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High- and moderately high-methionine uptake demonstrated
by PET in a patient with a subacute cerebral infarction
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In patients with cerebral tumors, high accumulations of L-methyl-!'C-methionine (''C-Met) have
been reported in some cases of cerebral ischemic disease, but no high accumulations of ''C-Met in
areas where only transient arterial occlusions are most likely to occur have been reported. Herein
we present a case of a high accumulation of ''C-Met in an area of frontal interhemispheric cerebral
infarction and a moderately high accumulation with an unclear margin in a distant frontal convexity
area. A craniotomy revealed a subacute stage of cerebral infarction in the interhemispheric lesion,
and an ischemic change in the distant convexity area. Sixteen months after onset, CT scans
demonstrated an infarction area in the interhemispheric lesion only, and no atrophic changes were
observed in the distant convexity area indicating that no serious tissue damage had occurred.
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CASE REPORT

A 41-year-old man presented himself with a mild dysar-
thria and a mild headache of one day’s duration. Three
days after the onset, CT scans were performed. A plain CT
showed a low density region at the left frontal interhemi-
spheric cortex, which included the left anterior cingulate
gyrus and the anterior genu of the corpus callosum. In
addition, an enhanced CT showed a small enhanced area
in the latter region (Fig. 1). On day 12, in the left frontal
interhemispheric area, MRI indicated a low signal in-
tensity with a small area of high signal intensity ona T1-
weighted image, high signal intensity on a T2-weighted
image, and Gd-DTPA enhancement was observed widely
on a Tl-weighted image (Fig. 2). In the left frontal
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convexity area, including both the middle frontal gyrus
and inferior frontal gyrus, the fissures were obscure on the
T1-weighted image, and faint high signal intensity was
observed on the T2-weighted image. It was also noted
that a slightly enhanced area in the middle frontal gyrus
might exist on the T1-weighted image with Gd-DTPA en-
hancement (Fig. 2). On day 17, PET with L-methyl-'!C-
methionine (*'C-Met) as a tracer was performed with a
Headtome IV (Shimadzu Corporation, Kyoto, Japan).
Scanning began at the initiation of tracer injection and the
dynamic data included 8 timed frames (2 X 8 min). A static
image was obtained from 23 min to 37 min after tracer
injection. The static image showed a high accumulation in
the well-enhanced area that was observed in the enhanced
MRI. A moderately high accumulation of ''C-Met with
unclear margins was also observed in a distant frontal
convexity area, and which was widely dispersed through-
out the area where obscure signal changes were noted in
the MRI (Fig. 3). Regions of interest were put on the
center of the high uptake area, and on the center of the
moderately high uptake area corresponding to the left
middle frontal gyrus (Fig. 3). The dynamic data indicate
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Fig.1 CT scans onday 3. A plain CT (left) shows a low density area at the left frontal interhemispheric
cortex. An enhanced CT (right) shows a partial enhanced area.

Fig.2 MRIonday 12. A low intensity signal in the left frontal interhemispheric cortex and an obscurity
of the fissures of the left frontal convexity cortex are observed on a T1-weighted image (left). A high
intensity signal on a T2-weighted image (middle), and a high intensity signal on a T1-weighted image
with Gd-DTPA enhancement (right) are also observed in the left interhemispheric cortex. A faintly high
signal intensity was observed in the left frontal convexity cortex on the T2-weighted image (middle).

that the difference in the uptake of ''C-Met in the very
early phase (0 to 5 min) led to the difference in the
accumulation of ''C-Met in the static phase, and no
lasting increase in the accumulation of ''C-Met, which is
a pattern for tumoral uptake, was observed (Fig. 4). The
standard uptake value (SUV) and the tumor to normal
tissue ratio (TNT ratio) were calculated. The SUV was
calculated by (regional activity) X (weight of patient)/
(injected dose) X (cross calibration factor). The TNT ratio
was calculated by the regional activity divided by the
activity of the mirror region. The SUVs were 2.32 and
1.61, and the TNT ratios were 2.10 and 1.51, for the high
accumulation and the moderately high accumulation ar-
eas, respectively. Digital subtraction angiography (DSA)
projection on day 19 showed no tumor staining. A left
internal carotid arteriogram revealed an occluded
pericallosal artery with a dilated collateral artery and
collateral development from the middle cerebral artery. A
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left vertebral arteriogram showed the growth of lepto-
meningeal vessels from the posterior cerebral artery (Fig.
5). An electrocardiogram (ECG) indicated no heart
disease.

