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Abstract

We outline the case of a 6-year-old girl presenting with a 2-week course of waxing and waning
neurologic symptoms, including right-sided pain, weakness, dizziness, and difficulty walking.
Her examination was notable for right-sided weakness, hyperreflexia, and dysmetria. Diagnostic
evaluation was significant for MRI with numerous T2 hyperintense, T1 hypointense, and
T1-enhancing lesions located in the juxtacortical and periventricular regions, corpus callosum,
brainstem, and spinal cord; positive CSF oligoclonal bands; negative serum aquaporin-4 im-
munoglobulin G (IgG) and myelin oligodendrocyte glycoprotein IgG; and positive serum
Epstein-Barr viral capsid antigen IgG.

This case highlights the evaluation indicated for a pediatric patient presenting with a possible
demyelinating disorder and the nuances of diagnosing these conditions in prepubertal children
particularly. Thoughtful clinical, laboratory, and radiographic investigation is needed for ac-
curate diagnosis to initiate appropriate therapies.
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Section 1

A 6-year-old neurotypical girl presented with right-sided pain
and weakness. Two weeks earlier, she developed right leg pain,
dizziness, and difficulty walking. The symptoms fluctuated with
some periods of recovery. On the day of admission, she was
noted to have a right-sided limp but denied pain. There was no
fever, behavioral change, visual symptoms, or bowel/bladder
dysfunction. There was no preceding illness, trauma, tick/
animal exposure, or travel. Medical history was notable for
neonatal encephalopathy status post therapeutic hypothermia
without neurologic sequelae. Family history was unremarkable.
On neurologic examination, she had a normal mental status.
She had pronator drift on the right. Confrontational strength
testing was notable for the following: 4/5 strength with right
hip flexion and right knee flexion and extension, 2/S strength

with right ankle dorsiflexion, and 4/5 strength with right ankle
plantarflexion (per the Medical Research Council scale);
strength was 5/5 in all other extremities. Deep tendon reflexes
were 3 + on the right. She had 2-3 beats of clonus at the right
ankle, and plantar response on the right was extensor. She had
mild dysmetria with finger-nose-finger and heel-knee-shin on
the right. Her gait was abnormal with circumduction of the
right lower extremity. There was no afferent pupillary defect,
and limited fundus examination was normal. Eye movements
were full, and there was no nystagmus. Her sensory examina-
tion was normal. Rectal tone was normal.

Questions for Consideration:
1.  What are the potential localizations for her presentation?
2. What are the possible differential diagnoses?
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Section 2

The patient in this vignette presented with dizziness, right-sided
upper and lower extremity weakness, hyperreflexia, and dysme-
tria. Weakness associated with hyperreflexia and extensor plantar
response indicates an upper motor neuron pathology. The pat-
tern of unilateral weakness suggests a lesion of the cortex or the
corticospinal tract. Involvement of both the upper and lower
extremities suggests a lesion at or above the cervical spinal cord.
The finding of dysmetria indicates cerebellar involvement. A
complaint of dizziness may be secondary to (1) global impair-
ment of cerebral perfusion (i.e, lightheadedness), (2) dysfunction
of the peripheral vestibular system (ie., peripheral vertigo), or (3)
dysfunction of the central vestibular system, which includes the
vestibular nuclei, brainstem, and cerebellum (i.e,, central vertigo).
Overall, the patient’s findings indicate a multifocal CNS disorder,
such as one involving the left hemispheric corticospinal tract and
the pontocerebellar pathways. Alternatively, a focal brainstem
lesion involving the right corticospinal tract and pontocerebellar

pathways could be implicated.

