions, the relationship between physiological parameters and tracer uptake is clari-
fied and three aspects of measurement error are analyzed in detail. The latest development is reviewed based on hardware
equipment, image reconstruction methods and quantitative analysis methods. The future MRI quantification, PET quantifi-
cation and PET/MRI quantification are briefly predicted further.

Key words: multi-modal imaging; quantitative magnetic resonance imaging ( MRI) ; quantitative positron emission tomo-
graphy (PET) ; simultaneous multi-parameter quantification; myelin water faction quantification; multi-center fusion; com-

partment model
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B AR A G IR AT PR R A SR ) A
SR , 265 7 i UGB AR PR ke R ok i LR g 32
B, 75—, AMARSE— R B A AE A o
PR GE  EEAR FLATY T AN BT R R R 8 3 AL A
AR AL B Sl A AR R (1 i JRe | DA RT PR AT 2 B 1Y
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O i AR ZR G R 81, 0 b B85 R
T[] A AROWR 435 4 1 A B BB HR rAG I B ) 22
AR AR K RBUIR 7778 A B B A ] BRI R e A
AIRER T IN], AEELARRE AR v AR SOKE R B i b
RIS S S i RSS2 I Y5 )
P2 LA B AH DG BAR 14 7 FH 48 461 45 LA I Tl e T

{I\erjl o

1 TEEHMLIREEG

i M AT P53 AR N U5 51 SRk e AR, DA
HAURTR I S EALHE T 1% & (proton density, PD) |
I\ 1m Sty RIS TA] (T ) VRS 1) 5t RN (T2) 1Y 22 508
BN PR AR R B e R A B R e
SHIA TR RN, & B REIHR R S8
I3 RFRINSERON S, Hh RS EALHE PD |
T1 F1 T2 %5 O S B A5 B K 70 5 RE# 2H 200
B YOO 1) S o B 1 RSO
WEIEAR AR T R 45 1 S 4
1.1 RUSHESSHRHNER

S8 T1 T2 s B S H0E Sl 2 4R
H €Al (inversion recovery spin echo, IR-SE)
Z [l ABEME (multi echo spin echo, ME-SE) 1&
S HATHE AU G 15 3 ( Bernstein 55,2004 ) , {HIX
kAR AR XE UTE I IR 52 Bk b i ., S5 ok i
Look-Locker 757 (Look F1 Locker,1970) £ IR flik i
JEHtEIN— Z 50/ NEEE /i (flip angle, FA) ki, H7E

BRHE R
(1% AFRZE)FERE)
BNBH
SER(T1, T2)
LR E &
& (b, JETFRHE)
=
L
=]
= LU T
I 5
| BB i UTE(H#%. 1%)
| (BiHRE R
THEEED RESIEE
B2 0y 6
K1 IR g I kA 4
Fig.1 Quantitative MRI methods and their pros and cons

BASBRMUE L G T T e, Sy —
A R D7 22 A TR R 1T R 1 Y T SE
7% (driven equilibrium single pulse observation of T1,
DESPOT1) ( Homer Fil Beevers, 1985 ) , ] 5 #il it
3D PR T g R, ZOrEE IR L B AN TE
FA B FLASH $94# , IF- 45 R A5 1 1 5 B AL U5 45 2]
T1EZH, TEMEERE I, Deoni 55 A (2003 ) i JF
KT HT TrueFISP 1) DESPOT2 I T T2 5E i, Hi
T TrueFISP JFFNIRA T T1L A T2 ¢ 1, il &40 B
YRR FA $94, SEf# 1 DESPOT1 3.3 T1 {5 &,
MG T2,

