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Abstract
Introduction The characteristics of dementia with Lewy bodies
(DLB), Alzheimer’s disease (AD) and amnestic mild cognitive
impairment (a-MCI) overlap but require different treatments;
therefore, it is important to differentiate these pathologies.
Assessment of dopamine uptake in the striatum using dopamine
transporter (DaT) single-photon emission computed tomography
(SPECT) is the gold standard for diagnosing DLB; however, this
modality is expensive, time consuming and involves radiation
exposure. Degeneration of the substantia nigra nigrosome-1,
which occurs in DLB, but not in AD/a-MCI, can be identified
by 3Tsusceptibility-weighted imaging (SWI). Therefore, the aim
of this retrospective observational study was to compare SWI
with DaT-SPECT for differentiation of DLB from AD/a-MCI.
Methods SWI data were acquired for patients with clinically
diagnosed DLB (n = 29), AD (n = 18), a-MCI (n = 13) and
healthy controls (n = 26). Images were analysed for

nigrosome-1 degeneration. Diagnostic accuracy was evaluat-
ed for DLB, AD and a-MCI compared with striatal dopamine
uptake using DaT-SPECT.
Results SWI achieved 90% diagnostic accuracy (93% sensitiv-
ity, 87% specificity) for the detection of nigrosome-1 degener-
ation in DLB and not in AD/a-MCI as compared with 88.3%
accuracy (93% sensitivity, 84% specificity) using DaT-SPECT.
Conclusions SWI nigrosome-1 evaluation was useful in dif-
ferentiating DLB from AD/a-MCI, with high accuracy. This
less invasive and less expensive method is a potential alterna-
tive to DaT-SPECT for the diagnosis of DLB.
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123I-FP-CIT [123I]-2β-carbomethoxy-3β-
(4-iodophenyl)-N-(3-fluoropropyl)
nortropane

Introduction

Dementia with Lewy bodies (DLB) is recognised as the sec-
ond most common form of dementia among older individuals
after Alzheimer’s disease (AD) [1]. Differentiating DLB from
AD is challenging because the clinical, neuropsychological
and pathological features of these pathologies overlap.
Therefore, effective patient management requires reliable im-
aging markers for each disease.

DLB is included in spectrum of Lewy body diseases such
as Parkinson’s disease (PD) and PD with dementia (PDD)
[1–3]. Dopamine transporter (DaT) single-photon emission
computed tomography (SPECT) with [123I ] -2β -
carbomethoxy-3β-(4-iodophenyl)-N-(3-fluoropropyl)
nortropane (123I-FP-CIT, DaTscan) is the imaging technique
most widely used to assess dopamine degeneration in the
nigrostriatum when diagnosing PD and DLB [1, 4]. Low
DaT uptake in the basal ganglia revealed by SPECT is includ-
ed as a suggestive feature in the revised criteria for the clinical
diagnosis of DLB [1]. In contrast, uptake is preserved in the
basal ganglia of patients with clinically diagnosed AD [1, 4].
However, because DaT-SPECT is expensive and exposes the
subject to ionising radiation, less-invasive markers of dopami-
nergic degeneration are required.

Nigrosomes are calbindin-poor areas in the substantia nigra
pars compacta (SNc). The loss of nigral dopaminergic cells in
patients with PD is particularly severe in nigrosome-1, which
resides in the caudal and medio-lateral SNc [5]. Studies that
detected the nigrosome-1 using 7T-magnetic resonance imag-
ing (MRI) found that nigrosome-1 serves as a useful biomark-
er of PD [6–9]. Susceptibility-weighted imaging (SWI) using
3T MRI, which is widely used in clinical practice, can detect
nigrosome-1 as a hyperintense signal area, called the
Bswallow tail^ sign, in healthy controls (Fig. 1) [10–13].

In contrast, the nigrosome-1 signal is decreased in PD and
no swallow tail sign is apparent [10–13]. The nigrosome-1
SWI signal using 3T MRI remains high in AD but is dimin-
ished in DLB [14]; however, these were preliminary findings
for one patient with AD and twowith DLB. Therefore, the aim
of the present study was to investigate the utility of SWI for
detection of the swallow-tail sign to differentiate DLB from
AD in a larger number of patients with AD or DLB.
Additionally, patients with amnestic mild cognitive impair-
ment (a-MCI), which is widely considered a prodromal stage
of AD, were evaluated [15]. The specific objective of the
present study was to evaluate the hypothesis that nigrosome-
1 assessment using 3T SWI effectively differentiates DLB

from AD/a-MCI with diagnostic performance similar to that
of DaT-SPECT.

