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The basal ganglia have been considered to primarily play a role in motor processing. A growing body of theoretical and clinical
evidence shows that in addition to the motor functions the basal ganglia play a key role in perceptual and visual disturbances. This
role may be evident in patients with basal ganglia pathology and subsequent manifestation of symptoms that include cognitive,
perceptual, and affective disturbances. We present three cases with basal ganglia pathology that demonstrate affective and psychotic
symptoms. Two of the cases presented with late onset psychotic disturbances suggesting likely neurological etiologies. The third case
presented with treatment refractory psychosis and symptoms that are rare for a diagnosis of schizophrenia. The role of incidental
bilateral basal ganglia calcifications in all the cases is discussed. A review of current literature highlighting various neuropsychiatric
manifestations of basal ganglia pathologies in various patients with psychiatric symptoms is presented.

1. Introduction

The basal ganglia neural circuits are utilized in movement
selection, planning, and learning. A much less researched
feature of the basal ganglia is its function in cognition and
perceptual function [1-3]. A few cases in literature have
suggested the possible link between basal ganglia damage
and visual hallucinations and psychosis [4, 5]. The symptoms
exhibited by patients are consistent with varying degrees
of hallucinations, delusions and flashbacks [6, 7]. The uti-
lization of advanced imaging techniques such as Magnetic
Resonance Imaging (MRI) might provide the means to
identify organic causes of new onset psychoses and further
knowledge of the functions of the basal ganglia. These lesions
and associated symptoms give us insight into the complex

pathways within the basal ganglia that have not been fully
explored. A comprehensive investigation exploring damaged
basal ganglia will allow us to elucidate potential causes of
psychosis and hallucinations and open up new avenues of
pharmacotherapy targeting the neural networks involved in
hallucinations and psychosis. We present three patients with
affective and psychotic symptoms who share brain imaging
findings of incidental basal ganglia pathology. We also review
relevant literature of symptoms reported for patients with
bilateral basal ganglia calcifications (BGC).

2. Case Presentations

2.1. Case One. The first case was a 59-year-old African
American male with a past medical history notable for
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FI1GURE 1: CT scan without contrast showing bilateral basal ganglia calcification.

schizoaffective disorder, depression, and substance abuse
who was brought in to the emergency room for disorganized
behavior and agitation in the community. At the time of
admission the patient demonstrated disorientation, repetitive
motor behavior, and an alternation between agitation and
psychomotor retardation. He had poor response to commu-
nication and tactile stimuli. A suspicion of altered mental
status due to organic causes was suspected with the possibility
of catatonic excitement and retardation. He was admitted
to the medical floor, with a work-up revealing a positive
toxicology screen for cocaine and opioids. The patients CBC
and BMP were within normal limits except for his ammonia
level which was 80 mg/dl. The patient was initially treated
with Chlorpromazine Hcl 50 mg orally daily for his agitated
behavior as well as Naltrexone 50 mg orally daily for his opiate
intoxication.

The patient exhibited incoherent thought process in
addition to mumbled speech that made a significant portion
of his assessment evaluation difficult. During evaluation,
he displayed abnormal movements of his arms and face,
with tremors and restlessness. His affect was flat. He did
not display any perceptual disturbances or delusions. An
assessment for cognitive impairment was noncontributory
during his most recent admission. The patient received
Mirtazapine 45 mg orally at bedtime and Olanzapine 10 mg
orally daily in his treatment and by day three of admis-
sion had shown improvement in his disorganized behavior
with supportive care. The patient demonstrated more effort
to directly communicate with house staff after treatment
began.

The patient reported a past history of psychiatric illness
that was late in onset. His first presentation at the age of 51
years was significant for depressed mood, paranoid delusions,
and auditory hallucinations for which he was diagnosed
with a major mood disorder. His symptoms responded
poorly to medications including antidepressants. His disease
course involved increasing periods of impulsive behavior
and agitation. He became noncompliant with his prescribed

medications. He was later admitted to the medical floors at
the age of 54 years for “repetitive behavior” during which he
was found moving from his bed to the bathroom repeatedly
as if he wanted to use the bathroom all the time. He also
showed some abnormal rocking movements during this time
period. A medical work-up for seizure was negative. He
was discharged with a presumptive diagnosis of a psychotic
disorder. Thereafter, at the age of 56 years he had an episode
of property destruction in the community and it was noted
that he had “abnormal body movements” in addition to
lability of mood. His diagnosis was revised to schizoaffective
disorder and he was treated for mood lability at the time with
risperidone.

Given the late onset of his neuropsychiatric symptoms,
a computed tomography scan (CT) of his brain was done
during his presentation, as seen in Figure 1. Reviewing his
chart, it was noted that the calcifications were apparent in his
first head CT taken in January of 2012 with no changes to the
current CT in January of 2019.

