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Abstract

To investigate the association between delusions and
cerebral functional deficits in Alzheimer’s disease (AD),
we evaluated probable AD patients with and without de-
lusions. Methods: Functional brain imaging was per-
formed by single photon emission computed tomogra-
phy with technetium-99m-labeled ethyl cysteinate dimer
(¥*™T¢c-ECD) in 64 AD patients and 76 age-matched nor-
mal healthy volunteers. SPECT data were analyzed by
statistical parametric mapping. Results: In AD patients,
no differences were found in age and cognitive activities
between those with {n = 25) and without (n = 39) delu-
sions. Compared with normal healthy volunteers, AD pa-
tients had significantly decreased perfusion in the pos-
terior cingulate gyri, precunei, and parietal association
cortex. Moreover, in the patients with delusions, perfu-
sion was significantly decreased in the fronial lobe with
right side dominance. in the comparison between the
patients with and without delusions, the patients with
delusions had significantly decreased perfusion in the
prefrontal cortex, anterior cingulate gyri, inferior to mid-
dle temporal cortices, and parietal cortex of the right

hemisphere {p < 0.01). Conclusion: The functional defi-
cits in the right hemisphere may be the cause of delu-
sions in AD.

Copyright © 2006 S. Karger AG, Basel

Iintroduction

Neuropsychiatric symptoms such as delusional
thoughts are commonly observed in patients with Alz-
heimer’s disease (AD), and caring for such patients is of-
ten difficult [ 1-3]. Moreover, such symptoms often neces-
sitate institutionalization [4, 5]. Appropriate manage-
ment of behavioral symptoms lessens the burden on
caregivers and may help to postpone institutionalization
[6]. Therefore, evaluation of psychosis and behavioral
symptoms in AD is of considerable importance in prac-
tice. Recently, functional neuroimaging techniques such
as positron emission tomography (PET) and single pho-
ton emission computed tomography (SPECT) have been
used to explore regional abnormalities of brain function
associated with delusions in AD. Several studies have re-
vealed associations between delusional thoughts in AD
and brain function of various regions [7-12]. The vari-
ability may be due to a relatively small number of subjects
and/or use of a conventional region-of-interest (ROI) ap-
proach, Differences in populations and severity of disor-
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der among the studies may also have accounted for the
variable findings.

In this study, we applied a statistical parametric map-
ping technique to SPECT in order to investigate more
closely the association between delusions and cerebral
deficits in patients with probable AD in a relatively large
number of subjects. ' |

Materials and Nlethods

Subjects

Sixty-four probable AD patients who had been attending the
outpatient memory disorder clinic at the National Center Hospital
for Mental, Nervous and Muscular Disorders, National Center of
Neurology and Psychiatry (NCNP), Tokyo, Japan, were recruited
in this study. The diagnosis of probable AD was based on the clin-
ical criteria of the National Institute of Neurological and Commu-
nicative Disorders and Stroke and the Alzheimer’s Disease and
Related Disorders Association (NINCDS-ADRDA) [13] after de-
tailed examinations, including magnetic resonance imaging (MRI),
computed tomography, and **™Tc-labeled ethyl cysteinate dimer
(**™Tc-ECD) SPECT. All patients underwent Mini Mental State
Examination (MMSE) [14] to assess the severity of dementia.

The presence of delusions was assessed by means of a structured
caregiver interview using the delusion subscale of the Neuropsychi-
atric Inventory (NPI) [15]. A patient was considered to have delu-
sions if he or she had had delusions at least once within the previous
4 weeks. Patients with prominent visual hallucinations, prominent
parkinsonism, or a fluctuating level of consciousness in addition to
a history of falls were excluded. Patients with transient delusions
due to delirium, drug toxicity, or other acute factors were also ex-
cluded. Patients had never been treated with cholinesterase inhib-
itors or neuroleptic drugs prior to SPECT examination.

Seventy-six normal healthy volunteers (37 men, 39 women; age
range, 67-87 years; mean age *+ SD, 71.0 = 7.1) had no neuro-
logic or psychiatric disorders, including alcoholism, substance
abuse, atypical headache, head trauma with loss of consciousness,
and asymptomatic cerebral infarction detected by T,-weighted
MRI. They did not significantly differ in age, sex and education
from the AD patients.

This study was approved by the Ethics Committee of the Na-
tional Center of Neurology and Psychiatry, and informed consent
was obtained from all subjects prior to participation.

