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Neurocysticercosis (NCC) is a parasitic infection due to the larval cyst of 7aenia solium.

It is the most common parasitic infection of the central nervous system (CNS) worldwide
and is endemic to Latin America, Asia and Africa. The most common site of infection

in the CNS is the cerebral parenchyma, which accounts for 60-90% of cases. [1] The
most common symptoms are headaches, seizures, and focal neurologic signs. Diagnosis of
parenchymal infection is generally made by visualization of the cysts on neuroimaging.
However, extra-parenchymal CNS infection involving the subarachnoid, meningeal, spinal
and intraventricular spaces can also occur and may have diverse presentations with more
subtle imaging findings.

A 40-year-old male presented to the emergency room of Bascom Palmer Eye Institute with
blurry vision and progressively worsening headaches for six months. Past medical history
was significant for treated latent tuberculosis. He was born in Guatemala and had moved

to the US more than 15 years prior. On exam, his visual acuity was 20/20 in each eye.

Both eyes had dense peripheral field loss to confrontation and bilateral grade 5 papilledema
with hemorrhages (Fig 1a). Magnetic resonance imaging (MRI) of the brain and orbits

with and without gadolinium showed prominent leptomeningeal enhancement, intraocular
protrusion of the optic nerve head, and bilateral flattening of the posterior sclera (Fig.

2). The patient was immediately transferred for inpatient work-up. Acetazolamide was not
initiated at this time due to concern for an infiltrative process. Lumbar puncture (LP) showed
an elevated opening pressure (OP >40cm H,0), glucose <2 mg/dL, protein 108 mg/dL,

and 209 WBC/uL (eosinophils 10%). Given the chronicity of the symptoms, epidemiologic
factors (history of travel through desert regions) and CSF findings, he was suspected to

have chronic fungal meningitis (Coccidiodes). Empiric antifungal treatment was started

with fluconazole. However, extended CSF/serum/imaging studies, including CT Chest, CSF
B-D-glucan, meningoencephalitis panel, CSF and blood coccidioides antibodies, histoplasma
urine antigen, CSF mycobacterium polymerase chain reaction (PCR) and culture, and
cryptococcal CSF antigens were all within normal limits. CSF testing for neurocysticercosis
was not obtained. After being hospitalized for 14 days, he was discharged in stable condition
but did not return for follow-up with ophthalmology.

He presented to our emergency room again one month later due to worsening vision of
both eyes and new onset left hemibody numbness. His visual acuity had decreased to
20/40 in the right eye and remained 20/20 in the left eye with progression of visual field
loss. Papilledema remained grade 5 but with worsening obscuration of major vessels.
Neurological exam was notable for decreased hemibody sensation at the T9-10 level.
Acetazolamide extended release (ER) 500mg twice daily was started immediately and he
was admitted to Univeristy of Miami for further management. A repeat brain MRI with and
without gadolinium revealed worsened pachymeningitis. Thoracic and lumbar spine MRI
with and without gadolinium showed mildly enhancing mid-right anterolateral spinal cord
lesions and enhancement of the pia around the lumbar spinal cord and conus medullaris
(Fig. 3A). Repeat LP showed OP of 44cm H,0 and CSF analysis showed glucose <2
mg/dL, protein 124 mg/dL, and 67 WBC/uL. Due to the high risk of permanent vision
loss, a ventriculoperitoneal (VP) shunt was placed 9 days after the admission. The patient
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reported improved vision, and acetazolamide ER was discontinued one day after VP shunt
placement. Extended CSF studies were unrevealing, including flow cytometry analysis,
VDRL, mycobacterium PCR, Lyme antibodies, and cultures for acid-fast bacilli and fungi.
Antifungal treatment was continued.

Two months later he presented to the University of Miami Hospital emergency room

with abdominal pain, urinary retention, and difficulty ambulating. MRI thoracic spine

with and without gadolinium showed diffuse leptomeningeal enhancement with worsening
fluid collections, rim enhancing lesions, and cord compression (Fig 3B). Biopsy of the
spinal lesions was performed via laminectomy. Histopathology showed intramedullary
neurocysticercosis (NCC) (Fig. 4). He was started on a 3-month course of albendazole,
praziquantel, and prednisone, but discontinued the treatment after 6 weeks on his own.
Despite this, he continued to have significant improvement in his neurological and visual
symptoms. On follow-up 3 months after his initial presentation, his visual acuity was 20/20
in both eyes with significantly improved visual fields and complete resolution of optic disc
edema.

A 40-year-old woman presented with worsening chronic headache that started 4 years
prior. She endorsed new onset left-sided face and cheek numbness. Past medical history
was unremarkable. She was born in Guatemala and moved the the US more than 20

years prior. MRI brain revealed left lentiform nucleus lacunar infarct. Her stroke workup
was unrevealing and she was treated symptomatically for headache. She subsequently had
transient vision loss and double vision for which she was not evaluated.

