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Fig. 1. Pulse-sequence diagram (a) and k-space trajectory (b) of the GRASE technique.

In GRASE imaging, the number of RF refocusing pulse is Ntse and the number of gradient
refocusing pulse between two 180° RF pulses is Neer. The speed advantage over standard spin-
echo imaging is proportional to the total number of echoes per 90° excitation (echo train length)
which equals Nep1 X Nsk (a). In our study, Ntsk is three and Nzpr is three, giving the total of nine
signals per excitation.

Spin echoes fill in the center of k-space relating to image contrast. The effective echo time
(TEeff) is the time at which the center of k-space is sampled, near the middle of the echo train

(b).
Table 1. Pulse Sequence Parameters
Sequence
Parameter phantom study clinical study
SE TSE GRASE SE GRASE
TR (ms) 500 431 500 500-600 500-600
TE or effective TE (ms) 18 13 35 15-18 35
Turbo factor — 3 3 — 3
Epi factor — — 3 — 3
No. of acquisitions 1 1 1 2 4
FOV (mm) R-FOV (%)) 400(70) 400(70) 400(70) 280-300(70) 280-300(70)
Matrix size 205 X 256 205 X 256 205 % 256 205 x 256 205 X 256
Bandwidth (kHz) 35.8 30.0 27.8 25.3 22.0
Slice thickness/gap (mm) 10/1 10/1 10/1 7-8/1-2 7-8/1-2
Slice number/package 15(9)%/1  14(10)*/2  12(10)*/2  13-16(8-9)*/1  12-14(10-12)*/2
Imaging time (s) 73 44 21 154-183 80-96

* slice number when fat suppression pulse is applied, scan direction: phantom study: coronal, clinical study:

transaxial

1998421 5 26 A2 1998483 A 6 AHET
AIRIEERIE T710-8602 FILIRABMEM 1-1 ARPIFRESHRE BXRHET
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ERMLAEWSDOERBE L. &BIXARVY
ICEE L7 REE CREBRENICAN, SBEAEK
Tii7z L7z, TR ZNICoWT 2 BOE R
BE, 1 AOBSBEREMC X DR EANCEHE L
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3. ERIRAIHE
FEABEETER 6 fFEF (FH 35 X
UDNE FRAREENE 4 fEG] (P39 38 1%) IR\,
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Fig. 2. SNR of each sequence as a function of
Gd-DTPA concentration.
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Fig. 3. Phantom study.

TSE GRASE

FS-TSE FS-GRASE

FS: Fat Suppression

The image distortion due to susceptibility artifact is seen in the tube in-
cluding ferrite, air and gadolinium, which looks more remarkable when
fat-suppression pulse is applied. The shape of the image distortion seen
on GRASE sequence is different from that seen on SE and TSE se-
quence. Chemical shift artifact is seen in the phase-encoding direction
on GRASE imaging, while it is seen in the frequency-encoding direction

on SE sequence.

N5 kit IR & REOBEEL
7=

BERFINEL OV 2D LD, AV =T34
WVOEBIIWThOY—7 TV AW THIAE
BICEES(LL, BIFBHNGHREABON
7o,
2. EERAtE

a. HEAIFEME (Table 2)

SE ¥, GRASE ¥ & & £ 6| CEEi 7] 8 7 &
BAEON. TERBEEMERZTRRE S

Table 2. Visual Evaluation

(n=10)
SE> SE= SE<
GRASE GRASE GRASE
Lesion conventional 0 10 0
Conspicuity FS 0 10 0
Image conventional 0 9 1
Quality FS 1 9 0

FS: Fat Suppression

)V ARG Tid SE ¥, GRASE & b EES
TR L7 IERHHED VMg i, SE B,
GRASE & & & FEORE S SIHE S h, K
EHIPEZEEE & LTI/ (Fig.
4). FAREEE ORI L, GRASE ¥, SE
B LI VA NBICEEEEEE
L, FEREMEI SV At icid, SEk,
GRASE & ¢ 5 DOE T #ROLMRETH
-7z (Fig.5). ThbHOREOHEMEICTHA
DO TER IR 5 72

SE ¥, GRASE & & & JgE#nil/ v 2 &
0 ERRENREEG, B TRERS, BEENEI OFE 51T
FIFH—IC BIFICIE I . mEOIEES
OMFEIZHER, H—HITRZETH - 7.
BAERTEEL, SEX, GRASE®. & b1F
ERETH- 7o, FEABE®RERO 1ES
TSE# 4D GRASE (0I5 BEN TV d
ORB o7, THITEEEREFHIC L5 E—V 3
V7 —F7 527 B SE # XV & GRASE BT
BlepololdThHAH. T EHBEEED 16
THaRF NI SE &5 RE#IH GRASE ¥ X 0 &
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Fig. 4. Endometrial cysts.
a: Fat-suppressed TSE Tz-weighted image, b : SE Ti-weighted image, c : Fat-suppressed SE
Ti-weighted image, d : GRASE Ti-weighted image, e : Fat-suppressed GRASE Ti-weighted im-
age
Endometrial cysts (f) are clearly shown as hyperintense lesions on both SE (c) and GRASE
(e) imaging with fat suppression. Note that the signal intensity of ascitic fluid in Douglas’ pouch
(A) appears higher on GRASE images (d, ), in comparison with SE images (b, c).

NTWih, Thiz /4 B
GRASE B CHEIFMEISEXE L D K& h o 7ot
DTHA.

