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Objective This study was aimed to review issues relating to the recognition,
radiographic diagnosis, monitoring, and management of primary and secondary optic
nerve sheath meningioma (ONSM).

Design This study is a review of peer-reviewed literature combined with illustrative
case studies.

Participants and Methods A literature search was conducted via the PubMed
database using pertinent search terms. Selected articles were limited to those written
or translated into English. Additional works cited within articles were also included.
Individual cases were drawn from the experience of a tertiary academic neurooph-
thalmic and orbital practice. Tables summarize radiotherapeutic and surgical studies,
excluding single case reports and studies focusing on meningioma of intracranial
origin.

Main Outcome Measurements Review of reported surgical and radiotherapeutic
series is the primary measurement.

Results The natural history of optic nerve sheath meningiomas is primarily charac
terized by progressive ipsilateral vision loss. Diagnosis is typically based on radiograph-
ic imaging findings, with biopsy remaining indicated in some patients. Management
strategies may include observation, radiation, and/or surgical intervention, or a
combination of these approaches. The role of surgery, especially with respect to
primary ONSM (pONSM), remains controversial. Advancement of radiotherapy techni-
ques has shifted modern treatment paradigms in pONSM toward radiation as primary
treatment, as surgical outcomes are inferior in major studies. Although radiation
remains the treatment of choice in many cases, selected patients may benefit from
surgery, especially in the setting of secondary ONSM (sONSM).

Conclusion A wide variety of radiotherapeutic and surgical treatment modalities for
ONSM exist. The specific indications for each management strategy continue to be
redefined.
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Introduction

Primary optic nerve sheath meningioma (pONSM) is the most
common benign primary tumor affecting the optic nerve. Its
site of origin at the neural arachnoid cap cells lends to unique
characteristics that affect its clinical course and treatment
consideration. Its management shares both commonality and
difference with respect to other forms of meningioma that may
primarily or secondarily affect the optic nerve (sONSM).
Radiation treatment remains a mainstay in the treatment of
primary lesions for which visual preservation is a goal. It may
serve as a useful adjunct in tumors which secondarily involve
the nerve, where surgery (including optic canal decompres-
sion) may also be appropriate. Timing of treatment remains a
topic of debate and may require an individualized approach.
Advances such as chemotherapeutic, immunologic, and bio-
logic treatments remain limited and treatments with these
agents are typically reserved for trial, rescue, or compassionate
therapies. Significant improvements in radiation technology
are some of the most important recent advances in care, and
numerous articles describe results of these new highly confor-
mal therapies.

Pearls and Tips

* Conformal divided dose radiation therapy is a main-
stay of treatment when the treatment goal is preser-
vation of vision. It is commonly initiated in the setting
of documented worsening visual function or radio-
graphic progression.

* Visual function may deteriorate in the absence of
radiographic progression and may be related to iso-
volemic compression of the nerve. Therefore, serial
ophthalmic evaluation is a critical component of the
long-term care of patients with ONSM.

* Identification of pPONSM and differentiation from oth-
er lesions is aided by recognizing the delineation of
optic nerve tissue from surrounding tumor, with the
nerve typically of low signal and potentially displaced
or compressed eccentrically within an extrinsic en-
hancing tumor mass. Similarly, pPONSMs tend to extend
into the optic canal, rather than the superior and
inferior orbital fissures which is a more common
finding in secondary tumors affecting the optic nerve.
It may be difficult to differentiate some secondary
types from primary lesions with extraorbital origin.
The latter limitations should be taken into account
when reviewing case series reported in the literature.

» Asmallring or rim of cerebrospinal fluid (CSF) on high-
resolution images such as constructive interference in
steady state (CISS) and other steady-state free preces-
sion (SSPF) images may indicate a dissection plane
in secondary tumors affecting the optic nerve amena-
ble to surgery in contrast to a tumor that infiltrates the
pial vasculature, the nerve tissue itself, or that which
arises as primary ONSM.
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* A limited corticosteroid trial may occasionally be
necessary and appropriate to differentiate ONSM tu-
mor from other infiltrative or inflammatory lesions.

* Biopsy may be necessary in lesions with atypical
radiology or clinical course, and the initial decompres-
sive effect may improve vision but should be supple-
mented with adjuvant radiotherapy in many ONSM.

« It may be difficult to determine if some tumors,
especially those arising from the intracanalicular seg-
ment, are primary or secondarily affecting the optic
nerve. There may be a surgical role in these cases, but
radiotherapy should be regarded as a primary therapy
for intracanalicular and intraorbital segments.

Epidemiology

The pONSMs are rare tumors of the arachnoid cap cells
within the optic nerve sheath, representing approximately
1to 2% of all meningiomas and approximately 2% of all orbital
tumors.'™ pONSMs are the most common benign tumor
involving the optic nerve, accounting for approximately one-
third of all primary tumors of the optic nerve, second to optic
nerve glioma with respect to all primary intraorbital optic
nerve tumors.*~7 Meningiomas affecting the optic nerve
may be divided into following two types: (1) pONSM, arising
from either the intraorbital or intracanalicular portion of the
arachnoid sheath surrounding the optic nerve and (2) sec-
ondary ONSM (sONSM) which typically originate intracrani-
ally and invade the orbit and optic canal secondarily. The
SONSM may develop from the meninges overlying the sphe-
noid ridge, tuberculum sellae, olfactory groove, planum
sphenoidale, pituitary fossa, clinoid, falciform ligament,
frontoparietal region, basal-frontal region, or paranasal
sinuses.81" The concept of primary versus secondary origin
of ONSM is an important one; pONSMs are generally consid-
ered to be poor candidates for resection when vision preser-
vation is a primary goal due to the anatomic relationship of
the tumor cells of origin and the delicate vasculature supply-
ing the tumor.11-13

Overall, sSONSMs are much more common than pONSMs.
In reviewing 5,000 published cases of orbital meningioma,
Dutton found that only 10% had originated from within the
orbit, with the remaining 90% extending into the orbit from
the intracranial space. Of those originating from the orbit,
96% arose from the optic nerve sheath itself, with 4% devel-
oping from an ectopic location inside the orbit."®'! The few
cases of ectopic orbital meningioma that have been reported
in the literature are exceedingly rare, with some authors
questioning their true origin and existence.'*'® In one such
report, Tan et al described the case of what initially appeared
to be an ectopic orbital meningioma based on magnetic
resonance imaging (MRI) imaging findings. However, subse-
quent specialist’s review of the MRI revealed the subtle
finding of a dural tail connecting this lesion to an enhancing
mass within the olfactory groove.'*'> Among pONSMs,
those that arise from the intraorbital portion of the optic
nerve sheath are significantly more common than those
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Fig. 1 (A) Axial T1-weighted, postcontrast MRI from a patient who presented with progressive bilateral visual loss over 2 years, and was found to
have bilateral optic nerve edema and bilateral optic disc shunt vessels on exam. Symptoms were not responsive to a course of corticosteroids.
ACE level and Gallium studies were normal without evidence of sarcoid. Right optic nerve biopsy via superior medial orbitotomy was

nondiagnostic but showed no evidence of inflammation nor granuloma. The diagnosis of bilateral optic nerve sheath meningioma was therefore
presumptive, and treated with 5,040 cGY IMRT radiation in 28 fractions of 1.8 Gy with significant improvement in vision after treatment. (B)
3years later, with stable improved bilateral vision, axial T1-weighted, postcontrast MRI showed persistence of bilateral enhancement supporting
the presumptive diagnosis of bilateral pPONSM. ACE, angiotensin-converting enzyme; IMRT, intensity-modulated radiotherapy; MRI, magnetic

resonance imaging; pONSM, primary optic nerve sheath meningioma.

arising from the intracanalicular portion. In the meta-analy-
sis series by Dutton, only 8% were intracanalicular.! In
addition, although ONSMs are typically unilateral, 5% may
be bilateral.'® (~Fig. 1A, B). While bilateral ONSMs are
often found in patients with neurofibromatosis type 2 (NF2),
these lesions have been reported in patients without NF 2 in
several studies.'-®16-19

