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Abstract

Objectives: The purpose of this study was to investigate the diagnostic availability of cMIBG in differentiating
Parkinson’s Disease (PD) and Dementia with Lewy Bodies (DLB) from related Neurodegenerative Diseases
(NDDs) and to clarify the utility of cMIBG as a predicative biomarker for the conversion from Idiopathic
REM Sleep Abnormal Behavior Disorder (iRBD) to a-synucleinopathies.

Materials and methods: A total 779 patients who underwent cMIBG were enrolled. Detailed analyses were
performed in 27 patients with iRBD. The 568 patients with PD were classified as having DLB or PD1 (Hoehn
& Yahr stage 1), PD2, PD3, or PD4, and 184 patients had other NDDs.

Results: The Heart-to-Mediastinum uptake (H/M) ratios of the images from the patients with iRBD, PD, and
DLB were significantly lower than those in other diseases. The sensitivity and specificity of differentiating DLB
from AD were 88.9% and 95.2% in the early images, respectively, and 92.1% and 96.8% in the delayed images,
respectively. In iRBD, PD and DLB patients, the H/M ratio decreased in the order of PD1, PD2, iRBD, DLB,
PD3 and PD4. The cut-off values differentiating PD patients from those with NDDs were as follows: Early
H/M ratio, 2.36 and delayed H/M ratio, 2.19. The H/M ratio in 55.6% of iRBD patients for the early images,
and 74.0% of iRBD patients for the delayed images dropped to the level of the 95% confidence interval values
of the DLB and PD3 patients. Four patients showed normal values for both the early and delayed H/M ratios,
and three showed levels corresponding to PD1 or PD2.

Conclusions: A marked decrease in the H/M ratio among iRBD patients might be a risk factor for the
conversion to DLB. A normal or a mildly decreased H/M ratio among iRBD patients might be a risk factor for
the conversion to PD or DLB, or continuing to have iRBD.
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Introduction [2] and differentiating PD from other parkinsonism’s, such
as Multiple System Atrophy (MSA) [3-5], Progressive Su-
pranuclear Palsy (PSP) [4,5], Corticobasal Syndrome (CBS)
[5], vascular parkinsonism [6] and drug-induced parkin-
sonism [7] and even from essential tremor [8].

Meta-iodobenzylguanidine (MIBG) is a physiologic
analogue of noradrenaline, used to determine the loca-
tion, integrity, and function of postganglionic noradren-
ergic neurons. '*I-MIBG Cardiac Scintigraphy (cMIBG)
is a noninvasive diagnostic technique that is used to detect Recently, cMIBG has also been used to discriminate
and evaluate sympathetic denervation [1]. In recent years, ~DLB from Alzheimer’s Disease (AD) [9,10]. In 1995, we
cMIBG has been reported as a useful tool for diagnosingPD  performed cMIBG in a 71-year-old male suffering from
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PD who showed almost complete loss of the MIBG up-
take [11]. Thereafter, we reported that the myocardial
MIBG uptake was reduced in cases of PD [2].

Idiopathic REM Sleep Behavior Disorder (iRBD) is
characterized by a loss of REM sleep paralysis, allow-
ing patients to “act out” vivid, often unpleasant dreams
with vocal sounds and sudden, often violent arm and leg
movements during REM sleep [12].

In recent years, iRBD has been reported to be an ex-
tremely powerful predictor or prodromal marker of neu-
rodegenerative synucleinopathies, including PD, DLB,
and MSA, and 80% of sufferers eventually develop neu-
rodegenerative diseases [12-14].

It is often difficult to precisely diagnose and differentiate
PD and DLB from other related NDDs using clinical con-
sensus criteria alone. The purpose of this study was to in-
vestigate the diagnostic utility of cMIBG for differentiating
PD and DLB from related NDDs and to clarify the utility of
cMIBG as a predictive biomarker for the conversion from
iRBD to neurodegenerative synucleinopathies.