bR INE R IL R SRR A A
[l (EAE S — D S R AR B
ORI, HrE OFFE B TR B P S [R] I
wEZ NS N SHENE R, X—Irmfte 1
RAEBIRLAR , [RIINF i s 5 1 e 7] (8] 32 Sl A #4161
KIME, IR-TrueFISP (IR-true fast imaging with steady
state precession) ( Schmitt 45,2004 ) J7 ¥ i — ¥
GRS TRME 4740, 4 S H A b e 1k 30 vl Bt
BTLT2 FPD, MEAh , H T AR DR A e [l 357
K22 HUE &5 ( quantification of relaxation times
and proton density by multiecho acquisition of a satura-
tion-recovery using turbo spin-echo readout, QRAP-
MASTER ( Warntjes 55,2008 ) 42 J& -4 Fl Jjk i v 4%
8 E 11 e 51 38 3k 224 4 Ik v ) 935 AN [
2 TR U 85 8 52 BEAN TR) T AInAR, 3 3k 24> 180°
ik i S B Z2 A~ AN [R] T2 INAE 5 3R, BR 7y
WA TL A1 T2 € w3448 80N R (magnetic
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resonance fingerprinting, MRF) ( Ma % ,2013) % f T
L4 BB, |32 M35 4 TR-TrueFISP J3 41 1 RE Al 1 41
ZH(A0 FA TR 55) , 51 AR EME 5 B sh A 1, f4l
FHS- ML DG IE i 5 2 [ i 4R 1 2 i 2 8. 7
MRF X —HEZL T, Fp 91 A i T 508 RA% F 2 A%, A]
BB AL S HL, 40 B1* (Cloos 45,2016) |
T2 " (Rieger %,2017) 7 Z %4 ( Christen 55,2014
Su %%, 2017 ) . CEST ( chemical exchamge saturation
transfer) ( Zhou %% ,2018 ; Cohen 25,2018 ) &5 #1751
ZZRFI E I, RTS8 R R
MZ)Z 6 B 1% ( simultaneous multi-slice, SMS) 4
A JHN3E J5 1 T PASE BLBE— 25 Jini# MRF ( Liao 4%,
2017;Ye 55,2016,2017) , IS E 4 7E 2 min
ZEATSEILAIN 1 mm A5 ) [FPE R BERAY T T2 & B
(Cao %2019 ,2022) .

T DX 3 BRZH SURN IE B 441, T1 A T2 45 )
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2 RMEREAHE R BL T LB — b i 2 A
WS W RUR (Ma 45 ,2021) 78 35 P A0 6
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HWAY T2 AR T 1 s, UL, 7RSS 1 2 =
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IO I U B8 B R 40045 0% 22, S BB R A AR AR 3 X
SN HERREL 2 10 L 5 A ( Tabesh 55 ,2011) , & &
st & S HO0T 2 R] H S M S A AR AR (R
HFAAE B BRI AH B SR R, A5 5 10— 2D B
2 W HEAET 5T

SRR 2 B R IR R 2 B S P B R
A IS S Gl ol = a9 N P
TN AR IE Fil A 7 el NS AT S b, AR
ok, Z DR R G TR R R, ComBat &
H Fi i FHYE )2 i — A L T Ge i A e T 5
PZIT AR P B A AR DAY PR S A R s
RN IFHEATRCAE , AT A MEAR R Y RS
T 525 B AR 1 o 18] 22 5 1 [ IR £ B i) AR PR 22 A
P, ComBat Sz AR (AL K 5T K2 JZ ( Fortin 45,
2018) . DTI &% ( Fortin 55,2017 ) LA K i 1y B 9 £
(Yu 7,2018 ) 2 F K19 2 0 A IE A AR A
WA ER 2= 5 ComBat 7T k46, T
FEAEC R HBR SR R , Bl S AR S K
MRI PLK PET 2 Z 350U 4~ 568 45 ( Da-Ano 55,
2021) . T T B 5 #Y ComBat ++ J7 4 A]
FHT DX 53 R A B B AR AE v 1) RSRS8O AR A TR
BN, L A A T ] 7% 2% 165 38R 5 9 B A £ ( the
Alzheimer’ s disease neuroimaging initiative, ADNI) H1
( Wachinger 55%,2021) , M&5G 17 A INBLAY (1)
ComBat-GAM J5 I AT KA et 19 il 4544 2l A7 4%
1E, T BRAS RV R0 A 22 1] i 22 A4 1] A O B Al R PR Y
AR A FA5 B (Pomponio 55 ,2020) , AH LT HIEAE
ANTR] PR AN [R &30 4R L ComBat, {8 ] 1

