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Abstract

Objective This study aimed at investigating the correlation between recurrent visual hallucinations (VHs) and regional
cerebral blood flow (rCBF) in patients with dementia with Lewy bodies (DLB).

Methods In 147 DLB patients, the correlation between noise pareidolia scores and rCBF in brain perfusion single photon
emission computed tomography (SPECT) was evaluated. The 147 subjects comprised 52 probable and 95 possible DLB
patients, of whom 107 did not have visual hallucinations and 40 had visual hallucinations. Brain perfusion SPECT was then
performed, and memory impairment was assessed using the Mini-Mental State Examination (MMSE), while the optical
illusion “pareidolia” (the tendency to see a specific image in a random visual pattern) was evaluated using noise pareidolia
test. The correlations between rCBF and MMSE or noise pareidolia scores were then analyzed.

Results The rCBF and MMSE scores were positively correlated, and rCBF was correlated with MMSE scores in a region
that was consistent with a previously reported memory-related site. There was no correlation between noise pareidolia scores
and occipital CBF, but there were weak correlations between noise pareidolia scores and rCBF in the bilateral frontal lobes
(Brodmann area [BA]8 and BA9), left cingulate cortex (BA31), and left angular and supramarginal gyri (BA39 and BA40)
in DLB patients.

Conclusion Weak correlation was found between noise pareidolia scores and rCBF in several sites (BA8, BA9, BA31, BA39
and BA40) other than in occipital lobe. These findings suggest that DLB hallucinations may be manifested by more complex
brain network disorders, rather than by primary visual cortex disorders alone.

Keywords Dementia with Lewy bodies (DLB) - Visual hallucinations (VHs) - Noise pareidolia test - Single photon
emission computed tomography (SPECT) - Regional cerebral blood flow (rCBF)

Introduction

Dementia with Lewy bodies (DLB) was first established in

b4 Takashi Nakata a series of studies by Kosaka et al. beginning in 1976 [1-5].
tnakata@hbhc.jp DLB is recognized as the second major form of dementia

in the older Japanese population. The main symptoms of
DLB are visual hallucinations, fluctuating cognitive impair-
ment, and parkinsonism. Currently, DLB occurs in about
9.7-24.7% of patients with dementia [6]. Visual hallucina-
tions are a core feature of DLB and are found in approxi-
mately 70% of all DLB patients [7-9]. Brain functional
imaging studies using positron emission tomography (PET)
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the posterior cerebral cortex region (visual cortex region) of
DLB patients [10-13]. In the previous investigations, several
regional sites of brain damage that causes visual hallucina-
tions in DLB patients have been speculated (e.g., frontal,
parietal and occipito-temporal cortex), but have not yet been
clarified [14].

Faces are often present in DLB hallucinations and optical
illusions. Among multiple types of pareidolia tests (which
evaluate the tendency to see a specific image or pattern in a
random visual pattern or stimulus), the face task is an excel-
lent method for inducing high-frequency optical illusions,
and the noise pareidolia test is commonly used for dementia
patients in clinical practice [15, 16]. The prevalence of hallu-
cinations is much higher in DLB than in other dementia sub-
types, and hallucinations are thus a very important symptom
for the differential diagnosis of DLB from other diseases.

In the current study, we selected DLB patients who were
diagnosed based on the DLB diagnostic criteria [17] revised
in 2017, and evaluated the correlation between noise parei-
dolia test (developed by Tohoku University) [15, 18] scores
and regional CBF (rCBF) using head magnetic resonance
imaging (MRI) and brain perfusion SPECT.

Subjects and methods
Subjects

We retrospectively selected subjects from the patients
admitted to the infirmary at our institution for the evalu-
ation of dementia from January 2018 to December 2019.
Patient characteristics were collected, including sex, age,
Mini-Mental State Examination (MMSE) score, and noise
pareidolia test scores. All patients were examined by neu-
rologists and psychiatrists and underwent standard neuro-
logical and neuropsychological examinations, laboratory
tests, head MRI, and brain perfusion SPECT. The clinical
data revealed fluctuations in cognitive functions, recurrent
visual hallucinations, and spontaneous parkinsonism. These
symptoms were used to diagnose probable DLB, possible
DLB, and mild cognitive impairment (MCI) caused by DLB,
based on the criteria proposed by the Consortium on DLB
International Workshop [17].

