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Abstract

Purpose: Brain [18F]FDG-PET is a supportive biomarker for cognitive impairment in Lewy
bodies disease (LBD) showing reduced occipital metabolism and presence of the cingulate
island sign (CIS), a relative preservation of posterior cingulate cortex (PCC) metabolism
compared with precuneus and cuneus. We assess validation, clinical utility, and reproduc-
ibility of a qualitative visual CIS scale in the differential diagnosis with Alzheimer's disease
(AD) in a memory clinic setting.

Methods: Sixty-seven patients were studied: 36 LBD, of whom 30 with dementia (DLB)
and 6 with mild cognitive impairment (MCI-LB), and 31 AD (20 typical and 11 atypical
presentations). They underwent FDG-PET/MRI scans and were followed for at least
24 months. The visual CIS rating scale was scored by a nuclear medicine physician and a
neurologist independently. Qualitative CIS scores were validated with ROI-based semi-
quantitative FDG analysis.

Results: Mean CIS scores were 1.84+1.69 for LBD and 0.9+1.24 for AD (p=0.001).
With a cutoff CIS score>2, sensitivity was 0.56, and specificity 0.81 (accuracy 0.67).
Positive CIS in patients with AD was due to atypical presentations. Negative CIS in LBD
was due to (i) normal FDG-PET in MCI-LB or (ii) marked hypometabolism of both the PCC
and cuneus. Visual CIS scores correlated with FDG-uptake (r=0.45; p<0.001) and held a
high inter-specialists concordance.

Discussion: The visual CIS scale can be successfully scored by different specialists. Lower
sensitivity is expected in cases of MCI-LB or dementia due to mixed LBD/AD changes.

Specificity may be influenced by the inclusion of atypical AD cases.

KEYWORDS
Alzheimer's disease, cingulate island sign, dementia with Lewy bodies, metabolism, positron
emission tomography

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction
in any medium, provided the original work is properly cited and is not used for commercial purposes.
© 2024 The Author(s). European Journal of Neurology published by John Wiley & Sons Ltd on behalf of European Academy of Neurology.

Eur J Neurol. 2025;32:e70015.
https://doi.org/10.1111/ene.70015

wileyonlinelibrary.com/journal/ene 1of9


https://doi.org/10.1111/ene.70015
https://orcid.org/0000-0002-5234-277X
mailto:
mailto:
https://orcid.org/0000-0002-0635-4884
http://creativecommons.org/licenses/by-nc/4.0/
mailto:annachiara.cagnin@unipd.it
mailto:diego.cecchin@unipd.it
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fene.70015&domain=pdf&date_stamp=2024-12-26

20f9 |

ZORZI ET AL.

INTRODUCTION

Dementia with Lewy bodies (DLB) is a common and under-
recognized neurodegenerative dementia among elderly subjects [1].
Brain [18F]FDG-PET is an informative investigative tool in the di-
agnostic workup of this disease showing hypometabolism involving
the parieto-occipital regions with relative sparing of the posterior
cingulate cortex (PCC) [2]. The cingulate island sign (CIS) refers to the
preservation of metabolism [3] or perfusion [4] of the PCC relative to
reduced metabolism of precuneus and cuneus.

CIS has been proposed as metabolic imaging signature of DLB
[5] and has been added as a supportive marker in the revised crite-
ria for DLB diagnosis particularly in the differential diagnosis with
Alzheimer disease (AD) [6].

The presence of CIS has been found to be a more specific crite-
rion than occipital hypometabolism alone for the diagnosis of DLB
[7]. Many studies investigated the ability to better define CIS using
semiquantitative analysis measuring the ratio between metabolism
of PCC divided by metabolism of precuneus and cuneus (CIS ratio)
when a high CIS ratio means preserved PCC metabolism respect to
reduced precuneus/cuneus metabolism [8, 9].

The neuropathological and biomarkers-based correlates of CIS
remain unclear with both positive association with CSF total tau
[10] but negative correlations with specific neurodegenerative
changes (both synuclein and amyloid pathology) [11]. A higher CIS
ratio has been found associated with lower Braak tangle stage [5].
Furthermore, it is not clear whether CIS is associated with cor-
tical a-synuclein burden [11]. Until now little evidence is avail-
able for the sensitivity of CIS in prodromal stages of DLB such
as Mild Cognitive Impairment related to presence of Lewy bod-
ies (MCI-LB) or its atypical presentations (psychiatric-onset and
delirium-onset).

