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INTRODUCTION

Abstract

Charles Bonnet Syndrome (CBS) is characterized by complex formed and
recurrent visual hallucinations in psychologically normal people, and is often
associated with eye pathology. Many psychiatrists have taken an interest in
CBS because this syndrome could provide clues to the mechanisms under-
lying visual hallucinations. In the present paper, we review previous neuroim-
aging studies in patients with CBS and summarize the results of these
studies. There could be a fundamental dysfunction in the primary and sec-

. ondary visual cortices in some patients with CBS, and transient cortical

activation occurs in the inferior lateral temporal cortex during the appear-
ance of visual hallucinations in CBS patients. External visual stimuli are
perceived in the retina and are transmitted to the primary visual cortex
(Brodmann area (BA) 17). The stimuli are transmitted from BA 17 to the
secondary visual cortex (BA 18) and then to the visual association cortices
(BA 19 and BA37). In general, our perception of external visual stimuli
normally has an inhibitory effect on the endogenous activation of the visual
cortex. Visual loss due to certain conditions, of which eye pathology is the
most commonly postulated in CBS patients, produces a state of sensory
deprivation that releases the visual cortex from regulation by external stimuli,
resulting in visual hallucinations (cortical release phenomenon). The results
of previous neuroimaging studies suggest that the cortical release phenom-
enon hypothesis for the occurrence of visual hallucinations in patients with
CBS is plausible. In addition, the results indicate that not only eye pathology,
but also dysfunction in the primary and secondary visual cortices could
result in deprivation of external visual stimuli.

occurrence of visual hallucinations in patients with

Charles Bonnet Syndrome (CBS) is characterized by
complex formed and recurrent visual hallucinations in
psychologically normal people, and is often associated
with eye pathology. Many psychiatrists have taken an
interest in CBS because this syndrome could provide
clues to the mechanism underlying visual hallucina-
tions. In the present paper, we review results of previ-
ous neurcimaging studies conducted in patients with
CBS and describe two specific patients with CBS who
were assessed in detail with neuroimaging techniques.
Finally, we discuss the mechanism underlying the

© 2009 The Authors
Journal compilation © 2009 Japanese Psychogeriatric Society

CBS.

ACTIVATION DURING VISUAL
HALLUCINATIONS IN PATIENTS WITH CBS
There are two studies in which cortical activation
during the occurrences of visual hallucinations in
patients with CBS was evaluated using neuroimaging
techniques. Ffytche etal.' conducted two experi-
ments in which six patients with CBS were investi-
gated using functional magnetic resonance imaging
(fMRI). In the first experiment, patients were asked to

77
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signal the onset and offset of each hallucination
during a 5 min scan. Then, the timing of the halluci-
nations was correlated with the time-course of the
fMRI signal. In this experiment, four patients had
spontaneous hallucinations and the fMRI activity that
correlated most significantly with the hallucinations
reported by all four patients was located in the ventral
ococipital lobe, within or around the fusiform gyrus
(Brodmann area (BA) 37). In addition, a striking corre-
lation was found between the hallucinatory expeti-
ences of each patient and the known functional
anatomy of the occipital lobe. Specifically, in patients
who hallucinated in color, activity was found in the
fusiform gyrus in an area corresponding to the color
center, area V4; in contrast, in the patient who hallu-
cinated in black and white, the activity was outside
this region. In the patient who hallucinated objects,
activity was found in the middle fusiform gyrus, an
area that responds to visually presented objects. The
second experiment identified functionally abnormal
brain regions by scanning CBS patients while they
viewed a non-specific visual stimulus and then com-
paring these results with those for a matched control
group who had never experienced hallucinations. In
patients with impaired vision who had never halluci-
nated, the visual stimulus evoked activity along the
calcarine fissure {primary visual cortex), extending
onto the ventral surface of the occipital lobe to include
the fusiform gyrus. This stimulus evoked activity in the
striate cortex in patients with CBS, but failed to do so
in the fusiform and lingual gyri. Fiytche et al.' com-
pared the corrected mean level of the fMRI signal
within the active ventral extrastriate regions in control
subjects with the corresponding silent regions in CBS
patients and found that the mean signal was signifi-
cantly increased in the hallucinators relative to the
controls. These two sets of results converged to a
single conclusion, namely that activity in BA 37 was
fundamentally increased, and that this increase in
BA 37 decreased the response to external visual
stimuli, so that the visual hallucinations resulted from
transient increased activity in the ventral occipital lobe
(BA 37).