The differential for this presentation is broad. Demyelinating
disorders, including acute disseminated encephalomyelitis

(ADEM), multiple sclerosis (MS), myelin oligodendrocyte
glycoprotein (MOG) antibody-associated disease (MOGAD)),
and aquaporin-4 positive neuromyelitis optica spectrum
disorder (AQP4-NMOSD), often present with multifocal
CNS involvement. A neoplasm, such as a primary brainstem
tumor, is also a consideration. Although rare, inflammatory
processes that may involve both the brain and spinal
cord include CNS vasculitis and CNS-isolated hemopha-
gocytic lymphohistiocytosis (HLH). Infectious causes of
CNS dysfunction include viral meningoencephalitis (herpes
viruses, arboviruses, human T-lymphocytic virus, and HIV),
bacterial meningitis (including tuberculosis meningitis),
cerebral abscess, Lyme, Toxoplasmosis, and Bartonella.
Parainfectious, paraneoplastic, vascular, and genetic (e.g,
leukodystrophies) etiologies should be considered. Of note,
although the patient has a history of neonatal encephalop-
athy, a chronic structural abnormality is unlikely to explain
her subacute presentation.

Question for Consideration:
1. What investigations can help narrow the differential
diagnosis?
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Section 3

An MRI brain with and without contrast demonstrated numerous
scattered T2 hyperintense and T1 hypointense lesions involving
the subcortical regions, corpus callosum, juxtacortical, periven-
tricular white matter, and right hemi-pons (Figure 1, A, B, E-H).
Most lesions were small. The largest lesion was in the right frontal
centrum semiovale/corona radiata. Several lesions had faint, ill-
defined contrast enhancement (Figure 1C and D). An MRI total

spine with and without contrast demonstrated subtle patchy T2
short-tau inversion recovery hyperintense signal abnormality from
C2-C6 and at T10 (Figure 2) with no associated enhancement.

Questions for Consideration:

1.  What are the possible differential diagnoses based on the
imaging?

2. What additional testing is needed to establish a
diagnosis?

Figure 1 MRI Images of the Brain

Axial images demonstrating multiple (A)
T1-weighted sequence hypointense and
(B) fluid-attenuated inversion recovery
(FLAIR) sequence hyperintense juxta-
cortical lesions. (C, D) T1-weighted post-
contrast sequences demonstrate several
faint, ill-defined contrast-enhancing le-
sions, most notably in the left peritrigonal
white matter. Arrows highlight subtle re-
gions of contrast enhancement. Addi-
tional periventricular, subcortical, corpus
callosal, and pontine lesions are seen on
(E, G) sagittal T1-weighted sequence and
(F, H) sagittal FLAIR sequence.

T2 short tau-inversion recovery (STIR) sequence demonstrating patchy
hyperintensity from C2-C6 and a hyperintense lesion at T10
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Section 4

T2 hyperintense/T1 hypointense lesions involving the corpus
callosum, pons, and spinal cord are highly suspicious for a
demyelinating process, such as clinically isolated syndrome
(CIS), MS, ADEM, AQP4-NMOSD, and MOGAD. Alter-
native, but less likely diagnostic, considerations include CNS
vasculopathy/vasculitis, CNS HLH, or infection.

These imaging findings were particularly concerning for MS or
MOGAD. AQP4-NMOSD was less likely, given the absence of
optic neuritis or an area postrema syndrome." The lesions were
atypical for ADEM, which is often characterized by large, poorly
defined lesions of the same chronicity. In addition, her clinical
presentation was inconsistent with ADEM, given the absence of
impaired consciousness/encephalopathy (a required diagnostic
criterion for ADEM in children)” and the lack of a prodromal viral
illness. The lack of diffusion restriction made CNS vasculitis un-
likely. The absence of microhemorrhages on susceptibility-
weighted imaging made CNS HLH unlikely.” CNS infection
such as meningitis was unlikely, given the lack of fever and/or neck
stiffness.

A lumbar puncture was performed. CSF studies were notable
for a mild pleocytosis (12 nucleated cells, 96% lymphocytes)
and 4 unique CSF oligoclonal bands. CSF glucose and protein
were normal. CSF culture and gram stain were negative/no
growth. CSF flow and cytology were unremarkable. Immuno-
globulin G (IgG) index and synthesis rate were normal. CSF
paraneoplastic autoantibody evaluation was negative. Serum
AQP4-IgG and MOG-IgG were both negative. Triglycerides
were mildly elevated; however, erythrocyte sedimentation rate
(ESR), C-reactive protein (CRP), ferritin, and lactate dehy-
drogenase were all normal. Epstein-Barr virus viral capsid
antigen-IgG was positive.