Materials and Methods

Materials

A total 779 patients with neurodegenerative diseases
who underwent cMIBG were recruited from the medical
records and were enrolled in this study (Table 1). Twen-
ty-seven patients with iRBD who met the clinical crite-
ria [13] and underwent the cMIBG were enrolled in this
study (Table 2). The 568 patients with PD were classified
as having DLB (n = 126), Hoehn & Yahr [H&Y] stage 1
[PD1] (n = 58), stage 2 [PD2] (n = 106), stage 3 [PD3]
(n =230) and stage 4 [PD4] (n = 48). The remaining 184
patients included 62 patients with AD, 19 with CBS, 33
with MSA-P, 41 with PSP, 16 with essential tremor, and
13 with Vascular Parkinsonism and Dementia (VP).

Methods

Polysomnography (PSG), Dopamine Transporter
(DaT) Single-Photon Emission Computed Tomography
(SPECT), an olfactory test via an Odor Stick Identifica-
tion Test for Japanese (OSIT-]), and brain SPECT were
conducted in patients with iRBD.

The SPECT device used in this study was a two-head
gamma camera (Infinia Hawkeye 4, General Electronics,
U.S.A.) equipped with an Extended-Low-Energy-Gener-
al-Purpose (ELEGP) collimator. The patient underwent
'2]-MIBG cardiac scintigraphy during quiet respiration.
SPECT images were obtained at 15 min (early image)
and 4 h (delayed image) after the intravenous injection
of 111 MBq of '*I-MIBG. Planar images were obtained
in 128 x 128 matrices, with an acquisition time of 150

sec, and an energy window of 159 keV (+ 10%). Only the
planar anterior image was used in this study. Using the
Region of Interest (ROI) method, the early and delayed
IZ]-MIBG Heart-to-Mediastinum uptake (H/M) ratio
on the anterior view and the washout rate were calculat-
ed. After manually setting a circular ROI at the center of
the heart, a mediastinum rectangle ROI was determined
on the upper third of the mediastinum. The '*I-MIBG
H/M ratios measured by an ELEGP collimator were then
corrected to ME collimator-comparable values using a
calibration phantom [15].

Z]-FP-CIT was used for the DaT SPECT imaging.
When “the number of Standard Deviations (SDs) from
the mean” exceeded -1.64, the uptake in the striatum was
judged to be abnormally decreased (DaTQUANT, GE
Healthcare, U.S.A). The Regional Cerebral Blood Flow
(rCBF) changes were acquired for 20 minutes, begin-
ning 30 minutes after the administration of 111 MBq of
Z]-IMP. The easy Z-score Imaging System (eZIS) [16],
and Voxel Based Stereotactic Extraction Estimation (vb-
SEE) [17] were used in this study for the quantitative as-
sessment of brain SPECT images. Among the parameters
of the hypoperfusion assessment, the extent of an abnor-
mal region in each segment (proportion of the coordinates
with a Z-value that exceeds the threshold value, among
all coordinates within a segment), and severity (average
Z-value of the coordinates with a Z-value that exceeds the
threshold value), we used the latter parameter to assess

Table 1: Demographic data of enrolled patients.

Diseases No of cases Age at first visit Sex (M/F)
iRBD 27 71.9+£9.2 17/10
DLB 126 786 +5.8 59/67
PD1 58 69 +8.9 29/29
PD2 106 722 +8.0 44/62
PD3 230 74.1+£8.2 91/139
PD4 48 77275 23/25
AD 62 776172 17/45
CBS 19 71175 712
MSA 33 69.5+11.4 14/19
PSP 41 73071 24/17
ET 16 71.8+11.5 4/12
VP 13 76279 6/7
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Table 2: Demographic data of iRBD patients.