BEBE DR 13461 T GRASE $EDiF 5 4 SE
EXDLHENNICEES 2L (Fig. 6).
FRRBEE DR b RECTh - 7= (Fig. 5).
b. EEARFE
1) SNR (Table 3)

TEPIKETER 6 6 & FAETERE 4 63 10
BIOIEF MO SNR 1, KBH & K& TR T
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GRASE (51X SE ZRICHERN B BICEMZ = L
7o. —7, IR D SNR X GRASE #: 2 SE
BV LORE S, BHIHIstHEGR CEEE
(p<0.01) #FED7=. WIKEMLTERS LUK
KEENE D BRI 5 @ SNR 12 GRASE #: G2
ENERTH - 2B, BEZERZOONLH -
7=,
2) a3V F5 AL+ (Table 4)

KEH ROV RS A Fid GRASE #i
SE# L HEREE 0<0.01) TEHI 7. |
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Fig. 5. Dermoid cyst of the right ovary.
a : Fat-suppressed TSE Tz-weighted image, b : SE Ti-weighted image, c : Fat-suppressed SE
Ti-weighted image, d : GRASE Ti-weighted image, e : Fat-suppressed GRASE T1-weighted im-

age
The dermoid cyst contains fat component floating on fluid component. SE (b, ¢) and GRASE im-
ages (d, e) show the fat component (/\) as a hyperintense area on conventional imaging and as
low signal intensity on fat-suppressed imaging. Note that the signal intensity of fluid component
(%) is slightly higher on GRASE images (d, ) than on SE image (b, c). Uterine leiomyoma
.

RRIC, PIRRAEMERERR - PORRTEIE D BRI R & IR 3 GRASE # & SE ¥ & ORI THEZEERD
DTV b5 A b GRASE i SE (EICHA bixipoiz.
BICE» o 7. REMEKEHOIV FFA
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Fig. 6. The difference in signal intensity of urine and uterine en-
dometrium between SE and GRASE images.

a : Fat-suppressed TSE Tz-weighted image, b : Fat-suppressed SE Ti-
weighted image, c : Fat-suppressed GRASE Ti-weighted image

The signal intensity of urine and uterine endometrium is higher on
GRASE (c) image than on SE image (b), though other normal tissues
seems similar between GRASE and SE images.

Table 3. SNR of Normal Tissue, Endometrial Cyst and Dermoid Cyst

Normal tissue (n=10) Endometrial cyst Dermoid cyst

Muscle Fat Urine (0=6) (n=4)
conventional SE 21.0+4.8 ]** 66.8+13.8 :|* 11.2+2.2 61.4+14.7 65.0+24.3
GRASE 155+3.8 50.6+ 7.5 12.5+1.1 48.6+ 7.8 384+ 7.0
SE 15.3+2.5 11.1+ 1.9 10.5+1.1 55.5+11.2 13.6+ 5.1
FS :]** :l* ]**
GRASE 12.8+1.9 9.7+ 14 13.3+1.7 51.8+ 7.3 10.8+ 4.2
*: p<0.05
*:p<0.01
Table 4. Contrast among Normal Tissue, Endometrial Cyst and Dermoid Cyst
Muscle/Urine  E.c st/Urme E. cyst/Muscle D.c st/Urme D. cyst/Muscle
(n=10) 8’ (n=6) (y (n=4)
conventional SE 0.3010.07]** O.70i0.05:|** 0.52+0.06 0.67i0.08]** 0.43+0.19
THOM GRASE  0.10+0.11— 0.58+0.05 052+0.04  0.53+0.07 0.42+0.16
SE 0.18+0.05 0.67£0.05 0.57+0.04 0.10£0.18 —0.08%0.17
PS e e ik
GRASE —0.02+0.05 0.58£0.05 0.60£0.02 —0.14+0.19 —0.10£0.19

E. cyst: endometrial cyst
D. cyst: dermoid cyst

*: p<0.05

*: p<0.01
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Fast Ti-weighted Imaging Using GRASE Sequence for the Female Pelvis

Masako DOHKE, Yuji WATANABE, Masayuki KUMASHIRO,
Yoshiki AMOH, Takayoshi IsHIMORI, Kazushige ODA,
Akira OKUMURA, Shinji KOIKE, Yoshihiro Dobo
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GRASE sequence, a combination of TSE and gradient echo, has been developed as a fast Tz-
weighted imaging technique. We have modified the GRASE sequence to be used for fast T1-weight-
ed imaging of the female pelvis. In this article, we compared image quality and incidence of artifacts
between Ti-weighted GRASE images and conventional T1-weighted SE images. In a phantom study,
signal-to-noise ratio was inferior in the GRASE images relative to corresponding on SE images. Sus-
ceptibility and chemical shift artifacts seen in GRASE images were seen with almost equal incidence
in SE and TSE images. In a clinical study, we compared GRASE images with SE images in six
patients with endometrial cysts and four patients with dermoid cysts. The overall image quality ob-
tained with GRASE sequence was satisfactory in all patients and was almost identical with that ob-
tained with SE sequence. GRASE images demonstrated endometrial cysts and dermoid cysts as
clearly as did SE images. Ti-weighted GRASE imaging, however, has a relatively long TE (35 ms)
for Ti-weighted images, which makes the signal intensity of urine and uterine endometrium with
long T2 values higher than in SE images. In conclusion, GRASE sequence can be used for fast Ti-
weighted imaging of the female pelvis because of short imaging time.
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