In the last decade, some authors have sought to determine an
optimal cutoff value to define the positivity or negativity of this sign
on the basis of quantitative measures of metabolism/perfusion of
PCC compared to precunes and cuneus (CIS ratio) [4, 12]. However,
the absence of methodological standardization of quantitative anal-
ysis of PET/SPECT data and the time-consuming costs of processing
these measures has resulted in the restriction of the use of CIS ratio
in a clinical setting. Recently, Gjerum and colleagues proposed a vi-
sual CIS rating scale based on specific reading criteria [13]. In their
study, the presence of CIS was visually determined and graded on
the basis of the degree of hypometabolism in the PCC respect to the
precuneus and cuneus with a scale ranging from 0 (absent CIS) to 4
(well established presence of CIS) and found that this visual read-
ing had a similar diagnostic accuracy (about 70%) to the quantitative
PET CIS ratio in distinguishing DLB from AD [13]. The performance
of the visual CIS scale was comparable to that of other qualitative
visual features (i.e., occipital hypometabolism) in distinguishing DLB
from AD.

We investigated the usability of the visual CIS rating scale
using [18F]FDG-PET/MRI in the setting of a real-world memory
clinic by assessing: (i) its performance in differential diagnosis

with atypical AD cases, including posterior variant AD; (ii) its
performance in the early stages of Lewy bodies disease (such as
prodromal DLBY); (iii) its validity compared with a quantitative CIS
ratio derived from ROI analysis, and (iv) the consistency of the
visual CIS scale readings given by a nuclear medicine specialist
and a neurologist.

MATERIALS AND METHODS
Study population and clinical characteristics

A flow diagram of the study population is shown in Figure S1.

We retrospectively collected data of patients who had attended
the Memory Clinic at the University Hospital of Padua (Italy) from
2017 to 2020, and who had received a diagnosis of probable DLB/
MCI-LB or probable AD (typical and atypical variants) according to
current diagnostic criteria [6, 14, 15], and for whom a brain [18F]
FDG PET/MRI was available.

Inclusion criteria were as follows: availability of follow-up assess-
ment over a period of at least 24 months and confirming the diagno-
sis of DLB/MCI-LB or AD, and an [18F]FDG-PET/MRI scan without
significant movement artifacts. Exclusion criteria were as follows:
baseline diagnosis of mixed dementia (i.e., AD and DLB), concomi-
tant brain comorbidity, such as high cerebrovascular burden or post-
traumatic lesions, and uncertain clinical diagnosis after extensive
workup (i.e., possible DLB).

The records of 104 patients having undergone a diagnostic
workup were initially retrieved. We excluded 31 patients due to
absence of [18F]FDG PET/MRI data, and another six patients for
whom the clinical information needed to meet current diagnostic
criteria were missing. The final sample consisted of 67 patients: 36
LBD (30 DLB and 6 MCI-LB) and 31 AD. The diagnoses were con-
firmed by established clinical criteria by an experienced dementia
specialist.

Clinical, instrumental, and neuropsychological data were col-
lected for each patient. Twenty-five of the 31 (71%) AD patients
received a biological diagnosis of AD by CSF analysis (n=21)
or amyloid-PET imaging (n=4). All patients with LBD, including
MCI, had a positive DaT-scan. The mean follow-up period was
3years. Only for eight LBD patients, the amyloid status was
available.

The minimum neuropsychological dataset included scores on
the MMSE, the Digit Cancellation Test (visual search), and the Trail
Making Test Part A to evaluate attention; the Digit Span (forward and
backward) and Prose Memory (immediate and delayed recall) tests
to evaluate short- and long-term memory, respectively; the Letter
Fluency Test to assess ideational capacities and executive func-
tioning; the Clock Drawing Test to evaluate visual-constructional
abilities and executive functions; and the Rey-Osterrieth Complex
Figure (ROCF) test to assess visual-constructional abilities (ROCF
copy) and long-term visual-spatial memory (ROCF delayed recall).
The results of subitem 8 of the Visual and Object Space Perception
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(VOSP) battery exploring visuo-constructive abilities were also
available for all patients.

Brain 3T MRI co-registered with FDG-PET was acquired with
volumetric T1, T2, FLAIR, and SWI sequences for each patient.

