YN

2 T )
@@§ University of Tsukuba

‘ el
BT
e

My brain

MRI®D E fiE

R KRFHEVERFURE

BF -

PRI

551[o

=W NS

NMREtEREFa1—r)7I)ILO—X(2012-11-7)




A BIMRE {2 (1)

T1W images, transverse and sagittal section at 3T



3DSE, TR =800ms, TE = 20ms, NEX = 1, FOV = (40.96mm)?3,
Matrix = 512 X 512 X 128, Voxel size = 80um X 80 um X 320 um



AEDAR

N O 0o A0 DN =

. MRI
. MRIIZ

. 18451 (5)
- B B0

e

—

[

. MRI&(E ? (16)
. MRID &R
. MRIZE & (28)

> (T A 2ZE Rl 7 fE 5E (29)

HERIBFE )

31T HERIV TR (8)



HBIEHAZAVEMRI(REMS) KABEAEZAVLMRI(BILAT(3)

S FEEA A—2 25 (Magnetic Resonance Imaging) DB, &
BHEMRIEMFES. KPREFICEFNSGKFRREFEZODHZE, NMR
HEEZMALTEEILTHEE. EANTHG,00061/ERLTINS.




MRIE (X ?2 (NMREHERE TIL)

MRI

Spatially
Resolved NMR

MRIEEGIEZ B LI-NMRET:H13% (NMR®D —EpB)



MRI&(E ?

NMR

O-dimensional
MRI

NMRIZFIEZE R LZUOORITMRI(MRID —ER)



MRI&(E ?

MRI

ELLMDEALA.

NMR
ITHY, FIRHEZNE




MRI O 431K

1. BEHREENE(LEEIZAKAT DB EEZEH TS

. = EREE EREN I TR H]. k5|

2. Ekﬁfi%ﬂ‘fﬁd)l_lﬁ"ﬁ:uh7XH fEn, BEEFL,

GTER

CHEENT-ECLTIEIRE LD

=ik

=T 2L

Vaxan

e, B

FFOIIO-ZHOGEFHITEHT HIFHICKY, AR

%E’ﬁ%!zd)%

IO

DR, 7 FILERDEIRIE

4. fxtEeeatAl: MERRICHITHEMF

X—T40

B - b FREHRZIEEH TES 1

NERARBRD

Z—=a2—0O



MRID W 5| F &R

SR AR,

(http://Aww.simp

y

L= FiaE DR EI ST 15|

nhysics.com/flying_objects.html#)



NMR/MRI®D FE &R

Blochs EPurcell5AANMREZFH R
NMRIZx L/ — )L

I E  XERIZHIS04E

Lauterbur®MRIDIZZE :NMRFE R %274
ErnstoM7—) TE#EZ AL -MREEZIEE
aER, EFHtFHE

functional MRI (B #% 8EE 1% %) D[R E

~ MRIEE

V

FER

Ernst, NMRIZHEIFTHEBIZKY/—RN)VILFEEZZE

Wirtlich, NMRIZ& B2 /\JEEEHTED

J—RIJLLZFE
Lauterbur, Mansfield, MRIDOEFIZLY,

/=N

INNEEZ e N/ —N)L

A I

TIZ&Y,

el

% & (HA

FEER

ES

1 — K E R B )

B (X#ECTIL, 19794
A I

)
FE DA NxMmIC




2003F /—RN)LEFAEBEFE MRIICEHTHAHER

Sir Peter Mansfield Paul terbur
Nottingham University University of lllinois
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hyperpolarized 3He D MRE[{&

1HE1%t3He0)’-\ %(75_)

HBiREHed A A ICE T HEE 7 fEmR KNEER (MIP){&. 1~9
PETIEEALR. 10~21FEIFIR(FIEH]. 22~25FD (LIFSEA.
J. H. Holmes et al. Magn. Reson. Med. 59:1062-1071(2008).




hyperpolarized 3CDMRE{&

KERFEAR LY AmI/sTERE & (21 & (2R 1& (Yorkshire pig).
M. Ishii et al. Magn. Reson. Med. 57:459-463 (2007).



