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Fig. 1. MR images and MR spectra of a
cat with thirty-minute-old infarct in
the right cerebral hemisphere.
A.T2-weighted image shows no ab-
normal high signal intensity.

B. Diffusion-weighted image shows no
abnormal bright signal intensity.
C.MR spectrum obtained from the
contralateral normal region.

D.MR spectrum obtained from the in-
farcted region shows elevation of
Lac/Cr and o-GIX/Cr.
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Fig. 2. MR spectra of a cat with one-hour-old infarct in the
right cerebral hemisphere. MR spectrum obtained from the in-
farcted region shows elevation of Lac/Cr and a-GIx/Cr.
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Fig. 3. MR images and MR spectra of a
cat with two-hour-old infarct in the
right cerebral hemisphere.
A. Diffusion-weighted image demon-
Lac strates the increased signal intensity in
1. the right cerebral hemisphere.

B. MR spectrum obtained from the in-
farcted region shows elevation of
Lac/Cr and o-GIx/Cr.
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Fig. 4. MR images and MR spectra of a cat with three-hour-old
infarct in the right cerebral hemisphere. MR spectrum ob-
tained from the infarcted region shows elevation of Lac/Cr and
o-GIxX/Cr.
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Fig. 5. Proton MR spectra recorded at 30 minutes, 1 hour, 2
hours, and 3 hours after induction of infarction in cat brains.
a. Atypical proton MR spectrum obtained from the normal re-
gion of a cat brain.

b-e.Proton MR spectra corresponding to the various times af-
ter induction of infarction.
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Fig. 6. Bar graphs showing the concentration ratios of cerebral
metabolites measured at the various times after the onset of
the right common carotid artery occlusion in cats.
Table 1. Time Course Variation of the Concentration Ratios of Cerebral Metabolites in Cerebral Infarctions of Cats
NAA/Cr Cho/Cr ml/Cr Lac/Cr o-GIX/Cr B.y-GIx/Cr
Normal 1.35+ 0.09 0.73+ 0.05 0.80+ 0.19 - 0.34+ 0.16 0.32+ 0.12
30 mins 1.33+ 0.16 0.62+ 0.12 0.68+ 0.12 0.21+ 0.07 0.54+ 0.18 0.35+ 0.13
1lhr 141+ 0.11 0.78+ 0.17 0.89+ 0.11 0.64+ 0.12 0.59+ 0.09 0.26x 0.09
2hrs 1.26+ 0.15 0.77+ 0.08 0.87+ 0.10 0.91+ 0.20 0.86+ 0.11 0.34+ 0.11
3hrs 1.30+ 0.08 0.77+ 0.10 1.03£ 0.14 2.51+ 0.09 1.43+ 0.14 0.30+ 0.15

Note that the Cr peak was used as an internal standard to normalize the intensities of metabolites of interest. The concentration ratio val-

ues are meanz standard deviation.

Table 2. Time Course Variation of the Concentration Ratios of Cerebral Metabolites in Human Cerebral Infarctions

NAA/Cr Cho/Cr ml/Cr Lac/Cr o-GIX/Cr By-GIx/Cr
Normal 197+ 0.12 0.88+ 0.12 0.39+ 0.18 - 0.35+ 0.19 0.20+ 0.12
3hrs 1.31+ 0.21 0.85+ 0.24 0.29+ 0.12 1.25+ 0.15 0.31t 0.22 0.29+ 0.15
24 hrs 1.32+ 0.33 0.95+ 0.27 0.48+ 0.11 2.26+ 0.49 0.35% 0.07 0.32+ 0.27
48 hrs 2.05+ 0.51 1.72+ 0.35 0.84+ 0.10 13.5+ 2.75 1.08+ 0.15 1.19+ 0.31
72 hrs 0.73+ 0.23 1.33+ 0.14 0.38+ 0.20 14.9+ 3.89 0.38+ 0.09 1.01+ 0.24

Note that the Cr peak was used as an internal standard to normalize the intensities of metabolites of interest. The concentration ratio val-

ues are meant standard deviation.
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Fig. 7. MR images and MR spectra of
the patient with three-hour-old cere-
bral infarct in the right temporal lobe.
A.T2-weighted image shows no ab-
normal signal intensity.

B. Diffusion-weighted image demon-
strates the increased signal intensity in
the right insular- and junctional-area of
the right occipitoparietal region.
C.MR spectrum obtained from the
contralateral normal region.

D. MR spectrum obtained from the in-
farcted region shows increase of
Lac/Cr & B,y-GIx/Cr and decrease of
NAA/Cr.
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Fig. 8. MR images and MR spectra of
the patient with 24-hour-old cerebral
LNAA infarct in the right cerebellum.

1* Lac A. Diffusion-weighted image demon-
strates the increased signal intensity in
the right cerebellum
B. MR spectrum obtained from the in-
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T Lac/Cr & B,y-GIx/Cr and decrease of
NAA/Cr.
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Fig. 9. Proton MR spectra recorded at 3, 24, 48 and 72 hours
following the onset of infarction in humans.

a. A typical proton MR spectrum obtained from the normal re-
gion of human brains.

b-e.Proton MR spectra corresponding to the various times af-
ter the onset of infarction.
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Fig. 10. Bar graphs showing the concentration ratios of cere-
bral metabolites measured at the various times after the onset
of infarction in humans.
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Usefulness of Proton MR Spectroscopy in Acute Cerebral
Infarction : An Experimental and Clinical Study*

Won Jae Lee, M.D., Heoung Keun Kang, M.D., Gwang Woo Jeong, Ph.D., Jeong Jin Seo, M.D.

*Department of Radiology, Chonnam National University Medical School

Purpose : To evalvate the usefulness of single-voxel localized proton MR spectroscopy(MRS) in monitoring
changes in cerebral metabolites in cases of acute cerebral infarction.

Materials and Methods : In 15 cats with common carotid artery occlusion and 21 patients with acute cerebral
infarction T2-weighted (T2WI), diffusion-weighted (DWI), and MR spectroscopic images were obtained at var-
ious times after stroke onset.

Results : In the cat model, Lac and o-GlIx levels increased as early as 30minutes after vascular occlusion and
continued to increase for a further 23 hours. The remaining metabolites, NAA, Cho, ml, and B,
y-Glx, showed no significant change. During clinical study, increases in Lac and 3,y-Glx, and decreases in NAA
were detected three hours after stroke onset. These metabolites continued to change until 72 hours had e-
lapsed. The remaining metabolites, Cho, ml, and o-Glx tended to be constant.

Conclusion : MRS is capable of measuring and monitoring the metabolites involved in acute cerebral infarc-
tion. MRS may play an important role in the investigation of pathophysiology as well as in the early diagnosis
of acute cerebral infarction.
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