[18F]FDG PET/MRI acquisition

[18F]FDG PET/MRI were performed on a 3T clinical PET/MR scanner
(Biograph mMR; Siemens Healthcare, Erlangen, Germany). A high-
resolution (1 mm isotropic) 3D T1-weighted MRI sequence suitable
for tissue segmentation was available for each subject included in
the final analysis.

PET examination was performed according to international
guidelines [16]. Static PET images were acquired for 25min at
45-60min after intravenous bolus injection of 3MBqg/kg of [18F]
FDG using clinical PET/MRI systems. A radial VIBE (UTE) sequence
(1.6-1.6-1.6) was used to generate attenuation coefficient maps. PET
images were reconstructed into a 344 x 344 matrix using a single
frame. Standard corrections were made for decay, scatter, and dead

time.

[18F]FDG PET/MRI post-processing
Qualitative assessment

The [18F]FDG PET scans were co-acquired with the MRI scans
and read using standardized reading criteria with the Syngo.
via™ software (Siemens Healthineers AG). The [18F]FDG-PET
images were adjusted to optimize visualization of the regions
of interest for the CIS: (i) PET and MR images were aligned on
an AC-CP (Anterior Commissure—Posterior Commissure) plane
and displayed on a clinical workstation; PET images were also
superimposed on the MRI T1-weighted images; (ii) PET images
were displayed using a “PET Rainbow” lookup table (LUT) and
windowed to the basal ganglia; (iii) PET, MR, and fused images
were displayed in three axes with both sagittal and axial planes
through the PCC, precuneus, and cuneus. Visual CIS scoring was
based on both sagittal and axial views.

Visual CIS scale scoring was performed according to previous
published work [13] as following: the degree of hypometabolism in
the PCC, precuneus, and cuneus was initially rated for each hemi-
sphere as O=none, 1=mild, or 2=moderate-to-severe. The pres-
ence of CIS was then determined and graded on the basis of the
degree of hypometabolism in the PCC respect to the precuneus, and
cuneus and rated for each hemisphere as follows:

O=absent (PCC similar to or lower than the precuneus and
cuneus).

1=intermediate (e.g., PCC hypometabolic, but less so than the
precuneus and cuneus, or only the precuneus lower than the
PCC).

2=present (typically PCC normal, and both precuneus and cu-

neus lower) [13].

Finally, the ratings from each hemisphere were summed to ob-
tain an overall CIS score (range from O to 4). For clinical operational-
ization, the visual CIS scores were interpreted as:

e Score0=no CIS
e Score 1-2=possible CIS
e Score 3-4=definite CIS.

Visual interpretation of the [18F]FDG-PET scan was performed
in the following order: first, scores were assigned on the visual CIS
scale; second, occipital hypometabolism was assessed (present/ab-
sent); and finally, a forced diagnosis of AD or LBD was made based
on the spatial distribution of regional hypometabolism including all
the metabolic features typical of AD (i.e., hypometabolism of PCC,
temporo-parietal regions, and mesial temporal lobe) and LBD (hy-
pometabolism of parietal-occipital cortex, relative preservation of
the mesial temporal lobe and posterior cingulate cortex) as previ-
ously done by Gjerum et al. [13]. Images reading was done by a nu-
clear medicine physician (DC) and a neurologist (GG) with expertise
in dementia and upon specific training by a nuclear medicine physi-
cian. Both readers scored independently of each other and blind to

clinical diagnoses.

Semiquantitative assessment

High-resolution (1 mm isotropic) 3D T1-weighted MRI images
were processed using the standard FreeSurfer software, which
is documented and freely available for download online (http://
surfer.nmr.mgh.harvard.edu). The cortex was then divided into
areas according to the Desikan-Killiany anatomical atlas [17]
based on the structure of the gyri and sulci. [18F]FDG PET images
were processed using PETSurfer, a built-in FreeSurfer package.
The package is able to correct for partial volume through a wide
range of models, but for our purposes we used the Symmetric
Geometric Transfer Matrix (SGTM). The images were processed
using the standard pipeline, as described in the literature [18,
19]. Image data were processed in PETSurfer using the Desikan-
Killiany atlas for cortical anatomical parcellation; a resolution
of 5mm (full width at half maximum) was used. The cerebellum
cortex was used as the reference region to obtain standard uptake
value (SUV) ratios (SUVr). At the final step of the analysis, FDG
SUVr corrected for partial volume effect were obtained for the
posterior cingulate cortex (PCC), cuneus, and precuneus of each
subject. In each hemisphere, the mean SUV ratio in the PCC ROI
was divided by the mean SUV in the combined precuneus plus
cuneus ROIls. The CIS ratio was created by dividing SUVr in the
PCC ROI with those in the combined precuneus plus cuneus
ROIls. The semiquantitative individual CIS ratio was obtained by
averaging the ratios obtained for each hemisphere.
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Analysis of MRI imaging

