/—h

SPAIR, FLAIR, STIR Z3543 % null point 5 H1#; :
Part 2. HH##8 SPAIR PFHIEEGEHAE (3T) NOJEH

b R ME R Ok A & EOE
A — R O HE RS, RHERZL O DIBER
e e ~F 553
VE SRS e RO R R 2R B R

SR ILESZ RS O AR R

FL&®IC

PRGBS B VT, BREIATR 5T
B5 L, BEHEOILERBAIEF IS/ NS Wiz
NEBAE & DHAIICE < 72 02, T/ AR
DNV FIED/ NS WIDAET NP RKEL >
T®, B\ chemical shift artifact & L CEi{§iC
D4, HIC3THBEICKWTEHEE &k
52, L7ei-> 7T, 3T OIFEERFABRIC W T
%, TR NET, FLWTFELBH
RINOOBLPYIELERL TEHT, W
R TIRAEHIC SPAIR (spectral attenuated
inversion recovery) /U ZABRHWOLEN S Z &
Mm%\, SPAIR /N)U A% 2D R I)VF A5 A A
WEICAWHEE, BORUKRH (TR) 72
T <, BB G 5 S (package $0)
D& - Th, SPAIR /L ARG (SPAIR #
03K LEERS 5 SPAIR TR) 78k & < Z{LL T,
g5 @ null point & 25 &) 4 % 7%, SPAIR in-
version delay O @B 2 OEELE L7k 5
B, FRICIEHEEERC &b B0,

W AT EDH LT, SPAIR % ¢ HE « DX
fEEIEE (IR &) I3\, null point & 7%

ROERERE (Thaa) ORI K 5 BIRER H kI
DOWTHREL Y. SEIE, zOTk%, Elh
D 2% P HENLHR T\ 3T OF B
SPAIR ff H Ik Hos s G IC JSH L T, SPAIR
inversion delay ## X CHM L 72 Thu iZ &
5 LI L BIEIHIFEIZNER A~ OF RIS OV
T*ﬁ%ﬂ‘%ﬁf) 7o

5 &

A L7 MRI #%& (%, 3T @ Philips #-%
Achieva X-series (Release 2.6) TH 5. W4
%, YREOMBEESOKRYZT, JFEmICT
MEZE/RT VT ¢ 7 13 4 E RN IREBE
1 65 BT, 3T OF#E SPAIR Of LR
GamBL /.

iR L L Cid, &9, SPAIR /LAt
1B 25 null point & 75 A FEEKERE] (Thun) %
UTFomBEHL, ThaitBEE L.

2D multi-slice SPAIR B FIABGRARIC 51
BNEHE D Than % KD HEAIL, kA TERS M
25,

*—)— K diffusion weighted image (DWI), null point, spectral attenuated inversion recovery (SPAIR),

equation, 3 Tesla
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TLun=T1 |:1n 2— ln{l +exp ( ——TR;PAIR> }:|
1

2T, T3l OHERETIRER], TRspamr i3
SPAIR /L ZOHInfERE (SPAIR TR) T,

TR

TR =
ST A 25 2% package %%

THhh. T, package FiI<ILF AT A A
O ER R . 3T TORBO T ElD,
HITE (B SR T OREHES D 73 & D BIRREIIIC
WEL, 340ms (320~370ms) & L7-.

D TLun DA% 73 73/ D Excel IZH
HIRAATIER L 725ty — F (Fig. D98 % H
W, 3T TOfREO T (340ms) &,
SPAIRTR OfE & % AN+ AT LI LD,
TLu st BEZREN L 2. 5 0id, B
D7 574t (Fig. 2) kv, BHHETRDLI L
b TE/. THOLTELNK Thait BEiE%
SPAIR inversion delay & L C MR 2% & ICRE
L, 517,

B N5 A—2—F, BHFHE T 2D mul-
ti-slice single-shot SPAIR-SE-EPI#TC, b
=0 and 1800 s/mm?, TR=3600ms, A5 A A
¥1=16, package $1=1, SPAIR TR=3600/16
=225ms, SPAIR frequency offset=250 Hz,
TE=80ms, MMEMH =4~6, X5 AFE=4
mm, FOV=220~330 mm, acquisition matrix
=96x96, SENSE reduction=2, ThH5.
OBE (SPAIR TR=225ms, T1{E =340 ms)

