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Clinical Reasoning:
A 22-year-old man with diplopia

SECTION 1

A 22-year-old previously healthy man presented to an
ophthalmology clinic with binocular horizontal diplopia.
He had recently traveled to the main island of Hawaii.
About 2 weeks after returning home, he developed
a severe headache with associated fever, emesis, photo-
phobia, phonophobia, and neck stiffness. He also re-
ported a sensation of pressure in his left eye and both
ears but denied any pulsatile tinnitus or transient vision
loss. Over the next 2 weeks, his headaches worsened,
causing him to wake up frequently in the night. He then
developed horizontal diplopia that wasworse at a distance
and was referred to the neuro-ophthalmology clinic.

Examination. The patient had some limitation in
neck flexion with associated pain. His visual acuity
was 20/20 on the right and 20/25 on the left. Pupillary

examination showed no relative afferent defect and
visual fields were full. He was found to have bilateral
abducens palsy with an esotropia of 30 D and a left hy-
pertropia of 2 D with notable mild right head tilt. The
hypertropia was thought to be a partial left 4th nerve
palsy with a compensatory right head tilt, although
a full Parks-Bielschowsky 3-step test was not pre-
formed to confirm this. He had moderate to severe
papilledema on funduscopic examination (figure, A).
The remainder of his neurologic and ophthalmologic
examination was within normal limits.

Questions for consideration:

1. Given his papilledema and bilateral abducens
nerve palsy, where would you localize this?

2. What is the differential diagnosis for bilateral ab-
ducens nerve palsy?

GO TO SECTION 2

Figure Funduscopic photographs, MRI brain, and CT imaging

(A) Photographs of the optic disc of the left eye show papilledema with blurring of the disc margin, optic nerve hyperemia, and
peripapillary hemorrhages. (B) Axial fluid-attenuated inversion recovery image shows hyperintense signal in the distal right and left
optic nerves. (C) Axial postcontrast T1-weighted imaging after gadolinium shows enhancing cortical based nodular foci. (D) Axial
chest CT image shows one of many peripheral lung nodules with mixed attenuation but no associated nodule cavitation.
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SECTION 2

The presence of papilledema along with bilateral ab-
ducens nerve palsy can occur in the setting of
increased intracranial pressure due to a number of eti-
ologies, including a space-occupying lesion (e.g.,
hemorrhage or tumor), hydrocephalus, cerebral
venous sinus thrombosis, idiopathic intracranial
hypertension, or meningitis. Abducens nerve palsies,
either unilateral or bilateral, can be a false localizing
sign; that is, dysfunction of the abducens nerve due
to a lesion that is different from the expected anatom-
ical location.1 Theoretically, the long intracranial
course of the abducens nerve makes it especially vul-
nerable to changes in intracranial pressure compared
to other cranial nerves. Other etiologies to consider

when presented with a bilateral abducens palsy
include a pontine tumor resulting in direct compres-
sion, clivus tumors, cavernous sinus lesions, Wer-
nicke encephalopathy, myasthenia gravis, Miller
Fisher syndrome, or a pseudo-sixth nerve palsy via
an upper brainstem infarct resulting in tonic adduc-
tion of both eyes.2 Given the patient’s history of
headache, any one of the above etiologies should be
considered. However, the presence of fever and neck
stiffness makes meningitis the more likely etiology at
this time.

Question for consideration:

1. What diagnostic evaluation should be performed
in this patient?
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SECTION 3

The patient’s presentation (headache, fever, diplopia
coupled with papilledema, and bilateral 6th nerve
palsy) is most concerning for an infectious process,
specifically meningitis complicated by dysfunctional
CSF circulation resulting in elevated intracranial pres-
sure. For any patient presenting with signs/symptoms
concerning for increased intracranial pressure, imag-
ing should be obtained prior to lumbar puncture to
rule out a lesion with significant mass effect. In this
case, MRI of the brain with and without contrast
demonstrated enhancing nodular lesions in the left
midbrain and bilateral cortices as well as enhance-
ment along the bilateral optic nerves but no mass
lesions (figure, B and C). Vessel imaging was ob-
tained, including magnetic resonance venography as
well as CT angiography of the head and neck, which
were all unremarkable (not shown). A CT chest

without contrast demonstrated multiple peripheral
nodules in the lungs (figure, D).

Following imaging, the patient underwent
a lumbar puncture, which revealed an opening
pressure of 33 mm CSF with 204 leukocytes/mL
(45% lymphocytes, 11% monocytes, and 40% eo-
sinophils), 0 erythrocytes/mL, 151 mg/dL protein,
and 36 mg/dL glucose. This profile is indicative of
an eosinophilic meningitis, which is defined as an
elevated leukocyte count with a cell differential
demonstrating greater than 10% eosinophils or
simply .10 eosinophils/mL.3

Questions for consideration:

1. What is the differential diagnosis for eosinophilic
meningitis?

2. What additional testing would you want to
perform?
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SECTION 4

The differential diagnosis for eosinophilic meningitis
can be divided broadly into infectious and noninfectious
etiologies (table). An important noninfectious cause to
consider is a medication reaction. Ciprofloxacin, ibu-
profen, vancomycin, and gentamicin have all been
implicated as potential causes for eosinophilic meningi-
tis.4 Our patient was exposed to ibuprofen; however, his
CSF profile demonstrating decreased CSF glucose and
elevated protein would be inconsistent with a medica-
tion reaction.Malignancies, specifically eosinophilic leu-
kemia and Hodgkin and non-Hodgkin lymphoma, can
also cause an eosinophilic meningitis.5 Useful studies in
this setting would include a blood smear, peripheral
eosinophil count, CSF cytology, and CSF flow cytom-
etry. Other noninfectious etiologies include hypereosi-
nophilic syndrome, neurosarcoidosis, neuromyelitis
optica, and ventriculoperitoneal shunts secondary to

allergic reactions, which are less likely given the patient’s
history and imaging findings.5,6

