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Abstract

Background: Cerebral microbleeds (MBs) have been well investigated in Alzheimer's disease
(AD), but not very extensively in non-AD dementias or in dementia with Lewy bodies (DLB).
Aims: To elucidate the clinical significance of MBs in DLB. Methods: \We compared the preva-
lence, locations and risk factors for MBs in 59 DLB and 81 AD patients. We visually counted
MBs in each of the cortical and subjacent areas (frontal, temporal, parietal and occipital), the
basal ganglia and the thalamus, and the brainstem and the cerebellar hemispheres on 1.5-tes-
la T2*-weighted gradient-recalled-echo MRI images. White matter lesions were semiquanti-
fied in fluid-attenuated inversion recovery images according to the Fazekas rating scale. Re-
sults: While the prevalence of MBs was comparable, MBs tended to be more abundant in DLB
than in AD in all brain areas with the exception of the occipital lobes. The number of MBs was
positively associated with the severity of white matter lesions but not with other vascular risk
factors in either AD or DLB. The presence of MBs could be associated with cognitive impair-
ment at onset. MB-positive DLB patients showed less impairment on ?3-metaiodobenzyl-
guanidine myocardial scintigraphy (MIBG scintigraphy) images, supporting the notion of an
inverse relationship between vascular lesions and Lewy body pathology. Conclusion: It was
suggested that an intricate association between Lewy body pathology, AD-type pathologies
and vascular lesions seems to be related to the initial symptoms and results of MIBG scintig-
ra phy in DLB. Copyright © 2013 S. Karger AG, Basel
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Introduction

Cerebral microbleeds (MBs) appear as small punctate low-intensity spots that may be
best detected in T2*-weighted gradient-recalled-echo (fig. 1) and susceptibility-weighted
MRI images. In a meta-analysis of five studies that looked at 18 patients, the histological
compositions of MBs on MRI were shown to include hemosiderin deposition (49%), old
hematomas (19%), no specific pathology (15%), the presence of intact erythrocytes (13%),
and 1% each of vascular calcification, microaneurysm and dissected vessels [1]. Thus, more
than 80% of what appears as low-intensity dots on T2*-weighted MRI represents MB-related
pathologies, while approximately 20% may represent nonhemorrhagic changes.

Lipofibrohyalinosis was the primary vascular change generally associated with deep-
situated MBs, whereas cerebral amyloid angiopathy (CAA) was associated with cortical MBs
especially in patients with dementia [1]. As lipofibrohyalinosis and CAA represent major
causes of small-vessel diseases, namely periventricular hyperintensities (PVH), white matter
hyperintensities (WMH) and lacunae, the presence of these lesions is considered to be a
significant risk factor for MBs [2, 3]. Platelet aggregation inhibitors, but not anticoagulants,
were proven to increase the prevalence of MBs especially in the cortical areas [4].

MBs in Alzheimer’s disease (AD) have been extensively studied; they are often multiple
and found in the cortex, specifically in the occipital lobe [2]. A close association between MBs
and small-vessel diseases [1, 3, 5] as well as amyloid pathologies (amyloid plaques and CAA)
[2, 5, 6] has been advocated as the primary cause of the high prevalence of MBs in AD. The
prevalence of MBs in AD ranged from 12.5 to 32%, which is much higher than that in normal
controls (3-12%) [2].

In contrast, the prevalence of MBs in other degenerative dementias has rarely been
studied. MBs in patients with frontotemporal lobar degeneration were much less commonly
detected even with the use of 7.0-tesla MRI [7]. Reasons for the rareness of MBs were ascribed
to alack of amyloid pathologies and lower average ages in patients with frontotemporal lobar
degeneration [7]. From this perspective, the prevalence of MBs in dementia with Lewy bodies
(DLB) may be of interest because DLB also has AD-type changes (amyloid pathologies and
neurofibrillary tangles). Pathologically, patients with DLB as well as Parkinson’s disease with
dementia had a significantly higher neuritic Braak stage, cortical amyloid load and capillary
CAA than cognitively normal Parkinson’s disease patients [8, 9]. The importance of CAA and
concomitant senile plaques/neurofibrillary tangles in developing cognitive impairment in
DLB and Parkinson’s disease with dementia has been underlined [9].

