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ABSTRACT

Background: Biomarkers are being used increasingly to support the diagnosis of dementia with Lewy bodies
(DLB). Novel biomarkers that increase diagnostic specificity of DLB are needed. We assessed previously known
FDG-PET occipital cortex hypometabolism, and cingulate island sign biomarkers of DLB against a novel
amygdala signature.

Methods: Retrospective analysis of 49 patients evaluated at one tertiary memory clinic. All had a FDG-PET brain
scan performed as part of their diagnostic work up evaluating three common neurodegenerative etiologies:
Alzheimer dementia (AD), Frontotemporal dementia (FTD) and DLB. A consensus diagnosis of dementia was
made based on accepted clinical criteria for AD, FTD and DLB. FDG-PET regional metabolism was delineated by
automatic segmentation as well as manual tracing of amygdala and posterior cingulate volumes of interest. Mean
normalized values calculated for regional FDG-PET signatures of DLB: occipital cortex hypometabolism and
preservation of posterior cingulate and amygdala metabolism relative to whole brain metabolism were eval-
uated.

Results: Significant overlap between DLB and AD patients (occipital, parietal, temporal and frontal hypometa-
bolism) and between DLB and FTD (frontal hypometabolism and the posterior cingulate sign) were identified.
Right amygdala (p = 0.028) and right posterior cingulate (p = 0.035) mean normalized regional metabolism
levels were preserved in DLB compared to AD. Among subjects at less advanced stages of dementia
(MoCA > 10), relative preservation of regional metabolism was notable across both left (p = 0.006) and right
(p = 0.020) amygdala.

Conclusion: Relative preservation of amygdala metabolism could complement previously described FDG-PET
findings in earlier stages of DLB.

1. Introduction

has identified elevated local diffusivity despite little loss of gray matter
volume in the amygdala in DLB compared to AD [4]. The amygdala is a

Dementia with Lewy bodies (DLB) is a common cause of dementia
among the elderly that is often diagnostically challenging. In addition
to the core clinical signs and symptoms of DLB the 2017 criteria also
include biomarkers weighted as ‘indicative’ or ‘supportive’ based on
their diagnostic specificity and quality of evidence available [1]. De-
creased perfusion or metabolism in the occipital lobes, as identified on
SPECT or FDG-PET, respectively, and the cingulate island sign on FDG-
PET imaging are noted as supportive imaging biomarkers of DLB
[1].These FDG-PET signs have been proposed as DLB diagnostic signs to
distinguish from AD since 2005 and 2009 respectively [2,3].

More recently, a combined MRI tractography and volumetry study

gray matter structure involved early and severely with Lewy body pa-
thology and microvacuolation in DLB [5]. However, amygdala gray
matter density, which is an indirect measure of the neuronal density is
normal in DLB [4,6]. This phenomenon of elevated local diffusivity
with little gray matter volume loss in the amygdala may reflect local
microvacuolation with relative neuronal preservation in patients with
DLB compared to AD [4,7]. Relative neuronal preservation in the
amygdala raises the possibility of FDG-PET being a used as a tool to
help distinguish DLB from AD, which was the principal motive of this
study. We aimed to evaluate if relative preservation of metabolism in
the amygdala on FDG-PET was a potential imaging marker for DLB (the
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Table 1
Demographics, AD: Alzheimer dementia, DLB: Dementia with Lewy bodies,
FTD: Frontotemporal dementia.

AD DLB FTD F,x P

Number of patients 19 15 15

Age, Yrs (mean, SD) 65.2 (7.5) 68.7 (8) 64.4 (8.4 124 0.3
Sex % F 63.1% 26.6% 53.3% 29 0.2
Education, Yrs (mean, 14.4 (2.6) 15.6 (3.4) 14.3 (2.7) 1.0 0.3

SD)
MOCA (mean, SD) 13.1 (4.7)' 16.7 (4.9* 21.7 1.2 0.0001
4.9)"?

