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Abstract

Background and Purpose

Dementia with Lewy bodies (DLB) needs to be distinguished from Alzheimer’s disease (AD)

because of important differences in patient management and outcome. Severe cardiac

sympathetic degeneration occurs in DLB, but not in AD, offering a potential system for a
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biological diagnostic marker. The primary aim of this study was to investigate the diagnostic

accuracy, in the ante-mortem differentiation of probable DLB from probable AD, of cardiac

imaging with the ligand 123I-meta-iodobenzylguanidine (MIBG) which binds to the noradren-

aline reuptake site, in the first multicenter study.

Methods

We performed a multicenter study in which we used 123I-MIBG scans to assess 133 patients

with clinical diagnoses of probable (n = 61) or possible (n = 26) DLB or probable AD (n = 46)

established by a consensus panel. Three readers, unaware of the clinical diagnosis, classi-

fied the images as either normal or abnormal by visual inspection. The heart-to-mediasti-

num ratios of 123I-MIBG uptake were also calculated using an automated region-of-interest

based system.

Results

Using the heart-to-mediastinum ratio calculated with the automated system, the sensitivity

was 68.9% and the specificity was 89.1% to differentiate probable DLB from probable AD in

both early and delayed images. By visual assessment, the sensitivity and specificity were

68.9% and 87.0%, respectively. In a subpopulation of patients with mild dementia (MMSE�
22, n = 47), the sensitivity and specificity were 77.4% and 93.8%, respectively, with the de-

layed heart-to-mediastinum ratio.

Conclusions

Our first multicenter study confirmed the high correlation between abnormal cardiac sympa-

thetic activity evaluated with 123I-MIBG myocardial scintigraphy and a clinical diagnosis of

probable DLB. The diagnostic accuracy is sufficiently high for this technique to be clinically

useful in distinguishing DLB from AD, especially in patients with mild dementia.

Introduction
Ante-mortem diagnosis of dementia with Lewy bodies (DLB) and differentiating it from Alz-
heimer’s disease (AD) are important to determine prognosis and better management [1, 2].
Some patients with DLB have an accelerated disease progression and respond well to cholines-
terase inhibitors, and approximately half of the patients experience life threatening adverse re-
actions to antipsychotic medications [3, 4]. The number of cases is expected to increase as the
population ages and as DLB becomes increasingly recognized in the differential diagnosis of
dementia [5, 6]. Consensus clinical diagnostic criteria have high (80–90%) specificity but low
sensitivity even in specialist research settings when compared with neuropathological autopsy
findings [7, 8]. Institutions in non-specialist clinical settings are likely to be even more imper-
fect for the diagnosis of DLB. The most common misdiagnosis reported in these studies was
AD [7–9].

Meta-iodobenzylguanidine (MIBG) is a physiologic analogue of noradrenaline, used to de-
termine the location, integrity, and function of postganglionic noradrenergic neurons.
123I-MIBG cardiac scintigraphy is a noninvasive tool for estimating local myocardial sympa-
thetic nerve damage in various heart and neurologic diseases [10–12]. Noradrenergic post-
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ganglionic sympathetic denervation is a common feature of Parkinson’s disease (PD) and relat-
ed Lewy body disorders. Patients with PD can exhibit reduced cardiac 123I-MIBG accumulation
without evidence of other autonomic failure, whereas those with DLB can have reduced cardiac
123I-MIBG uptake without evidence of parkinsonism [12, 13]. Recently, markedly reduced car-
diac MIBG uptake in idiopathic rapid eye movement sleep behavior disorder consistent with
the loss of sympathetic terminals was reported, and an association of Lewy body pathology was
suggested [14].

As 123I-N-ω-fluoropropyl-2β-carbomethoxy-3β-(4-iodophenyl) nortropane (FP-CIT) sin-
gle photon emission computed tomography (SPECT) successfully visualizes presynaptic dopa-
minergic degeneration of the nigrostriatal tract, the finding of reduced tracer uptake in the
basal ganglia is recognized as a suggestive feature of DLB [15]. The study to differentiate PD
from atypical parkinsonian disorder using both 123I-FP-CIT SPECT and MIBG scintigraphy
revealed that diagnostic accuracy was similar in both methods [16, 17]. However, there have
been no multicenter studies that established diagnostic accuracy of 123I-MIBG SPECT imaging.

The primary aim of this multicenter study was to determine the diagnostic accuracy of
123I-MIBG imaging in the ante-mortem differentiation of DLB from AD. Furthermore, we ex-
amined the diagnostic accuracy in mild dementia cases, because differential diagnosis of de-
mentia in early stage is difficult and important [7–9]. Our study confirmed the high correlation
between abnormal cardiac sympathetic activity evaluated with 123I- MIBG cardiac scintigraphy
and a clinical diagnosis of probable DLB. The diagnostic accuracy was sufficiently high for this
technique to be clinically useful in distinguishing DLB from AD, especially in patients with
mild dementia, indicating a significant contribution of 123I-MIBG imaging to increasing the di-
agnostic accuracy of DLB.