SPECT image data of normal healthy volunteers in the present
study have been reported previously [16].

SPECT Imaging

Each subject received an intravenous injection of 600 MBq of
9m e ECD while lying supine with eyes closed in a dimly lit, quiet
room. Ten minutes after injection, a brain SPECT was performed
using a triple-headed gamma camera (MULTISPECT3; Siemens,
Hoffman Estates, 1ll., USA) equipped with high-resolution fan-
beam collimators. For each scan, projection data were obtained in
128 x 128 matrix, and the camera was rotated through 120° with
24 steps of 50 s per step. SPECT images were reconstructed using
a Shepp and Logan Hanning filter at 0.7 cycles per centimeter. At-
tenuation correction was performed using Chang’s method.

SPECT in Alzheimer’s Disease

Image Analysis

Voxel-based analysis of SPECT data was performed using Sta-
tistical Parametric Mapping 99 (SPM99) (Wellcome Department
of Cognitive Neurology, London, UK) run on MATLAB (The
MathWorks, Inc., Sherborn, Mass., USA). The images were spa-
tially normalized to an original template for **™Tc-ECD using
SPM99 [17]. Images were then smoothed with a Gaussian kernel
of 12 mm in full width half maximum (FWHM).

Statistical Analysis

The processed images were analyzed using SPM99. The effect
of global differences in cerebral blood flow among scans was re-
moved by proportional scaling. The subject and covariate effects
were estimated with a general linear model for each voxel. To test
hypotheses about regional population effects, the estimates were
compared using linear compounds or contrasts. The resulting sets
of't values constituted statistical parametric maps (SPM{t}). SPM |t}
were transformed to unit normal distribution (SPM{Z}) and thres-
holded at p < 0.01 without multiple comparisons. Extent threshold
was set to 0 voxel. Moreover, gender, age at onset, disease duration,
and MMSE score were treated as nuisance variables in the com-
parison of AD patients with and without delusions.

Results

Age, Sex, Severity, and Subtypes of Delusion

Of 64 patients with AD who underwent neuropsycho-
logical testing and brain perfusion SPECT, 25 patients
were classified as having delusions and 39 patients as hav-
ing no delusions. The two groups did not significantly
differ in age, with the patients with delusions ranging
from 55 to 92 years (mean, 74.7 years) and the patients
without delusions from 48 to 86 years (mean, 71.1 years).
MMSE scores did not significantly differ either between
the two groups, ranging from 5 to 26 (mean * SD, 16.8
* 5.9) for the patients with delusions and from 9 to 26
(mean % SD, 19.5 = 4.7) for the patients without delu-
sions.

The types of delusions are summarized in table 1.
Some patients had more than one type of delusion. Of the
25 patients with delusions, delusion of theft was observed
in 16 (64%), delusion of ‘the house is not patient’s own
house’, a type of misidentification delusions, was ob-
served in 10 (40%), and delusional jealousy was observed
in 2 (8%).

Statistical Parametric Mapping

In the comparison between normal healthy volunteers
and all AD patients, regional cerebral blood flow (rfCBF)
of the posterior precunei, cingulate gyri, and parietal as-
sociation cortex was significantly decreased in the AD
patients (maximum at X, y, z in Talairach’s space at 6,
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Fig. 1. Result of SPM analysis (normal healthy volunteers vs. AD patients). The colored areas show the regions
with lower perfusion in all AD patients (upper row), AD patients without detusions (middle row), and AD patients
with delusions (lower row) compared with the normal healthy volunteers, respectively (voxel height = 0.05, uncor-
rected). NV = Normal healthy volunteers; Rt. = right; Lt. = left.

Table 1. Types of delusions in 25 patients with delusions

Type Pa- Age Gender  Education MMSE :
- tients  years M:F - ‘years
Persecutory delusions
People are stealing things from patient 16 76.9+8.6 4:12 10.2+£25 16.2x6.4
Patient is being conspired against or harassed 3 73.3+10.0 0:3 8.3+2.1 6.5%2.1
Patient has been abandoned 2 60+2.8 0:2 9+0 8.5+0.7
Misidentification delusions
Someone is in the house 8 745+10.8  1:7 10.8+£2.7 14.5%5.6
Spouse and others are not who they claim to be 2 78.5%9.2 0:2 11+0 14.5+9.2
The house is not the patient’s own house 10 70.7x9.5 3:7 10.5£2.3  169+438
Television figures are actually present in the home 1 78 0:1 10 17
Delusional jealousy 2 T4+42 0:2 11x1.4 18£9.9
Others 2 70+11.3 02 95+£0.7 12.5%£6.4

Values are mean *SD unless otherwise indicated. A number of patients had more than one type of delu-

sion.

