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Abstract:

A 61-year-old woman was admitted to our hospital due to memory difficulties, visual hallucinations, and
slowly progressing motor difficulties in the limbs. A clinical examination revealed bradykinesia, gait distur-
bance, left-side-dominant rigidity, ideomotor apraxia, dressing apraxia, left-sided spatial agnosia, impaired
visuospatial ability, and executive dysfunction. Her symptoms were unresponsive to levodopa, and corticoba-
sal syndrome (CBS) was diagnosed. One year later, amyloid positron emission tomography revealed amyloid
beta accumulation in the bilateral cerebral cortices; at this point, CBS with underlying Alzheimer’s disease
pathology (CBS-AD) was diagnosed. Visual hallucinations may help differentiate CBS with corticobasal de-

generation (CBS-CBD) from other pathologies, including CBS-AD.
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Introduction

Corticobasal degeneration (CBD) is characterized by the
clinical presentation of cortical symptoms, including apraxia,
cortical sensory loss, and alien limb sign. The asymmetrical
presentation of extrapyramidal symptoms, including rigidity
that is unresponsive to levodopa, akinesia, dystonia, and
myoclonus, are also observed in CBD. Pathologically, CBD
is characterized by neuronal loss in the cerebral cortices,
striatum, and substantia nigra, cortical ballooned neurons,
and the abnormal accumulation of tau protein in neurons,
astrocytes, and oligodendroglia (1).

Rebeiz et al. first reported CBD (2), and subsequent re-
ports of other cases indicated substantial variation in its un-
derlying pathology. Boeve et al. postulated that neuropa-
thologic criteria were necessary for the diagnosis of CBD
because cases that were clinically diagnosed with CBD had
other pathologies, including Alzheimer’s disease (AD), pro-
gressive supranuclear palsy, Pick’s disease, and Creutzfeldt-
Jakob disease (3). In 2003, Boeve et al. proposed clinical

criteria for use in the diagnosis of corticobasal syndrome
(CBS) and pathological criteria to be used for diagnosing
CBD (4). Several diagnostic criteria for CBS have been pro-
posed (4-7). A review of the existing reports on CBS sug-
gested that 37% of the underlying pathology was CBD,
while AD-like dementia accounted for 8% of cases (7).

It is notable that AD pathology accounts for a significant
percentage of CBS cases. AD is characterized by dementia.
Amyloid positron emission tomography (PET) allows for the
in vivo visualization of amyloid beta (AB) peptide accumu-
lation, which is an important biomarker and a useful tool for
the diagnosis of AD (8-10). Pittsburgh compound B (PiB)-
PET is widely used to detect AP accumulation due to its su-
perior sensitivity and specificity.

We herein report the clinical characteristics of a patient
who was initially diagnosed with CBS but was subsequently
diagnosed with CBS with underlying AD pathology (CBS-
AD) following amyloid PET imaging.
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Case Report

A 61-year-old, right-handed woman was admitted to our
hospital due to memory difficulty and slowly progressive
motor dysfunction in the left upper limb. She had a surgical
history of uterine fibroids and cervical spondylosis. An in-
terview with her husband revealed that the patient’s difficul-
ties with memory and left upper limb movement had begun
approximately two years prior to admission, which made it
difficult for the patient to perform household chores. Ap-
proximately one year before admission, the patient had
started experiencing visual hallucinations, reporting that
“someone is standing at the front door” and that “there are
many children in the house.” Despite these symptoms, the
patient’s insight into her illness was poor.