Adachi et al.?2 conducted a neuroimaging study to
evaluate regional cerebral blood flow (fCBF) in five
patients with CBS during visual hallucinations using
single photon emission computed tomography
(SPECT). In that study, Adachi et al.? revealed rCBF
hyperperfusion in the lateral temporal cortex, stria-
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tum, and thalamus in all patients. However, rCBF in
the occipital lobe of all patients was normal. The
results of that study should be interpreted with
caution because changes in the rCBF in each patient
were evaluated by a combination of visual inspection
by the rater and the region of interest (ROI) method.
Nevertheless, the authors concluded that the lateral
temporal cortex, especially the inferior lateral tempo-
ral cortex, was the region most likely responsible for
the complex visual hallucinations.

These two studies have indicated a relationship
between the occurrence of visual hallucinations and
cortical activation in the inferior lateral temporal
cortex, including BA 37.

FUNDAMENTAL CEREBRAL
ABNORMALITIES IN PATIENTS WITH CBS

No studies have systematically examined fundamen-
tal cortical dysfunction in CBS patients, although
this has been indicated in some case reports. For
example, Sichart and Fuchs® described an 81-year-
old woman with CBS in whom a SPECT scan had
detected reduced rCBF in the left occipital lobe; Kan-
zaki* reported on a 71-year-old woman with CBS in
whom magnetic resonance imaging (MRI) showed
no abnormalities, including for the occipital lobe.
However, the SPECT images for this woman dis-
closed hypoperfusion in the bilateral BA 17 and
BA 18, although not in BA 19. Kishi et al.® reported on
a 73-year-old woman with CBS whose visual halluci-
nations almost invariably appeared in her subjective
right visual field. This patient's MRI showed only mild
cerebral atrophy in the medial aspect of the left
occipital region, which includes the primary and asso-
ciation visual areas. In addition, the SPECT images for
this patient disclosed marked hypoperfusion in the
medial and lateral aspects of the left occipital lobe.®
From these case reports, it appears likely that dys-
functions in the occipital lobe play a role in developing
visual hallucinations in patients with CBS. However,
the critical regions in the occipital lobe in CBS
patients have not been clearly identified.

CASES PRESENTATIONS OF OUR CBS
PATIENTS

Here, we describe two cases of female patients with
CBS. In both patients, SPECT scans showed hypop-
erfusion in part of the ventral portion of the primary
and secondary visual cortices. In addition, activation

© 2009 The Authors
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in the visual association cortex was apparent in one
patient during the occurrence of visual hallucinations.

Case 1 was a 76-year-old right-handed woman
who was diagnosed with diabetes mellitus when she
was 32 years of age. When she was in her 40s, she
developed diabetic retinopathy. Although the patient
underwent laser treatments, her eyesight gradually
worsened. Furthermore, she underwent cataract
operations in both eyes when she was 60 years of
age. The patient started to experience repeated
(approximately 4 days/week) complex and formed
visual hallucinations when she was 75 years of age.
The hallucinations consisted mainly of a parent-child
pair of black-and-white tabby cats. She usually saw
them in the darkness. She would see them playing on
furniture. The cats sometimes waved back to her
when she waved at them. She was unable to touch
them, despite her efforts to do so, and she also never
heard the cats meow. She realized that these images
were not real. She felt the cats were cute and she
wondered whether the images were of a cat she had
owned when she was 20 years old. After experiencing
these images for 14 months, she came to our hospital
for examination. Since then, the visual hallucinations
have continued for 3 years to date.

At presentation, the patient was fully conscious and
oriented and did not have dementia, fluctuations in
cognition, or Parkinsonism. She could lead her every-
day life independently despite the disabilities associ-
ated with her visual impairment and was not taking
any psychotropic agents. The patient was again diag-
nosed ophthalmologically as having diabetic retinopa-
thy. Her vision without glasses was 0.02 in her right
eye and 0.08 in her left eye. The vision could not be
corrected in her right eye, whereas the corrected
vision in her left eye was 0.4. Visual field testing con-
firmed that the patient suffered from lack of eyesight
in the central portion and peripheries in both eyes,
especially in the right eye, but she did not suffer from
hemianopia. Her score on the Mini-Mental State
Examination (MMSE) was 26/30, and she scored
7/70 on the Alzheimer’s Disease Assessment Scale
(ADAS). Basic electroencephalogram (EEG) activity
was an 8-Hz wave, and no epileptic discharges were
observed.

