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Abstract

Purpose: The purpose of this study is to investigate the effects of visual activation and quaniitative analysis
of regional cerebral blood flow. Visual activation was known to increase regional cerebral blood flow in the
visual cortex in occipital lobe. We evaluated that change in the distribution of ¥MTe-HMPAO (Hexamethyl
propylene amine oxime) to reflect in regional cerebral blood flow. Materials and Methods: The six
volunteers were injected with 925 MBqg (mean ages: 26.75 years, n=6, 3men, 3women) underwent MRI and
#¥™Tc-HMPAO SPECT during a rest state with closed eyes and visual stimulated with 8 Hz LED. We
delineate the region of interest and calculated the mean count per voxel in each of the fifteen slices to
guantitative analysis. The ROl to whole brain ratio and regional index was calculated pixel to pixel
subtraction visual non-activation image from visual activation image and constructed brain map using a
statistical parameter map (SPM99). Results: The mean regional cerebral blood flow was increased due to
visual stimulation. The increase rate of the mean regional cerebral blood flow which of the activation. region
in primary visual cortex of occipital lobe was 32.501+5.67%. The significant activation sites using a statistical
parameter of brain constructed a rendering image and image fusion with SPECT and MRI. Conclusion:
Visual activation was revealed significant increase through quantitative analysis in visual cortex. Activation
region was certified in Talairach coordinate and primary visual cortex (Bal7)visual association area
(Ba18,19) of Brodmann. (Korean J Nucl Med 2002;36;166-76)
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Non-activation state (visual normal state)
intravenous injection of ®*™Tc-HMPAO (925 MBg)
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exposed 1o a flickering

maintained open eyes.

non-activation for 4~5 minutes. scan for 30 minutes
maintained close eyes.
Activation state (visual stimulation)
Intravenous injection of ™ Te-HMPAO (925 MBg)
I—IA/ I

red light emitting diode stimulate with 8 Hz.

scan for 30 minutes

Fig. 1. Brain activation protocol.
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mean_count/voxel of a ROI
mean countvoxel of all ROIs

Regional Index=

mean_count/voxel of a ROI

Regional cerebelum ratio= mean countfvoxel of cerebellum
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Fig. 2. Regional perfusion in occipital area was increased during
the visual activation. Transverse and sagittal image of
BMTe-HMPAO  SPECT gives more uptake on visual
activation images. (A) visual activation: transverse image (B)
visual activation: sagittal image. ’

Table 1. Total Brain Volume, Maximum Counts and Mean Counts of Each Subject

, Maximum Threshold Total brain Brain volume . Mean

Subject Brain voxel
count count (%) counts (cc) ~ (count/voxel)

S 310 5 (30) 5876274 2081.98 35098 167.42
C 318 3 (30) 5636640 1985.47 33471 168.40
S 263 79 (30) 4569273 1739.41 29323 155.83
C 260 8 (30) 4452971 1686.68 28434 156.61
S 372 112 (30) 6397006 1634.83 27560 232.11
C 282 5 (30) 4750734 1598.94 26955 176.25
S 254 6 (30) 5305346 212421 35810 148.15
C 220 6 (30) 4904019 2409.83 40625 120.71
S 216 5 (30) 4620134 224511 37848 122.07
C 222 7 (30) 4424882 2350.02 38858 113.87
S 248 4 (30) 5464261 2252 64 37975 143.89
C 217 5 (30) 4962880 2359.65 39779 124.76
) 275.63 78.17 (30) 5368538.3 2018.88 34034.31 161.58
C 251.83 75.67 (30) 4895293.3 2073.68 34958.17 143.43

S: Visual activation.

C: Control (Visual non-activation)
Acquisition zoom: 1.23

Pixel size (mm): 3.89
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Table 2. Values of the Regional Index and Increase Rate of rCBF

Visual activation Visual non activation

Mean change
mean count/ Regional index mean count/ Regional Index

slice , rate (%)
voxel of ROl (Mean®=S.D) voxel of ROl (Mean*S.D)
Cerebeilum region
1 162.8 1.007 148.0 1.031606 14.80+0.83
2 170.1 1.053 155.0 1.080641 15.13+0.83
3 177.7 1.099 161.3 1.124448 16.37+0.83
Visual cortex region
on occipital lobe
4 184.4 1.141 166.8 1.162677 17.60£5.67
5 189.8 1.175 170.8 1.190913 19.02 567
6 192.8 1,193 170.1 1.185684 2273+567
7 193.1 1.195 166.2 1.158494 26.90+567
8 190.3 1177 160.5 1.118638 29.80+567
9 186.0 1.151 154.8 1.079015 31.20+567
10 182.7 1.131 150.2 1.046944 3250567
" 179.8 1.113 1481 1.032187 31.75£567
12 176.1 1.151 146.1 1.018475 30.00£567
Temporoparietal region
13 1752 1.056 1454 1.013479 29.82+1.32
14 173.8 1.084 144.4 1.006739 29.42+132
15 170.7 1.076 143.4 0.999419 27.35+1.32

mean countivoxel of all ROl :  mean count/voxel of all ROI :
161.58 143.43

Fig. 3. Regions of interest as used for quantitative analysis of
" Te-HMPAO SPECT images.
Top: visual activation, Bottom: visual non-—activation.
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Table 3. Each Regional Index and Mean Count per Voxel of ROI