2.2. Case Two. The second case is of a 71-year-old African
American man, who presented following an episode of
agitation and combativeness in the community. The patient
had a late onset psychiatric history starting at the age of
57 with a diagnosis of schizophrenia. He was found to
demonstrate symptoms of pressured speech, loose associa-
tion, paranoid delusions, grandiose delusions, and lability
of mood. He was very restless during the interview and
paced around multiple times as he could not sit still. He
also demonstrated constant oral movements initially thought
to be responding to internal stimuli. However, he denied
auditory hallucinations and stated he could not control his
mouth movements. A mental status examination (Montreal
Cognitive Assessment) revealed a score of 22/30 with sig-
nificant deficits in memory and executive control. This was
consistent with his psychiatric evaluation which revealed
significant confabulation in his history. The patient was
started on haloperidol 2 mg orally twice daily and risperidone
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FIGURE 2: CT scan without contrast showing bilateral basal ganglia calcification.

0.5mg orally twice daily for his psychotic symptoms. The
patient reports he has been noncompliant with medications
previously. On systemic review, the patients CBC was within
normal limits and he had a negative toxicology screen. The
patients BMP had abnormal glucose values of 172 mg/dl and
vitamin D level of 6.4ng/dl. An initial CT scan at the time
of first diagnosis noted basal ganglia calcifications. A repeat
CT scan of the brain was done (shown in Figure 2) and
showed small bilateral basal ganglia calcifications, consistent
with the image findings during his first episode of psychotic
disturbance.

The patient showed some improvement in lability with
medication compliance but his cognitive impairment, para-
noid delusions, and grandiose delusions did not significantly
improve. His extrapyramidal symptoms were not amenable
to pharmacological interventions of anticholinergic ben-
ztropine.

2.3. Case Three. The third case reported is a 69-year-old
English/Creole speaking Haitian female. Her initial admis-
sion was for an acute episode of mixed mood symptoms and
psychotic symptoms at the age of 61. The patient reported
constant restlessness with inner anxiety and preoccupation
with delusions of control. She had a past history of treat-
ment for chronic progressive paranoid delusions, cognitive
dysfunction, and disorganized thought believed to be due
to schizophrenia that responded poorly to treatment. At the
time of her initial admission to our clinic, the diagnosis
was revised to schizoaffective disorder considering the mood
disturbances. A change in medications from risperidone
3mg orally twice daily to fluphenazine 5mg orally twice
daily was also done. She showed no improvement in her
psychosis and affective symptoms. At the time of her second
admission, the patient was brought in by husband on account
of bizarre behavior and disorganized thought in the context
of medication noncompliance. Her symptoms had evolved to
include visual hallucinations of Buddha, visual hallucinations
of demons, and perceptual distortions of the floor. She
endorses bizarre delusions stating there is a demon inside of
her and that an “agent” took the place of her husband. She also

exhibited depressive symptoms with worsening restlessness
and cognitive functioning. Urine toxicology was negative on
admission, with full blood count and metabolic panel within
normal limits. Risperdal 2mg orally twice daily was con-
tinued for psychosis. Paliperidone 156 mg intramuscularly
one-time depot shot was added, with a second dose five
days later of 117 mg intramuscularly one time. She continued
to endorse visual hallucinations of “the head of the devil”
that “moves like a shadow”. Other notable findings were a
Montreal Cognitive Assessment score of 22/30 with deficits
in memory and executive functioning. Given the refractory
nature of her disease and onset of new symptoms specifically
of a visual nature, a head CT without contrast was ordered
to rule out organic pathology. The images showed small
bilateral basal ganglia calcifications, in addition to mild to
moderate bilateral periventricular and deep white matter
low attenuation suggestive for chronic small vessel ischemic
disease (Figure 3).

On day 9 of admission, patient remained internally pre-
occupied with a disorganized thought process. Throughout
the following week, she continued to hear voices of “the
devil” with beliefs that the “evil spirits attack me and my
husband”. Haloperidol 5 mg orally twice daily was added for
treatment of psychosis, and no side effects of the medications
were reported by the patient. Her antipsychotic regimen
of fluphenazine 5 mg orally twice daily that was eventually
increased to 7.5 mg orally twice daily, as delusions of perse-
cution with auditory and visual hallucinations, continued to
be present.

A differential diagnosis of psychosis due to a neuro-
logical condition was added, with possible role of basal
ganglia injury considered in light of the visual hallucinations,
akathisia symptoms, and cognitive dysfunction. The patient
was treated symptomatically with fluphenazine Hcl (Prolixin)
5mg orally twice daily, hydroxyzine Hcl 10 mg orally twice
daily, and benztropine 1 mg twice daily. Although her visual
hallucinations and delusions did not resolve significantly
with medications, an augmentation with psychoeducation,
supportive therapy, and cognitive behavior therapy helped
the patient cope with her symptoms.
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FIGURE 3: CT scan without contrast showing mild to moderate bilateral periventricular and deep white matter low attenuation along with

trace bilateral basal ganglia calcification.

