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Table3. The patient list of 'H-MRSI

Brain tumors 32
Glioblastoma
Astrocytoma
Oligodendroglioma

Meningioma 6

Metastatic brain tumor 10

Other tumors 4

Other diseases 45

Normal volunteer 15

Total 92
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Cho

: choline

Fig.1. The 'H-MRSI of the normal vol-
unteer of 27 years old male. The mea-

surement was performed by the SE
method (TR/TE 3000/135ms). The left
spectra is obtained from the voxel of
gray matter and the right from the
white matter.

A) Presenting the FOV, the VOI and
each voxel overlapping on the conven-

Cr : creatine
NAA : N-acetyl aspartate
NAA NAA
Cho
cr Cho Cr
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Chemical shift / ppm Chemical shift / ppm

Gray matter White matter
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tional T, weighted image. (Cho :
choline, Cr : creatine, NAA : N-acetyl
aspartate)

B) The contour mapping of choline.

C) The contour mapping of creatine.
D) The contour mapping of NAA.
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° Fig.2. The 'H-MRSI of the glioblastoma in
GllOblaStOma the left frontal lobe. The measurement was
NAA performed by the STEAM (TR/TE 1500/
Cho : choline 270ms). The spectra from upper to bottom
Cr : creatine shows the normal brain of the opposite

NAA : N-acetyl-aspartate . )
Cho Cr “ Lac : lactate hemisphere, the normal brain of the same

normal part
(opposit hemisphere)

normal part

tumor part

cystic part Lac

SR
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Meningioma ® MRSI ##x3 % (Figh).
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side, the solid part of the tumor and the
cystic part representatively. In the tumor,
increasing of choline, decreasing of NAA
and producing of lactate were shown both
the spectra and metabolite image.

A) The contour mapping of choline.

B) The contour mapping of creatine.

C) The contour mapping of NAA.

D) The contour mapping of lactate (Lac).
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Metastatic brain tumor
originated from the breast cancer

cystic part

tumor part

edematous part

Cho : choline

Cre : creatine

NAA : N-acetyl-aspartate
Lac : lactate

A|lC|E normal part

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
B|D|F Chemical shift / ppm

Fig.3. The 'H-MRSI of the metastatic brain tumor in the left frontal lobe originated from the breast cancer. The
measurement was performed by the STEAM (TR/TE, 1500/270ms). The spectra from upper to bottom shows the
cystic part of the tumor, the solid part, the edematous brain and the normal brain representatively. In the solid
tumor, high choline and lactate peak are observed and NAA is decreased. In the cystic part, only the high lactate
peak was detected. A) T, weighted image after the Gd-DTPA injection. B) The contour mapping of choline. C)
The metabolite mapping of choline. D) The metabolite mapping of creatine. E) The metabolite mapping of NAA.
F) The metabolite mapping of lactate.
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Low grade astrocytoma

Cho : choline
Cr : creatine
NAA': N-acetyl-aspartate
Lac : lactate

Cho
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surrounding part

normal part
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—
0.0 -0.5

Fig.4. The 'H-MRSI of the low grade glioma in the right insula. The measurement was performed by the STEAM
(TR/TE, 1500/270ms). In the spectra of the tumor, the choline increased, the NAA decreased slightly and the
lactate was detected. A) T, weighted image after the Gd-DTPA injection. B) T, weighted image. C) The contour
mapping of choline. D) The contour mapping of creatine. E) The contour mapping of NAA. F) The contour
mapping of lactate.
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Fig.5. The 'H-MRSI of the right high con-
Cho ¢ choline vexity meningioma. Measurement was per-
Cr : creatine formed by the SE method (TR/TE, 1700/

NAA: N-acetyl-aspartate

o o Lac : lactate 270ms). The right spectra was obtained
normal part % tumor part from the tumor and the left from the oppo-
" NAA e site hemisphere. In the tumor, only high
ook . choline peak is detected. The high signal
g’ 4 intensity of choline and the defect of NAA
0.4 Cho 0.4 was observed in metabolite mapping of the
Cr tumor.
o o A) The contour mapping of choline.
0.0 oo L\P\/\NAMN/\MM B) The metabolite mapping of choline.
C) The contour mapping of NAA.
T TT 3T 5 To 15 1o s T T T T T D) The metabolite mapping of NAA.
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84



'H-MRSI OBISE & MRS % ol & U 7 B B Ot

Fig.6. The 'H-MRSI of the thirteen years

Volunteer(12y.0.)
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Down's Syndrome(13y.0.)

old male of Down’s syndrome with mental
retardation. The measurement was perfor-
med by the STEAM (TR/TE, 1500/
270ms). The right spectra shows the
patient and the left shows the normal
volunteer. The relatively decreasing of
NAA than choline and creatine is obser-
ved in the patient. The metabolite map-
pings show the same pattern as the normal
brain.

A) T, weighted image of the patient.

B) The metabolite mapping of choline.

4.0 3.5 3.0 2.5 2.0 4.5 1,0 0.5 0.0
Chemical shift / ppm

creatine
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Chemical shift / ppm

C) The metabolite mapping of creatine.
D) The metabolite mapping of NAA.
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Table4. The relative contents of metabolite

in brain tumor obtained by using 'H-MRSI

Malignant tumors

Choline ROROOY SRR
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NAA —
Lactate SN

Meningioma
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Creatine

& Tumor tissue
B Normal brain

NAA

Lactate

Tumor tissue
B Normal brain
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Low Grade Glioma
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© Tumor tissue
@ Normal brain

Edematous brain

Choline
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¥ Brain edema
B Normal brain
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Development of 'H-Magnetic Resonance Spectroscopic Imaging Method
and the Clinical Application for Brain Tumors and Other Brain Diseases
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We developed the 'H-magnetic resonance spectroscopic imaging (MRSI) method on a conven-
tional 1.5T MRI system. The measurement was performed by a 3D-FT method with preceding
fat suppression by the inversion recovery method and water suppression by the chemical shift
selective (CHESS) pulse and dephasing gradient. The matrix data were obtained by applying
two directional phase encodings on 16 x 16cm field of view (FOV), in which a 8 X8X2cm area
was selected by the spin echo or the stimulated echo (STEAM) methods. The data processing
method was designed so as to correct the baseline and distorted phase automatically on all voxel
after 2D-Fourie transformation. The distribution of each metabolite (metabolite mapping) was
created by using the curve-fitted spectra with interpolating to 256 square matrix.

Twenty-two normal volunteers and 92 patients including 32 brain tumors were measured by
using this method. In the normal brain, choline, creatine, and N-acetyl aspartate (NAA) can be
detected on each voxel, and the metabolite mappings of each peak clearly visualized the
distribution of these compounds. The typical findings of malignant tumors such as glioblas-
tomas, malignant lymphomas and metastatic tumors were as follows ; The choline peak in-
creased, NAA peak decreased markedly and a high lactate peak was detected. Similar spectral
findings were observed in the low grade astrocytoma though the degree in changes was less
compared with malignant tumors. Meningiomas showed only high choline peak and the other
peaks were extremely small. Lactate was also detected in edmatous brain tissue. The *H-MRSI
findings were useful for the diagnosis of tumors and analysis of the specificity of its metabolite.
Also in the diseases with diffuse lesion, the *H-MRSI was useful clinically since this could gave
us the information of metabolic abnormality covering wide area in the brain.

The 'H-MRSI would be used clinically as the routine method to obtain both spectra an
metabolite mapping.
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