The patient was alert, with a body temperature of 37.4TC,
blood pressure of 117/71 mmHg, and a pulse of 72 beats
per min. Examinations of the heart, lungs, and abdomen
were unremarkable. A neurological examination revealed
bradykinesia, gait disturbance, rigidity in the left upper and
lower limbs, and impaired fine motor skills in the left upper
limb. In addition, ideomotor apraxia, dressing apraxia, con-
structive apraxia, limb-kinetic apraxia, left-sided spatial ag-
nosia, topographical agnosia, impaired visuospatial ability,
and executive dysfunction were noted. Blood test results
were unremarkable. On a cognitive examination, the pa-
tient’s Mini-Mental State Examination (MMSE) score was
18 points (orientation, 6 points; registration, 3 points; atten-
tion and calculation, 2 points; recall, O points; and language,
7 points); Hasegawa Dementia Scale-Revised (HDSR) score
was 21 points (age, 1 point; orientation, 4 points; immediate
recall of 3 words, 3 points; delayed recall of 3 words, 3
points; calculation, 1 point; backward digit span, 1 point;
visual encoding and recall, 3 points; and semantic verbal
fluency, 5 points). The patient’s score of 15 points on the
Montreal Cognitive Assessment, Japanese version (MoCA-J)
indicated the presence of cognitive dysfunction [short-term
memory, 0 points; visuospatial abilities (clock-drawing task),
2 points; three-dimensional cube copying, O points; execu-
tive function (alternating Trail Making Test B), 0 points;
phonemic verbal fluency task, O points; a two-item verbal
abstraction task to explain what each pair of words had in
common, 1 point; attention, concentration, and working
memory, 5 points (a vigilance or sustained-attention task, 1
point; a serial-subtraction task, 3 points; and forward and
backward digits, 1 points); time and place orientation, 4
points; a further 1 point was added, as she had completed
10 years of education].

Magnetic resonance imaging (MRI) of the brain did not
reveal clear evidence of ischemic changes, basal ganglia de-
generation, or amyloid angiopathy. An analysis utilizing the
voxel-based specific regional analysis system for AD
(VSRAD®11) resulted in a Z-score of 2.2. There was evi-
dence of atrophy in the AD areas of interest in the medial
temporal lobe, including the entorhinal cortex, amygdala,

and hippocampus. T1-weighted images indicated atrophy in
the regions around the right motor sensory area and bilateral
superior frontal gyri (Fig. 1). Single photon emission com-
puted tomography (SPECT) using *"Tc-ethyl-cysteinatedime
(”"Tc-ECD) was also performed. An evaluation with an easy
Z-score imaging system indicated decreased perfusion in the
right frontal, parietal, and occipital lobes, right precuneus,
and left parietal lobe (Fig. 2).

The patient was prescribed levodopa/carbidopa to treat her
Parkinsonian symptoms following admission; however, her
motor symptoms did not improve. These findings together
satisfied the revised Cambridge criteria (6), and she was di-
agnosed with CBS. However, her response to treatment con-
tinued to be poor, and her symptoms worsened.

One year later, fluorodeoxyglucose (FDG)-PET and amy-
loid PET imaging were performed. Amyloid PET imaging
revealed the accumulation of AP in the bilateral cerebral
cortices (Fig. 3a). Furthermore, FDG-PET imaging showed
regions of low metabolism in the right frontal, temporal, pa-
rietal, and occipital lobes; in the left frontal, temporal, and
parietal lobes; and in the bilateral precuneus (Fig. 3b). We
therefore concluded that this patient had CBS-AD and
started her on a cholinesterase inhibitor as treatment for AD.

In addition, a visual inspection of a ["1]-2f-
carbomethoxy-3[-(4-iodophenyl)-N-(3-fluoropropyl) nortro-
pane (FP-CIT) SPECT scan, which had been obtained to
differentiate AD from Parkinson’s disease (PD) and Lewy
body disease such as dementia with Lewy bodies (DLB), re-
vealed that the uptake of FP-CIT in the right dorsal striatum
(the side contralateral to the dominant side of Parkinsonism)
was decreased compared with the left dorsal striatum in all
slices. However, the normal striatal uptake ratio (SUR) de-
termined using DaTQUANT™ (GE Healthcare, Little Chal-
font, UK) (Fig. 4a) and meta-iodobenzylguanidine (MIBG)
myocardial scintigraphy did not show any evidence of a re-
duced cardiac uptake, as the patient’s heart-to-mediastinum
(H/M) uptake ratio was 2.87 in the early phase and 2.32 in
the late phase (Fig. 4b).