The characteristics of the patients are shown in Table 1.
In this study, 147 DLB patients were included; cases with
comorbidities (such as cerebrovascular diseases and idi-
opathic normal pressure hydrocephalus), insufficient data,
and indistinguishable cases were excluded.

Noise pareidolia test

Visual illusions in DLB can be evaluated by many types of
tasks. In many hospitals, the evaluation of visual illusions
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Table 1 Characteristics and symptoms of the 147 DLB patients
Female/male 91/56
Mean age, years 78.9+6.1

Age 50-93 yo (average: M 78.3 yo, F 77.0 yo)

Mean MMSE score 23.3+4.0
MMSE 13-30 points (average: M 23.6, F 23.1)
Mean Pareidolia score 7.1+7.0

Pareidolia 0-30 points

Diagnosis
Probable DLB, n 52
Possible DLB, n 80
MCI due to DLB, n 15
With visual hallucinations, n 40
Noise pareidolia score positive*, n 27
Noise pareidolia score negative®*, n 13
Without Visual hallucinations, n 107
Noise pareidolia score positive*, n 63
Noise pareidolia score negative™*, n 44
Parkinsonism, n 96
RBD, n 32
Depression, n 2
Visual/visuospatial cognitive impairment, n 56

DLB dementia with Lewy bodies; F female; M male; MCI mild cog-
nitive impairment; MMSE Mini-Mental State Examination; RBD
rapid eye movement sleep behavior disorder; yo years old

*Positive: the noise pareidolia score is 3 or higher

**Negative: the noise pareidolia score is 2 or less

is commonly performed using the “noise pareidolia test”
(Nishio Y. Title of subordinate document. In: The noise
pareidolia test. A simple neuropsychological test evoking
and measuring visual hallucination-like illusions in dementia
with Lewy body and other dementia disorders. https://figsh
are.com/articles/dataset/The_noise_pareidolia_test/31876
69. Dataset posted on 21 Apr 2016.), which was developed
by Tohoku University [18]. The face task in the pareidolia
test is an excellent way to induce the “pareidolia” optical
illusion and is known as the noise pareidolia test.

The pareidolia test (which includes both the scene parei-
dolia test and the noise pareidolia test) generally requires
approximately 15 min to administer, but the noise parei-
dolia test alone requires just 5.5+ 3.0 min for patients with
dementia [16]. We prioritized convenience and selected only
the noise pareidolia test to use in the outpatient department,
despite its reduced sensitivity and specificity compared
with the full pareidolia test for the detection of DLB visual
hallucinations.

The examiner performed the noise pareidolia test without
knowing the definitive diagnosis of each patient. In the face
task in this test, there may or may not be a face present in a
black and white pattern. If a face is seen, the subject is asked
to answer "yes" and point to where it is. If no face is seen,

@ Springer


https://figshare.com/articles/dataset/The_noise_pareidolia_test/3187669
https://figshare.com/articles/dataset/The_noise_pareidolia_test/3187669
https://figshare.com/articles/dataset/The_noise_pareidolia_test/3187669

386

Annals of Nuclear Medicine (2022) 36:384-392

the subject should answer "no". Subjects were instructed to
answer “yes” only in tasks where a face was clearly visible.
In this task, 40 image stimuli were presented one by one, and
subjects were asked whether or not they could see a face in
each stimulus. If a subject spent more than 10 s without a
reaction, the examiner asked the subject to respond to the
stimulus. If the subject answered "it looks like XX", the
examiner asked the subject to respond only with what they
perceived to be clearly visible.

