MR Fingerprinting

57 H OB EZ, e K

B R E AR BT 20K

FL&®IC

MRI E512id, A KEBRORE « LK
BRHELELTWS, #lziE, T T iERRHE
i3, WRUCBIR L /O ZA L7 & DEWZE)
WREOERENL T\, ChaEFIHL T,
IEF A & RREHARD T1° Te DEVEHRFAL
JCEBRD, BEZETCERLIEILIEAVWLbhTY
bHo B [EWER] THNAESHEE,
T Te, 70 VEE (PD), WAbE, JL#k
R &, MRRICBEIRT AHRMD /RS A 772
T, V—rV ACBRT AR
AR, BDHVEIEZEIAVORES, W
B—Mn ¥ ON—F 2 TICBERd SR MED
NS AZIZERL T b, ZDizsh, ErkmEE
OFEFHELT YV b T A FOENTK T 5 pH
B RRRE, —ICA S Tlddev,

—HT, i Telx EOMM/NS A 2%, B
BoOEEBGE» O EIC & » TIRIZICKRD
[EREEBR| L L TERTHIELTESL, O
O [EEEERE ] T, HROE SRR
DAV b5 AN OWRIGEIER, JTTOE M
& REIFE e AL & OBIFRAS, KD EHERYICH
LT DBAL, BONIHEORRL LS
TV, B, EEEBRTIE, EMECTHRME
PHEESINNT, RabY A FORERMT, &
LV REEICE > TREB LT —2Th,
HICEBERK CELFELD 5,

L LBTE, EEYICH BN S EEEgRE
13, B—Ofk/ 5 A2 ORBICKHL TTS 2
b, BBRHEARVEVWSRERBD, BEN
CEEHLN TR WEER SV, ZHICz

T, EEEFRICITRLLY A FRIEER, B
B COFBMERC/ A T AOFEN DD, FED
BEHEEAANDOKE L N—F IV ETm-> T b, ZD
IO RWTH B, EBED MR HEOFT
fiitE, Ti% Tole KNS A X OEEM T
%<, BEMRHERNICE S W TR IN TV 5,

MRF D% 15

L T APIr4E, MR Fingerprinting (BT,
MRF) w5, ffl/ N5 A 2w g®ic, L
LEBD/NT A 2 % FRHICIRIG T & 5 T4 R
IBEn2, 2O MRFOHBICED, Th
ETEHRONIZRATOAE DN TN/ EEHE
BikED, BROBETHENICHWONSHE
WRKELSHTTE/2, MRF T, ThETOD
BENLEELFELEPLCHBERICZLTE
D, Bib [FE] Lo X0id, ko k&Ek
FWkME A & o 72 [TH A (framework) | & L
TRZBDOBRE, BN EEEGE T,
M/ S5 A 2 &5 SR E ORI 72 B 6k % fEHT
FIC kD, BEliEFER L% v Tk S5 2 2
itE 4%, — 5 MRF Ci3, 50O MEE
FEFTHIC Tl S BIE Y R 2 V—Y 3 VIC
FoTRDL, ZD®, BHATRODOLNK
WED%, EEOEMIY — 7V AR ITT 5
CEMARE L 725> T, MRF &\ A
ICEWEREAMTE SN TV S,

MRF QORI
MRF Tl kE»iZ, (i)MRF 5255 —

* —"J— kK quantitative imaging, fast acquisition, multiple tissue parameter mapping

75



AR BB37& 45 (2017)

1. Data acquisition »

<MRF >

MRF signal evolution
= Fingerprint of tissue

Number of images
T1="ms, T2 ="ms

Multiple echo images
(N=600~3000)

2. Pattern

matching

» 3. Visualization

T, map

T, map

Tissue parameter
maps

Fig. 1. Workflow of MR Fingerprinting (MRF)
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Fig. 2. Importance of temporal incoherence. (a) Temporally ‘“‘coherent” signal evolution. (b) Temporally ‘‘inco-
herent” signal evolution. WM : white matter, GM : gray matter, CSF : cerebrospinal fluid.
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Fig. 3. Typical MRF sequence (MRF-trueFISP) and spatial incoherence. Randomization due to trajectory rota-
tion can alleviate aliasing artifacts due to undersampling.
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Fig. 4. Results for GACls and MnCl: phantoms. (a) MRF-FISP results (FOV =25.6 mm X 25.6 mm, slice thick-
ness=2.5 mm, matrix size =128 X 128, measurement time =43 minute). TE=5 ms, and the number of images
was 300. The FA and TR patterns were shown in Fig. 2. (b) Results obtained with standard methods. For the T:
measurement, an inversion recovery spin echo sequence (inversion time =50, 100, 150, 200, 300, 400, 600, 800,
1000, and 1200 ms; TR = 8000 ms; total measurement time =170 min) was used. For the T2 measurement, a mul-
tiple spin echo sequence (echo spacing =10 ms; TR = 8000 ms, 16 echoes; measurement time =17 min) was used.
(c) Comparison between the standard methods and MRF-FISP.
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MR Fingerprinting
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Fig. 5. MRF-DESS sequence
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Fig. 6. In vivo MRF images were acquired from the brains of an anesthetized rat (F344/Jcl, 4w, M) and mouse
(C57BL/6]]Jcl, 4w, M). FOV =32 mm X 32 mm, slice thickness=2 mm, matrix size =128 X 128, measurement

time = 16 min. The sequence used was shown in Fig. 5.
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Magnetic resonance fingerprinting (MRF) is a new, promising technique that enables the simul-
taneous quantification of many tissue parameters at once. MRF has some advantages over traditional
quantitative MRI methods, and opens the door to standardization in many applications of MRI. In
this article, the principle of MRF, its advantages and disadvantages, methods for implementing se-

quences, examples of applications, and recent advances, are reviewed in detail.

86



