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=Abstract=
First-Pass Observation using Tailored-RF Gradient Echo (TRFGE)
MR Imaging in Cat Brain

C. W. Mun, Y. M. Ro, T. -H. Lim, Z. H. Cho

Recently, a new tailored RF gradient echo (TRFGE) sequence was reported. This technique not
only enhances the magnetic susceptibility effect but also allows us to measure local changes in brain
oxygenation. In this study, a phantom and cat brain experiments were performed on a 4.7 Tesla
BIOSPEC (BRUKER) instrument with a 26 cm gradient system. We have demonstrated that the sig-
nal intensity (SI) of the TRFGE sequence varies according to the concentration of susceptibility con-
trast agent. Three capillary tubes with different concentrations of Gd-DTPA (0.01, 0.05, 0.1 mMO}/I)
were placed at the middle of a cylindrical water phantom. Using both TRFGE and conventional
gradient echo (CGE) sequences, phantom images of the slices which contain all three tubes were
obtained.

For the animal experiment, cats were anesthetized and ventilated using halotane (0.5%) and a N:0/
O: mixture (2: 1), and blood pressure and heart rate were monitored and kept normal. For the obser-
vation of e first pass of Gd-DTPA, imaging was started at t=0. At t=8~12s, 0.2 mMol/Kg
Gd-DTPA was manually injected in the femoral vein. The imaging parameters were TR/TE = 25/10
msec, flip angle =30°, FOV=10cm, image matrix size= 128 X 128 with 64 phase encodings and the
image data acquisition window was 10 msec. SI-time curves were then obtained from a series of 30
images which were collected at 2 sec intervals using both CGE and TRFGE pulse sequences before,
during, and following the contrast injection.

Key words : Tailored-RF, MR Imaging, Perfusion, Susceptibility.

* o} AL Fered T, WAL Al o] whed Pt
* Dept. of Radiological Science, Asan Institute for Life Sciences
= oA &, 2 FH-FE
* Dept. of Computer Engineering, Tagjon University
Ak g o) Ao ¥, A SR R, Al Apad st
= Dept. of Diagnostic Radiology, Asan Medical Center, University of Ulsan College of Medicine
e o g e W - B
=+ Dept. of Information and Communication Engineering, KAIST
£ ATE 199403 % obat AT v} od T4 0] X 411G bl 0]F.0] AL (code W5 : 019)
B AR A, (138-040) AE-A] S FhF 388-1, Tel (02)224-4154. 5 Fax. (02) 224-4182

—209—



o582 Al 16 A,

A

ru

A 22 AN FAH o = A2 A Ayle]
drfele] Fagh Alvk dglelalE A 7|8 ApAlolc)
meba] Hal 223 " Ao] sle w A 238 A
3| 7 e AR LR v Fa% g E 2
v} A7]-FH 34 W= (Magnetic Resonance imaging par-

ameter)?] proton WEu} FZ0|kx7d (T1 relaxation

o

(e

time), & Zo] kA7) (T2 relaxation time)S ko 2= 3 .

o o} A4 B o 7)dle o 229 ahe
z27] W3E 2451717 g gt BAE o2 2= T1, T2
Z8FA N A T2 Zh 23 o] st & AL 2 FHof g
At YA =AY 27 64]7F o]l g] 7] WL T2
7dZG AN A el ] oY Mosley 02
A HAN FEUEAA HAA 9 6417 o) 27
HElE 7| s gAkzkazodAl 719 (Diffusion-weighted
imaging technique)& £3sl¢l ot #af w= x3eo] 2
a7k SR E G Ao] Al Alad 3L w7}
o5 rh= Fo EAPH wfFel o)) JArH o Yol &
452 A= gk

A o= bz}, A7 25l 5 #Hdel o A
shd 7 T A WEst H9 EFE5E (cer
ebral blood flow; CBF), 3&&F (cerebral blood volume;
CBV), 8% oxy-/deoxy-hemoglobins}, tjr}=ta S.&
BRA 7T, o] jF A=) A w3 MRICNA] T2* £} 4
A f-] 23 (in-flow effect) 2 ZFR| =] o] 7] 5ol of3t =
HE MR dAA15e] A<l 8L & s wsiay
B A& g dFel Mg AFREe o4 g =
3] " 5] AbA: efol apet _Fw e 97k 2k}
§ #37F A7) o] wFell HEE (Blood Oxygenation
Level-Dependent contrast; BOLD contrast)7} ¥ gt} A}
A& o]4# =] 7152 = (Functional brain mapping)&
Pz A7 sl o) FA T QP . 2=t o) gk
AT B3l 239 g =z Yoy
oxy-/deoxy-hemoglobin =¥l w}E zxof W52 Pits)
= A= A7) vk 2 FH ol e EA%e] R
£x7} oF 0.5~1.5 mm/secE. v =] w{F £22)9 A
A FH ol va] o] 2R3l Ho] v]E 2~10% Holl
&) ol A zA o BHE 11 oE A5 =7 d ¥4
we] - e wslel] gk N A2 415 W Er) Ay
2% Ao A} 223 6w AA 221g PEHE F 9l A
F 9 7} % (sensitivity)7} B A7) wj2o|t) o] wj-Fo ¥
Ao i s o s FA 5 e 24

