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Abstract

Patient presentations to the emergency department for mental health evalua-

tions are common, with an estimated 1 in 4 adult visits made for this reason.

These presentations are often accompanied by vague symptomatology, which

may make it difficult to determine if they are because of another medical

condition. Previous evaluations may bias future presentations, leading to pre-

mature closure before correctly identifying a causative underlying medical

condition. Accurate, timely diagnosis improves health care costs by decreasing

inappropriate treatments and unnecessary admissions and lowering the risk of

recidivism. A 32-year-old woman presented with a complaint of recurrent

neuropsychological symptoms attributed incorrectly to a primary mental dis-

order. On representation, she was found on computed tomography angiogram

imaging to have pathognomonic findings for moyamoya disease. A short review

of neuropsychological presentations previously attributed to moyamoya disease

is reviewed. Because of the frequency with which we encounter patients for a

mental health evaluation and the multifaceted harms of misdiagnosis, emer-

gency providers should be familiar with moyamoya disease as a cause of mental

disorders due to another medical condition.

Keywords: moyamoya, medical mimic, secondary psychosis, cerebrovascular

accident, stroke
1 INTRODUCTION

Mental health evaluations (MHEs) for a mental disorder, as
defined in the Diagnostic and Statistical Manual of Mental
Disorders, including psychiatric or behavioral health issues,
constitute a large number of emergency department (ED) visits
each year, with an estimated 1 in 4 adult visits made for an
MHE.1 Substance use or homelessness in these patients further
of American College of Eme
increases ED utilization, recidivism, and admission rates.2,3

These trends have been seen in adult and pediatric pop-
ulations both domestically and internationally.4,5 It is impor-
tant to diagnose mental disorders correctly as misdiagnosis can
lead to repeat ED visits, unnecessary or harmful treatments,
increased length of stay, unnecessary hospitalizations, and
increased health care expenditures. We present a case of an
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incorrectly diagnosed mental disorder who was later identified
as possibly having a secondary mental disorder due to primary
moyamoya disease. We will also review other neuropsycho-
logical mimics of this disease previously identified in the
literature.
FIGURE 1. Multifocal stenoses involving the supraclinoid
internal carotid arteries with a plexus of tiny collateral vessels
in the region of the middle cerebral artery bilaterally. CT,
computed tomography.
2 CASE REPORT

A 32-year-old Hispanic woman with a history of schizoaffective
disorder with depression vs depression with psychotic symptoms
presented to an urban academic ED with a chief complaint of
altered mental status. The patient was confused and unable to
offer any pertinent information during the evaluation. The
patient’s significant other (SO) stated that she had become
increasingly confused over the past 3 days with difficulty
recognizing familiar faces. The patient had multiple recent
falls and complained frequently of headaches and dizziness.
The morning of her presentation, the patient stated, “I’m not
connected to my body,” and refused to take her medications.
The SO denied any recent fever, cough, abdominal pain,
vomiting, diarrhea, or urinary complaints. The patient had
no recent medication changes and no known alcohol or illicit
drug use.

The patient had a history of depression and auditory hal-
lucinations diagnosed at age 30 years, but before this was pre-
viously healthy and without mental disorders. At the onset of
her psychiatric disease, a magnetic resonance imaging (MRI) of
the brain without contrast was performed, which demonstrated
minimal subcortical white matter abnormalities in the right
frontal lobe that were felt to be of doubtful significance. More
recently, her primary care physician noted that she had become
less interactive, that her affect was often flat, and that she was an
increasingly poor historian over the past year. She was admitted
twice through the ED to inpatient psychiatric facilities for
altered mental status and decompensated psychiatric disease due
to medication noncompliance. Home visiting nurse services
were also recently started to assist with activities of daily living
and medication administration due to severe psychiatric illness.

A physical examination revealed a moderately obese female
in no acute distress. Vital signs on arrival were an oral tem-
perature of 36.8 ◦C (98.2 ◦F), heart rate of 87 beats/min,
blood pressure of 140/63 mm Hg, respiration of 18 breaths/
min, and oxygen saturation of 96% on room air. The patient
was awake but confused, mumbling words and localizing pain,
with a Glasgow Coma Scale of 13. There was no evidence of
external head trauma. Pupils were equal, round, and reactive to
light. The skin was warm and dry without evidence of rash or
infection. Her cardiovascular, pulmonary, and abdominal ex-
aminations were unremarkable. The neurologic examination
demonstrated an National Institute of Health Stroke Scale/
Score of 9 with an incorrect question/answer pair, partial gaze
palsy, right-leg drift, decreased sensation, and right-sided
hemineglect, as evidenced by responding to a Spanish inter-
preter on the left while ignoring the emergency physician and
her SO on her right. In addition, the patient held her right arm
in spastic flexion with a full range of motion of the left upper
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and lower extremities. Ambulation testing was deferred, given
the patient’s presentation.

Blood testing demonstrated a minimal leukocytosis of
11.9 k/mm3, hemoglobin of 12.5 g/dL, and platelet count of
411 k/mm3. Her chemistry testing demonstrated sodium
of 139 mmol/L, potassium of 4.7 mmol/L, chloride of 100
mmol/L, bicarbonate of 26 mmol/L with an anion gap of 13,
and glucose of 100 mg/dL. Her blood ethanol level was 0, and
a urinalysis with a toxicology screen was unremarkable. Her
pregnancy testing was also negative. Her thyroid-stimulating
hormone was normal at 0.55 mIU/mL.