Discussion

This case was diagnosed clinically with CBS-AD due to
the presence of AP accumulation on PiB-PET imaging.
There has been a recent increase in the number of reported
cases with CBS-AD based on pathological diagnoses, and
studies comparing CBS-AD and CBS resulting from under-
lying CBD pathology (CBS-CBD) have been per-
formed (12, 13). Hassan et al. reported that, compared with
CBS-CBD cases, CBS-AD cases had a younger age of on-
set, hemisensory neglect, memory impairment, visuospatial
difficulties, dressing apraxia, and myoclonus; however, there
were no marked differences in aphasia, limb apraxia, alien
limb phenomenon, fisted hand, Parkinsonism, pyramidal mo-
tor signs, dystonia, or Gerstman syndrome between the two
groups (13). The typical CBS-AD features of hemisensory
neglect, memory impairment, visuospatial difficulties, and
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Figure 1.

T1-weighted magnetic resonance (MR) images of the brain [(a) axial section (cerebral

peduncle level), (b) coronal section (interpeduncular fossa level)] showing asymmetric atrophy in the
right temporal lobes. (c) The voxel-based specific regional analysis system for Alzheimer’s disease
(VSRAD®) revealed a significant decrease in the gray matter volume of the bilateral medial temporal

area (the medial temporal lobe, including the entorhinal cortex, amygdala, and hippocampus), right

motor area, and bilateral superior frontal gyri. Colored areas with Z-scores >2 are overlaid as sig-

nificantly atrophied regions on tomographic sections and the cortical surface of the standardized

MRI template.

dressing apraxia were observed in our case, and visual hal-
lucination was also present.

There have been an increasing number of reports on the
use of amyloid PET imaging for the diagnosis of CBS-
AD (14, 15). However, some cognitively normal individuals
test positive for AR on amyloid PET imaging. Indeed, it was
reported that >40% of cognitively normal individuals over
71 years of age were positive for AP (16). In addition, many
DLB cases are known to have both AD and DLB patholo-
gies (17). In particular, significantly more individuals with
DLB have positive amyloid PET findings than those with
PD, PD with dementia, or normal controls (18), suggesting
that amyloid PET may not necessarily be a useful examina-
tion for differentiating AD from DLB. It should be noted
that the clinical diagnosis of AD cannot be performed solely
based on an AB-positive finding, given that the accumulation
of AP can be seen even in cognitively normal individuals
and in individuals with non-AD neurodegenerative diseases,
including DLB.

In the present case, several instruments were used to
measure the cognitive function. The patient’s performance
on all tests indicated an impaired short-term memory; her

MoCA-J score indicated an impaired visuospatial ability and
executive function. Cognitive dysfunction in DLB is charac-
terized by marked impairment in attention, visuospatial abil-
ity, and executive function, with milder memory impairment.
Visuospatial abilities are reportedly more impaired in pa-
tients with DLB than in those with AD (19), and deficits in
visuospatial abilities are a typical feature of CBS (20).
While our patient had a relatively high attention score on
the MoCA-J, her low scores on the MMSE and HDSR sug-
gested that her performance fluctuated. These findings may
be consistent with DLB, as cognitive fluctuations are a typi-
cal feature of this disease (17). Impaired attention is also a
commonly observed symptom in DLB, frontotemporal lobar
degeneration, and progressive supranuclear palsy. A cogni-
tive examination of the current patient further suggested
functional impairment in the parietal, temporal, occipital,
and frontal lobes, in addition to pathological features of
non-AD diseases, such as DLB. These findings are consis-
tent with our results from SPECT and FDG-PET. We there-
fore considered that her cognitive dysfunction might be
more of a consequence of DLB than AD.

