R IR IR OEFE—NFE () —

RN

FHEIAH R FE G2 R

F L&

AR 1 HRICH 20 @R+ 5 & LT, Bl
21E, 80 4O — ORI ] [ M RE B % 18
NETEAD M, BEEFTET, SEEEEBL
AEE (20x60x24x365x80) 1275 2 &R
bhs. ZOMEBRZMDYT, ARTHIROKL
SHOBMREAERL, —EBRLRFEEBEE Lk
5. O, AEORL, #3EEOM
B (B 200~300 2 70Y) #F L, MEM
MmEOHREmEIL, 70 FFA—- VIR SE
IhTWwaY. fiifgid, zoMESEH LAN
L, MRZERIE, Lird, FEOHEKER
Mt 272 Tl bievy. TNHOEEICES
NTW5s LS5, MlafEld, MR &2255%
RIS ETHIDITELDBEDHF TE O
7o 3 RTCRFIH W e Sk Ch 5.

T O 25 Bl B ABSHBEES RS (K
k&R, KE) TR, #EH#HE ‘Mo
MRI” O£%*HE, RAOREBEGEDOE
HICHES MRIC & A S EESR O REICE
EAEBWTEEIFTW AW, (RIS
W, RIS, B - REERHORAAR)
M-T, FBETHE, ewd, MRaASRETIE
BB CHAVWESRO MR 5 — 2 E LD
MEE T, BERRETSHEICEELND, B
BL2W. WO Dh, BRETHAHFAD LD
ThDITE - T, REEOFROMIL, EO
ENEF LT, BIEBEFZOESICERIN

TWAERFRE, RELEDLI VYT
FxDFETHY, ThbDF~x, ZLTC, Hi
ICHERZ > TRONABEBREOH 2« L&D
T, o MR EOBEBKREWAAEHF LT
REINWEEZ LML THS. Fiz, BEREL
WON 775y FebBATIC, 4 UER
B BRANADRL DS, TO XD kikETR
I D, THOESICHETHEELS
POTHA. Do EBHIUL, Bk 55
+O THH AN T2

D MR 7 — 5 IR E OB L BRER

ffi> MR #& % REIC LW 5 ERER &
LT UTO3EBnBFoNs.

1) EWKGEE (OB 20%)

@) DIHEFRICE > ThebansFEIC
AT —FT75 7 F

(B) ZEREHEBOBEREC L > Thicban
% susceptibility effect IZ & % Bi35 O R g—#:
IC & B2RLEFOWEE (1~2 ms; 1000 57D
1~2®B0F—5—)

C OFRT—FK & HEM()D susceptibili-
ty effect TH D, BED MR RlERS, M
BrOOEEEFHER LEWERADER & /x5
TWBHDY, ZOTEEB/BEICLOIDLFELL
RTfrl.
(a) Ffifad spherical-shell &5 )15

¥—75 8% (Bo) OFIC (22K D permia-
bility & wo & §5) ¥FaDKTHLLIN

F—"J— K magnetic resonance, lung, perfusion, ventilation
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BREE N EE (KO permiability # u & ¢
%) magnetic susceptibility x i

u=po(1+y)

TEHEIN, FORBRELLOINBEWEDYV T
FABE (v, 0 I 3BROBOLER S & 5 AR
Ric kB, 0iir & BoDo<L AHE)

AB=2/3X Bo (r<a) ........................ (2)

AB=yx Boa3(cos? §—1/3)/r® (r>a) ---(3)

TRINS. Tz, 6T, LEROKOAE
o, ¥FEROEFOKRZE WL E, TONH
HTOMSEDY 7 M

AB=2/3y Bo—y BoR13(cos? 6—1/3) /13

Ly, DEDOXS57%E5V» 5 FID (free in-
duction decay) FB%VI 2V — 195,

1) COx>uBEEE LicWE»rbORES
i3, AEOZES T SN EBOE &R
Z, Lichho CRKGEPEMT HIONT,
SRR BETS Lok s (T*REL R
5).