Infectious etiologies to consider include parasites,
fungi, and less commonly, bacteria. The most com-
mon parasites responsible for eosinophilic meningitis
include Angiostrongylus cantonensis, Gnathostoma
spinigerum, and Baylisascaris procyonis, and all 3 can
have associated ocular involvement.3 Other parasitic
causes of eosinophilic meningitis include neurocysti-
cercosis, cerebral paragonimiasis, neurotrichinosis,
cerebral schistosomiasis, and toxocariasis.3 The most
common fungal cause of eosinophilic meningitis is
Coccidioides meningitis, while potential bacterial causes
include syphilis, tuberculosis, and Rickettsia rickettsii.

Questions for consideration:

1. What is the most likely diagnosis?
2. What treatment would you consider?

GO TO SECTION 5

Table Etiologies of eosinophilic meningitis

Infectious causes of eosinophilic meningitis

Parasites

Angiostrongylus cantonensis

Gnathostoma spinigerum

Baylisascaris procyonis

Taenia solium (Neurocysticercosis)

Paragonimus westermani

Trichinella spiralis (Neurotrichinosis)

Schistosoma haematobium or mansoni

Toxocaria cati or canis (Toxocariasis)

Bacteria

Treponema pallidum (syphilis)

Rickettsia rickettsii

Mycobacterium tuberculosis

Fungi

Coccidioides meningitis

Cryptococcus neoformans or gattii

Noninfectious causes of eosinophilic meningitis

Medications

Ciprofloxacin, ibuprofen, vancomycin, and gentamicin

Malignancies

Eosinophilic leukemia

Hodgkin and non-Hodgkin lymphoma

Autoimmune disorders

Hypereosinophilic syndrome

Neurosarcodosis

Neuromyelitis optica

External devices

Ventriculoperitoneal shunts
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SECTION 5

The patient’s presentation and recent travel to
Hawaii were most concerning for an infectious etiol-
ogy, particularly a parasite. He was evaluated for
noninfectious causes as well with a complete blood
count showing a mild peripheral eosinophilia of
17.5% (normal 0%–6%) but his peripheral smear
and CSF cytology/flow cytometry were unremark-
able for malignancy or abnormal cells. Of the poten-
tial infectious causes, his CSF was tested for bacterial
causes like syphilis, Rickettsia, and Bartonella but had
negative antibodies. He was tested for fungal etiolo-
gies, such as Cryptococcus and Coccidioides (which was
a particular concern given the pulmonary nodules),
but had negative antibodies for both fungi in his
spinal fluid as well as a negative fungal cultures.
His diagnosis was eventually made after 2 separate
CSF samples were sent to the Centers for Disease
Control and Prevention (CDC) for parasitic evalua-
tion—both samples tested positive for A cantonensis
in real-time PCR.

DISCUSSION Prior to confirmatory testing of A
cantonensis, the patient’s treatment was purely sup-
portive and included serial lumbar punctures and
acetazolamide (a carbonic anhydrase inhibitor) for
management of elevated intracranial pressure. Once
confirmatory testing came back, and Coccidioides
infection was no longer a concern, he was started
on a 14-day course of oral prednisone. Overall he
had significant improvement in his headache and
diplopia with resolution of his abducens palsy on
follow-up examination.

A cantonensis, also known as the rat lung worm, is
a nematode that lives in the pulmonary arteries and
alveoli of rats. Its larva can be ingested by mollusks,
particularly snails, and then transferred to humans via
direct ingestion of the uncooked or undercooked
mollusk or ingestion of fresh produce with the mol-
lusk’s slime or larvae.7 It is typically found in South-
east Asia, with the greatest prevalence of disease in
Taiwan, but there are reported cases originating in the
main island of Hawaii.7 The incubation period can
range from days to several months.8 Clinical manifes-
tations are typically headache, neck stiffness, pares-
thesias, increased intracranial pressure, nausea, and
cranial nerve deficits.8 Spinal fluid and serologic anal-
yses typically show an eosinophilic predominant pleo-
cytosis along with a mild to moderate peripheral
eosinophilia. Patients may have findings on brain
MRI of oval enhancing nodules, meningeal hyperin-
tensities, and nerve root enhancement.9 There have
also been reports of pulmonary nodules in the periph-
ery of the lungs, similar to our patient’s CT chest
(figure, D).9 Diagnosis of Angiostrongylus meningitis

can be challenging because there are no commercially
available tests, and the diagnosis is typically made on
the clinical history, supportive laboratory/imaging
studies, and elimination of other possible causes. In
this particular case, CSF was sent to the CDC for
confirmatory testing. Angiostrongylus meningitis typi-
cally has a self-limiting course but can be life-
threatening secondary to elevated intracranial pres-
sure and require serial lumbar punctures. Treatments
with oral corticosteroids have been shown to be useful
in treating the headaches along with serial lumbar
punctures, but antihelminthics have shown no clear
benefit.10
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