Though the distinction between pONSM and sONSM
carries important therapeutic implications, it must be noted
that it may be difficult to clinically and radiographically
differentiate between the two.3:1%2021 This shortfall is also
apparent in the literature which skews some reports and
further complicates our understanding of the differences
between them. Just as SONSMs may originate intracranially
and then spread within the subdural plane to involve the
optic nerve sheath, pPONSMs may originate within the intra-
orbital or intracanalicular portions of the optic nerve sheath
and then spread proximally to involve the intracranial space.
Thus, a given sONSM extending into the optic canal may be
similar in appearance to an intracanalicular pONSM that
extends intracranially. Similarly, the true pathological devel-
opment of bilateral ONSMs is not entirely understood. Dut-
ton also found that approximately 50% of patients with
bilateral ONSMs displayed tumor extending across the pla-
num sphenoidale, continuous with both ONSMs' (~Fig. 2A-
C) This finding calls into question the true origin of bilateral
ONSM, and has led several authors to postulate that bilateral
ONSMs may actually be the result of skull base meningiomas
that have grown to involve the bilateral optic
nerves.®7:16:17:22-24 1y 3 serjes of 88 patients with ONSM,
Saeed et al note that due to involvement of the planum
sphenoidale in two of their total of four patients with
bilateral ONSM, they were unable to determine if the tumor
originated from one optic canal and extended into the other,
or if the tumor actually developed at the planum and then

extended into both canals from that point.'® Furthermore, in
the series by Dutton, 65% of the bilateral ONSMs were
intracanalicular (and 38% of intracanalicular ONSMs were
bilateral), while only 5.7% of the unilateral ONSMs involved
the optic canal.’ This further supports the possibility that at
least some bilateral ONSM may represent intracranial me-
ningiomas that invade the bilateral optic canals (sSONSM), or
ONSM with unilateral primary origin that subsequently
spread to the contralateral optic nerve (pONSM); as opposed
to those which originate bilaterally and separately.’-®-16:17
These are important factors to consider, both when review-
ing the literature, and when approaching an individual
patient. Indeed, this distinction has treatment implications,
as pONSMs are “true” ONSMs, originating from the cells
surrounding the nerve and therefore generally unresectable
without damage to the nerve.

ONSMs occur more commonly in females (a finding
common to meningiomas in general) and have been known
to increase in size during pregnancy and during the men-
strual cycle.!"#6:16:25.26 It 5 estimated that 55 to 85% of
PONSMs occur in females and typically present in patients
at approximately 40 years of age on average, generally
between the ages of 30 and 50 years.'>*°26-28 | the study
by Dutton, 61% of patients were female, representing a
female-to-male ratio of 3:2, comparable to the female pre-
ponderance known for intracranial meningioma, and the
average at presentation was 40.8 years overall (42.5 years
in females and 36.1 years in males, with a range of 3-80
years)."”-?% These figures are similar to those noted in other
studies.*>7-16:28.30 Notably, the age at presentation is slight-
ly younger on average than that of intracranial meningioma,
which generally present after the fifth decade of life. #6231
Male patients may also present at younger ages; in a review
of 50 patients, Wright et al found the median age at symptom
onset to be 30 years of age for males and 42 years of age for
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Fig. 2 (A-C) Axial (A, B) and coronal (C) T1-weighted postcontrast MRI images from 63-year-old male patient with 5-year history of no light
perception in the right eye, and left eye visual acuity worsening from 20/20 to finger counting over the course of 1 year. Patient was found to
have secondary intraorbital ONSM with extension from tuberculum sellae and planum sphenoidale affecting both optic nerve sheaths. Biopsy
revealed lymphoplasmacyte-rich meningioma. He subsequently underwent modified orbitozygomatic, pretemporal transcavernous approach
for resection of intradural anterior skull base tumor, and left optic nerve decompression. This rare form of meningioma may be confused with
idiopathic hypertrophic pachymeningitis and other entities in which surgery may have a role as well asimmunomodulators, and corticosteroids
may have a role in long-term therapy. MRI, magnetic resonance imaging; ONSM, optic nerve sheath meningioma.

females.?® In addition, bilateral ONSM typically present at
even younger ages, often in the first decade of life (mean age
at symptom onset 12.8 years in Dutton)."®2> Other risk
factors for ONSM include history of NF2 and exposure to
ionizing radiation."’

Pediatric Optic Nerve Sheath Meningioma

Pediatric optic nerve sheath meningiomas represent approx-
imately 2 to 4% of ONSMs overall."> ONSM is known to be
associated with NF2, with an overall incidence of 2 to 8% in
patients with NF2.1:27-28:32.33 Approximately 28.3 to 33% of
pediatric patients with pONSM are ultimately found to have
NF2, and they present with ONSM at younger ages.27 In
reviewing 70 previously published cases of pediatric pPONSM,
combined with 8 of their own, Narayan et al found that 29% of
patients had been diagnosed with NF2, and for many of them,
their pONSM was the first manifestation of NF2.3* The
incidence of ONSM in NF2 patients, in screening 467 NF2
patients (children and adults) for tumors affecting vision, Li
et al report that 3.6% of patients were found to have pPONSM
with a median age at diagnosis of 14.33 Given the high
prevalence of NF2 in children with ONSM, several authors
recommend that any child found to have ONSM should be
evaluated for NF2.27-34

In addition, it is important to recognize that the natural
history of pediatric pPONSM may be more aggressive than the
adult form, with an increased risk of progression, intracranial
extension, and visual loss?”>>=37 (~Fig. 3A-H). In a study of
88 patients, Saeed et al found that 53% of patients aged 30 or
younger had intracranial disease, and the average volume of
the intracranial component of the tumor was 829 mm®. By
comparison, only 25% of patients aged 16-65> and 17% of
those 61 and older had intracranial extension, with average
tumor volumes of 344 and 41 mm, respectively.'® In a study
of eight pediatric patients by Narayan et al, out of six patients
who were managed conservatively with observation, four
(67%) demonstrated worsening of vision at follow-up. Only
two patients had good vision at presentation and did not
experience tumor progression. In addition, when combining
their cases with those they reviewed from published litera-

ture, the authors note that 27% of patients (12 out of 44) had
intracranial disease at the time of presentation, and 31% (5
out of 16) of patients treated with surgery who initially did
not have intracranial disease later developed intracranial
extension posttreatment.>* By contrast, it is estimated that
only 20% of adult patients with ONSM ultimately develop
intracranial disease.'?”-3* Historically, several authors have
favored surgical resection of ONSM in children given this
aggressive behavior, including those who recommended
complete resection of tumor and optic nerve, as well as
exenteration in cases of orbital spread.?”-3® However, there
has been a shift away from surgery in recent years due to the
high rate of surgical morbidity.?” In addition, despite the fact
that ONSM may behave more aggressively in children, there
is an absence of evidence to suggest that age has any bearing
on tumor-related mortality (which is negligible) or visual
prognosis in the contralateral eye."-?” Narayan et al conclude
that pediatric patients with good vision at presentation
should be managed conservatively with observation as
some pONSM in children may not progress. However, radia-
tion treatment should be considered in those who do expe-
rience progression.?’>* They also caution that greater
research is needed to investigate the complications of radia-
tion in children, as radiation treatment has been known to
cause the development of additional benign or malignant
tumors (including meningioma) that may present many
years later and may be more aggressive than their sporadic
counterparts.>*3%40 In addition, the potential pituitary dys-
function that may result from radiation may cause additional
problems unique to the pediatric population.?’