The patient was ultimately diagnosed with pediatric-onset MS
(POMS) based on (1) her clinical presentation, (2) the appear-
ance and location of brain and spinal cord lesions, (3) the presence
of unique CSF oligoclonal bands, and (3) the reasonable exclusion
of alternative diagnoses including MOGAD and AQP4-NMOSD.
She was acutely treated with a S-day course of high-dose in-
travenous steroids and was then started on fingolimod.

Questions for Consideration:

1.  What are the diagnostic criteria for POMS? How well do
they apply to prepubertal children?

2. How does POMS differ from adult-onset MS?

3. Which disease-modifying therapies (DMTs) may be used
in POMS?

Discussion

Acquired demyelinating syndromes (ADS) of childhood en-
compass a number of monophasic and relapsing inflammatory
conditions of the CNS. These include CIS (e.g., transverse
myelitis and optic neuritis), ADEM, MS, NMOSD, and
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MOGAD. Fifteen to 46 percentage of individuals with pediatric
ADS will be diagnosed with MS within S years of their initial
demyelinating event.* Female sex and older age at first pre-
sentation have been associated with a higher risk for future MS
diagnosis.” Epstein-Barr virus positivity has also been strongly
associated with POMS.® Overall, POMS represents 2%—10% of
all MS cases.”” The global incidence of POMS is estimated to
be 0.87 (95% CI 0.35-1.40) per 100,000 children and ado-
lescents annually® and increases with age (most notably after
age 12 years).” The onset of MS before 10 years of age is quite
rare™ and represents 20%-30% of all cases with POMS.’

The diagnosis of POMS, as with adult-onset MS, relies on the
objective demonstration of dissemination of CNS de-
myelination in space and time and the exclusion of alternative
diagnoses. This requires a detailed history and physical ex-
amination and an MRI of the brain and spinal cord with and
without contrast. An MRI of the orbits may be obtained if
concerned for optic neuritis. Typical MRI findings consistent
with POMS include well-defined ovoid/round lesions with
asymmetric involving the periventricular,
juxtacortical/cortical, infratentorial, and spinal cord white
matter. Young children may, however, have larger, less-well
demarcated lesions than those seen in older individuals. Ad-

distribution

ditional evaluation with lumbar puncture (for CSF oligoclonal
bands) and visual evoked potentials may be necessary if there
is insufficient clinical and MRI data to secure the diagnosis.
Further testing, including serum autoantibodies (MOG-IgG
and AQP4-IgG) and rheumatologic screening laboratory tests
(CRP, ESR, antinuclear antibody, and double-stranded DNA
antibody), should be obtained for patients with features
atypical of MS. While the 2017 McDonald criteria for MS are
highly sensitive and specific for the diagnosis of POMS,
caution is needed in patients younger than 11 years, given the
lower disease incidence in that age group.'® In addition, the
criteria should not be applied for children with an initial
ADEM phenotype; a subsequent attack characteristic of MS is
necessary for the diagnosis."

The initial disease course of POMS is relapsing-remitting in
more than 98% of patients, compared with 80% of the general
MS population.”' "> Compared with their adult counter-
parts, children and adolescents with MS have higher annual-
ized relapse rates, > greater MRI disease burden,'* and despite
having slower disease progression, reach disability landmarks
at a younger age.'' Treatment options for POMS include
most of the injectable DMTs used in adult-onset MS (e.g.,
interferon B-la and glatiramer acetate) and intermediate or
high-efficacy DMTs including dimethyl fumarate, rituximab,
natalizumab, and fingolimod—the first Food and Drug Ad-
ministration-approved treatment for children aged 10 years or
older with MS."® Timely diagnosis and prompt initiation of
DMTs, preferably those of high efficacy, in POMS is critical to
reduce relapse risk and limit disability accumulation.
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