Brain MRI scans were visually assessed with qualitative scales to de-
tect atrophy and cerebrovascular load: the Global Cortical Atrophy
(GCA) scale [20] and the Koedam scale were used for parietal atro-
phy [21], the Scheltens scale for medial temporal lobe atrophy [22],

and the Fazekas scale for vascular lesion load.

Statistical analysis

We explored the differences in clinical features, neuropsychologi-
cal assessment, and structural and metabolic indices between DLB
and AD (clinical diagnosis). Categorical variables were analyzed
with the chi-squared test, and continuous variables with Kruskal-
Wallis test or one-way analysis of variance when opportune. We
then explored the reliability of the visual CIS rating scale in classi-
fying patients based on their true clinical diagnosis and the forced
diagnosis given by the specialist in nuclear medicine. The optimal
cutoff visual CIS scale score for differentiating the two pathologi-
cal groups was established by maximizing the Youden index [23].
The level of agreement between the specialist in nuclear medicine
and the neurologist in visual CIS scores was quantified by Cohen's
weighted Kappa. Diagnosis was assessed for each binary disease
group comparison and was reported as sensitivity, specificity, and
accuracy. The areas under the receiver-operator characteristic
curves (AUC) calculated for the classification of the two groups
of patients by CIS score by the two readers were compared.
Spearman's correlation analysis was used to compare the quan-
titative CIS ratio values and the visual CIS scores. The statistical

analysis was performed in R (version 3.6.3) at a significance level of
a=0.05. Results were deemed statistically significant at p<0.05,
and false discovery rate (FDR) multiple comparison correction was

performed where appropriate.

RESULTS
Clinical characteristics

The final sample consisted of 67 patients, 36 with LBD (30 DLB, 6
MCI-LB) and 31 with a diagnosis of probable AD (22 with dementia
due to AD, 9 with MCI due to AD). Of the 31 patients with AD, 20
(64.5%) had typical amnesic presentation, 6 (19.4%) visuospatial vari-
ant, 3 (9.7%) aphasic variant and 2 (6.4%) corticobasal variant.

The patients' clinical characteristics are summarized in Table 1.

Severity of cognitive decline and the profiles of neuropsy-
chological deficits were similar (MMSE mean scores + SD: LBD,
22.03+5.83; AD, 22.64+4.96; p=0.65), whereas LBD patients
scored worse on Subitem 8 of the VOSP test (p=0.02) (Table S1).

Visual rating of CIS in LBD and AD patients

Results from CIS scores, PET SUVr data and MRI-based scales scores
in LBD and AD, corrected for age and disease duration, are summa-
rized in Table S2.

CIS scores (right and left, and the total) were higher in LBD than
in AD (pcorr <0.05). Scores for hypometabolism in the right cuneus
were also significantly higher in LBD (pcorr <0.05).

TABLE 1 Demographic and clinical

AD LBD P characteristics of the subjects enrolled in

Female, n (%) 16 (53.3) 14 (38.9) 0.3 the study.
Age, mean +SD years 66.6+7,0 71.3+5.6 <0.01
Disease duration, mean+SD years 19+1.3 2.3+1.7 0.64
MMSE score 22.03+5.83 22.64+4.69 0.65
Symptoms, n (%)

Visual hallucinations 2(6.5) 19 (52.8) <0.001

Fluctuations 0 23 (63.8) <0.001

RBD 2(6.5) 17 (47.2) <0.001

Parkinsonism 2(6.5) 22 (61.1) <0.001
Therapy, n (%)

L-dopa 0 8(22.2) 0.01

Benzodiazepines (BDZs) 1(3.2) 17 (47.2) <0.001

AChE-inhibitors (AChel) 18(58.1) 17 (47.2) 0.38

Neuroleptics 3(9.7) 3(8.3) 0.85

Antidepressant drugs (SSRIs, SNRIs, 13 (41.9) 21 (58.3) 0.18

mirtazapine, trazodone)

Memantine 11 (35.5) 9(25.0) 0.35

Note: Bold values represents significance at p<0.05.