The coexistence of Lewy bodies (LBs) and AD-type pathologies is common in DLB. Path-
ological studies have shown that combined pathologies of DLB and AD were found in 15%
[10] up to as much as 76% [11] of autopsied DLB patients. Further, the amount of LBs corre-
lated positively with AD-type pathologies, while LBs were inversely correlated with vascular-
related pathologies (e.g., atherosclerosis, infarcts and small-vessel disease) [12]. Thus, the
prevalence of MBs as well as clinical symptoms in DLB may depend on the subtle balance
between DLB pathology (LBs), AD-type pathologies and various vascular factors.

If the occurrence of MBs is dependent primarily on the presence of amyloid pathologies
(plaques and CAA) as well as small-vessel diseases and vascular risk factors, but independent
of specific proteins that induce neurodegeneration (e.g., a-synuclein or tau) [13], it may be
hypothesized that the prevalence and locations of MBs in DLB resemble that of AD if concom-
itant vascular risk factors are similar. However, an autopsy study that compared the preva-
lence of cortical MBs in 45 AD patients and 8 DLB patients reported that MBs were equally
distributed in both diseases but significantly more frequent in AD brains [10].

Given the emerging knowledge on the pathophysiological background of MBs, some
unsolved issues with regard to MBs in DLB still remain. First, the clinical prevalence of MBs
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Fig. 1. Representative T2*-weighted gradient-recalled-echo images of MBs from an 81-year-old female with
DLB. The patient initially complained about forgetfulness, depressive mood and mild gait disturbance. Early
H/M, late H/M and washout ratios on MIBG scintigraphy were 1.82, 1.88 and 39.2%, respectively. Note mul-
tiple small low-intensity black dots on the left side of the pons, temporal and parietal cortices, and basal gan-
glia and thalami.

in DLB should be elucidated specifically in comparison with that in AD considering shared
amyloid pathologies in AD and in DLB. Second, a possible influence of MBs on clinical features
of DLB should be clarified. The inverse relationship between LBs and vascular pathology,
namely more MBs and less LBs, may obscure the characteristic symptoms of DLB and render
the differential diagnoses challenging. Lastly, we were interested in how MBs interact with
the results of 123]-metaiodobenzylguanidine myocardial scintigraphy (MIBG scintigraphy), an
issue that has not yet been addressed. Abnormalities on MIBG scintigraphy [decreased ratios
of heart/mediastinum (H/M) uptake and increased washout ratios of MIBG], being a bio-
marker of DLB pathology, may represent the extent of impaired cardiac sympathetic nerve
function induced by LB deposition at presynaptic nerve terminals. The comparison of the
severity of MBs and the impairment shown by MIBG scintigraphy may shed some light on the
association of vascular lesions (MBs) with LB burden, at least in the myocardium.

We conducted the present study to test the following hypotheses: (1) the prevalence
of MBs is similar in AD and DLB patients when vascular loads are comparable, because both
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diseases share amyloid-related pathologies, (2) MB-positive DLB patients may present
clinical features which are less typical of DLB than those of MB-negative DLB patients, and
(3) the results of MIBG scintigraphy suggest that MB-positive DLB patients may be less
impaired, thus reflecting the inverse association between vascular and LB pathologies
[12].