One year later, the patient returned with worsening headache and blurry vision. Visual
acuity was 20/20 in both eyes, Humphrey visual field testing showed non-specific misses,
and exam revealed bilateral grade | papilledema (Fig 5 D-G). MRI brain and orbits

with and without gadolinium was unrevealing. MRA head and neck and MRV head

were also unrevealing. Lumbar puncture had opening pressure of 35cm H,0O with normal
protein, glucose 31 mg/dL (serum 81mg/dL), 177 WBC/uL (35% lymphocytes, 43%
eosinophils) and 62 RBC/uL. She then developed extremity paresthesias and diffuse
arthralgias. Additional work-up to rule out hyper-eosinophilic syndrome and lymphoma
were unrevealing. Repeat LP had negative cytology and positive cysticercosis IgG, though
this was thought to represent prior infection given the lack of imaging findings. Given
the lack of other diagnosis, she was treated with albendazole 600mg orally twice daily,
praziquantel 1200mg orally three times a day, dexamethasone 5mg three times a day, and
acetazolamide 500mg twice daily.

Over the next three months her symptoms did not improve. Vision declined and papilledema
worsened. Repeat LP’s showed persistently elevated opening pressure and eosinophilia.

The dose of acetazolamide was increased to 1000mg twice daily. Metagenomic next
generation sequencing (MNGS) of the CSF confirmed infection by 7. solium. Repeat

MRI brain with and without gadolinium revealed diffuse leptomeningeal enhancement

and extensive grape-like clusters in the chiasmatic cistern, consistent with a diagnosis
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of racemose neurocysticercosis (Fig. 5A-C). A VP shunt was placed with resolution of
papilledema and improvement in vision. The patient was continued on albendazole and
praziquantel, and anti-inflammatory therapy was escalated with oral prednisone 26mg and
later etanercept 50mg weekly as a corticosteroid-sparing agent (this is an unlabeled use

of etanercept). Acetazolamide was maintained at 1000mg twice daily until completion of
corticosteroid and anti-parasitic treatment, and was limited to this dose due to side effects.
The patient continues to have chronic headaches (severity 1-3/10) that are being managed
symptomatically. Follow up MRIs have shown stable subarachnoid cysts.

Discussion

Extra-parenchymal neurocysticercosis is a rare manifestation of NCC involving the
subarachnoid, meningeal, and intraventricular spaces. It has a slow onset and prolonged
incubation time. Diagnosis can be challenging due to a variable clinical presentation with
initially subtle and non-diagnostic neuroimaging findings. Both of the patients in this report
presented with chronic headache, decreased vision, papilledema, and CSF eosinophilia.
However, diagnosis was challenging and MRI imaging of the brain and orbits were initially
unremarkable. A high clinical suspicion is necessary to recognize this occult disease.
Diagnosis is often further complicated by the extremely long incubation period of racemose
NCC; the median time from exposure to onset is 22.2 years. [2]

Spinal EPNCC, as seen in our first case, is very rare, accounting for 1% to 5% of all

NCC cases. [1] Involvement of the spine can be intra- or extra-medullary, and is thought to
occur via ventriculoependymal migration from the basal cisterns. [3] Cysts may be located
at any spinal level and can cause paresthesias, paraparesis, hemiparesis, and motor ataxia.
[3] Patients with isolated spinal EPNCC may present with blurred vision as their primary
complaint. [4] A constellation of other symptoms such as headache, nausea, vomiting,

and findings of bilateral papilledema, visual field defects, with normal MRI of the brain
may lead to the incorrect diagnosis of idiopathic intracranial hypertension If LP with CSF
analysis is not performed. [4]

Subarachnoid EPNCC, or racemose NCC, as illustrated in our second case, is a particularly
aggressive variant with relatively higher morbidity and mortality due to its tendency to cause
obstructive hydrocephalus. [5] In subarachnoid EPNCC, structurally aberrant, slow-growing
7. solium larvae lacking scolices invade and expand within the brain cisterns. [1, 2] Basal
subarachnoid NCC may also incite a robust inflammatory response leading to arachnoiditis,
vasculitis, nerve entrapment, and stroke. [6] Indeed, vision loss in these cases may result
from a combination of intracranial hypertension as well as inflammation of the optic

nerve and chiasm when encased by inflammatory exudate. [1] Rarely, cysts lodged within
the cerebral aqueduct and cisternal spaces can cause bilateral fourth nerve palsy, facial
myokymia, upbeat nystagmus, periodic alternating nystagmus, and rhythmic oculopalatal
myoclonus. [7]

MRI imaging for the diagnosis of extra-parenchymal NCC can be challenging. Cyst
fluid is very similar to CSF in density, which may impede identification of racemose
cysts where scolices are not present. [8] [9] However, MRI sequences like FIESTA (Fast
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Imaging Employing Steady-State Acquisition) may be particularly helpful in delineating
the cyst wall and membranes. Additional diagnostic approaches include CSF/serum
electroimmunotransfer blot (EITB) assay for the detection of cysticercoid IgG antibody [10],
and quantitative PCR or metagenomic next-generation sequencing (mNGS)-based pathogen
analysis of CSF [11]. Of note, though the EITB assay has a sensitivity of 86%, it does

not differentiate between active and prior infection. [12] Although multiple case series

have been published demonstrating the efficacy of mMNGS in the diagnosis of NCC, [13,