AT AR B ASE 1E A TS-ComBat J5 1 1S 2
TR 2= B/ RS IE 25 R (Maikusa 55,2021) , 7E{#
FH Combat 77 A% 1E 4% H s 8] A B G RRAE B | 38 75 X6
Jof FH A RSCHI AR RN 45 A A Al B B R, B Ak
BUFAE L IE A9 5 ( Orlhac 55 ,2022)

TREE 2 2 sibLas 2 > I i 2 b BdE & 02
— AR RS, BN, BRI A A vk il
FHT 3T B0 s He A, B S A9 41K 5T =2 R 1)
3 AEARIREE He rbrag o7 S v B A G R R A
R, 207 A GG 4 BE B b (B IR
BAHE I A b 8 B A S A R R B
( Alexander % ,2017) , Tax %5 A (2019) He# T 4 Fh
UREE 2% 20 5 X 1 B B3 0 - ey S i 07 IR e 1
WARERR A TP R, 45 R L PUAE B M & A
4 ABERBER A Hh i D ) 22 5, O3 —Fh T
3 M )2 M G Tk, U — 6 & iR
BURBE A 1 = B DKL RECRIE 22 7% | A A H A %
R RS b E 5 Z ALY 5 BT DK
EAE, R T A URRAEHE AR G rp s [R] — SPE DA
N B2 M (Tong 55,2020)

2 EEPET K&

1EH & 5 W2 Aid% PET) ( Vaquero 1 Kinah-
an,2015 ) J&— R BE 27 00 T SR EOR | AU 1A%
FEARIC LS YIE s B0, S8 IR 9 AR 3k AR A
R PIRERI AT LA, PET BRI R TN [RIHS A7 % ik
SRR RIS O . IR b E 2R # S PET
AR VAR T o BT, AR 78 B R T 3 — Bk Al )
HEAT 10 ~40 min 348, JF B A TR S PET K14,
25 BT TR AR AT LA T 1 v A s v Al £
{H (standardized uptake value, SUV) ( Thie,2004 ) ¥
SUV A (SUV ratio, SUVR) . SUV H U5 e
T 2B PR AR AR 2, RES THER
AR R R B AR R 2 R R
MZH AL SUV KLIEJT 1 SUVR AT LI/ D 1R
RGVERE  EUGEE H 5 W RS KO S R R S 50
NI ) A8 22 5

BET RO B E o DT BRI XS AR P R AT
AT 78 B FAITE SR AL 0y 48 B0 th 2 Ry A
PP R PE AN s B 50045 0 A ) 411
ahih N S AL Y o T R AERE RS S
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(nonspecific binding) ZHZIH L1 AW JE 7 BE
55T B9 5 45 A (specific binding ) FI L3 1
R ( Carson,2005) o A [ 7% 5 50 2 A U4 1 43
PR TR B AR PRI 52 i L8 BB ) 5L R A 3 A
FEAE WA A Eh ) e R A T A
SRS R R )RR .
2.1 BEEER

F5 % B ( compartment model ) ( Bentourkia £/
Zaidi,2007 ) Je H AN H e 12 B 3 7 288, o
(AN TR] B 2 AR R B R ZE L 2L B A R IIR S
B — R IA A

%:MCU) +bC, (1) (1)

X, C(e) AP 1Y [l — i P i 2k (time-
activity curve, TAC) , C,(t) NI TAC, BRI Y
i A\ PREL (input function ) , A7 2 %0k TR R KL
(rate constant) , F&7~ FAA S [B] AN —> 5 B0 7] 55
—> P R L LA, HC B A B Sk i
IS D7 e . M AT b 2 il 3R 5 B4 R i 4R
Wi ARV S S BT D & O PR B ER
ke 2 Fr7s 9 — 5 % (two-tissue compartment
2TC) 8 (Gunn %5 ,2015) F#mh
dCy, (1)

ds = Kl CP(t) -
(ky +ky) Cyy (1) +k, Cs(1) (2)
L) ew) —kh e ()
de
C’r(t) = CNL)(t) + Cs(t) (4>