Methods

Patients

We studied 81 outpatients with AD (38 men, 43 women, average age + standard devi-
ation: 79.5 + 5.4 years) and 59 outpatients with DLB (25 men, 34 women, average age: 78.1
+ 6.0 years). All patients were ambulatory, did not suffer from debilitating illnesses, and had
no history of apparent ischemic diseases (cerebral infarction, transient ischemic attack,
coronary arterial disease or peripheral arteriosclerotic occlusive disorders) and/or ischemic
electrocardiographic changes. The diagnosis of AD was made with the criteria from the
National Institute of Neurological and Communicative Disorders and Stroke and the Alz-
heimer’s Disease and Related Disorders Association (NINCDS-ADRDA) [14], and the diag-
nosis of DLB was made with the consensus criteria [15]. We utilized brain MRI, SPECT and
MIBG scintigraphy as adjunctive measures in the differentiation of AD and DLB. We assessed
cognitive levels at the time of diagnosis using the revised Hasegawa Dementia Scale (HDSR),
a short cognitive test consisting of tasks concerning orientation, verbal and visual memory,
calculation and categorical word fluency with a full score of 30 [16]. Since the HDSR scores
ranged between 29 and 5 (median 19), the severity of dementia corresponded to mild to
severe, but mostly to moderate.

The study was approved by the Ethics Committee of the Showa University Northern
Yokohama Hospital. The patients and/or their caregivers provided written consent to partic-
ipate in the study after the procedures had been explained in detail.

Vascular Risk Factors and Vascular Lesions on MRI

We considered the presence of and/or the treatment for arterial hypertension (high
blood pressure, HBP), diabetes mellitus (DM), dyslipidemia (Dyslipid) and atrial fibrillation
(Af) at the time of evaluation as vascular risk factors. All patients underwent 1.5-tesla MRI
examinations as a routine diagnostic procedure, and fluid-attenuated inversion recovery and
T2*-weighted gradient-recalled-echo images were obtained. We used the same MRI equip-
ment for all participants with a fixed slice thickness, gap width and other related parameters
to avoid technical errors. Small-vessel lesions represented by PVH and WMH were semiquan-
tified on fluid-attenuated inversion recovery images according to the Fazekas method [17].
Lacunae, if any, were considered as representing small-vessel disease and were semiquan-
tified together with WMH. MBs were visually counted on T2* images in the cortical and
subjacent areas in the frontal, temporal, parietal and occipital lobes (cortical), thalamus and
basal ganglia (deep), and brainstem and cerebellar hemispheres (infratentorial). Low-
intensity spots located in the pallidum were excluded because they are highly likely to
represent calcium deposition.

Initial Symptoms of DLB and Vascular Factors

In a previous study, we found that patients with DLB may present diverse symptoms at
onset including cognitive, psychiatric or physical/autonomic ones, alone or in various combi-
nations [18]. Accordingly, we categorized the initial symptoms of DLB into three realms:
cognitive (symptoms ascribed to impairment of memory, executive function, visuospatial
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abilities and others), psychiatric [apathy, depression, delusions, hallucinations, realistic but
pseudo awareness of someone behind oneself (die leibhaftige Bewusstheit) and phantom
boarder] and physical (parkinsonism and various autonomic disturbances such as orthostatic
hypotension).

We first compared the prevalence of each of the initial symptoms in MB-positive and
MB-negative DLB patients. We then looked for those factors that might determine the type of
the initial symptoms such as the age of the patients, their vascular risks (HBP, DM, Dyslipid
and Af) as well as their vascular lesions (PVH, WMH and total MB counts) using logistic
regression analysis.

MIBG Scintigraphy in DLB and Vascular Factors

In order to confirm the clinical diagnosis, MIBG scintigraphy was conducted in patients
who satisfied the criteria for DLB. However, MIBG scintigraphy was not available for 8 DLB
patients for various social reasons. We obtained early (20 min after injection) and late (4 h
after injection) H/M uptake ratios as well as a washout ratio of MIBG. Because myocardial
damage can arise from a variety of other causes, and this is a major confounding factor in the
interpretation of MIBG scintigraphy, patients with an apparent history of or showing electro-
cardiographic changes suggestive of ischemic heart diseases were excluded in the recruit-
ment stage. Diabetic autonomic neuropathy may also affect the results of MIBG scintigraphy
[19]. However, we included 17 DLB patients with DM as well, because the presence of DM did
not adversely affect early H/M (DM 1.71 £ 0.21, non-DM 1.58 + 0.26, p = 0.07), late H/M (DM
1.63 + 0.31, non-DM 1.57 + 0.39, p = 0.38) or washout ratios (DM 41.3 + 7.8%, non-DM 39.8
+ 7.4%, p = 0.45). First, we compared the early and late H/M ratios and washout ratios
of MIBG between MB-positive and MB-negative patients. Then we used linear regression
analyses to investigate whether the results of MIBG scintigraphy were affected by the age of
the patients and the presence and severity of vascular risk factors and lesions.