Case 2 was a 65-year-old right-handed woman
who had had vision of approximately 0.01 in both eyes
since she was 10 years of age. Retinal detachment in
the patient’s right eye occurred when she was 53
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years of age. Later, experienced continual hallucina-
tions when she closed her eyes. The visions consisted
of thickets, mountain landscapes, waves breaking on
shorelines, fields of flowers, and places abloom with
hydrangea. She was operated on for retinal detach-
ment in her right eye when she was 58 years of age. At
the same time, the lens in her right eye was removed.
A year later, she underwent an operation fo remove
the lens in her left eye. At that time her vision was 0.1
in her right eye and 0.08 in her left eye. At 65 years of
age, the hallucinations started to appear when the
patient had her eyes open. This prompted her to come
to our hospital for examination.

The patient was alert and cooperative at presenta-
tion, with a sociable manner, and was fully oriented.
She did not have dementia, fluctuations in cognition,
or Parkinsonism. She was not taking any psychotro-
pic agents. She was diagnosed ophthalmologically as
having atrophia choriocideae myopica. The patient’s
vision without glasses in both eyes was 0.02, whereas
her corrected eyesight was 0.06 in the right eye
and 0.04 in the left. Visual field testing did not reveal
reliable findings because of her poor eyesight. The
patient scored 29/30 on the MMSE and 3/70 on the
ADAS. An EEG showed an overall predominance of
low-amplitude fast waves, but no abnormal waves
indicating epilepsy.

Cerebral MRI revealed no abnormal findings in
either patient, including abnormalities in the occipital
lobe (Fig. 1).

Single photon emission computed tomography

Both patients were examined with N-isopropyl-P-
[®1]-iodoamphetamine (['#1]-IMP) SPECT. The SPECT
data were analyzed with iSSP ver. 3.5 (Nihon Medi-
Physics, Nishinomiya, Hyogo, Japan).® This software
enables us to compare an individual's SPECT data
with SPECT data from an age-matched normal
subject group by means of a Z score on a pixel-by-
pixel basis using a three-dimensional stereotactic
surface projection (3D-SSP). In our studies, pixel
values of an individual’s image set were normalized to
the cerebeller values and the normalized values were
used in the analysis. The Z-score was calculated as
[mean of normal subject group — value of individual
patient}/[standard deviation of normal subject group],
for each patient. The extent and severity of abnormal
regions in each BA was determined using the com-
puter program Stereotactic Extraction Estimation
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Case 1

Case 2

Case 1

Figure 1 Fast fluid-attenuated inversion
recovery (FLAIR) magnetic resonance
images of Cases 1 and 2 (poth with Chatles
Bonnet syndrome). Cerebral magnetic
resonance images did not indicate any
abnormalities in either patient.

3.00

2.32

| BA17:14.5% (2.49), BA18:10.0% (2.51), BA30: 12.5% (2.58)

Case 2

| BA17:20.0% (3.77). BA18: 21.0% (3.00)

Figure 2 Brain surface images of Cases 1 and 2 from three-dimensional stereotactic surface projection (3D-SSP) analyses. Extremely
regionalized areas with reduced regional cerebral blood flow (frCBF) are seen in the ventral regions of Brodmann area (BA) 17 and BA 18 in
the right hemisphere. These regions are nearly the same in both patients. On the color scale, red indicates areas with the weakest rCBF. Data
given below the 3D-SSP images give extent ratios (%) and mean severity (in parentheses) for the BA specified. RT.LAT, right lateral view,
LT.LAT, left lateral view; SUP, superior view; INF, inferior view; ANT, anterior view; POST, posterior view; RT.MED, right medial view; LT.MED,

left medial view; L, left; R, right.

(SEE).” The extent was expressed as the rate of the
coordinates with a Z-value that exceeded the thresh-
old value in all coordinates within a segment. Severity
was expressed as the average Z-value of the coordi-
nates with a Z-value that exceeded the threshold
value. The level of significance of the Z-values was set
at 2.32 and the extent ratio was set at 10%.

80

Case 1 exhibited a decrease in rCBF localized in
the ventral portion of BA 17, BA 18, and BA 30 in the
right hemisphere (Fig. 2). The corresponding extent
ratios were 14.5%, 10.0%, and 12.5%, respectively,
whereas severity was 2.49, 2.51, and 2.58, respec-
tively. Case 2 exhibited a decrease in rCBF in BA 17
and BA 18. The corresponding extent ratios were
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Figure 3 Pseudo-Student’s t-statistic
parametric map of power changes in the
4-8 Hz band in Case 1 and Brodmann area
(BA). The top panel shows three synthetic
aperture magnetometry (SAM) images,
revealing a large volume of intense 4-8 Hz
band inhibition over the right BA 37 and
small and weak inhibition in bilateral BA 19.
The voxels exhibiting statistically signifi-
cant changes are displayed, where dark
blue is weak and light blue is the most
intense on the magnetic resonance images
of Case 1. The schemas at the bottom of
the figure indicate the BA corresponding to
the activated area with the SAM analysis.

