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Abstract 28 

Introduction: Longitudinal studies have reported that patients with idiopathic rapid eye 29 

movement sleep behavior disorder (IRBD) have an increased risk of developing 30 

synucleinopathies, such as Parkinson’s disease and dementia with Lewy bodies. Clinical trials 31 

of disease-modifying therapies for IRBD patients require suitable biomarkers that can predict 32 

the short-term onset of neurodegenerative dementia.  33 

Methods: We retrospectively examined if easy Z-score imaging system (eZIS)-specific volume 34 

of interest analysis (SVA) using brain perfusion single-photon emission computed tomography 35 

(SPECT) imaging or the cingulate island sign score (CIScore) can predict the short-term 36 

development of neurodegenerative dementia in 30 patients with IRBD.  37 

Results: Ten patients (33.3%) who exceeded the thresholds for three indicators (severity, extent, 38 

and ratio) were included in an SVA-positive group, while 20 (66.7%) were included in an SVA-39 

negative group. Nine (30.0%) IRBD patients had phenoconversion, of which eight had dementia 40 

with Lewy bodies and one had Parkinson’s disease with dementia. In Kaplan-Meier analysis, 41 

patients in the SVA-positive group converted to neurodegenerative dementia in a significantly 42 

shorter period of time compared to patients in the SVA-negative group.  43 

Conclusions: These data suggest that SVA-positive IRBD patients have an increased short-term 44 

risk of developing neurodegenerative dementia. 45 

  46 
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Introduction 47 

Patients with rapid eye movement (REM) sleep behavior disorder (RBD) exhibit abnormal 48 

violent behavior associated with dreams during REM sleep. In these patients, polysomnography 49 

indicates the presence of REM sleep without muscle tone loss [1]. RBD may be prodromal to 50 

neurodegenerative diseases, such as Parkinson’s disease (PD), dementia with Lewy bodies 51 

(DLB), and multiple system atrophy. In a meta-analysis of longitudinal studies, the estimated 52 

risk of RBD patients developing a neurodegenerative disease was 33.5% at 3 years, 82.4% at 53 

10.5 years, and 96.6% at 14 years [2]. RBD has been shown to predict the progression to 54 

neurodegenerative disease using cerebral perfusion scintigraphy, dopamine transporter imaging, 55 

positron emission tomography (PET), and transcranial ultrasound [3,4]. 56 

Previous cross-sectional studies assessing regional cerebral perfusion in patients with 57 

idiopathic RBD (IRBD) have reported abnormal perfusion on 99mTc-ethylene cysteinate dimer 58 

(ECD) and 123I-iodoamphetamine single-photon emission computed tomography (SPECT) 59 

[5,6,7,8]. Longitudinal studies have investigated the changes in perfusion in IRBD patients 60 

[9,10,11]. IRBD patients showing increased perfusion in the hippocampus on 99mTc-ECD 61 

SPECT have a high risk of phenoconversion to PD or DLB [10]. A model with an age- and PD-62 

related covariance pattern at the time of imaging was shown to be a predictor of 63 

phenoconversion during follow-up in IRBD patients who underwent 99mTc-ECD SPECT [11]. 64 

Thus, recent studies have demonstrated that specific areas of abnormal blood flow can be used 65 

to predict disease progression in IRBD patients. 66 

In clinical practice in Japan, easy Z-score imaging (eZIS) analysis is used to show a 67 

decrease in cerebral perfusion with SPECT in the posterior cingulate gyrus, precuneus, and 68 

inferior parietal lobe, which are areas of particular interest in early AD, using three indicators, 69 
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i.e., severity, extent, and ratio. This system is useful for diagnosing AD at the mild cognitive 70 

impairment stage [12].  71 

In the present study, we used 99mTc-ECD SPECT eZIS analysis for the early diagnosis of 72 

dementia in IRBD patients, and conducted a retrospective longitudinal study on its ability to 73 

predict progression to neurodegenerative dementia. 74 

 75 

Materials and Methods 76 

This study included 30 consecutive IRBD patients who underwent 99mTc-ECD SPECT at our 77 

hospital from November 2011 to February 2018. We retrospectively investigated the results of 78 

eZIS by SPECT in IRBD patients and longitudinally evaluated progression to 79 

neurodegenerative dementia, such as DLB or PD with dementia. The diagnosis of IRBD was 80 

based on the International Classification of Sleep Disorders, Second Edition [1]. In addition, 81 