Activation Non-activation
RO! region mean count/ . _ mean count/ Regional index
voxel of ROI S.D Regional index voxel of ROI
Cerebellum 1949 30.44 1.206226 95.4 25.08 0.665350
Middle slice 177.4 40.30 1.097713 83.8 23.37 0.584127
Left_hemisphere 1771 41.83 1.095960 838 23.94 0.584478
Right_hemisphere 178.9 38.18 1.106893 83.9 22.62 0.584941
Deep gray 1675 32.02 1.036443 739 16.57 0.515454
PCA L 181.8 44,55 1.124945 85.0 28.09 0.592377
PCA R 179.3 40.49 1.109678 82.8 24.88 0.577388
MCAP L 179.8 43.51 1.119311 857 25.09 0.597606
MCAA L 171.3 38.96 1.060083 81.1 20.43 0.565071
ACAA L 187.1 48.86 1.157746 89.9 28.94 0.645498
ACAA R 183.3 4417 1.134331 89.0 25.27 0.655476
MCAA R 1735 37.48 1.073783 815 19.78 0.568441
MCAP R 186.7 37.12 1.155683 86.5 25.48 0.602835
Superior slice 188.4 46.53 1.165895 89.2 26.15 0.621659
ACA L 186.2 45.95 1.152279 88.7 26.31 0.618173
MCA 194.6 52.60 1.204060 916 27.14 0.638392
ACA R 190.7 44.44 1.180026 904 26.83 0.629909

PCA L: posterior cerebral artery, left

PCA R: posterior cerebral artery, right

MCAP L: middle cerebral artery, post, left
MCAA L: middle cerebral artery. anterio, left
ACAA L: anterior cerebral artery, ani, left
ACAA R: anterior cerebral artery, ant, right

MCAA R: middle cerebral artery. anterio, right

MCAP R: middle cerebral arery, post, right
ACA L: anterior cerebral artery, cranial, left
MCA: middie cerebral artery, cranial
ACA R: anterior cerebral artery, cranial, right
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Table 4. Brodmann's area and Talairach Spatial Coordinates

Talairach coordinates Brodmann's

Brain area
X Y 7 area
Left Cerebrum
Primary Visual -2 -94 2 17
Visual Association (Occipital Lobe, Cuneus, Gray Matter) -2 -94 6 18
Visual Association (Occipital Lobe, Middle Occipital Gyrus, Gray Matter) -35  -82 18 19
Visual Association {Occipital Lobe, Superior Occipital Gyrus, Gray Matter)  -35 -82 30 19
Visual Association (Temporal Lobe, Middle Temporal Gyrus, Gray Matter) -37 -82 18 19
Right Cerebrum
Primary Visual 2 -94 2 17
Visual Association (Occipital Lobe,Cuneus,Gray Matter) 2 -94 6 18
Visual Association (Occipital Lobe, Middle Occipital Gyrus, Gray Matter) 33 -82 18 19
Visual Association (Occipital Lobe, Superior Qccipital Gyrus, Gray Maiter) 33 -82 26 19
Visual Association (Temporal Lobe, Middle Temporal Gyrus, Gray Matter) 39 -82 18 19

i
Srﬁafxf

Fig. 4. Activation areas showing increased regional blood flow during visual activation with 8 Hz LED that was
measured in 6 volunteer with ®™Tc-HMPAO SPECT. This images were produced by the subtraction of
control condition that is, visual non activation from visual activation image. Significantly activated areas are
shown on three orthogonal section of the reference MR scan image. Note that occipital areas are activated
of visual activation and spatial coordinates is x=0.0, y=0.0, z=14.0. Statistical parametric maps showing
relatively specific brain regions. {Lower)Visual activation rendering image : statistically significant activation
sites of brain areas. Right hemisphere: (arrow)l. Primary visual area 4. Visual association 5.
Association cerebellum. Left hemisphere: 2. Primary visual area 3. Visual association.
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Fig. 5. This curve shows the difference between
visual activation group and visual non acti-
vation group. All six volunteer who underwent
visual activation with 8 Hz LED showed
increased rCBF in primary visual cortex and
visual association area in occipital lobe.
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