As stated earlier, a remarkable feature of the current case
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(a) Single photon emission tomography (SPECT) images showing a decrease in the cere-

bral blood flow in the right fronto-temporo-parietal-occipital lobes. (b) SPECT images analyzed with
the easy Z-score imaging system (eZIS) showing a decrease in the cerebral blood flow in the right
fronto-temporo-parietal-occipital lobes and precuneus, and in the left parietal lobe. This image is

right-dominant.

was the presence of visual hallucinations in addition to the
symptoms frequently reported in CBS-AD, including mem-
ory visuospatial difficulties, and dressing
apraxia. Visual hallucinations are reported frequently in PD
and DLB and AD, but are rare in CBS (21, 22). Geda et al.
suggested that the presence of visual hallucinations may be
useful for differentiating CBD and other Parkinson’s syn-
dromes, as none of the patients pathologically diagnosed
with CBD in their study experienced visual hallucina-
tions (21). Bassiony et al. reported that 4-59% (median
19%) of patients with AD experienced visual hallucina-

impairment,

tions (23); however, the mechanisms underlying the develop-
ment of visual hallucinations in AD are unclear.

CBD is extremely unlikely to cause visual hallucinations,
so visual hallucinations can be a useful symptom for the dif-
ferential diagnosis of CBS-CBD. Had visual hallucinations
been included as a symptom of CBS, we would have needed
to consider the possibility of CBS resulting from underlying
DLB, PD or AD pathologies.

Although no clear atrophy was observed within the parie-

tal and occipital lobes in the current case, the *"Tc-ECD
SPECT and FDG-PET examinations demonstrated extensive
areas of reduced perfusion and metabolic abnormalities in
the parietal and occipital lobes. A decrease in perfusion in
the occipital lobe, including the primary visual cortex, is a
characteristic finding of cerebral blood flow scintigraphy in
DLB. However, the sensitivity of decreased perfusion in
DLB is not high, at approximately 65% (24). In contrast, in
AD, decreased perfusion starts in the posterior cingulate cor-
tex and precuneus and then spreads to the parietal, temporal,
and frontal lobes during disease progression. The lack of de-
creased perfusion in the primary sensory and motor cortices,
visual cortex in the occipital lobe, thalamus, basal ganglia,
and cerebellum is useful for the diagnosis. In the current pa-
tient, we did not observe decreased perfusion in the medial
occipital lobe, including the visual cortex, which is inconsis-
tent with the typical features of AD. The patient instead
showed decreased perfusion in the right lateral occipital
lobe, which can be considered consistent with DLB accord-
ing to cerebral blood flow scintigraphy. In addition, in pos-
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(a) Amyloid positron emission tomography (PET) images using Pittsburgh compound B

(PiB) showing significant diffuse deposition of fibrillary amyloid plaques throughout the cortex. (b)

Fluorodeoxyglucose-PET images analyzed with eZIS showing glucose hypometabolism in the right

fronto-temporo-parietal-occipital lobes and precuneus, and in the left fronto-temporo-parietal lobes.

This image is right-dominant.

terior cortical atrophy (PCA), which presents with progres-
sive functional impairment in the parietal and occipital
lobes, parietal and occipital lobe atrophy is observed, with
perfusion and metabolism abnormalities in those regions as
shown by cerebral blood flow scintigraphy and FDG-
PET (25). The most common underlying pathology is AD;
however, visual hallucinations are rarely reported in such pa-
tients.

The current case and patients with PCA share an underly-
ing AD pathology with functional abnormalities in the parie-
tal and occipital lobes; however, these two conditions differ
in terms of the presence of visual hallucinations. While the
cause of this difference is unclear, the current case may have
had DLB pathology as well, based on the clinical symp-
toms.

We used two neuroimaging techniques in the present
study because of their ability to differentiate between DLB
and PD. Our patient presented with asymmetric Parkinson-
ism. Although she had a normal SUR, a visual inspection of
the SPECT scan revealed a decrease in the uptake of FP-
CIT in the right dorsal striatum, which was the side contra-

lateral to the dominant side of her Parkinsonism. These re-
sults suggest that a mild degree of dopaminergic neuron de-
generation may have existed in the substantia nigra.

In addition, although approximately one-third of patients
with AD present with Parkinsonism over the course of their
disease, not all cases have Lewy body pathology at autopsy.
In a recent study of patients with a diagnosis of pure AD
confirmed by pathology who presented with Parkinsonism,
Parkinsonism associated with AD was related to a signifi-
cant loss of neurons in both the substantia nigra pars com-
pacta and the putamen (26). These changes might also have
occurred in our case, since a visual inspection of the SPECT
scan revealed a decrease in the FP-CIT uptake in the right
dorsal striatum.