Case Presentation: Progressive Intracranial
and Orbital Extension in a Child Without NF2

An 11-year-old girl initially presented with an orbital mass
causing 6 mm of proptosis, but preserved visual function
without obvious optic nerve dysfunction, and was subse-
quently diagnosed with presumptive left-sided ONSM. Orig-
inal MRI images were recovered (~Fig. 3A). Lost to follow-up,
she returned for medical attention 4 years later at the age
15 years, having progressed to 14 mm of left proptosis, mild
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Fig. 3 (A) Axial T1 postcontrast fat-suppressed MRI, obtained at initial presentation at age 11 years, demonstrates a posterior orbital left
enhancing mass originating from the optic nerve and infiltrating the orbit without significant prechiasmal involvement. (B) Fundus photograph
of the involved left optic nerve demonstrating mild left disc swelling worse at the superior and nasal nerve, with deep nasal optociliary shunt
vessel present (arrow). (C) A visual field prior to proton beam conformal therapy shows a dense cecocentral scotoma. (D) Axial T1 postcontrast
fat-suppressed MRI obtained 4 years after initial presentation demonstrates significant tumor progression, extending intracranially through the
left optic canal and orbital fissure, spreading along the falciform ligament and prechiasmal optic nerve. (E) Coronal T2 fat-suppressed MRI
identifies the inferiorly displaced nerve as distinct from the surrounding tumor, albeit the CSF ring is absent on this cut but visible more anteriorly
(not shown). (F) Axial fat suppressed T2 MRI, further revealing the optic nerve distinct from surrounding tumor, although with only a small CSF
outline. (G) Axial T1 postcontrast fat-suppressed MRI postirradiation showing left central low signal, thought to represent radiation necrosis. (H)
OCT shows an elevated nerve fiber layer and smaller optic cup seen with disc edema. The temporal nerve fiber layer appears pathologically
thinned consistent with the central scotoma demonstrated by visual field testing. CSF, cerebrospinal fluid; GHT, glaucoma; MD, mean deviation;
MRI, magnetic resonance imaging; NEG, negative; OCT, optical coherence tomography; OS, oculus sinister (left eye); OD, oculus dexter (right
eye); PSD, pattern standard deviation; POS, positive; SITA, swedish interactive thresholding algorithm; VFI, visual field index.
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Fig. 3 (Continued)

optic disc edema with subtle cilioretinal shunt vessel of her
optic nerve (=Fig. 3B), ipsilateral cecocentral scotoma
(=Fig. 3C), depressed color vision, and 20/30 visual acuity
in the affected eye. MRI at this time showed significant
orbital and intracranial extension of her pPONSM. The tumor

had progressively extended intracranially through the left
optic canal and orbital fissure and spread along the falciform
ligament and prechiasmal optic nerve (=~Fig. 3D, 3E, 3F).
Because of the rapid progression, the patient subsequently
underwent anterior orbitotomy with biopsy of the orbital
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component of the deep orbital tumor. Histopathologic anal-
ysis confirmed meningothelial meningioma (grade I) with
focal hypercellularity, with small cells and high nuclear-
cytoplasmic ratio, immunoreactive to vimentin, and EMA
(epithelial membrane antigen). K;-67 proliferative index was
less than 1%.

After considerable multispecialty discussion which also
involved neurosurgical consultation, the patient then under-
went proton beam treatment rather than further orbital or
intracranial debulking. Her course was complicated by 3 to
4 months of steroid-dependent painful increasing proptosis,
related to radiographically diagnosed presumed intraneural
necrosis, (=Fig. 3G) with steroid responsive extraocular
muscle myositis, as well as further increase in orbital tumor
mass. Over the next 6 months, her course stabilized without
further clinical or radiographic progression. Her visual acuity
remains 20/25 approximately 1 year following radiotherapy
(RT), with improved although asymmetric color vision, per-
sistent central scotoma, persistent restricted extraocular
motility, and resolved optic disc head swelling replaced by
mild optic pallor. Optical coherence tomography (OCT)
shows improved swelling of the left nerve head, with mild
loss of the temporal nerve fiber layer bundle consistent with
mild optic atrophy (~Fig. 3H).

Unique Considerations in Children
With regard to NF2, one must consider that these patients
may also carry an increased risk of radiation-induced malig-
nancy, as well as the fact that individuals with childhood-
onset NF2 may display a particularly aggressive form of
disease.3*14? Furthermore, the clinical and visual monitor-
ing of pediatric patients including those with NF2 may
present unique challenges, often requiring the need for serial
MRI under anesthesia. A variety of electrophysiologic moni-
toring techniques, including flash and pattern visual-evoked
potential (VEP), may be useful, especially in monitoring
preverbal children.*?

While the utility of multifocal VEPs (mfVEPs) in monitor-
ing ONSM has not been extensively studied, a recent study by
Jayanetti et al reports that mfVEP was able to detect changes

Solli, Turbin

in optic nerve function that correlated with vision loss and
preceded visible changes on MRI in three NF2 patients (five
eyes) with ONSM. The authors suggest that mfVEP may
represent another useful tool to monitor visual function in
patients with NF2, particularly in children who may not
tolerate frequent MRI.** Unfortunately, mfVEP remains lim-
ited in availability, compared with other more common
forms of monitoring that are appropriate in children able
to sit for the evaluations. Various forms of automated and
manual static and kinetic perimetry, as well as OCT are
standard tools in ophthalmic practice in the adult popula-
tion, whereas in children, the visual field is less reliable, and
the OCT has no well-established norms in this age group.
Change from baseline may be helpful to judge clinical pro-
gression. Usually at the time of presentation of these tumors,
unlike optic nerve glioma, the child is old enough to perform
some of these tests.

Bilateral ONSM may present in the first decade of life or
shortly thereafter (average was 12.8 years in Dutton’s re-
view)."®2% As a result, some authors have recommended
that bilateral ONSM to be considered in the differential
diagnosis of children presenting with unexplained vision
loss. Nickel et al presented a case of a child initially present-
ing at the age of 4 years whose vision had severely deterio-
rated by the time she was 10 years. Although MRI was
initially normal, it eventually demonstrated bilateral optic
nerve atrophy, and further MRIs were suggestive of bilateral
pONSM. However, by the time the diagnosis was made, the
patient had little vision left.® Because ONSM imaging and
clinical presentation may mimic other lesions, and the clini-
cal course may be particularly aggressive in children, chil-
dren with unexplained visual loss attributed to unilateral or
bilateral optic nerve disease require a thorough and prompt
evaluation (~Fig. 4A-C).'8:27:34.36,37,45-47

Clinical Findings

The classic presenting triad of progressive vision loss, optic
nerve atrophy and presence of optociliary shunt vessels, with
or without unilateral optic disc edema on fundus examina-
tion, has been described as pathognomonic for ONSM. While

Fig.4 (A, B) Axial (A) and coronal (B) T1-weighted MRI images, and intraoperative photograph (C) from a 12-year-old female patient with longstanding no
light perception visual loss and proptosis of the left eye. Patient also had a history of NF1. The axial T1-weighted image demonstrates expansion and kinking
of the intraorbital optic nerve extending to the left prechiasmal segment through an enlarged optic canal. The orbitocranial resection specimen
demonstrates the entire nerve and prechiasmal area is expanded on the left. Histologic analysis confirmed meningothelial hyperplasia with micro-
calcification, (as demonstrated on the coronal T2 image), which may simulate meningeal involvement of an optic nerve sheath meningioma. In other
imaging sections, one could confirm that the substance of the nerve was enlarged and expanded as well distinct from the arachnoid hyperplasia, which is an
important finding for differentiation of meningioma from optic nerve glioma asin this juvenile pilocytic astrocytoma with Rosenthal fibers. Photo courtesy of
Dr. Paul Langer and Dr. Neena Mirani. NF, neurofibromatosis; MRI, magnetic resonance imaging.
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observation of this triad in an individual patient should
prompt further evaluation for possible ONSM, few patients
present with all three of these findings.®”-'>1%48 The most
common presenting feature of ONSM is a progressive decline
in both visual acuity and associated visual field. Visual field
deficits and decreased color vision are also frequent symp-
toms.'-6:10:16:26.28.30 1y 3 study by Dutton, 96% of patients had
decreased visual acuity. Visual field deficits were found in
83%, with peripheral constriction in 35%, central, centrocecal
and paracentral scotomas in 29%, altitudinal defects in 16%,
and increased size of blind spot in 13%." Transient visual
obscurations are also frequent findings, occurring in 13 to
23% of patients.?®3%49 These may be spontaneous, gaze-
evoked, and are occasionally precipitated by postural
changes.®-28:30:50.51 Gaze-evoked transient visual obscura-
tions are thought to be ischemic in origin.>?> While orbital
pain may occur, vision loss is typically painless. Visual
decline occurs gradually over time; it is typically present
for 1 to 5 years prior to presentation, and may progress to
blindness in the affected eye.!-6:7:2>-26:28 | addition to visual
symptoms, external signs such as proptosis and chemosis are
frequently observed.'®1"-28 Proptosis is seen in 30 to 68% of
patients and is typically mild, although it can become severe
in some patients.>234° In a series of 50 patients, Wright et al
found 36% to have proptosis, with a median of 2.0 mm, with a
range of 0 to 11 mm.?3 In a series of 22 patients by Sibony
et al, transient visual obscurations were the presenting
symptom in 23% of cases.3? Strabismus and ocular motility
problems may also develop, and their origin is more often
mechanical in nature than the result of cranial nerve dys-
function, especially in pONSM (although both may oc-
cur)."1026:49 a5 specific symptoms may include
headache and seizure.!!