12 significant p values on post hoc Tukey.

"amygdala sign").
2. Methods

This was a retrospective case study approved by the Cleveland
Clinic Institutional Review Board. All patients had a MRI brain, FDG-
PET brain scan and had a stable clinical diagnosis for at least 2 years
and had a baseline Montreal Cognitive Assessment score (MoCA). The
consensus diagnosis of dementia of AD, FTD or DLB was made based on
published clinical criteria by a team of neurologists, a geriatrician, and
a radiologist [2,8,9]. The demographic data describing the patients and
cognitive measures are presented in Table 1.

2.1. FDG-PET CT imaging protocol

FDG-PET scans were obtained using a standard clinical protocol.
Subjects fasted for at least 4h prior to administration of 'F-FDG
(185-370 MBq), and then rested quietly for approximately 45 min. PET
imaging was performed with a Siemens Biograph 6 HiRez scanner with
a 15 min 3D time-of-flight acquisition in one bed position. A low dose
CT was obtained for attenuation correction. PET image reconstruction
was performed using an ordered subsets expectation-maximization
method with a 168 X 168 matrix.

2.2. FDG-PET regional cortical analysis

All FDG-PET scans were analyzed by one of us (JAP) blinded to the
clinical details and the previous read. FDG regional hypometabolism
was delineated by either automatic segmentation (for frontal, temporal,
parietal and occipital regions) using Siemens Syngo via LEONARDO™
work station or manual tracing (amygdala and posterior cingulate).
Volume of interest (VOIs) were created by atlas registration when co-
registered with PET template. VOI standardized uptake values (SUVs)
found to be below the average whole brain SUV of that individual were
noted as hypometabolic, while those above whole brain average in the
posterior cingulate and amygdala were noted as ‘preserved.” Common
factors that impact SUV values were accounted for by standardized
acquisition protocol in a single institution and scanner type.
Additionally, we examined comparable stages of dementia between AD
and DLB, such that diffuse brain atrophy differences are nevertheless
not expected to lead to relative ‘preservation’ of regional metabolism in
the amygdala and posterior cingulate regions of interest. We report
posterior cingulate preservation relative to whole brain metabolism,
and not as cingulate island sign (posterior cingulate cortex relative to
the precuneus plus cuneus) for two principal purposes. This approach
allowed us to a) compare two brain regions, amygdala and posterior
cingulate, against a common baseline and, b) given the small number of
subjects, to ensure effects of regional cortical atrophy differences be-
tween subjects (medial temporal versus occipital atrophy pre-
dominance) do not significantly impact the evaluation of relative pre-
servation of amygdala and posterior cingulate compared to adjacent
cortical regions.
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2.3. Statistical analyses

After testing for homogeneity of variance by Levene's test, Analysis
of variance (ANOVA) models were used to compare groups on demo-
graphics and Montreal cognitive assessment (MoCA) scores. Post hoc
Tukey tests were performed when equal variances were confirmed. The
Kruskal-Wallis test was used to compare PET mean regional hypome-
tabolism. Among variables of significance, Mann Whitney U test was
used to compare pairwise sample differences. Statistical analyses were
performed using SPSS™ (Chicago, IL) statistical software package.

3. Results

15 DLB and FTD patients each and 19 AD patients were included in
this analysis. The three groups were not significantly different on mean
age, sex and education years, but the FTD group had a higher mean
MoCA score than the AD and DLB groups on ANOVA and post hoc
Tukey test (Table 1).

3.1. Regional cortical hypometabolism

No differences in mean occipital, frontal, temporal or parietal me-
tabolism between AD and DLB patients were noted. FTD patients had
higher mean regional metabolism compared to AD and DLB (all
p < 0.001) in all four above regions.