1.5TIZHIFTBH-FLAIR{E 4.7TIZCEIT5H23Nald (FE/E24R#)
R. Bammer, ISMRM2008 weekend course
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Hoffmann et al. MRM, 2011.
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11.7 T Whole body MRI Magnet

The 11.7 T MR magnet with members of the MRI team at Agilent's Magnet
Technology Center in Yarnton, UK (from left to right): Darren Houlden, Andrew

Winter, Paul Johnson, Nigel Haynes and Alistair Courtney. 500MHz for US



BEERDIR{E (1.5T, 3.0T, 7T)

Figure 2 — High-resolution T2w MRI. (left) 1.5T (0.35mm x 0.35mm x 2mm); (middle) 3.0T (0.175mm x 0.175mm x
2mm); (right) 7.0T (0.175mm x 0.175mm x 2mm). Total scan time: 6.5 min. All images were acquired at a
bandwidth of +62.5kHz. Images courtesy of Anne-Marie Sawyer, Stanford University, CA.

1.5 T: voxel size = 0.35mm X 0.35mm X 2 mm = 245 nl

3.0 T: voxel size = 0.175mm X 0.175mm X 2 mm = 61.25 nl
7 T:voxel size =0.175mm X 0.175mm X 2 mm = 61.25 nl
acquisition time 6.5 minutes

R. Bammer, ISMRM2008 weekend course.



BEERD IR (7T at NIH)

voxel volume = 16 nl voxel volume =4 nl
acquisition time 8 minutes acquisition time 5 minutes

Jeff Duyn et al. http://www.amri.ninds.nih.gov/sample_data.htm



INESYIFAMRI (1)

HBInEHA/EYAMRI KAWABYIAAMRI 1.0T
4.7T~16.4T (ERKREZERZHER) MRTedl

Varian-Agilent HEMOEAXKAHATIAEAMRI



HBIZERA /NS YEMRI KAABTIOAEAMRI 2.0T
4.7T~16.4T by Haishi, Sugiyama, Aoki
Brukertt B EUEDKAEUAB <O ARAMRI



BV ) ADIEEETE (at 1.0 T)

3D-FLASH, 3D-SE, T1WI
T1WI, TR = 500ms
TR =25ms TE = 15ms
TE =7ms NEX 1
NEX 4, Acqg Time : 20 m.
Acq Time : 8 m. pixel : (200um)?
pixel : (200um)? Slice Tk : 2 mm
Slice Tk : 2 mm
3D-SE, PDWI 3D-SE, T2WI
TR =2000ms TR =2000ms
TE = 15ms TE = 80ms
NEX 1 NEX 1

Acq Time : 72 m.
pixel : (200um)?
Slice Tk : 2 mm

Acq Time : 72 m.
pixel : (200um)?
Slice Tk : 2 mm

by T. Shirali




1TIZ$ 1T HAmouse bodyD [E{#

Images of a mouse body. 3D-FLASH (TR/TE/FA = 40ms/3.6ms/57deg).

Y. Inoue, Y. Nomura, T. Haishi, K. Yoshikawa, T. Seki, K. Tsukiyama-
Kohara, C. Kai, T. Okubo, K. Ohtomo. Imaging living mice using a 1-T
compact MRI system. J Magn Reson Imaging 24, 901-907 (2006).



