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Background : Several problems remain to be solved regarding the manual setting of
regions of interest (ROI) in the neuroimaging analysis of regional cerebral blood flow (rCBF).
Although recent innovations in statistical image analysis software seem to have made more
accurate and reliable analysis possible, the usefulness of these newly developed methods in the
evaluation of abnormalities of rCBF causing unilateral spatial neglect (USN) after stroke has
not been confirmed.

Subjects and Methods: Fourteen patients with right hemispheric stroke in the chronic
phase were studied. They were divided into 2 groups : those with USN (7 patients) and those
without USN (7 patients). For all subjects, 99mTc-ethyl cysteinate dimer single photon
emission computed tomography (SPECT) was performed. The SPECT imaging data were
analyzed with the Easy Z-score imaging system (eZIS) and voxel-based stereotactic extraction
estimation (vbSEE). After these methods were applied, the mean positive Z scores (severity)
of each ROI in the right hemisphere were automatically calculated. Severity in each ROI was
compared between the groups by means of the Mann-Whitney U-test. Fisher’s exact probabil-
ity test was used to assess the association between severity >3.5 in the ROIs and the presence
of USN.

Results : In patients with USN, significant decreases in rCBF were observed in 16 areas,
including the supramarginal gyrus, angular gyrus, and inferior parietal lobule. Of these areas,
only the right supramarginal gyrus showed a significant association between severity >3.5 and
USN. The sensitivity and specificity of severity >3.5 for detecting USN were 57.19§ and
10094, respectively.

Conclusion : Our results show that decreased rCBF in some areas of the right hemisphere
is significantly associated with the development of USN. Computerized SPECT analysis is a
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useful new approach for the reliable evaluation of rCBF.

(Tokyo Jikeikai Medical Journal 2008 ; 123: 237-47)
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Case presentation : All subjects were classified into USN group or control group, and Table

1 shows profile of all members in each group about age, sex, subtype of stroke, lesion
location, and ‘period between onset and SPECT*’

USN group
Period
case | age |sex Subtype of stroke lesion location between number
onset and
SPECT*
1 55 M | Hemmorhage subcortex of right temporal lobe 51 male 5
sex
2 51 M | Hemmorhage right thalamus 320 female 2
3 55 M | Hemmorhage right putamen 85 Infarction 2
Subtype
4 71 F | Hemmorhage subcortex of right temporal lobe 39 of Infarction and SAH 3
stroke
5 63 F | Infarction and SAH** | right MCA*** area 103 Hemmorhage 4
6 72 M | Infarction right MCA area 65 right MCA area 3
7 35 M | Infarction right MCA area 101 lesion subcortex of right temporal lobe 2
Mean | 57.43 109.14 | | 1062800 | okt thalamus 1
SD | 12.80 96.09 right putamen 1
control group
Period
case | age |sex Subtype of stroke lesion location between number
onset and
SPECT
8 89 M | Infarction right MCA area 32 Male 6
sex
9 68 M | Infarction right MCA area 116 Female 1
10 62 M | Hemmorhage right thalamus 28 Subtype | Infarction 6
of
11 71 M | Infarction right MCA area 46 stroke | Hemmorhage 1
12 28 M | Infarction right MCA area 186 lesion right MCA area 6
13 69 M | Infarction right MCA area 32 location right thalamus 1
14 81 F | Infarction right MCA area 57
Mean | 66.86 71.00
SD | 19.35 59.11

*SPECT : single photon emission computed tomography, **SAH : subdural hemorrhage, ***MCA :

middle cerebral artery
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Table 2. Average of severity within each ROI* defined by Talairach
Deamon LEVEL3 (lobule level) on the software ‘vbSEE**’ of

