View metadata, citation and similar papers at core.ac.uk

L e 9

HEGEWINCRAASZTESRTE

]

& H

1o}
H

ifi

EE

R

SEER

s

4 o T

-

-~
brought to you by .i CORE

provided by Xiamen University Institutional Repository

ZRRAS: 10384 BRS_E__
%¥%5: 19820111152857 uUDC__

B r3

B+ ¥ L e X

T B IR B R0 R E B U ER RN SRR

Preliminary study on quantitative susceptibility mapping via

single-scan spatiotemporally encoded MRI
ENGF
HFEITFHL: HRE H®

RISk %4
+ W & M BEGHHMERK

HXEZ A 2014 F 04 A

X A EntiE . 2014 5 05 A

Fl4%F a8 2014 5 06 A
By R e F
P 5] A

2014 £ 06 H


https://core.ac.uk/display/41391743?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1




BiTRFEFAL IR 14 =R

AN ZAZH AR SOEA NAE T ITHET N L 5E I TR -
ARNERLGEF S HARN KBS R D2 R R AT TR, BIFESC
FEE 7 AR ], IR SV ERNE AT (T TR S0 LA 2R
L GRAT) ).

Tk, BN SO R RS R I U R SRAG IR S Hdx
VO 22 S sl S == 1 B Yy, 7 ST TR A A IR S 36 = 58 A

FEIAN (Z4):
¥ H H






B IXFEFAIR I EEUE R F A

AN IR JE TR RS e N RSN ] 227 26490 8 AT St 7095 )
SR E DR BE AN 22200 00, JF /) E B AR T T O AR e MU 5SS 22 A
W CEIELFRME TR, REFFAE SN E TR &
FCHCHE PEARCAT B A 1) o AN F) S BT DR S 2 i SO N A [ e
Bl 2 A SO R B B PE AT R 2, A L8 ST R B R AR
DR, RARZEN. 4 BnEcE ey NG B S S Ae .
PNE VA7 W= A
( ) LARTTRFARE R R BE M IRE FALR L,
T T BWE, WEREH ERREL
C N D 2R, & R AL
GETE LA B RS S TR FAR 28 . PR3 A0 18 SR
A E TR P IRE R RS B 2GRS, REBETTR PRS2
ST 8 AR SO R AT AR S M A AIES 1, BN
NIFHEAIR L, Y& FIR LD

FIAN (%42):
# H H






B 3 B B e i
s v R TR iii
BB I e 1
1L B B e 1

1.2 BREEEIRARAEE A ETE ..o 2

1.3 BEBWERBBREIE ........c..ccooooeee e 7

1.4 BFHERTERIRIDIRIR .ooooooooeeee e 8

L5 BBITEERD oo 9
BB FERUMUREGERGERENM o, 13
2.1 Bl e e 13

2.2 BB BIDTTIE oo 13
2.2.1 H WAL B8 (SHARP) e 14

2.2.2 MEIZBERE (PDF) oo 15

2.3 EEBMUBEGERBEIERE ..o 17
2.3.1 Z 7 [ RBEREAL T T e 17

2.3.2 K AR ZITE oo 19

2.3.3 TUH I IETIAE TV oo 18

2.4 QSM ZEMEIR B BIBIF ..ottt 21

2.5 AREEINGE oo 25
PZE BETEANRHEAZEHQSMER ..o 29
B B e 29

3.2 BEEEHEIR .o.ooooo e 30
3.2.1 BBFE IR IKIF T A oo 30

32210 VEELE B JFHL oo 32

3.2 SEWFESSEIEIII oo 33

33 EIREERETTHIL oo 36

B ZREEINGE oo 39

BNE ETHEARMNZHEDNBIBBOAERAR .o 43



AL B oo et 43

4.2 FBIBHEIR ..o 43
8.2.1 CHIIP JIKIH oot 43

4.2.2 chirp JEKIHBURN T B BRAZIEIE oo 47

4.2.3 AFER SPEN JEH oo 49

4.3 SEBFTEEIR oo 51

4.4 SEBEERETHL oo 54

A5 ZRBEINGE oot 61
BHE RS RE e 65
B L B s 65

5.2 FRER. ..o s 66
a2 ) OO 67



CONTENTS

ChiINESE ADSIFACT ..o et [
ENGLISH ADSTIACT ..o e i
Chapter 1 Preface........coviiiieieeeiee et 1
L1 INTFOAUCTION ...t bbb 1

1.2 Basic principles of MR ..o 2

1.3 Principles Of QSIM ..o 7

1.4 Principles of single-Scan SPEN ...t 8

1.5 Structure of this diSSErtation...........cocvririiiiiiiiee e 9
Chapter 2 Reconstructed methods and applications of QSM.............ccccceeviienen, 13
P20 A 1 011 oo [ Tox o] PSS SPSRTRSS 13

2.2 Background field removal methods............ccoovviiiiiiniiiineeeee 13
2.2.1 Sophisticated harmonic artifact reduction for phase data(SHARP) ...14

2.2.2 Projection onto dipole fieldS(PDF) ........cccccoeiveiieicieece e 15

2.3 Reconstructed principles and methods of QSM..........cccccevivviiiieiesiennn, 17
2.3.1 Calculation of susceptibility through multiple orientation sampling..17

2.3.2 Weighted k-space derivative method ............ccccccveveiieie i 19

2.3.3 Bayesian regularization method...........cccccovevieiiiiciiccece e 18

2.4 Clinical applications 0f QSM ... 21

2.5 CONCIUSIONS ...ttt sreeteeneesre e e eneennees 25
Chapter 3 Reconstruction of QSM based on conventional sampling method......29
L INTrOAUCTION .t 29