20.0% and 21.0%, respectively, and severity was 3.77
and 3.00, respectively. The regions of reduced rCBF
in both cases were nearly the same. Neither case
showed a decrease in rCBF anywhere else in the
visual cortex, including BA 19 and BA 37.

Magnetoencephalography

Both CBS cases provided written informed consent
to participate in a magnetoencephalography (MEG)
study. A helmet-shaped 64-channel SQUID array
{NeuroSQUID Model 100; CTF Systems, Port Coquit-
lam, Canada) was used for MEG data acquisition.
Patients were asked to open and close their eyes for
10 s each, and to repeat this eight times. The MEG
image was acquired during this task.

Case 1 told us after the MEG examination that she
saw visual hallucinations during the first four epochs
with eyes open. Her hallicinations consisted of white
clouds, black smoke flowing from left to right, rose-
buds, and an active sea bream moving from the lower
left to upper right. The visual hallucinations disap-
peared during the last four epochs with eyes open and
did not appear in any of the epochs with eyes closed.
This allowed us to compare brain activation between
epochs with and without visual hallucinations. In our
analysis, the presence of basic activity was used
as an index of no cortical activation, whereas the
absence of basic activity was used as an index of
cortical activation. The basic activity for Case 1 was
7-8 Hz waves and this was classified as 4-8 Hz band
waves in the MEG analysis. Specifically, we evaluated
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[BA37|

the areas in which the 4-8 Hz band waves were
present when no visual hallucinations were occurring,
and the 4-8 Hz band waves were diminished when
the hallucinations were occurring. The analysis was
performed with synthetic aperture magnetometry
(SAM),®° which was used to generate a volumetric
image, in 0.5 cm voxels, of the root mean square
within band activity from the filtered MEG signals.
Pseudo-Student’s t-value was computed on a voxel-
by-voxel basis as the difference between the source
activity of the active (four epochs with visual halluci-
nations) and the control (four epochs without visual
haliucinations) states, divided by their ensemble stan-
dard error, which included both instrumental (SQUID
sensor) noise and experimental variance.

The MEG results for Case 1 showed a strong sup-
pression of 4-8 Hz band activity in the right side of
BA 37 and a weak suppression in bilateral BA 19
during visual hallucinations (Fig. 3).

We were unable to analyze the MEG signals of
Case 2 because they were drowned out by the mag-
netomyographic recordings.

MECHANISM OF THE OCCURRENCE OF
VISUAL HALLUCINATIONS IN PATIENTS
WITH CBS

The results of previous neuroimaging studies con-
ducted in patients with CBS and the results of the
neuroimaging examinations of our two CBS cases
are summarized in this section. There may be a fun-
damental dysfunction in the occipital visual cortices
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Eye — optic radiation

BA17
BA18
BA19
BA37

Visual hallucinations

Figure 4 Schema of the ventral visual pathway and the cortical release phenomenon. The visual stimuli are perceived in the retina in the eye
and are transmitted to the visual primary cortex (Bradmann area (BA) 17) via the optic nerve, optic chiasma, optic tract, lateral geniculate
body, and the optic radiation. The stimuli are transmitted from BA 17 to the secondary visual cortex (BA 18) and then to the visual association
cortices (BA 19 and BA 37). Our perception of visual stimuli from the outside world normally have an inhibitory effect on endogenous
activation of the visual cortex. Visual loss produces a state of sensory deprivation that releases the visual cortex from regulation by external
stimuli and allows endogenous activation of the visual cortex, mainly BA 37, leading to visual hallucinations (cortical release phenomenon).
The solid ellipse represents the dysfunctional area shown in our two Charles Bonnet syndrome cases. The ‘explosion’ area around BA 37

represents endogenous activation of BA 37.

in patients with CBS, especially primary and second-
ary visual cortices (BA 17 and BA 18), with transient
cortical activation occurring during the appearance
of visual hallucinations in the inferior lateral temporal
cortex, mainly the fusiform gyrus (BA 37), which is
one of the visual association cortices. The regions of
fundamental dysfunction in the occipital lobe in CBS
patients were identified objectively and stereotacti-
cally in our CBS cases with an established statistical
method for analyzing SPECT images. In addition,
in one of our cases, transient activation in BA 37
was confirmed to be accompanied by visual
hallucinations.