On examination, optic atrophy and/or edema of the optic
disc are common; the result of compressive optic neuropathy
caused by the tumor (=Fig. 5A). Overall, the vast majority of
patients (98% in the large series by Dutton) will show at least
one of these findings.!”” Optic disc edema may progress to
atrophy over time, and those with optic disc edema generally
have better visual acuity than those with atrophy.'?-30:4
Afferent pupillary defect is also a common finding, observed
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in 86 to 93% of patients.'%394%>3 Optociliary shunt vessels
have been historically known as a hallmark of ONSM, and are
part of the classic presenting triad (=Fig. 5B), though they
are found in fewer than one-third of patients. These repre-
sent dilated collateral venous channels that connect the
central retinal vein with the underlying choroidal circula-
tion, and are caused by chronic compression of the central
retinal vein, preventing venous return.'%48 Notably, shunts
are associated with other disease entities such as central
retinal vein occlusion, pseudotumor cerebri, optic disc dru-
sen, optic nerve arachnoid cyst, chronic glaucoma, and optic
nerve glioma, as well as other causes of chronic papilledema,
and have also been described as congenital in origin or as a
possible normal finding in some patients.>*~>® Shunt vessels
may also regress with treatment (~Fig. 6A-D) and may also
develop in the absence of observed optic disc edema
(~Fig. 7).

With regard to the classification of ONSMs, in 2003, Schick
et al introduced a classification system based on tumor
location. Type-I ONSM are pure intraorbital, with Ia lesions
demonstrating flat extension around the optic nerve, Ib
lesions taking the form of a mass growing concentrically
around the nerve causing proptosis, and type Ic lesions
demonstrating exophytic growth from the nerve. Type-II
ONSM are located within the orbit and extend through the
optic canal or superior orbital fissure. Type-Ila lesions are
described as intraorbital tumors that grow through the optic
canal, while type-IIb lesions involve the orbital apex and
superior orbital fissure and may infiltrate the cavernous
sinus in some cases. Type-III lesions originate intraorbitally
and demonstrate >1cm intracranial extension, with type-
Illa lesions extending to the chiasm, and type-IIIb lesions
involving the chiasm extending to the contralateral optic
nerve and planum sphenoidale. The pattern of intracranial
extension may be described as diffuse or nodular.>’>%

Diagnosis

The diagnosis of ONSM is typically made on the basis of an
appropriate clinical presentation supported by typical imag-
ing findings, although biopsy is performed in some cases,
some clinicians may discourage its use to prevent iatrogenic

Fig.5 (A)Righteye fundus photograph from patient with right-sided ONSM, demonstrating moderate temporal optic atrophy with narrowing of segmental
components of retinal arteries on the disc (arrows), but no disc swelling nor optociliary shunt vessels seen in the classic triad. This optic atrophy is
indistinguishable in this case from optic atrophy caused by other etiology. (B) Fundus photograph of left optic disc of a patient with pONSM, mild disc edema
(curved arrow) and subtle nasal deep optociliary shunt vessel (arrow). ONSM, optic nerve sheath meningioma; pONSM, pONSM, primary ONSM.
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Fig. 6 (A-D) Fundus photographs (from same patient as in =Fig. 1). Top images demonstrate low grade right (A) and left (B) optic disc edema
and shunt vessels (arrows) supportive of bilateral ONSM. Bottom images demonstrate significant regression of right (C) and left (D) optic disc
edema and previously dilated shunt vessels after radiation therapy. ONSM, optic nerve sheath meningioma.

Fig. 7 A fundus photograph of the right optic nerve in a patient with
pONSM shows prominent optociliary shunt vessels (arrows) and optic
atrophy without the presence of known optic disc edema. Itis possible
disc edema may have regressed prior to observation. pPONSM, primary
optic nerve sheath meningioma.

visual morbidity, as well as to avoid instances of intraorbital
spread from the biopsy site which are occasionally
reported.®384%33:59 Only atypical-appearing lesions need
be biopsied.

MRI Imaging Techniques

High-resolution orbital and brain MRI is considered a stan-
dard technique in the radiologic evaluation for ONSM.%10-60
Identification of these tumors frequently requires modern

high-magnetic field strength (at least 1.5 tesla), contrast-
enhanced, and T1-weighted MRI with fat suppression of the
orbit.

CT Imaging Techniques

Orbital computed tomography (CT) remains a readily avail-
able and useful tool with potential selected benefits over MRI
in some scenarios. Orbital and brain CT are particularly
sensitive to the detection of calcification, are excellent for
defining optic canal and surrounding bone anatomy, and are

of significantly shorter test duration than MRI imaging as
well.213,16,19

Nuclear Imaging

The role of nuclear studies including radiolabeled receptor
ligand imaging remains in evolution, and various techniques
may help differentiate meningioma from other inflammato-
ry lesions in atypical cases, as well as to provide a gauge of
relative clinical activity in treated patients.'®®1-%¢ Nuclear
imaging techniques, such as positron emission tomography
(PET) and single-photon emission computerized tomogra-
phy (SPECT), may be of occasional utility. While several
radiotracers have been studied in the imaging of intracranial
meningiomas, radiolabeled somatostatin receptor ligands
may be the best suited for evaluation of these tumors.%4-56
The most commonly used somatostatin receptor ligands
used in PET imaging for meningiomas overall include®®Ga-
DOTANOC, %8Ga-DOTATOC, and %8Ga-DOTATATE (each
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Fig. 8 Avid radiotracer uptake in a biopsy proven incidental WHO grade-lI planum sphenoidale meningioma, in a patient undergoing ®¥Ga-
DOTATATE PET study for metastatic neuroendocrine tumor. Image courtesy of Dr. Nasrin Ghesani.

labeled with Gallium-68; ~Fig. 8).%% Due to the overexpres-
sion of somatostatin receptors (subtype 2, SSTR2) in menin-
giomas, the use of these ligands in PET imaging provides
strong tumor-to-background contrast, resulting in high sen-
sitivity for the detection of meningioma tissue.®>67-68 The
sensitivity of this imaging technique has been found to be
higher than that of MRI in some studied; Rachinger et al
found ®®Ga-DOTATATE to have a sensitivity of 90%, while MRI
had 79%.5° In addition, these ligands have demonstrated
superior specificity as radiotracers by comparison to other
somatostatin receptor ligands studied in meningioma, in-
cluding ""'Indium-labeled octreotide.?®%° Although more
data are available regarding nuclear imaging for intracranial
meningiomas, rather than ONSM specifically, several authors
have reported on the use of somatostatin receptor analogs
and PET imaging for tumors of the optic pathway.%870-72
Klingenstein et al reviewed the cases of 13 patients with
ambiguous lesions of the optic pathway, and found that %8Ga-
DOTATATE PET/CT was able to identify 10 meningiomas, with
100% sensitivity and specificity, successfully differentiating
these tumors from the remaining three lesions.”® In a retro-
spective series of 26 patients with ONSM, somatostatin
analog PET/CT was used in 85% of patients for RT planning.
Interestingly, the authors note that out of five patients whose
visual acuity worsened post-RT, two demonstrated low
radiotracer uptake on PET imaging, and consider that these
patients may have been misdiagnosed with ONSM. The
authors thus recommend the use of PET imaging to confirm

diagnosis of ONSM to ensure proper patient selection and
suggest that when PET findings are atypical, biopsy may be
considered.”?

In a prospective case series, Saeed et al evaluated the
results of SPECT imaging with '!'Indium-labeled octreotide
in 26 orbital meningiomas (including 14 ONSMs), reporting a
sensitivity of 100% and specificity of 97.2% for ONSM.” The
use of SPECT has also been described in several case reports
in which the authors note that this imaging modality enabled
them to confirm the diagnosis of ONSM when the etiology of
vision loss was either unclear or previously misdiagnosed,
allowing the patient to avoid biopsy.”*’> SPECT/CT may also
be used to track treatment response after radiation of
ONSMs.”>7® Andrews et al utilized '''In-octreotide in
SPECT/CT for six patients treated with radiation, observing
decreased radiotracer uptake posttreatment in all patients.”®
Overall, while not intended to replace MRI as the primary
imaging modality used in diagnosis of ONSM, nuclear imag-
ing techniques may provide assistance in discriminating
between ONSM and other types of lesions, perhaps avoiding
a potentially vision-damaging biopsy. Nuclear imaging may
also be used to assess tumor control.