The noise pareidolia test contains 40 image stimuli and
the face is actually drawn in 8 image stimuli, and 32 images
without a face. Subjects were requested to say whether a
face was present and point to the place where they observed
a face after a detail explanation and three training trials
were done. Each picture was presented within maximum
30 s. Regardless of whether the responses were correct, no
feedback was given to subjects. The noise pareidolia test has
a maximum score of 40 points. Subject responses are evalu-
ated as one of three following reactions: (1) “pareidolia”, in
which subjects falsely found faces in images without a face;
(2) “miss”, in which subjects did not detect the embedded
faces, or (3) “correct”, in which subjects correctly responded
“nothing exists” to the noise stimuli or correctly detected the
embedded image in the images that contained faces (e.g., the
scoring is shown as “correct” 36/40, “pareidolia” 4/40 and
“miss” 0/8. The scoring method is described in detail at the
previous URL).

The so-called pareidolia score is defined as the sum of
both the scene pareidolia score and the noise pareidolia score
[16]. However, in our outpatient department, the number of
optical illusions (pareidolia) in the noise pareidolia test was
counted as the noise pareidolia score only, instead of using
the pareidolia score. In this study, the cut-off score for the
noise pareidolia test was set as 2/3 (sensitivity 60%, speci-
ficity 92%), which was helpful from a differential diagnosis
perspective (rather than using the pareidolia score) [16, 18].

Brain perfusion SPECT and MRI

Brain perfusion SPECT scans were initiated in the resting
state with the eyes closed, 15 min after each patient was
administered an injection of 111 MBq of N-isopropyl-p-
['?°I] iodoamphetamine. All SPECT scans were performed
using a rotating dual-headed gamma camera (E-CAM, Sie-
mens, Erlangen, Germany) with a low—medium energy,
general purpose collimator. Brain perfusion SPECT images
were obtained with a 128 X 128 matrix, 2.5 min/rotation X 12
rotations. For SPECT image reconstruction, a Butterworth
filter (cutoff frequency: 0.58 cycles/cm, order: 8) was used.
Attenuation correction was performed using Chang’s method
(u=0.09 cm™!) and scatter correction was performed with a
triple energy window.
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MRI scanning was performed using a 3 T Achieva or a
1.5 T Ingenia (Philips, Best, Netherlands). The scan proto-
col included sagittal T1-weighted three-dimensional whole-
brain images (Achieva: slice thickness 1.2 mm, 140 slices,
matrix size 256 X 256, field of view 25.6 X 25.6 cm, echo
time 3.11 ms, repetition time 6.7 ms, flip angle 8°; Ingenia:
slice thickness 1.2 mm, 140 slices, matrix size 192x 192,
field of view 24.0x24.0 cm, echo time 4.0 ms, repetition
time 8.6 ms, flip angle 8°).

For the relative CBF image production, all voxel counts
from each SPECT image were normalized by dividing them
by the cerebellar counts. Because in DLB brain whole cer-
ebral CBF is often diffusively decreased, global count nor-
malization may underestimate the relative CBF values.

Data analysis

The statistical voxel-based analysis was performed using
Statistical Parametric Mapping 12 (SPM12) software
(https://www.fil.ion.ucl.ac.uk/spm/software/spm12/), and
correlations between the images and cognitive scores were
then evaluated.

Each individual SPECT image was co-registered to the
individual MRI image, and the MRI image was segmented
into gray matter (GM), white matter, and cerebrospinal fluid
using the SPM12 segmentation program. The individual GM
image was then spatially normalized onto the template image
using the Diffeomorphic Anatomical Registration Through
Exponentiated Lie Algebra (DARTEL) technique [19], and
the normalized parameter was adopted to the co-registered
relative SPECT image. The SPECT image was then spatially
normalized to the Montreal Neurological Institute space. All
images were smoothed using a 12-mm Gaussian filter. Next,
SPM12 was used for voxel-wise multiple regression analysis
between GM or CBF images and MMSE or noise pareido-
lia test scores. The significance peak was set at p <0.001,
uncorrected, and the voxel extent threshold was set at 300.

