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magnetic iron oxide : SPIO) k7 F-HLH| % FKEF K
THRL 2 EHEOERE (0.1 mM, 0.08 mM)
OFK (A, B) AL, B 26 mm OFF
EEBICHALL., 612, 7HR—R &
gadolinium-diethylenetriamine pentaacetic acid
(Gd-DTPA) ORE#ZELS ¥ TIERL /-3
FEEORFEROR L 23K (C, D, E) L[F
FRRICIERLL 72, & FEto T, Tk LU %
DR % Table 1 12779 . Ty ffilE inversion
recovery {12 5\ C TR % 12000 ms, echo
time (TE) % 14 ms IC[&E%E L, inversion time
(TI) % 50ms, 100 ms, 250 ms, 500 ms, 1000
ms, 2000 ms, 4000 ms & ZE{b S & TEFkH 2 Bt
B4 hHLICLD RO K THC BT 5k
DiEFEE M) &L, TI 2 4000 ms O
LEDEEHE (M) CDOEXFHELL. &
T HT % Me-M Ofa % A /B 75y
FL, OS5 T70EE»L T EEHEB L
7z. T2 {f % single echo @ SE #EIZ W C,
TR % 12000 ms (%2 L, TE % 20ms, 40
ms, 60ms, 100 ms, 200 ms * Z L3 & THHR
Bt d 5 LICk Dk, £ TEICKT
LEBIOE B HRE~ BRI 7y L,
T, fHFEk, ZD7 57 DEE»D ToEwHil
L7z,
2. T2 map DG TTE

ABFHZ 38T T2 map OB L 72
MESE (% T: map OfF#UCHEH 5T a0—
HrBHICRETHI ENAETHD, Ta—

BRI 1 Ta—DO TEDHE 745, E7251
Ta—DOREORNIC X I — ORIV A (L
F, startup echo XMES) HHEIINT AT & bwA]
BET®H 1, startup echo DFEFEIC LV T2 map
DIFBUER I NSO TE #BE 5 &
B TES. Trmap iFRODHE—FEHBIRICE
DWTHRER TRICEE THER SH, B6h
7= T2 map @ & FHZ B0 81K (region of in-
terest: ROI) ##ET 5 LICk D, TAfER
Bons.

S=S8p-exp(—TE/Tz) +rrereereeeeererraes 9]

S: ZERAMOEEMEDFHME S, : wIHIE

SR
AT, Temap OfFRUICHEHA I NS D
FNTE % first TE & L, bR\ TE % last
TE L5545, 77V FAFERBLCREERS v
T4 T OBFHC W CHH L 72 8klg &% Ta-
ble 2 |T/R 7.
3. BMBEMOEALD T EIC KIE T &

MESE (15T, TGRSV AD T Y v
Jf, Toa—MfE, T a—¥, startup echo $t
LS TS MBEOMNB IR L, T:fE%
WEFTHZEICED NG A=ZDEFIC D
T map ~DEEIZ H>WTHRE 1T - /2. ROI
DOKRKES(F 150 mm? & L7-. MESE&IC LD
55017z T2l single echo @ SE #12 Xk - T
Bon Tt i+ 52 L2k, ZO%
MM A BGIE L 7.

Table 1. T1 Value, T2 Value of Each Sample and their Concentration

sample Ti value (ms) Tz value (ms) Gd-DTPA (mmol) SPIO (mM) agarose (%)
A 890.1 45.2 — 0.1 —
B 1096.4 59.1 — 0.08 —
C 872.8 102.9 0.1 — 18.7
D 1406.4 187.4 0.05 — 8.5
E 1615.5 266.3 0.05 — 5

20124E6 H 5 HZM 2012489 7 15 HELET
BIREERE T113-8603 B m#H X FEBAK 1-1-5
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Table 2. Imaging Parameters using this Study

phantom volunteer
study study
field of view 160 mm 360 mm
rectangular field 100% 100%
of view
matrix 80 %79 140x 138
voxel size 2mm/2.02mm/ 2.57 mm/
6 mm 2.61 mm/6 mm

slices 1 1
flip angle 90° 90°
receiver band 217.4 Hz/pixel 218.4 Hz/pixel
width
TR 2000 ms 1 beat
startup echo 1 1
flip angle of 180° 180°
refocusing pulse
number of echo 5 3,5
echo space 20 ms 20 ms
number of excita- 1 1
tion

D) BRE SOV ADT Y v THOEAIZHES T:
map D2

T a—[EbE % 20 ms, first TE % 40 ms, last
TE # 120ms & L, HRF/OVADT Y v
7% 120°~180°FE T 20°Z S ICB{L X/ T T2
map ~NOE A RIE L 7.
2) Ta—RIEOZEALIZHED T2 map ~NDOFE