Materials and methods

Subjects

Eighty-six subjects aged ≥60 years (29 with probable DLB, 18
with AD dementia, 13 with a-MCI and 26 healthy controls)
were retrospectively selected from patients previously admit-
ted to our institution. All patients with DLB, AD and a-MCI
were evaluated for dementia between February 2014 and
December 2015 and underwent DaT-SPECTand SWI. A neu-
rologist (R.S.) with 30 years of experience and another (Y.T.)
with 5 years of experience performed the diagnoses of DLB,
AD or a-MCI according to the Consensus DLB criteria [1], the
National Institute of Neurological and Communicative
Disorders and Stroke–Alzheimer’s Disease and Related
Disorders Association (NINCDS–ADRDA) criteria [16] or
Petersen’s criteria, respectively [15]. Each of the DLB and
AD patients satisfied the probable AD conditions according
to the probable DLB NINCDS–ADRDA criteria in the
Consensus DLB criteria. The criteria for a-MCI included
memory complaint (preferably corroborated by an informant),
impaired memory function for age and education, preserved
general cognitive function, intact activities of daily living and
insufficient impairment to meet the criteria for dementia [15].
All recruited patients (a-MCI, AD and DLB) underwent the
mini-mental state examination (MMSE) to evaluate general
cognitive function. Detailed descriptions of the patients with
DLB, AD and a-MCI are shown in Table 1.

A total of 26 age- and gender-matched healthy controls
were recruited and underwent neurological examinations for
complaints mainly comprising headache and vertigo. These
subjects were screened using MRI including SWI and were
judged free of neurological abnormalities by the neurologists.
None of the healthy subjects underwent DaT-SPECT or had a
history of dementia, hypertension, diabetes mellitus, cardio-
vascular disease, stroke, brain tumour, epilepsy, depression,
drug abuse, head trauma, neurological or psychiatric disor-
ders. The structural MRI findings of all controls were normal.

The ethics committee of Toho University approved the re-
search protocols. Written informed consent was not required
for this study because of its retrospective observational design.

SWI 3T MRI

MRIs were performed using a 3T MRI scanner (Skyra;
Siemens, Erlangen, Germany) with a standard eight-channel
head coil. The SWI sequence was gradient echo acquisition
with magnitude and phase images obtained in the axial plane.
SWI scans were the first to be incorporated in the MRI
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protocol. Parameters for SWI were as follows: TR/TE, 28/20;
flip angle, 15°; number of slices, 40; voxel size,
0.9 × 0.9 × 2 mm; and scan duration, 108 s; only the magni-
tude image was used. All axial slices were acquired from a
plane parallel to the splenium and genu of the corpus
callosum. Acquired axial slice images were perpendicular to
the fourth ventricle floor with coverage from the splenium of
the corpus callosum to the inferior border of the pons.

Visual evaluation and semi-quantitative analysis
of nigrosome-1

A neuroradiologist (K.K.) with 6 years of experience and an-
other (T.N.) with 5 years of experience independently
interpreted brain MRI data through visual and semi-
quantitative assessments of nigrosome-1. Prior to
nigrosome-1 assessments in this study, the raters performed
SWI assessments in at least 20 AD and DLB cases. The

neuroradiologists were uninformed of the patient diagnosis,
clinical information and DaT-SPECT findings. Nigrosome-1
of each subject was classified by comparing signals in the
centre of nigrosome-1 with white matter lateral to the decus-
sation of the superior cerebellar peduncles, in accordance with
the methods described in a previous study [12]. The types of
nigrosome-1 revealed by SWI were classified into the follow-
ing groups: group 1, normal (iso- or hyperintensity in the
central region of the presumed bilateral nigrosome-1;
Fig. 2a, b); group 2, possibly abnormal (hypointensity ob-
served in one nigrosome-1 but not >50% of the presumed
nigrosome-1 (Fig. 2c, d); and group 3, abnormal
(hypointensity in one nigrosome-1 accounting for ≥50% of
the presumed nigrosome-1; Fig. 2e, f). Any patient in which
the left and right nigrosome-1 group numbers indicated as-
signment to different group numbers were assigned to the
higher (i.e. worse) group number. Evaluation of nigrosome-1
was performed using single slices acquired in the axial plane,