Imaging Findings

Typically, ONSMs appear as a homogeneously enhancing
mass surrounding the optic nerve in a sheath-like manner,
globular, or alternatively, in an eccentric position to the
nerve'%1672.76 (_Fig. 9A, B). Five distinct patterns of optic
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Fig.9 Axial (A) and coronal (B) T1-weighted, fat-suppressed, contrast-enhanced MRl images from a patient with biopsy-proven left ONSM. Axial
image shows the mass lesion of the intraorbital segment of the left optic nerve, which is hypointense on T1 sequence, enhances following
contrast administration, and is isointense on T2 sequence (not shown). It measures approximately 1.2 cm in transverse and anteroposterior
dimension. The coronal image of the posterior orbit shows the enhancing lateral tumor is separate from the medial compressed left optic nerve.
MRI, magnetic resonance imaging; ONSM, optic nerve sheath meningioma.

nerve enlargement may be observed, the distribution of
which are well illustrated in a retrospective series by Saeed
et al; of 74 optic nerves, the tubular configuration was by far
the most common (62%), followed by the globular form
characterized by growth outside of the nerve sheath (23%).
Less common was the fusiform pattern (11%) with focal
enlargement of the optic nerve being the least common (4%).

Several classicimaging features associated with ONSM have
been described, including the imaging sign known as “tram-
tracking” (=~Fig. 10). The meningioma appears as a thin medial
and lateral line of bright soft tissue enhancing signal on CT or
MRI.2613.78-80 Of hjstorical interest, the bright signal in non-
contrast-enhanced CT or tomograms represented linear calci-
um as a two-dimensional (2D) axial projection of calcium that
may be circumferential in position. (~Fig. 11A, B). Calcifica-
tions associated with ONSMs may also produce a tram-track-
ing appearance on either side of the optic nerve on CT imaging
without contrast.”®8% Tram-tracking has been described as a
useful sign with regard to differentiating between ONSM and
optic nerve glioma. The latter is associated with intrinsic
enlargement of the glial elements of the nerve rather than
the subdural elements of the meninges of the former.”%80-81
However, this “classic tram track” finding is not observed in all
patients with ONSM and may be present in other infiltrative

Fig. 10 Axial T1-weighted, fat suppressed postcontrast MRl images
of a left primary ONSM with tram-tracking enhancement in the mid
and posterior segment (arrows) of the left intraorbital optic nerve.
MRI, magnetic resonance imaging; ONSM, optic nerve sheath
meningioma.

optic nerve disease such as sarcoid®? (~Fig. 12A, 12B). Calci-
fications on CT are also considered as a common imaging
finding in ONSM. In the aforementioned study by Saeed et al,
calcifications were observed in 31%. Interestingly, the presence
of calcifications was associated with slower tumor growth,
although did not correlate with visual prognosis or intracranial
disease.!® In general, MRI with contrast is considered to be of
greater utility than CT in evaluating ONSM due to its superior
ability to resolve the soft tissues and is the best imaging study
with regard to the identification and recognition of ONSM
(~Fig. 13A).

One rare imaging finding associated with ONSM (particu-
larly intracanalicular ONSM) is that of pneumosinus dilatans,
referring to the appearance of enlarged, pneumatized eth-
moid, and/or sphenoid sinuses on imaging studies.**-83.84
The exact cause of this phenomenon, as well as the mecha-
nism by which it may cause vision loss, remain unknown.
However, sinus obstruction, inflammation, and congenital
abnormality have been suggested as possible reasons for this
excess pneumatization, and it may potentially cause optic
neuropathy due to compression on the nerve by a pneuma-
tized cell containing air or mucosa.®> Due to its association
with ONSM, several authors recommend that patients with
worsening vision loss who are found to have pneumosinus
dilatans on imaging studies should be evaluated for possible
ONSM, as this may be an “early sign” of the disease, occurring
before the development of visible tumor growth.83-8°

Case Presentation: Chronic Orbital Vascular
Lesion with Calcification Mimics ONSM

A 41-year-old man without visual complaint underwent CT and
subsequent orbital MRI imaging at the time of a motor vehicle
accident. A left orbital lesion was discovered and subsequent
discussion with the patient suggested a many year history of
intermittent episodes of transient left orbital congestion and
proptosis. He had normal visual acuity of 20/20 and visual field
testing. The lesion in the posterior orbit appeared distinct from
the optic nerve, blending with the left lateral rectus. Although
ONSM was a diagnostic consideration, his findings were more
consistent with a chronic venous or mixed orbital vascular
malformation with focal calcification (~Fig. 13A-C).
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Fig. 11 (A, B) Axial T1-weighted, postcontrast MRl images of right biopsy proven primary ONSM with tram-tracking enhancement (arrows). The
more diffuse complex enhancement (arrowhead) seen in the anterior right-sided aspect of the nerve in (B), if occurring at the correct angle,
begins to suggest linear extension along the nerve. MRI, magnetic resonance imaging; ONSM, optic nerve sheath meningioma.

Fig. 12 (A) Axial T1-weighted, postcontrast MRI image shows bilateral “tram tracking” (arrows) of the intracanalicular segments of both optic
nerves typical for intracanalicular ONSM. This case of biopsy proven neurosarcoid was associated with an elevated ACE level at 100, and lacrimal
gland biopsy with noncaseating granulomas. (B) Axial T1-weighted, postcontrast MRI image of the same patient 14 years later shows durable
complete resolution of the tram tracks after immunosuppressive treatment. ACE, angiotensin-converting enzyme; MRI, magnetic resonance

imaging; ONSM, optic nerve sheath meningioma.

Fig. 13 (A) Noncontrast orbital axial CT image of the same lesion reveals scattered calcifications (arrow indicates large calcification) in the left retrobulbar
space at the edge of the lesion, which may be seen in meningioma as well as venous orbital lesions such as this. (B) Noncontrast coronal T1 image without fat
suppression demonstrates a left-sided lesion (arrow) in the posterior orbit distinct from the optic nerve, blending with the left lateral rectus (LR). In other
areas of the orbit it was more difficult to separate the lesion from the optic nerve sheath complex. In this non-fat suppressed image, the bright signal of the fat
serves to help delineate the nerve (asterisk) which is of normal size, separate from the lesion. (C) Coronal T1-weighted, postcontrast MRl images demonstrate
a diffuse enhancing lesion extending from the optic nerve sheath complex, infiltrating the orbit between the nerve, superior rectus levator complex and
lateral rectus. It would be too difficult to differentiate this vascular malformation from an ONSM on this image. CT, computed tomography; MRI, magnetic

resonance imaging; ONSM, optic nerve sheath meningioma.

Ophthalmic Monitoring

In most cases of pPONSM and sONSM, preservation of visual
function is a primary goal. Clinical progression should be
measured with timely and repeated assessment of visual func-
tion by an ophthalmologist to follow chronic potentially pro-
gressive life-long optic neuropathy. The determination of best
corrected visual acuity, color vision assessment and static or
kinetic visual field monitoring are all considered standard in the
long-term serial assessments necessary in the care of the ONSM

patient. These various techniques are widely available and
accepted but beyond the scope of this discussion. However,
worth mentioning, an evolving and useful imaging modality in
the evaluation and monitoring of the visual function in ONSM is
OCT. Using OCT to measure the thickness of the retinal nerve
fiber layer (RNFL) enables the clinician to quantify the extent of
optic atrophy observed on examination which may assist in
selecting treatment and predicting and monitoring re-
sponse.>’28% In a study of 12 patients (14 eyes) with anterior
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visual pathway meningiomas, Loo et al found that patients with
normal pretreatment peripapillary retinal nerve fiber layer
thickness (PRNFL) demonstrated significant improvement in
visual acuity, color vision, and visual fields posttreatment,
whereas those with thin pretreatment PRNFL did not improve;
the prognostic value of OCT may be useful but we have also
experienced patients who have improved despite thin RPNFL.
Conversely, normal measurements of PRNFL may occur in the
setting of anatomically thinned PRNFL with concurrent active
swelling. Greater duration of symptoms prior to treatment was
also noted to be an independent predictor of decreased im-
provement posttreatment.2® This kind of prognostic informa-
tion may guide choice of treatment, as significant loss of the
RNFL and ganglion cell layer generally indicates likely irrevers-
ible damage. Eckert et al reported using OCT as part of their
diagnostic workup for all patients in their series of 26 who were
treated with RT for ONSM. The authors state that preserved
RNFL loss in the absence of ganglion cell layer (GCL) loss on OCT
supported the indication for radiation treatment in these
patients, as this would indicate potential for functional improve-
ment, even when associated with poor vision pretreatment.
Patients with significant RNFL and GCL loss without useful
vision in the affected eye underwent monitoring of visual
function in the contralateral eye, only undergoing treatment
if this was affected (note here we used the two terms peripapil-
lary retinal nerve fiber layer thickness and retinal nerve fiber
layer thickness as these authors used them in their original
papers; however, these refer to the same structure).”?

