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Fig. 1. Pulse sequence of new method with centric phase encoding.

a) Conventional turbo field echo sequence without SPIR pulse.

b) Conventional turbo field echo sequence with SPIR pulse requires much longer time than the
sequence without SPIR pulse (a) due to elongation of repetition time.

¢) New method. Only one SPIR pulse is applied to the first echo of every six segmented se-
quences encoded by low special frequency. On the whole, only six SPIR pulse are applied in con-
trast to 179 SPIR pulses on conventional method in the same condition of this study.

0 30

Bolus injection of
contrast material*

Scan

15 78 sec

* Contrast material: Solution consists from 10ml of Gd-DTPA and 10ml of saline.

Fig. 2. Diagram of the timing of scan-start in relation to a bolus injection of Gd-DTPA.

1996 4511 A 5 A 1998 £ 3 A 9 HIKET
BRIEERE T216 HENBEBHENREE 2-16-1 BV 7 VIERKAFRIREERE BRERAHR

157



AWMEREE 5518% 35 (1998)

BB OFHIII AT D & 51275 7=
(1) mMEHHEEEDOR E

a) BEAEHT

R RIEHE S MIP B _EI2 5\ T - 7.
KEIR, WBE, NBE, ABEBRES LOZ
DEBGRE MR E L, KICRT 5 BRI
ECHRBb Lz, 58 MEEBAERLTE
0, MAEEESBARE SO, 48 A
L TWAM, WEBO intensity AR — & L <
IS IMEEBEST R & D, 3 5 MBS
TEMTHHLD. 2 5 MER—T D ABIEE
FRETH S LD. 14 MEIHHIN TV
WD,

MEFFEEEOBKFIE, Mann-Whitney
I K B IBRLZERE & IV TFfT - 72

b) avF5A /4 X (CNR) 2 k%

B

KERIs K U4HEE BARIC S\ C Fig. 3 ®
TELSBELEBEERE L CEERELREL,
SRR & OO CNR 2B U7, it TRKE &%
OBYLEERT, NERENICRET S LR
LITALE DR % BB NI D 12 DI [ — ik
FIZB W THEE LISERAB LN, 20O
728, Fig. 3I1CRT & O 7k 2 7% E L TR
M L TR, 372bb, KBRS
flfzR 2 AR, BUERS A T TRk, KBEEIE
g w bk & T ARIMICEKT HESHE 2H
L7z, F7c, BWETRAERFERICTT-
7o
(2) RERAHHIZhRIC 03 % RF
PERAINHEIZ IR A LUF O 3 B IC 4310 7.
Excellent : tHEF 7 & CRERF NI %D R A B IF
LD,
Good : AT I\ TR I I 50 B A T~
Fo72m, RRMAEICEWTIIBIFE SO
Poor : 1REFFARAFITIC 3\ T b BB I sh R A
Ttoindo.
ER ORI L 2 4 OB HERIERIC X0 &34
T3 Ny,

158

Fig. 3. Region of interest (ROI) setting for
contrast-to-noise ratio (CNR) measurement.
Background level was measured in the area not
overlapped by intestinal fluid. Ao : Aorta, EIA :
External iliac artery. 7' : Adjacent Tissue.
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B A hni 3 Rotia % MRA

& & 4
Fig. 4. Three dimensional contrast enhanced MRA obtained before (al-a3) and after (b1-b3)
injection of Gd-DTPA solution. Obesity index is shown above the photographs. Improvement of
the visualization of pelvic arteries is noted on fat suppressed image, especially in the volunteer
with the highest index (b3). Note significant improvement is also identified in the region su-
perimposing on high intensity bone marrow of the femur, even in the volunteer with the lowest
index (b1).

Table 1. Visualization Score of Vessels in Pelvic MR Angiogrpahy

Score
Vessel

Conventional Fat suppression
Aorta 5.0 5.0 NS**
Common iliac A. 4.5 5.0 NS
Internal iliac A. 3.8 44 NS
Supreficial branch 2.3 4.3 NS
Deep branch 2.1 2.9 p<0.01
External iliac A. 4.0 4.7 p<0.05
Lat. circ. fem. A.* 2.8 3.9 p<0.05
Ascending branch 1.8 4.1 p<0.01
Descending branch 1.9 3.7 p<0.05
Deep femoral A. 3.5 4.7 p<0.01
Superficial femoral A. 4.6 4.8 NS
Average 3.30 4.33

* Lat. circ. fem. A.: Lateral circumflex iliac artery
** NS: Not significant
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Table 2. Contrast Noise Ratio of Vessels vs. Adjacent Tissue with and

without Fat Suppression

Aorta External Iliac Artery
Volun- Obesity CNR _C&_
teer Index Fat FS(+)/ Fat FS(+)/
suppression F9 (=) suppression FS (=)
= ) (=) ()
1 —-196 19 25 1.32 2.0 3.0 1.50
2 -12.7 16 21 1.31 1.8 24 1.33
3 + 03 21 25 1.19 16 26 1.63
4 +158 19 24 1.26 1.9 2.6 1.37
5 +333 19 24 1.26 16 24 1.50

Average + 3.4 1.88 2.38

1.27 1.78 2.60 1.47

* CNR (Contrast Noise Ratio): (SI(Vessel)-SI(Tissue))/Background

Noise. SI: Signal Intensity.

** FS(+)/FS(—): CNR(Fat suppressed image)/CNR (Non—fat sup-

pressed image).
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Fast Three-dimensional Contrast-enhanced MR Angiography of
the Pelvis Using Fat Suppression Method
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Three-dimensional contrast-enhanced MRA (3D CE MRA) with a newly developed fat suppres-
sion technique was performed in 5 healthy volunteers using 1.0 Tesla MR system (Gyroscan T10-
NT ; Phillips, Best, Holland). Non-fat suppressed 3D CE MRA was performed thereafter within a
week following fat suppressed 3D CE MRA in the same subjects. Ti-weighted spoiled turbo field
echo (T1-TFE) sequence divided into six shots was used with 8.8 ms in TR, 4.0 ms in TE and a
179 x 256 acquisition matrix. Spectral pre-saturation with inversion recovery (SPIR) pulse was em-
ployed as the fat saturation technique which was a new method using only one SPIR pulse prior to
each echo train of each shots acquired with centric phase encoding steps. This method enables
sufficient fat suppression effect without elongation of TR. Acquisition time was 63 seconds, which is
only minimally longer than 60 seconds without fat suppression. Twenty ml of a solution consisting of
10 ml of Gd-DTPA and 10 ml of saline was administered intravenously at the rate of 0.67 ml/sec by
a power injector. A visual score was assigned on a five-point scale from poor (1) to excellent (5)
based on the image quality seen for pelvic arteries. Evaluation was conducted by two experienced
radiologists and a consensus was achieved when the score of the two observers did not initially
agree. Fat suppression images were found to be statistically superior for visualization of small ves-
sels such as the lateral circumflex iliac artery (p<0.05). In conclusion, the newly developed fast fat
saturation method is a useful improvement for 3D-CE MRA imaging.
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