O Thun st EAEL 94.2ms S B S N7
1. ff %« @ SPAIR inversion delay T
RSVF 4 7 13 4ICBWT, Tha it il
(94.2 ms) ZHLOIC 5ms kR T, Tl 3 8(E
+25 ms OHIFDORE « DfEi% SPAIR inversion
delay IZZREL TRIEL, T2 TlRIBIE
OREZIMAL /2. &, BRETNE Mk
&, null point UIAOERIZ & & NP7\
ERDODNDZEAFD AT 4 AT % AT - 7.
SH G ERE, 857 b i 1800 s/mm? D
HRFE 5 16 LD > H O 8 A D AT A AT
BV, 3BDOBSHMEIEOGHIC KLY, RIH
W O % good, fair, poor @ 3 ByF I 44

(ms) T

160 A
E 150 <30
4& 140 350

130 Al \340

120 330
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Fig. 2. Calculated 77w as a function of T'Rspair
for various values of fat 71 at 3T

The graph applies to 2D multi-slice imaging
with SPAIR pulse, showing only clinical range
of TRspair used for DWI.

Calculation of TI null for SPAIR 2D multi-slice sequences
[SPAIR-DWI (2D multi-slice single-shot SPAIR-SE-EPI), 2D multi-slice SPAIR-TSE, etc.]

Fat T, (at 3T)
340
TInuII =

TR SPAIR

Thyy =T,

(msec)

TR
In2 — ln{l +exp<—;m)}]
1
TR

TRspair =

number of slices / package

Fig. 1. Excel worksheet for calculating 77Tua for SPAIR 2D multi-slice sequences at 3T
Enter TRsrair in the blank cell, then calculated value of 71uu will be immediately displayed

in the gray-colored cell.
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LCRHiiL 7=, F7cbb, BBHOKIS % hH o
B AF VIS AFIVILD chemical shift? 10
ICHY 2 KRERMETNE S OREESIC
W, oIl B IE S T chemical shift
artifact 22 ROOLNTEHE N HWAL L D%
good (FREFMHIREF), T aBAERHIC X
% 55\~ chemical shift artifact 2332 61 5 73
B OF T B b D% fair (BEHHNH
VEEREF), BAFRERAIC X A58\ chemical shift
artifact 2858 b NERICE 7z D BRI OIS &
%% b D% poor (EIFMHFIANR), &FHML
7z.

Wilcoxon signed-rank test T #f =1 27 19 & #7
w17\, T % SPAIR inversion delay OH T
NERFIGIOREICEEEN b S & RE L 7.
2. Tha a1 B8 % A7 BRI IR

B BAE B 65 BC 3\ C, Tl 515 H
(94.2ms) % SPAIR inversion delay IZ5%7E L
THEE L, TRIIHIORE 2 5l L /<.

FHITEL, Bhd &R U HET, EEHE O
F2FE % good, fair, poor @ 3 BEFIC 4 ¥H L CEF
fiiL, TNZNOEIEERDT.

] R

1. f %« © SPAIR inversion delay IZ 35 % fi§
BRI OREEE

RSV T 47 13HTD, FExd SPAIR in-
version delay IZ 3513 5 G50 O REE % Fig.
3 L Table IZ/RT.

FRIAINHI ORREE L, AEIC KD Tha 5t AE
% SPAIR inversion delay Z i\ 72 8&1C 13

Bl4pl (100%) T good &7x0, ThaztH(E
Dt b EN IR IHIEN R 2R LA, KBEICH
7= SPAIR inversion delay Ofli & Thu 318
HEDENKELLBITE, BRERBICLA
chemical shift artifact 7355 < 7% - 7= (Fig. 4).
Thait A & D £5ms B % b, 31~38% D
BTl good A - TW7= A, Y 62~69%
DB Tl 3 9 /21T chemical shift artifact 73
B L < fair OFHIIC T - /2. Tha 3T EAE X
D +10ms ¥7: % &, chemical shift artifact 23
i < 75 - T poor & 7x A EIMB 77T HEE L 7.
TLunZtEE X Y £15ms U EE % &, 100%
DOFIT poor 750, HRAEMIIGEEHKE L
EFNL CTHEGRICELR -7 (Fig. 4).