Diagnostic Dilemmas

Multiple authors have illustrated similarities between ONSM
and a wide variety of other radiographic mimics, with reports of
ONSM most commonly misdiagnosed as optic neuritis (includ-
ing acute papillitis and retrobulbar optic neuritis), perineuri-
tis,*>46-87-89 and infiltrating disease affecting the nerve sheath
complex such as optic nerve sarcoid (which is also frequently
misdiagnosed as ONSM),8220-%4 lymphoma, and optic nerve
glioma,®>® as well as other solitary orbital tumors such as
cavernous hemangioma,63 solitary fibrous tumor, and schwan-
noma. In addition, a variety of other causes of optic atrophy,
optic disc vasculitis, retinal disease, optic nerve drusen, as well
as ischemic optic neuropathy, are also clinical culprits.#>4
Dilation of the optic nerve sheath, referred to as dural ectasia,
optic hydrops, or patulous nerve sheath (~Fig. 14) may be a
normal finding, may be seen in cases of increased intracranial
pressure, as well as in cases harboring an occult compressive
lesion, and lead to diagnostic confusion.’’ Furthermore, there
have been reports of lesions including optic nerve glioma,®®
orbital melanoma,?® metastatic squamous cell carcinoma from
the uterine cervix,' metastatic breast carcinoma,'®’ and
immunoglobulin (Ig)-G4-related disease'®? that were initially
diagnosed as ONSM. This diagnostic mimicry contributes to the
frequent misdiagnosis of ONSM. In a retrospective chart review
of 35 patients with ONSM seen at a single neuroophthalmology
practice over a period of 15 years, 71% of patients were initially
misdiagnosed, and did not receive a correct diagnosis for an
average of 62.6 months (standard deviation [SD]=89.25
months). Improper differential diagnosis was felt to play a

Solli, Turbin

Fig. 14 STIR axial MRI image in a patient with dural ectasia of the
optic nerves, with severe bilateral optic nerve sheath dilatation/
ectasia and flattening of the globes. STIR, Short-T1 Inversion Recov-
ery; MRI, magnetic resonance imaging.

role. Delay in diagnosis led to vision loss in 64%, as well as
unnecessary laboratory tests in 48%, and unnecessary lumbar
puncture in 20%.* Ineffective treatment with steroids (for
presumed optic neuritis and temporal arteritis) occurred in
24% and has also been reported in other studies.*>**®72 Notably,
of 16 patients who ultimately received a correct diagnosis after
being referred to the authors’ institution, 11 patients had
received misinterpreted MRI results (five due to interpretation
by nonneuroradiologists and six due to lack of proper orbital and
contrast enhanced sequences).*> Failure to perform adequate
imaging of the optic nerve has also been reported in other cases
of misdiagnosis.*®#” These studies highlight the importance of
maintaining adequate clinical suspicion for ONSM when appro-
priate, as well as the importance of performing the correct
diagnostic evaluation for ONSM. Failure to perform a thorough
evaluation in a patient with ONSM may not only result in
continued unexplained vision loss but also may progress to
blindness; it may also result in unnecessary and potentially
invasive testing, as well as the administration of ineffective
treatment (such as corticosteroids). However, in the setting of
atypical clinical presentation or progression, a brief corticoster-
oid trial may be warranted prior to consideration of biopsy.2"1%3

Case Presentation: Chronic Inflammatory
Demyelinating Polyneuropathy-Mimicking
ONSM

A 56-year-old woman was referred for evaluation of bilateral
proptosis with resistance to digital globe retropulsion. She
had a history of resection of multiple “Morton’s neuromas”
and suffered from a relatively severe distal motor and
sensory peripheral neuropathy. MRI imaging of the brain
and orbit revealed bilateral perineural enhancing lesions
along the optic nerves simulating bilateral optic nerve
meningiomas (~Fig. 15A), bilateral enlarged lacrimal nerve
cysts (=Fig. 15B), as well as infiltration of both cavernous
sinus, Meckel’s caves, and adjacent structures (~Fig. 15C).
Despite the suggestion of potential NF2-related bilateral
ONSM and bilateral lacrimal area schwannoma, subsequent
multiple biopsies confirmed hypertrophic neuropathy of
chronic inflammatory demyelinating polyneuropathy
(CIDP) mimicking NF2 manifestations. Intraoperative
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Fig. 15 (A)Axial T1 postcontrast fat-suppressed MRl demonstrating bilateral perineural enhancement (arrows) at the junction of both optic nerves and globes
with subtle enhancement of the nerve sheaths suggestive of tram-tracking. In fact, this is a surgically confirmed mesh of enlarged ciliary nerves. (B) T1 axial
noncontrast MRI demonstrating enlarged low signal lesions (outlined by arrows) against the background of orbital fat, later biopsy proven to be fluid filled cystic
change associated with hypertrophic frontal nerve branches of CIDP. Bundles of enlarged, hypertrophic nerve branches (asterisks) are also visible within the
subcutaneous tissue. (C) Coronal T1-weighted MRI revealing infiltration of bilateral cavernous sinuses, Meckel’s caves and adjacent structures (asterisks indicate
tumor). (D) Kronlein’s lateral orbitotomy allowed access to the enlarged orbital cyst (asterisk) extending from underneath the orbital rim, which originated from
a terminal branch of the frontal nerve, as well as the perineural tissue at the junction of the optic nerve and globe (see =Fig. 15F). (E) Endoscopic intraorbital
photograph of the cyst (C, cyst) originating from the branching point (asterisks indicate nerve branches) of a hypertrophic supraorbital division of the frontal
nerve, against the background of the orbital roof. (F) Intraoperative photograph shows tangles of enlarged posterior ciliary nerves (asterisks) at the junction of
the optic nerve and globe (G, globe; OF, orbital fat). The optic nerve would be deep to these tangles; however their enlargement obscures the nerve (the ciliary
nerves are not normally visible in this setting). Biopsy of a ciliary nerve confirmed hypertrophic neuropathy from CIDP. (G) Scanning electron microscopy of the
same patient’s sural nerve, which shows duplication of Schwann’s cell process (arrowhead), multiple nuclei (arrow), and nearly complete loss of myelin with
severe loss of axons. CIDP, chronic inflammatory demyelinating polyneuropathy; MRI, magnetic resonance imaging.

intraorbital endoscopic photograph obtained via a Kronlein
lateral orbitotomy after drainage of a large cyst associated
with the supraorbital branches of the nerve (~Fig. 15D, E),
allowed for a biopsy of the tangles of enlarged posterior
ciliary nerves simulating bilateral ONSM. Biopsy of the cystic
lesion and ciliary nerve confirmed biopsy proven enlarged
posterior ciliary nerves (~Fig. 15F). Electron microscopy of a
sural nerve biopsy showed findings of advanced CIDP
(~Fig. 15G). Case previously published in 2013.1%4

Case Presentation: Schwannoma-Mimicking
OSNM

A34-year-old woman complained of proptosis and blurry right
vision. She was found to have normal visual acuity of 20/20 but

a prominent afferent pupil defect consistent with an optic
neuropathy. Orbital imaging revealed a solitary left orbital
mass (=Fig. 16A). Further inspection could delineate the lesion
from the optic nerve (~Fig. 16B) and T2 sequences showed
areas with mixed signal (=Fig. 16C). In addition, the tumor
appeared to widen the superior orbital fissure rather than the
optic nerve, supporting a peripheral nerve tumor rather than
primary involvement of the optic nerve. A resection was
planned, and subtotal resection of the tumor confirmed a
schwannoma with s-100 positive spindle cells in a storiform
pattern and verocay bodies consistent with schwannoma.

