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Continuing Education Activity

Optic nerve sheath meningiomas are rare benign tumors of the central nervous system. Although they are slow-
growing, their location directly affects the anterior visual pathway and can lead to severe visual loss. Treatment of this
condition is controversial, as the proximity of the tumor to the optic nerve makes it difficult to completely remove it
without causing secondary complications. This activity describes the pathophysiology, presentation, and management
of optic nerve sheath meningiomas and highlights the role of the interprofessional team in caring for affected patients.

Objectives:

Describe the pathophysiology of optic nerve sheath meningiomas.

Describe the presentation of optic nerve sheath meningiomas.

e Summarize the treatment options for optic nerve sheath meningiomas.

Explain the importance of enhancing care coordination amongst interprofessional team members to improve
outcomes for patients affected by optic nerve sheath meningiomas.

Earn continuing education credits (CME/CE) on this topic.

Introduction

Optic nerve sheath meningiomas (ONSM) are rare benign tumors of the central nervous system. Although their growth
is slow but progressive, their location is critical as it directly affects the anterior visual pathway and can lead to a
severe visual loss. Treatment of this condition is still considered controversial, as the proximity of the tumor to the
optic nerve makes it difficult to completely remove without secondary complications and sequelae.[1][2][3][4]

Etiology

ONSM is usually localized in the intraorbital or intracanalicular portions of the optic nerve sheath and originates from
the cap cells of the arachnoid surrounding the nerve. The intraorbital portion is the most common site of origin (92%).
About 95% of ONSM is unilateral. Rare bilateral tumors tend to occur in patients with neurofibromatosis type 2.[5][6]

Most tumors do not have a clear etiology, but they probably have a genetic influence. Meningiomas in particular can
have an association with ionizing radiation and hormonal influences, although, there is not a clear association in
ONSM.

Epidemiology

ONSM constitute about 2% of all orbital tumors and 1% of all meningiomas.[6][7] These tumors, like their
intracranial counterpart, are predominant in middle-aged females. The mean age of presentation is usually less than for
intracranial meningiomas because the visual problems make patients seek examination earlier. Although rare, they
may be found in children but tend to be more aggressive.[8] Pediatric ONSM has an overall prevalence of between
1:95,000 and 1:525,000.[9] Approximately 5-6% of the cases are bilateral and associated with neurofibromatosis type
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2.[6] Of those meningiomas that involve the orbit, only 10% are of primary orbital origin, while the remainders are of
intracranial origin extending into the orbit.[6]

Pathophysiology

These tumors arise from the meningeal cells (arachnoid cap cells) lining the optic nerve sheath. They typically grow
circumferentially around the optic nerve and can significantly compress its pial vascular supply. These tumors tend to
follow the path of least resistance, and as a result of that, they can invade the entire path of the optic nerve, from the
optic canal posteriorly to the globe anteriorly.[7][10][11]

Secondary ONSM is an extension of an intracranial meningioma growing into the orbit. A secondary ONSM is more
common than primary ONSM, but it is not a true ONSM as it do not grow from the cells surrounding the nerve. Some
meningiomas can grow as an en-plaque meningioma along the temporal dura and can easily extend into the orbit
through the optic canal or the superior orbital fissure.

Histopathology

ONSMs arise from the arachnoid cap cells of the optic nerve sheath, and as such are on the inside of the dura. The
tumor typically has a smooth lobulated contour. The optic nerve, which is usually circumferentially encased, gradually
atrophies due to compression. The tumor may grow and extend into the chiasm through the optic foramen. Malignant
transformation is rare.

History and Physical

The natural history of ONSM is characterized by slowly painless and progressive visual loss in the affected eye. If left
untreated, this tumor can lead to complete blindness. Visual loss, optic atrophy, and optociliary shunt vessels is

the classic triad in patients with an ONSM but most patients do not present the three components.[6][12] Proptosis and
resistance to retropulsion are also other signs seen on examination, albeit not always present. Patients can also
complain of transient visual loss associated with eye movement, or what is referred to as gaze-evoked amaurosis.

In the early stages, patients can present with chronic optic nerve edema. This occurs because the tumor compresses the
intraorbital portion of the optic nerve. Eventually, the edema subsides, and optic pallor develops. Optociliary shunt
vessels can develop in about 30% of patients as the optic disc edema resolves. These represent venous collaterals that
are connected to the choroidal circulation. They appear after chronic central retinal vein obstruction, such as in
ONSM, but can also be found in other conditions such as central retinal vein occlusion, optic nerve glioma, and
sphenoid wing meningioma. When vision is affected, there is a relative afferent pupillary deficit in the involved

eye. Visual field defects can be present in the affected eye and are not specific; these can be seen as altitudinal defects,
generalized constriction, or enlarged blind spots.