3, C () AN TR 3 38 O TR R BE L € (1)
HREESS & D BRI U TE L, €, (1) TR Bs
FRHONTERRIE, K, ky Lk hy HECRFEEL R
AR L 2 i T bR 238 2o AN 7T 48 B % (non-
displaceable compartment ) FIFE 255 J % (specif-
ically bound compartment) fill LAX 43,

K2 —prasfisy
Fig.2  2TC model

2 I35 3 il ik Al R SRS A BT
Ak, 3ha PET BIGORH RUR 15 5 40 70 o 2 A I
] B e A 3 1) [R1UF 51, DA rp ] i SO R X
3 ( region of interest, ROI) 7KF-olifAZE /K1 TAC,
LA PET(t) . M3 PET(¢) 5 C, (1) ZJa, LA
il (1) A PET(r) 7] LAAS BRI 2 800 A
Ihe XA RZR N TAC BEATHLE R 2E 1Y
ZHUEE (Gallezot 45,2020) , H& T P = B AN
ISR O BB L T A 8] 09 5 1 53 A 5 ik
AR LM Fe /N — 3 (nonlinear least square, NLS)
FE M5 % 4 213 (reference tissue method ) ( Lam-
mertsma A Hume ,1996 ; Hume %%,1992) .

2.2 PET EERBKHIRES
2.2.1 MERIBERE

IREEFTEAR N AR B8 AR T 00 S 0, V6 e 22
AR, TS ) A R R B BRI,
TSR AT RERI R . AR ABEE e T
FORRIRERE A 22 . S EA T HE ST E R
E W RS E AR AR RS G, PRI,
AR LB 1 ~3 PR RE M AERE R, 5
— 7T, A LA RS S R AN AT AR A i
B, ARER R 0 A 45 R i i 22, 5 ES AR I — i
AR AEA™ B 28 A B i 2 X 50 493 i 40 18] A B S 20
AL, ZH AL TRERESZHL TR
PR AT T BRI

A A B A HT AL N B DUR AR AR 1) R
REE M A E;2) SR AR R S R
( Ikonomovic A ,2008) ;3) [G]— MR pAE S E A
315 B EE I FE B (test-retest reproducibility) ( Cruz
4,2020) 54) [A]— AT (9 an e e AR R ) I AR
PSR AR 28 S 55 ) X 32 B4 LR R 1y 22
A BEURR X T O A BRI 0 2l LA B D 9 1B 5 B 1
AR 6) S8 T I7 2 1T H AR S (PET 4
Tl PSR B

AN PET 5 7 8 TS 1 v B ] RE S 23 o
HZHZUR LAY 14, R4 HHY TAC 5 SRy 241
TAC FAAE—E M 22 , JUHZ X T 1ML 48 43 A 82 20 Bl &
A NAL, FEXX — A, AT LUAR Y 40 21 b i
BEURTRI & L vy 2 SURNI0LAE rb B O P v B
RORFN, A g s Bl Ay i vy AT DUBRZ2 36 8L, 19 4
5% , W AT LR g 2 B50R0 H: Ath B A 2 40 TR) i) i Ay
it
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2.2.2 KEFR

PET & 5 73 A1 (1 HE B 1 W B 2 RS o 1 1 52
Wi, 52 4R I 4% AR 98 BE | GE WL O AR ( positron
range ) A F-HE 4 4 ( photon non-collinearity )
SRR M BR R, R 2R e 23 18] 73 PR ALK ( Moses,
2011), K14 & R OE ( attenuation correc-
tion) HUEIAZ IE (scatter correction ) Fll G -1 55 12k
PRI T B BB N e fe 2 RS T i, s /K
SR G AR R BURE s B 0 S ) A A
FERRA R, FHRLESE PET sugd, R0 KR
MTAF LRI A1 5 M EU AT DA B B RS IEMEJE R,
T PET B BEREAR, /N ROT S Z K F-1 43 Br
TSR 43 25 BN (partial volume effect) . A H2 15
IR VIR ORG L SRS O R AL B VAL Sl
(Erlandsson 5%,2012)

