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Abstract

Purpose There is evidence that some cases of patients

with dementia with Lewy bodies (DLB) can demonstrate

Alzheimer disease (AD) like reduced glucose metabolism

without amyloid deposition. The aim of this study was to

clarify whether regional hypometabolism is related to

amyloid deposits in the DLB brain and measure the degree

of regional hypometabolism.

Methods Ten consecutive subjects with DLB and 10 AD

patients who underwent both Pittsburgh compound B

(PiB)-PET and 18F-fluoro-2-deoxyglucose (FDG)-PET

were included in this study. Regional standardized uptake

value ratio (SUVR)s normalised to cerebellar cortices were

calculated in the FDG- and PiB-PET images.

Results All AD patients and five DLB patients showed

amyloid deposits (PiB positive). In the DLB group the

parietotemporal and occipital metabolism were signifi-

cantly lower than those in the AD group but there was no

difference between the posterior cingulate hypometabolism

between DLB and AD groups. There were no differences in

regional glucose metabolism between PiB positive and

negative DLB patients.

Conclusions In the DLB brain, it is suggested that

decreased regional glucose metabolism is unrelated to

amyloid deposits, although the hypometabolic area over-

laps with the AD hypometabolic area and the degree of

parietotemporal and occipital hypometabolism in DLB

brain is much larger than that in AD brain.

Keywords Dementia with Lewy bodies � Glucose

metabolism � Amyloid deposit � PET

Introduction

Dementia with Lewy bodies (DLB) is the second most

common neurodegenerative dementia following Alzheimer

disease (AD). The clinical core features of DLB include

fluctuating cognition, recurrent visual hallucinations, and

Parkinsonism. DLB is characterised pathologically by the

presence of Lewy bodies in cortical, subcortical, and

brainstem structures, and belongs to the spectrum of Lewy

body diseases including Parkinson disease (PD), where

Lewy bodies remain in the brainstem. The criteria for

clinical and pathological diagnoses of DLB were revised in

2005, and included an important role for functional and

morphological imaging [1]. Suggestive features for DLB

include low dopamine transporter uptake in the basal

ganglia on SPECT and PET imaging scans, while sup-

portive features include relative preservation of medial

temporal lobe structures on CT/MRI scan and generalised

low uptake on SPECT/PET with reduced occipital activity

and abnormal MIBG myocardial scintigraphy [2].

The hypometabolic regions in DLB brains are similar to

those in AD brains, although DLB brains exhibit a difference

in the involved occipital lobe. For example, the relative

metabolic reduction was reported to be more severe in the
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occipital cortices and less severe in the medial temporal

lobes in DLB compared with AD, and occipital hypome-

tabolism is a key feature of DLB that discriminates it from

AD [3]. Donaghy et al. [4] also suggested that cortical

amyloid deposition may be a factor in the development of

cognitive impairment in ‘some’ cases of dementia in Lewy

body disorders, and amyloid deposition may predict the

future development of dementia in PD. Kantarci et al. [5]

reported that occipital and posterior parietotemporal lobe

hypometabolism in DLB is independent of the amyloid

pathology. A correlation between amyloid deposition and

symptom profile, severity, and progression remains contro-

versial, as some patients with DLB can demonstrate a pattern

of AD-like reduced glucose metabolism without amyloid

deposition [5–7]. Thus, the aim of this study was to inves-

tigate the relationship between parietotemporal and posterior

cingulate glucose metabolic reduction with amyloid depo-

sition in the DLB brain and compare the degree of regional

hypometabolism between DLB and AD brain.

Methods

Subjects

A total of 10 probable DLB patients (mean age 75.4 ± 7.5,

male:female = 5:5, mean duration of the illness 2.05 years)

were recruited from those who consulted our memory clinic

and received 11C-PiB (Pittsburgh compound B)-PET from

June 2011 to December 2013. Ten age- and sex-matched

patients with AD (mean age 73.3 ± 5.3, male:female = 4:6,

mean duration of the illness 1.75 years) were also examined

from our Dementia database. All patients were examined by

routine laboratory tests, structural neuroimaging (magnetic

resonance imaging or computed tomography), and standard

neuropsychological examinations, including the MMSE.

The DLB patients fulfilled the criteria of the third report of

the DLB Consortium [1], while the AD patients fulfilled the

criteria of the NINCDS/ADRDA for probable AD [8]. This

study was approved by the Ethics Committee of Kinki Uni-

versity Faculty of Medicine, and written informed consent

was obtained for all participants. All subjects underwent 18F-

fluoro-2-deoxyglucose (FDG)-PET within 30 days of 11C-

PiB-PET scanning. In one DLB patient, amantadine was

taken, in one DLB patient amantadine and levodopa were

taken, in one DLB patient and two AD patients donepezil

was taken, and in one AD patient donepezil and memantine

were taken at the time of PET studies.