99mTc-ECD SPECT was performed on 19 DLB patients as disease controls, and the data were 82 

compared (Table 1). DLB was diagnosed on the basis of the 2017 diagnostic criteria (4th edition) 83 

[13], probable DLB was diagnosed using 123I-metaiodobenzylguanidine myocardial 84 

scintigraphy, and dementia was diagnosed using the Diagnostic and Statistical Manual of 85 

Mental Disorders (5th edition) criteria [14]. The lower limit of the heart-to-mediastinum ratio for 86 

early and delayed images in 123I-metaiodobenzylguanidine myocardial scintigraphy was set to 87 

2.2 according to the database of the Standardization Working Group of the Japanese Society of 88 

Nuclear Medicine [15]. All IRBD and DLB cases showed delayed heart-to-mediastinum ratios 89 

(Table 1). In the DLB cases, clinically probable RBD required an informant report of a history 90 

of recurrent episodes of dream-enactive behavior during sleep with movements that appeared to 91 

match dream content. The diagnosis of parkinsonism was based on neurologic examination by a 92 

neurologist. 93 
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 94 

SPECT eZIS 95 

Brain 99mTc-ECD SPECT was performed according to previously reported methods [12,16]. 96 

After intravenous injection of 400 MBq of 99mTc-ECD (Fujifilm Toyama Chemical Co., Ltd., 97 

Tokyo, Japan), 99mTc-ECD levels were measured using a gamma camera (GCA-9300; Toshiba, 98 

Inc., Tokyo, Japan) and the Patlak plot method. Cardiac-to-brain effects were assessed to 99 

measure mean global cerebral blood flow of ECD using perfusion SPECT and monitored with 100 

rectangular gamma rays. SPECT images were generated using the anatomically standardized 101 

eZIS program with the original 99mTc-ECD template (Fig. l). Briefly, eZIS is a processing 102 

method based on statistical parametric mapping, which corrects size by linear transformation 103 

and anatomically corrects curved surfaces by non-linear transformation, and transforms 104 

individual cerebral blood flow SPECT images into standard brain images. A Z-score map of 105 

each SPECT image was extracted from a comparison of an age-matched normal control 106 

database using mean and standard deviation, and incorporated into eZIS to generate a SPECT 107 

image. After inter-institutional corrections, spatially normalized 99mTc-ECD SPECT images 108 

from each patient were compared with normal images from a database of 60–69-year-old 109 

subjects, a database of >70-year-old subjects, and a database of >80-year-old subjects using 110 

voxel-by-voxel Z-score analysis after pixel normalization to the global mean values: Z-score = 111 

(control mean – individual value) / control standard deviation. In eZIS analysis, specific regions 112 

showing decreased local cerebral blood flow in very early AD patients were determined by the 113 

following method. The value obtained by incorporating the statistical parametric mapping 114 

analysis into the automatic analysis of the Z-score was measured as the volume of interest 115 

(VOI). The eZIS program was used to compare the precuneus, posterior cingulate gyrus, and 116 

parietal association cortex areas in age-matched healthy volunteers with specific VOIs in 117 



6 

 

patients with very early AD on 99mTc-ECD SPECT images. Very early AD patients and healthy 118 

controls were identified automatically using three indicators, i.e., severity, extent, and ratio 119 

[12,16]. In eZIS-specific VOI analysis (SVA), severity was used to indicate reduced mean local 120 

cerebral perfusion flow at a Z-score > 0 in very early AD; extent was the Z-score generated 121 

from the percentage of positive Z-score > 2 coordinates averaged by the VOI; the ratio, which 122 

exceeds a score of 2, was the index showing a significant decrease in local cerebral blood flow 123 

in a VOI within the range where local cerebral blood flow in the entire brain was significantly 124 

decreased. A decrease in regional cerebral perfusion flow in a VOI was evaluated in comparison 125 

with that in the whole brain. The cut-off values for discrimination between the severity, extent, 126 

and ratio groups were set to >1.19, >14.2, and >2.22, respectively, using the threshold values 127 

obtained from receiver operating characteristic analysis [12]. AD or DLB patients were used to 128 

examine the distribution of cerebral perfusion in the SVA region (Fig. 1A).  129 

The CIScore is the same evaluation method as that used for the cingulate island sign 130 