Case Age Sex Early Level Delayed

H/IM H/IM %
1 43 M 270 2.80 41.2 N
2 54 M 214 # 1.42 #HH  59.1 N
3 57 F 161 ## 1.29 #HH  52.2 N
4 61 F 1.89 ## 1.45 #H  59.9 N
5 63 M 157 ### 1.26 #HH  52.9 Dec
6 66 F 1.82 ### 1.51 #H  50.8 N
7 66 M 1.67 ### 1.43 HH 437 Dec
8 66 M 23 # 2 # 39.8 N
9 66 M 222 # 1.48 #HH 58.4 N
10 69 M 1.95 ## 1.34 #H |60 N
11 69 M 270 2.20 44.7 N
12 69 M 1.78 ### 1.46 #HH#  54.2 Dec
13 70 M 157 ## 117 #i#H 48 Dec
14 70 F 2.00 ## 1.62 ## 52.9 N
15 70 M 1.95 ## 1.31 ##H  59.7 N
16 71 F 197 ## 1.43 ##H  54.3 N
17 72 F 144 #H# 115 #iHt  54.2 N
18 73 F 171 #H#  1.26 #iHH 54.6 N
19 73 F 190 ### 1.37 #HH#  52.8 N
20 74 M 189 ## 1.50 #HH# 499 N
21 75 F 252 2.17 # 50.8 N
22 76 M 155 ## 1.18 #HH#  59.5 Dec
23 79 M 1.67 #H# 1.19 #H# 58.2 Dec
24 79 F 283 2.95 37.6 N
25 79 M 158 #H# 1.29 #HH 447 Dec
26 80 M 3.05 2.63 37 N
27 82 M 140 #H# 113 ### 56.5 N

Level Washout DaT SPECT PSG

OSIT-J Duration’ Follow

up
18.36 RWA 7 10 2
10.11  RWA + abn-bihav 10 17 1
29.60 RWA + abn-bihav 10 6 1
22.84 | not evoked 9 7 2
NE RWA 8 8 1
19.13 RWA + abn-bihav |5 18 1
9.76 RWA + abn-bihav |4 6 1
15.65 RWA 4 2 1
34.56 |RWA + abn-bihav |7 2 1
16.67 RWA 6 4 3
27.08 RWA + abn-bihav 2 10 2
12.47 RWA + abn-bihav 6 7 0.5
9.18 RWA - 15 2
9.44 RWA 4 22 1.5
22.64 |RWA 4 4 2
24.31 |RWA + abn-bihav |5 30 15
3540 |RWA 6 4 2
28.70 |RWA 0 4 3
4.35 RWA 4 6 2
27.22 RWA + abn-bihav 3 5 1
17.53 RWA + abn-bihav 5 5 5
28.08 |RWA 2 5 0.5
33.81 |RWA 0 6 2
24.74 |RWA 9 4 1.5
16.83 not evoked 2 6 1
13.04 RWA + abn-bihav 12 4 2
28.27 RWA + abn-bihav 2 7 5

MIBG: E: Early image; D: Delayed image; W: Washout rate; NE: Not examined; ": Duration of iRBD symptom (year); “: Follow up
period (year); Level: 95%; Cl of PD- #: PD1; ##: PD2; ###: PD3 or PD4.

DaT scan: N: Normal; Dec: Decreased; SPECT: Severity score; NE: Not Examined; PSG: Polysomnography; RWA: REM Sleep

without Atonia; abn-behav: Abnormal Behavior.

the hypoperfusion in the vbSEE analysis. Given that iRBD
might be a factor predicting DLB, we determined the fre-
quent hypoperfuion areas by analyzing the severity scores
in 30 patients with DLB and selected the following 6 areas;
superior occipital gyrus, angular gyrus, middle temporal
gyrus, precuneus, cuneus and inferior temporal gyrus, de-
pending on the grade of severity scores. The cut-off values
using the total severity scores of these 6 areas in the con-
trol subjects were as follows; age 50 - 59 years, 18.28 (N =
27); 60 - 69 years, 21.91 (N = 21); 70 - 79 years, 17.60 (N =
23) and > 80 years, 14.83 (N = 18).

The clinical diagnosis of iRBD was made according
to the criteria of Schenck CH, et al. [12]. Probable DLB
was diagnosed according to the criteria of McKeith IG,
et al. [18]. The clinical diagnosis of probable AD was
made according to the National Institute of Neurological
and Communicative Disorders and Stroke - Alzheimer’s
Disease and Related Disorders Association (NINCDS-
ADRDA) criteria [19]. The clinical diagnosis of MSA-P
was made according to the criteria of Gilman, et al. [20],
while that of PSP was made according to the current cri-

teria of the National Institute of Neurological Disorders
and Stroke (NINDS) and the Society for Progressive Su-
pranuclear Palsy [21], and that of CBS was made accord-
ing to the criteria of Armstrong, et al. [22].

