Patients with caudate lesions can present with
content-specific delusions, possibly due to disrup-
tion of frontosubcortical circuits connecting the
frontal lobes with the basal ganglia. This study
included eight patients who presented with con-
tent-specific delusions after right caudate stroke
and an equal number of matched controls, without
stroke or delusions. Compared to controls, pa-
tients with caudate lesions performed less well on
tests of memory, abstract reasoning, and frontal
executive functions, and had significantly reduced
metabolism in the inferior prefrontal cortex. These
patients suggest an etiological relationship be-
tween alterations in inferior prefrontal functions
and the development of content-specific delusions.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2008; 20:62—67)
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Caudate strokes can result in profound behavioral
disturbances. These patients may have a frontal-be-
havioral syndrome which includes both psychiatric
symptoms and frontal-executive deficits in sustained at-
tention, sequencing and planning, abstract reasoning,
and problem solving.! These behavioral and cognitive
changes are probably due to disturbed frontal functions
from damage to neurological pathways descending from
the prefrontal cortex and traversing the caudate nuclei.*?
Content-specific delusions can also result from dis-
turbed frontal functions. False beliefs may emerge from
disruption of inferior prefrontal mechanisms having to
do with reality monitoring.* Evidence from studies of
patients with Alzheimer’s disease suggests the inferior
prefrontal cortex is involved in the expression of delu-
sions through alterations in reality testing.” Conse-
quently, we hypothesize that lacunar stroke interrupting
prefrontal pathways as they transverse the caudate nu-
cleus can result in similar content-specific delusions.
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We report on occurrence of content-specific delusions
among patients with newly discovered lacunar infarc-
tions in the right caudate nucleus. These patients un-
derwent neuropsychological testing and functional neu-
roimaging with positron emission tomography (PET).
Their results were compared with individually matched
controls. This study evaluated the possibility of greater
alterations in frontal-executive functions and inferior
prefrontal metabolism in the caudate patients with de-
lusions compared to the controls.

METHOD

Subjects

All patients with caudate stroke presented to a Veterans
Affairs Medical Center Memory Disorders Clinic (MDC)
over a 4-year period with chief complaint of content-
specific delusions (persecutory 6/8, theft 5/8, autobio-
graphical 2/8) and had ischemic lesions in the right cau-
date nucleus detected by MRI including T1, T2, and
Fluid-attenuated inversion recovery (FLAIR) sequences.
Control patients were selected from all subjects present-
ing to the Memory Disorders Clinic during the same
time period with new onset of memory complaints, but
without stroke or other abnormality detected by MRI,
and who did not meet either DSM-IV criteria for de-
mentia or proposed criteria for mild cognitive impair-
ment.® Control subjects were individually matched to
those with caudate lesions within 5 years of age and
within 5 years of formal education, as well as by ethnic-
ity and gender. Patients without cortical or subcortical
cerebral lesions were chosen for the comparison group
in order to highlight the differences in cortical metabo-
lism directly resulting from presence of caudate lesions
and to eliminate any potentially confounding influence
from the presence of other lesions. For all patients the
clinical diagnoses were established prior to obtaining
PET imaging. The initial clinical diagnoses, however,
did incorporate the findings from MRI scans of the
brain. None of the patients or controls had structural
lesions on the MRI or cortical strokes.

The subjects were screened for treatable causes of cog-
nitive impairment including vitamin B,, deficiency, thy-
roid function abnormalities, neurosyphilis, and normal
pressure hydrocephalus. All medical illnesses and med-
ications were reviewed for cognitive effects. Patients
with a medical or psychiatric disorder that could affect
cognition were excluded from the study. Patients on
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psychoactive medications (including antidepressant, an-
tipsychotic, or benzodiazepine medications), acetylcho-
linesterase inhibitors, or other medications that could
affect cognition were also excluded from participation.
The patients underwent neuropsychological tests at
the time of initial presentation. The measures included
the Mini-Mental State Examination (MMSE); digit span
forward and backward; serial threes; language assess-
ment including verbal fluency, assessment of compre-
hension and repetition, the Mini-Boston Naming Test
(MBNT), and brief reading comprehension and sentence
writing tests; the Neurobehavior (ten-item) Auditory
Verbal Learning Test (AVLT), constructions from the
Consortium to Establish a Registry for Alzheimer’s dis-
ease (CERAD), simple arithmetic calculations including
single and two digit addition, multiplication, and an al-
gebra problem; and frontal-executive functions includ-
ing interpretation of idioms and proverbs, category as-
signment, the Luria Hand Sequence test, the Go/NoGo
Test, alternate tapping, and the Luria alternating pro-
grams."”® Neuropsychological tests included in the bat-
tery were chosen to evaluate the cognitive abilities be-
lieved to be most vulnerable to decline in patients with
caudate lesions. This study was conducted in accor-
dance with a protocol approved by the Greater Los An-
geles Veterans Affairs Medical Center review board.

