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Clinically Isolated Syndrome and Frontal Lobe Arteriovenous
Malformation Presenting With Behavior Issues
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Abstract

Prevalence of brain arteriovenous malformation ranges from 0.14%
to 0.6% according to various estimates. A large number of these pa-
tients remain asymptomatic. The most common presentation is due
to brain hemorrhage. A 14-year-old girl presented to the pediatrician
with erratic behavior issues and hallucinations. She was diagnosed
by the pediatrician and mental health facility as having schizophre-
nia and bipolar disorder. Once she was transferred to our children’s
hospital, evaluation by a pediatric neurologist, computed tomography
scan, magnetic resonance imaging, and laboratory workup including
lumbar puncture confirmed a clinically isolated syndrome and fron-
tal lobe arteriovenous malformation. Frontal lobe lesions including
arteriovenous malformation in the frontal lobe can cause psychologi-
cal symptoms and behavioral issues. We also discuss the differential
diagnosis of acute demyelinating syndromes.

Keywords: Altered mental status; Demyelinating disorder; Arte-
riovenous malformation; Vascular malformation; Clinically isolated
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Introduction

The frontal lobe plays an important role in personality of a
human. The prefrontal cortex controls emotional regulation,
social interaction, and executive functions [1]. The prefron-
tal cortex supports problem-solving tasks [2], strategic and
sequential planning, performing mental representations of a
task [3], social rule abiding [4], and processing environmental
cues [5]. Lesions of the frontal lobes impair response plan-
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ning, anticipation of events, goal setting, and neurobehavioral
disorders. Glioma, glioblastoma, arteriovenous malformation
(AVM), tumefactive multiple sclerosis, oligodendroglioma,
lymphoma, and brain abscess are some of the lesions that may
affect frontal lobes.

Prevalence of brain AVM ranges from 0.14% to 0.6% ac-
cording to various estimates [6]. Brain AVM is more common
in the supratentorial brain (85%) than in the posterior fossa
(15%). A large number of these patients remain asymptomatic.
The most common presentation is due to brain hemorrhage.
Frontal lobe lesions can cause behavior issues. Other neuro-
logical disorders including demyelinating process can also
present with behavior issues. It is important to rule out organic
causes of these behavior issues before diagnosing them as a
functional psychiatric illness. Demyelinating processes are
relatively less common in children than in adults. Neverthe-
less, demyelinating processes do occur in children and should
be considered while evaluating for a neurological illness in a
child. Clinically isolated syndrome, typically lasting 24 h, is
the first episode of neurological symptoms. The symptoms of
clinically isolated syndrome include blurred vision, speech
difficulty, vertigo, memory loss, depression, numbness, weak-
ness, and bladder and bowel symptoms.

Our case presented diagnostic difficulties for the pediatri-
cian and mental health facility as the 14-year-old girl presented
with erratic behavior issues, hallucinations, and normal basic
blood work results. She was diagnosed as having schizophre-
nia and bipolar disorder. Investigations performed at our facil-
ity diagnosed this as a clinically isolated syndrome in addition
to frontal lobe AVM.

Case Report
Investigations

A 14-year-old girl with no past medical history was trans-
ferred to the emergency department from the state mental
health facility for progressive difficulty swallowing. Medi-
cal records revealed she was in her normal state of health
until 2 months prior, when she presented to her pediatrician
with mild frontal headache, nonspecific pain in her hands,
and decreased appetite. At that time, lab work revealed a nor-
mal complete blood count, comprehensive metabolic panel,
thyroid function test, antinuclear antibody, and erythrocyte
sedimentation rate.
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Figure 1. MRI of brain on axial T2-weighted image (a) shows multiple flow voids in the right frontal lobe (red arrow) consistent
with arteriovenous malformation as well as multiple hyperintense T2 signal areas (white arrows) in the white matter bilaterally.
Fluid-attenuated inversion recovery axial images show hyperintensities in the bilateral thalami (b), left globus pallidus, left puta-
men, bilateral cerebral white matter, and brainstem (c). MRI of the spine shows patchy hyperintense signal areas (arrows) in the
brainstem, cervical spinal cord, and thoracic spinal cord on T2-weighted sagittal image (d). MRI: magnetic resonance imaging.