MR microscope

ATTHIZE#MAZHALV/=MR microscope 9.4THIZEHA



200 MHz (4.7 T) 400 MHz (94 T)

INCTEEDRFOAILZERHAT S : SNR o« 1/RLS




MR microscope f-

YL /AFRFaOAIJLERW=GE#IETO—T (JEE ith)




MR microscope

3DSE, TR=800ms, TE=20ms, NEX=1 3DGE, TR=200ms, TE=6ms, NEX=4
FOV=(40.96 mm)3, Matrix=512x512x128 FOV=(40.96 mm)3, Matrix=512x512x128

AE ITO—ET 50T I a—(2&BE{E (40mm probe)



NIV BIRE A Z FAL=MR microscope

EuBa,Cu;0,
T.=93K
61E1= =

1l |/ Nakamura'’s
Bulk superconductlng | group

Magigt L L= L{RIKEN

K. Ogawa et. al

Appl. Phys. Letters
98, 234101 (2011).

ATTONMRRADARRT7BIGEMAZAWTHEEZN YT



NIVIBIEHADIEE

Sample access

Room temperature region

'h\_..---

Vacuum Chamber

\*

Compressor Valve

Unit

O

[

— HTS bulk

—]

| __— Cold Head

/

BOE:23mm
AEaqMIL
RFaAIL
%
A 10mm

NIV EiniBInEHA DAREE



Sagittal images of a mouse (1)

3D SE, TR/TE = 100 ms/10 ms, image matrix = 1282 x 256
voxel size = (50 um)3, NEX = 32




Sagittal images of a mouse (2)

spinal cord

spine

heart

lung

liver

voxel size = (50 um)3, NEX = 32
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KAWBZRAWN -3 /N MR

ope 1998:Portable MRI 2000:Salmon MRI

— ” | |

ger MRI

Pt T i

3

2006:Cold room MRl 2005:Hand MRI 2008:Heel MRl 2008:Clinical MRI !



BEEn!) o< FZEAMRI (1)

BEENY) <Y FEZMAMRI(0.3 T) :2008%

F11H

= Rtk as e Al




BEET ) U< FZ2EEAMRI (2)

Dr. Hé

IR KB

AT

e - 5

.'.." TN

RIRICH S RER R (RIRD AR

1)



compact_T-SCAN InstAppPhysics compact_T-SCAN InstAppPhysics
Ex: 1203405436 Ex: 1203405436

Se: 0 02/19/08 Se: 1 02/19/08
Im: 40 512 rows, 320 cols Im: 14 256 rows, 160 cols

W=1660,L=5{1__| | [10mm/div W=3266 L=1472_| | [10mm/div

RAJERI 35m & IEDEFDIER: FURKF MR RPBi= it
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MREHE(Z T4 ILEHE THED T, ERY A XHZER]
MEEED TR THS.

F1=, ERIRENEFZH A XIZ—HT5=HIZIX, =
DDEME, 505

/(1) NMR D HISHRIE Af <E[FRHT=Y D FLIREFE 1T,
k(2) B HT-Y DSNRM5LLE (Rose criterion)
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=S NIEX 540 (7=12L, motionXodiffusion®

= 2R,
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(2)

‘-

-

NMR signal
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data acquisition time
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MRIZE (T 5 ZEE 7 REE (3)

30 pum? 25 pm? 20 pm? 16 um?2

BZEHY A X/, SNRIE —— (5
EEHARET Z—EEL, URMISHEEZIERLT, BFRY

AXZINSKTHE, BRH-YDESHEENE R Y A X(ZLLH
LTIETL, /4XIZ&Y, B ORRGEMNRETESEES.
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MRIZE T HZEE] 7 #EEE (4)

EZ=H-YDSNRH5LLE (Rose criterion)

Albert Rose (1910-1990)  |mage orthicon tube (TV camera)
Physicist and inventor at RCA

SREEQBAIZ(E, /1 XDBRATAR : MRITIE ?



EED/AZXDMHE (1)

| phase signal real part absolute image

S A AP A A At i

Q phase signal imaginary part

Histogram :
Rician distribution

MRIZEITH/ A XL, FIZEHENERTHY, NMRIEEIZIX
GaussE D /A ANEESINTLSES, EMEEEBOEREON
BEGED /A4 XS %L, Rices % (Rician distribution) &755.