Fig. 1 Substantia nigra (SN)
anatomy using susceptibility-
weighted imaging (SWI). a SWI
axial slice at the level of
nigrosome-1 in the midbrain
structures. b Schematic outlining
the relevant anatomical structures.
cA barn swallow. The appearance
of the healthy nigrosome-1 using
SWI resembles the tail of the
swallow. 1, Red nucleus; 2,
midbrain tegmentum; 3,
aqueduct; 4, medial lemniscus; 5,
nigrosome-1; 6, SN; and 7,
cerebral peduncle

Table 1 Background
characteristics of subjects DLB AD a-MCI AD/a-

MCI
HC P

value

Subjects 28 18 13 31 26 –

Sex, male/female 13:15 9:9 7:6 16:15 12:14 0.92

Age in years, mean (SD) 76.1 (5.7) 75.9 (4.3) 73.1 (7.7) 75.2 (5.9) 76.1
(9.8)

0.77

Disease duration in months, mean
(SD)

32.2
(25.3)

29.3
(35.6)

25.8
(29.2)

27.9
(32.6)

NA 0.79

MMSE (SD) 22.2 (4.5) 22.7 (3.1) 26.7 (1.8) 24.4 (3.3) NA 0.02*

AD Alzheimer’s disease, DLB dementia with Lewy bodies, a-MCI amnestic mild cognitive impairment, HC
healthy control, SD standard deviation, MMSE mini-mental statement examination

*Significance at P < 0.05; this indicates a difference between patient with DLB and patients with AD/a-MCI
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which most clearly defined nigrosome-1. For statistical anal-
ysis, group 1 was defined as the normal group, and groups 2
and 3 were combined into the abnormal group. Discrepancy in
neuroradiological diagnoses was resolved by consensus.

Semi-quantitative assessment was performed according to
nigrosome-1 contrast by drawing small circular left and right
regions of interest (ROIs) on the same slice used for visual
assessment and inferred as nigrosome-1 regions from that as-
sessment to be the nigrosome-1 regions. The signal intensity
of each ROI was measured (Fig. 3). The sizes of the ROIs
varied slightly between individuals to accommodate the en-
tirety of each nigrosome-1 (Table S1). An ROI (9 pixels,
7.29 mm2) was drawn at the centre of the midbrain tegmen-
tum, and signal intensity was defined as the background signal
(Fig. 3). The mean signal intensity of nigrosome-1 was nor-
malised to the mean value of the background signal of the
midbrain tegmentum. The normalised mean signal intensity
of nigrosome-1 was defined as the contrast ratio of nigrosome-
1.

DaT-SPECT

A dual-head gamma camera equipped with a low-medium-
energy general purpose collimator (E. Cam; Toshiba
Medical Systems, Tochigi, Japan) for DaT-SPECT scanning
4 h after injecting 123I-FP-CIT (DaTscan, 150–185MBq). The
gamma camera was calibrated using a photopeak of 159 keV,
and an energy window of ±15%. SPECT acquisition was per-
formedwithin a 128 × 128matrix with steps of 4° over a range
of 180°. Projection data were acquired for 28 min. Data were

reconstructed using the ordered subset expectation
maximisation method (iteration 8, subset 6).

Visual rating and semi-quantitative analysis of DaT-SPECT

Two neuroradiologists (K.K. and T.N.) with 3 years of expe-
rience in the interpretation of DaT-SPECT examined the DaT-
SPECT results. The neuroradiologists were uninformed of the

Fig. 2 Assessment of nigrosome-1 in the substantia nigra using 3T
susceptibility-weighted imaging (six different patients). The green
arrows indicate normal nigrosome-1, the yellow arrows indicate
possibly abnormal nigrosome-1 and the red arrows indicate an
abnormal nigrosome-1. a An Alzheimer’s disease (AD) patient (66-
year-old woman, group 1; nigrosome-1 appears bilaterally normal). b
An amnestic mild cognitive impairment (a-MCI) patient (62-year-old
woman, group 1; nigrosome-1 appears bilaterally normal). c A
dementia with Lewy bodies (DLB) patient (77-year-old woman, group

2; right nigrosome-1 appears normal, left nigrosome-1 appears possibly
abnormal). d A DLB patient (77-year-old, woman, group 2; right
nigrosome-1 appears normal, left nigrosome-1 appears possibly
abnormal). e A DLB patient (71-year-old man, group 3; right
nigrosome-1 appears possibly abnormal, left nigrosome-1 appears
abnormal). f A DLB patient (77-year-old woman, group 3; right
nigrosome-1 appears possibly abnormal, left nigrosome-1 appears
abnormal)