Statistics

Because the normality of data distribution was unknown, we used the Mann-Whitney
test for numerical comparisons and the x? test for categorical comparisons. The linear
regression analyses looked for factors related to the total number of MBs which might
influence the clinical diagnosis (AD or DLB), age, vascular risk factors (HBP, DM, Dyslipid and
Af), the use of antiplatelet agents and ischemic vascular lesions (Fazekas scores for PVH and
WMH). The contribution of the age of the patients, vascular risks (HBP, DM, Dyslipid and Af)
and vascular lesions (PVH, WMH and total MB counts) to each initial symptom (cognitive,
psychiatric and physical) was investigated by stepwise logistic analyses. Finally, the influence
of the above-mentioned demographic and vascular factors on the results of MIBG scintig-
raphy in DLB patients was assessed by stepwise linear regression analyses. p < 0.05 was
considered statistically significant. Statistical analyses were conducted by SPSS Version 17.0
(Japanese version).

Results

Patient Demography (fig. 2)

Between the AD and DLB patients, there were no statistical differences in the age of the
patients (AD 79.5 £ 5.4 years, DLB 78.1 + 6.0 years, p = 0.11), the proportion of men (AD 47%,
DLB 42%, p = 0.36), the HDSR scores (AD 18.6 + 5.6, DLB 17.2 + 7.1, p = 0.35), the prevalence
of HBP (AD 59%, DLB 49%, p = 0.16), DM (AD 32%, DLB 31%, p = 0.49), Af (AD 6%, DLB 0%,
p = 0.11), the use of antiplatelet agents (AD 15%, DLB 7%, p = 0.11) and the Fazekas scores
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Fig. 2. Patient demography of subjects with AD and DLB. No differences existed between these two disease
groups in terms of average age, scores for the HDSR, vascular risk factors including HBP, DM, Af and use of
antiplatelet agents (Antiplt) and Fazekas scores for PVH and WMH. Dyslipid was significantly more frequent
in AD than DLB.

T

10 b O

Numbers of MBs
[=)]
|

Frontal Temporal Parietal Occipital Deep Infratentorial

Fig. 3. Numbers of counted MBs in each brain area. MB counts were nonsignificantly higher in DLB than in
AD in all brain areas except the occipital lobes.

for PVH (AD 1.36 £ 0.75,DLB 1.39 £ 0.59, p = 0.92) and WMH (AD 1.00 £ 0.77, DLB 1.05 + 0.71,
p =0.63). Among vascular risk factors, Dyslipid was significantly more frequent in the AD than
in the DLB patients (AD 26%, DLB 10%, p = 0.02).

Prevalence of MBs in AD and DLB

The prevalence of total MBs was 19.8% (16 out of 81 patients) for AD and 16.9% (10 out
of 59 patients) for DLB, and we found no statistical difference between the two patient groups
(p=0.42). However, the total MB counts were higher in DLB (2.2 £ 9.6) than in AD (1.1 * 4.3),
although not significantly so (p = 0.71). Local MB counts (fig. 3) were also larger in all brain
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Frontal Temporal Parietal Occipital Deep Infratentorial

Fig. 4. Distribution of MBs. The proportion of local MBs as the percentage of total MBs was comparable in
AD and DLB. MBs in DLB were frequently located in the frontal and deep regions but rarely in the occipital
areas, although not significantly so.

areas in DLB (frontal: AD 0.7 + 1.4, DLB 2.5 * 6.6; temporal: AD 0.6 + 1.8, DLB 1.8 + 3.6;
parietal: AD 0.7 £ 1.1, DLB 3.2 + 6.9; deep: AD 1.3 + 2.3, DLB 3.2 + 5.3; infratentorial: AD 0.8
+1.5,DLB 1.7 £ 2.9) with the exception of the occipital lobes where MBs were more numerous
in AD (AD 1.6 + 4.2, DLB 0.7 + 1.6). Because of the small numbers of MB-positive patients in
each group (AD 16, DLB 10) and a large variability (standard deviation) among the patients,
the differences between AD and DLB did not reach statistical significance.