A computed tomography (CT) of the head without
contrast demonstrated a subacute infarct of the left occipital
lobe with additional remote left frontal and left frontopar-
ietal infarcts. A CT angiogram of the head and neck
demonstrated multifocal stenosis involving the supraclinoid
internal carotid arteries and proximal anterior and middle
cerebral arteries (Fig 1). The patient was admitted and
received consultations from neurology, rehabilitation medi-
cine, and psychiatry. An MRI of the brain was performed 48
hours later, demonstrating a subacute left parasagittal
watershed infarct (Fig 2). She was diagnosed with multiple
ischemic cerebral infarcts secondary to moyamoya disease,
which was thought to be the underlying etiology of her
previously diagnosed mental disorder. She was discharged to
a rehabilitation facility in good condition.
3 DISCUSSION

Moyamoya disease is a chronic cerebrovascular disease char-
acterized by stenosis and occlusion of the carotid arteries and
large vessels of the Circle of Willis, including the cerebral ar-
teries. This leads to the development of collateral, small ar-
teries, giving it a pathognomonic hazy appearance on
angiography imaging, including CT and MRI studies. There is
evidence to suggest that these vascular abnormalities can be
LEIVA ET AL.



FIGURE 2. Subacute left parasagittal watershed infarct. MRI,
magnetic resonance imaging.
congenital in origin but may also be acquired due to condi-
tions including vasculitides.6–8 Epidemiologic data have shown
an increased incidence in the Asian population, with 15% of
patients demonstrating familial occurrence (both autosomal
dominant with incomplete penetrance and x-linked recessive
patterns have been identified). There has also been found an
increased incidence in females with a bimodal age distribution
at 5 to 10 years old and 35 to 45 years old.9 Neurocognitive
impairments can be dramatic, particularly in the pediatric
population.10–12 Quality of life can also be severely affected by
sequelae of the disease process in all age groups.13

Commonly identified complaints include headache,
dizziness, and visual disturbances.14–16 Examination findings
may include difficulty speaking, extremity weakness or
numbness, and abnormal limb movements (including uni-
lateral or bilateral dyskinetic, choreiform, or dystonic
movements).17–19 Alterations in mental status from mild
confusion to complete obtundation have also been seen.20

Patients may also present with cerebrovascular syndromes
or recurrent or refractive seizures, including febrile infection-
related epilepsy syndrome due to the abnormal vascula-
ture.21–23 Attention should be paid to intractable or
worsening headaches, especially if accompanied by or with a
history of other transient or persistent neurologic symp-
toms.16,24,25 Due to the sometimes transient nature of
symptoms, misidentification due to other conditions like
multiple sclerosis has also occurred.26

Patients who present for an MHE should be carefully
examined to determine if their complaint and presentation is
a primary or secondary process due to another medical con-
dition, historically described as a functional vs organic
LEIVA ET AL.
psychosis. Differentiating between a primary and secondary
process can be challenging due to the lack of specific testing
for primary mental disorders. For this reason, patients may
inadvertently be given a diagnosis of a treatment-resistant
primary mental disorder when it may be secondary to an
underlying condition like moyamoya. Due to the prevalence
of mental disorders, not due to another medical condition, it
is difficult to differentiate causation from correlation.
Regardless, stroke syndromes have previously been found to
be a causative factor in various mood disturbances not pre-
sent prior to the vascular event.27–29

One of the earliest cases documented of moyamoya
masquerading as a primary mental disorder was in 1981 in an
11-year-old male patient.30 This patient had prodromal
symptoms as described above, including the presence of a fever
and abnormal movements of the extremities. This progressed
to violent irritability accompanied by incoherent speech. The
presence of other positive, negative, and cognitive schizo-
phrenic features was also identified. Another case in 1991
describes a 19-year-old male with delusions and hallucinations
in addition to a proceeding history of learning difficulties and
transient hemiplegia, highlighting the importance of identi-
fying transient neurologic complaints.31 Other cases of psy-
chosis with varying degrees of positive and negative symptoms
have since been reported. A review of the literature has
demonstrated other psychiatric manifestations in patients with
moyamoya disease, including:

• Neurodevelopmental disorders, including intellectual
disabilities, attention deficit hyperactivity disorder, and
Tourette’s;32,33

• Bipolar-related disorders characterized by mania and ir-
ritability with psychosis;27

• Depressive disorders;34 and
• Anxiety disorders.35

Abnormal pathognomonic brain findings include areas of
infarct, in particular patterns on CT and MRI, stenotic lesions
with collateral formation on CT and MR angiography studies,
and the “rebuild-up” phenomenon on electroencephalo-
gram.36–40 Treatment is primarily symptomatic in nature,
including practices seen with other stroke syndromes (eg,
resuscitation, optimization of cerebral perfusion pressure, and
seizure control). Thrombolytic therapy has not been studied in
patients with moyamoya disease. Consultation with our
neurosurgical colleagues should be considered, as vascular
bypass has previously been used in these patients with success.
In addition to surgical revascularization, antithrombotic ther-
apy may be utilized to decrease the risk of future ischemic
events. Identification of patients with moyamoya can help
providers be vigilant for significant sequelae, including stroke
and acute coronary syndromes.41,42

Our patient was noted to have had headaches, dizziness, and
left arm numbness before her first MRI. She also had progres-
sive decompensated mental disorder presentations. Earlier
evaluations may have biased future ED presentations, leading to
premature closure and attribution of the current presentation to
3 of 5



a nonmedical cause of decompensation, including medication.
Timely recognition can lead to early intervention, decreasing the
risk of developing sequelae, including stroke syndromes, and
may lead to improvement or resolution of secondary symptoms
in addition to positive changes for long-term neurocognitive and
psychosocial development.33,43,44
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