Diagnosis

Over the next 4 weeks, her behavior became increasingly er-
ratic. Her demeanor was described as defiant and inappropri-
ate in social situations, and she began to experience agitation
along with auditory and visual hallucinations. She developed
an abnormal gait that became concerning to school officials, so
she was involuntarily institutionalized at the local state men-
tal health facility for psychosis. There, the psychiatrist made
diagnoses of schizophrenia and bipolar disorder and she was
placed on quetiapine.

Seven days later, she developed verbal and motor tics lead-
ing to an additional diagnosis of Tourette’s syndrome and her
medication was switched from quetiapine to olanzapine. Because
her symptoms failed to abate with the new medication, she was
referred to child neurology and a clinic appointment was sched-
uled. The morning of her transfer, 2 days before her scheduled
outpatient neurology appointment, she awoke with tachycardia,
sialorrhea, and dysphagia. These symptoms were suspected to be
adverse effects of olanzapine resulting in discontinuation of olan-
zapine. No weight loss, fever, or seizure activity was reported.

On arrival to our facility, she was alert and oriented, scor-
ing 15 out of 15 on the Glasgow Coma Scale, and in no acute
distress. She was tachycardic at 144 beats per minute. She had
difficulty executing complex commands. She was both overly
complimentary and apologetic when interacting with the staff.
She exhibited frontal lobe and limbic/amygdaloid dysfunction
with disinhibition and sexual suggestion. Her speech exhibited
dysprosody and was at times scanning and halting. Neurological
examination revealed psychomotor agitation as well as left-sided
ptosis, dysphagia, absent gag reflex, gait ataxia, and occasional
myoclonic jerks of the proximal upper extremities. Binocular
eye movements were disconjugate and she intermittently cov-
ered her left eye to compensate for diplopia. Intermittent bursts
of rotary, horizontal, and vertical nystagmus were present. Mild
dysmetria was observed on finger-to-nose testing.

A head computed tomography scan without contrast was
performed, which although markedly limited by movement, re-
vealed a vascular right frontal lobe abnormality suggestive of
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AVM without bleeding, surrounding edema, or mass effect. While
supine for imaging, her mental status quickly deteriorated, and she
required endotracheal intubation to maintain her airway. She was
transferred to the pediatric intensive care unit. Based on the size
and location of the AVM, it was considered an incidental finding.

Magnetic resonance imaging (MRI) (Fig. 1) of the brain
and spine was then performed to explore other causes of her
neurological deterioration. Results revealed bilateral diffuse
white matter lesions involving the bilateral temporal lobes,
subinsular cortex, inferior bilateral frontal cortex, basal gan-
glia, and both the cervical and thoracic spinal cords.

Laboratory workup to distinguish inciting causes for the
demyelinating disorder including urine organic acids, thyroid
peroxidase antibodies, and a toxicology screen was negative.
Levels of ammonia, lactate, pyruvate, plasma amino acids,
folate, ceruloplasmin, and vitamin B12 were normal. Aside
from evidence of past infection with Epstein-Barr virus, infec-
tious meningitis workup including rapid plasma reagin, human
immunodeficiency virus, herpes simplex virus, mycoplasma,
and influenza was negative.

Lumbar puncture (Table 1) revealed increased protein in
the cerebrospinal fluid (CSF). Electrophoresis revealed oligo-
clonal banding and increases in CSF immunoglobulin G (IgG),
CSF IgG index, CSF IgG/albumin ratio, and CSF IgG syn-
thesis rate. Her CSF was negative for N-methyl D-aspartate
receptor antibodies and angiotensin-converting enzyme. Elec-
troencephalogram monitoring showed no evidence of seizures
or focal epileptiform discharges.