Results

Over a period of 2 years, 199 patients were clinically diag-
nosed with DLB in our institution. Of these, 52 patients were
excluded, including 17 patients with cerebrovascular acci-
dents, six patients with idiopathic normal pressure hydro-
cephalus, five patients without sufficient data, five patients
who were indistinguishable, and one patient with corti-
cobasal degeneration. Thus, 147 patients were diagnosed
with DLB based on sufficient data. As shown in Table 1,
the patient characteristics were as follows: 56 males and 91
females; average age 77.5 +6.1 years (range: 50-93 years;
average age: males 78.3 years, females 77.0 years), average
MMSE score 23.3 +4.0 points (range 13-30 points; average
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score: males 23.6 points, females 23.1 points), and average
pareidolia score 7.1 +7.0 points (range 0-30 points). The
147 DLB patients consisted of 52 probable and 95 possible
DLB patients. Of these, 107 patients did not have visual hal-
lucinations and 40 patients had visual hallucinations. There
were 96 patients with parkinsonism, 32 patients with rapid
eye movement (REM) sleep behavioral abnormalities, 26
patients with cognitive fluctuations, 15 patients with MCI
caused by DLB, and 2 patients with other dementias. Of
the 40 patients with hallucinations, 27 were positive for
pareidolia (noise pareidolia score >3) and 13 were nega-
tive for pareidolia (noise pareidolia score <2) in the noise
pareidolia test. Of the remaining 107 patients without hal-
lucinations, 63 were positive for pareidolia (noise pareidolia
score > 3) and 44 were negative for pareidolia (noise parei-
dolia score <2). Visual cognitive impairment or visuospa-
tial cognitive impairment was observed in 56 patients, and
Parkinson's disease (PD) was identified in 96 patients.

The results of the statistical image analysis in this study
are shown in Fig. 1 and Table 2. The GM volume in the
bilateral medial frontal lobes and bilateral medial tem-
poral lobes was positively correlated with MMSE scores
(Fig. la, Table 2). Furthermore, there was a positive cor-
relation between rCBF and MMSE scores in the medial

temporal lobes, including the hippocampus and parahip-
pocampal gyrus, posterior and anterior cingulate gyrus,
inferior temporal lobe, and basal frontal area (Fig. 1b,
Table 2).

There were no significant correlations between regional
GM and noise pareidolia scores nor between rCBF and noise
pareidolia scores in 40 patients with visual hallucinations;
then we performed the analysis in the whole 147 patients.
Analysis of the correlation between GM and noise parei-
dolia scores revealed no significant areas; however, rCBF
and noise pareidolia scores were weakly correlated in the
bilateral frontal and cingulate gyri (Brodmann area [BA]8
and BA9), left posterior cingulate gyrus (BA31), and left
parietal cortex (BA39 and BA40). In contrast, there was no
significant correlation between the occipital CBF and noise
pareidolia scores (Fig. 1c, Table 3). In 40 DLB patients with
hallucinations, there was no significant difference in the cor-
relation between occipital CBF and noise pareidolia scores
(positive scores or negative scores) in noise pareidolia tests.

From the above results, there was no correlation between
noise pareidolia scores and occipital CBF by using this
analysis method, but there was a weak correlation of rCBF
in several sites (BAS, BA9, BA31, BA39 and BA40) other
than in occipital lobe.

Fig.1 Areas of significant correlations with Mini-Mental State
Examination (MMSE) scores or pareidolia scores in dementia with
Lewy bodies (DLB) patients. a Areas of significant correlation
between gray matter volume and MMSE scores in patients with DLB
are shown (p <0.001, uncorrected). The bilateral medial frontal lobes
and bilateral medial temporal lobes are highlighted (p <0.001, uncor-
rected). b Areas of significant correlation between regional cerebral
blood flow (rCBF) and MMSE score in DLB patients are shown

(p<0.001, uncorrected). The bilateral medial temporal lobes, poste-
rior and cingulate gyri, inferior temporal lobe, and basal frontal area
are highlighted as significantly correlated areas. ¢ Areas of significant
correlation between rCBF and pareidolia scores in DLB patients are
shown (p<0.001, uncorrected). The bilateral frontal and cingulate
gyri, left posterior cingulate gyrus, and left parietal cortex are high-
lighted as significantly correlated areas
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Table 2 Regions in which GM volume or CBF correlated with MMSE score in patients with dementia with Lewy bodies