(CIS), in which glucose metabolism is decreased in the posterior cingulate gyrus of patients 131 

with AD on fluorodeoxyglucose-PET, but metabolism is maintained in the posterior cingulate 132 

gyrus of patients with DLB [13]. The CIScore is calculated by dividing the sum of the Z-scores 133 

of the hypoperfusion region centered on the posterior cingulate gyrus, excluding SVA of DLB 134 

patients, by the sum of the Z-scores of the hypoperfusion region in SVA of DLB patients [16,17] 135 

(Fig. 1B). In this study, three indicators of SVA (i.e., severity, extent, and ratio) and the CIScore 136 

were evaluated in patients with IRBD and DLB (Table 2). 137 

 138 

Statistical analysis 139 

Descriptive demographic, clinical, and 99mTc-ECD-SPECT data are given as the mean, standard 140 

deviation, number, and percentage (Table 1). Comparisons between groups were conducted 141 
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using Fisher’s exact test and the Mann-Whitney U test. Between October and November 2021 142 

(the end of the current study), the patients’ medical records were reviewed. If a diagnosis (DLB 143 

or PD with dementia) was found in the charts, the initial date of diagnosis was used as the date 144 

of onset of the condition.  145 

To compare 99mTc-ECD-SPECT between groups, IRBD subjects who exceeded the 146 

thresholds for severity, extent, and ratio were included in the SVA-positive group, with the 147 

remaining patients included in the SVA-negative group, and used for statistical comparisons 148 

[12]. Plots of the estimated proportion of subjects who developed clinically defined 149 

neurodegenerative dementia (DLB or PD with dementia) over time were generated by the 150 

Kaplan-Meier method and compared by the log-rank test (Fig. 2). 151 

All statistical analyses were performed using Prism (version 7 for Mac OS X; GraphPad 152 

Software, Inc., San Diego, CA, USA), SPSS (version 28.0; IBM Corp., Armonk, NY, USA), and 153 

R (version 4.0.1; freely available at https://www.R-project.org). 154 

 155 

Results 156 

SVA of DLB patients showed that the threshold was exceeded in 16 cases for severity 157 

(88.9%), 14 cases for extent (77.8%), and 14 cases for ratio (77.8%). In IRBD patients, the 158 

threshold was exceeded in 13 cases (43.3%) for severity, 11 cases (38.7%) for extent, and 18 159 

cases (60.0%) for ratio. When IRBD and DLB patients were compared, there was a significant 160 

difference in severity (p < 0.007), while there was no significant difference in extent (p = 0.187) 161 

or ratio (p = 0.070). Mean cerebral blood flow of the whole brain was significantly lower in 162 

DLB patients compared to IRBD patients (Table 2). 163 

Ten patients (33.3%) with IRBD were included in the SVA-positive group, while 20 164 

patients (66.7%) were included in the SVA-negative group. The presence or absence of 165 
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transition from IRBD to neurodegenerative dementia was examined using a Kaplan-Meier curve 166 

(Fig. 2). The SVA-positive group converted to neurodegenerative dementia in a significantly 167 

shorter period of time than the SVA-negative group (log-rank test, p < 0.005). The estimated 3-168 

year risk of developing neurodegenerative dementia was 21.2%, the estimated 5-year risk was 169 

34.4%, and the estimated 7-year risk was 61.0% in the SVA-positive group. 170 

When adjusted for age, Cox proportional-hazards analysis showed that SVA-positive status 171 

(hazard ratio 8.46; 95% confidence interval 2.29–71.26; p < 0.004) (hazard ratio 7.46; 95% 172 

confidence interval 1.56–35.7; p < 0.012) predicted progression to neurodegenerative dementia. 173 

Of the 30 IRBD patients, nine (30.0%) progressed to dementia over an average observation 174 

period of 6.4 ± 2.8 years: eight to DLB (88.9%) and one to PD with dementia (11.1%).  175 

Spearman’s rank correlation coefficient analysis showed a significant positive correlation 176 

between age and the CIScore in patients with DLB (r = 0.616, p = 0.005). No significant 177 

correlation was found between age and the CIScore in IRBD patients (r = -0.1058, p = 0.58). 178 