Treatment

The patient received high-dose steroid therapy (1 g of methyl-
prednisolone per day) over 3 days, and her bulbar dysfunction
improved considerably. However, the patient’s speech and dis-
inhibition remained unchanged. Plasma exchange therapy was
administered, but no further improvement in her new baseline
was appreciated. A preliminary diagnosis of a clinically isolat-
ed syndrome was made, and a follow-up MRI was scheduled
for 6 months after discharge.
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Table 1. Results of Lumbar Puncture

Cerebrospinal fluid findings Value
White blood cell count (L) 9

Red blood cell count (L) 1675
Neutrophils (%) 8
Lymphocytes (%) 79
Monocytes (%) 13
Glucose (mg/dL) 63
[gG?* (mg/dL) 10.30
Protein® (mg/dL) 105
Oligoclonal banding? Positive
IgG nephelometer (mg/dL) 994
IgG/albumin? (%) 100.0
IgG index? 3.18
IgG synthesis?® (mg/day) 40.36
Angiotensin-converting enzyme (U/L) <5

aElevated or positive results. |gG: immunoglobulin G.

Follow-up and outcomes

Transfer to a rehabilitation facility was arranged. She later un-
derwent successful operative repair of her AVM. On follow-up
visit 23 months after her initial presentation, her behavioral
symptoms were unchanged. Repeat MRI at that time (Fig. 2)
showed a decrease in the number and size of the thalamic and
brainstem lesions without new lesions, further supporting the
diagnosis of clinically isolated syndrome.

Discussion

Encephalopathy in children is rare, with an incidence of
10.5/100,000/year [7]. This number includes encephalopathies
such as acute disseminated encephalomyelitis (ADEM), where

the incidence may be 0.4/100,000/year [8] and pediatric on-
set multiple sclerosis (POMS), where the incidence varies by
country but is estimated at 0.19-2.85/100,000/year [9]. Child-
hood onset schizophrenia by comparison has a lower estimated
incidence of 0.11/1,000 to 0.70/1,000 children per year [10].

The differential diagnosis for white matter disease of the
central nervous system (CNS) in children is broad, includ-
ing infectious, autoimmune, rheumatological, metabolic, and
vascular conditions. Evaluation of blood and CSF can aid in
lowering the likelihood of some etiologies (Table 2). However,
acute demyelinating syndromes such as ADEM, neuromyelitis
optica spectrum disorder, transverse myelitis (TM), optic neu-
ritis (ON), and POMS require neuroimaging to meet the major
criteria for diagnosis.

Since ADEM and POMS remain diagnoses of exclusion,
it is important to use a combination of laboratory and imaging
evidence to identify potentially treatable intracranial infections
or processes. Differentiating POMS from other acute demyeli-
nating syndromes such as ADEM, ON, neuromyelitis optica
spectrum disorder, and TM is imperative not only to predict
long-term prognosis, but also for prompt initiation of immuno-
therapy to prevent recurrent demyelination [11].

Nonetheless, distinguishing between these diagnoses can
be challenging as all are autoimmune-mediated demyelinating
diseases of the CNS white matter, each with varying presenta-
tions. In fact, POMS may initially present identically to ADEM
[12], ON, and TM [13]. Still, encephalopathy as a presenting
symptom has been described in only 10% to 16% of pediatric
multiple sclerosis (MS) cases [14, 15]. More commonly, ini-
tial MS attacks are monosymptomatic and range from sensory
impairment to motor dysfunction such as tremor, dysmetria, or
internuclear ophthalmoplegia [13, 16, 17]. Oligoclonal bands
in CSF, as seen in this case, are present in 89% of individuals
with MS but only about 10% with ADEM [18]. Therefore, fa-
miliarizing oneself with the most up-to-date diagnostic criteria
is paramount.