Abbreviations: AChE, acetylcholinesterase; RBD, REM sleep behavior disorder; SNRI, serotonin-
norepinephrine reuptake inhibitors; SSRI, selective serotonin reuptake inhibitors.
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The optimal cutoff visual CIS score of 22 had a sensitivity of 56%
and a specificity of 81% in differentiating LBD and AD patients, and
an accuracy of 67%. Seventy-seven percent (77%) of LBD and 23%
of AD patients had a CIS score between 2 and 4. About 84.7% of
patients with a CIS score of 4 and 77% with CIS 2-3-4 were LBD. On
the opposite, 61% of patients with CIS O or 1 were AD. Distribution
scores of the CIS scale in LBD and AD are shown in Table S3.

We observed no differences in assigning the correct clinical di-
agnosis using the visual CIS scale or the judgement of all metabolic
parameters when physician had to make a forced diagnosis between
DLB and AD (sensitivity 55%, specificity 80%, accuracy 67%).

DLB CIS + MCIDLB CIS -

Clinical and neuropsychological features of
misclassified patients

Compared to the clinical diagnosis, results of the visual CIS scale mis-
classified 6/36AD patients and 16 LBD patients. Examples of four
different cases, two LBD with CIS positive and negative, and twoAD
patients with CIS negative and positive are represented in Figure 1.

Figure 2 shows the distribution of individual CIS scores accord-
ing to the final clinical diagnosis and the neuroimaging diagnosis
made by the nuclear medicine specialist taking into account all the
available features of the FDG-PET image.

R

PCACIS +

FIGURE 1 FDG-PET images on axial (first raw) and sagittal (second raw) sections at the level of precuneus and posterior cingulate cortex
(PCC). The four columns depicted examples of four different cases: two patients with DLB (one DLB with CIS+ and one MClI stage of DLB
with CIS-) and two patients with AD: one posterior cortical atrophy (PCA) AD variant with CIS+and one typical amnestic AD with CIS
negative. In the first column, red arrow points toward precuneus and white arrow toward PCC.
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Of the patients with higher CIS scores (2-4), 20 were LBD and
6 AD. Among the six AD patients, five received a clinical diagnosis of
atypical AD (3 visuospatial variant, one language variant, one corti-
cobasal variant). Five out of sixAD patients received a forced PET-
based diagnosis of LBD by nuclear medicine physician.

Sixteen of 36 LBD patients had a CIS score of 0 or 1. Comparison
of the neuropsychological characteristics of LBD CIS 0-1 versus
CIS 2-3-4 showed that patients in the CIS 2-3-4 group were older
(F=7.16, p=0.04), had higher occipital hypometabolism scores
(X2=6.12, p=0.01), and a higher rate of visual hallucinations (VH;
X2=8.90, p=0.003), but there were no differences in fluctua-
tions, parkinsonism, and RBD. Moreover, there were not differ-
ences in severity of cognitive decline (CIS 0-1=24.02+4.16; CIS
2-3-4=21.47 +5.38, pcorr=0.30).

The group of patients with a CIS score of 0 or 1 was heteroge-
neous and included patients with substantially normal metabolism
in both the PCC and precuneus (N=9) or, in contrast, with hypome-
tabolism of both the PCC and precuneus (N=7). To better character-
ize these findings, they were further classified into two subgroups
according to the presence or absence of PCC hypometabolism: 0/
normalPCC and 0/hypoPCC, respectively. The first group had a
younger mean age (years: 67.7+6 vs. 73.2+3, p=0.02) and lower
disease severity (mean MMSE score: 25.8+4 vs. 21.7+3, p=0.02).
Within this group, 5/9 had a diagnosis of MCI-LBD and 2 were DLB
without comorbid AD by means of CSF analysis, while the remaining
two patients had a diagnosis of early stage DLB.

In the CIS 0/hypoPCC, no one was classified as MCI.