-53, 32, Z-score = 6.12, right precuneus; submaxima at
—-8,-54,17, Z-score = 5.35, left posterior cingulated gyrus,
and -53,-45, 41, Z-score = 4.91, left inferior parietal lob-
ule; cluster size = 7,455 voxels) (voxel height = 0.05, un-
corrected). Moreover, left-hemisphere dominant hypo-
~ perfusion was found in the patients without delusions
(maximum at —48, —18, -6, Z-score = 3.16, left superior
temporal gyrus; submaximum at =57, -6, ~11, Z-score =

18 Dement Geriatr Cogn Disord 2006;21:16-21

2.48, left middle temporal gyrus; cluster size = 261 vox-
els), and bilateral frontal lobe hypoperfusion, especially
dominant in the right, was found in the patients with de-
lusions (maximum at 44, 15, 36, Z-score = 3.40, middle
frontal gyrus; cluster size = 846; submaximum at 8, 28,
-18, Z~score = 3.35, right medial frontal gyrus; cluster
size = 374) (voxel height = 0.05, uncorrected) (fig. 1).
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Fig. 2. Result of SPM analysis (AD patients
with delusions vs. AD patients without de-
lusions). The colored areas show the regions
with lower perfusion in the patients with
delusions compared with the patients with-
out delusions (voxel height = 0.01, uncor-
rected). Left: result superimposed on stan-
dard 3D anatomical template. Right: 3-
way-glass brain view.

Fig. 3. Regions with lower perfusion in the
patients with persecutory delusions com-
pared with the patients with misidentifica-
tion delusions (voxel height = 0.05, uncor-
rected). View from medial right (A), medial
left (B), posterior (C), anterior (D), right lat-
eral (E), left lateral (F), inferior (G), and su-
perior (H).

Compared with the patients without delusions, the pa-
tients with delusions showed significantly decreased per-
fusion in the right prefrontal cortex (maxima at 30, 51, 3,
Z-score = 3.71, right middle frontal gyrus, and 28, 51, 10,
Z-score = 3.63, right superior frontal gyrus; cluster size =
2,723 voxels; submaximum at 40, 12, 44, Z-score = 3.41,
right middle frontal gyrus; cluster size = 747 voxels), right
inferior to middle temporal cortices (maximum at 40, 0,
-32, Z-score = 2.94, right middle temporal gyrus; cluster
size = 407 voxels), and right parietal cortex (maximum at
42, -66, 46, Z-score = 3.55, right inferior parietal lobule;
cluster size = 538 voxels) (voxel height = 0.01, uncor-
rected) (fig. 2). There was no region with increased rCBF
in the patients with delusions compared with the patients
without delusions.

SPECT in Alzheimer’s Disease

In the comparison within the patients with delusions,
rCBF in patients with a delusion of ‘people are stealing
things from patient’ (n = 16), a type of persecutory delu-
sions, was more decreased in the bilateral anterior cingu-
late gyrus compared with the patients with a delusion of
‘the house is not patient’s own house’ (n = 10), a type of
misidentification delusions (maximum at 6, 38, 22, Z-
score = 3.42; cluster size = 5,736) (voxel height = 0.03,
uncorrected ) (fig. 3). Moreover, rCBFs of the patients
with misidentification delusions were more decreased in
the left lingual gyrus (maximum at -26, =76, 2, Z-score =
3.32; cluster size = 1,925 voxels) and right middle oc-
cipital gyrus (maximum at 34, —80, -9, Z-score = 2.86;
cluster size = 636 voxels) (voxel height = 0.05, uncor-
rected) (fig. 4).
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Fig. 4. Regions with lower perfusion in the
patients with misidentification delusions
compared with the patients with persecu-
tory delusions (voxel height = 0.05, uncor-
rected). View from medial right (A), medial
left (B), posterior (C), anterior (D), right lat-
eral (E), left lateral (F), inferior (G), and su-
perior (H).