PiB-PET

11C-PIB was synthesized at the PET Center of our insti-

tution as described previously [9]. PET scans were

performed using a PET scanner (ECAT Accel, Siemens

AG, Erlangen, Germany) in the 3D mode. A transmission

scan was performed for correction of attenuation before

administration of the tracer. 11C-PiB was injected into an

antecubital vein, with a mean dose of 555 ± 185 MBq

(11.1 MBq/kg body weight), and then the vein was flushed

with saline. Images were acquired at 50–70 min after

injection. The images were reconstructed with an iterative

algorithm that provided spatial and axial resolution in the

range of 6–8 mm at full-width and half-maximum. For

visual inspection, standard uptake value images were

obtained with a rainbow colour scale by normalizing the

tissue radioactivity at 50–70 min after injection.

FDG-PET

For FDG-PET, the subjects were instructed to fast for at

least 4 h prior to the scan and they were asked to lie quietly

in a dimly lit room with their eyes open and minimal

sensory stimulation. A 30 min dynamic emission scan

(consisting of six 5 min frames) was acquired, starting

30 min after intravenous injection of 185 MBq of 18F-

FDG. Data were corrected for attenuation by obtaining a

transmission scan and images were reconstructed by the

same method as for PiB images.

Image analysis

PiB-PET images of all subjects were visually assessed by

two experienced nuclear medicine physicians blinded to

the clinical information separately adjusting the window

scale of the images. If two ratings were not consistent,

consensus was achieved by discussion. PiB positivity was

evaluated in cortical regions, including the bilateral frontal

lobes, parietotemporal lobes, occipital lobes, precuneus/

posterior cingulate gyri and striata. According to the PiB

positivity in each region, each subject was classified as PiB

positive, questionable, or PiB negative. For each region,

PiB positive was defined as higher accumulation in the

cerebral cortex than in the white matter, and PiB negative

was defined as no cortical accumulation. When cortical

accumulation was suspected but the accumulation in the

cortex was not higher than that in the white matter, an

equivocal rating was assigned. For the questionable cases,

distribution of the PiB accumulation was classified as dif-

fuse or focal among the four cortical regions.

In addition to visual reading, voxel-wise analyses were

performed as follows. All of the PiB-PET images were

co-registered to the individual FDG-PET images using

statistical parametric mapping (SPM8: Wellcome Trust

Centre for Neuroimaging, University College London,

London, UK; http://www.fil.ion.ucl.ac.uk/spm/software/

spm8/). First, spatial normalisation of the FDG-PET
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images to the Montreal Neurologic Institute (MNI) space

was performed with the SPM program. Next, spatial

normalisation of the PiB-PET images to the MNI space

was done using the individual parameter obtained from

FDG-PET normalisation. Furthermore, all FDG-PET and

PiB-PET images were smoothed with an isotropic 12 mm

Gaussian kernel to increase the signal-to-noise ratio and

to compensate for differences in gyral anatomy between

individuals. The individual FDG images were normalised

by the cerebellar FDG uptake. In the PiB analyses, the

individual PiB uptake values were normalised by the

cerebellar PiB uptake.

Voxel-by-voxel statistical analysis by SPM8 was con-

ducted for comparisons of metabolic activity and PiB uptake

between the DLB and AD subjects and between the PiB

positive and negative DLB subjects. A significant threshold

of p \ 0.001, uncorrected for multiple comparisons, was

applied. In addition, using the template volumes of interests

(VOI) (frontal, parieto-temporal, posterior cingulated/pre-

cuneus, occipital, striatum, cerebellar cortices, and pons) set

at the MNI space, regional FDG and PiB counts were

measured for each region and then the regional SUVR of

FDG and PiB were calculated relative to that of the cere-

bellar cortices as a reference. Concerning SUVR of FDG,

cerebellar FDG uptake maybe affected, we additionally

calculated SUVR of FDG relative to the pons. The differ-

ences of mean age and mean MMSE between the DLB

group and AD group or between the PiB positive and PiB

negative groups were examined with t tests and regional

SUVR of FDG and PiB were examined with Tukey HSD

test. The statistically significant level was set at p \ 0.05.

Results

Table 1 displays the characteristics of the patients with

DLB. The mean MMSE scores of the DLB and AD groups

were 23.7 ± 3.8 and 21.5 ± 2.5, respectively. The mean

MMSE score of AD group was similar to the DLB group

(p = 0.07).