Fig. 3 Procedure used to draw regions of interest (ROIs) in nigrosome-1
and the midbrain tegmentum. Representative susceptibility-weighted
imaging (SWI) axial slice at the level of nigrosome-1 in the midbrain
structures of a patient with Alzheimer’s disease. Locations of ROIs are
depicted on the SWI axial slice at the level of nigrosome-1. The right
nigrosome-1 (red), left nigrosome-1 (blue), right midbrain tegmentum
(light green) and left midbrain tegmentum (purple) are outlined. Each
ROI was demarcated to encompass the entire nigrosome-1; therefore,
size varied slightly between individuals. An ROI of 9 pixels
(7.29 mm2) was drawn at the centre of the midbrain tegmentum, where
the signal intensity was measured and was defined as the background
signal
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patient diagnosis, clinical information and nigrosome-1 find-
ings. Scans were classified as follows: group 1, normal striatal
uptake of 123I-FP-CIT in the right and left striata (Fig. 4a, b);
group 2, a slight reduction in uptake in any of the striatum
(Fig. 4c, d); and group 3, marked reduction in uptake in any of
the striatum (Fig. 4e, f). For statistical analyses, group 1 was
defined as the normal group, and groups 2 and 3 were com-
bined into the abnormal group. Discrepancies between the
neuroradiological diagnoses were resolved by consensus
rating.

The specific binding ratio (SBR) was semi-quantitatively
calculated using DaTView software (Nihon Medi-Physics,
Tokyo, Japan) [17]. Semi-quantitative analysis of 123I-FP-
CIT SPECT images can improve sensitivity and diagnostic
accuracy [18]. Assessment of inter-rater reliability was unnec-
essary, because the SBR was calculated automatically using
DaTView software and, therefore, free from rater bias. SBR
was determined as the mean of the right and left SBRs.

Statistical analysis

IBM SPSS for Windows, version 20.0 (IBM, Armonk, NY,
USA) was used to perform statistical analyses. The demo-
graphic and clinical data of the AD and a-MCI groups were
combined (AD/a-MCI group) and compared with the DLB
and control groups using analysis of variance (ANOVA) with
the Tukey’s honest significant difference (HSD) test for con-
tinuous variables and the χ2 test for categorical variables. A
probability (p) value of <0.05 was considered statistically
significant.

To assess inter-rater variability and reproducibility of visual
assessment of SWI and DaT-SPECT, absolute inter-rater
agreement and the kappa statistic (κ) were calculated. Inter-

rater reliability for the contrast ratio of nigrosome-1 was
assessed using the intraclass correlation coefficient.

The capacity to differentiate DLB from AD/a-MCI was
calculated using the clinical diagnosis as the gold standard.

One-way ANOVAwith the Tukey’s HSD test was used to
compare the contrast ratio and ROI size of nigrosome-1
among patients with DLB or AD/a-MCI and healthy controls
and to compare values of normalised mean signal intensity
and ROI size of nigrosome-1. The unpaired t test was used
to assess inter-group differences in SBR for DaT-SPECT.

Receiver operating characteristic (ROC) analysis was per-
formed to compare the diagnostic utility of the normalised
signal intensity of nigrosome-1 and SBR from DaT-SPECT
between DLB and AD/a-MCI. The Pearson correlation test
was used to determine correlations between the contrast ratio
and the ROI size of nigrosome-1 or SBR of DaT-SPECT and
disease duration or MMSE score in the DLB, AD/a-MCI and
combined DLB/AD/a-MCI groups. The Pearson correlation
test was also used to investigate correlations between the con-
trast ratio or ROI size of nigrosome-1 and the SBR of DaT-
SPECT in the DLB, AD/a-MCI and combined DLB/AD/a-
MCI groups. The mean values of the contrast ratio and the
ROI size of nigrosome-1 between rater 1 and rater 2 were used
for the Pearson correlation test.

