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[ Abstract] Objective: To investigate iron concentration measurement difference in susceptibility weighted imaging be-
tween 7. 0T and 3. 0T MR and to describe an initial experience for ultra-high field neuroimaging. Methods: 50 gerontic vol-
unteers (aged 52~68y,M 36,F 14) underwent conventional brain MRI and SWI on 3. 0T and 7. 0T scanner respectively.
Compare the image quality under different magnetic field was compared and the bilateral size and phase value of globus palli-
dus (GP) . putamen (PUT), head of caudate nucleus (HCN), substantia nigra (SN), red nucleus (RN) and thalamus
(THA) were measured. Results: 7. 0T could provide more details in magnitude images including recognition of sub-nucle-
us (P<C0.0001). @The areas of nucleus regions of interest were slightly larger in 7. 0T than in 3. 0T, and the difference
was statistically significant within same position of slice; @ Significant difference in iron concentration were found in PUT,
HCN,SN,RN and THA between 3. 0T and 7. 0T except in GP. Conclusion: (DImages in 7. 0 Tesla can provide more details
in structure; @Iron Concentration might be different in measurement with 7. 0T SWI.

[Key words] Magnetic resonance imaging; Susceptibility weighted imaging; Iron

10 85 BN A % 18 (susceptibility weighted ima- RS

ging, SWI) X FF Il &K #i 7K F (blood oxygenation lev-
el dependent, BOLD) # ik 4", & ] FH 41 22 a] w6 £
SO 22 S AR« 38 2 45 5 AR L TR i AT SWT X T
B DK A I S A L A A R TR A

AR5 UKL B )2 B T A Bl L R A L S b
VR AL IR B A2 Y B (12 W B Bk Y E

G381, SWI EAE R Rl AL P 1 BC & T & K i MR
H#A F L7 1.0T.1.5T. 3. 0T BT & e F
AT . HAT. A 7. 0T w6 3L 9R BLIR 5 40 /0 I IR Rf
FH 1 A B o H LA i 22 52 A5 b 0 R T 9 A% A2 K
o AR ZEE 735 T 7.0T 1 3. 0T & SWI
BUAGH 22 5 JF B Bl S 3 PR 2 R R BRI AT

YEE BAL: 100005 b 5T, Jb 50 Yh A B 2 B 0 9 A Be (B IR 5E) 5
100730  dbt, LA #BIL AL I%I%TMH TR IR % M0 s 100101 jh}?
H R} 2 e 25 B B S T O R 2 R R SRR (M B LB

)
EFRE AP BESEA982—) . Ui i Am A T L WP A R
FRAR R 2 T LR D R LR B 58 A
BIAEE 548, E-mail; chenmin62@ yahoo. com

L. 1 R 5% 4

A5 2011 4E 7 J] —2012 4 6 7 THRBEsIZ 1Y 50
PR P 22 RGN 2 AR R Hrh 5 36 4], 4 14
B AW 52~68 %, 2 AL MRT A HE B ik 4 1 IE |
i 57 B 7 B MO0 A AR . LTG0 4 AR e Sl A A AR
HATTE . AHFTAN RN RETHTHFE T HER:. O
0 78 S5 KK 1 B s O fik A E R MR 9 4 JC B 2
e O A AL @B A R R A .

2. W57

MRI =4 % A o 22 € F| 3 (Philips) 24 &) Intera
Achieva 3. 0T MR ﬁi{%%éff&?ﬁﬁﬁﬂ?(&emen%)
/A F] Magnetom 7. 0T MR W% &4 . % F 8 il ik &k

8,

P9 BB H0 4 2 S E TR I
A E L DLR I L A A Eazsh, Ao
JZ G — % TR By 4k E AT W LT W



AT 2F Sz 2013 45 5 A %5 28 %45 5 1  Radiol Practice, May 2013, Vol 28,No. 5

T, WL, SR 547 SWI ¥ 5144 . SWT 45 3 il
LR T AP, S 8. 3. 0T, TR 45 ms, TE
25 ms. B M 20°, # 9% 100Hz;7. 0T, TR 30 ms, TE
15 ms, %A 15°, 47 %6 120Hz,3. 0T 5 7. 0T H4H
i —3.