In clinical practice, there often is diagnostic doubt due
to the overlap in the clinical symptoms and signs. Such pa-
tients were not included in this study, and patients with di-
abetes mellitus, heart failure, cardiac ischemic heart disease,
or patients under pharmacological treatment (like haloper-
idol and selegiline) that could influence the MIBG uptake
were also excluded from this study [23].

Statistical analyses

We used the IBM-SPSS v.22, (U.S.A) and StatMate
v.5. (Atms, Tokyo, Japan) software programs for the
data analyses. Descriptive data are reported as mean and
Standard Deviation (SD) or as number and percentage.
Differences between each disease were assessed with a
one way ANOVA, followed by the Tukey’s test for pair-
wise comparison when ANOVA showed s signify differ-
ence. To estimate the predicative ability, the sensitivity
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Table 3: 95% Confidence Interval of the H/M ratio and wash-

out rate of MIBG scintigraphy.

N Average Lower limit Upper limit

iRBD 27 1.98 1.81 215
DLB 126 1.86 1.78 1.94
PD1 58 2.24 212 2.35
PD2 106 2.03 1.94 2.1
PD3 230 1.84 1.78 1.90
PD4 48 1.63 1.50 1.75
AD 62 2.90 2.79 3.01
CBS 19 2.83 2.63 3.03
MSA 33 2.89 2.73 3.04
PSP 41 2.84 2.70 2.98
VP 13 2.89 2.65 3.13
ET 16 2.99 2.78 3.21
A: Early image

Average Lower limit Upper limit
iRBD 1.59 1.40 1.79
DLB 1.51 1.42 1.60
PD1 2.05 1.92 2.18
PD2 1.69 1.60 1.79
PD3 1.44 1.38 1.51
PD4 1.25 1.10 1.40
AD 2.99 2.86 3.12
CBS 2.90 2.67 3.14
MSA 2.92 2.75 3.10
PSP 2.74 2.58 2.90
VP 2.77 2.49 3.05
ET 3.06 2.81 3.31
B: Delayed image

Average Lower limit Upper limit

iRBD 51.4 48.5 54.3
DLB 48.7 47.3 50.0
PD1 44.0 42.0 459
PD2 47.5 46.1 49.0
PD3 50.4 49.4 51.4
PD4 48.2 46.1 50.3
AD 34.7 32.8 36.6
CBS 33.8 30.4 37.3
MSA 35.9 33.3 38.5
PSP 37.9 355 40.2
VP 36.9 32.8 411
ET 36.0 32.3 39.8

C: Washout rate

and specificity of the different items were calculated.

This study was approved by the ethics committee of
the Nagasaki Kita Hospital.

Results

The H/M ratios for the early and delayed images for
each disease are listed Table 3. All of the data were com-
pared using a one-way analysis of variance (Tukey’s test).
The upper 95% confidence interval of the H/M ratio in
PD1 was 2.353 for the early images and 2.182 for the de-
layed images. The upper 95% confidence interval of the

H/M 3.5
ratio
ET
3 AD
MSA
CBS
VP
PSP
2.5

1.5

DLD
PD3
PD4
1
0.5
0
Early Delay

Figure 1: The H/M ratios for the early and delayed images.

The H/M ratios of iRBD, PD, and DLB were clearly separat-
ed from those of other neurodegenerative diseases among
the patients with iRBD, PD or DLB, the H/M ratio decreased
in the order of PD1, PD2, iRBD, DLB, PD3, and PD4 iRBD:
PD4, p <0.001, DLB: PD1, P < 0.001.

washout rate was 40.22% for PSP which was the high-
est value among non-PD NDDs. Based on these results,
the diagnostic criteria (cut-off values) differentiating PD
group from other NDDs were defined as follows: Early
H/M ratio of 2.36, delayed H/M ratio of 2.19, and wash-
out rate of 40.3% (Table 3).