Comparison Brain region Brodmann area  Talairach coordinates Cluster dimension ¢ value
Side x y z
GM volume-MMSE  Parahippocampus 36 R 25 =27 -13 38,009 4.79
Amygdara R 21 0 -15 4.62
Inferior temporal gyrus 20 R 45 -17 -16 4.23
Temporal pole 38 L -28 5 =21 2924 4.48
Temporal pole 38 L -37 5 —18 4.25
Dorsal anterior cingulate cortex 32 R 1 34 15 349 4.15
Dorsal anterior cingulate cortex 32 L -7 15 37 3.64
Dorsal anterior cingulate cortex 32 R 0 26 29 3.40
Fusiform gyrus 37 L -58 48 0 318 4.12
Associative visual cortex 19 L -43 —66 0 3.44
Fusiform gyrus 37 L —48 —60 =3 3.39
CBF-MMSE Amygdara R 25 0 -15 4632 491
Parahippocampus 36 R 34 24 -15 4.34
Inferior temporal gyrus 20 R 55 -26 -13 3.94
Inferior temporal gyrus 20 L -56 -26 -17 10,149 4.53
Agranular retrolimbic 30 L =3 -39 17 4.43
Hippocampus L =25 -14  -17 4.25
CBF cerebral blood flow; GM gray matter; MMSE mini-mental state examination
Table 3 Reg,i‘)“s i_n WhiCh, CB,F Comparison Brain region Brod- Talairach coordinates  Cluster t value
correlates with noise pareidolia mann dimen-
test scores in patients with area Side x y 2 gion
dementia with Lewy bodies
CBF-Pareidolia Frontal eye fields 8 R 28 28 41 1616 4.51
Dorsolateral prefrontal cortex 9 L -25 28 33 1886 4.21
Dorsal Posterior cingulate cortex 31 L —11 -45 41 606 3.53
Supramarginal gyrus 40 L —38 =37 48 773 3.46
CBF cerebral blood flow

Discussion
Features of this study

In this study, we first confirmed that memory impairment
correlates with rCBF around the hippocampus based on
analysis of the correlation between MMSE and rCBF or
GM volume. By using this analysis method, we obtained
results that are consistent with previous reports. We have
proved that this analysis method can be analyzed without
problems.

Next step, we attempted to investigate the correlation
between the optical illusion (visual hallucinations) and
rCBF, based on the analysis of correlation between noise
pareidolia scores and rCBF or GM volume.

Prior to the analysis, this sample size (n=147) was
larger than previously reported, and we speculated that
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t value would be at least 5 or higher in the correlation
between the MMSE and CBF around the hippocampus.
However, in fact, t value was ranged from 3.39 to 4.91, the
maximum ¢ value was 4.91 in Table 2. In the correlation
between the noise pareidolia scores and the rCBF in sev-
eral sites other than in the occipital lobe obtained by this
analysis, ¢ value was as low as 3.46 to 4.51 in Table 3. The
maximum ¢ value was 4.51 in Table 3; we conservatively
described the correlation as “weak” between the noise
pareidolia scores and the rCBF in several sites obtained by
this analysis other than in the occipital lobe. In this paper,
we defined ¢ value <5 as “weak (or weakly)”.

Here, we revealed that a reduction in occipital CBF was
not associated with an increase in noise pareidolia scores in
DLB patients; rCBF in several sites other than in the occipi-
tal lobe showed a weak correlation with the noise pareido-
lia scores. There have been few functional imaging studies
investigating visual hallucinations and optical illusions in
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DLB patients. In voxel-based analyses in previous pioneer-
ing studies [20-23], there was no significant correlation
between pareidolia and occipital CBF.

The features of this study are as follows: while the total
number of patients included in previous reports is small,
a key feature of the present study was the relatively large
number of patients: 147 patients were included based on
the latest DLB diagnostic criteria [17], revised in 2017. In
fact, in this study of only 40 patients with visual hallucina-
tions analysis, no significant difference in the correlation
between the occipital CBF and noise pareidolia scores (posi-
tive scores or negative scores) was found.

In the present study, the reason for the relatively few cases
of movement disorders were likely because our division is a
"dementia outpatient” unit consisting of neurology and psy-
chiatry; for many cases, cognitive decline was the main rea-
son for consultation. It is probable that many of the patients
showed slight parkinsonism.

