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Section 1
A 16-year-old girl presents to the Emergency Department with 1 week of vertigo. Her ver-
tiginous symptoms began acutely and were described as a sensation of the room spinning. She
subsequently developed a headache, nausea, and difficulty walking. On day 2 of illness, her
primary care physician prescribed a 5-day course of prednisone and meclizine twice daily. Her
symptoms did not improve following the steroid course, prompting an outpatient MRI of the
brain. This study identified sinus disease, but no intracranial abnormality. Her meclizine dose
was increased, and she was started on cefdinir for treatment of sinusitis. However, her symp-
toms continued to worsen. At the time of presentation to our service, she was unable to stand
due to the vertigo. She complained of headache and nausea and was found to have nystagmus,
ataxia, and dysmetria on examination. The patient had experienced one episode of headache
approximately a year prior to presentation but was otherwise healthy. Her family history was
significant for a grandmother with multiple sclerosis (MS) and a brother with Factor V Leiden
and prothrombin gene mutation.

Questions for consideration:
1. What are the differential diagnoses?
2. What additional tests would you consider to delineate the cause of her vertigo and

headache?
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Section 2
The differential diagnosis was broad and included infection
(e.g., meningitis), autoimmune/paraneoplastic encephalitis,
inflammatory etiologies (e.g., MS and neuromyelitis optica),
toxic/metabolic etiologies (e.g., ingestion, vitamin B1 and B12
deficiency), and vascular abnormalities (e.g., cerebral venous
sinus thrombosis). Magnetic resonance angiography and
magnetic resonance venography of the head and neck were
within normal limits except for the previously noted maxillary
sinusitis. Venous sinus thrombosis and arterial dissection were
ruled out by imaging. A lumbar puncture revealed a mild CSF
pleocytosis with lymphocytic predominance (11 white blood
cells/μL, 0 red blood cells/μL, 0% neutrophils, 78% lympho-
cytes, 2% monocytes, 20% unidentified degenerated cells).
The remainder of her CSF studies including protein, glucose,
culture, and cytology were normal.

While other CSF studies were pending, ophthalmology was
consulted to evaluate for optic neuritis due to the concern for
possible CNS inflammatory disorders. On examination, no
optic neuritis was identified, but the abnormal eye movements
initially thought to be consistent with nystagmus were
recharacterized as opsoclonus. The patient’s mother de-
scribed new jerking movements that were occurring during
the patient’s sleep, raising concern for myoclonus and
opsoclonus-myoclonus syndrome (OMS). A routine EEG did
not demonstrate any epileptiform activity. To evaluate for a
paraneoplastic etiology for her OMS, urine vanillylmandelic
acid and homovanillic acid were sent to rule out neuroblas-
toma. Although it was on the differential, neuroblastoma
would have been rare within her age group. An MRI of the

chest, abdomen, and pelvis was also performed to further
assess for a paraneoplastic cause for her symptoms. Given the
differentials under consideration, pan-imaging (chest, abdo-
men, and pelvis) was selected over more focused imaging of
the abdomen. Despite the cost and length of the study, MRI
was chosen over CT to limit radiation exposure to an other-
wise healthy patient.1 With a body mass index of 33, ultra-
sound of the abdomen and pelvis may have resulted in
suboptimal visualization of relevant structures. The pelvic
MRI identified a left ovarian teratoma measuring 3.5 cm in
diameter (figure 1).

Question for consideration:
1. What are the next steps in managing the patient’s

symptoms?
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Figure 1 MRI pelvis identifying left ovarian teratoma
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Section 3
The patient underwent a left ovarian cystectomy during her
hospitalization. The final surgical pathology identified the
mass as a mature ovarian cystic teratoma. Paraneoplastic,
aquaporin-4 (AQP-4) receptor antibody, and MS panels sent
from the patient’s CSF subsequently proved negative, though
she did have elevated serum GAD65 antibody levels (0.10
nmol/L, normal: ≤0.02 nmol/L). The patient’s vertigo and
myoclonus began to improve following the resection, though
she spent 2 weeks at inpatient rehabilitation to address re-
sidual deficits.