Wilcoxon signed-rank test C#t &t % i f# #7
B AT o 72455, 4 @ SPAIR inversion delay
REM TORRIHE L RL, Tha it EEAH
BIURLENTEY (P<0.01), ThwitHA

g

<

(=%
\

=
=

5
\ P -L (?%0

-25-20-15-10 -5 0 5 10 15 20 25(ms)
TI difference from calculated TInun

Fat suppression
g
5

Fig. 3. Results of 13 volunteer cases : grades of
fat suppression for various SPAIR inversion
delay times (TI) in SPAIR-DWI

The transverse axis represents the difference
between the actual TI and the calculated 77uu.

Table. Summary of Fat Suppression in 13 Cases, for Various SPAIR Inversion Delay Times (TI) in DWI

TI Difference from the Calculated TInull (ms)

-20 -15 -10 -5 0 +5 +10 +15 +20
Good 0 0 0 5(38%) 13(100%) 4(31%) 0 0 0
Fair 0 0 3(23%) 8(62%) 0 9(69%) 3(23%) 0 0
Poor 13(100%) 13(100%) 10(77%) 0 0 0 10(77%) 13(100%) 13(100%)
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—5ms (Fair) —10 ms (Poor)

0 ms (Good)
[Calculated T1,,,,]

+5 ms (Fair) +10 ms (Poor) +25 ms (Poor)

Fig. 4. Pelvic SPAIR-DWIs (b=1800s/mm?2) at 3T in a volunteer, using various SPAIR inversion delay times
(TD)

The numbers below the figures represent the difference between the actual TI and the calculated 7[ua. The
characters in the parentheses express the grade of fat suppression. By using the calculated 77..x, good fat sup-
pression was obtained. As the difference became larger, chemical shift artifacts (arrows) increased.

FD+5ms P ERAEL EFRBICKT LA (P<
0.01).
2. Thuu iV EAE % A 72 EEK 51 C O
RINZAREE B OIE R 65 BlIC I\ T, AETH
WU 7z Tha it Bl A AW THRE L 2R, 5
AN OFLEEE 1T good 75 65 Bl 61 61 (94% ),
fair 28 4 1] (6%), poor 250 5l (0%) TdH -
Jo. Tixbb, KEICXD, BRKEMD 94%
TRIFZIRIE 213 57, chemical shift ar-
tifact D E 7 V) O 75\ fiF BA 75 PR EGR I BR 23 15
b7z (Fig. 5).

&1 = Fig. 5. Pelvic SPAIR-DWI (b=1800 s/mm?2)
5 _ “ . at 3T, using the calculated 77Tuu.
.ST 0).}7& i ?ﬁ ”EJ;{% T, IR b @ chemical Adequate fat suppression was obtained. Prostat-
shift artifact 28 Bz b0 9\ 7o, BE B ic cancer and small metastatic lymph node were
MEIANE L 7 5528, Kikid, BEO— clearly delineated.
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H7s2EE TH 4 ICHABWRET, "oV T a7
D 100% & FEER B 949% T B 7 B 504 4
BHrZERTE, FAHEEZ OGN, SPAIR
Bt ILERFA G 7 ¥, SPAIR /S)L A% F /=
2D X IVF AT A ARBE T, TR - |EK
- REBESEBROENH—DOEZFE L T4 null
point K E K ZETHDT, TOHEARET
HHIZ Thaz8H L TRIEICHHET A L3
BEEIEDNL. 51T, AEE Web ABY
L72Z & T, #L DS Tha % BIRFREH T
XhHLEDICL .