Positron Emission Tomography (PET) Cerebral uptake of
intravenously administered ['®*F]fluorodeoxyglucose
(FDG, 10mCi) occurred while patients lay with eyes open
in a dimly lit, quiet room. Emission scanning commenced
40 minutes following the injection of FDG, using a Sie-
mens ECAT EXACT HR scanner (CTI PET Systems Inc.,
Knoxville, TN). Emission images were obtained with the
canthomeatal plane of each patient’s head set parallel to
the plane of the ring of detectors. Images were recon-
structed using a calculated attenuation correction algo-
rithm and displayed in axial and coronal orientations as
contiguous planes of brain tissue.

Statistical Parametric Mapping (SPM)  Statistical para-
metric mapping analysis of PET data employed the soft-
ware package SPM 2.° PET images were coregistered us-
ing a nine-parameter affine transform and spatially
normalized to the standard coordinates of Talairach and
Tournoux. Global normalization by proportional scaling
was used. An 8 mm full width at half-maximum, three-
dimensional Gaussian smoothing filter was applied to
all images.
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Statistical Comparison  Categorical demographic vari-
ables and cognitive test results were compared between
the groups using chi-square tests. Mean values for con-
tinuous demographic variables and cognitive test re-
sults were compared between groups using two-tailed t
tests. Analyses were performed using SPSS, Version 12.0
for Windows.

Illustrative Case Report Patient 1 was typical for those
with right-sided caudate lesions (Table 1). He was a 76-
year-old man with past medical history significant for
hypertension and type 2 diabetes, brought by his wife
to the emergency room for changes in personality and
behavior. On interview, the patient’s wife described his
acute development of paranoid delusions of family
members, including his wife, wanting to harm or steal
from him. The patient also developed aggressive behav-
ior including engaging in physical altercations with
strangers, leaving the house without clothing, gambling
to the point of losing their entire life savings, forgetting
items said to him during conversation, and misplacing
items such as his wallet and car keys. There was no re-
port of motor or sensory change. Neurological exami-
nation revealed only bilateral absent ankle jerk reflexes,
diminished patellar reflexes, decreased vibration sen-
sation in the lower extremities at the toes, ankles and
knees, and mildly wide-based gait, all consistent with a
peripheral neuropathy. Computed tomography (CT) of
the head performed in the emergency room showed
only mild generalized brain atrophy. MRI performed
during the course of the patient’s hospital stay showed
lacunar infarction of the right caudate, measuring less
than 9 mm in diameter. PET imaging showed inferior
prefrontal lobe hypometabolism. On follow-up exami-
nation approximately 1 year later, the patient’s symp-
toms were improved by a scheduled evening dose of
quetiapine 100 mg.

TABLE 1. Frequency of Behavioral Symptoms Typical of Patients
With Right Caudate Lesions

Behavioral Symptom N

Aggressive behaviors 6/8
Apathy 2/8
Depressive symptoms 5/8
Manic symptoms 0/8
Compulsive behaviors 0/8
Delusions 8/8
Disinihibition 8/8
Impulsiveness 7/8
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RESULTS

All subjects in the study were male, likely a result of the
Veterans Affairs population in which the study was con-
ducted. No significant difference between groups was
detected for mean age (caudate stroke = 74.3 = 8.0;
controls = 70.9 + 11.9) and years of formal education
(caudate stroke = 14.8 *= 2.8; controls = 11.3 + 1.5), or
handedness (caudate stroke = 8 right and 0 left; controls
= 7 right and 1 left) and ethnicity (caudate stroke and
control groups were both comprised of 6 Caucasian and
2 African-American patients) distributions, confirming
the validity of the matching process.

Two of the patients with caudate stroke refused to
participate in any cognitive testing, and an additional
patient refused portions of the examination. Compared
to controls, subjects with caudate stroke performed less
well on MMSE and tests of abstract reasoning, memory,
and frontal-executive functions (Table 2). Worse perfor-
mance on delayed recognition of word list items in the
patients with caudate stroke compared to the controls
resulted from increased frequency of false positive re-
sponses, possibly related to decreased self-monitoring
and resulting confabulation. Patients with caudate
stroke and controls did not differ significantly on mea-
sures of attention, mental control, language, visuospa-
tial constructions, and calculations. Patients with cau-
date stroke also demonstrated a trend to performing less
well on more complex calculations of multiplication and
algebra, but not for one and two-digit addition.

Figure 1 illustrates specific pixels with significantly
less metabolic activity among patients with caudate
stroke compared to controls (p<<0.05). These pixels cor-
respond to a region in the inferior frontal gyrus, includ-
ing the pars opercularis and pars triangularis.