Results

Clinical data

There were no significant differences in age (p = 0.77,
ANOVA) and gender (p = 0.92, χ2 test) among the AD/
MCI, DLB and control groups (Table 1). Also, there was no

Fig. 4 Assessment of striatal uptake using dopamine transporter (DaT)–
single-photon emission computed tomography (SPECT) in six different
DLB, AD and a-MCI patients (same patient group as in the Fig. 2). The
green arrows indicate normal striatal uptake, the yellow arrows indicate
slight reduction in striatal uptake and the red arrows indicate marked
reduction in striatal uptake. a An AD patient (66-year-old woman,
group 1; normal striatal uptake bilaterally). b An a-MCI patient (62-
year-old woman, group 1; normal striatal uptake bilaterally). c A DLB

patient (80-year-old man, group 2; slight reduction in left striatal uptake,
normal right striatal uptake). dADLB patient (81-year-old man, group 2;
slight reduction in left striatal uptake, normal right striatal uptake). e A
DLB patient (71-year-old man, group 3; marked reduction in striatal
uptake bilaterally). f A DLB patient (77-year-old woman, group 3;
slight reduction in right striatal uptake, marked reduction in left striatal
uptake)
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significant difference in disease duration between patients
with AD/a-MCI or DLB (p = 0.79, Student’s t test). As ex-
pected, because a-MCI patients have mild cognitive dysfunc-
tion and were included in the AD/a-MCI group, the MMSE
scores of DLB patients were significantly lower than those of
patients with AD/a-MCI (p = 0.02, Student’s t test).

Visual evaluation and semi-quantitative analysis
of nigrosome-1

The image quality of the evaluable scans was sufficient and
lacked motion artefacts. After assessing the presence or ab-
sence of nigrosome-1 on SWI, 79 of 86 cases were classified
into the same groups by both raters (absolute inter-rater agree-
ment, 92% [κ = 0.84, p < 0.001]). There were four inter-rater
discrepancies between groups 2 and 3 (DLB, n = 3; AD, n = 1)
and three between groups 1 and 2 (AD, n = 1; a-MCI, n = 1;
controls, n = 1).

Patients were assigned to groups as follows: 25/29 DLB to
group 3, two to group 2 and two to group 1; 27/31 AD/a-MCI
to group 1, three to group 2 and one to group 3; and 24/26
controls to group 1, one to group 2 and one to group 3. For
SWI evaluation of nigrosome-1, 78 patients were correctly
classified (DLB, n = 27; AD, n = 15; a-MCI, n = 12; controls,
n = 24). There were abnormal or normal findings for 33/86
and 53/86 patients, respectively (Table 2). There were
left/right differences in group number in 13 cases (DLB,
n = 7; AD, n = 2; a-MCI, n = 2; controls, n = 2). Sensitivity
and specificity for the DLB and AD/a-MCI groups (n = 60)
were 93 and 87%, respectively (Table 2). Positive and nega-
tive predictive values were 87.1% (27/31) and 93% (27/29),
respectively (Table 2). Diagnostic accuracy was 90.0%.

The contrast ratio and ROI size of the nigrosome-1
(intraclass correlation coefficient) were reproducible to the
extent of 0.98 and 0.84, respectively. There were no signifi-
cant differences between raters for either right or left contrast
ratio and ROI size (p > 0.05). Therefore, averages were used
for additional analyses.

The contrast ratio of nigrosome-1 for both raters was sig-
nificantly lower in patients with DLB, as compared with those
with AD/a-MCI or healthy controls (p < 0.001) (Fig. 5a, b).
There were no significant differences in the contrast ratios of
nigrosome-1 between healthy controls and patients with AD/
a-MCI (rater 1, p = 0.137; rater 2, p = 0.318) or in the ROI size
of nigrosome-1 among groups (Table S1). In the DLB, AD/a-
MCI and combined DLB/AD/a-MCI groups, the contrast ratio
or ROI size of nigrosome-1 was not correlated with disease
duration or MMSE score (p > 0.05).

Accuracy of DLB diagnosis using DaT-SPECT

After assessing the DaT-SPECT, 55 of 60 patients were clas-
sified into the same groups by both raters (absolute inter-rater

agreement, 97% [κ = 0.88, p < 0.001]). There were five inter-
rater discrepancies between groups 2 and 3 (DLB, n = 1; AD,
n = 1; a-MCI, n = 1).

The consensus rating assigned patients as follows: 25/29
DLB, group 3, two to group 2 and two to group 1 and 26/31
AD/a-MCI to group 1, two to group 2 and three to group 3.
Consensus DaT-SPECT evaluation correctly classified 53 pa-
tients (DLB, n = 27; AD, n = 15; a-MCI, n = 11). There were
32/60 and 38/60 abnormal and normal results, respectively,
with 93% sensitivity and 84% specificity (Table 2). Positive
and negative predictive values were 84.4% (27/32) and 92.9%
(26/28), respectively. Diagnostic accuracy was 88.3%.