Comparisons between the present study
and pioneering imaging studies of visual
hallucinations in DLB and PD

In the present study, DLB patients did not show the expected
predominant decrease in occipital lobe CBF. Using SPECT
imaging with voxel-based analysis techniques, Colloby et al.
revealed that rCBF is significantly reduced in the left inferior
parietal lobes (BA40) and left frontal gyrus (BA8) compared
with healthy subjects [20], which is similar to our results.
Notably, in the present study, a correlation between pareido-
lia and the occipital lobe (primary visual cortex V1) was not
identified. In addition, Nagahama et al. reported that local
CBF was decreased in the bilateral angular gyrus (BA39),
left fourth occipital gyrus (BA19), and right supramarginal
gyrus (BA40) using SPECT imaging with voxel-based sta-
tistical analysis techniques [21]. Their findings relating to
BA39 and BA40 are compatible with our results; further-
more, rCBF was not reduced in the primary visual cortex
(BA17) or secondary visual cortex (BA18), but was reduced
in the associative visual cortex (BA19). From this result, the
reduction of rCBF in the associative visual cortex (BA19)
is presumed to be caused by disorders of the brain network
between the frontal and occipital lobes, rather than of the
occipital lobe alone.

It has previously been reported that about 40% of patients
with PD with dementia have visual hallucinations, and
approximately 70% of PD patients experience optical illu-
sions [24-30]. Both PD and DLB are pathologically classi-
fied as a-synucleinopathies and are so-called Lewy body dis-
eases (LBD). In Lewy body diseases, the same physiological
mechanism of visual hallucinations is inferred. Similar to
DLB patients, patients with PD with visual hallucinations
do not demonstrate a decrease in occipital lobe blood flow,

but rCBF is reportedly reduced in the left insula (BA13),
bilateral superior temporal gyrus (BA38), left supramarginal
gyrus (BA40), left frontal pole (BA10), left anterior cin-
gulate gyrus (BA24), left precuneus (BA7), right anterior
cingulate (BA32), right parietal superior lobule (BAS), right
frontal superior lobule (BA11), and right frontal inferior lob-
ule (BA12) in imaging studies using MRI with voxel-based
morphometry analysis techniques [22, 23].

Hypothesis of the mechanism of visual
hallucinations in DLB

Visual sensory impairment is thought to be involved in
the development of complex visual hallucinations in DLB
patients [31]. A large number of different mechanisms have
been proposed to underlie complex visual hallucinations,
and the possible causes and brain disorder sites of complex
visual hallucinations can be summarized as follows: (1) vis-
ual pathway (obstacle pathway, extending from the retina to
V1), (2) occipital lobe (V1, V2, or V3 lesion), (3) epilepsy,
(4) brain stem (e.g., midbrain peduncle hallucinations), (5)
sleeping disorder (e.g., REM sleep and narcolepsy), (6) dys-
functional imbalance of neurotransmitters (e.g., acetylcho-
line or dopamine system failure), and (7) disorders of resting
brain networks (e.g., dorsal attention system failures and
default mode network abnormalities) [31-34].

In DLB patients, it has previously been reported that
brain functional imaging tests, such as PET and SPECT,
show decreased metabolism and decreased blood flow in the
occipital lobe (visual cortex) [10—13]. The occipital lobe can
cause many simple hallucinations as a whole; moreover, V1
disorders cause simple hallucinations, whereas V2 and V3
disorders lead to many complex hallucinations [33, 35, 36].

Dopamine abnormalities in the retina have been identified
in PD patients, and the possibility of dopamine abnormali-
ties cannot be ruled out in DLB patients. Acetylcholinester-
ase inhibitors improve visual hallucinations and attention in
DLB patients, which suggests that cholinergic abnormalities
may also be involved in visual hallucinations [33, 34].