 179 

Discussion and Conclusion 180 

In this study, in patients with IRBD exceeding the thresholds for the reduction of cerebral 181 

perfusion in eZIS-SVA, the conversion rate to neurodegenerative dementia was 30.0% over an 182 

average duration of 6.4 years. IRBD patients had a low CIScore and, unlike AD patients, they 183 

exhibited a CIScore similar to DLB patients. These data suggest that SVA abnormalities in 184 

IRBD patients may reveal cerebral perfusion anomalies at a very early stage of 185 

neurodegenerative dementia. 186 

Mild cognitive impairment, the pre-stage of dementia, is attracting attention as a prodromal 187 

sign of AD or DLB, and RBD is a risk factor for mild cognitive impairment as well as 188 

synucleinopathy [18,19]. Mild cognitive impairment is found in 50% of IRBD patients and 73% 189 
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of PD patients with RBD, while it is found in only 11% of PD patients without RBD [18]. Most 190 

types of dementia progress to DLB or PD with dementia in patients with IRBD [4]. In a 123I-191 

iodoamphetamine SPECT study of mild cognitive impairment evaluating cerebral perfusion in 192 

the posterior cingulate gyrus, precuneus, temporal and parietal cortices, frontal cortex, and 193 

visual cortex, an AD pattern was observed in 47.8% of patients, a DLB pattern was found in 194 

18.7%, and the combined frequency of patients with the AD or DLB pattern was 66.5% [20]. In 195 

an 11C-Pittsburgh compound B (PiB)-PET study, the conversion rate to AD was high in the PiB-196 

positive group, whereas PiB-negative converters were thought to have some form of dementia 197 

other than AD [21]. eZIS analysis of PiB-positive and PiB-negative cases revealed the high 198 

possibility of β-amyloid (Aβ) lesions in cases showing abnormal values for severity, extent, and 199 

ratio [22, 23]. In a recent study applying eZIS-SPECT to Aβ-positive AD patients, reduced 200 

cerebral blood flow in the posterior cingulate cortex, precuneus, and parietal lobe was suggested 201 

to be more pronounced in early-onset AD than in late-onset AD [24].  202 

The pathological findings of Lewy body-related diseases, such as DLB and PD, are 203 

characterized by the deposition of α-synuclein, but may include mixed AD pathology 204 

[25,26,27,28]. Aβ deposits were observed in 75 (68.2%) of 110 PD patients at necropsy and 205 

were associated with Braak stages 1 and 2 in the clinical prodromal stage [25]. AD pathology 206 

was observed in 164 (77%) of 213 autopsy cases of Lewy body-related disease, of which 26% 207 

were mild, 21% were moderate, and 30% were severe [29]. The pathological findings of 208 

patients with mild cognitive impairment in the pre-dementia stage showed that there is 209 

increased PiB binding to soluble Aβ42 and insoluble Aβ aggregates in the precuneus [30]. 210 

Additionally, there is an increase in the number of neurofibrillary tangles in the amygdala, 211 

entorhinal cortex, and inferior parietal cortex of patients with mild cognitive impairment 212 

compared to controls [31].  213 
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Areas with high neural activity are thought to be prone to Aβ deposition and include the 214 

precuneus, posterior cingulate gyrus, medial prefrontal cortex, medial/lateral parietal lobe, 215 

inferior parietal lobe, hippocampal formation, and posterior cerebral canal [32,33]. Functional 216 

connectivity disturbances in the default mode network are a useful biomarker of early AD 217 

[34,35], and the default mode network is the region most vulnerable to Aβ deposition [36,37]. In 218 

a recent study, the cuneus/precuneus was shown to be the hub of a large functional network 219 

subserving cognitive function in patients with IRBD [38]. The disease-specific region of eZIS is 220 

also a part of the default mode network and is consistent with the site of decreased cerebral 221 

perfusion on SPECT. Therefore, Aβ deposits, i.e., complications of AD pathology, are suspected 222 

if the eZIS index exceeds the SVA threshold. In the present study, the eZIS-SVA results in 223 

patients with IRBD also suggested that the pathological background of AD coexists with Lewy 224 

body pathology in cases who progress from IRBD to neurodegenerative dementia, such as DLB 225 

with AD pathology or PD with dementia [39]. Conversely, suspected non-AD pathophysiology 226 

shows a milder reduction of regional cerebral blood flow in the posterior cingulate cortex, 227 

precuneus, and parietal lobe as compared to AD, and it may be difficult to distinguish between 228 

non-AD pathophysiology and AD using the degree of cerebral blood flow decrease in these 229 

regions [40]. These data suggest that the decrease in cerebral blood flow in these areas may be 230 

regarded as an abnormality common to the early pathological stages of neurodegenerative 231 

dementia, not limited to Aβ pathology, and further investigation is required. 232 