The H/M ratios of the images from the patients with
iRBD, PD and DLB were significantly lower than those
from the patients with other diseases (P < 0.001). Among
the patients with iRBD, PD or DLB, the H/M ratio de-
creased in the order of PD1, PD2, iRBD, DLB, PD3, and
PD4 (in the early images, PD1:DLB, P < 0.001, PD1: PD3
and PD4, P < 0.001, PD2: PD3, P < 0.05, PD2: PD4, P <
0.001, iRBD: PD4, P < 0.001, no significant differences
were noted between PD1 and PD2, and in the delayed
images, in addition to the same statistical results in the
early images, PD1: PD2 showed a significant difference,
P <0.01) (Figure 1 and Figure 2).

Both the early and delayed H/M ratios of DLB were
significantly lower than those of PD1, but not signifi-
cantly different from those of PD2, PD3, and PD4 (Fig-
ure 2A and Figure 2B). Both the early and delayed H/M
ratios among the patients with non-PD diseases did not
differ significantly by disease (Figure 2A and Figure 2B).
The washout rates in the PD and DLB patients were sig-
nificantly higher than those in the patients with other
NDDs (P < 0.001) (Figure 2C).
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Figure 2: The 95% confidence intervals of the H/M ratios and washout rates.

A) The 95% confidence interval of the H/M ratio for the early images; B) The 95% confidence interval of the H/M for the delayed
images. The H/M ratios of the early and delayed images for the patients with iRBD, PD and DLB were significantly lower than
those for the patients with other diseases. Both the early and delayed H/M ratios of iRBD and DLB were significantly lower
than those of PD1, but not markedly different from those of PD3 and PD4. Neither the early nor delayed H/M ratios among
the patients with non-PD diseases differed significantly by disease; C) The 95% confidence interval of the H/M ratio for the
washout rates. The washout rates in the iRBD, DLB, and PD patients were significantly higher than those in the patients with
other diseases.
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The DLB patients were divided into two groups;
DLB with Parkinsonism (78 patients) and DLB without
parkinsonism (48 patients). The H/M ratio in the early
images was 1.78 + 0.38 for DLB with parkinsonism vs.
2.00 + 0.49 for DLB without parkinsonism (P < 0.05),
the H/M ratios in the delayed images was 1.40 + 0.36 for
DLB with parkinsonism vs. 1.68 + 0.59 for DLB without
parkinsonism (P < 0.01), and the washout rate was 49.9 +
5.2% for DLB with parkinsonism vs. 46.6 £ 9.4% for DLB
without parkinsonism (P < 0.05). Among DLB patients,
the values in 14 of 126 (11.1%) on early images and 10 of
126 (7.9%) on delayed images exceeded the cut-off val-
ue. In contrast, among AD patients, the values in 3 of
62 (5.8%) on early images and 2 of 62 (3.2%) on delayed
images fell below the cut-oft value. The sensitivity and
specificity for differentiating DLB from AD were 88.9%
and 95.2% on early images, respectively, and 92.1% and
96.8% on delayed images, respectively. The washout rate
in AD patients exceeded the cut-off value in 13 of 62
(21.0%). The sensitivity and specificity for differentiating
DLB from AD were 92.1% and 79.0%, respectively, indi-
cating that the specificity of the washout rate was lower
than that of the H/M ratio.

The H/M ratio of the early and delayed images in iRBD
patients fell below the cut-off value in 22 (81.5%) and 23
(85.2%) patients, respectively, and the washout rate in-
creased in 24 (88.9%) patients. Among these iRBD patients,
15 of 27 (55.6%) on early images and 20 of 27 (74.0%) on
delayed images dropped to the H/M ratio level as in the
PD3 or PD4 patients (within the 95% Confidence Interval
(CI) values of the PD3 and PD4 patients), and the washout
rate exceeded the cut-off value of 40.3% in 24 of 27 (88.9%)
patients (Table 2 and Table 3). Only 5 (18.5%) and 4 (14.8%)
patients showed a normal value for the early and delayed
H/M ratios, respectively. The H/M ratio in seven patients
who were examined via early images and 3 who were exam-
ined via delayed images were within the H/M ratio ranges
in PD1 or PD2 patients.