DISCUSSION

The patients with lacunar infarction in the caudate nu-
cleus and delusions had greater frontal-executive im-
pairments on neuropsychological measures and de-
creased metabolism of the inferior prefrontal cortex on
PET imaging. These findings support the hypothesis
that development of delusions was consequent to dis-
ruption of inferior prefrontal lobe functions, which may
include alterations in reality monitoring and testing.
The results of this study corroborate previous associ-
ations between alterations in behavior and cognition
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and basal ganglia ischemic lesions. An early case series
described 12 patients with psychiatric symptoms and
frontal-executive deficits due to acute caudate strokes.'’
Subsequently, other investigators have corroborated
these findings.''"'? Behavior changes resulting from vas-
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cular lesions have resulted from subcortical small le-
sions involving the caudate nucleus, globus pallidus, or
thalamus, perhaps via disruption of frontal-subcortical
circuits."® Additionally, PET studies have shown frontal
hypometabolism with basal ganglia lesions,'* and bilat-

TABLE 2. Neuropsychological Test Performance of Patients With Right Caudate Stroke and Controls

Neuropsychological Test* Caudate Stroke Controls Significance
MMSE 20.75 (3.28) 26.25 (2.12) t =398, p = 0.002
Attention Digit span forward 5.67 (1.03) 6.13 (1.46) t = 0.69, p > 0.05
Digit span reverse 3.17 (1.60) 4.50 (1.31) t = 1.66, p > 0.05
Mental Control Serial threes 2,4 2,6 x? = 243, p>0.05
Language Verbal fluency 7.00 (3.00) 10.13 (3.68) t = 1.67, p > 0.05
Comprehension 0,6 0,8 n/a
Repetition 0,6 0,8 n/a
Mini-Boston Naming Test 11.33 (2.42) 13.75 (1.28) t=222,p>005
Reading and writing tests 0,6 0,8 n/a
Memory Word list trial 5 6.67 (1.21) 6.75 (2.05) t = 0.095, p > 0.05
Word list delayed recall 2.17 (1.72) 5.75 (1.49) t = 4.08, p = 0.002
Word list recognition** 13.33 (4.46) 18.38 (1.30) t =269, p = 0.038
Non-verbal delayed recall 0.80 (0.45) 2.25 (1.04) t = 3.45,p = 0.006
Non-verbal recognition 1.80 (0.84) 2.88 (0.35) t =273, p = 0.042
Visuospatial Constructions 2,3 2,6 2 = 0.33, p > 0.05
Calculations 2,3 1,7 > =131, p > 0.05
Abstract Reasoning Category assignment 51 0,8 x* = 10.37, p = 0.001
Proverb interpretation 5,1 0,8 x* = 10.37, p = 0.001
Frontal Executive Alternating programs 4,2 0,8 y> = 747, p = 0.006
Luria hand sequence 4,2 0,8 =747, p = 0.006
Repetitive designs 4,2 0,8 =747, p = 0.006
Go/no-go 3,3 0,8 y* = 5.09, p = 0.024

MMSE = Mini-Mental State Exam

*For tests evaluated as a categorical outcome, results are reported as the number of patients impaired and the number non-impaired,
separated by a comma. For some of the measures there are a total of either five or six patients in the right caudate stroke group, since two
patients refused to participate in all cognitive testing, and one refused portions of the examination.

**Score is equal to the number of true positive responses plus true negative responses (Total possible =20).

n/a: Denotes non-applicable. Statistical comparison of occurrence of impairment on these cognitive tests was not possible because all the
patients and controls were non-impaired, i.e., no difference occurred between groups of which to test the statistical significance.

FIGURE 1. Statistical Map (with t-scores linked to shading scale) Derived from Normalized Brain PET Studies
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The maps reflect regions with significantly lower cerebral metabolism in patients with caudate stroke compared to controls.
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eral striatal infarctions have been associated with frontal
hypometabolism and clinical presentations mimicking
frontotemporal dementia.'®

The clinical syndrome described in caudate stroke pa-
tients includes dramatic changes in personality, as well
as development of psychiatric symptoms, and cognitive
deficits particularly in areas of attention, memory, and
executive function. Sudden development of disinhibition
and impulsiveness are perhaps the most striking com-
ponent of this syndrome.'? One report found that 46%
of all patients with basal ganglia lesions presented with
behavioral disorders, especially abulia, disinhibition, or
depression.'® Furthermore, among these basal ganglia le-
sions, those involving the caudate nuclei are most likely
to cause behavioral alterations such as apathy, disinhi-
bition, and major affective disturbances."'*%17-2