Methods

Subjects
Between July 2010 and December 2011, we performed a multicenter study in 10 Japanese sites.
We included patients aged 55–85 years who met at least one of the following: consensus criteria
for probable or possible DLB [15], National Institute of Neurological and Communicative Dis-
orders and Stroke-Alzheimer’s Disease and Related Disorders Association (NINCDS-ADRDA)
criteria for probable AD [18]. A mini-mental state examination (MMSE) [19] score of 10 or
more was required to ensure that patients could complete sufficient assessments to provide
useful diagnostic information. We defined patients with dementia who had developed parkin-
sonism more than a year before onset of dementia symptoms as having PD with dementia [4]
and excluded them from the study. We also excluded patients who met the exclusion criteria of
123I-MIBG scintigraphy as follows: (1) patients taking tricyclic antidepressants and/or reser-
pine, (2) patients with cardiac failure, (3) patients who had ischemic heart disease within six
months of participation, (4) patients who had myocardial blood flow SPECT abnormalities
within one year of participation, (5) patients planning to have surgeries of major arteries in-
cluding revascularization within two months of participation, (6) patients with poorly con-
trolled diabetes mellitus [HbA1c> 7.0%] or receiving insulin therapy, (7) patients with severe
kidney dysfunction or renal failure [eGFR< 15 mL/min/1.73m2], (8) patients receiving hemo-
dialysis, (9) patients with pheochromocytoma, (10) patients with amyloid neuropathy or other
obvious peripheral neuropathy, (11) patients with a history of neoplasm within five years of
participation, and (12) patients being pregnant, nursing, or having possibility of pregnancy.
Other exclusion criteria were: (1) PD, cerebral infarction that affects cognitive function, Hun-
tington disease, normal pressure hydrocephalus, brain tumor, progressive supranuclear palsy,
epilepsy, subdural hematoma, multiple sclerosis, or head injury with aftereffect, (2) patients
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with infection or focal regions revealed by MRI such as cerebral infarction that affects cognitive
function, (3) patients with a cardiac pacemaker, aneurysm clips, prosthetic valves, cochlear im-
plants, or other metal implants, (4) patients with a history of alcohol or drug abuse, severe or
unstable disease, deficiency of vitamin B12 or folic acid, syphilis, or thyroid dysfunction, and
(5) patients judged as inappropriate by a clinical evaluation committee.

Ethics
The study was done in accordance with the current revision of the Declaration of Helsinki and
applicable to national and local laws and regulations. All patients and their caregivers gave
written informed consent. This study was approved by the Medical Ethics Committee of Kana-
zawa University and also by institutional review boards of all participating centers (S1 Table).

Study protocol
Clinical diagnosis was established by an independent consensus panel, consisting of three clini-
cians (experts in the field of DLB), who were provided with a patient profile stemming from
quality-assured clinical data from the onsite investigators’ case record forms and copies of on-
site original source data, containing full details of the following neuropsychiatric assessments:
MMSE [19], the investigator’s estimation of the geriatric depression scale, neuropsychiatric in-
ventory [20], clock drawing test, and clinical dementia rating [21]. Results of MRI scans and
the onsite investigators’ clinical diagnosis before imaging were also available. The consensus
panel did not have access to 123I-MIBG scintigraphy findings at any stage and was unaware of
the patients’ identities and initials, and names of institutions and investigators.

This study is also registered as UMIN000003419 (http://www.umin.ac.jp/). Recruitment
and enrollment began in 01.07.2010 and follow-up testing was completed 31.12.2011.

123I-MIBG myocardial scintigraphy
Within a month of clinical diagnosis, planar and SPECT images were acquired at 20–30 min
and 3–4 hr after a single intravenous injection of 111MBq 123I-MIBG (supplied by Fujifilm RI
Pharma, Co. Ltd, Tokyo, Japan). To obtain scintigraphic images the energy discrimination was
centered on 159 keV with a 20% window. All the institutions used standard acquisition condi-
tions, and normal values of the heart-to-mediastinum (H/M) ratio are described elsewhere
[22, 23].