The distribution of MBs, described as the proportion of the local MBs as the percentage
of the total MBs, was also comparable in AD and DLB (fig. 4). In DLB, MBs were rare in the
occipital areas (DLB 1%, AD 11%, p = 0.41) and were frequently located in the frontal (DLB
25%, AD 14%, p = 0.62) and deep areas (DLB 42%, AD 35%, p = 0.51). However, the differ-
ences between AD and DLB did not reach statistical significance in any region.

Patient Backgrounds and Vascular Factors in Patients with and without MBs (table 1)

We then compared patient demography, vascular risk factors and PVH/WMH between
the patients with and without MBs in AD and DLB, respectively. The age of the patients, their
gender distribution and the scores of the HDSR were comparable in AD. In contrast, the
MB-positive DLB patients were significantly older (p = 0.04) and tended to score better on
the HDSR (p = 0.10) than the MB-negative DLB patients. Their backgrounds with regard to
vascular risks/lesions were similar in AD and DLB. The PVH and WMH scores were signifi-
cantly higher, and HBP and the use of antiplatelet agents were more frequent, although not
significantly so, in the MB-positive patients, and this suggests a close association between
major vascular risks/lesions and MBs. In contrast, the frequency of DM and Dyslipid was
lower in the MB-positive patients.

We went on to conduct a stepwise linear regression analysis to determine the most
relevant factor(s) of the total counts of MBs in the whole cohort of AD and DLB patients. Inde-
pendent variables included the type of diseases (AD or DLB), age, gender, vascular risk factors
(HBP, DM, Dyslipid and Af), the use of antiplatelet agents, and scores for PVH and WMH. We
found that the severity of WMH was a significant accelerating factor of the total numbers of
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Table 1. Patient demography, vascular risk factors and Fazekas scores in MB-positive and MB-negative
patients with AD or DLB (see text for discussion)

n Age Men HDSR HBP DM Dyslipid Af Plt PVH WMH
years % % % % % %

MB(+) AD 16 784+53 56 18.1+6.9 69 25 19 6 25 1.75+0.86 1.56+0.81
MB(-) AD 65 79.8+5.4 45 18.8+5.3 57 34 28 5 12 1.26+£0.69 0.86%0.70
p 0.29 0.29 0.85 0.29 036 0.35 0.59 0.18 0.03 0.002
MB(+) DLB 10 81.0x3.3 60 20.6£5.2 70 10 0 0 20 1.80+0.42 1.50+0.85
MB(-)DLB 49 77.5+6.2 39 16.5+7.2 45 35 12 0 4 1.31+0.59 0.96+0.64
p 0.04 0.19 0.10 0.14 0.12 0.31 - 0.13  0.005 0.03

Plt = Antiplatelet agents.

MBs (B = 0.28, p = 0.01, R? = 0.28). Other factors exerted no significant influence on the
numbers of MBs.

Effects of MBs on the Initial Symptoms in DLB Patients (fig. 5)

At onset, the MB-positive DLB patients had a tendency to present cognitive symptoms
more frequently (90% of MB-positive patients, p = 0.045) and psychiatric symptoms less
frequently (20%, p = 0.051) than the MB-negative patients (cognitive 56%, psychiatric 54%).
MB-positive DLB patients showed no physical impairment at onset, while 19% of the
MB-negative patients presented physical symptoms as the initial symptoms. Because of a
small number of MB-positive patients (n = 10), the intragroup difference among the preva-
lence of cognitive, psychiatric and physical impairments did not reach statistical significance
(p = 0.20). The MB-negative patients tended to show cognitive, psychiatric and physical
symptoms more evenly than the MB-positive patients.