A 2E, 1995

T AT EoalA o] Fo] AmYUrh. B3] zodA)

=5 R FUR F AL =2getE o] 2
73S Y277 el o] ZRE HEA Anle zigh w
ol HRLwol RS A og 251
3ol §8-57]1 % gk MR 294 Gd-DTPAE &
TS B 24 £02 Eojr)z] Bals intravascul-
ar agento]™ #eof o] TIS A & Bat o2} 73t Az}
A3 A (super paramagnetic material) ©]7] wj5o) alae] 3
ol Fl=H 23] 1) Y3 Alo]ef 2}5}s zto)r) A
T o)t W T} A4 $FAA BT AAT
9] 9A-E F4F (dephasing)A| 7] 7] w) Zof] Uul A A}x}A|
(conventional gradient echo; CGE) ¢ Akel| A T2* 733 &
el A% FFa2 vheld) o347} ¢S o) 239 T,
T29k 23419 T1, T2F 27t (TDs, (T2)a 223 (T,
(T2}t EAJBLT 22 2347} & o D= & T1
T2F (TDows, (T2)eE} L 3P 0] 52 Th-S3} o] FAH
o,

of rir £

ha)
.

i

(I/Ti)obs:(l/Ti)d +(1/Tl)p i= 1,2 (l)

S A A AAZ (Tewsol] ¥)FD AR E 27} ol s A=
T27} fe}. TIAAE Fo|3 TS 7pxslelw dahuls
TR} TEE AA 8t $o}. 24 A5 E<59) ool 79
sto] 227 W Alo]d| A}3-g-o] WE) A7 of T2* 7}
294E AR dod YFAN (HF 34 per-
fusion image}& A& = Uch?. 53] A 2447} #A
e Az o) hETr) Hehe Hokg By €4
e A 7 sledl o= HYA A o) Ak ¢
28 9w E Zhed} 9 1R TIE 2 4k 2]
# &4 TEZF 40~80msec® o1 71 CGE A& AH¢
B o] wio] s A-gulel fE e}t GoiR| 3
AR A A AR (selected slice) ] 2 #-9]5= 3§
Aolp Aoz} 7he 22 o] =Tk 2o % e
A et

Cho 5™ ' 192 A=l A o] ~¥ 9)4+-& bi-linear
ramp Xoko] 2|2 RF 332 833} tailored-RFE o)
3pd Ashg Aot & 249 A A 5E FrEE o v
WA e A7} s e dade] Ag-& Rastsich o) W)
-2 28-S AWE o tailored-RFZ #1318 o gFS uhi
FHAM 2M 5 e Ros vy o g Tvg =3
+ W] eb7] wjEel TES 8A & 5 Az =3 44
FAEAE g = A}?. o] F tailored-RFe} 7 AkA}A|
Wk d4k7)¥& A 3HA17] TRFGE W& o] £-31e] 119

-210—



Ex]& 2] : 22139 Tailored-RF A AFAFA] vl-gFed A

sin¢ &= 1= tailored RF ¥4

_'t

Fig. 1. Gradient echo imaging pulse sequence. Rectangular
filled with dots of RF pulse is replaced by sinc shaped rf pulse
for conventional GE imaging sequence and by tailored-RF pul-
se for TRFGE imaging sequence.
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Fig. 2. Schematic diagram of water phantom of which diam-
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eter and height of outer arclyl cylinder were about 4.4cm and
4.7cm, respectively. Three capillary tubes were placed in wat-
er-filled cylinder. These capillary tubes have different concen-
tration of the Gd-DTPA, 0.1, 0.05, 0.001 mMol/| from the top.
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Fig. 3. Four CGE images of different slice positions obtained
by multi-slice imaging technique. Three capillary tubes in the
water phantom show different signal intensity due to the differ-
ent concentration of Gd-DTPA, 0.1, 0.05, 0.01 mMol/l from the
top. Readout gradient was applied to the horizontal direction(x)
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Fig. 4. Cutview (upper side) of the phantom image (lower im-
age) obtained by CGE sequence at the horizental line which
was chosen arbitrary. This figure shows that S| decreases as
the concentration of the contrast agent, Gd-DTPA, increases.
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Fig. 5. Four TRFGE images of different slice positions obtain-
ed by multi-slice imaging technique for the same phantom as
Fig. 3.
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= WE ¢ UCk Ol readout WAFAIEO| ZHEI ghate T
uhstk (x)0| k.

HYBe AFA G4 A5 2718 dene B
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I

Fig. 6. Cutview (upper side) of the phantom image (lower side
image) obtained by TRFGE sequence at horizontal line which
was shown as white. This figure shows that Sl increases as the
concentration of the contrast agent, Gd-DTPA, increases.
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SI-time curves of cat brain by CGE sequence
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SI-time curves of cat brain by TRGE sequence
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(b) Image Number

Fig. 7. Sl-time curves from the sequential cat brain images.
Thirty images were sequentially obtained with the interval of 2
seconds. Gd-DTPA with the concentration of 0.2mMol/Kg was
injected through the femoral vein. (a) CGE sequence was used.
Gd-DTPA was injected at the beginning of the 4th raw data
acquisitions. (b) TRFGE sequence was used. Gd-DTPA was
mjected at the beginning of the 6th raw data acquisitions.
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