2) BHOYV7 FHERBEEANED > TR
D, Lid, ZOEPIESHEHICRS.

ZEREN, TNOORBRIT, WHS v b
iz BN - EERAE R & —F T 5.
(b) Susceptibility effect iZ X AEFHE DOV 7 +
DEGN DS

ERICRINIHEOY 7 M, MRESE
IZEWTi, P OE D frequency-encod-
ing FIRNC BT AEBOTh LT-> THNS.
KOLEEBFEHH» /A 8ppm FTOT %
£ UATREMAD S (ThIZOWT, BEiEkELE
B, TELRBREMTTIRI DT, #H
BTFIW).
(c) X#r7x spin-echo & FEXF5R7r spin-echo ¥/ —

i AD

Spin-echo (SE) HIZ BT 590 E/SV A &
180 E/VADB ORI A t & L, 180 B/ L
AELA—DHRLETORME ' T5 & &,
180 £/ )V A & % refocus &, 180 E/N)LV A
DO AlIC % 5 frequency-encoding gradient -
& % refocus DR A —F I ¥ 720 (t=t),
PLFLFTEICED (txt), Wk (t=t)
V=T AR, FERFHIE () Vv R
EEOHT LB TES.

NEBEH DR —IC & - T U S BEBALD
dephasing {3, BfEt+t'® & 212, refocus ¥
HDT, JNH - IERHNTNOY—7rVAThH
R Uk EIC/n 558, susceptibility effect ® &
57, WEMGTEBETE—IC X 5HEBILD
dephasing 13, K2t O & &I refocus ¢ 5
CERHEBDT, WEEy—r VAT
2t=t+t' Lino THEEZT RS, FERHZ
V= VAT, 2ttt b, FOHRET
refocus BA+5 T, BE5BPERLEA. MiC
WS &, W% SE EFEXRFHL SE V—r VA
TOEEBWE DZE T, susceptibility effect ©
BEZHECEALAZ LIRS, £z, HE
MR B DIz D /Ay~ ZAD R ELD
72DITiE, AWEy—r VADIES BRI &
I 5.

DEXYD, TERXRBESEVED,
gradient-echo ¥ C, B, LEBEB5T &
TR#EETHD, SEXETH->Th, Ta—D
3 C 13 susceptibility effect 1% refocus IZ &
> THRNBD, Ta—DFRFEHALTILTH
BFN/ct ZATRELSEBHERRETS
LY, TR RERERMIC (2~3ms
LI) fTOBBERED T EERLTNA.

IO, TNOHANORMESE LT, Hhakk
DFRDOKSGF O diffusion OEFE, T2 28 multi-
exponential components Z¥> = &7, %
KRas—rvisash, a5—7r /i

199749 A 3 H%H

FIRIFERSE T606-01 mEHARKIEEL IR 54 FEKEHELEGBER BEEA
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BoEs (i)

BB OIEAABEIC L - TEEHRESET
BT e Y, MO MR A4 A —y 7R HE
DED ERAHICHENT, ERICER L TUT
DI WERPE L TT 28R, FTHEEINA.