Stepwise logistic regression analyses, with age, gender, vascular risk factors, PVH/WMH
scores and MB counts as independent variables, appeared to show that the presence of HBP
was a significant factor leading to cognitive impairment as the initial symptom of DLB [odds
ratio (OR) = 4.2, p = 0.01, R? = 0.11], that the severity of PVH was a significant factor leading
to psychiatric disorders as the initial symptoms (OR = 0.24, p = 0.004, R? = 0.13), and that the
age of the patients was a significant factorleading to physical problems as the initial symptoms
(OR = 0.84, p = 0.004, R? = 0.12). While the presence of HBP raised the likelihood of cogni-
tive symptoms at onset, lower, rather than higher, PVH scores and a lower age of the patient
(ORs = 0.24 and 0.84 are smaller than 1.0) raised the likelihood of psychiatric and physical
symptoms at onset, respectively. The number of MBs was not an independent factor influ-
encing the initial symptoms of DLB.

Association of MBs with the Results of MIBG Scintigraphy in DLB Patients (fig. 6)

MIBG scintigraphy was available in 53 DLB patients. First, we compared the results of
MIBG scintigraphy between 10 MB-positive and 49 MB-negative DLB patients. There was a
tendency that the early H/M ratios were lower (more impaired) in the MB-negative (1.59 +
0.26) than in the MB-positive (1.78 + 0.12) patients (p = 0.06). The late H/M ratios were lower
in the MB-negative (1.57 = 0.38) than in the MB-positive patients (1.77 = 0.21), but the
difference did not reach statistical significance (p = 0.24). Washout ratios were abnormally
enhancedregardless ofthe presence of MBs (39.9% for MB-positive and 40.4% for MB-negative
patients, p = 0.71).
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Fig. 5. Association between MBs
and initial symptoms. MB-posi-
tive DLB patients tended to pre-
sent cognitive symptoms at onset
more frequently than psychiatric
or physical symptoms. MB-nega-
tive patients tended to have a
more even distribution of cogni-
tive, psychiatric and motor symp-
toms.

T
Cognition Psychiatric Physical

DD
[ DLB MB(+)

......................................... I DLB MB()

Fig. 6. Association between MBs
and results of MIBG scintigraphy. 204
Both early and late H/M ratios
were lower (more impaired) in 15
MB-negative than in MB-positive
patients. The differences in the 10
early H/M ratios reached statisti-
cal Significance. Washout ratios 05— | |
were abnormally enhanced re-
gardless of the presence of MBs. 0 T
Washout R/10 = Washout ratios Early H/M Late.H/M Washouk R0
divided by 10.

In a stepwise linear regression model with age and gender distribution of patients, each
vascular risk factor, PVH/WMH and the total MB counts as independent variables, the
presence of Dyslipid (B = -0.35, R? = 0.12, p = 0.01) significantly lowered (worsened) early
H/M ratios. PVH (B = 0.26, p = 0.06) and DM (B = 0.24, p = 0.08) showed a tendency to
contribute to higher (better) early H/M ratios. Other factors, including MB counts, were not
independent factors influencing the results of early H/M ratios. No factor was associated with
either late H/M ratios or washout ratios.

Discussion

This study clarified several clinical implications of MBs in DLB. The prevalence of MBs in
AD and DLB patients was comparable, while the actual number of MBs was larger in DLB. The
distribution of MBs was similar in AD and DLB with the exception of the occipital dominancy
in AD that was not observed in DLB. The Fazekas scores for PVH and WMH were higher in the
MB-positive patients, and the severity of WMH was the significant and exclusive determinant
of the total number of MBs in both AD and DLB. Conversely, the type of disease (AD or DLB)
was not a factor influencing the number of MBs.
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We found that DM and Dyslipid were less frequent in MB-positive patients. A lower
frequency of Dyslipid in MB-positive patients may be in line with a general understanding
thatalow cholesterol level is one of the risks of cerebral hemorrhage and MBs [20]. However,
we could not find reasonable accounts for the lower prevalence of DM in these patients, given
that DM is a well-known major cause of small-vessel diseases and an accelerating factor of
amyloid deposition [21]. This issue needs to be addressed in future studies.