3. [EIAG Ak P R K5 4R )

SWI ¥4 3 b 32 > 32 1Y ey 3 2o % 7 AF i 38 %
AR B o 8T R B A 2 e AR F R I T
K A B K /INIEAT E 38 ) B X AN [] 3 5 T 1) ISR ot o
AT EMIER . A SPIN 24 (SWI process in neu-
roradiology, SPIN, 3 [ 45 UM 37 K %) 7 i 38 I8 1 AH
A2 P 23 53] 3 OBUI 45 1 BR (globus pallidus, GP) (7%
¥ (putamen, PUT) Bk #% 3k (head of caudate nucle-
us, HCN) . M Jii (substantia nigra, SN) . £ #% (red nu-
cleus, RN) DA K i (thalamus, THA) & £ & =~ 2 1M ,
A A% AT 30 B IS T bl A R B DR DX /N R Aof
B B 0 Ak B 43 B BB L A 2 5 1 5 1R B B O
7.

4. GEItAEs Y

NiF SPSS 19. 0 B 174 it 2253 . SR LA
R HRAL 3. 0T K 7. 0T ey A 7 1 Jr i) 42 141 2% R [X
TR AR R A AP 4 1 B 5 o 5 SR T TRC X R 46 2 e ¢
PO E X 30T K& 7. 0T SWI i B2 5] (&1 45 o3 15t 1)
R
RS X 5245 o0 5 VF f 45 2R 1
—EPERR R, DL P<<0.05 HE S
BHitam L,

g R

3T E Kappa {5, 9 _ \.

1.3.0T 5 7.0T B4/ £
B

FER PG b ot - O W5 1Y)
NAEEFE R GRS S5EA
k

BR A AE X 0 PR RO 5 20
WERRE LA, ORK

W, ik =F R aHEN
P Re X A R 9. e IX 4y
—NE RN, = AHEAREE X
8RN G

7.0T 5 3. 0T # kb, 1 B &
70T 4 ae 42 it 2 40y

B 1

529
k1 S0MZRAHASWIBERI2ALE D)
A 1% 28 7
% 2 Pk
I 10 m N x
3.0T 5 5 16 24 44.000 <0.0001"
70T 30 16 3 1

E:0 P<0.05, 2R AL FEL,

2.3.0T 5 7.0T T &% W H R/ L8

T 3. 0T A 7. 0T 5 BUAZ W10 ] i) ¥ M B2 A [
A SR T R R R I 8 S LU AT i A 14
O3 AEAS ) 37758 1 19 [R) U2 d R T AR CRIr A5 31 4l 19 7 oz
s JZ IR SR B EE — B0, AT AR AT FO 8 B BT 1
H. K2, R E/R.7.0T Ta ¥R ROT I HE
3.0T T Ay W& K AN [] 37 58 1) &% 4% A1 ROT {8 [H] 22 5%
iita# & L (P<<0.05,% 2),

%2 S0MZRAFHASWIGEAGZAXBRERLE (mm®)
A B B .
jogngt 3.0T 7.0T t 18 P1a
BoKAm sk 157.279215.504 186.770419.166 —7.409 <C0.0001
%G % 146. 67549. 022 185.270+5.839 —9.448 <C0.0001
St 202.449+13.519 257. 621+10. 167 —5.348 <<0.0001
4% 34.709+0. 828  37.765+1.214 —2.179  0.034
2 67.842+2.482 82.801+1.460 —5.119 <<0.0001
Ry 295.7564+7. 336 379.30746.603 —8.150 <<0.0001

»

A P<0.05, £F A%t 2 &L,
3.3.0T 5 7. 0T T ik & &5 &% B 8 & = LA
S AIAE 3. 0T F 7. 0T A7 I L Bt ROICKE 2)

» y 7%

12 e

30T 5 7.0T e B ey red 3t s b7 & ,7. 0T B¢ 9 248 T
3.0T.2) A A& 3.0T A, ok a e s F(LEeEF TR A2RZ 45 b)

(K DI KA 53 X (P<< g g% 2@ 7.0T B 5 Q8 S H0 0 REAFM(LENFK) ;0 SHZKER
0.0001,% 1), MW HZE 3. 0TAR.SEFE2RTRAEFAKGERKEF A6 ARIAKT Lkl 2
MAEM 2 ML RG2S Y AR IERRERREN: O SR ZRE® 7. 0T B, & f 2 K T4 5 4%