Evaluation

The diagnosis of ONSM is confirmed with magnetic resonance imaging (MRI), especially with gadolinium-enhanced
fat-suppression sequences. The MRI has become the gold standard for the diagnosis and has obviated the need for
tissue biopsy. On MRI, they appear isointense to grey matter on both T1 and T2 weighted imaging. ONSM is a
sensitive lesion to gadolinium contrast, demonstrating vivid enhancement which contrasts with the non-enhancing
optic nerve. On MRI axial images, it will present with the characteristic "tram-track" sign, which corresponds to the
enhancing outer ONSM encircling the inner non-enhancing optic nerve. On the coronal images, this will be seen as a
"doughnut" or "non-enhancing dot" sign. Typical appearances of ONSMs on imaging are tubular expansion of the
meninges surrounding the optic nerve (62%), globular (23%), fusiform (11%), and focal enlargement of the optic
nerve (4%).[13] An optic nerve glioma will demonstrate uniform enhancement of the optic nerve and will not have the
classic tram track sign.

A computed tomographic (CT) scan of the orbit and head can show the bony anatomy and hyperostosis produced in
secondary tumors. Calcifications can also be seen in the ONSM. CT scans can also demonstrate the classic tram track
sign.

Treatment / Management
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Observation is the acceptable management in cases where the visual function is intact or remains stable, especially in
patients who maintain a central visual acuity of 20/50 or better. Neuro-ophthalmologists will closely follow these
patients with a thorough examination, including serial visual fields and peripapillary retinal nerve fiber layer optical
coherence tomography.[14][15] Repeat MRI every year is recommended.[4][16]

Tumor resection is almost impossible without incurring a severe visual loss, due to the intimal relationship of the
ONSM to the optic nerve. However, surgical resection can be justified in cases of disfiguring proptosis where the
visual function has significantly decreased or in cases of intracranial extension. If the eye with the ONSM is blind and
the tumor is confined to the orbit the patient should be observed as they grow very slowly, although, some surgeons
advocate surgically resecting the tumor to avoid extension to other areas. If the eye is blind and intracranial extension
is present, the tumor and the nerve should be removed. Some authors favor surgical intervention as a primary
treatment not only stop disease progression and reduce the risk of subsequent vision loss, but also, to some extent,
reverse visual deficits that have already occurred.[7]

Transnasal endoscopic optic nerve decompression has been recently proposed and has showed stabilization of the
disease and in some cases improvement from the baseline visual deficit.[17][18]

Conventional radiotherapy has been used both pre-operatively and postoperatively for many years.[3][19] More
recently stereotactic radiotherapy (STR) has been employed as an alternative to surgery, and may well be superior. In
cases where visual function decreases, SRT has become the modality of choice since it delivers the appropriate amount
of radiation to the tumor in a localized fashion. Risks of radiation-induced retinopathy or optic neuropathy are
prevalent.[20][21]

Differential Diagnosis

Differential diagnoses include:

e Adult optic neuritis

¢ Optic nerve glioma

Orbital lymphoma

Orbital metastases

Sarcoidosis[22]

Idiopathic orbital inflammatory disease (orbital pseudotumor)

Prognosis

The mortality risk from ONSM is practically null. If the tumor is left untreated, progressive vision loss will occur. The
tumor produces direct compression of the optic nerve and compromises its vascular supply, and in some cases
infiltrates the optic nerve.[7] Most patients will progress to blindness in the eye. At that point a decision regarding
surgery is assessed. For those cases where expert surgery is performed, there is approximately 33% - 50% chance for
worsening the vision.[7]

Complications

e Permanent vision loss

¢ Proptosis

Intracranial injury after surgery

Cerebrospinal fluid leakage

Extension of the tumor into chiasm

Postoperative and Rehabilitation Care

Neuro-ophthalmology follow up with regular visual acuity examination and visual field testing are recommended.
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An MRI with contrast should be performed every 12 months to assess for growth or recurrence of the disease.

Consultations

e Neurosurgeon

e Neuro-opthalmologist
e Radiation Oncologist
e Neurology

¢ Neuroradiologist

Deterrence and Patient Education

The patient should be educated about the management and prognosis of ONSMs as they are slowly progressive.
Patients need to have clear information so they can make informed decisions about their tumors. Some patients
demonstrate clinical stability despite tumor growth, and some patients have rapid vision loss even without an increase
in tumor size. All patients should be encouraged to have clinical follow-up evaluations.

Enhancing Healthcare Team Outcomes

Optic nerve sheath meningiomas are best managed by an interprofessional team of neurosurgeons, neuro-
ophthalmologists, radiation oncologists, and neurologists. The treatment depends on size, mass effect, and symptoms.
Unfortunately despite optimal treatment, vision loss may be unavoidable in most patients. To improve outcomes,
prompt consultation with an interprofessional group of specialists is recommended.

Continuing Education / Review Questions

e Access free multiple choice questions on this topic.
e Earn continuing education credits (CME/CE) on this topic.

¢ Comment on this article.
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Figures

Psammamo bodies in meningioma. Image courtesy S Bhimji MD
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Optic nerve sheath meningioma: "Tram-track" sign seen in the upper axial contrast-enhanced MRI in a patient with
optic nerve sheath meningioma. The thickened optic nerve sheath enhances showing the tram-track appearance.
Lower coronal MRI shows the "bull's eye" appearance of the optic nerve with a hyperintense ring, again because of
the thickened enhancing optic nerve sheath meningioma. Contributed by Professor Bhupendra C K Patel MD,
FRCS
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