The 2001 McDonald criteria, formed by the International
Panel on the Diagnosis of MS, are classically used to bolster a
diagnosis of MS [11, 19]. According to McDonald criteria, dis-
semination of contrast-enhanced CNS lesions in time (persistent

Figure 2. Two years after initial presentation, T2-weighted axial (a) MRI image shows resection bed of removed arteriovenous
malformation from right frontal lobe. Fluid-attenuated inversion recovery axial (b, ¢c) MRI images of the brain show resolution of
white matter lesions in the thalamus (a) and brainstem (b). There was a decrease in the number and size of other lesions during
the interval, and no new lesions were found. T2-weighted sagittal (d) MRI image of spine shows interval improvement in hyper-
intense T2 signal areas in the spinal cord. MRI: magnetic resonance imaging.

Articles © The authors | Journal compilation © ] Med Cases and Elmer Press Inc™

www.journalmc.org 3



Clinically Isolated Syndrome and Behavior Issues

J Med Cases. 2023;14(1):1-6

Table 2. Laboratory Evaluation of Acute Central Nervous System Demyelination in Children: CSF and Serum Studies and Their

Corresponding Disease Processes

CSF
Angiotensin-converting enzyme
Oligoclonal banding

Serum
NMO-IgG (aquaporin-4)
West Nile virus IgM antibody
B12 level
Folate level
ARSA-A enzyme level
Double-stranded DNA antibodies
GFAP assay
VLCFA panel (males)

ABCD1 gene mutation analysis (females)

Neurosarcoidosis
POMS

NMOsd

West Nile virus

B12 deficiency

Folate deficiency
Metachromatic leukodystrophy
Systemic lupus erythematosus
Alexander disease

X-linked adrenoleukodystrophy
X-linked adrenoleukodystrophy

ARSA-A: arylsulfatase A; CSF: cerebrospinal fluid; GFAP: glial fibrillary acidic protein; NMOsd: neuromyelitis optica spectrum disorder; POMS: pedi-

atric onset multiple sclerosis; VLCFA: very long chain fatty acid.

lesions or symptoms) and/or space (persistence of previous or
appearance of new brain lesions) represents a second clinical
event and, only then, can the diagnosis be made. Revisions in
2017, however, add that a second clinical event can be demon-
strated by positive oligoclonal band in licu of the characteristic
evolution of lesions on CNS imaging [20]. Therefore, as with
this case, when MS is highly suspected based on laboratory and
imaging findings, the diagnosis cannot be made until repeat im-
aging and/or CSF oligoclonal band testing has been obtained.

During the period between the first attack and subsequent
follow-up, the patient should be diagnosed with a clinically iso-
lated syndrome [20]. Of note, the time between the initial attack
and follow-up testing, previously recommended as 30 days, is
now described as any amount of time [20]. Additionally, the sec-
ond MS attack must be without encephalopathy, which helps
distinguish it from conditions such as multiphasic ADEM [20,
21]. It is difficult to predict the prognosis of patients suffering
from their first demyelinating event. In patients with POMS, the
course is more commonly relapsing-remitting [22], and patients
tend to reach permanent disability earlier in life. As relapse rates
are high in POMS [23], patients suffer higher rates of fatigue,
depression, and cognitive impairment [9, 24]. The key to im-
proving long-term outcomes seems to be a combination of early
recognition and treatment [25] as well as encouragement of both
physical activity and weight control [26].

Our case was complicated by a large AVM, which in the
absence of bleeding, is usually an incidental finding. Frontal
lobe lesions including AVM in the frontal lobe can cause psy-
chological symptoms and behavioral issues. Also, considering
the future risk of bleeding, the lesion was removed.

Learning points

This case highlights the importance of a proper physical exam
and consideration of differential diagnosis when encountering
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a child with erratic behavior issues. While psychiatric diagno-
ses are part of the differential, due diligence to rule out neu-
rological disorders when an acute change in behavioral base-
line is encountered is imperative to avoid misdiagnosis and
delayed treatment. Frontal lobe lesions including AVM in the
frontal lobe can cause psychological symptoms and behavioral
issues. Finally, it shows that the often ill-defined and difficult
to diagnose acute demyelinating syndrome must be considered
with a presentation of altered mental status.
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