TR % 2000 ms, startup echo (% 1, last TE
Z120ms LHEEL, F1TLa—DTE %5
ms, 10ms, 20ms &AL I R LT LICLD,
T a—IfRDOZA T2 map ~BUE 58 7% Hl
EL7. OB, &1 a—[kET last TE 2\[F
— b B EDICT SO, WEFT LT a—H%x
T a—[elf@ 5 ms Tid 23, 10 ms Tid 11, 20 ms
Tl 5 EBfb S+,
3) Last TE OZLICFES Tz map NOFE

T o — B F@ % 20 ms, startup echo 1 % 1,
first TE % 40 ms & [E%E L, last TE % 80 ms,
100 ms, 120 ms, 140 ms & Z{L SR 72D T
map N DB A JIE L /=, Last TE OFA(LIC
v, RET KD 3, 4, 5, 6 LA LS

7=.
4) Startup echo DO O %~ T2 map IZ &
e

T oa—[EkE% 20 ms, last TE % 120ms & L
C, startup echo (230 & 1D 25 Y OEAIC
DWW T map NOEEZHIE L 7.
4. BERT VT 4 TICBT St

AEETOFESE, BHY, HECO W TSR
{7\, HHRERICE SV CEE CRZEOE
BNIETE RS VT4 7 74 (FXTHE,
SRR 23~58 i, P 35.3 1%, (L% 50
~85bpm, 1 61.3 bpm, 4B IZHKEEEEIT
) I L, AEEEEGO T, map DG4
fTole. AT A AMBUT L EWEF R 1K &
L7z, B, NS A-2DOEFEICfED
TENOEEOM R EEEL, T 3—[HkE 20
ms, TI—H3 &5 FRH/IVADT) v
£ 180°, startupecho# 1 & L, OFEMRIW &
navigator echo {12 X % MR R & OFF L 72
MESE #:Cfro 7. T—XNEOXA IV T
BRI E L7z, 261, DENOIKRD? HO
T—=FT7 77 FBUEMEICRIETEEYEE
L, black-blood pulse® ##fH L 7. Fo5hi:
T2 map LIZH\\C, AZEMEFIREIC Fig. 1 DX
2 7Rk ROI %% L C TefEi & JIE L 7.
ROI ® &k & &% 200 mm?~ 300 mm? & L,
ROIDMEIFITaI—H3I L5DFxNZTND T
map ECHELCICAA LDICL 7. BlEIN
Tl ETHEICEVTHREIN TS Te
™ &g L7z, FHREICLD, 2 HHOE#E
Rz BB EE R EZDRDO DN - 77
&, student t HE & T\, HEKH#E p<0.05
THEEDD LHM LA, £/, Ta—%3
L 5 DOHEGIC T paired t BEA TV, AEK
#p<0.05 THEED D LKW L7z, BiEE &l
BEICBIL T ALZEWERRR & MERIC ROI #3%%E
L, T:f%@lEL 7.
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Fig. 1. Short axis midventricular images obtained by the multi-echo spin
echo method. (a) TE 40 ms (b) TE60ms (c) TE80ms (d) T2 map
with ROI fixed on the septal segment of left ventricle.
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1. RS DOZALD ToEIZ ST 3 552
1) BRSOV ADT Y v THOEBALIZHES T
map -~ 8
TR SOV AD T 1) v THPRIE SN S Te
BIc kT 2% % Fig. 2 Io79. TR/ OV
ADT U v TN TAHIZE, HlESNS
Ta BT KR & 7% - 7.
2) 1:1~F§][§,%@/3{1[: CFES Tz map ~NOHE
Ta—ROZEAD TfEIC RIETHES
Fig. 317 d. Ta—fEysELS k51T E, Hl
EEN D T EIEKFH & 7 - 72,
3) Last TE OZALIZFED T2 map ~DFE
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Fig. 5. Effect on T2 value according to the use
or not of startup echo
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HiEE, MIEE, RIS AEFE RS VT4 T
7% DO0LH D) To{d% Table 3 1IZ/R9 . Fi
BE, UEE, FfROFNZNICENT, BTHE
(CHBT 5080 Tl (52.18+3.4ms) & Ik#
AR EEEIRO NG LT T, T
aO—¥3 &5 THELNL TeEOBICLEEXE
FROONILp -7z UL, R &Rk
WTLZaI—H5ORO T HEOFE#EFETT
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Moo EEICBIL T, Ta—H3&5D
FAICBWTHR LD, EEEENG -
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Table 3. Regional Myocardial T2 Relaxation Times (ms) in 7 Normal Subjects

number of echo Ts value P value (Student t test) P value (Paired t test)
3 49.67+2.30 0.096
tal 0.742
septa 5 49.21+3.03 0.066
. 3 49.29+2.58 0.063
anterior wall 0.24
5 51.66+6.43 0.807
3 51.46 £6.44 0.737
1 1 wall 224
ateral wa 5 50.19+4.89 0.289 0.22
mean =+ standard deviations
Z, FINCHKEOERATHGT A LN TES 1600
ARG EE L TS Tw59. 20 1400 oD
. . ~ 1200 |- ;
T2 mapping IZ & % #Hf& D Te{E D E &M T >]000 >\\<0\\0
DB G S A, OFFFIER DA~ Ok 0 N