Initially, we hypothesized that AD and DLB patients may have a similar prevalence and
severity of MBs because of common amyloid pathologies. The present study showed that both
AD and DLB patients had essentially the same prevalence of total as well as local MBs,
possessing similar backgrounds in terms of patient demography and vascular risk factors.
PVH and WMH were more prominent in MB-positive AD and DLB patients. Viewed from this
perspective, we assumed that the occurrence and the number of MBs in both AD and DLB
were dependent mainly on the presence and severity of vascular risk factors and small-vessel
diseases including amyloid deposition.

As a proof that amyloid pathologies are involved in the pathogenesis of MBs in AD, MBs
were more numerous in the occipital areas in AD where CAA predominates [2]. However, DLB
patients did not show an occipital dominance in MB distribution. It may be just a bias derived
from a small sample size (n = 10). Alternatively, the present results may suggest a possible
difference in the distribution of CAA between AD and DLB. Previous pathological studies
showed that CAA in DLB and Parkinson’s disease with dementia may be accentuated either
in the occipital areas or generalized brain areas including the frontal lobes [8, 9, 12]. Future
pathological studies should focus on the topographical association between MBs and CAA in
DLB.

In other brain areas, MBs were more abundant in DLB patients than in AD patients,
although not significantly so. These results may not agree with the autopsy findings that MBs
were significantly more frequent in AD brains, while the distribution of MBs was equal in AD
and DLB brains [10]. This discordance is likely due to the differences in methodology (MRI
vs. pathological); MRI studies may offer more advantages than a pathological approach in that
the whole brain can be scanned in search for MBs.

The reasons for higher MB counts in DLB patients than in AD patients are not clear,
because we found no differences in the prevalence of vascular risk factors and the severity of
PVH/WMH between AD and DLB. It may be possible that DLB patients are more prone to
develop multiple MBs or that they had a higher proportion of nonhemorrhagic low-intensity
spots on MRI. Again, this issue awaits further studies to clarify pathological entities of MBs on
MRI in patients with DLB.

The next hypotheses suggested that clinical features and the results of MIBG scintigraphy
in DLB patients are subject to the influences of MBs. These hypotheses were based on previous
studies showing that, given the same clinical severity, in DLB patients with vascular burden
the LB pathology may be less abundant than in DLB patients without vascular lesions [12].

As to the factors influencing the initial symptoms of DLB, a significant association was
found between the higher prevalence of HBP and cognitive impairment, milder PVH and
psychiatric disorders, and lower age and physical symptoms. The association between HBP
and cognitive impairmenthas been well established in previous studies, even in mild cognitive
impairment [22]. We found that less severe PVH raised the likelihood that psychiatric
symptoms led to the initial presentation, although frontal deep WMH are reportedly asso-
ciated with depression in both AD and DLB patients [23]. We need prudent interpretations of
these conflicting results: one possible explanation may be that milder PVH signifies a more
abundant LB pathology [12], which may in turn induce characteristic psychiatric symptoms
of DLB such as hallucinations, delusions and cognitive fluctuations. Physical symptoms at
onset were associated with younger age. This result may be to some extent associated with
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the finding that the pure form of DLB that lacks amyloid pathologies tends to present initial
symptoms of motor impairments (parkinsonism) at lower ages [11].

Conversely, the presence of MBs per se was not an independent factor of which symptoms
appear at the onset of DLB, although MB-positive DLB patients were more likely to initially
present cognitive symptoms than MB-negative patients. It may be the case that the presence
of MBs implies more abundant AD-type pathologies and thus more prominent cognitive
impairment at onset. On the other hand, higher scores on the HDSR at the time of diagnosis
in MB-positive patients may not contradict the tendency of these patients to present cognitive
impairment at onset because of the differences in the time of assessment (at diagnosis vs. at
onset) and the qualitative contents of cognitive impairment: the HDSR, which is a memory-
and language-dependent test, may not necessarily reflect executive or visuospatial impair-
ments.