From these data, a cerebral infarction was suspected,
but because of the finding with ''C-Met PET, the patient’s
age, the absence of heart disease, and the frontal cortex
lesion involvement of both the frontal and middle cerebral
artery regions, a brain tumor remained a possibility.
Accordingly, a craniotomy was performed on day 27. A
yellowish change was observed on the surface of the left
frontal convexity area. This kind of observation is com-
monly seen after an inflammatory or ischemic process. A
histopathological examination of the region of high ''C-
Met accumulation revealed degenerating glia cells, glio-
sis, and angiogenesis surrounded by fat granular cells,
which indicated the phagocytosis of myelin by microglia
(Fig. 6). These findings are consistent with the subacute
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Fig.3 A static image of PET with ''C-Met on day 17. High
accumulation of ''C-Met is observed in at the region of where
the MRI enhancement well-enhanced area. A moderately high
accumulation of ''C-Met with an unclear margin is observed at
the distant frontal cortex. Regions of interest are shown in the
right lower figure.
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Fig.4 The dynamic data of ''C-Met uptake. A transverse axis
indicates the middle time of the dynamic scan after the injection
of ''C-Met. The vertical axis indicates the calculated SUV with
decay correction. The open square indicates the area of the high
accumulation area, and the open circle indicates the area of the
moderately high accumulation area. The closed square and
circle correspond those areas on the contralateral sides of the
mirror areas.

Fig. 5 DSA projections on day 19. A left internal carotid arteriogram, lateral view (left), shows an
occluded pericallosal artery (black arrow) with a dilated collateral artery (white arrow) and collateral
development from the middle cerebral artery (white double arrows). A left vertebral arteriogram, lateral
view (right), shows the growth of leptomeningeal anastomoses from the posterior cerebral artery (white

arrows). No tumor staining is observed.

Fig. 6 A histological examination at the region of high
accumulation of !'C-Met accumulation reveals a degenerat-
ing glia cells, gliosis, and angiogenesis surrounded by fat
granular cells, which indicates the phagocytosis of myelin by
microglia. The scale bar in the right corner indicates 100 gm.
(Hematoxylin-Eosin)
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Fig. 7 CT at sixteen months after onset. Infarction area is
observed only at the left frontal interhemispheric area. No
atrophic changes is observed at the left frontal convexity area.

stage of cerebral infarction in the interhemispheric area.
Sixteen months after onset, CT scans showed an infarc-
tion area in the interhemispheric region only, and no
atrophic changes in the distant convexity area (Fig. 7).

DISCUSSION

PET with ''C-Met as a tracer is clinically useful for
evaluating cerebral gliomas, especially in assessing the
extent of the tumors."? The presence of necrosis in ana-
plastic areas of the tumors significantly reduced the up-
take of ''C-Met,’ but the grade of tumor malignancies also
can be assessed with ''C-Met.2*> The advantage of ''C-
Met in discriminating between tumorous and non-tumor-
ous lesions has also been reported,>®7 but in cases of acute
or subacute stages of brain infarctions,° brain abscesses, '
areas surrounding the hematomas in subacute stages,'?
delayed cerebral radionecrosis,'? and cerebritis,>!3 high
accumulations of ''C-Met have been reported.