Clinical validity and reproducibility of the visual CIS
rating scale in a clinical setting

Quantitative CIS ratio analysis was performed for all 67 subjects
with a high-resolution 3D T1 weighted MRI sequence. The visual
CIS score had a moderate correlation with the quantitative CIS
ratio value (Spearman's correlation coefficient, r=0.45; p<0.001)

(Figure 3). Similar results were obtained correlating with the CIS
scores obtained by a neurologist (r=0.42; p<0.001).

Cohen's weighted kappa showed substantial interrater agree-
ment (0.62, p<0.001) in visual CIS scores between the nuclear med-
icine specialist and the neurologist with expertise in dementia but
not in nuclear medicine. The two readers disagreed in 26 out of 67
cases, 42% of them by one grade, 38% by two grades, and 19% by
three or more grades. The highest percentage of disagreement was
found in the middle ranks of the scale (rank 2, 83% disagreement)
while the best performance was in rank 0 (18% disagreement) and
intermediate performance in ranks 3-4 (67% disagreement). The dis-
tribution of the agreement between the visual CIS scores assigned
by the two readers is shown in Table S4.

The nuclear medicine physician and the neurologist were com-
parably likely to correctly predict AD or LB pathology based on CIS
score (AUC 0.72 and 0.70, respectively; p=0.5).

DISCUSSION

Use of visual CIS scale on [18F]FDG-PET images allowed LBD to
be differentiated from AD with high specificity and low sensitivity.
Atypical presentations of AD, particularly visuospatial variants,
were responsible for reduced specificity. Prodromal DLB (MCI-LB)
or more advanced DLB stages with possible AD pathology might
be responsible of the low sensitivity, since both groups could have
lower CIS scores by having normal/normal hypometabolism or hypo/
hypometabolism ratio, respectively.

The good inter-reader agreement between the nuclear medicine
physician and the neurologist suggest that qualitative reading of vi-
sual CIS could guide the diagnostic interpretation of FDG-PET imag-
ing also by a specialist in dementia clinic upon dedicated training by a
nuclear medicine physician. Finally, the visual scale was validated by
a significant positive correlation with quantitative measures.

Our results confirm a previous study that proposed the use
of the visual CIS scale to improve recognition of DLB cases in
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non-dedicated research setting, where the cost of CIS ratio analysis
may be out of resources [9]. In this study, we obtained similar over-
all classification accuracy (67% vs. 71%), sensitivity and specificity
using the same cutoff (CIS 22) [13]. Recently the same working group
validated the results in a wider sample of population confirming the
robustness of the visual CIS scale in differentiating AD and DLB pa-
tients [24]. The slightly lower specificity than that found in previous
papers (82 vs. 91.7) may be due to the inclusion in our sample of
atypical AD patients. Five out of six patients with CIS scores in the
range of 2-4 were atypical AD (3 visuospatial variant, 1 primary pro-
gressive aphasia, 1 corticobasal AD). The other patient was a young-
onset amnestic AD.

Atypical variant and young-onset AD may therefore have higher
CIS scale scores due to relative preservation of PCC metabolism
compared with parietal-occipital metabolism, particularly in the vi-
sual-spatial variant. Evidence from the literature shows that about
35% of non-amnestic AD have no PCC hypometabolism [25]. On the
other way, glucose metabolism and perfusion distribution in poste-
rior cortical atrophy (PCA), in most cases a visual-spatial variant of
AD, have similar characteristics of those in DLB, including CIS [26].
A recent work showed that CIS was positive in about 40% of PCA
cases [27]. Despite the similarities, some differences in the pattern
of hypometabolism between PCA and DLB have been described.
Whitwell and colleagues found greater hypometabolism in the me-
dial occipital lobe, orbitofrontal cortex, anterior temporal lobe, and
caudate nucleus in DLB than in PCA patients, while the overall pat-
tern of hypometabolism was more asymmetric in PCA [28]. There is
also evidence that there is lower hypometabolism of PCC in logope-
nic variant AD than in amnestic AD [29]. All these findings support
the hypothesis that the lower efficiency in correctly classifying some
AD patients is due mainly to the variability of PCC metabolism in
atypical cases of AD.