fiD MR BEHRED S H &L EFEHRGEDRE

(a) Rapid line scan (RLS) ¥
H\WZETT 5 90 E & 180 B RF /L AL
LY, FEEICEEIC, 25000 ADOMESFH
BEETHIRLEOEBERTB/SZ EBHERS
(line scan). #N 5D 90 FE~180 /A D
EE A 45 BT T, BEWICTFELZWET
1®RIED linescan #WNAHZ LICKD, 2%
SEOBEE % E A OH, rapid line scan % TH
% . {4 @ line scan DOEIZ spoiler gradient %
ANBI LI LD, ROBITI—DPELHD%R
BFCC ERTE, BRIC2KRLEZEYEON
5. 2DFT#FEbix WO T, BEICX5
ghost artifact Z4 Uz 28, By &id, BERL
DS54 DFTN (misregistration) &7z - TH,
h5.
(b) Projection reconstruction (PR) %9
2DFT ¥ D 2 > DA R L, susceptibility
effect &, B)=iZ L5 ghost artitfact TH 5.
PR, RF/OUVAESD S FID 5 %%E
LTREEREET HRICT — X BRELZTV,
susceptibility effect IZ & 555 OWE © =R
5 &R, 2DFT & O X4 D 1T projec-
tion reconstruction % v T, ghost artifact
BELFTHETHS. TOFETE, BREL
TEEMPREGPELANICT — X IRESH
5. BERICELBT—F 777 i, CT EEL
ko2, BRoOT7—5F7 727 FEixks. FID
EZETHDOT, REOOustBip b5 —F I
EXWHETH A. BILROHRTIN/IES
B, BRORT Liz-THNAZ &, BREYH
57D B OP P 5 2 &, BEOEE
IZ X projection reconstruction @Y 7 + RN
&, MEBREEE>TWAS.

(c) TE O%E»\~ SE 10

TE #20ms 7» 5 7ms ~EfFT 5 2 21T &
D, S/INIZ35sfECMEL, MFE»I»LOEFE
ERONBRZTTERL, ROME, NEHR
BE, NERLOMEBESHHING. HER
i, B) X k % ghost artifact OFIEEIT B T
R\,

(d) TE OFEFICFE\ gradient-echo EE1D

RF /OVAZHl> CEEEFEICT A2 L, &0
A% D band-width T\ EFEC 7 — & I
#1795 Z &, fractional-echo sampling {Z & V)
Ta—DOHfRHSHF TV TIT 5T LI
kY, FEICEWTE (&E0.7ms) %= #EHK
L, B MRE®RZREICTS. TRZH
RRICES TAC LIk, BERMBLE X
D, THMREEOFRE LY, FFREEIC L
BT —FT7 577 FAERTAS.

(e) Single-shot fast SE 12

180 &/ A2 X - T, susceptibility effect
IZ & AE» 5 OE 5D dephasing % refocus
T& 5 SEEDEERBHEN—V a v ELTD,
single-shot fast SE, Zhic, HASTE & (&
5T half-Fourier %% in 2 CH R % £5HE L
72bD) 1F, MHEOMRBE®HEL LT, 1o
L AEEE, po, BERNRHELEZADPD
Mz, FREETORmERE SRR TDH
5. 261, BEREYL, 0O5BLHUTICRS
t, EEOERZEMBAERRSE, 0.2 LT T
FT=RPEINTNVBEDT, FRE L TWTh
FREBEIC R BT —F 7 77 FEEbirVEG
EinA.

FESERNCIE, EROXS>HHTRRELTE/
B, BEOEERBBEOESICLY, X6
<, [@e)DT, 4, BRICEHEDOLDLL
TREL T 3D LAbNS.

fi?D MR (& 2 #8EE & (perfusion/ventila-
tion imaging) & MBS OHFIME

GETRNTE LD, BRBBIEOHES
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ICE D, MRIC & 5HME OGS FTREIC 7% D
DOBHA. T, BAEDZEZL, MRIZXA M
MOBEGALDOES T AN, ZO%5gE
B & LT, Mo perfusion DA A —V v 7EH
DRREMEBAEN LR 5 TL 5.

Gd EEAIOBIRN A — 5 285 &, BED
2D % %\ iZ 3D gradient-echo ¥ DM A &K
IC &0, B & hfD perfusion % [ 3

CTERHWI0. EEE, MEROEBYETTI,
FhZERR - B - MSIEOEEICK W Th, Th
LOFEREH CTH 7. Tz, XS5 A MYy
JEMOLBIC XD, o perfusion IZE84 %
INGA—=ZHFIHTEA.

IHIC, NEEHTA (Xe-129, He-3) ~D
L —H—BEHC & 5 BhIC X - C hyperpolarli-
zation SRAHTLICLD, NELTAD LS 7
BEOENZEP O LBMRES B 5K
ERIS, ST IREASRIC & 5 T BHERIRIC &
> T, MRIZ k5%, (ventilation) DE/{E
LB AIREICR D 22 %. MRIKC XA CThD
DBEBEZHEAGDR®S T EICED, MR per-
fusion/ventilation 2% %+ VL EHTX 5.