14] its diagnostic performance compared to other assays (such as EITB) remains unclear.
This could be an area of future research. Notwithstanding, the unbiased sequencing of all
microbial DNA fragments within the CSF has been particularly useful in cases of chronic
meningitis of unknown etiology. [15]

Medical therapy is most commonly employed, but there remains no standard of treatment,
even in the most recent guidelines from the Infectious Diseases Society of America [16].
Recent reports suggest combined surgical and medical approaches may have the best
outcome [17], as in the case of our patients, who are stable with only mild residual deficits.
Both albendazole and praziquantel are cysticidal agents commonly used for NCC, and

can be used together, as illustrated in these cases. A prolonged course may be required

for subarachnoid and spinal EPNCC. [1] Additionally, corticosteroid therapy should be
considered prior to initiation of anti-helminthic agents in cases of EPNCC to minimize
inflammatory response. Corticosteroid-sparing agents such as methotrexate and etanercept
have also been employed for this purpose. [18, 19] As demonstrated in the second case,
EPNCC can continue to progress while on antiparasitic treatment. Due to slow and
incomplete response to treatment, directed therapy for high intracranial pressure (ICP)

and hydrocephalus may be necessary. In both cases, acetazolamide was not sufficient and
surgical management was effectively instituted. Secondary complications such as seizures
and headaches may also require targeted therapy.

Acetazolamide has been used for the treatment of secondary intracranial hypertension

in select patients. In a rat model of hemorrhagic stroke, acetazolamide was shown to
increase intracranial compliance and to mitigate ICP spikes, though this did not lead to
improved functional outcomes. [20] In a patient with compromised venous outflow from
the superior sagittal sinus after gunshot injury, acetazolamide in combination with surgical
decompression was successfully utilized to improve flow through the venous system. [21]
Likewise, lumbar puncture and acetazolamide were the initial treatments for dural venous
sinus compression caused by meningioma in a case series of 16 patients. [22] 5 patients
with normal visual acuity and mild visual field change were successfully managed with
acetazolamide alone. In a single case report, acetazolamide resolved papilledema secondary
to primary leptomeningeal lymphoma mimicking idiopathic intracranial hypertension, even
before the initiation of chemotherapeutic agents. [23] However, use of acetazolamide in
patients with secondary intracranial hypertension (and thus a separate primary disease
process) may require careful monitoring of electrolytes, as patients can develop severe
hyperchloremic acidosis. [24] A randomized control trial of acetazolamide for the treatment
of secondary intracranial hypertension due to cryptococcal meningitis was prematurely
terminated for this reason. [24] In retrospect, the patient in our first case may have benefited
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from initiation of acetazolamide therapy immediately after presentation to the emergency
room.

In conclusion, clinicians should consider extraparenchymal NCC in patients with chronic
meningitis who have spent significant time in endemic countries. Immunologic testing and
metagenomic next generation sequencing should be considered in cases with a high clinical
suspicion. Early biopsy may be necessary in cases where laboratory work-up remains
negative.
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Figure 1.
Case 1: Fundus photo taken at initial presentation showing grade V papilledema with

surrounding Paton lines and disc hemorrhage in both eyes (A). Humphrey visual field (30—
2) taken 1 month after presentation showing significant inferior temporal field loss with
enlarged blind spots in both eyes (B).
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Figure 2.
Case 1: MRI brain and orbits with and without gadolinium performed at initial presentation

showing leptomeningeal enhancement (A: Axial with orange arrow, B: Sagittal with yellow
arrows), and perioptic nerve sheath enhancement (C, blue arrows).
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Figure 3.
Case 1: 3A: MRI thoracic spine with and without gadolinium performed 1 month after

presentation showing abnormal increased T2 signal without expansion in the mid-right
anterolateral cord (yellow arrow). 3B: MRI lumbar spine performed 3 months after
presentation showing diffuse leptomeningeal enhancement coating the distal thoracic cord
and cauda equina (dotted line), as well as intrathecal arachnoid loculations within the lumbar
thecal sac (yellow arrow).
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Figure 4.
Case 1: Section of the intradural extramedullary lesion obtained after L2—-L3 lumbar

laminectomy showing cysticercal cysts on haemtoxylin and eosin stain (red arrows).
Magnification 20X.
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Figure 5.
Case 2: MRI brain and orbits with and without gadolinium performed 3 months after

initial presentation. T1 pre-contrast (A) and post-contrast (B) images showing cysts (yellow
arrows) within the subarachnoid space. MRI FIESTA sequence (C) showing multiple
additional cysts in grape-like clusters within the chiasmatic cisterns (yellow asterisks). Optic
nerve appearance by Optos widefield imaging (D upper) and horizontal OCT B-scan (D
lower) at presentation, before VP shunt (E) and after VP shunt (F). Left column is right eye
images and right column is left eye images. Humphrey visual field (30-2) taken at the time
of diagnosis.
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