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RE/SIG _\,\f\,v_/\_/uk___

Ist echo  2nd echo 3rd echo

Ge

Fig.1. Field map measurement pulse sequence
using double gradient-recalled echo. Images
with different echo times can be obtained
simultaneously. The field map is calculated
from the first and third echo phase images.
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Table 1. Field measurement imaging conditions

Static field strength 15T
Number of slices 7
Data acquisition time 10 s/slice
Matrix size 128 %128
Spatial resolution 3.0x 3.0 mm
Slice thickness 6.0 mm
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Fig. 2. Field maps of phantoms after shimming. (A) Spherical phan-
tom filled with water. (B) Elliptic cylinder phantom containing water
(inner) and baby oil (outer) layers. The in plane homogeneities are 0.

4 ppm for (A) and 0.6 ppm for (B).
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Fig. 3. Shimming result for a human head
(supraventricular section). (A) Spin echo axial
image (TR/TE=500/30 ms), and field maps (B)
before shimming and (C) after shimming. The in

plane homogeneities improved from 2.0 ppm to

1.2 ppm.
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Fig. 4. Shimming result for a human head
(orbital section). (A) Spin echo axial image
(TR/TE=500/30 ms), and field maps (B) before
shimming and (C) after shimming. The in plane
homogeneities improved from 3.3 ppm to 2.4
ppm. Local sharp field distortions are present in
(C) near the eyes.
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Fig. 5. Shimming result for a human chest
(cardiac section). (A) Spin echo axial image
(TE=30 ms), and field maps (B) before shim-
ming and (C) after shimming with ECG gating
and blood flow suppression techniques. The in
plane homogeneities are 3.8 ppm and 3.5 ppm.
Sharp field distortions still remain even after

shimming.
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Table 2. Field expansion results for a human head.
The field map consists of expanded shim coil func-
tions using a least squares fitting technique and
automatically adjusted.

Shimming improved the field homogeneities.

Shim coil functions | Before shimming | After shimming
z° —4.65x107! —5.73x1078
X! —4.01x10? 5.62x1072
Y 1.82x 102 —1.14x10"*
z —2.50%10? —2.19%x107?
XY 7.91x10°° —3.20x10~*
YZ —9.563x10? 4.20 <10
ZX —4.15x10"* —1.82x102

X2z.y? 3.10x1072 1.50%10-°
Z* —1.79%10°® —7.30x10-*
X 2.31x107* 4.97x10-°
Y —8.10x10~° —2.52x10°°
VA —2.66x10 9.76 x 10~
VA 2.70x10"® —1.29%x10-°
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Fig. 6. Shimming result for a human abdomen
(liver section). (A) Spin echo axial image (TR/
TE=500/30 ms), and field maps (B) before
shimming and (C) after shimming. The in plane
homogeneities improved from 2.4 ppm to 1.8

ppm.
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Fig. 7. Shimming result for a human abdomen
(kidneys section). (A) Spin echo axial image
(TR/TE=500/30 ms), and field maps (B) before
shimming and (C) after shimming. The in plane
homogeneities improved from 2.2 ppm to 1.5
ppm. This section has a simple field distribution

independent of the internal organs.
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In vivo Rapid Field Map Measurement and Shimming
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MR imaging and MR spectroscopy need a homogeneous static magnetic field. The static field
characteristics are determined by the magnet’s homogeneity, the set-up conditions, and the
magnetic susceptibility of the subject itself. The field inhomogeneity is usually minimized only
once when the apparatus is installed. However, field distortions arising from the magnetic
susceptibility differ with each subject and region. To overcome this problem, i vivo shimming
can be carried out to improve the homogeneity. The procedures are too lengthy when applying
the conventional shimming techniques % vivo.

We have developed a new field map measurement technique using a double gradient-recalled
echo phase mapping. The values of the currents for the 13-channel shim coils are derived by
least squares fitting to the field map and automatically applied to the shim coils. The proposed
technique can rapidly and accuately measure the field map in wvivo and correct the field
inhomogeneity.

The results show that this technique improves the homogeneity, especially in regions having
a simple field distribution. However, local sharp field distortions which can not be practically
corrected by shimming occur near the eyes, ears, heart, etc. due to abrupt susceptibility changes.
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