Anterior planar imaging was required for the quantification of the H/M ratio. All the MIBG
images were sent to an independent image review center (Kanazawa, Japan). The H/M ratio
was calculated using a standard method, by dividing the average count per pixel in the circular
region of interest (ROI) on the heart by that in the rectangular ROI on the upper mediastinum.
An MIBG software program that can provide automated ROI-based semi-quantification of H/
M ratio was used in this study [24]. The algorithm of this software includes cross calibration of
H/M ratios among hospitals that is caused by the differences in collimator types. The cross-cal-
ibration was based on the phantom studies in all hospitals, and a H/M ratio obtained from a
low-energy type collimator was converted to a value comparable to a medium-energy type col-
limator [24]. Aside from the H/M ratio, three independent blinded physicians with expertise in
MIBG imaging assessed myocardial MIBG uptake visually and classified the cardiac MIBG ac-
tivity into four grades; namely, grade 0:normal, grade 1:probably normal, grade 2: probably ab-
normal and grade 3: abnormal. All three readers interpreted the planar images firstly and
subsequently with addition of SPECT images in a random order. The readers finally classified
the images as either normal (grades 0 and 1) or abnormal (grades 2 and 3) (Fig. 1).
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Statistical analysis
We analyzed the data with JMP 10.0.2 (SAS Institute Inc., Cary, NC, USA). For binomially dis-
tributed data, we assessed differences among the different diagnostic groups (probable DLB,
possible DLB, probable AD) with respect to patients’ characteristics by means of χ2 tests. We
used an analysis of variance (ANOVA) for normally distributed data; if normality could not be
established, we used the non-parametric Kruskal-Wallis test. Our primary analysis was a com-
parison of the H/M ratio and results of visual assessment (normal or abnormal scan) in pa-
tients with probable DLB or probable AD. For this analysis, we calculated: sensitivity—the
percentage of times that the image diagnosis was abnormal given that the clinical diagnosis was
probable DLB; specificity—the percentage of times that the image diagnosis was normal given
that the clinical diagnosis was probable AD; accuracy—the percentage of times the image diag-
nosis matched the clinical diagnosis; positive predictive value (PPV)—the percentage of times
that the clinical diagnosis was probable DLB given that the image diagnosis was abnormal; and
negative predictive value (NPV)—the percentage of times that the clinical diagnosis was proba-
ble AD given that the image diagnosis was normal. We calculated 95% CIs for these estimates
with the Wilcocson score method. Sample size calculations were based on the hypothesis that
the sensitivity and specificity rates of 123I-MIBG imaging in the detection of probable DLB and
probable AD patients would be 99% and 98%, respectively (based on an earlier single site
study) [13, 25]. Using a one-sided, one-sample χ2 test with a target significance level of 0.025, a
total of 101 patients (55 DLB and 46 AD) were needed to achieve 90% power to detect -0.10
(sensitivity) and -0.13 (specificity) difference between these anticipated targets and prespecified
thresholds (0.89 for sensitivity, 0.85 for specificity). An over-enrolment of 10% was done to ad-
just for incorrect clinical categorization requiring approximately 110 patients to be enrolled.
Additional 30 possible DLB cases were enrolled to allow a secondary objective of assessing the
performance of imaging in this group for three years follow up (a total of at least 140 subjects).
We ascertained inter-reader agreement for visual assessment (normal or abnormal scan) with

Fig 1. Normal and abnormal planar image of 123I-MIBG cardiac scintigraphy.

doi:10.1371/journal.pone.0120540.g001
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Cohen’s κ statistic for each pair of independent image readers. Additionally, we calculated a
generalized κ coefficient that simultaneously combined the results of all three independent
readers. κ values are equal to zero when the agreement does not differ from chance and equal
to one when there is perfect agreement.

To gain further insight into the mild dementia cases, a cut-point of 21/22 of the MMSE
score was applied to assign both probable DLB and probable AD patients to mild (n = 47) and
moderate/severe (n = 60) dementia [19]. We evaluated the sensitivity and specificity to distin-
guish probable DLB from probable AD in both mild (MMSE� 22) and moderate/severe
(MMSE� 21) dementia groups.

A receiver operating characteristic (ROC) curve for the prediction of DLB was created using
H/M ratio as the predictor. The results are expressed as mean values ± SD. Values with
p< 0.01 were regarded as significant.

Results
Of the 139 individuals who were enrolled and received 123I-MIBG, four subjects who did not
fulfill the inclusion criteria and two subjects whose clinical diagnosis was not established by the
expert consensus panel were excluded (Fig. 2). The patients’ characteristics are shown in
Table 1. The mean age of the 133 patients who were included in the efficacy analysis was
76.0 ± 6.2 years and 42.8% were men. Sixty one of the patients were diagnosed with probable
DLB, 26 with possible DLB, and 46 with probable AD. All cases had MRI structural scans as
part of the diagnostic procedure. Table 2 shows the results of the three blinded image readers
with respect to the visual assessment findings—probable DLB versus probable AD patients.
The mean sensitivity of 123I-MIBG with both planar and SPECT imaging for a clinical diagno-
sis of probable DLB was 68.9% (95% CI 56.4–79.1) and specificity 87.0% (74.3–93.9). We ob-
tained values of 76.6% (67.8–83.6) for accuracy, 87.5% (75.3–94.1) for PPV, and 67.8% (55.1–
78.3) for NPV. The inter-reader agreement regarding visual assessment (normal or abnormal
scan) was very high between the independent readers A and B: 0.75 (95% CI 0.65–0.84); A and
C: 0.84 (0.75–0.92); B and C: 0.88 (0.81–0.95). For all three readers simultaneously, Cohen’s κ
was 0.82 (0.75–0.88), which also indicates good agreement.