The lower sensitivity of the CIS score compared with findings by
Gjerum and colleagues may be explained by inclusion in this study
of patients with early stages of Lewy bodies disease (MCI-LB and
early DLB) or DLB with possible comorbid AD pathology. While
[18F]FDG-PET is indeed considered a supportive marker in the di-
agnostic workout of DLB [6, 30, 31], there is a lack of evidence of its
effectiveness in the differential diagnosis of MCI-AD and MCI-LB
[32]. The primary role of [18F]FDG-PET may be the identification
of non-neurodegenerative conditions based on the negative predic-
tive value of a normal scan; however, sensitivity in early stages of
neurodegenerative diseases may be influenced by type of neuro-
degeneration and methodology of PET analysis (qualitative reading
vs. quantitative or statistical analysis) [33]. Indeed, Kantarci et al.
found that the CIS ratio with semiquantitative analysis of PET im-
ages has low sensitivity in the differential identification of MCI-AD
and MCI-LB [9]. Our results are consistent with findings of lower
sensitivity of CIS in the early stages of LBD.

Our study also showed that a few DLB patients were misclassi-
fied due to hypometabolism in both the PCC and parietal-occipital
regions. We hypothesize that decreased brain metabolism in cortical
regions typically affected in LBD (parietal-occipital cortex) and AD

(posterior cingulate cortex) may be due to synuclein and amyloid/
phospho-tau brain co-pathology. Although this is a theoretical ex-
planation, since AD-based biomarkers were not available in the sub-
group of DLB patients with PCC hypometabolism (except for one
who was amyloid positive), there is a bulk of studies confirming the
high frequency of amyloid co-pathology in DLB [34, 35]. A recent
work found that patients with AD and mixed AD-DLB pathology
have similar patterns of regional [18F]FDG-PET hypometabolism
and no differences in the CIS ratio [36]. Another possible explana-
tion is that CIS may disappear with the progression of the disease.
Recently, Feng and colleagues applied the qualitative CIS score to
DLB patients versus a large sample of non-DLB patients in a memory
clinical setting and showed that CIS score=4 held positive predic-
tive values of classifying DLB that may vary with disease severity
(from 57.7% in mild stage to 33.3% in moderate/severe stage) [37].
The relationship between the severity of disease and presence of
CIS is described by a U shape, with negative CIS in the early and late
stages of the disease [38]. The association of degree of metabolism
in the PCC and degree of cognitive impairment is well known [39].
However, it is still not clear whether negative CIS in the more ad-
vance LBD stage is due to increasing AD-type neuropathology along
disease trajectory or instead is caused by spreading of the effects of
synuclein-derived neurodegeneration into the PPC.

The strong correlation between the visual CIS scale scores and
the quantitative data analysis suggests that the visual CIS scale can
be a fast, inexpensive, and reliable substitute for the quantitative
CIS ratio.

This study has some limitations. Firstly, biological confirmation
of the diagnosis of DLB and AD was not available for all patients;
therefore, the accuracy of the final diagnosis was based on a recon-
firmed diagnosis by experienced dementia specialists according to
the current DLB and MCI-LB diagnostic criteria, AD research crite-
ria, and all the available clinical data including 24 months' follow-up.
Of note, 25/31 AD patients had a confirmed biological diagnosis, and
most importantly, all the atypical variants were A+T+N+ defined.
Secondly, we did not have amyloid biomarkers to better defined
presence of comorbidity in all LBD patients, and we could only spec-
ulate that misclassified DLB patients with hypometabolism in either
the PCC and precuneus/cuneus had mixed DLB-AD. On the other
hand, the strength of this manuscript is the application of qualita-
tive CIS scoring to heterogeneous variants and stage of AD and LBD
patients and the use of nonnuclear medicine evaluators, including
neurologists. In this context, we were willing to evaluate the large
applicability in a real-world dementia clinic. Finally, the use of FDG-
PET/MRI has been a guarantee of standardized and homogeneous

MRI images acquisition and analysis.

CONCLUSIONS

We suggest that the visual CIS rating scale is a useful tool to support a
diagnosis of DLB. Its accuracy is comparable with the quantitative scale,
but its use is simpler and faster because it does not require advanced
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computational analysis. Sensitivity is influenced by disease stages:
MCI-LBD on one hand, and moderate/severe DLB stages on the other;
amyloid positive status might contribute to lower sensitivity. AD vari-
ants or young-onset AD may interfere with specificity. Furthermore,
good agreement in CIS scores between an expert in nuclear medicine
and a neurologist with expertise in dementia shows that this tool could
be also used by a physician previously trained by a nuclear medicine

physician to better predict diagnosis in the memory clinic setting.
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