A DaT scan revealed a decreased uptake in only 7
of 27 (25.9%) patients examined, all of whom showed a
marked reduction in their H/M ratios on cMIBG (Table
2). PSG revealed REM Sleep without Atonia (RWA) in
all patients except for two cases who were unable to sleep
during the examination period. However, these patients
showed the typical symptoms of iRBD in their history
(Table 2). The olfactory test using the OSIT-] showed ab-
normal impairment in 20 of 26 tested patients (76.9%)
(Table 2). An analysis of the SPECT images showed hy-
poperfusion in 14 of 26 (53.8%) iRBD patients (Table 2).
There was no correlation between the H/M ratios in both
early and delayed images and the severity scores of rCBF.

The duration of iRBD symptoms, j.e. vivid, often
frightening dreams associated with simple or complex

motor behavior during REM sleep, ranged from 2 to 30
years. Because of the relatively short observation periods
in our hospital (6 months to 5 years), only 1 case (case
23) who showed a marked reduction in the cMIBG up-
take and a deceased uptake on Dat SPECT progressed to
DLB, but the other patients still have iRBD at present.

Discussion

Previous reports have shown promising results regard-
ing the utility of cMIBG for differentiating PD from other
neurodegenerative parkinsonism’s, such as MSA [3-5], PSP
[4,5], and CBS [5], and other neurological diseases, such as
the essential tremor [8], vascular Parkinsonism [6] and AD
[9,10]. The H/M ratio on cMIBG in patients with these non-
PD diseases dose not markedly differ from that in normal
control and diseased control subjects.

cMIBG results for PD, DLB and NDDs

In this study, because we could not examine normal
subjects, and because no universal standard H/M ratio
on cMIBG has been established. Since one of our objec-
tives in this study was to differentiate PD and DLB from
other NNDs, we set the cut-off value of the H/M ratio
based on the upper limit of the 95% confidence interval
in PD1 patients: An early H/M ratio of 2.36 and a delay
ratio of 2.19. The cut-off value of the washout rate was
determined using the upper limit of the 95% confidence
interval in PSP patients which was the highest among
those with NDDs. The findings in this study were essen-
tially the same as those in the previous reports [3-7]. The
H/M ratios of both the early and delayed images and the
washout rate in the MSA, PSP, CBS, AD, essential trem-
or, and VP patients were clearly different from those of
the PD and DLB patients.

Regarding the severity of PD and the H/M ratio on
cMIBG, Rocchi C, et al. [24] reported that cMIBG was
correlated with the Unified Parkinson's Disease Rating
Scale (UPDRS) motor score and disease duration. In this
study, we compared the severity of PD according to the
H&Y stage and showed that both the early and delayed
H/M ratios were clearly decreased in order of PD stages.
However, these markers were useless in differentiation
among the NDDs.

DLB was also clearly differentiated from AD, as
shown in the previous papers [9,10,25,26]. Slaets S, et al.
[9] reported that 95% of the patients were correctly clas-
sified as compared with a clinical or definite diagnosis at
follow-up, with sensitivity and specificity values for diag-
nosing DLB of 100% and 75%, respectively.

Shimizu S, et al. [26] reported that the sensitivity and
specificity of differentiating DLB from AD were 72.4% and
94.4% using the H/M ratio on cMIBG. The sensitivity and
specificity in our results were 88.9% and 95.2% in the early
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images, respectively, and 92.1% and 96.8% in the delayed
images, respectively, which were consistent with the values
described in previous papers. The H/M ratio on cMIBG
may aid in the conclusive diagnosis of cases suspected of
being DLB or AD. Of note, a frequent concomitant find-
ing in DLB is varying degrees of AD-type pathology, e.g.
B-amyloid in neuritic plaques and hyperphosphorylated
tau in neurofibrillary tangles. This overlap between the two
most common, yet distinct , neurodegenerative dementias
in terms of underlying pathology and clinical characteris-
tics, often makes an antemortem diagnosis difficult. Nedel-
ska Z, et al. [27] investigated the pattern and magnitude of
the atrophy rates from two serial magnetic resonance im-
aging scans performed antemortem in autopsy-confirmed
DLB and mixed DLB/AD patients, compared to AD and
elderly non-demented controls. DLB patients without sig-
nificant AD-type pathology were characterized by relatively
low global and regional rates of atrophy, similar to those in
controls. In contrast, the mixed DLB/AD patients displayed
higher rates in the whole brain, temporo-parietal cortices,
hippocampus and amygdala, along with ventricle expan-
sion, similar to AD patients. It is actually impossible clinical-
ly to differentiate between AD patients with DLB pathology
and DLB patients with AD pathology. In the present study,
however, DLB was clearly differentiated from AD using the
cMIBG. Further studies will be necessary to determine what
the cMIBG findings look like in autopsy-confirmed patients
with DLB/AD pathology.