Furthermore, the CIS has been adopted as a supporting biomarker for the 2017 DLB 233 

diagnostic criteria. The CIScore can distinguish DLB from AD with a sensitivity of 92.3% and 234 

specificity of 76.9% for a CIScore < 0.281; DLB is likely with a CIScore < 0.281 [16]. CIS can 235 

also be evaluated by 99mTc-ECD SPECT, but PET has a better spatial resolution. However, a 236 



11 

 

common problem in this evaluation is the relationship with age [41,42,43], and age needs to be 237 

taken into consideration when interpreting the CIScore. 238 

A limitation of the present study was that the results were obtained from a single facility, 239 

and further large-scale prospective studies are needed to confirm our findings. In addition, it is 240 

necessary to obtain pathological confirmation for the transition to neurodegenerative dementia. 241 

Further, the DLB group had the core feature of RBD, so it is necessary to consider whether 242 

eZIS-SVA can be used to characterize the clinical phenotypes of DLB patients with or without 243 

RBD.  244 

The significantly lower mean cerebral blood flow values of the whole brain in DLB 245 

patients compared to IRBD patients suggest that extensive cortical and subcortical progression 246 

in IRBD patients may result in the development of a clinical form of probable DLB. A 247 

characteristic pattern of occipital and parietal hypoperfusion has been demonstrated in DLB 248 

[44]. Generalized low uptake on SPECT/PET perfusion/metabolism scanning with reduced 249 

occipital activity is one of the supportive biomarkers for DLB [13]. Occipital hypometabolism 250 

or hypoperfusion has not been studied in detail at the pre-dementia stage and it remains to be 251 

determined whether any imaging abnormalities are indicative of prodromal DLB [45]. Future 252 

work should focus on longitudinal perfusion studies to develop and validate diagnostic criteria 253 

for prodromal DLB. 254 

In conclusion, this study confirmed that patients with IRBD abnormalities in eZIS-SVA 255 

were more likely to develop neurodegenerative dementia over the short term. In the future, eZIS 256 

will be useful as one of the evaluation methods for case selection during clinical trials of 257 

disease-modifying drugs.  258 

 259 
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Figure legends 425 

Fig. 1. 426 

A: Automated voxel-by-voxel Z-score analysis by comparison of brain perfusion single-photon 427 

emission computed tomography (SPECT) images of a 75-year-old man with probable dementia 428 

with Lewy bodies and a Mini-Mental State Examination score of 19. The mean and standard 429 

deviation of SPECT images of healthy volunteers after normalization to global mean cerebral 430 

blood flow values are shown. Color-scaled Z-score maps (range: 2.0–6.0), with an extent 431 

threshold of 300 voxels, are displayed by overlaying on trans-axial sections and surface 432 

rendering of the spatially normalized magnetic resonance imaging template. Red lines enclose a 433 

volume-of-interest (VOI) with the most significant decrease in regional cerebral blood flow in 434 

very early Alzheimer’s disease compared to healthy volunteers by Statistical Parametric 435 

Mapping 2 analysis. Severity, extent, and ratio were 1.79, 36.01%, and 6.04, respectively. VOI-436 

1: occipital, enclosed with a light blue line; VOI-2: occipital cingulate gyrus, enclosed with a 437 

red line. 438 

B: The cingulate island sign score (CIScore) is obtained by dividing the total Z-score on the low 439 

blood flow side in VOI-2 (occipital cingulate gyrus, enclosed with a red line) by the total Z-440 

score on the low blood flow side in VOI-1 (occipital, enclosed with a light blue line).  441 

 442 

Fig. 2.  443 

Progression of the onset of dementia in patients with idiopathic rapid eye movement sleep 444 

behavior disorder (Kaplan-Meier analysis). 445 

SVA, specific volume of interest analysis. 446 

 447 