Possibility of the involvement of attention disorders
and brain network dysfunction

In the present study, the possible reasons underlying the lack
of a correlation between CBF in the occipital lobe and parei-
dolia test scores were speculated to be as follows: (1) CBF
reductions in other regions of the brain may have been larger
than that in the occipital lobe, and the CBF reduction sites
were scattered, which may have affected the whole brain;
(2) many early cases of DLB were included in the present
study; and (3) in the case of early DLB, the influence of
the secondary visual cortex may be greater than that of the
primary visual cortex.
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Recently, increased attention has been paid to disorders
of the dorsal attention system [37] in DLB patients, and it
has been proposed that dysfunction of this system may cause
incorrect visual processing and lead to complex hallucina-
tions. In addition, dysfunction of the resting brain atten-
tion network may also be involved in the development of
visual hallucinations [33, 34, 38]. Therefore, we propose
that pareidolia may also be affected by attention disorders
[14, 39-41]. Visual hallucinations may be caused not only
by disorders of the primary visual cortex (i.e., the occipital
lobe cortex), but also by complex interactions caused by
“anterior” brain dysfunction (e.g., in the frontal lobes), such
as attention disorders and network disorders with other brain
regions [34, 41]. It is speculated that disorders of the rest-
ing brain network [38] that are related to the attention and
default mode network [32, 38] are able to evoke pareidolia.

Future prospects

In DLB patients with visual hallucinations, it has been
proposed that the distribution of Lewy bodies is not only a
disorder of the primary visual region of the occipital lobe
but also a disorder of a more complex brain network, thus
resulting in visual hallucinations. We hypothesize that visual
hallucinations can occur not only as a result of simple disor-
ders of the primary visual cortex, such as the occipital lobe
cerebral cortex, but also as a result of more complex physi-
ological mechanisms, such as impairment of the visual path-
way, the secondary visual cortex in brain networks, and the
involvement of neurotransmitters [31, 32]. Through further
research to clarify the physiological mechanism of complex
visual hallucinations in DLB patients and the site of local
brain damage in functional connectivity and brain networks,
by combining many imaging modalities of brain function,
the earlier diagnosis of DLB will be possible in the future.
We expect that the elucidation of the visual hallucination
mechanism in DLB will allow for its early diagnosis based
on imaging biomarkers, and earlier therapeutic treatment
interventions will improve patients’ symptoms.

Limitations

There are some limitations to this study. First, this study is a
retrospective study, there was no correlation between noise
pareidolia scores and occipital CBF'; however, there was a
weak correlation between noise pareidolia scores and rCBF
in several sites other than in occipital lobe. Regarding the
sample size, since this investigation is a retrospective study
of patients who visited our outpatient department, it may
be necessary to secure the number of samples by long-term
observation in order to perform more accurate analysis.
Second, no clear correlation was found between
noise pareidolia scores and occipital CBF, but a weak
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correlation between noise pareidolia scores and rCBF in
several sites other than in occipital lobe. We considered
that the noise pareidolia scores in the noise pareidolia test
may be an indirect scale rather than a direct scale of visual
hallucinations.

Third, we may see pareidolia in the noise pareidolia
test, ultimately, as an interaction of complex regional cer-
ebral blood flow (activity) in the brain. As a result, we
believe that we could identify a weak correlation between
the noise pareidolia scores and rCBF in several sites other
than in occipital lobe.

Furthermore, in order to analyze the brain network
(complex interactions and functional connectivity) in
detail, we have improved the evaluation method of the
noise pareidolia test, developed an evaluation scale that
directly reflects the visual hallucinations, and we thought
that it will be necessary to develop brain functional imag-
ing analysis in combination with the other modality.

Conclusion

In the present study, DLB hallucinations did not signifi-
cantly correlate with occipital hypoperfusion, as we had
expected before performing the study, but were weakly
correlated with CBF in the bilateral inferior parietal lobes
(BA40). Previous reports are also consistent with our find-
ings of a weak correlation between visual hallucinations
(optical illusions) and rCBF in the left precuneus (BA39)
and bilateral frontal gyrus (BA8 and BA9). Visual hal-
lucinations in DLB had a weak correlation with rCBF in
several sites other than in occipital lobe, as has been previ-
ously reported. A mechanism of DLB visual hallucinations
may involve more complex brain network disorders (e.g.,
multiple brain network disorders such as “default mode
networks” and “attention networks”) rather than a primary
visual cortex disorder alone.
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