Visual stimuli are perceived in the retina and are
transmitted to the visual primary cortex (BA 17) via
the optic nerve, optic chiasma, optic tract, lateral
geniculate body, and the optic radiation (Fig. 4). The
ventral pathway plays an important role in process-
ing visual stimuli from an object and the stimuli are
transmitted from the primary visual cortex (BA 17) to
the secondary visual cortex (BA 18). Later, the stimuli
are transmitted sequentially to the visual association
cortices (BA 19 and BA 37). In general, our percep-
tion of external visual stimuli normally inhibits
endogenous activation of the visual cortex. Visual
loss due to certain conditions, such as eye pathol-
ogy, produces a state of sensory deprivation that

82

releases the visual cortex from regulation by external
stimuli. Then, the sensory deprivation allows endog-
enous activation of the visual cortex, mainly BA 37,
leading to visual hallucinations. This hypothesis is
called the cortical release phenomenon® and is
often used to explain the mechanism of visual hai-
lucinations in patients with CBS.

Charles Bonnet syndrome has been described in
association with eye pathology that affects visual acu-
ity."'? In addition, the deprivation of external visual
stimuli essential to the cortical release phenomenon
is usually assumed to be caused by eye pathology.
However, only 0.8%-12%'" of patients with eye
pathology have CBS and the occurrence of visual
hallucinations is not associated with the severity of
the visual acuity in patients with CBS,'®'¢ indicating
the possibility that visual disorders do not always play
a role in the appearance of visual hallucinations. This
report shows that CBS patients who do not exhibit
organic cortical abnormalities can stili have dysfunc-
tion in the occipital lobe, especially in the primary
and secondary visual cortices. Dysfunction in these
regions may prevent the external visual stimuli from
being transmitted to the visual association cortices
and could lead to endogenous activation of the visual
association cortices. Thus, not only eye pathology,
but also dysfunction in the primary and secondary
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visual cortices could be important factors in the
occurrence of visual hallucinations in patients with
CBS.

Visual hallucinations have been reported by some
patients with dementia with Lewy bodies (DLB) and
the clinical symptoms of DLB are clearly different
from those of patients with Alzheimer's disease.'”'®
According to a previous study in which regional
glucose metabolism in the visual cortices was com-
pared between DLB patients who had experienced
visual hallucinations and those who had never
experienced visual hallucinations, regional glucose
metabolism in the primary visual cortices was
decreased in both groups and there were no between-
group differences.” However, regional glucose
metabolism in the visual association cortices, includ-
ing the posterior temporal association cortex, was
higher in DLB patients who had experienced visual
hallucinations than in those who had never experi-
enced visual hallucinations. This finding indicates that
the occurrence of visual hallucinations requires rela-
tively well-preserved function in the visual association
cortices and dysfunction in the primary and second-
ary visual cortices. In another study of DLB patients,
administration of donepezil was found to improve
rCBF in BA 18 and to diminish visual hallucinations in
patients with DLB.2 This finding suggests that the
recovered function in BA 18 facilitates the transfer of
the external visual stimuli to the visual association
cortex and lessens the endogenous activation of
BA 37. These results are consistent with the cortical
release phenomenon hypothesis, in which the sensory
deprivation is due to dysfunction in the primary and
secondary visual cortices.

Although bilateral activation was observed in BA 19
during visual hallucinations in our Case 1, activation in
BA 37 during visual hallucinations and dysfunction in
BA 17 and BA 18 were observed in the right hemi-
sphere in that case. However, in previous reports,
fundamental dysfunction and transient activation
during visual hallucinations were found to be associ-
ated with the left occipital lobe, 25 the right occipital
lobe,? and both occipital lobes.'?* Thus, there seems
to be no difference between right and left hemi-
spheres regarding the occurrence of visual hallucina-
tions. However, the results of Case 1 indicate that the
fundamental dysfunction in the primary and second-
ary cortices could cause transient activation in the
ipsilateral visual association cortex.
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The cause of the dysfunction observed in the
primary and secondary visual cortices of patients with
CBS is unknown. Previous studies failed to find evi-
dence that ocular damage itself reduced rCBF in
the occipital lobe.2"# Further studies are needed
to investigate whether dysfunction in the primary
and secondary visual cortices is observed in many
CBS patients, and to evaluate the causes of that
dysfunction.
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