The H/M ratio was lower in the probable DLB group (early: 1.97 ± 0.62; delayed:
1.79 ± 0.73) than that in the possible DLB group (early: 2.32 ± 0.71, p = 0.0424; delayed:
2.32 ± 0.88, p = 0.0087) and the probable AD group (early: 2.72 ± 0.54, p< 0.0001; delayed:
2.77 ± 0.70, p< 0.0001) (Fig. 3). There were no significant difference between the groups of
probable AD and the possible DLB (early: p = 0.0200; delayed: p = 0.00414). The group of pa-
tients with mild dementia consisted of 16 with probable AD, 8 with possible DLB, and 31 with
probable DLB. In the mild dementia group, the H/M ratio was lower in the probable DLB
group (early: 1.90 ± 0.54; delayed: 1.70 ± 0.63) than that in the probable AD group (early:
2.86 ± 0.35, p< 0.0001; delayed: 2.97 ± 0.40, p< 0.0001). There were no significant difference
between the groups of probable AD and the possible DLB (early: 2.36 ± 0.82, p = 0.0864; de-
layed: 2.25 ± 0.99, p = 0.0317) (Fig. 3). The group of patients with moderate/severe dementia
consisted of 30 with probable AD, 18 with possible and 30 with probable DLB. In the moder-
ate/severe dementia group, there were also significant differences in the H/M ratio between the
groups of probable DLB (early: 2.06 ± 0.69, delayed: 1.90 ± 0.83) and probable AD (early:
2.65 ± 0.61, p< 0.01; delayed: 2.66 ± 0.80, p< 0.01). There were no significant difference be-
tween the groups of probable AD and possible DLB (early: 2.30 ± 0.68, p = 0.4686; delayed:
2.34 ± 0.86, p = 0.4076) (Fig. 3).

When a ROC analysis was performed for discriminating probable DLB from probable AD
groups, the area under the curve (AUC) of the early H/M ratio was 0.805 (p< 0.001) for the all
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Table 1. Clinical characteristics of the subjects.

Probable DLB (n = 61) Possible DLB (n = 26) Probable AD (n = 46) p value

Sex (M/F) 28/33 12/14 17/29 0.607*

Age (y) 76.9 (5.4) 76.4 (6.0) 74.5 (7.3) 0.151†

MMSE 20.5 (5.6) 20.2 (4.0) 19.7 (4.9) 0.719†

CDR-J 1.25 (0.76) 1.17 (0.66) 1.17 (0.63) 0.802†

CDT 2.6 (1.6) 3.5 (1.5) 3.0 (1.8) 0.071†

Hoehn & Yahr 1.64 (1.29) 0.54 (0.95) 0 < 0.0001‡

Data are mean (SD).

*χ2 test.

†ANOVA.

‡Kruskal-Wallis test.

MMSE: mini-mental state examination; CDR-J: clinical dementia rating scale-Japan; CDT: clock drawing test.

doi:10.1371/journal.pone.0120540.t001

Fig 2. Flow diagram of the eligible patients and the enrolling process of the study.

doi:10.1371/journal.pone.0120540.g002
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Table 2. Sensitivity and specificity of visual assessment in differentiating between probable DLB and probable AD.

Sensitivity (95% CI) Specificity (95% CI) Accuracy (95% CI) PPV (95% CI) NPV (95% CI)

Reader A 65.6 (53.0–76.3) 87.0 (74.3–93.9) 74.8 (65.8–82.0) 87.0 (74.3–93.9) 65.6 (53.0–76.3)

Reader B 68.9 (56.4–79.1) 87.0 (74.3–93.9) 76.6 (67.8–83.6) 87.5 (75.3–94.1) 67.8 (55.1–78.3)

Reader C 68.9 (56.4–79.1) 87.0 (74.3–93.9) 76.6 (67.8–83.6) 87.5 (75.3–94.1) 67.8 (55.1–78.3)

Majority Vote 68.9 (56.4–79.1) 87.0 (74.3–93.9) 76.6 (67.8–83.6) 87.5 (75.3–94.1) 67.8 (55.1–78.3)

doi:10.1371/journal.pone.0120540.t002

Fig 3. Individual values for the H/M ratio of 123I-MIBG uptake. Significant reductions in early and delayed H/M ratios were observed in probable DLB
compared with probable AD group of all cases, mild dementia cases (MMSE� 22), and moderate/severe dementia cases (MMSE� 21) (see text). Green
lines indicate the mean value of H/M ratio. AD: Alzheimer’s disease; DLB: dementia with Lewy bodies.

doi:10.1371/journal.pone.0120540.g003
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patients group, 0.901 (p< 0.0001) for the mild dementia group, 0.732 (p = 0.001) for the mod-
erate/severe dementia group, whereas that for the delayed H/M ratio was 0.817 (p< 0.001),
0.942 (p< 0.0001) and 0.747 (p = 0.0007), respectively (Fig. 4).