cMIBG and other examinations for iRBD

The second objective of this study was to investigate
whether iRBD may be a predictor of neurodegenerative
synucleinopathies. In recent years, iRBD has been report-
ed to be an extremely powerful predictor or prodromal
marker of neurodegenerative synucleinopathies, includ-
ing PD, DLB, and MSA, and the conversion rates from
iRBD to full clinical synucleinopathies range from 17.7%
to 90%, depending on the follow-up period [12,28-31].
Schenk CH, et al. [12] reported that over 80.8% (21/29)
of patients with iRBD eventually developed synucleinop-
athies, including 13 PD, 3 DLB, and 2 MSA. However, a
cMIBG examination was not performed in their studies.
The most notable finding in the present study for iRBD
patients was that the cMIBG H/M ratio had already de-
creased to within the 95% CI of DLB or PD3 in 55.6% of
patients in the early images and 74% of patients in the
delayed images.

DaT SPECT, an imaging technique that probes the
integrity of the presynaptic nigrostriatal system, can be
useful in the clinical evaluation of PD and other NDDs in
the appropriate context. Kim YK, et al. [32] reported that
the DaT densities in the putamen remained within the
normal range in 11 of 14 iRBD patients. In the present
study, only 7 of 27 (25.9%) iRBD patients showed a re-

H/M ratio Diseases
Normal range > PD
Mild decreased
(PD1, PD2 level) > DLB
Marked decreased iRBD
(PD3, DLB, PD4 level)

Figure 3: Proposed patterns of a risk developing of a-Sy-
nucleinopathies from iRBD. A marked decrease in the H/M
ratio among iRBD patients may be a risk factor of develop-
ing DLB, although some such patients may continue to have
only iRBD. A normal H/M ratio or a mildly decreased H/M
ratio among iRBD patients might be a risk factor of develop-
ing PD, DLB or continuing to have iRBD.

duction in the DaT densities. Taken together, these find-
ings indicate that DaT density changes are a minor phe-
nomenon in iRBD and not useful as a predictive marker
of neurodegenerative synucleinopathies. Recently Iranzo
A, etal. [33] reported that 510f 87 (58.6%) iRBD patients
showed a baseline DaT deficit, and 25 (28.7%) patients
developed clinically defined synucleinopathy (PD in 11,
DLB in 13, and MSA in 1) with a mean latency of 3.2
years from imaging. The differences in the abnormal fre-
quency in the reported papers may depend on the diag-
nostic criteria and machine used for the measurement.
Based on the findings from the DaT SPECT studies, the
major diseases prone to convertion from iRBD to synu-
cleinopathies are PD and DLB, and the MSA seems to be
a minor disease because of its low frequency [12,33].

Regarding the findings from the cMIBG study, 5 to
10 years will be needed to draw any hard conclusions
on whether or not the H/M ratios may get a position
of predicting marker from iRBD to synucleinopathies.
However, we believe that our finding that the H/M ratios
showed a marked decrease to the level seen in PD3 or
DLB has some clinical significance. PD is a progressive
neurodegenerative disease and despite the diversity of its
symptoms and signs, the severity of PD is classified ac-
cording to the H&Y stage from I to V. The values of the
H/M ratio decreased in the order of H&Y stages, and the
H/M ratios in many iRBD patients decreased to the level
seen in the PD3/PD4 and DLB patients during this study.
Since PD does not start at the PD3 or PD4 level, we can
assume that the iRBD patients with a marked decrease of
the H/M ratios might be a risk factor of developing DLB
from iRBD, but not PD. A normal H/M ratio or a mildly
decreased H/M ratio in iRBD patients might be a risk
factor of developing PD or DLB, or continuing to have
iRBD (Figure 3). The results of our cMIBG study may
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be a useful indicator for selecting candidates for disease
modification trials among iRBD patients.