WEOFti 7z Lic L TLFIHSIN2OH
L0100 SEbibhid, Ta—era—fH
ba7e & ORI RGN T A — 2 e diE+ 5 2
LIZkD, WHO MRIEEICK W TR IERE
720D T mapping % 1T 9 72O OB S
DWW THF ZFT- 72

£, ARFHCHEAL 72 MESE ko o0 —
Bl 11— TEIC k> Tk, T
a—ffREE < T AIFE, TofEidE Kb &
o7 (Fig. 3). &5612, HRE/ IV ADT
Uy TAENSILTHI1IEE, BIEINS T E
1338 KA & 7x - 72 (Fig. 2). ChHDFKA
LT, MESE ETIEHNE/ LAD T &»
THROREMMEIC LD STERRAEL, F2 T
a—PEDOREBME O FFIC STE BREE L1
ZEDEZLNS.

STE Off5mE DK & JER(2)IT X » TEF
HINAHZ EepmoNTEY, TEX#HELST5
13& STEDRFREIIREL LD By
5.

Soc (My/2) -sin oy *sin o sin as
xexp(—TE/Tz) -exp(—=TM/Ty) - (2)

M, : #IIIREREA LR S
o : 17 H @ radio frequency (RF) /X)L AD
AR
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TM : 2 %H & 3%HD RF /UL 2O
f o Tz a—RROFESML STE ORFSHME %
WS4, MESE i & 5 T O HIEIC 2
ERIFTC LI, Tao—RREEOICHKE
TAHLERDS.

Startup echo O I OFEIZHEIE SN 5 T
EIC &z XL, 81 xa—7% T map OfF
BUCH L 72854, T E B KR & 7% - /-
(Fig. 5). Fig. 6 i3 = a2 —R/ikE% 20 ms, first
TE % 20ms, Ta—¥% 6 & L 7Ok D
CEDEII—DEEREOELTH SN
STE DEBICLVE2 Ta—DRFESHMENE
1T a—DEFHE LIFIERFICL-> TWDEC
EDRbrBH. COINVFLIA—Y—rVAILE
FAHE 2T a—-LBEOBEEHRED LRI,
Maier 512 & - CTSTE ICEKAT 5 Z & G
ShTkHY, XKMICESWTE LI Ta—%
HoT Tomap #fFR L /2856, WESNS
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T B @ AT & 7% 2 ERHERI SN 5.
STE O & % 3 5 El 4 5 2 & 2 W EE YL
FAIEEIC I\ C0L ) T2 mapping #4795 HE&1C
%, startup echo Z{F L CHE 1 T a—%p#E
L, #2Ta—»6 T, map OFERUCHEH TN
EThA.

1E#E7s T2 map O %175 720121, STE
OB EEL Ta—HE% 20ms *RDIC
HWEL, Blrzao—%"NELEVW EPEE
TH5. Ta—[EEOEE T acquisition time
DIER 2L 720, OO Tz map OIFBKRICE
W IO HELEETHI ENEEN
%. TofAEVHERRICRS T &k 0 IEfER Te
map DB EIT D 7-OICiE, Ta—KEHEe
L TE DRVEBONELLERTRTH 5
B, EWOE EBELHO TELZNEN
52.18+3.4ms, 69+6ms THHZ &, IHIT
HEXNS SO T2 fE52 200ms LA FThhid o
I—HOZEALE ToEICEE L TSm0 &
IMFHRER 2D, OO T2 mapping 1235\ T
TR T ORI RETH 5. Ol Hx
Bxtg r L7cBs, 20ms &\ o T a—RfRiE—
REWES1CBpbhns. LarLl, LERHEZH
JH L 7z MESE 12 551 5 E'E 17 acquisition
time (%, T2 map OfFFUCHEHAINSLHEFIOT
I—fFHEOY VT VT BB I N THh LEE
DIIA—FEOY VT )V T DD % E TOR
ME#2 52 LNTE, startup echo H % 1,
WEET a—H % 3 & L7o8#Tld 44.58 ms &
5. A SIE, navigator echo % /2%
IR T T O D i B AL B O EH18 O H T ac-
quisition time % 100 ms £ & L TRIF 7%
WEEBRAREL CT0b. ik D a—fikE
% 20ms & L7z MESE 2B W THLHD Te
mapping (3 EfTHETH L EEZL L. Ly
L, RI VT4 TICKF 5 THAED HLEHRET T
i3, AR LB W CIa—H5D0LED
BHFEENATI-H3IOLELVEL L5
BAE 5N/, Thid acquisition time DIER
ICERT LHEEOESSEEEZ LN, O