The sensitivity and specificity using cutoff values of the highest diagnostic accuracy based
on ROC analysis are shown in Table 3. The all patients group had a sensitivity of 68.9% and a
specificity of 89.1% at a cutoff value of 2.10 in both early and delayed H/M ratios. When apply-
ing the cutoff value of 2.10 to the delayed H/M ratio, the sensitivity and specificity for discrimi-
nating probable DLB from probable AD were 77.4% and 93.8%, respectively, in the mild
dementia group. The moderate/severe dementia group, on the other hand, had a sensitivity of
59.6% and a specificity of 83.3% at a cutoff value of 2.10. No adverse events were noted during
this study.

Discussion

Diagnostic accuracy
This first multicenter study indicated that 123I-MIBG cardiac scintigraphy is a useful method
to discriminate DLB from AD. The overall diagnostic accuracy for differentiating probable
DLB from AD was 68.9% sensitivity and 89.1% specificity, and was particularly high in the

Fig 4. ROC curves for the detection of probable DLB from probable AD based on H/M ratio of each group. The area under the ROC curve of the early
H/M ratio was 0.805 (p< 0.001) for the all patients group, 0.901 (p< 0.0001) for the mild dementia group, and 0.732 (p = 0.001) for the moderate/severe
dementia group, whereas that for the delayed H/M ratio was 0.817 (p< 0.001), 0.942 (p< 0.0001), and 0.747 (p = 0.007), respectively. ROC: receiver
operating characteristic. AUC: area under the curve.

doi:10.1371/journal.pone.0120540.g004
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mild dementia group showing a sensitivity of 77.4% and a specificity of 93.8%. This finding
confirms and further extends findings of earlier single-site studies [13, 25]. The multicenter
study using 123I-FP-CIT SPECT showed that mean sensitivity of 77.7% for detecting clinical
probable DLB, with specificity of 90.4% for excluding non-DLB dementia, which was predomi-
nantly due to AD [26]. On the other hand, the recent clinicopathologic analyses showed that
the DLB diagnostic criteria [15] had sensitivity of 85% and specificity of 73% for excluding
non-DLB dementia [27]. Therefore, the sensitivity and specificity of 123I-MIBG cardiac scintig-
raphy are comparable to those of 123I-FP-CIT SPECT multicenter study, especially in mild de-
mentia cases. The potential benefit in the diagnostic precision provided by 123I-MIBG cardiac
scintigraphy is therefore predominantly in the specificity of case detection, which could be in-
creased from a mean of 73% to 89.1% reported here.

Variability in dementia severity
The reason of the variability of the sensitivity and specificity between mild and moderate to se-
vere dementia groups is unclear. It was reported that extrapyramidal signs and hallucination
occur frequently and progress in AD [28]. These confounding factors may affect the accuracy
of diagnosis in moderate to severe dementia cases. The subclinical comorbid pathologies in pa-
tients with dementia also have influenced the results of the study [29]. This possibility needs to
be evaluated through a long-term follow-up. Several studies reported that patients with DLB
showed significantly lower 123I-FP-CIT uptakes in all striatal areas compared with AD patients
with parkinsonism [30, 31]. These studies relevant to variability of symptoms indicate that add-
ing 123I-FP-CIT SPECT to the ongoing protocol of the prospective study may also clarify
this issue.

Qualitative and quantitative assessment
123I-MIBG H/M ratio and visual interpretation showed comparative diagnostic accuracy for
discriminating DLB and AD patients. To apply MIBG imaging to DLB patients in a number of
hospitals, a quantitative approach is helpful to reduce inter-institutional variations even with-
out interpretations of nuclear medicine specialists. The diagnostic accuracy based on early and
delayed H/M ratios was also comparable. Our ROC analysis showed that the borderline of H/
M ratio = 2.10 for both the early and the delayed H/M ratios can be practically used as optimal
thresholds. Our method using semi-automatic regional setting and inter-institutional calibra-
tion contributed to obtain stable H/M ratios.

Limitations
A limitation of our study design is that the gold standard for image validation was a clinical
and not a neuropathological diagnosis. However, the clinical consensus panel technique has
been shown to be accurate in a prospective diagnostic study with neuropathological confirma-
tion, using the similar three reader system [9]. The consensus panel approach that we used is
therefore justifiable.

Table 3. Sensitivity and specificity of H/M ratio in differentiating between probable DLB and probable AD.

