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Analysis of brain perfusion single-photon emission tomography images using an easy Z-

score imaging system for early diagnosis of Alzheimer's disease
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Abstract: Objective To analyze single-photon emission tomography (SPECT) images of cerebral blood flow perfusion using an
easy Z-score imaging system (eZIS) and explore the value of SPECT and eZIS in early diagnosis of Alzheimer's disease (AD).
Methods We retrospectively analyzed the clinical data of 71 subjects undergoing brain perfusion SPECT examination in our
department from September, 2018 to September, 2020 and identified 31 eligible subjects for this study. Among these subjects,
according to the NIA-AA criteria (2011 edition), 12 were diagnosed with mild cognitive impairment due to AD (MCI) and 11
with AD dementia stage (AD); 8 elderly subjects were healthy without cognitive impairment (NC). All these subjects
underwent brain perfusion SPECT, and eZIS-assisted analysis was used to obtain the index values (severity, range and ratio).
The differences in the severity, extent and ratio among the 3 groups were compared, and the diagnostic efficacy of single and
joint analysis of the 3 indexes for early AD was analyzed. Results There was no significant difference in gender, age and
education level among the 3 groups (P>0.05). Compared with those in NC group, the Mini Mental State Examination Scale
(MMSE) scores were significantly lowered in AD group and MCI group; the MMSE score was significantly lower in AD group
than in MCI group (P<0.05). The patients with AD had significantly greater disease severity and extent than those with MCI
group; the severity, range and ratio in both AD group and MCI group were significantly higher than those of NC group, but
the ratio did not differ significantly between AD group and MCI group (P>0.05). In single index analysis, severity had the
highest diagnostic performance (AUC=0.911) and sensitivity (87.0% ); the diagnostic performance and sensitivity of joint
analysis were better than those of single analysis, and joint analysis of range and ratio showed high diagnostic performance
(AUC=0.948) and sensitivity (87.0%). Conclusion The analysis of brain perfusion SPECT using an eZIS program can be useful
for early diagnosis of AD.
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Fig.1 Process of SPECT image analysis by eZIS utilizing SPM2 and 3D-SSP and
comparison with normal databases to obtain the Z-score map.
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Tab.1 Comparison of gender, age, education level and MMSE scores among the 3 groups

Group n Gender (M:F) Age (Mean=SD, years) Education (Mean+SD, years) MMSE (Mean+SD, scores)
NC 8 4/4 59.38+8.85 10.25+3.77 28.13+1.55

MCI 12 7/5 67.00+8.89 9.92+5.63 22.67+3.47°

AD 11 4/7 65.00+9.98 10.64+5.03 11.45+6.56"

F 1.08 1.66 0.25 23.83

P 0.58 0.21 0.88 0.00

'P<0.05 vs NC group; *P<0.05 vs MCI group. NC: Middle-aged and elderly subjects with normal cognitive function matched for sex, age and

education level. MCI: Patients with mild cognitive impairment caused by Alzheimer's disease. AD: Patients in dementia stage of Alzheimer's

disease.
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Tab.2 Comparison of the severity, extent, and ratio among the 3 groups

Group n Severity Extent (%) Ratio (times)
NC 8 0.98+0.30 5.64+8.83 1.09+1.84
MCI 12 1.50+0.28" 17.9449.49* 2.11+0.96°
AD 11 2.74+0.68™ 52.23420.39* 3.5441.88"
F 28.59 46.90 12.04

P 0.00 0.00 0.00

*P<0.05 vs NC group; "P<0.05 vs MCI group.
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Tab.3 Diagnostic value of single and joint analysis of the severity, range, and ratio for AD (%)

Indicators Sensitivity (%)  Specificity (%) Positive predictive value (%) Negative predictive value (%)  Accuracy (%)
A 87.0 87.5 95.2 70.0 87.1
B 82.6 87.5 95.0 63.6 83.9
C 56.5 87.5 92.9 41.2 64.5
A+B+C 91.3 87.5 95.5 77.8 90.3
A+B 87.0 87.5 95.2 70.0 87.1
A+C 91.3 87.5 95.5 77.8 90.3
B+C 87.0 87.5 95.2 70.0 87.1

A: Severity; B: Extent; C: Ratio.
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Tab.4 ROC curve parameters of single and joint analysis of the
severity, range, and ratio for diagnosis of mild cognitive

impairment
Indicators AUC 95% CI Standard error P
A 0911 0.759-1.000 0.078 0.00
B 0.854 0.650-1.000 0.104 0.01
C 0.833 0.598-1.000 0.120 0.01
A+B+C 0.938 0.828-1.000 0.560 0.00
A+B 0911 0.759-1.000 0.078 0.00
A+C 0.938 0.828-1.000 0.056 0.00
B+C 0.948 0.857-1.000 0.046 0.00
A: Severity; B: Extent; C: Ratio.
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Fig.2 ROC curve of single and joint analysis of
the severity, range, and ratio for diagnosis of mild
cognitive impairment.
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Fig.3 An eZIS image of a 49-year-old man with mild cognitive impairment caused by
Alzheimer's disease. His total Mini Mental State Examination (MMSE) score was 25
(high school education level). The values for severity, range, and ratio were 1.74, 25.83%,
and 3.25 times, respectively. Decreased rCBF was identified in the bilateral parietal
association cortices, bilateral prefrontal lobe and part of the right temporal lobe.
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Fig.4 An eZIS image of a 55-year-old woman with Alzheimer's disease. Her total Mini
Mental State Examination (MMSE) score was 8 (primary school education). The values
for severity, range, and ratio were 2.52, 61.88%, and 5.03 times, respectively. A significant
rCBF decrease was found in an area extending from the posterior cingulate cortex to the
precuneus, the bilateral parietal association cortices and the left temporal lobe.
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