FERA DS OO T2 mapping 12 38V T lE
WE R REODICTa—KE2E 6L, B ac
quisition time 4 < T AT ENHE L . il
BEICBWTIRTa— 3D s E BV THE
HERENRE T2, TNERRMER RO
Blzkbrd0sEz26N5. T, LEO T:
mapping TiIBAHifEIK D T2 mapping & 13 #£7%
D, LER &R FEL] (navigator echo #)
T L7 G D BERR R T 5. T—F M
EORRIHHRE O LIMBUC LG S H, Ll
DENEHREIT BV T — 2 REOHIRR A
7%, ZO%E, THtHALDEE1ES
nix<7z0, TEORWEYOTa—-ICBT5%
BEMFTLOE TP Tl IC e RIEd
ZERREmINnS. LaL, ABRFHIET 50
8 DRT VT 4 TICBWT L, Z4a0
WO T fERELNTWAZ &6, HlELE
T — 2 PEEMBR ORI RET W & 2 5. /-
720, NEIRICX D R-RERAE(IL T—X
IR DORIbm ARG AHANC ZE L L 72355,
BT HLMMAEDOKREINTR S LIC R L
O, TNCERT ST —F 777 FHBREL,
T2 EHIEDEEIC 5 2 ENTFHINS.
KD ToAEOFHANCIE MESE ik W Hh
5T EMEWR, STE OF 51T Lk AlEs:E
NBAEIN T WA, Giri b 1% Teprepared
steady state free precession #1Z K D .0LF D Te
EOBEZRATEY, MESE # &k 0 IR
T:EARENRETH AL LEREL TV
BB SEHAHNBEE L 72 IEFW OO Te
fliix, Giri HHHEEL /ZIEFHOLHO TfE L D
S ERNME & e 5 T REREDO LN T, K
BBV THOIFEICHE D TEOE L% &
HZAHATENARETHLEEZONS. LD
L, A#BEHZI\W T MESE #5535k 7 Tofl
b single echo @ SE & 53k & 7z T O L
PEAWGE S N2 EPHIL, 45 ms~250 ms DfH]
THD, 45ms L DAEWV Tofi% & DHEMICE
Wi, TeAfEDOBIE R RIEETd % HGE L T
W\ DN OIS OFHICR L TARED
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5. L2L, GEOBKEFIC LD MESE ik
B EARW B /NT A — 2 DZEALD) T2 fEIC
FAESTHENRW L2 L0, OFORNEIC
o O T EFOEEFHMmICEL <, A
FABEBEICBWTHETARETH S I LRk S
nrc.

& i

MESE kI 51 5 AW il /N5 A — X%
ThAHrIa—[HE>Ta—HAMET5I Lic
£V, WAOMRIEEBICKT AL D T
mapping D& 412 >V TR 21T - 72.
T a—[ElE% 20 ms, W&ET 32— % 3, start-
up echo 1% 1 » L, ORI & navigator
echo HEIC K 2R FEIIAIZOFH 452 LI kD,
L T mapping OBEIIFEITRETH 5.
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Basic Examination of Myocardial T: Mapping using Multi-echo Spin Echo Method

Masashi OGAwA, Shingo TSUBAKIYAMA, Takeshi MATSUMOTO, Yoshio MATSUMURA,
Toshio TSUCHIHASHI

Nippon Medical School Hospital
1-1-5 Sendagi, Bunkyo-ku, Tokyo 113-8603

Multi-echo spin echo (MESE) method has been commonly used to estimate T2 measurement, but
stimulated echoes can cause measurement errors. The effect of such echoes has been reduced by
changing the length of the refocusing pulses and gradient strength of the section-selective refocusing
pulse, but these imaging technologies are not easily applied using a clinical imager. Therefore, we in-
vestigated the effect on T2 value of changing the basic imaging parameters in MESE method and con-
sidered the optimal imaging parameters for myocardial Tz mapping.

We performed phantom measurements to investigate the effect of changing imaging parameters on
T2 value and used the optimal imaging parameters obtained from the phantom study to map myo-
cardial T in 7 healthy volunteers.

Accurate measurement of myocardial T2 value in the MESE method requires setting echo spacing
to 20 ms, not using the first echo, and reducing the number of echoes to shorten acquisition time.

We believe that myocardial Tz value can be accurately measured by combining cardiac-gated syn-
chronization and breath synchronization with the MESE method.

21