Finally, we compared the total numbers of MBs and the results of MIBG scintigraphy. We
found that the impairment visible on MIBG scintigraphy, especially the early H/M ratios, was
less severe in MB-positive patients. Furthermore, regression models showed a significant
association of Dyslipid and a trend toward significance for PVH and DM with early H/M ratios.

The presence of Dyslipid, mainly hypercholesterolemia, was independently associated
with lower (more impaired) early H/M ratios in a linear regression model. Although Dyslipid
was more prevalent in the MB-negative group where early H/M ratios were lower, this result
from a regression analysis is unlikely to be a consequence of multicollinearity. Dyslipid might
induce subclinical arteriosclerosis and myocardial damage that possibly prevent MIBG
uptake. In any case, the implication of this result remains uncertain until further investiga-
tions.

On the other hand, the presence of PVH and DM appeared to counteract the impairment
ofthe myocardial sympathetic system caused by LB deposition. In Parkinson’s disease, abnor-
malities on MIBG scintigraphy correlate roughly with the clinical severity of the disease [24],
suggesting that the LB burden may correlate with an impaired uptake of MIBG in the
myocardium. Given that the same is true in DLB, we assume that the presence of PVH and DM,
signifying more severe small-vessel diseases, may mean a smaller LB burden and thus milder
impairment visible on MIBG scintigraphy.

What is the clinical implication of this inverse association? As can be inferred from the
observation that vascular lesions are a significant inducing factor of overt dementia in patients
with a subclinical AD pathology [25], first it is likely that vascular lesions that complicate LB
pathology may accelerate the emergence of clinical DLB symptoms, and this would make a
diagnosis of DLB possible at an earlier stage. Second, MB-positive DLB patients, with heavier
vascular and AD-type pathologies but less LBs, may present a rather atypical clinical course
and symptoms when compared to MB-negative patients with a more profuse LB pathology.
Based on these differences between MB-positive and MB-negative patients, MB-positive DLB
patients may be pertinently described as a DLB variant of AD with cerebrovascular disease.
Future studies should investigate the intricate association among LB pathologies, vascular
lesions and AD-type pathologies, and their composite effects on the initial symptoms and
results obtained using MIBG scintigraphy from both clinical and pathological perspectives.

This study has several limitations. As mentioned repeatedly, the major limitation is a lack
of pathological confirmation of the clinical diagnosis of AD and DLB as well as the composition
of low-intensity spots visually judged to be MBs on T2*-weighted MRI, 20% of which may
represent nonhemorrhagic changes [1]. At the time of writing this report, all the participants
are physically well and continue to be treated at the outpatient department, making patho-
logical investigations impossible. As to the differential diagnosis of AD and DLB, we took extra
care to detect the presence of extrapyramidal signs, early hallucinations, delusions and
cognitive fluctuations. As adjunctive measures of a differential diagnosis, we conducted a
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SPECT study in all subjects and MIBG scintigraphy in 9 patients finally diagnosed with AD, in
whom there was still a possibility of DLB. Further, we measured -amyloid and tau in the
cerebrospinal fluid in 3 clinically atypical patients, who turned out to have AD pathologies
according to these biomarkers. We believe that these measures may have partially compen-
sated for the lack of pathological data. Second, a more sensitive detection of MBs would have
been possible with MRI scanning in a higher magnetic field or susceptibility-weighted images
than with T2*-weighted images in a 1.5-tesla magnetic field, neither of which was available
in this study. Third, MIBG scintigraphy was not available in 8 out of 59 DLB patients because
of the patient’s refusal, the nonavailability of accompanying caregivers, the failure to appear
for an examination or other reasons.

In spite of these limitations, this study may help understand the prevalence, the associ-
ation with vascular factors and the clinical implications of MBs in DLB, specifically in
comparison with MBs in AD. Future studies are warranted to investigate those issues which
have remained unanswered in the present study, namely the composition of MBs on MRI in
DLB patients, the pathologically defined distribution of MBs in AD and DLB especially with
regard to the distribution in the occipital lobes, the quantitative association among small-
vessel lesions (PVH, WMH and MBs), AD-type pathologies and LB pathology in the brain as
well the myocardium.
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