Natural History, Goals of Treatment, and Indications
ONSM are generally benign, slow-growing tumors associated
with ipsilateral visual loss. They arise from the arachnoid cap
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Fig. 16 (A) T1-weighted axial MRl without contrast reveals a large right intraconal mass largely replacing the orbital fat, with posterior extension
initially believed to involve the optic canal. (B) T1-weighted coronal MRI with contrast without fat suppression delineates the tumor (asterisk) as
being distinct from the optic nerve (arrow), which is displaced superolaterally. (C) Axial T2-weighted MRl images show a mixed tumor with hyper
intense and hypointense signal with sparing at level of the right optic canal. MRI, magnetic resonance imaging.

cells of the meninges surrounding the optic nerve (the optic
nerve sheath) in pONSM and from the intracranial dura in
SONSM."-®10 These tumors invade the orbit and optic canal by
spreading through the subdural space, frequently surrounding
the optic nerve in a circumferential fashion. Growth may
extend through the nerve sheath, obliterating the pial blood
supply where compression may result in ischemia, disruption
of axonal transport, and demyelination.”-'®>’ Additional is-
chemia results when an ONSM grows to obstruct the central
retinal artery and/or vein.? In some cases, tumor infiltrates the
substance of the nerve or optic disc.”’ Furthermore, some
PONSMs may also extend intracranially, occasionally spread-
ing to the optic chiasm, and contralateral optic nerve.%2>2
Progressive growth, causing direct neural compression
with ensuing optic atrophy, vascular compromise, and/or
direct infiltration of the nerve leads to progressive vision loss
in most untreated cases.”>'%> Thus, the primary goal in
treating optic nerve sheath meningioma is generally preser-
vation of ipsilateral vision.”13 Secondary treatment goals
include confirmation of histologic diagnosis or assessment of
histologic tumor grade, as well as treatment or prevention of
intracranial spread, contralateral vision loss, diplopia, dis-
figuring proptosis, ocular surface exposure, neurotrophic
ocular ulceration, pain, and other cosmetic deformities.
Although some patients may maintain stable visual func-
tion without treatment, many will ultimately suffer worsen-
ing vision loss as time goes on. Dutton reported that 86% of
patients whose tumors were simply observed over time
(follow-up range: 1-7 years) ultimately suffered worsening
vision loss.! In another major series, Saeed et al reviewed the
cases of 88 patients (92 eyes), 39 of whom were managed
with observation alone, 47 underwent surgery, and 6 were
treated with RT. Overall, in monitoring patients’ visual acuity
changes either during their observation period or prior to
treatment initiation (mean follow-up duration: 7.2 years),
the authors found that of 45 eyes presenting with a visual
acuity of 20/50 or better, 71% retained this at a mean follow-
up of 5.2 years, while 29% worsened. Of those who worsened,
31% deteriorated to 20/50 to 20/200, 46% to 20/200 or less,
and 23% to no light perception. These results suggest that a
substantial proportion of individuals with good vision at
presentation may remain stable for several years; however,
the authors note that as the duration of observation
increases, so does the number of patients who will ultimately

decline. Notably, of patients followed for 5 years or more,
only 29% were able to maintain visual acuity of 20/50 or
better (compared with 71% overall).'®

With regard to radiation treatment, better outcomes have
been associated with higher visual acuity at presentation, as
well as the absence of optic disc abnormalities (such as optic
atrophy) that may indicate irreversible damage.”>%-112 This
may influence the choice to initiate treatment versus manage-
ment with observation. Seemingly a priori, visual outcomes
are improved if ONSM can be stabilized before irreversible
damage occurs. Timing of treatment, on the other hand,
depends on a variety of factors including efficacy, durability,
expense, and possible morbidity. Accordingly, patients with
normal vision and those with mild deficits who have not
shown clinical progression may be managed via careful obser-
vation for progression, with several authors recommending
treatment initiation after there has been a documented de-
cline in visual function. Several suggest a visual acuity of 20/40
or 20/50 as a threshold.>16-53.105.112.113 we prefer to depend
on detection of clinically reproducible decline that correlates
to a symptomatic decline in the vision or visual field as an early
indication to treat in our practice. However, the timing of
treatment initiation remains controversial, particularly with
regard to radiation, as emerging evidence suggests initiating
treatment prior to significant visual decline may result in
better outcomes,'06-108.110-112.114 nye to the potential for
rapid decline, close visual and radiographic follow-up is rec-
ommended. Jeremic and Pitz caution that while observation
may be an appropriate approach for some patients, the longer
one waits to initiate treatment, the greater risk there may be to
those patients whose vision will ultimately worsen, with fewer
chances to preserve any remaining vision with treatment.'
There is also evidence indicating that certain prognostic
factors such as preoperative visual acuity, symptom duration,
and anatomical characteristics may influence surgical out-
comes.>”>8116-118 These may ultimately influence both surgi-
cal timing and the decision to recommend surgery in a given
patient.

Several series comparing different treatment modalities
have reported superior outcomes for patients treated with RT
alone, in comparison to those treated with surgery, or a
combination of surgery and RT.>>'"3119.120 Many cases of
surgical resection of pONSM have been associated with
immediate postoperative visual loss, generally attributed
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toiatrogenic injury to the pial blood supply of the optic nerve
or vasospasm of the vasa nervorum caused by manipulation
of the nerve."”%10:12.13 gome patients who suffered fluctu-
ating perioperative progressive visual loss may be responsive
to corticosteroid and/or antivasospastic therapy. Given the
overall high rate of surgical morbidity, combined with docu-
mented efficacy RT, there has been a paradigm shift away
from surgery toward RT in the modern era, particularly for
patients with good vision at presentation. As a result, surgi-
cal resection is generally reserved for patients with signifi-
cant intracranial involvement that may impact the optic
chiasm or contralateral optic nerve, which is more common
in SONSM, patients with severe proptosis and/or ocular pain,
or those that are already blind in the affected eye particularly
in whom en bloc resection is considered.'-?13-28:121.122
However, there have been some recent reports indicating
favorable outcomes after bony optic canal decompression
and orbital decompression, with or without tumor
resection,57:58.116-118,121

It is important to note that surgical goals may vary between
patients with useful vision and those who have progressed to
blindness. Surgery in blind patients remains controversial,
given that the mortality risk from ONSM is generally negligi-
ble; in the large series by Dutton et al, tumor-related mortality
was 0% for ONSM."?® While some authors have recommended
resection for blind patients with the goal of preventing intra-
cranial extension, intracranial disease does not develop in all
patients, and modern imaging techniques are relatively sensi-
tive to early detection.® 328 Furthermore, it remains unclear
how intracranial extension ultimately changes prognosis, par-
ticularly in the absence of reported mortality.'® Surgical
resection should be reserved for patients with severe disfig-
urement or clear evidence that intracranial extension is likely
to affect the contralateral nerve, chiasm, or hypothalamus.

Itis also important to note that while diagnosis of ONSM is
generally based on clinical and imaging findings due to the
morbidity associated with biopsy, not all ONSMs present in a
typical fashion.*>*® While biopsy of ONSMs does carry risk,
including iatrogenic injury to the nerve, or orbital tumor
spread, it may be necessary to obtain a tissue diagnosis.??-?8

Overall, given the clinical sequelae and multiple possible
treatment options available for patients with ONSM, multiple
specialties may be involved in the diagnosis and treatment of
these patients. These tumors are optimally managed by an
interdisciplinary team of ophthalmologists (including neuro-
ophthalmologists and orbital specialists), radiation oncologists,
neurosurgeons, medical oncologists, and neurologists.zg'n’103

Treatment

The Evolution of Radiotherapy

The acceptance of RT as the primary treatment for ONSM is a
relatively new development. Prior to the 1980s, the develop-
ment of radiation as a treatment modality in ONSM was
hampered by concerns regarding potential radiation toxicity,
as well as the historical widely held idea that meningiomas are
radioresistant.'®123-124While the first report of radiation used
as primary treatment for ONSM was by Byers in 1914 (who

Solli, Turbin

credited McReynolds), it was not commonly used until Smith
et al reported it as effective in the treatment of pPONSM in five
patients.”"124125 subsequently, other favorable reports on the
use of conventional RT began to emerge.'”’-113:124 |n 1992,
Dutton et al summarized the results of 12 published cases,
reporting improvement of visual acuity in 75% patients, sta-
bility in 8%, and worsening in 17% (follow up range: 2-6
years).! Since that time, radiation therapy evolved into multi-
ple modalities used in the treatment of ONSM, including three-
dimensional (3D) conformal radiation therapy (CRT), intensity
modulated radiation therapy (IMRT), stereotactic fractionated
radiotherapy (SFRT), and radiosurgery; each of which offers its
own advantages.