(P=0.072), H—8 B4 (kap-
pa=0.865),

HUABRER  LSEARAAL TR ;AL RAG TN RKRE 74 3.0T B4 A
.k T ALY AR,



530 AT 2013 45 5 A% 28 45 5 ]  Radiol Practice, May 2013, Vol 28,No. 5

2 3.0T57.0T FSWItER L&A ROLMGAI, a~D 45314 3.0T TEAKE K FaR . 2 . LB . ZRA LY
ROI; g~D M At w4z A 7. 0T F ROI 49 £,

FLE A5 R A Bk & B B B BRAh . R AT 3. 0T Al
T.OTH BB & B EH 2 7 A LI B (P<

0.05,% 3),
%3 S0 FRAHASWI ML ELA ROL 44 &1

M A R 3.0T 7.0T

A8 K CFe(ug/e)  CFe(ug/yy ‘M PH
B K A% Sk 123.96+7. 86 106.85+60.14 —2.315 0.025"
Gk 127.14+6. 86 131. 17£52. 50 0. 624 0.535
= M 122.99+4. 00 99, 43430. 60 —6.261 <C0.0001"
4 122.57+6. 89 96.18+52.71 —4.072 <C0.0001*
2 R 129.97+10.13  152.82+77.50 2.398 0.020"
Tt fiw 112. 88+2.57 379.30746.60 —37.493 <C0.0001"

E:" P<0.05, 2 F A% FEL.

o

L gk oA AR

i AR 119 B A R T i 22 D RE A W] Bk D i T

BOUE H A . kR D R kA
@R BRPF J7 U7 A 22 2O BRI BRI B R
BRAE N A 3 AT AN DUHE PR S R 0 22 LR KB A
Jitre /b . Harder 5585 W42 S 4 11 1R P9 i 86 52 PR
ARIIAT o BRITAE AR 2 1 28005 722 114 o e o e e 3 24
FIST . RS A DO i 22 T IR T I I AR

LI R M A T R B AT R I R ) B BRI T B A
55 DU i P T o € 2% B 110 5 AN S AT B 4 el 3L i
P E R LR AT RS L g Y A b 2R AT
9o 78 R BIF 5 AR T L AR AR A — B 5 A7 8 2 R
WF5ET7 18]

2. ik MR &

0] A 3 A PN O O A AT AR R X — L2
WFIEE E R ) R, DLAE B WF 58 il TR 350 K 3 A%
Al T, WIAF 5 AR 42 7 Al i 5 3R 26 & & A0 . AT LA
A B 1 3t 7 R R2(1/ T2) {8k R2 % (1/T2 » ) {i
e VE ik & L R2 {8 R2 « {3 5 i 4k vk & 2 £
PSRN R ] 5t R R AZ 0 2 TR S L 40 R AR K
ik, A X Bk 5 B HEAT R & A0 A, SWI Y IR
oL A AN H B U R B TR T RE R I 1
K. Hopp % 76 1. 5T ki SWI & & 4y Tk &
i IS XRPOL Y Ry 45 R BEAT X e R P A
HARE A &, Haacke 28 BF 97 & M. 5 R2 85f
R2 » {EUAH FE - SWI R AR 14 728 Ak XoF i 2% 25 2 0 7 1
JBPE F{E 2 b (signal noise ratio, SNR) ¥ 34 i1, 3 15
HARX Ap=—vgAyBOTE, (A¢ g HI {7 fH A9 25 1k, ¥



AT 2F Sz 2013 45 5 A %5 28 %45 5 1  Radiol Practice, May 2013, Vol 28,No. 5 531

KT L s g S JUART IRl -0 Ay SRy #0000 20 2 1) 1Y) 1 Uk
S, B0 S FE W75 L TE Sy [l (8] . A58 1

7.0T % 3.0T MR I FIH SWI X i 8k i2E 47 7 & 5 H7
JIE AT s 19 151 R B 1 Ml S 5T 85 Ak A ) R R XA AR A
g . PR R B A AR B 2% 52 il ik AH 6L A A )
JE o ASHIFSEEE R R PR BT R S A L T N AE 3. 0T
Fe 70T T g g R 228 K. 7. 0T Fir il b ik & 2k &
B g RS MRS g ERE R, 70T F
T R B INE B B T 3. 0T, i At A2 T A% ) S { AH 22
AR AL 5 8k 2 1 % Ak 7 b 2 2% IEOA [R] 37 5
RPN b s R | 2 N o S e P B QR T [ e
] H At A 1A R A s T i 7 30 S A HE At A% 14
TG . A7 ROT B8 Bl /1 o 0] B D0 Fr 10 1) % 25 & 1
B s 5 ROT 38 JU [ g 5 G 45 38 1y SEAIG , PR Ry ol
4 1 JBE DX 2 {0 S /) o T A BF 90 T A 285 2R e g 2k
FEAE 7. 0T T s A ik — 4R