Distinct patterns of personality change may depend
on the location of the caudate lesion.! Right caudate le-
sions are particularly associated with behavioral and
psychiatric symptoms. Manic-like behavior with gran-
diose delusions may occur after lesions involving the
right caudate nuclei,*" and abulia or loss of psychic ac-
tivation and episodic dyscontrol occur after right cau-
date or bilateral lesions,'”'®?* especially in the elderly.”
Localization within the caudate nuclei also influences
the occurrence of specific behaviors. Dorsolateral cau-
date lesions, regardless of laterality, tend to produce ap-
athy and reduced spontaneity and initiative."® In con-
trast, lesions in the ventromedial caudate are associated
with the development of disinhibition, disorganization,
and impulsiveness.'” In sum, the behavioral disorders
of caudate strokes are similar to those of Huntington’s
disease, another disorder affecting the caudate nuclei.'

Frontal-executive deficits constitute another impor-
tant aspect of this syndrome.'! Impairments in sustained
attention span, sequencing and planning, abstract rea-
soning, and problem solving are common with caudate
strokes.! Many patients also have memory dysfunction,
characterized by a retrieval deficit and possibly ex-
plained by frontal difficulty in organization for re-
trieval.! These cognitive deficits can be long lasting. Bok-
ura and Robinson reported that caudate lesions result in
long-term cognitive impairment in areas of executive
functions and consolidation of memories and that a sig-
nificant number of patients deteriorate in their intellec-
tual function between one and 2 years after their caudate
stroke.”

The behavioral and cognitive symptoms from caudate
strokes correspond to disturbances in the five parallel
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frontal-subcortical circuits or loops that traverse the cau-
date nuclei.’ These loops are named for the cortical lo-
cations in which they originate and include: 1) the an-
terior cingulate circuit, 2) inferior temporal circuit, 3)
medial orbitofrontal circuit, 4) dorsolateral prefrontal
circuit, and 5) the lateral frontal circuit. All of the circuits
pass through the basal ganglia and thalamus before re-
turning to the cortex. The caudate nuclei, through which
fibers comprising the frontal lobe circuits pass, mediate
prefrontal behaviors through these spatially and func-
tionally well-defined sets of reciprocal connections.? The
topographical organization of these loops may account
for distinct behavioral disorders related to distinct lesion
locations.>®® Among these circuits, a disturbance in the
ventromedial one is most likely responsible for causing
disinhibition, personality, and mood changes.?>*!%%%

Results from this study support a relationship among
right caudate lesions, frontal-executive cognitive defi-
cits, and delusional thoughts that is mediated via dys-
function of the inferior prefrontal cortex. When com-
pared to controls, patients with caudate lacune and
delusions had reduced metabolism in the inferior frontal
gyrus on voxel-based quantitative group analysis, and
no patient had structural lesion in the frontal cortex.
Changes in cortical metabolism in specific regions of the
inferior prefrontal cortex have been suggested to in-
volve the expression of delusions in patients with Alz-
heimer’s disease.” The patients reported in this study
support the proposed role of altered inferior prefrontal
lobe functioning in the development of delusions poten-
tially due to disruption of self-corrective functions and
dysregulation of the experience of familiarity.* Disrup-
tion of the inhibitory control of other brain regions by
the prefrontal cortex may also be critical to the devel-
opment of psychosis and delusions.”® Other cognitive
functions mediated by the prefrontal and temporal cor-
tices include attentional bias, attributional bias, and the-
ory of mind deficits that may contribute to development
of persecutory delusions.”

Left caudate lesions, by comparison, are less likely
than right-sided ones to induce personality and behav-
ioral changes and more likely to produce impairments
in drive, executive control, attention, and memory.” The
behavioral exceptions to this laterality appear to be de-
pression and compulsions. Left caudate lesions, but not
right sided ones, predispose to poststroke depression.*
Thobois et al. describe severe compulsive behavior (e.g.,
using words with exactly 10 letters) after a left caudate
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hemorrhage and discuss a frontal cortex deafferentation
mechanism.*! This compulsive behavior may be worse
if the caudate lesions are bilateral.**

In conclusion, this study extends knowledge of recip-
rocal metabolic changes in patients with ischemic lesions
in the basal ganglia by demonstrating inferior prefrontal
lobe hypometabolism associated with anatomically dis-
tant right caudate nucleus ischemic lesions. The clinical
features manifested by these patients suggest an etiolog-
ical relationship between alterations in inferior prefrontal
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lobe functions of reality monitoring and testing, and the
development of content-specific delusions. Future efforts
will focus on determining the relationship between lesion
location within the caudate nucleus, clinical symptoms,
and changes in cortical metabolism. This information can
be beneficial for clinicians and others caring for patients
affected by basal ganglia ischemic lesions.
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