Here we present a patient with regions of high and
moderately high accumulations of ''C-Met in an infarc-
tion site and in the area where a transient arterial occlusion
probably occurred, respectively. Retrospectively, it may
be true that, at the onset of the dysarthria, embolisms
occurred in both the left frontal and middle cerebral artery
branches, and that the occlusion (except in the left peri-
callossal artery) improved immediately. Alternatively, it
is possible that an embolism occurred only in the left
frontal cerebral artery branches, and the lesion in the
middle cerebral artery distribution occurred as a conse-
quence of a hemodynamic ischemia. The frontal cortical
hypoperfusion, particularly in the anterior opercular and
medial frontal regions, plays an important role in the
development of pure dysarthria,'# and the dysarthria in
our case can be accounted for by the infarction in the
interhemispheric area. The frontal convexity area vascu-
larized by both the anterior and middle frontal cerebral
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arteries might have been exposed to only transient is-
chemia, and the disruption of the blood-brain barrier
visible on MRI might be limited to a small area. Neverthe-
less, the high and moderately high accumulation of ''C-
Met were dispersed more widely than in the obviously
enhanced area on MRI. In addition, the TNT ratios were
higher than 1.2 as the threshold between the tumor and
nontumor regions’ in both the high and moderately high
accumulation areas, so a craniotomy was performed.

Recent murine studies have revealed the mechanism of
tissue accumulation for ''C-Met. The accumulation of
C-Met reflects the active transport of amino acids rather
than the rate of protein synthesis.!® In a study of tumors,
14C-Met uptake occurs within the tumors mostly by viable
cancer cells, but partly by granulation tissue, macroph-
ages, and necrotic debris.'® The disruption of the blood-
brain barrier may also contribute to the accumulation of
C-Met .3?

In cases of transient ischemia, the expression of c-fos
protein has been reported both adjacent to and distant
from the ischemic territory in the early stage.!” In addi-
tion, the induction of hsp70 mRNA at the margins of the
infarct, and the diffuse induction of c-fos, junB, and c-jun
mRNA in all regions of the cortex outside the infarct in
early stages has been reported.!® The induction of these
mRNAs indicates a certain degree of cellular damage.
Recent observations in both humans and animals suggest
that selective neuronal necrosis is the consequence of
either a short-term arterial occlusion or a permanent
occlusion accompanied by ischemia of moderate sever-
ity.!” Lin et al. reported two patterns of subacute and
chronic ischemic injury.?® The first pattern consists of a
mild-to-moderate ischemic neuronal injury appearing at
1-2 weeks, associated with an astrocytic and microglial
proliferation lasting for several weeks. The second pat-
tern consists of a more severe ischemic neuronal injury,
associated with focal astrocytosis and microglial prolif-
eration occurring in a spatial relationship to abnormal
blood vessels. Kondo et al. reported an astroglial and
ferritin-immunopositive microglial reaction without
neuronal death or atrophy at 8 weeks after transient
ischemia.?!

In our case, in addition to the high accumulation of ''C-
Met in the region of the cerebral infarction, a moderately
high accumulation with unclear margins was observed in
a distant area where transient arterial occlusion probably
occurred. The area with a high accumulation of ''C-Met
was substantially enhanced on a T1-weighted image with
Gd-DTPA enhancement, and indicated a disruption of the
blood-brain barrier. The histopathological findings indi-
cated gliosis and angiogenesis. In the area with a moder-
ately high accumulation of ''C-Met, the disruption of the
blood-brain-barrier was limited, and the presence of a
yellowish change, as evident upon craniotomy, is a com-
mon finding after ischemic change. The area with a high
accumulation of ''C-Met may correspond to the region
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with severe ischemic neuronal injury. The area with a
moderately high accumulation of ''C-Met may corre-
spond to the region with mild-to-moderate ischemic neu-
ronal injury, where inflammatory reactions occurred sub-
sequent to non-lethal ischemia with the preservation of
the brain tissue framework. The high and moderately high
accumulation of ''C-Met may correspond mainly to the
disruption of the blood-brain-barrier and the active trans-
port of amino acids reflecting gliosis and angiogenesis,
respectively.

We reported a case of high and moderately high accu-
mulations of !'C-Met in a cerebral infarction and as well
as in an area where transient arterial occlusion probably
occurred.
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