Discussion

In AD, delusions constitute one of the most prominent
psychiatric manifestations [18] and were reported in the
initial case description by Alzheimer [19]. The prevalence
of delusions was reported as 22% by Mega et al. [20],
46.7% by Ozawa [21], 38.6% by Hirono et al. [22], 55%
by Wilson et al. [23], and 47.3% by Ikeda et al. [6]. In this
study, 39.1% of the AD patients exhibited delusions, with
this figure well within the range reported in the previous
studies. Gender difference has not been found in studies
performed in Western countries on a large number of
subjects [24]. However, in Japan, several studies have
reported that psychotic symptoms were more common in
females than in males. Female predominance in delusion
was also evident in this study. The discrepancy between
Western countries and Japan may be attributed to meth-
odological and sociocultural differences, as suggested by
Ikeda et al. [6].

Recent PET and SPECT studies with AD patients
have revealed selective rCBF reductions in the posterior
cingulate gyrus, precuneus, and parietal association cor-
tex using a stereotactic anatomic standardization tech-
nique such as SPM and 3D-SSP [16, 25-28]. The same
finding was made in the present study that compared nor-
mal healthy volunteers and AD patients. In addition,
frontal lobe hypoperfusion with right-side dominance
was found in the patients with delusions, although rCBF
of the patients without delusions was not significantly
decreased in the frontal lobe. To our knowledge, this is
the first report to show a right-side dominant decrease of
rCBF in the frontal lobe in patients with delusions as
compared with normal healthy volunteers using an SPM
technique.

Moreover, to clarify the relationship between charac-
teristics of delusions and regional perfusions, we attempt-

20 Dement Geriatr Cogn Disord 2006;21:16-21

ed to compare cortical perfusions of AD patients with
different types of delusions although the sample size was
limited. Lower perfusion in the anterior cingulate gyrus
was observed in the patients with persecutory delusions,
and lower perfusions in the lingual gyrus and middle oc-
cipital gyrus were observed in the patients with misiden-
tification delusions. Further studies with a larger number
of patients are needed to elucidate the association be-
tween regional deficits and each delusion.

An association between cerebral deficits and delusions
has been previously noted, and findings from stroke and
brain trauma research have suggested that delusions may
be caused by deficits in the right hemisphere [29]. Sev-
eral researchers have also demonstrated relationships be-
tween delusions and cerebral regions in AD. For example,
Fukuhara et al. [30] found an association between delu-
sions and right medial posterior parietal hypoperfusion.
Staffet al. [9] noted a relation between delusions and right
frontal cortex. Sultzer et al. [11] found that delusions are
associated with hypometabolism in the right superior
dorsolateral frontal cortex, right inferior frontal pole, and
right lateral orbitofrontal region by using a conventional
ROI approach. Similar findings, such as involvement of
the right frontal region, were examined in the present
study, but the specific regions varied.

Variable findings may be due to differences in sample
size and analytical methods as well as populations and
severity of disorder. Since the past studies were performed
in a rather small number of subjects, we included a larger
number to demonstrate the relationship between delu-
sions and functional deficits. Furthermore, we used SPM
analysis instead of ROI analysis. Image analysis using
ROl is often criticized for not providing information out-
side the ROJ; alteration of cerebral blood flow outside the
ROI may be overlooked. The use of SPM to analyze re-
constructed SPECT data has an advantage over the con-

Nakano/Yamashita/Matsuda/Kodama/
Yamada



ventional ROI approach because it makes no a priori as-
sumptions of location and size. However, we must keep
in mind that SPM analysis also has limitations: it cannot
test a specific neuroanatomic hypothesis and is suscepti-
ble to type I error.

In the present study, we found a close relationship be-
tween delusions and right hemispheric deficits. This find-
ing supports the hypothesis of Malloy and Richardson
[29], according to which a functional deficit in the right
hemisphere causes a sense of unfamiliarity concerning
places and persons, and leads to recognition disorders and
self-corrective dysfunction. Thus, right posterior tempo-
roparietal lesions may produce a sense of unfamiliarity
concerning place, right inferior temporal lesions may pro-
duce recognition disorders or a sense of unfamiliarity

with persons, and anterior parietal lesions may produce
dysmorphic distortions. Delusions may result from elab-
oration of these misperceptions.

Conclusion

Our results showed a characteristic pattern of rCBF
reduction in AD patients with delusions compared with
normal healthy volunteers and AD patients without delu-
sions. Deficits in the right hemisphere in AD patients ap-
pear to play the major role in the emergence of delusions.
Detection of right hemispheric deficits using a statistical
parametric mapping approach may become useful in the
future for making therapeutic choices.
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