subjects in USN*** group and ones of control group

USN group control group
p value
mean SD mean SD

Angular Gyrus 4.26 2.67 1.74 0.71 0.013
Anterior Cingulate 0.78 0.39 0.90 0.48 0.655
Caudate 2.28 1.77 0.76 0.42 0.048
Cerebellar Lingual 121 0.84 1.59 0.82 0.085
Cerebellar Tonsil 1.04 0.33 0.71 0.47 0.110
Cingulate Gyrus 0.87 0.40 1.21 0.24 0.085
Claustrum 3.39 2.92 1.30 0.77 0.085
Culmen 0.79 0.28 0.69 0.24 0.749
Culmen of Vermis 0.00 0.00 0.08 0.19 0.142
Cuneus 1.32 0.45 0.81 0.36 0.048
Declive 0.61 0.22 0.43 0.27 0.180
Declive of Vermis 0.00 0.00 0.07 0.13 0.142
Extra-Nuclear 2.11 1.15 0.91 0.26 0.035
Fastigium 0.25 0.46 0.25 0.46 0.944
Fourth Ventricle 0.70 0.70 0.93 1.00 0.848
Fusiform Gyrus 1.44 0.84 0.61 0.26 0.035
Inferior Frontal Gyrus 2.27 2.711 0.91 0.36 0.142
Inferior Occipital Gyrus 1.33 0.56 0.61 0.48 0.035
Inferior Parietal Lobule 4.61 3.711 1.39 0.52 0.013
Inferior Semi-Lunar Lobule 1.06 0.28 0.87 0.60 0.277
Inferior Temporal Gyrus 2.03 1.45 0.57 0.15 0.025
Insula 3.73 3.71 1.25 0.55 0.035
Lateral Ventricle 1.61 0.96 0.74 0.38 0.064
Lentiform Nucleus 2.19 1.44 0.92 0.49 0.064
Lingual Gyrus 1.01 0.39 0.61 0.29 0.048
Medial Frontal Gyrus 0.96 0.58 1.29 0.63 0.277
Middle Frontal Gyrus 2.24 1.58 1.71 1.33 0.338
Middle Occipital Gyrus 1.76 | 0.55 | 0.81 0.34 | 0.009
Middle Temporal Gyrus 3.60 2.56 0.99 0.23 0.003
Nodule 0.46 0.39 0.77 0.73 0.443
Orbital Gyrus 0.95 0.72 0.49 0.38 0.225
Paracentral Lobule 1.00 0.62 1.32 0.48 0.142
Parahippocampal Gyrus 1.24 0.47 0.59 0.27 0.013
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Postcentral Gyrus 2,17 2.64 1.68 0.54 0.338
Posterior Cingulate 0.84 0.32 0.68 0.32 0.482
Precentral Gyrus 2.20 1.96 2.31 2.27 0.949
Precuneus 1.29 0.35 1.08 0.40 0.277
Pyramis 0.94 0.29 0.80 0.57 0.406
Pyramis of Vermis 0.26 0.40 0.47 0.87 0.733
Rectal Gyrus 1.09 1.39 0.50 0.33 0.277
Subcallosal Gyrus 1.31 2.08 0.41 0.23 0.180
Sub-Gyral 2.34 1.04 1.22 0.40 0.013
Superior Frontal Gyrus 1.38 0.64 1.29 0.44 0.749
Superior Occipital Gyrus 1.79 0.49 1.07 0.75 0.110
Superior Parietal Lobule 1.76 1.29 1.04 0.52 0.482
Superior Temporal Gyrus 3.76 3.31 0.81 0.26 0.006
Supramarginal Gyrus 5.64 3.79 1.71 0.81 0.009
Thalamus 2.22 1.16 1.33 0.98 0.110
Third Ventricle 1.16 0.96 0.61 0.40 0.277
Transverse Temporal Gyrus 3.91 4.49 1.08 0.54 0.085
Tuber 0.83 0.22 0.60 0.48 0.277
Tuber of Vermis 0.04 0.11 0.23 0.47 0.424
Uncus 0.59 0.66 0.23 0.12 0.338
Uvula 0.73 0.23 0.65 0.64 0.406
Uvula of Vermis 0.66 0.81 0.59 0.86 0.845

Talairach Deamon LEVEL3 (lobule level) on the software ‘VbSEE**’
: USN group>control group (Mann-Whitney test p value<0.05),

BOLD letter : p value<0.01,
*ROI : region of interest

**vbSEE : voxel based Stereotactic Extraction Estimation

***UJSN : unilateral spatial neglect
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Table 3. Severity within ROI defined by Talairach Deamon LEVEL3 (lobule level) on the
software ‘VbSEE* which severity of USN** group was significant higher than one