7235, SPAIR /U AL, BEIEO K5 %
DB AF UV TR AFIVEED B 5 % 2B IR
WIS RER T 2900, KOBEET &l %7
DITKIGEVRER & Z LD ICERES M
BODT, JKITHT LG JEHE 2 B > S f g
P 750 & O —FBO MR B 3 S S iz
WO A% B\ 7z 3T @ SPAIR Bt FE ik B
A% (Fig. 5) Tk, RO EICIZIE
—H L TEHETOEERR OGN, NEaMiELE
FOREEEbND, MEIThLETEED
NS W, BEIBOBW ODIFICIE% bk
o,

AEORF L L T, BEHAKEIC LS
Bo RN — B S IC L AHE LR TE RV
BTH5H. KED ThaitBE VLT LIC
X0, RS VF 4 7T LM <RI IR H
DELNZZD, BIREIO 46 (6%) TBRED
chemical shift artifact 28 B S+, BEH AP
K7 & OFEREE b,

Fiz, AFETE, EFAS O THENE Y
fTblhorn, —f#0 TifirbHEEL -
Thu % AW TIRE L 726ER, FRIFOM 270
MENHRF W 3T @ SPAIR HfH YA HGRA &
IZRBWTh, "I VT ¢ 7D 100% LERKFID
94% CRIFBIMHEE s e HhTE, Th
EREA TR CTOEHAEEEVEE 26N
7-. Zhid, Fig. 210t £ 212, Thaiti
EIC BT TWMBEDOEED, TRspam D HIC
FBRELYL/PEL, BHO THEIZETO

BAZELRD > T ThuFtEMEOZERITIT b
IO THbHdEBbohsb.

7k, SEEFE—DO bEOADKETTH S
2, BB RIEEAEHBIEFITHII VLD
IV, bEAKEL R LHE, BHDNOES
PMET L THIINCEEIEE S AL BT
<721, null point # EFEIZEGHLES T LB L
DEECRLEEZONS. KPETIE, H#g
B = 7% b fili 1800 s/mm?2 TOKE T BIF /g
PiEl 2185 C LN TERH &EBbnrn,
Lot RKELbMEICETAEREDHEHMEIICD
Tk, 4%, BELToE/w.

] i

3T © SPAIR ff HIEBUEFGIC BT, &
A L DHEME L7z Tha it % SPAIR inver-
sion delay ICFRE L TR TA 2 &ICkD, B
I BRI 238 5 /e,

Kk, EBRIRHE T TR - |G - RB5
HEOWTFNhEEEL T, BIEICKRHER
Thun % HHTE, EECNN—Y sV - VU —
A FPHTESL EE 2 LN

7wk, AFEOEEIIE 39 B H AR I
ke (20114F) I3\ TREL .
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Calculation of Null Points in SPAIR, FLAIR, and STIR : Part 2. Application
to Pelvic Diffusion-weighted Imaging with SPAIR at 3T

Miho KitA!, Kazuhiro KAwANO?, Katsuya KOMETANI?,
Toshihiko KoND0?, Kazuhiro SHIMAMOTO2, Humihiro TANAKAL,
Hideyuki OpA!, Akihiro Kojima!, Morio SATO?

Departments of 1Radiology and 2Radiological Technology, Seichokai Fuchu Hospital
1-10-17 Hiko-cho, Izumi, Osaka 594-0076 Japan
3Department of Radiology, Wakayama Medical University

Diffusion-weighted imaging (DWI) requires adequate fat suppression because of its sensitivity to
chemical shift artifacts, especially at 3 Tesla (T). We investigated the utility of calculating the inver-
sion time of the null point (7ux) in pelvic DWI with spectral attenuated inversion recovery
(SPAIR) at 3T for obtaining adequate fat suppression.

Thirteen volunteers underwent pelvic SPAIR-DWTI using various SPAIR inversion delay times
(TI) at 5-ms intervals in the range of the calculated 7.« + 25 ms. The degree of fat suppression was
evaluated into 3 grades and was compared among the various SPAIR-TIs with the calculated 7.
In 65 cases of prostatic disease, we evaluated the ratio of adequate fat suppression obtained using the
calculated 7.

We obtained adequate fat suppression in all 13 volunteers and in 61 (94%) of the 65 patients using
the calculated TT.x. Fat suppression was best when the calculated 7. was used (P<0.01), and sig-
nificantly decreased when the SPAIR-TI value differed by more than 5 ms from the calculated 7luau
(P<0.01). Chemical shift artifacts increased as the difference between the actual SPAIR-TI and the
calculated 7Luu increased.

In conclusion, this method of calculating the 7'[.x may be useful for obtaining adequate fat sup-
pression for pelvic SPAIR-DWI at 3T.
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