Sensitivity (95% CI) Specificity (95% CI) Accuracy (95% CI) PPV (95% CI) NPV (95% CI)

Early H/M ratio (cutoff: 2.10) 68.9 (57.2–80.5) 89.1 (80.1–98.1) 77.6 (69.7–85.5) 89.4 (80.5–98.2) 68.3 (56.6–80.1)

Delayed H/M ratio (cutoff: 2.10) 68.9 (57.2–80.5) 89.1 (80.1–98.1) 77.6 (69.7–85.5) 89.4 (80.5–98.2) 68.3 (56.6–80.1)

PPV: positive predictive value; NPV: negative predictive value

doi:10.1371/journal.pone.0120540.t003
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A second potential limitation is that evaluation of cognitive fluctuation and rapid eye move-
ment sleep behavior disorder were made by clinician’s impression and history of patients’ ill-
ness at each institution. In addition, dopamine transporter imaging was not available in Japan
at that time. Therefore, low dopamine transporter binding in the basal ganglia as shown by
SPECT or positron emission tomography imaging, which is a suggestive feature of DLB, was
not used for the diagnosis of DLB in this study. These conditions may have caused the relative-
ly low sensitivity of this study compared with previous studies [13, 25].

Conclusions
This first multicenter study indicated that 123I-MIBG imaging can make a significant contribu-
tion to increasing the diagnostic accuracy of DLB. The technique is acceptable to patients, and
the image reconstruction and the visual and automated ROI analysis are practical and suffi-
ciently robust for use in multiple clinical settings. 123I-MIBG cardiac imaging seems to offer a
significant advance in improving our ability to distinguish DLB from AD, especially in mild
dementia cases.

Supporting Information
S1 Table. The list of approval by institutional review boards of all participating centers.
(XLSX)

Acknowledgments
The authors thank Koichi Okuda, PhD, for his cooperation for preparing the MIBG databases.
Yumiko Kirihara (Fujifilm RI Pharma, Co. Ltd, Tokyo, Japan) provided valuable support dur-
ing the preparation of this manuscript. We are also grateful to Risa Nakata for her secretarial
assistance.

Author Contributions
Conceived and designed the experiments: M. Yoshita Heii Arai K. Kosaka YM K. Nakajima
HN AT JT JY M. Yamada. Performed the experiments: M. Yoshita T. Arai T. Asada HF HH OI
EI K. Kashihara KM EM K. Nakajima YNMS TT K. Utsumi KW YWHiroyuki Arai SN K.
Urakami HM SO SY. Analyzed the data: M. Yoshita K. Nakajima MS. Wrote the paper: M.
Yoshita K. Nakajima MS M. Yamada. Revised and approved the paper: M. Yoshita Heii Arai
Hiroyuki Arai T. Arai T. Asada HF HH OI EI K. Kashihara K. Kosaka HM KM YM EM K.
Nakajima HN SN K. Nakashima YN SOMS AT JT TT K. Urakami K. Utsumi KW YW JY SY
M. Yamada.

References
1. Knopman DS, DeKosky ST, Cummings JL, Chui H, Corey-Bloom J, Relkin N, et al. Practice parameter:

Diagnosis of dementia (an evidence-based review)—Report of the Quality Standards Subcommittee of
the American Academy of Neurology. Neurology. 2001; 56: 1143–1153. PMID: 11342678

2. Waldemar G, Dubois B, Emre M, Georges J, McKeith IG, Rossor M, et al. Recommendations for the di-
agnosis and management of Alzheimer’s disease and other disorders associated with dementia: EFNS
guideline. Eur J Neurol. 2007; 14: E1–26. PMID: 18028183

3. Aarsland D, Mosimann UP, McKeith IG. Role of cholinesterase inhibitors in Parkinson’s disease and
dementia with Lewy bodies. J Geriatr Psychiatry Neurol. 2004; 17: 164–171. PMID: 15312280

4. McKeith I, Fairbairn A, Perry R, Thompson P, Perry E. Neuroleptic sensitivity in patients with senile de-
mentia of Lewy body type. BMJ. 1992; 305: 673–678. PMID: 1356550

5. McKeith IG, Fairbairn AF, Perry RH, Thompson P. The clinical diagnosis and misdiagnosis of senile de-
mentia of Lewy body type (SDLT). Br J Psychiatry. 1994; 165:324–332. PMID: 7994501

A Multicenter Study of MIBG Scintigraphy in DLB

PLOSONE | DOI:10.1371/journal.pone.0120540 March 20, 2015 11 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0120540.s001
http://www.ncbi.nlm.nih.gov/pubmed/11342678
http://www.ncbi.nlm.nih.gov/pubmed/18028183
http://www.ncbi.nlm.nih.gov/pubmed/15312280
http://www.ncbi.nlm.nih.gov/pubmed/1356550
http://www.ncbi.nlm.nih.gov/pubmed/7994501


6. Papka M, Rubio A, Schiffer RB. A review of Lewy body disease, an emerging concept of cortical de-
mentia. J Neuropsychiatry Clin Neurosci. 1998; 10: 267–279. PMID: 9706534

7. Lopez OL, Becker JT, Kaufer DI, Hamilton RL, Sweet RA, KlunkW, et al. Research evaluation and pro-
spective diagnosis of dementia with Lewy bodies. Arch Neurol. 2002; 59: 43–46. PMID: 11790229