of control group in all subjects

USN group
1 2 3 4 5 6 7 severity > =3.5
Angular Gyrus 251 | 1.75 | 3.56 7.23 | 251 | 3.46 8.77 3
Caudate 0.89 | 1.69 | 2.28 5.75 | 2.75 | 0.24 2.35 1
Cuneus 149 | 1.78 | 1.97 1.20 | 1.01 | 1.01 0.75 0
Extra-Nuclear 124 | 1.71 | 2.53 2.34 | 2.17 | 0.58 4.22 1
Fusiform Gyrus 1.84 | 1.03 | 141 1.78 | 0.50 | 0.61 291 0
Inferior Occipital Gyrus 0.66 1.97 | 2.06 1.64 | 1.10 | 0.90 0.98 0
Inferior Parietal Lobule 1.87 | 1.21 | 242 5.69 | 2.74 | 6.63 | 11.69 3
Inferior Temporal Gyrus 292 | 0.82 | 1.63 3.10 | 047 | 0.94 4.37 1
Insula 142 | 1.04 | 3.14 5.16 | 2.31 | 1.51 | 11.53 2
Lingual Gyrus 0.81 | 1.23 | 1.77 1.03 | 0.63 | 0.73 0.86 0
Middle Occipital Gyrus 1.82 212 | 2.48 2.23 | 1.06 1.22 1.40 0
Middle Temporal Gyrus 4.81 1.61 | 2.38 7.84 | 1.29 1.51 5.74 3
Parahippocampal Gyrus 1.18 | 1.73 | 1.54 1.72 | 0.78 | 0.49 1.26 0
Sub-Gyral 212 | 1.22 | 164 3.49 | 246 | 1.50 3.97 1
Superior Temporal Gyrus | 3.00 1.60 | 2.32 795 | 0.91 1.54 9.04 2
Supramarginal Gyrus 3.86 | 1.77 | 3.13 | 10.04 | 2.79 | 6.44 | 11.46 4
control group
8 9 10 11 12 13 14 severity > =3.5
Angular Gyrus 243 | 2.66 | 2.38 1.21 | 145 | 1.05 1.03 0
Caudate 111 | 0.53 | 1.50 0.31 | 0.59 | 0.86 0.42 0
Cuneus 0.86 | 0.90 | 1.18 115 | 094 | 0.22 0.43 0
Extra-Nuclear 0.80 | 1.38 | 1.13 0.68 | 0.87 | 0.72 0.77 0
Fusiform Gyrus 0.29 | 0.38 | 0.76 0.84 | 0.94 | 0.68 0.38 0
Inferior Occipital Gyrus 0.33 | 0.21 | 1.10 1.31 | 0.86 | 0.06 0.40 0
Inferior Parietal Lobule 148 | 2.24 | 1.95 0.83 | 1.00 | 1.07 1.17 0
Inferior Temporal Gyrus 0.53 | 0.54 | 0.83 0.54 | 0.64 | 0.56 0.33 0
Insula 0.80 | 2.22 | 1.65 1.01 | 058 | 1.15 1.33 0
Lingual Gyrus 0.43 | 092 | 0.62 1.00 | 0.69 | 0.18 0.39 0
Middle Occipital Gyrus 0.71 | 0.58 | 1.26 127 | 0.88 | 0.44 0.54 0
Middle Temporal Gyrus 0.92 | 1.06 | 1.36 1.02 | 1.16 | 0.69 0.73 0
Parahippocampal Gyrus 0.33 | 0.62 | 1.15 0.36 | 0.57 | 0.59 0.48 0
Sub-Gyral 1.06 | 1.04 | 1.33 129 | 2.04 | 0.93 0.84 0
Superior Temporal Gyrus | 0.95 1.12 1.10 0.54 | 0.86 | 0.51 0.60 0
Supramarginal Gyrus 2.05 2.67 | 2.82 1.04 | 0.74 1.47 1.21 0

BOLD letter : Area whose Mann- Whitney test p value<0.01,

: number of cases whose severity of the investigated area> =3.5

*vbSEE : voxel based Stereotactic Extraction Estimation

**USN : unilateral spatial neglect
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Table4. Result of Fisher’'s exact probability
test between severity >=3.5 in right

supramarginal gyrus and presence of

USN*
Severity of
Rt Supramarginal gyrus USN group | control group | total
35=< 4 0 4
<35 3 7 10
total 7 7 14

P value of Fisher’s exact probability test between severity of
supramarginal gyrus (>=3.5) and USN* was 0.036 (<0.05).

sensitivity =57.19% specificity =100%

Right supramarginal gyrus was set ROI*** full-
automatedly according to definition by Talairach
Deamon LEVEL3 (lobule level) on the software
‘VbSEE**. P value of Fisher’s exact probability
test between severity > =3.5 in right supramarginal
gyrus and presence of USN was 0.036 (<0.05).
Then, results showed the sensitivity as 57.19% and
specificity as 1009 of our classification.

*USN : unilateral spatial neglect

**vbSEE : voxel based Stereotactic Extraction
Estimation

***ROI: region of interest
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Fig.1. Easy Z-score Imaging (A) and Magnetic Resonance Imaging (B) of case 4.
Case 4 was 71-year-old female who complicated with remarkable unilateral spatial neglect caused by
hemorrhage in right subcortex of temporal lobe (Fig.1-B). Single photon emission computed tomo-

graphy was performed in 39 days from onset.

Voxels of those Z-score> =3.5 and Extent> =500 were

colored as parameter in figure 1-A, on standard brain atlas. From inferior temporal gyrus to inferior
parietal lobule, severe decrease of regional cerebral blood flow was shown in the figure 1-A.
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Fig. 2. Supramarginal gyrus defined by Talairach Deamon LEVEL 3 (lobule level) on the software

‘VbSEE*’

*vbSEE : voxel based Stereotactic Extraction Estimation
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