All patients with AD and five patients with DLB were

PiB positive, one patient with DLB was PiB questionable,

and four patients with DLB were PiB negative. In this

study, a PiB questionable subject was included in the PiB

negative group because in the majority of cortices there

was no PiB uptake, except for the right temporal gyri. The

mean MMSE score of PiB positive DLB group was

24.0 ± 2.3 and the mean MMSE score of PiB negative

DLB group was 23.4 ± 5.1: there was no significant dif-

ference (p = 0.39). The right temporal and bilateral

occipital metabolisms in the DLB group were significantly

lower than those of the AD group (Fig. 1). In DLB patients,

there were no significant differences in regional glucose

metabolism between PiB positive and negative patients,

and as a matter of course frontal, parietal and posterior

cingulate, and precuneus PiB uptakes in the PiB positive

group were significantly higher than those of the PiB

negative group (Fig. 2).

For VOI analysis, the lateral parietotemporal and

occipital metabolism in DLB group were significantly

lower than those of AD group and striatal PiB uptake in

DLB group was significantly lower than that of AD group:

the group differences were the same, regardless of the

reference region cerebellar cortices or pons (Table 2). In

DLB patients, there were no significant regional glucose

metabolism between PiB positive and negative patients and

as a matter of course all regional PiB uptakes in the PiB

positive group were significantly higher than those of PiB

negative group (Table 3). PiB negative DLB group

exhibited greater regional hypometabolism than AD group

(Tables 2, 3). Parietotemporal, and occipital FDG uptakes

in PiB negative DLB group were significantly lower than

those in AD group but posterior cingulate and striatal FDG

uptakes had no significant difference.

Discussion

Our study showed in DLB brain regional glucose metab-

olism is affected both in PiB positive and negative uptake

Table 1 Demographic data of the DLB groups

Age Gender MMSE Clinical

symptoms

Duration

(years)

PiB cortical

accumulation

77 F 23 Parkinsonism,

fluctuation

3 ?

93 F 22 Hallucination,

fluctuation

0.83 ?

70 M 22 Parkinsonism,

fluctuation

2 ?

71 F 27 Parkinsonism,

fluctuation,

hallucination

1 ?

65 F 26 Parkinsonism,

hallucination

0.67 ?

75 M 20 Parkinsonism,

fluctuation

3 ±

79 M 28 Parkinsonism,

hallucination

3 -

77 F 29 Hallucination,

fluctuation

3 -

71 M 23 Parkinsonism,

fluctuation

2 -

76 M 17 Parkinsonism,

fluctuation

2 -

? positive, ± equivocal, - negative
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subjects showing the similar reduction pattern of AD

subjects and the degree of hypometabolism in parietotem-

poral and occipital cortices is larger than that of AD. This

indicates that in DLB brain amyloid deposition has no

correlation with reduced regional glucose metabolism as

does in AD brain.

Kantarci et al. [5] reported that decreased occipital and

posterior parietotemporal metabolism is a distinguishing

Fig. 1 More decreased FDG

uptake in DLB groups

compared to AD groups. In the

DLB group, bilateral occipital

and right temporal glucose

metabolisms were significantly

lower than those in the AD

group

Fig. 2 More increased PiB

uptake in PiB positive DLB

groups compared to PiB

negative DLB group groups. In

the PiB positive group, PiB

accumulation in the frontal,

parietal, and posterior cingulate

and precuneus cortices were

significantly larger than those in

the PiB negative group
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feature of DLB from AD, and that this regional hypomet-

abolic pattern is independent of the amyloid pathology. Our

study verified this and also demonstrated severe parieto-

temporal hypometabolism in DLB brain compared with

AD brain in spite of no amyloid deposition (Tables 2, 3). In

the present study, we showed that there was no difference

of posterior cingulate and precuneus hypometabolism

between DLB group and AD group. Lim et al. [10]

reported that relative preservation of the posterior cingulate

gyrus (cingulate island sign) may enhance the specificity of

FDG-PET in discriminating DLB from AD. There is a

large overlap of cingulate metabolic reduction in DLB and

AD brains, cingulate island sign might not be useful to

discriminate DLB from AD.

There is some evidence that DLB patients have higher

amyloid deposits than patients with PD and PD with

dementia (PDD) [11, 12] and that amyloid deposit are

associated with AD-like atrophy in DLB/PDD patients

[11]. Gomperts et al. [12] suggested that as global cortical

amyloid burden is high in DLB but low in PDD, then

amyloid deposits may contribute selectively to the

cognitive impairment of DLB and to the timing of

dementia relative to the motor signs of Parkinsonism.

Maetzler et al. [13] reported that patients with Lewy body

disease accompanied by cortical amyloid deposits demon-

strate characteristics usually observed in AD. In that study,

the authors demonstrated cortical amyloid deposits in a

relevant portion of patients with Lewy body disease, and

then compared PiB binding with demographic, clinical,

genetic, and biochemical parameters. However, they did

not estimate the regional glucose metabolism in those

subjects. Following these findings, it was considered the

decreased glucose metabolism in the parietotemporal

association cortices and posterior cingulate gyri and pre-

cuneus in the AD brain is associated with amyloid deposits.