3.2 Theoretical formaliSm..........cccoiiiiiiii e 30
3.2.1 The gradient recalled-echo pulse SeqUENCE..........ccceveiiieiiiinicienen, 30

3.2.2 The reconstructed principles of 10 norm of gradient..............c.ccecvn.... 32

3.2 Experiments and mMaterials ..........cccoveiiiieiicii i 33

3.3 ReSUILS and TISCUSSION .......ocuviieiiieiieieieie ettt 36

KB o] o 1115 o] 1 1RSSR 39

VIR oottt ettt ettt n ettt ne et st neeneea e neere s 43
A1 INTFOAUCTION ...ttt 43

4.2 Theoretical FormaliSm.........cccooveiiiiiiiec s 43
4.2.1The Chirp PUISE......oii e 43

4.2.2 The spins’ response excited by the chirp pulse..........cccoovviiiiiinnnn 47



4.2.3 The fully refocused SPEN SEQUENCE ........ccecvveeeiiverieriesieeie e 49

4.3 Experiments and materialS ..........cccovveiviiiiieni e 51
4.4 ReSUItS and diSCUSSION .......cueeiieeieiieiieiie ettt 54
i @0 o (o [U15] o] o SO SRTR 61
Chapter 5 Summary and ProSPECL ..........cocveieiiieiieii e 65
5.1 SUMIMAIY ...ttt e bbb e e be e e s be e e s bne s 65
5.2 PIOSPECT. ...ttt 66
(U] o] [Tor= 11 o] o SRR 67

ACKNOWIEAGEMENTS ...t ta e ens 69



YEE ML : TRTH

WICE H = 38 i S gD 1 58 B R ARV 7T

YEE A ERIA, %, 1988 4F 12 A A, 2011 45 09 H UMM T [ TR 2=/ &
%z, T G EE TR i e o2 DA

hoxX i OE

FEFEIR IR G H AR (MRD DUZREILHR (NMR) R By LA, o] LAAR A —Ff
T T BORIREMAR A 45k . Pl g (EPD U — R st AT SRR
FIR, (B LE SR 808 AN S o A AL 2O S AR B BURE, ANadia R BURE 67
FIg . s = gnt (SPEN) J7 kAT DRI M Peix - [a[ #R, &0 ks A3
SEARERRES, I HAERS Tl LRt S EPL 7R Ui & 1 BIR . &
BRI ERG (QSM) DUARRLAE BoAZER, 2 RE A 70 AR PR N FH 1) — /> #
] B, ASCH E T4 SPEN HOR B 2R AN AR H Fo b, Xt QSM IR E
ORISRz R FH B B o ARSI R FURR A -

L H X E BRI R SR BT TSN, B BA AR QSM
A R S AT T ATLR, 0T QSM 7E MRI H (1 B k4T T
m,

TSR T ETHE RPN QSM E . SO T £ [ bk 4
MGE3D xf # i #1745, 2 s vT DUR B Z ARG S, SEInA R T
QSM g . I lo e 2o LI AR BE4T QSM Egl, JExf & Rtiritie. nvdd
T B AR IR AL LA SPIO B S BIRIE 71

S UK T B R B 2 g B 1 4 R R K A S B R AR SR AR TR
2551 AT AR AN B AR A5 5 A0 SR B Bk AN f L3R B I B 3R . 3 T
SPIO Ff it KT G AR M RE 1 S 56 285 SR EAT 0 AT AT il S 45 SR 56
UIE 7 R4 H 5 SPEN ikt 51 B 31 Jey AR AL ARBIE 78 (R AT AT 4, S Bt ah s
QSM it Fe#R it 1 Hidl KA Iy 1%

REEW: Wi, EEMAERIE: RIMALE






Preliminary study on quantitative susceptibility mapping via
single-scan spatiotemporally encoded MRI
Ali Wang
ABSTRACT

Magnetic resonance imaging (MRI) which is based on the nuclear magnetic
resonance (NMR) can provide a no damaged means to detect structure in vivo. Echo
planar imaging (EPI) has the ability to acquire a whole image in a single-scan, but it is
sensitive to susceptibility artifacts when it is operated in high or inhomogeneous
magnetic field. Therefore, EPI is usually not suitable for phase imaging. Single-scan
spatiotemporally encoded (SPEN) MRI is one of the effective approaches in dealing
with this weakness. It has a higher natural immunity to field inhomogeneity and can
provide image with similar quality to that from EPI method in homogeneous field.
Quantitative susceptibility mapping (QSM) based on phase information is a hot
question in scientific research and clinical application now. This paper proposed a
local phase imaging method based on single-scan SPEN method, which will be of
significance in promoting QSM having deeper and broader applications. The main
work of this thesis is listed as follows.

1. This paper firstly has a brief introduction of QSM principle. Then a
comprehensive review was made about the methods of the typical reconstruction
methods of QSM and background field removal methods, then a summary was
presented about the applications of QSM in MRI.

2. The reconstruction of QSM based on conventional sampling method was
accomplished. Multi-echo pulse sequence was used to obtain FID data, Multi-echo
data could provide more phase information which would be helpful in the
reconstruction of QSM. This paper used lo norm of gradient method to reconstruct the
QSM images, and the results were discussed and compared.

3. A fully refocused SPEN sequence was applied to local phase imaging
researches for the first time, which could make the decoding signals from different
positions get refocused about gradient and off-resonance, and the results of different
samples had been analyzed and discussed, including SPIO sample, lemon sample and
pig brain sample. The feasibility of applying this fully refocused SPEN sequence to

local phase imaging researches was verified, which will provide sampling method for
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single-scan dynamic QSM.

Keywords: spatiotemporally encoded; quantitative susceptibility mapping; local
phase imaging
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