MR BEEIED, FhOMHSFRERICE 5§,
CT L3R > /B REE B O 2 RE LT
Wa. MRIZK S, FiORBEREE (functional
MRI of the lung) OZEEHIF T 520,

THIT, FiME & O D 3\ susceptibility
effect I3, MO MR IC L AEBILO/-DD
BRROEETH BN, P ILBREEE25E, Jif
fa (B 200~300 27 13v) &5 MR Ei
DZEL IR & 0 RO L)V TOR ARG
WE A TED, susceptibility effect DEE
fLic kD, ZhHOEHRE, FRHELDELT
FACEAMBEROB AL toffdmr Tk
720,

B BEL SRR VIRV BARSIE

E¥SBEEZRSZRROSRETREICL,
Cefle®H L EFET.
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(A2 Rk(LER : SI Bk (MKSA BfR) & cgs %

FEAEORITIE, KO (KB BHMEERIZ—0.72ppm LBHINTW5S. L TAR, Ao X
STEBBROK A, —BRBRBOPICI WL I, AXFICH B LI, KOTE bR
8ppm DAY FIVDIERD dH, ThBEWTHOERY - TWwWah. X T, —0.72 ppm O3
Fr 8ppm OFFITIE, YOLIHBERBBAOEAD N ? FiE, ThiCiE, BKRICEET HEM
ROMBEPESIEA TS, bbb, HL< b, I7uhFHFICBTABREOEMSR E LTI,
cgs Gauss RAFONTE/. TOBMRTIE, BRELY H, BEMEES D ICHFEINIBKT
—AVIErEMETHE, M=xH &S RN THALE y AERIN, BRFEEBIL, B=H+4 M
EBbbEING. bbb, B=pH TERINABWME L, p=1+4ny THAH. VoS5, K
RETLHEAIN, BAETIIEERLEAR &7 - T 5 MKSA BA7% (ST BAR - EREAR)
T, BAEROERIIFAEM=xH) Th55, BRBEBIX, B=uH+M TEINS. I,
WITEEOFERETHS. £->T, B=(uo+x)H L7558, HBEER Y =x/uw ZHA\5 &, B=w
A+ H %%, koT, w L WHIBEORTIIERL &, BEREEOZEL, cgs Gauss R Tl 4
7y, SIRZR TR Y 275, AXOEBBETNRAI4]ITIE, 6=0 Tid4B=yx, n/2 TiZ0 7% ->TZHh
POKDBEBILEBREZ Y DAY PIVOIRB O BEBEINSH, T, cgs Gauss R TioEk
IN/c—072ppm P ORDB/DIIL, 47 DT 7 7 X ETTHLERDS. L->T, 8§ppm DA
N7 PVDIRB DL, KORBHRIEEZD LD TH 5.

FRHREYETER
Bk E
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Clinical Application of Fast MRI : Lung

Hiroto HATABU

Department of Radiology and Nuclear Medicine, Kyoto University Hospital
Sakyo-ku, Kyoto 606-01

MRI of the lung presents challenging problems as a consequence of the lung’s essential three-
dimensional structure that provides for gas exchange. The characteristics and problems associated
with MRI of the lung are reviewed, with special reference to susceptibility effects associated with
the air-soft tissue interfaces of the alveolar structure. A brief history of MRI of the lung is also
presented, including discussion of the role of rapid line scan, projection reconstruction, spin-echo
with short TEs, gradient-echo with very short TEs and single-shot fast SE techniques. Based upon
the rapid progress in fast imaging techniques, functional MRI of the lung including both perfusion
and ventilation studies is now feasible. Moreover, quantification of the susceptibility effects in the
lung by MRI may provide microscopic morphological information of the alveolar structure in normal
and pathologic conditions.
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