The SBR of DaT-SPECT was significantly lower in pa-
tients with DLB, as compared with those of AD/a-MCI pa-
tients (p < 0.001) (Fig. 5c). The SBR of DaT-SPECT of the
DLBwas positively correlated with disease duration (r = 0.40,
p = 0.03). The DaT-SPECT SBR was not correlated with
disease duration or MMSE score for the AD/a-MCI and com-
bined DLB/AD/a-MCI groups, respectively.

Comparison of SWI and DaT-SPECT findings

False negative SWIs were noted in two patients and for DaT in
two patients, and one was the same as the SWI false negative.
False positive results from SWI were noted for two of each of
the patients with AD and a-MCI, respectively. False positive
DaTs were observed for three and two patients with AD and a-
MCI, respectively, and one each with AD and a-MCI was the
same as the false positive SWI.

In the combined DLB/AD/a-MCI group, the mean contrast
ratios for nigrosome-1 and SBR were positively correlated
(r = 0.54, p < 0.001). The mean contrast ratios and MMSE
scores for nigrosome-1 and SBR were not correlated in the
separate DLB and AD/a-MCI groups (DLB group, r = 0.006,
p = 0.98; AD/a-MCI group, r = 0.11, p = 0.57). ROC curves of
the nigrosome-1 contrast ratio for both raters and the DaT-
SPECT SBRs were plotted to determine their accuracies for

Table 2 Accuracy of SWI and DAT-SPECT in diagnosing DLB

(n = 60) Nigrosome-1 findings (%) DAT-SPECT (%)

Sensitivity 93 93

Specificity 87 84

Pos. pred. val. 87 84

Neg. pred. val. 93 93

Accuracy 90 88

Analysis of the accuracy of nigrosome-1 and DAT-SPECT findings in
diagnosing DLB. Cases were classified according to the presence of
nigrosome-1 and DAT-SPECT uptake and include 29 DLB patients, 18
AD patients and 13 a-MCI patients (n = 60)

ADAlzheimer’s disease,DAT-SPECT dopamine transporter single-photon
emission computed tomography, DLB dementia with Lewy bodies, a-
MCI amnestic mild cognitive impairment
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distinguishing patients with DLB from those with AD/a-MCI
(Fig. 5d), and the sensitivity and specificity of the nigrosome-
1 contrast ratio for both raters and the DaT-SPECT SBR at
each optimal cutoff point are summarised in Table 3. The
nigrosome-1 contrast ratio for both raters performed better
compared with the DaT-SPECT SBR (rater 1, mean cutoff,
0.87; sensitivity, 0.90; specificity, 0.86; rater 2, mean cutoff,
0.88; sensitivity, 0.94; specificity, 0.90). Areas under the ROC
curve (Table 3) were 0.953, 0.968 and 0.892 for the
nigrosome-1 contrast ratios of raters 1 and 2 and SBR of
DaT-SPECT, respectively.

Discussion

This study revealed that using SWI, nigrosome-1 intensity is
diminished in most patients with DLB and is maintained in
those with AD/a-MCI as well as controls, consistent with the
published data [14]. Furthermore, SWI nigrosome-1 evalua-
tion was used to differentiate DLB from AD/a-MCI with high

sensitivity and specificity. Visual assessment of nigrosome-1
using SWI was approximately as sensitive and specific as
visual assessment of DaT-SPECT images. Moreover, semi-
quantitative analyses according to nigrosome-1 contrast ratios
were more sensitive and specific with SWI than DaT-SPECT.

A small number of researchers recently used 7T MRI to
assess nigrosome-1 and confirmed that nigrosome-1 assess-
ment is effective for the diagnosis of PD [6–10]. However, 7T
MRI has limited availability in hospitals, making its clinical
use difficult. Therefore, a number of studies have investigated
whether 3T MRI, which is clinically available, is appropriate
to assess nigrosome-1. In comparison to 7TMRI, 3TMRI has
a lower magnetic field strength, which results in a reduced
signal-to-noise ratio and weak T2* contrast and magnetic sus-
ceptibility effects of paramagnetic substances [19, 20], which
are disadvantages when assessing nigrosome-1. However,
several studies have indicated that 3T MRI can be used to
assess nigrosome-1 [10–13]. The results of the present study,
therefore, provide additional evidence that 3T MRI SWI im-
ages can be used to assess nigrosome-1. Furthermore, these