In the DLB brain, AD affected areas and occipital hypo-

metabolism are commonly observed, and occipital hypo-

metabolism is the characteristic feature that discriminates

DLB from AD.

Using PiB-PET, Brooks et al. [14] reported that PDD

may be differentiated from DLB by its relatively lower

amyloid plaque load. Amyloid deposition may contribute

Table 2 Regional glucose metabolism (FDG uptake) and amyloid deposits (PiB uptake) in DLB and AD group

ParTem Fro PosCin/PC Occ Stri

FDG Cb

DLB 0.77 ± 006* 0.90 ± 0.09 1.05 ± 0.10 0.96 ± 0.13* 1.09 ± 0.10

AD 0.85 ± 0.10 0.94 ± 0.08 1.06 ± 0.13 1.13 ± 0.11 1.13 ± 0.14

FDG Pon

DLB 1.90 ± 0.20* 2.20 ± 0.21 2.58 ± 0.31 1.18 ± 0.18* 2.68 ± 0.21

AD 2.10 ± 0.22 2.33 ± 0.17 2.62 ± 0.40 1.39 ± 0.14 2.76 ± 0.22

PiB

DLB 1.53 ± 0.72 1.74 ± 0.87 2.08 ± 1.03 1.60 ± 0.61 1.86 ± 0.86*

AD 1.79 ± 0.20 2.02 ± 0.30 2.41 ± 0.41 1.62 ± 0.19 2.42 ± 0.28

Units are shown in SUVR referenced to cerebellar cortices or to pons for FDG and SUVR referenced to pons for PiB

FDG Cb relative FDG uptake normalised to cerebellum, FDG Pon relative FDG uptake normalised to pons, ParTem parietotemporal, Fro

frontal, PosCin/PC posterior cingulated and precuneus, Occ occipital, Stri striatum

* Significantly lower in DLB group compared with that in AD group (p \ 0.05)

Table 3 Regional glucose metabolism (FDG uptake) and amyloid deposits (PiB uptake) in PiB positive DLB and PiB negative DLB group

ParTem Fro PosCin/PC Occ Stri

FDG

Positive 0.77 ± 005 0.94 ± 0.07 1.05 ± 0.09 0.94 ± 0.16 1.164 ± 0.05

Negative 0.77 ± 0.06 0.86 ± 0.10 1.04 ± 0.11 0.97 ± 0.11 1.077 ± 0.13

PiB

Positive 2.08 ± 0.62 2.51 ± 0.46 2.91 ± 0.75 1.93 ± 0.74 2.24 ± 0.91

Negative 1.01 ± 0.20* 1.04 ± 0.20* 1.32 ± 0.33* 1.28 ± 0.10* 1.16 ± 0.08*

Units are shown in SUVR referenced to cerebellar cortices

ParTem parietotemporal, Fro frontal, PosCin/PC posterior cingulated and precuenus, Occ occipital, Stri striatum

* Significantly lower in PiB negative DLB group compared with that in PiB positive DLB group (p \ 0.05)
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to an increased severity of cognitive impairment in Lewy

body disease at the stage from PD, then PDD to DLB.

However, the percentage of PiB positive DLB patients in

our study was lower compared to other studies [12, 15, 16].

This may also support that cognitive decline due to DLB

pathology is independent from AD pathology, as there

were no differences in regional hypometabolism between

the PiB positive and negative DLB group in the present

study.

Interestingly, a case of antemortem amyloid imaging

and beta-amyloid pathology in a patient with DLB was

previously reported [6]. The FDG-PET imaging of this

subject demonstrated an advanced AD-like hypometabolic

area, although PiB-PET imaging showed no uptake in the

parietotemporal cortices and posterior cingulate cortices

where glucose metabolism was severely decreased. This

phenomenon was also observed in the PiB negative DLB

patients in the present study. We suggest that neuro-

pathological features other than amyloid, such as alpha-

synucleinopathy, may contribute to the majority of the

associated cognitive decline and regional hypometabolism

in the DLB brain [17]. New imaging techniques capable of

indicating alpha-synuclein are currently being developed.

In conclusion, despite the similar regional hypometab-

olism in the DLB brain compared to AD, the parietotem-

poral and posterior cingulate hypometabolism is unrelated

to amyloid deposits and the degree of reduced metabolism

is much larger in the parietotemporal cortices and there is

no difference of posterior cingulate and precueus hypo-

metabolism, although the cognitive decline is milder than

that of AD.
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