SEIAZ IE A ROT 8 U 22 A8 Bl i 3R HILIET 2 A%
1% ( computed tomography , CT) ol 2% 3: % % i £
B NI, 458 EME S PET FZ G B i A% otk 1]
R UG ERR L . SO TE IR Yz )
o3& N PET GBI, LI N 1 5 25 44 [ i 1
ROXERE . shA IS B9 WG 55 (frame-to-frame align-
ment ) J& PET i i {5 P fi 6 FH 19 3k S IE D7 ¥, {2
ZOITEXTWUNIZ SRR . HeAh i O ER B
AV ENIZ S R AR W E LT IMIE T,

2.2.3 A REGN IR

PET J& £ 73 A7 — AR I 6 A oR 5, B4
TESNAS PET 743 0 6] X BE Bl K (radial artery ) #E47
ZYCA L, I 18 i A R (Feng 45, 1993) Bl i {E
R A RE, bk B A = AR AR 4R,
MAFEA Y5 SEAL B i 5RO ER B, 25 5)
FIAGR2E, BT 52 W 5E & 53 B B9 HEB M ( Chen 45,
1991) ,

N T A A R BRI 3 RS TR
TILERAREAN T I7 vk, 322 RIMGAR U A R
%1 (image-derived input function, IDIF) ( Zanotti-Freg-
onara % ,2011) | J& T BEK A9 % A pR %X ( population-
based input function, PBIF) ( Buchert 55,2020 ) DA f&&
550 1122 2 K0 R A T B9 30 A PR L ( simultaneous
estimation of the input function, SIME) ( Feng %,
2020) , IDIF A1 PBIF J5 3% 73 5 %F 4~ PET [& 4%+
FRIAY A8 TAC FIRFAS A SR B AR HEATALIE , 15
IR NISETPANESE VS (iR R | AR R T IU S S

B AR AP BUILRAEAS . SIME Jr ik 8 5t
ST R i BT AL | B S UL S 21 ROT Y
TAC XA PR EZS B 44> ROL 1 8) 127 2 8 A
IFEATAG I, Sy T [ B 30 0 K, R A R
B AE , SIME J5 1 2 /055 2 — R kil i, IDIF
i AT G T A eR L, TR I 2 &) 52 B 6i SO
TR A BRSOV | 1 5 e 7 45 DR 2R A R R R i o
ORISR o JCIAE IR LA, S8 DK A5 148 /Y B
N IDIF 58 0 RSO 8E 2%

2.3 =R

PET &4 PG TR i 77 vk A G AL 35805 v i B
Bk REfd PET FR5TE RR G2 T, Al et i 1
BN I17F o S BORAR A HERE

B 2% Jr T, H AT R — AR € AT ) PET
(time-of-flight PET, TOF-PET) ( Surti I Karp,2016)
T2 200 ps MY AT A BT[] 43 HF 2 (coincidence
timing resolution ) , g % 4 {8 K = {4 1) 22 0 4 /N &2
3 om LA R MBESE T B85 . PET/MRI R4E
( Vandenberghe il Marsden ,2015) 1] A [A] A5 R 4E PET
A MRT PIRRS 2 1 [R5, AN o P 547 lC e, A )
TUERG & 7 ROL Al 1155 A pR %X ( Zanotti-Fregonara
&% 2011) Fliz sh#¢ 1F ( Catana % ,2011) , 45 PET
(total-body PET) ( Badawi 45,2019 ; Cherry 45,2018 ;
Pantel 45,2020 ) FLA7 i 1 il 1] 100 55 08 o R AR
2FRE 725 PET/CT &4 uEXPLORER ( Badawi
£5,2019) FR T PLEF K GK 1. 94 m, R G0 R HUE S
T 40 f548 T, WKW uEXPLORER £ {5 & 1
f%( Liu /—;J:f, 2021a; Hu %, 2021) e 1% ( Zhang
4 2020a) ( Liu 25,2021b ) FHK B ] 28 38 %44 ( Hu
85,2021) Jy T EA B E L, m B EAR A E B
SIS BT AS R AR E . W, T 25 PET/
CT RGBSR FNE 53 il o O JE | 3 30 k5%
PRALAY TAC Al A R, 7T LURE S 3l bkt i, H
iAW T uEXPLORER FI[ *F] UM A%
B (fluorodeoxyglucose, FDG) S8 T 4= B 4 45 B AR
WHE 7 A% ( Zhang %5 ,2020b)

