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Fig. 1. Improvement in spatial resolution using
RF pulses. Spins are excited only in the area
with width of AW.. They are excited in each
pixel and echoes are acquired. Spatial resolu-
tion increases to A W4 /A Wi times that when all
spins are excited.
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Fig. 2. Burst RF pulses and their excitation profiles. Excitation is repeated #/2 times. Position
of excited strips is shifted by changing carrier frequency of RF pulses, and sub-image is recon-

structed for every repetition.
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Fig. 3. Method for combining sub-images to make single image. All /2
sub-images are rearranged pixel by pixel and whole image is reconstruct-

ed.

burst pulses

(T/b) repetitions

excitation profiles

sub-image
(ng - Ny matrix)

4u—> /
<_A|(|VX + frequency 1

T (readout

pixel width

aw9

; ‘ H direction)
| E o

Fig. 4. AM burst RF pulses and their excitation profiles. Excitation is repeated 7'/b times. As in
Fig. 2, position of excited strips is shifted and sub-image is reconstructed for every repetition.
Excitation profiles of strips are more square and signal intensity increases.
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Fig. 5. Pulse sequence of burst microscopic
imaging. Burst RF pulse composed of 36 sub-
pulses generates 36 echoes and each echo is
phase-encoded differently. Sub-image with
matrix size of 64 in y-direction is reconstructed
in TR by using half-Fourier reconstruction.

Table 1. Pulse-sequence Parameters for Burst Microscopic Imaging

pixel size matrix field of effective b " N¢

[um] size view [cm ] TE [ms] [us] "

Burst 1 100 x 200 144 x 64 1.44x1.28 8.6 435 36 8
Burst 2 50x200 288 x64 1.44x1.28 12 870 36 16

TR: 3 s; imaging time: 54 s; duration of sub-pulse: 218 us; readout gradient strength: 30 mT/m.
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Fig. 6. Pulse sequence of amplitude-modulated burst microscopic imag-
ing. Twenty-five large echoes are acquired for readout gradient pulse
and total of 75 echoes are acquired by switching readout gradient. Sub-
image with matrix size of 128 in y-direction is reconstructed in TR by us-
ing half-Fourier reconstruction.

Table 2. Pulse-sequence Parameters for AM Burst Microscopic Imaging

pixel size matrix field of effective b T N¢

[um] size view [cm] TE [ms] [us] [ms] x

AM Burst 1  100x100 256x128  2.56x1.28 33 489 7.8 16
AM Burst 2 50x100 256x128  1.28x1.28 63 979 15.7 16

TR: 3 s; imaging time: 48 s; duration of sub-pulse for AM Burst 1: 122 us; duration for AM Burst

2: 245 us; readout gradient strength: 30 mT/m.
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Table 3. TR and Imaging Time of Pulse Se-
quence with Waiting Time of 5 ms

TR[ms] imaging time[s]
Burst 1 42 0.756
Burst 2 73 1.314
AM Burst 1 92 1.472
AM Burst 2 168 2.688
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Fig. 8. Simulated images of burst microscopic
imaging. Pixel sizes of images are : (a) 100 X
200 um, (b) 50 x 200 um, (c) 100 x 100 um and
(d) 50100 um.
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Fig. 9. Pulse sequence used in our experiments with a 4.7T system. The
effective TE is shortened by using asymmetrically amplitude-modulated
burst pulses. Echoes are refocused three times by the slice-selective 180
degree pulses. 24 large echoes are acquired for each 180 degree pulse,
and a total of 72 echoes are acquired.

Fig. 10 12 () IRRAEFHN— A T X 5 &
(b)SE {2 ¢, /X—A FEHO SN i,
SEFE#EDOSNHD1/2.3Tdh - /2. Fig. 10
@75, BELLFERIC L > THEBOZ\VE
BABONGC EDFERTES. 7220, Wi
G 7% e % & 3— 2 - D% 55 1#EEI: SN H
BARTTH 5728, SE LD bdh->TW5b.

Z £

HEHY I 2L —Y gV EERERIC LY,
IN—Z M/ SOV AT AW A 7104 A—
V7 TR RIS A 3R < 31022l 5
BEAA ECE B C L AR G5 S 4

(a) AM Burst (b) SE

Fig. 10. Images obtained in experiments with
a 4.7T system. It is shown that no artifact is
generated by asymmetrically amplitude-modu-
lated burst microscopic imaging, though its spa-
tial resolution is not equal to that of SE image
because of its insufficient signal-to-noise ratio.

Table 4. Pulse-sequence Parameters Used in the Experiments with a

4.7T System

AM Burst SE
field of view 1.28x1.28 cm
slice thickness 4 mm
matrix size 256 x 128
(effective) TE 30 ms
TR ls 5s
number of repetition 16 128
number of average 64 2
imaging time 17 min 21 min
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A Fast MR Microscopic Imaging Technique Using Burst RF Pulses

Yo TaNiGucHI, Hisaaki OcHI, Keiji TSUKADA,
Kenichi OKAJIMA

Central Research Laboratory, Hitachi, Ltd.
1-280, Higashi-koigakubo, Kokubunji-shi, Tokyo 185-8601

Large gradient strengths are usually required in magnetic resonance (MR) microscopic imaging.
This is because the spatial resolution in an MR imaging technique that uses a Fourier transform is
proportional to the bandwidth in each pixel. In the readout direction, the bandwidth is determined by
the integral of the magnetic field gradients in each echo measurement. As a result, it is difficult to use
microscopic imaging on whole-body systems with ultra-fast imaging techniques, such as echo planar
imaging (EPI) or burst imaging, due to the large gradients required.

In this paper we propose a new method for improving spatial resolution. The new method uses
burst and amplitude-modulated (AM) burst excitation pulses, but does not enlarge readout gradient
strengths. Using this method makes fast microscopic imaging possible. To test this method, a 2D
computer simulation was conducted, and we were able to attain images without artifacts. An image
with a pixel size of 50 um in the readout direction could be obtained in 1 or 2 seconds by using a 30
mT/m readout gradient. We also evaluated the signal to noise ratio (SNR) of the images in the simu-
lation. The SNRs of burst and AM burst microscopic images with pixel sizes of 50 X 100 to 100 x 200
um were 1/11 to 1/4 that of spin-echo images with pixel sizes of 50 x 50 um. Experiments with a 4.7T
system were also performed, and good images were obtained using an AM burst sequence with a pix-
el size of 50 um in the readout direction. The signals did need to be averaged however, to increase the
SNR.
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