MRER®D /A XDEE (2)

BZEFYURILIC
BEETH/M1ADHH

Gauss%a

99.7%

1437 : +0°T68.2%, +20T95.4%, | $307T99.7% |

1E;
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MREHZD /A XDMHEE (3)

0 2 4 6 8 1807

_ X TV, [gj SNR=5DHIET 7 b LDER
Hedlve) o’ eXp( 20° ]0 ') 451 background®SDIZ, E
v=0D & =% Rayleighﬁﬂ‘ﬁ BER D DSDEYH$935%/ME0N.

Rice4>#i (Rician distribution) . 1,lEZE#BA vt )L EAEL




MRIZB TS ZEM 7 FREE (F)

EZHT=YDSNRAS5LLE (Rose criterion) ?

Albert Rose (1910-1990) Image orthicon tube
Physicist and inventor at RCA
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EBZHT=YDSNRAS5LLE (Rose criterion) ?

1 1545

SNR =10.2 histogram
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EBZHT=YDSNRAS5LLE (Rose criterion) ?

B EEEPFEEREREENEERENADR

1 1580

SNR =6.0 histogram




MRIZE TS ZEM 2 FREE (7)

EBZHT=YDSNRAS5LLE (Rose criterion) ?

B E B B

EEESEEAAEAEESESNST AR

2 1695

SNR =5.1 histogram



MRIZE TS ZEM 57 FREE (8)

EBZHT=YDSNRAS5LLE (Rose criterion) ?

2 1575

SNR =4.1 histogram



MRIZE TS ZEM 57 FREE (9)

EBZHT=YDSNRAS5LLE (Rose criterion) ?

4 2170

SNR = 3.2 histogram
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EZ=HT-YDSNR/CNRAGLLE (Kose criterion)

HHORXSFIE +36T99.7%

B EEEPFEEREREENEERENADR

1 1580

SNR =6.0 histogram
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Dynamic range?

DR®D 1 -

ABIDIER : 120dB (A —4 A5 TI1%110dB)
htybT—7:55dB (BE L THI5001E)
La—F%8:65dB
A—T1)—I)ILT—7T:70dB

CD:96dB (16 bits: #9675 {Z) (90dB?)
A—IN\—F—T 474 CD:120~144 dB




Dynamic range of MR signal?

MRI dynamic range and its compatibility with signal transmission media

Refaat E. Gabr®®, Michael Schar®<, Arthur D. Edelstein 9, Dara L. Kraitchman 2,
Paul A. Bottomley *?, William A. Edelstein®*
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k-spacelZ# 1+ 5cut offfE ,J*x”"&tSNROD ESRED

Magnetic Resonance in Medicine 48:550—-554 (2002)

k-Space Interpretation _of the Rose Model: Noise
Limitation on the Detectable Resolution in MRI

e (cut of EIREERE
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BRI SARDH:prune at 4.7 T

3DSE, TR=200ms, TE=20ms, NEX=3 3DGE, TR=200ms, TE=6ms, NEX=1
FOV=(40.96 mm)3, Matrix=512x512x128 FOV=(40.96 mm)3, Matrix=512x512x128
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3D High Resolution Imaging at 4.7T

MIP Cross section

EEDBED TR/TE=200ms/3.5ms TR/TE=600ms/12ms

3DGRE, 2563 3DSE, 2563
(125um)3, INEX (100um)3, INEX

HEREEDHIL ! Porous structure
ESMNRLUEENS !




A FI DPDW®k-power plot

-10 .

-20

struciyre

L)

-30

-50 o

&
-60 /
.70

-80

Average power (dBr)
&

-90

10 100 1000 10000 100000

Wavenumber (m-1)

Signal®DRIX76dBLL L. noise floorkiL. &9 R EEIRIE N ATHE.



3D High Resolution Imaging at 9.4T
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— Compressed Sensing?
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Thank you for attention!