Cilia et al. reported that the majority of patients with CBS
showed decreased FP-CIT binding on FP-CIT SPECT scans,
while approximately 10% of patients showed normal bind-
ing (27). The current patient showed mild alterations on the
SPECT scan, but the progression of her symptoms and
changes in the FP-CIT SPECT scan over time should be
monitored.
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Figure 4.

(a) [**1]-2B-Carbomethoxy-3p-(4-iodophenyl)-N-(3-fluoropropyl) nortropane (FP-CIT)

SPECT images showed that the striatal uptake ratio (SUR) in the right striatum was 2.21 (normal
range 1.87+0.51) and in the left striatum was 2.33 (normal range 1.89+0.50) using DaTQUANT™,
This result was normal. (b) Meta-iodobenzylguanidine (MIBG) myocardial scintigraphy showed that

the heart/mediastinum (H/M) uptake ratio was 2.87 in the early phase and 2.32 in the late phase (nor-

mal H/M uptake ratio >2.2). This result was indicative of a normal cardiac uptake.

In the current case, the MIBG myocardial scintigraphy
findings were within normal limits. A Japanese multi-center
study in which the H/M ratio in the late phase of MIBG
myocardial scintigraphy was used to differentiate probable
AD from probable DLB had 68.9% sensitivity and 89.1%
specificity (28). Furthermore, a multi-center study in which
"[-FP-CIT SPECT was used to differentiate DLB from non-
DLB had 77.7% sensitivity and 90.4% specificity (29). Al-
though typical neuroimaging methods were not indicated in
the current case, it should be noted that differential diagno-
ses cannot be based solely on imaging results, as there are
DLB cases with normal myocardial scintigraphy and "*'I-FP-
CIT SPECT findings.

Although the current case satisfied the diagnostic criteria
for CBS, a diagnosis of probable DLB is also possible due
to fluctuating cognition, visual hallucinations, and Parkin-
sonism, which satisfy the central and core features of the di-
agnostic criteria for the Consortium on DLB (17). In con-
trast, a diagnosis of AD based on the Diagnostic and Statis-
tical Manual of Mental Disorders, Fifth Edition criteria, for
instance, is not possible, because other neurodegenerative
diseases cannot be ruled out due to their sharing similar
clinical symptoms. Therefore, we were unable to diagnose

the current case with AD, and a diagnosis of CBS with un-
derlying AD pathology seemed more appropriate. However,
previous studies have shown co-existing AD pathology,
commonly observed with DLB, as well as pathological find-
ings consistent with CBS-progressive supranuclear palsy in
cases of diffuse Lewy body disease (30).

It is important that a diagnosis of CBS-AD be made by
amyloid PET imaging as it leads to the early initiation of
treatment for AD. Furthermore, Armstrong et al. proposed
new diagnostic criteria for CBD (7), which included the ex-
clusion of AD. Therefore, ruling out AD is essential, and
amyloid PET imaging will likely become increasingly im-
portant to this end in the future (31). However, a careful di-
agnosis is required for AD, as amyloid PET must positive in
non-AD neurodegenerative diseases, including DLB com-
mon form as well as AD. The current case suggests that vis-
ual hallucinations may be an important symptom that indi-
cates pathologies other than CBS-CBD, such as CBS-AD. It
is therefore necessary to consider visual hallucinations as an
important clinical symptom for differential diagnosis.

A recent study, in which the cognitive function of patients
diagnosed pathologically with CBD and AD was examined,
reported that there was no clear difference between CBD
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and AD in the early disease stage; however, CBD cases pre-
sented with some distinct clinical features, including asym-
metric motor and sensory signs, and a reduced episodic
memory, executive function, and letter fluency during dis-
ease progression. Therefore, interval screening to discrimi-
nate clinical features may improve the antemortem diagno-
sis (32).

Since CBS is a heterogeneous syndrome, a comparison of
the clinical features and pathology at autopsy may help im-
prove the accuracy of the antemortem diagnosis of CBS.
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