N T BERIREE 2 2] 7 )iz b Tl e &2
RS E, XF T PET WU, TR #h 28 W25 1E A
A I O AL IE ( Yang 45 ,2019) (KIS
(Reader 55 ,2021) , 21 (Cui %,2019) i 43 ( Song
452020 ) LK B oE 7 T 2 A A ( Visvikis 5,
2019) , NZAJr s 1 PET KGR BT,
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KT PET & =40 ik A2 52 8h ) - i A i ik
SO I IR] O W5, BMBR A BUR S R E AR
S SR NG E i e i N TR F iR i
T e 22 5 K S 1 A2 A ( Ceccarini 45,2020)
HISCHT IR 3 T 3h 48 PET U BEAT 1R KK F & &
SrFTR I RERR A S OUR . 5 IR, HiES
BOBAGR 2 BB 5 RMR 25 HE N4
P A S HRIZ (Gallezot 25 ,2020) . LM, HLAS2F
> FIUR BE 2 ) A 2 0 T T A pR AU 1 ( Kuttner
45,2020 ) F1AE B S 5046 1 (Pan 45,2017 ; Wang
4 2019)

3 & &

R et AR AR & e BT [ I R A2 W 1) T
R IRE AT G H TS A A bs, At
— S PR E R R B R R E M AR USRS R
(EISE S S TR %N RO - Ly AR

MRI 5E 18 2 $08 A% B 52 B B4~ S 508 2 A4
ZHFRE i N FRUS BN OS5 LR = )
I RS, X — it BTSSR MM MR R 2R G fili
PEREET: AT SR AR IIC 45 ) RS PP 0 o B K
S5 T AL A5 SR HSE B A5 T 5 1) TR0 ASE A4 (1) 2
S JE AR R AR T, EAR IR AT AR
ERBBIOIER b 5 22 T AR R AR R ] 2 &
SRR A2 8 TAE

PET FiAR N 45 A A3 W7 2 7] L B 44 08 & 40 AT
J5 F MRI A5 2888 g, SR LT =R & IR Y
fRHE B (Meikle %5 ,2021) , 5 AR 2% EOR
R 4 B0 LN A A% i A TR B A6 22 1) o A PR £
HESMARSE AR S, XIS PET
AR R G UG AL B ik i) K AR s, H gt
— 2 & F+ TOF-PET B9 45 & B [8] 43 ¥ % ( Lecoq,
2017 ) AT 5 4390 R 0 I 3R & ] PET 1% R 48
DA K 23308 1 A R 4 RE DA AR PET 35045 114 Wi A 45
%, X PET EMRALFE S 0¥, JR 82 TAERLFR R W
A IR BE 2 2] I i U B R A AL B A A £ b
TURE , DA ANAT 7R I R 0 FH A IR R B 2 > T ik

), B PET/MRI BUR B #8 19 H  pA RN
J”,PET/MR [F] B %2 2 & — A~ S 20 & R U7 I,
i 1 [l s B AR B VE E 07 B R B 25 8 kA&
FELARI I 5 i 22 A B W ER S, AT R A X 2 41

15 BT 1 FRAE

B OB AXHTERZABFFAEFYMS
FUERCBRBES  ZE 2L S FH AR,
http : //www. csig. org. cn/detail /2388 ,
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