3.2. Preservation of posterior cingulate

DLB and FTD patients had higher mean normalized posterior cin-
gulate metabolism than AD on the right (p = 0.035, p = 0.014, re-
spectively), but only FTD patients differed from AD on the left
(p = 0.001). DLB patients had higher mean posterior cingulate meta-
bolism than FTD on the left (p = 0.022) and not on the right (p = 0.34).
The posterior cingulate metabolism was relatively preserved in 80% of
DLB subjects, but also noted among 60% of FTD subjects and 31.5% of
AD subjects.

3.3. Amygdala sign

DLB and FTD patients had higher mean normalized amygdala me-
tabolism than AD only on the right (p = 0.028, p = 0.012, respec-
tively). DLB patients had higher mean amygdala metabolism than FTD
on the left (p = 0.013) and not on the right (p = 0.001). The presence
of the positive amygdala sign was identified in 73.3% DLB subjects,
compared with 21% AD and 26.6% FTD subjects. (Fig. 1a, b).

Among patients at earlier stages of dementia (MoCA > 10).

In an exploratory analysis of patients with MoCA > 10 (41 of 49
subjects, AD = 14, DLB = 14, FTD = 13), DLB patients had higher
mean amygdala metabolism than FTD and AD on both left and right
sides (all p < 0.05) but not in the posterior cingulate region.

4. Discussion

Regional amygdala metabolism was preserved in DLB patients
compared to AD and FTD and was particularly notable bilaterally in
patients at earlier stages of dementia (MoCA > 10). The amygdala sign
appears to complement previously described FDG-PET changes in dis-
tinguishing DLB from AD and FTD.

Regional cortical FDG-PET quantification revealed significant
overlap between patients with DLB and AD and between DLB and FTD
in the preservation of posterior cingulate. As our FTD group had higher
mean MoCA scores than AD or DLB, it might explain the higher regional
cortical metabolism even in the frontal and temporal regions. Changes
in regional metabolism pattern in dementia subjects over time are to be
expected with disease progression. The CIS has been reported to change
over time with more prominence among subjects with milder dementia
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Fig. 1a. Mean regional amygdala and posterior cingulate metabolism in the three disease groups, Alzheimer dementia (AD), Dementia with Lewy bodies (DLB) and

Frontotemporal dementia (FTD).

b)

Amygdala sign

Relative cortical hypometabolism

Fig. 1b. Relative preservation of the amygdala metabolism relative to whole
brain, 'amygdala sign' in dementia with lewy bodies.

[10] and we note similar effects with the amygdala sign in this study.

A limitation of this study is the absence of neuropathologic con-
firmation. To overcome this limitation as best as feasible, all subjects
met the strict diagnostic criteria and were followed clinically for 2 years
with no change in diagnosis. Nevertheless, the prevalence of mixed
pathology is likely. Additional limitations include, the small number of
subjects in each diagnostic category, the severity of dementia within the
dementia categories and the lack of comparative cohorts of normal
cognition subjects and those with Parkinson's disease dementia. It
would be helpful to further evaluate these findings in a larger autopsy
confirmed cohort of individuals to overcome the likelihood of a false
positive (type 1) error.

While the amygdala sign described here may be useful to lend
confidence to a diagnosis regarding the presence or absence of DLB, the
data obtained in this study do not permit precise calculation of positive
or negative predictive values. Similarly, a recent meta-analysis of stu-
dies evaluating the use of FDG PET in neurodegenerative disorders
found that no studies were able to provide measures of accuracy of FDG
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PET for the diagnosis of DLB in patients with mild cognitive impairment
[11]. Accordingly, all available data must be considered in the for-
mulation a diagnosis, and FDG PET examinations must be analyzed for
all evidence related to relevant diagnoses. We suggest that the amyg-
dala sign should be considered a potentially relevant FDG PET finding.

5. Conclusion
Relative preservation of amygdala metabolism, described here as

the amygdala sign appears to complement previously described FDG-
PET findings for the evaluation of DLB.
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