3. Discussion

The basal ganglia have been postulated to play a role in motor
control, emotional processing, perception, and cognitive
function [8]. Consequently, an insult to any part of this circuit
should reveal abnormal symptoms of perception, emotional
processing, and cognition. Our cases demonstrated pro-
gressive disturbances in mood and perception (particularly
auditory and visual) in the context of basal ganglia pathology.
The possibility of attributing these symptoms to basal ganglia
pathology is informed by the evolving understanding of the
role of the basal ganglia and brain imaging [8].

In the first and second cases, the late onset of the
symptoms raises the index of suspicion for an underlying
neurological cause. Mufaddel et al. reported that patients with
BGC tend to develop psychiatric symptoms later in life than
other psychiatric patients and have higher rates of medical
comorbidities [9]. In the third case, the patient had a chronic
diagnosis of schizophrenia. The presence of refractory symp-
toms and visual hallucinations usually motivate a medical
work-up for underlying organic etiology which in her case
revealed bilateral basal ganglia calcification like the other
two cases. Cummings et al. [10] reported a case of basal
ganglia calcification that presented with schizophrenia like
symptoms as early as age of 17 years; similar observations
have been noted in the literature [11]. The image findings
reflected a pathology of the basal ganglia bilaterally along
with peripheral calcifications of the posterior occipital lobe
and central tentorium like those reported in prior literature
[8,10,12,13].

The similar natures of the three cases led the team
to conduct a literature review on the varying symptoms
reported in patients with basal ganglia pathology. Conse-
quently, PubMed was searched for peer-reviewed articles that
reported psychiatric symptoms and also had evidence of
basal ganglia calcification(s). The search was not restricted
by timeframe or language. The search was conducted using
the keywords and MeSH terms: “basal ganglia” “calcification”
and “function.” We also searched the reference list of eligible
articles to identify additional papers relevant to this study.

Screening for eligible articles was conducted independently
by five authors. Eligible studies were those that focused
on symptomatology of basal ganglia injury and respective
behavior in human subjects.

Given the paucity of articles on this topic, all types of
studies were considered for analysis including experimental,
cohort, meta-analysis, case-control, case series, and case
reports. Any disagreement regarding the eligibility of an
article was resolved by discussion among the authors. Rel-
evant data from eligible articles were extracted and entered
onto a data abstraction form designed by the authors using
Microsoft Excel. Data extracted from eligible articles include
title of the article, gender and age of the patient, signs and
symptoms elicited, and lab findings/imaging recorded. The
literature review table is shown in Table 1.

Bilateral basal ganglia calcification was confirmed by CT
scan in a total of 316 patients, ranging from 7 to 96 years old.
125 patients were male and 191 were female. Sixteen percent
were ages 7-30 years old, 31% were ages between 20 and 50
years old, about 32% were ages 50 to 70 years old, and 21%
were 70 years and older. In terms of location, 33% had no
specification of the basal ganglia calcification, while 51% were
in the globus pallidum and 18% in the putamen. Twenty-two
percent of the cases had other areas of calcification outside the
basal ganglia including the thalamus, cerebral white matter,
the cerebellar dentate nuclei, and the putamen.

About 53% of cases reported no psychiatric symptoms.
Of the 47% that reported symptoms, the symptoms included
both affective symptoms (19% of cases) and psychotic symp-
toms (26% of cases). The most commonly reported symptoms
included delusions (12%), extrapyramidal symptoms (9%),
mood lability (9%), visual hallucinations (3%), and agitation
(1%). Cognitive dysfunctions were reported in less than 1%
of cases. Five percent of cases presented with symptoms that
met the criteria for schizophrenia, and 2% presented with
symptoms that met criteria for mania. No cross correlation
was reported between the different symptoms. There was also
no report of correlation between the size of the calcification,
location of the calcifications in the basal ganglia, the dura-
tion of the calcifications, and the symptoms presented. In
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addition, there were no reports on the course and evolution
of the symptoms reported in the literature. Further studies
may be needed to explore these factors in understanding the
neuropsychiatry of basal ganglia pathology.

Limitations. (1) To explore functional image studies that may
also reveal dysfunction in other areas of the brain causing
the pathology (2). Being a report of three individual cases,
the need for a larger number of cases may provide a clearer
picture of correlation.

4. Conclusion

A growing body of theoretical and clinical evidence shows
that the basal ganglia play a key role in perceptual dis-
turbances in addition to motor function. Our three cases
demonstrate affective and psychotic symptoms concurrent
with basal ganglia pathology. It is consistent with a literature
review of the symptoms reported in patients with basal
ganglia pathology. More appreciation of neuropsychiatric
presentation of basal ganglia injury is needed with studies
characterizing the correlation between basal ganglia pathol-
ogy including onset and subnuclei location with symptoms.
In doing so, we may improve the diagnosis, management and
treatment following injury.
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