8. McKeith IG, Galasko D, Kosaka K, Perry EK, Dickson DW, Hansen LA, et al. Consensus guidelines for
the clinical and pathologic diagnosis of dementia with Lewy bodies (DLB): report of the consortium on
DLB international workshop. Neurology. 1996; 47: 1113–1124. PMID: 8909416

9. McKeith IG, Ballard CG, Perry RH, Ince PG, O'Brien JT, Neill D, et al. Prospective validation of consen-
sus criteria for the diagnosis of dementia with Lewy bodies. Neurology. 2000; 54: 1050–1058. PMID:
10720273

10. Glowniak JV, Turner FE, Gray LL, Palac RT, Lagunas-Solar MC, WoodwardWR. Iodine-123 metaiodo-
benzylguanidine imaging of the heart in idiopathic congestive cardiomyopathy and cardiac transplants.
J Nucl Med. 1989; 30: 1182–1191. PMID: 2661758

11. Merlet P, Valette H, Dubois-Rande JL, Moyse D, Duboc D, Dove P, et al. Prognostic value of cardiac
metaiodobenzylguanidine imaging in patients with heart failure. J Nucl Med. 1992; 33: 471–477. PMID:
1552326

12. Yoshita M. Differentiation of idiopathic Parkinson’s disease from striatonigral degeneration and pro-
gressive supranuclear palsy using iodine-123 meta-iodobenzylguanidine myocardial scintigraphy. J
Neurol Sci. 1998; 155: 60–67. PMID: 9562324

13. Yoshita M, Taki J, Yokoyama K, Noguchi-Shinohara M, Matsumoto Y, Nakajima K, et al. Value of 123I-
MIBG radioactivity in the differential diagnosis of DLB from AD. Neurology. 2006; 66: 1850–1854.
PMID: 16801649

14. Miyamoto T, Miyamoto M, Inoue Y, Usui Y, Suzuki K, Hirata K. Reduced cardiac 123I-MIBG scintigraphy
in idiopathic REM sleep behavior disorder. Neurology. 2006; 67: 2236–2238. PMID: 17190953

15. McKeith IG, Dickson DW, Lowe J, Emre M, O'Brien JT, Feldman H, et al. Consortium on DLB. Diagno-
sis and management of dementia with Lewy bodies: third report of the DLB Consortium. Neurology.
2005; 65: 1863–1872. PMID: 16237129

16. Südmeyer M, Antke C, Zizek T, Beu M, Nikolaus S, Wojtecki L, et al. Diagnostic accuracy of combined
FP-CIT, IBZM, and MIBG scintigraphy in the differential diagnosis of degenerative parkinsonism: a mul-
tidimensional statistical approach. J Nucl Med. 2011; 52: 733–740. doi: 10.2967/jnumed.110.086959
PMID: 21498527

17. Treglia G, Cason E, Cortelli P, Gabellini A, Liguori R, Bagnato A, et al. Iodine-123 metaiodobenzylgua-
nidine scintigraphy and iodine-123 ioflupane single photon emission computed tomography in Lewy
body diseases: complementary or alternative techniques? J Neuroimaging. 2014; 24:149–154. doi: 10.
1111/j.1552-6569.2012.00774.x PMID: 23163913

18. McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan EM. Clinical diagnosis of Alzhei-
mer’s disease: report of the NINCDS-ADRDAWork Group under the auspices of Department of Health
and Human Services Task-Force on Alzheimer’s Disease. Neurology. 1984; 34: 939–944. PMID:
6610841

19. Folstein MF, Folstein SE, McHugh RR. Mini-mental state: a practical method for grading the cognitive
state of patients for the clinician. J Psychiatric Res. 1975; 12: 189–198. PMID: 1202204

20. Cummings JL, Mega M, Gray K, Rosenberg-Thompson S, Carusi DA, Gornbein J. The neuropsychiat-
ric inventory: comprehensive assessment of psychopathology in dementia. Neurology. 1944; 44:
2308–2314.

21. Hughes CP, Berg L, Danziger WL, Coben LA, Martin RL. A new clinical scale for the staging of demen-
tia. Br J Psychiatry. 1982; 140: 566–572. PMID: 7104545

22. Nakajima K, Bunko H, Taki J, Shimizu M, Muramori A, Hisada K. Quantitative analysis of 123I-meta-
iodobenzylguanidine (MIBG) uptake in hypertrophic cardiomyopathy. Am Heart J. 1990; 119: 1329–
1337. PMID: 2353619

23. Nakajima K. Normal values for nuclear cardiology: Japanese databases for myocardial perfusion, fatty
acid and sympathetic imaging and left ventricular function. Ann Nucl Med. 2010; 24: 125–135. doi: 10.
1007/s12149-009-0337-2 PMID: 20108130

24. Nakajima K, Okuda K, Matsuo S, Yoshita M, Taki J, Yamada M, et al. Standardization of metaiodoben-
zylguanidine heart to mediastinum ratio using a calibration phantom: effects of correction on normal da-
tabases and a multicentre study. Eur J Nucl Med Mol Imaging. 2012; 9: 113–119.