Fig. 5 a, b Box plot of nigrosome-1 intensity of healthy volunteers and
patients with amnestic mild cognitive impairment (a-MCI), Alzheimer’s
disease (AD), or dementia with Lewy bodies (DLB). c Box plot of specific
binding ratio (SBR) in patients with a-MCI, AD or DLB. The plots
indicate median values, and the boxes include upper and lower quartiles.
Whiskers represent the lowest (highest) values within the 1.5

inter-quartile range from the box. Outliers are shown as small circles. d
Receiver operating curve characteristics of the contrast ratio of
nigrosome-1 and DaT-SPECT SBR. The nigrosome-1 contrast ratio of
both raters showed better diagnostic performance, as compared with DaT-
SPECT SBR. HC healthy controls
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findings indicate that nigrosome-1 is effective for assessment
of DLB and AD/a-MCI. 123I-FP-CIT is a standard DaT-
SPECT imaging ligand that generates in vivo images of DaT
loss. Reduced binding in the basal ganglia reflects loss or
dysfunction of nigrostriatal dopamine nerve terminals.
Ligand uptake by DaT in the corpus striatum is reduced in
patients with DLB, as compared with healthy individuals
and patients with AD. DaT-SPECT is, therefore, useful to
differentiate DLB from AD [1, 21]. In a phase III multicentre
imaging study, DaT-SPECT differentiated DLB fromADwith
78% sensitivity and 90% specificity [22]. Additionally, an
autopsy study found that DaT-SPECT differentiated DLB
from AD with 88% sensitivity and 100% specificity [21],
which are similar to the findings reported here.

DaT-SPECT findings of decreased basal ganglia uptake rep-
resent the gold standard for diagnostic imaging of DLB and are
included in the diagnostic criteria of DLB [1]. The present study
found a significant positive correlation between SBR and disease
duration. Striatal uptake using DaT-SPECT was correlated with
disease duration, reflecting a loss of dopaminergic neurons
[23–26], which is consistent with the findings of the present
study. Moreover, there was no significant correlation between
MMSE findings and DaT-SPECT striatal uptake, again
supporting previous descriptions of the lack of correlation be-
tween MMSE findings, which reflect global cognitive functions
and striatal dopaminergic function [25, 27].

However, DaT-SPECTstill has some drawbacks, including
the need for radiation exposure, the high cost and prolonged
imaging time. SWI is non-invasive and cheaper and involves a
short imaging time, so nigrosome-1 evaluation using SWI
offers many advantages for the diagnosis of DLB. Ideally, this
method could supplant DaT-SPECT for the diagnosis of DLB.

Marked degeneration of nigrosome-1 of patients with
PD occurs in the SNc [5]. In DLB, as established by a
previous autopsy study, significant nigrostriatal degener-
ation and DAT loss occur [28]. Nerve cell loss in the
SNc is also more conspicuous in DLB than in patients
with AD and healthy individuals [29]. Decreased
nigrosome-1 signals are thought to reflect SNc degener-
ation. A diminished nigrosome-1 signal may reflect in-
creased iron deposition associated with SNc degenera-
tion and decreased neuromelanin accompanied by de-
creased iron stores [13, 30]. This may cause an increase

in free iron accompanied by paramagnetic properties
[13, 30]. If such findings reflect nigrosome-1 degrada-
tion, it is reasonable to expect a positive correlation
be tween DaT-SPECT SBR, wh i ch r ep r e s en t s
nigrostriatal dopaminergic activity and the contrast ratio
of nigrosome-1. In this study, there was a significant
correlation between the contrast ratio and the SBR in
the AD/a-MCI/DLB combined group, whereas there
was no significant correlation when correlation analysis
was performed individually with the AD/a-MCI and
DLB groups. Therefore, the results of the present study
merely indicated that the SBRs and contrast ratios were
high in the AD/a-MCI group and low in the DLB
group. Alternatively, the number of cases in each group
was likely insufficient to allow detection of a significant
correlation.

False positive nigrosome-1 data were associated with
4/33 patients with abnormal results, which may be ex-
plained by our use of clinical diagnoses, some of which
may be incorrect. No patient with false positive results
had preclinical symptoms of Lewy body disease, such
as rapid eye movement, sleep behavioral disorders, an-
osmia or autonomic dysfunction. However, incidental
Lewy pathology or presymptomatic Lewy body disease
may coexist in patients with AD and a-MCI as well as
healthy controls, leading to false positive results using
SWI. Moreover, incidental Lewy pathology and mild
SN neuron degeneration occurs in 7.8% of healthy in-
dividuals aged ≥60 [22]. For example, 22.5% of such
patients with AD exhibit incidental Lewy pathology, and
14% show mild loss of SN neurons [22]. This comor-
bidity with incidental Lewy pathology, loss of SN neu-
rons or both may lead to false positive results for
nigrosome-1.