Olfactory dysfunction is known to be a frequent and
early feature of PD, Lewy Body Disease, and AD, often
preceding the motor or cognitive symptoms by several
years [34,37]. Recent data have indicated that over 90%
of patients with PD have significant olfactory loss. Haeh-
ner, et al. [35] and Fantini, et al. [36] studied 54 consec-
utive PSG-confirmed iRBD patients and 54 age-and gen-
der-matched control subjects with the Brief University of
Pennsylvania Smell Identification Test (B-UPSIT). They
found that 61.1% of iRBD patients, versus 16.6% of con-
trols, had an abnormal olfactory function. The olfactory
function as assessed using the OSIT-] was decreased in
76.9% of iRBD patients in the present study, as in pre-
vious reports. Two of six patients who showed normal
scores also had normal cMIBG H/M ratios. While the
number of cases was relatively small, this finding sug-
gests that olfactory dysfunction may correlate with the
cMIBG H/M ratio. Further studies will be needed in or-
der to clarify this issue.

Some studies have investigated the Regional Cerebral
Blood Flow (rCBF) changes using SPECT in patients
with iRBD, showing conflicting results [38-40]. These in-
consistent results may be attributed primarily to the dif-
ferences in the assessment of cerebral perfusion (manual
selection of regions of interest versus statistical imaging
analyses), as well as patient characteristics. Shirakawa, et
al. [38] showed decreased perfusion in the upper portion
of the frontal lobe and the pons, whilst Mazza, et al. [39]
found decreased perfusion in the frontal, temporal, and
parietal lobes and increased perfusion in the hippocam-
pus and putamen. In this study on the assumption of a
factor predicting conversion to DLB, we used the data
of DLB patients and a vbSEE analysis to determine the
most likely sites of perfusion, as follows: Superior occip-
ital gyrus, angular gyrus, middle temporal gyrus, precu-
neus, cuneus and inferior temporal gyrus, depending on
the grade of severity scores. As a result, the total severity
scores were increased in 53.8% of patients. There was no
correlation between the H/M ratios in the delayed imag-
es and the severity scores of rCBF.

Takahashi M, et al. [41] reported that the strong
quantitative correlation between the cMIBG uptake and
the corresponding loss of sympathetic axons in patients
with Lewy Body Disease, indicating cMIBG to be a pow-
erful clinical tool for detecting the loss of these axons as a
biomarker for the presence of Lewy bodies. However, the
pathological findings of the cardiac sympathetic axons
have not been described in iRBD patients. At present,
none of the iRBD patients showed symptoms suggesting
dysautonomia such as tachycardia, hypotension, consti-
pation, or anhydrosis. When the loss of cardiac sympa-

thetic axons develops in iRBD patients and its clinical
and physiological significance remain unclear.

Regarding potential markers predicting the conver-
sion from iRBD to synucleinopathies, particularly con-
version to DLB, the accumulation of cases and long-term
follow-up studies are now required to determine whether
or not cMIBG findings may be a sensitive marker of con-
version to DLB or PD, versus continuing to have iRBD.

Conclusions

The H/M ratios on the cMIBG were found to be the
most reliable tool for differentiating PD and DLB from
other NDDs such as MSA, PSP, CBS, AD, ET, and VP.
The H/M ratio was correlated with the severity of PD,
decreasing in the order of PD1, PD2, iRBD, DLB, PD3,
and PD4. The H/M ratio in DLB patients was significant-
ly lower than those in PD1 and PD2 patients, but did not
significantly differ from those in PD3 and PD4 patients.
A marked decrease in the H/M ratio among iRBD pa-
tients may be a risk factor of conversion to DLB. A nor-
mal or a mildly decreased H/M ratio among iRBD pa-
tients might be a risk factor of conversion to PD or DLB,
or continuing to have iRBD.
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