3.7.0T MiLH S5 AR

TEE G T, S T4 o [a) 0 46 5 Lb AR 4 0 3
I SRy 8 64 AEASE AR AR A K, SWIT X 42k i1 K i sk 3R 4t
MR A S E A K, FHX —E#H.7.0T
SWI 5 5 g H i 6z 0 8™ 4y J57 50 AR A 45 A 0 9 O 125
Hommond %" F Fi 7. 0T #F 5% & # £ & 1 i 1k
(multiple sclerosis, MS) B3t P 77 76 /D & 57 i & i A
SRR, 7.0T SWIL# 3. 0T #7 ¥ &5 Y 25 [] 73 9t
F1 5 IR BIEOR B Cun) Y R ASURT DA 7 o 0 K 5 A% A
PR 38 T D e R 2 b R . g
SWI H AT WA 45 AR o 55 48 P Pl 28 22 580 72 B8 B 48
FER L R e S TR S R o AT
SR AR I S R R K R L HR S I RGBT R A A —
AE TR b S i TG 41 2 fig s A, AT LU T e A
KA ny ol #2 . R BUSER mZ 7. 0T i — L
P ARSI R WAL AR 5 BT s, SWT T IE B Y
XoF B A 2 S i RS T o G R R N 1Y) i i A AR 1 B
F R R R R SR IR IR AL R B AL L H
BOZARNLEE A AL TE o 18R 5 e R o R 7 FE 2 R R

HAT.7.0T MR &5 JL-F H s BR T Sk 38 R0 4
7.0T BF B PLFHA  SNR 85, Ty 5t B 6] 19 A7 F)
FEARC G IR 1S DA AR S A R ey, 70T

MRI & AT I 2 RE g BF & T2 # Dhe {5 B 5B &
FREEBBGHEANIDS T BB, m SWIAEN
— b T AP B A I T B RT LA AE 5 B ) P i
B B AL i IRI2 T S A

5% ik

[1] Boeckh-Behrens T,Lutz J, Lummel N,et al. Susceptibility-weigh-
ted angiography (SWAN) of cerebral veins and arteries compared
to TOF-MRA[J]. Eur ] Radiol,2012,81(6) ;1238-1245.

[2] Harder SL, Hopp KM, Ward H, et al. Mineralization of the deep
gray matter with age:a retrospective review with susceptibility-
weighted MR imaging[ J]. AJNR,2008,29(1):176-183.

[3] Stankiewicz J, Panter SS, Neema M, et al. Iron in chronic brain
disorders imaging and neurotherapeutic implications[ J]. Neuro-
therapeutics,2007,4(3) :371-386.

[4] Ogg RJ,Langston JW,Haacke EM,et al. The correlateon between
phase shifts in gradient-echo MR images and regional brain iron
concentration[ J ]. ] Magn Reson Imaging, 1999, 17 (8): 1141-
1148.

[5] Haacke EM, Cheng NY, House M]J, et al. Imaging iron stores in
the brain using magnetic resonance imaging[ ] ]. ] Magn Reson Im-
aging»2005,23(1) ;1-25.

[6] Schenck JF. Magnetic resonance imaging of brain iron[ ]J]. ] Neu-
rol Sci,2003,207(1):99-102.

[7]1 Hopp K,Popescu BF,McCrear P,et al. Brain iron detected by SWI
high pass filtered phase calibrated with synchrotron X-ray fluores-
cence[J7. ] Magn Reson Imaging,2010,31(6) : 1346-1354.

[8] Haacke EM, Ayaz M, Khan A. Establishing a baseline phase be-
havior in magnetic imaging to determine normal vs abnormall iron
content in the brain[J]. ] Magn Reson Imaging,2007,26(2) :256-
264.

[9] Pinker K, Stavrou I, Szomolanyi P, et al. Improved preoperative
evaluateon of cerebral cavernomas by high-field, high-resolution
susceptibility-weighted magnetic resonance imaging at 3Tesla;
compareison with standard (1. 5T) magnetic resonance imaging
and correlateon with histopathologyical findings prelim results
[J]. Invest Radiology,2007,42(6) ;:346-351.

[10] Hammond KE, Lupo JM, Xu D, et al. Develpment of a robust
method for generating 7. 0T multichannel phase images of thd
brain with application to normal volunteers and patients with
neurological diseases[ J]. Neuroimage,2008,39(4):1682-1692.

[11] Marques JP,Zwaag WV, Granziera C, et al. Cerebellar cortical
layers: in vivo visualization with structural high-field-strength
MR imaging[ J . Radiology,2010,254(3) :942-948.

OB H 3 :2012-12-20 & 181 H . 2013-04-19)