Two weeks after discharge from the rehabilitation hospital,
the patient again developed worsening opsoclonus and
myoclonus along with behavioral changes. She was read-
mitted to the hospital, and repeat abdominal and pelvic
imaging revealed recurrence of her ovarian teratoma
(figure 2). She underwent left oophorectomy and com-
pleted a course of high-dose steroids. Her symptoms im-
proved, and she was discharged to inpatient rehabilitation
and ultimately to home. Her opsoclonus and myoclonus
resolved completely after the second surgery, but she
continued to have mild ataxia, slow speech, and behavioral
issues at her 4-month follow-up visit with pediatric neu-
rology. Her remaining symptoms resolved, except for
very subtle ataxia, by the time of her 10-month follow-up
evaluation.

Discussion
OMS, also known as opsoclonus-myoclonus ataxia, is a rare
condition; the reported incidence in pediatric patients is
between 0.18 cases per million in the United Kingdom
and 0.27–0.40 cases per million in Japan.2,3 Proposed di-
agnostic criteria require the presence of at least 3 of these
4 findings: (1) opsoclonus, (2) myoclonus, (3) behavioral
changes and/or sleep disturbances, and (4) neuroblas-
toma.4 Our patient met the first 3 of these criteria. Features
of this syndrome overlap with other etiologies of acute

ataxia in children5 and can present a diagnostic challenge,
especially when symptoms evolve over time. OMS can be
caused by a variety of etiologies, most notably post-
infectious or paraneoplastic syndromes. In children, it is
associated with neuroblastoma in 50% of the cases.4 In
adults, it is more often associated with small cell lung,
breast, and ovarian cancers.6 Cases of OMS associated with
ovarian teratomas have been reported in both adolescents
and adults.7,8

The pathophysiology of OMS is thought to be autoimmune in
nature. Though many patients do not have identified auto-
antibodies, those with gynecologic malignancies and OMS
may test positive for ANNA-2 (Anti-Ri) antibodies.6 NMDA
receptor antibody has also been found in some cases.9 Au-
toantibodies to glutamic acid decarboxylase (GAD) have been
associated with cerebellar ataxia, stiff-person syndrome, and
limbic encephalitis.6 Our patient had elevated anti-GAD65 in
the serum, but not CSF, and it is unclear what role this played
in her presentation.

The evidence for management of OMS is limited, yet the
most consistent approach is immunotherapy and tumor re-
section. The immunotherapeutic approaches that have been
used in children include corticosteroids, adrenocorticotropic
hormone, IV immunoglobulin, plasma exchange, cyclo-
phosphamide, and rituximab.4 Even though multiple im-
munotherapies have been utilized, there are no established
guidelines to recommend one therapy over another. More
research is needed in order to study the efficacy of each
therapeutic option.

Our patient had demonstrated improvement following her
initial tumor resection, but experienced symptom relapse
with tumor recurrence. Further management involved both
surgical and pharmacologic interventions (steroids), which
led to a more rapid and sustained improvement in symp-
toms. This highlights the dual role of immunotherapy and
tumor resection in OMS management. OMS may be
monophasic or have a relapsing course. More severe symp-
tomatology at the time of presentation is associated with
recurrence.10 Long-term neurocognitive effects are seen in
OMS. Though some patients may recover without residual
deficits,8 motor abnormalities, cognitive delays, and speech
difficulties may remain many years after the initial illness. At
her 4-month follow-up, our patient, while significantly im-
proved, was still experiencing mild ataxia, behavioral
changes, and slowing of speech. At her 10-month follow-up
visit, all of her symptoms had resolved except for very subtle
ataxia.

Clinicians generally associate OMS with neuroblastoma in
pediatric patients. Pediatricians should expand their differ-
ential diagnosis to include ovarian teratoma, particularly in
adolescent patients. Paraneoplastic OMS is a rare but po-
tentially debilitating syndrome. Early recognition is im-
portant, despite potential diagnostic challenges. Additional

Figure 2 MRI pelvis identifying recurrent left ovarian
teratoma
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studies are needed to establish recommendations for im-
munotherapeutic management.
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