Similarly, reliance on similar clinical diagnoses may
help explain the false negative results for nigrosome-1
in DLB, and therefore, the possibility of errors in the
clinical diagnosis of DLB cannot be excluded.
Furthermore, the patients with DLB may include those
with extensive cortical Lewy body pathology without
nigrostriatal involvement. DLB is pathologically classi-
fied as brainstem, limbic and neocortical types accord-
ing to the distribution and frequency of Lewy pathology

Table 3 Diagnostic sensitivity
and specificity of the contrast
ratio of nigrosome-1 and SBR of
DAT-SPECT

Diagnostic sensitivity and specificity of the contrast ratio of nigrosome-1 and SBR of DAT-SPECT

ROI Area under ROC Curve Cutoff value Sensitivity Specificity

Contrast ratio of nigrosome-1 rater 1 0.953 0.87 0.90 0.86

Contrast ratio of nigrosome-1 rater 2 0.968 0.88 0.94 0.90

SBR of DAT-SPECT 0.892 2.83 0.81 0.79

Data represent diagnostic sensitivity and specificity values achieved with the best cutoff value
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[1]. The majority of pathological studies emphasise SN
Lewy pathology as a constant in each pathological sub-
type [31–33]. However, isolated cases of DLB patients
with cortical, but not brainstem, Lewy body pathology
have been reported on rare occasions [34]. DLB cases
in the present study may have included cases in which
Lewy pathology had not yet reached the nigrostriatal
area.

Limitations of this study include the possibility of mis-
diagnosis of DLB, AD and a-MCI due to the lack of
histopathological confirmation. In addition, evaluations
of nigrosome-1 using SWI and striatum DaT-SPECT were
performed visually and did not include analysis using an
automated diagnostic system. However, SWI nigrosome-1
and DaT-SPECT striatum evaluations were performed by
two raters uniformed of patient clinical data, and high
inter-rater agreement was achieved (approximately 90%)
for both. However, because visual assessment of
nigrosome-1 using SWI can be difficult, it may be neces-
sary for raters to practice nigrosome-1 assessment. In
cases in which nigrosome-1 signals are very faint, it is
often difficult to categorise such cases as belonging to
group 1 (normal) or group 2 (possibly abnormal) because
it is not possible to determine whether very faint signals
are artefacts/noise or actual abnormalities. In this study,
the raters had differing opinions on the classification of
three cases to group 1 or 2. To overcome difficulties that
are inherent in visual assessment, a semi-quantitative
method may be effective to measure the signal ratio be-
tween nigrosome-1 and midbrain tegmentum signals using
ROI, as was done in this study. Semi-quantitative analysis
of nigrosome-1 is relatively simple and offers high repro-
ducibility (intraclass correlation coefficient, 0.98).
Therefore, this method may be useful in clinical settings.
It should be noted that image quality of SWI images is
ex t remely impor tan t for n igrosome-1 analys i s .
Fortunately, in this study, no case had poor image quality
or strong motion artefacts. However, because nigrosome-1
has an extremely small structure, even small amounts of
noise or motion artifacts render assessment difficult. In
this study, SWI imaging took only 108 s to complete,
and the SWI scans were the first to be incorporated in
the MRI protocol, which could explain the absence of
motion artifacts. In addition, the resolution of the SWI
sequence used in this study was 0.9 × 0.9 × 2 mm, which
was slightly inferior to that used by Schwarz et al.
(0.55 × 0.55 × 0.7 mm or 0.43 × 0.43 × 0.75) and Noh
et al. (0.9 × 0.9 × 2 mm, particularly at a slice thickness
of 2 mm). Thus, the use of higher resolution images could
improve both the nigrosome-1 assessment and the ability
to diagnose DLB.

In conclusion, the results of the present study showed that
assessment of nigrosome-1 using 3T SWI was able to

differentiate DLB from AD/a-MCI with sensitivity and spec-
ificity comparable to DaT-SPECT. Although this was a retro-
spective case–control study of a small number of subjects,
these preliminary results indicate that SWI and DaT-SPECT
are useful to differentiate DLB from AD/a-MCI.
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