25. Hanyu H, Shimizu S, Hirao K, Kanetaka H, Iwamoto T, Chikamori T, et al. Comparative value of brain
perfusion SPECT and [123I]MIBGmyocardial scintigraphy in distinguishing between dementia with
Lewy bodies and Alzheimer’s disease. Eur J Nucl Med Mol Imaging. 2006; 33: 248–253. PMID:
16328506

A Multicenter Study of MIBG Scintigraphy in DLB

PLOSONE | DOI:10.1371/journal.pone.0120540 March 20, 2015 12 / 13

http://www.ncbi.nlm.nih.gov/pubmed/9706534
http://www.ncbi.nlm.nih.gov/pubmed/11790229
http://www.ncbi.nlm.nih.gov/pubmed/8909416
http://www.ncbi.nlm.nih.gov/pubmed/10720273
http://www.ncbi.nlm.nih.gov/pubmed/2661758
http://www.ncbi.nlm.nih.gov/pubmed/1552326
http://www.ncbi.nlm.nih.gov/pubmed/9562324
http://www.ncbi.nlm.nih.gov/pubmed/16801649
http://www.ncbi.nlm.nih.gov/pubmed/17190953
http://www.ncbi.nlm.nih.gov/pubmed/16237129
http://dx.doi.org/10.2967/jnumed.110.086959
http://www.ncbi.nlm.nih.gov/pubmed/21498527
http://dx.doi.org/10.1111/j.1552-6569.2012.00774.x
http://dx.doi.org/10.1111/j.1552-6569.2012.00774.x
http://www.ncbi.nlm.nih.gov/pubmed/23163913
http://www.ncbi.nlm.nih.gov/pubmed/6610841
http://www.ncbi.nlm.nih.gov/pubmed/1202204
http://www.ncbi.nlm.nih.gov/pubmed/7104545
http://www.ncbi.nlm.nih.gov/pubmed/2353619
http://dx.doi.org/10.1007/s12149-009-0337-2
http://dx.doi.org/10.1007/s12149-009-0337-2
http://www.ncbi.nlm.nih.gov/pubmed/20108130
http://www.ncbi.nlm.nih.gov/pubmed/16328506


26. McKieth I, O’Brien J, Walker Z, Tatsch K, Booij J, Darcourt J, et al. Sensitivity and specificity of dopa-
mine transporter imaging with 123I-FP-CIT SPECT in dementia with Lewy bodies: a phase III, multicen-
tre study. Lancet Neurol. 2007; 6: 305–313. PMID: 17362834

27. Ferman TJ, Boeve BF, Smith GE, Lin SC, Silber MH, Pedraza O, et al. Inclusion of RBD improves the
diagnostic classification of dementia with Lewy bodies. Neurology. 2011; 77: 875–882. doi: 10.1212/
WNL.0b013e31822c9148 PMID: 21849645

28. Chui HC, Lyness SA, Sobel E, Schneider LS. Extrapyramidal signs and psychiatric symptoms predict
faster cognitive decline in Alzheimer's disease. Arch Neurol. 1994; 51: 676–681. PMID: 8018040

29. White L. Brain lesions at autopsy in older Japanese-American men as related to cognitive impairment
and dementia in the final years of life: a summary report from the Honolulu-Asia aging study. J Alzhei-
mers Dis. 2009; 18: 713–725. doi: 10.3233/JAD-2009-1178 PMID: 19661625

30. Ceravolo R, Volterrani D, Gambaccini G, Bernardini S, Rossi C, Logi C, et al. Presynaptic nigro-striatal
function in a group of Alzheimer’s disease patients with parkinsonism: evidence from a dopamine trans-
porter imaging study. J Neural Transm. 2004; 111:1065–1073. PMID: 15254794

31. O’Brien JT, Colloby S, Fenwick J, Williams ED, Firbank M, Burn D, et al. Dopamine transporter loss vi-
sualized with FP-CIT SPECT in the differential diagnosis of dementia with Lewy bodies. Arch Neurol.
2004; 61:919–925. PMID: 15210531

A Multicenter Study of MIBG Scintigraphy in DLB

PLOSONE | DOI:10.1371/journal.pone.0120540 March 20, 2015 13 / 13

http://www.ncbi.nlm.nih.gov/pubmed/17362834
http://dx.doi.org/10.1212/WNL.0b013e31822c9148
http://dx.doi.org/10.1212/WNL.0b013e31822c9148
http://www.ncbi.nlm.nih.gov/pubmed/21849645
http://www.ncbi.nlm.nih.gov/pubmed/8018040
http://dx.doi.org/10.3233/JAD-2009-1178
http://www.ncbi.nlm.nih.gov/pubmed/19661625
http://www.ncbi.nlm.nih.gov/pubmed/15254794
http://www.ncbi.nlm.nih.gov/pubmed/15210531


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