One study that played a critical role in demonstrating the
superiority and durability of radiation therapy over surgical
resection was published by Turbin et al in 2002. In this study
of 64 patients, 18 were treated with radiation therapy alone
(4,000-5,500 cGy conventional multiport or conformal ex-
ternal beam), 12 with surgery alone, 16 with a combination
of radiation and resection, and 13 with observation alone.
The authors found that 44.4% of patients treated with RT
alone showed improved visual acuity, although 33.3% expe-
rienced radiation-related complications, albeit frequently
mild and self-limited. However, most importantly, visual
acuity declined and tended toward blindness in all groups
except the RT-only treatment cohort. In addition, the com-
plication rate for patients treated with RT alone was signifi-
cantly lower than that of patients treated with RT plus
surgical resection (62.5%), as well as those treated with
resection alone (66.7%). This further illustrates the superior-
ity of RT used in isolation without resection, as patients
treated with both still ultimately did worse. Furthermore, the
mean follow-up time was 150.2 months, supporting the
long-term efficacy of radiation treatment. The authors rec-
ommend that radiation to be considered as initial treatment
in selected cases, as soon as the patient demonstrates new
visual deterioration.> Similar results have been reported in
other studies.'®113:11%.120 13 2011, Adeberg et al followed-up
a total of 40 patients prospectively, comparing those treated
with SFRT alone (19 patients) and those treated with surgery
plus SFRT postoperatively (21 patients). The authors found
that of the 15 patients treated with RT plus surgery who had
preexisting vision loss, 3 (20%) improved. By comparison, of
the 12 patients treated with RT alone who had preexisting
vision loss, 9 (75%) improved, further demonstrating that
radiation treatment alone is likely the safest option for most
patients. Notably, the authors also found that with regard to
specific aspects of SFRT associated with better outcomes,
patients treated with higher planning target volumes (PTV)
were more likely to show improvement in visual
function.’?® ~Table 1 summarizes studies published since
1988 that examine the safety and efficacy of RT for ONSM.

3D Conformal Radiotherapy

Over the years, the use of conventional external 2D RT has
given way to the development of CRT.'** Types of CRT
involved in treating ONSM include 3D-CRT, IMRT, and ste-
reotactic fractionated radiotherapy (SFRT), the latter two of
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which developed from and built upon the advantages of 3D-
CRT.® The major advantage of this RT modality is that it
distributes its radiation dosage conformally over the target
volume. This is accomplished via the utilization of radiation
beams targeted at the lesion from multiple directions that
reflect the lesion’s shape. During treatment planning, critical
structures are specifically outlined, so that they may be
excluded from radiation as much as possible. This enables
more complete tumor coverage and decreased radiation-
related complications.'2%127

Studies examining the use of 3D-CRT have generally
demonstrated favorable results in terms of visual outcome.
Some cases of dramatic visual recovery after 3D-CRT have
beenreported; in one such case, although the patient’s 3-mm
proptosis and moderate ophthalmoplegia did not improve,
her visual acuity improved from 20/200 to 20/30, and her
visual field deficits resolved almost completely, remaining
stable at 2-year follow-up." 28102003, Narayan et al reviewed
the outcomes of 14 patients treated with 3D-CRT, reporting
that 86% patients had stable or improved visual acuity, and
14% (two patients) had worsening visual acuity. Tumor
control rate was 100% and effects of late toxicity were
acceptable and relatively minor.>® Similarly, in 2013, Adams
et al reported on the outcomes of 17 patients, 16 of whom
underwent 3D-CRT (one remaining did FSRT). Vision either
remained stable or improved in 89% of patients with a tumor
control rate of 100%. Effects of acute and late toxicity were
also relatively manageable. Interestingly, although not a
statistically significant finding, the authors note that median
time from onset of symptoms to start of RT tended to be
shorter for those whose visual acuity remained stable or
improved (18 months) by comparison to those whose vision
worsened (62 months), suggesting that earlier treatment
may be beneficial. The authors also note that while other
authors have studied more recently developed treatment
modalities due to their specific advantages, the study of 3D-
CRT remains relevant, as technology such as IMRT/SFRT are
not available at all institutions.'%’

In a more recent study of 16 patients with pONSM across
four centers, Pandit et al specifically evaluated the long-term
treatment outcomes of fractionated 3D-CRT by analyzing
data from patients with at least 10 years of follow-up. After
receiving a mean cumulative radiation dose of 50 Gy over
26.9 sessions on average, 88% of patients showed improved
or stabilized visual acuity. Notably, 69% had an acuity of at
least 20/40 at final follow-up, including two patients who
dramatically improved from a pretreatment visual acuity of
20/200 in one, and 20/300 in the other. Visual fields
remained stable in all patients for whom this data were
available (10 patients). Tumor control rate was 100%. Radia-
tion-related complications were also relatively infrequent.
Two patients had worsening vision, one caused by retro-
bulbar optic neuropathy attributable either to effects of
radiation or lack of treatment response, and the other due
to radiation-induced retinopathy. One other patient (total of
two) developed radiation retinopathy; however, the patient
did not suffer a change in visual acuity as a result. It is worth
mentioning that the duration of follow-up in this study was

© 2021. Thieme. All rights reserved.
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particularly long (mean: 14.6 years, range: 10.5-20.7), lend-
ing strength to the authors’ findings.'?°

In general, 3D-CRT has been found to produce good out-
comes in the majority of patients. In our review of the litera-
ture, we identified seven articles and one abstract containing
patients treated with 3D-CRT, published between 1999 and
2019, excluding case reports (~Table 1).3%3:107.109.112,129,130
Of these, four full-text articles focused primarily on 3D-CRT
(three exclusively and one with 3D-CRT as the primary treat-
ment modality).3>107-199.129 These represented a total of 55
patients, including 58 eyes (38 specifically referred to as
PONSM), with RT occurring postoperatively in two patients.
Stable or improved visual acuity was reported in 86 to 91% of
patients. Duration of follow-up ranged from 4.3 to 14.6 years
(median or mean value). Tumor control rates were 100% in all
patients, with no studies reporting radiographic progression,
and some reporting decreases in tumor size. Rates of acute and
late-onset radiation toxicity have been relatively low. Of late
toxicity events, radiation-induced retinopathy occurred in a
total of three patients (with only one experiencing worsening
visual acuity), presumed radiation-induced optic neuropathy
in one patient, dry eye in seven patients, cataract in four
patients, orbital pain in one patient, and “optic disc atrophy”
in two patients.3>197:199:129 pandit et al aptly point out in their
study that while approximately one-third of patients in the
2002 study by Turbin et al experienced radiation-induced
complications (the majority of whom were treated with
conventional RT), the advent of 3D-CRT, particularly which
is administered in multiple fractions, has greatly improved the
safety of radiation treatment for ONSM and has decreased the
frequency of radiation-induced complications.”>1%°

Intensity-Modulated Radiation Therapy
Building upon the principles of 3D-CRT, IMRT allows for
modulation of the dose delivered to different regions within
the selected radiation field using a computer algorithm, thus
improving errant dose to critical structures and increasing
the delivered dose to targeted areas. In addition, it produces
good conformality and allows for the use of a sharp dose
gradient, thus further preventing radiation toxicity in sur-
rounding tissues.'’®'27 By contrast, SFRT administers a
uniform dose to the selected field.'%® Various series have
demonstrated the efficacy of IMRT in treating intracranial
meningioma, some of which have included small numbers of
ONSM cases.''"133 Other studies focusing on ONSM have
included small numbers of patients treated with IMRT and
have shown promising results,'0%112:134.135

While studies dedicated to IMRT in ONSM are limited, there
have been several recent studies supporting the efficacy of this
treatment.’>106.114.136-138 |y 3 recent series from Germany,
Eckert et al evaluated the outcomes of 26 patients treated with
IMRT. At a median follow-up of 2.2+0.5 years (range: 3
months-8.6 years), visual acuity improved in 9 patients
(35%), stabilized in 12 patients (46%), and worsened in 5
patients (19%). Visual fields improved in 14 patients (54%),
stabilized in 8 patients (31%), and worsened in 2 patients (8%);
this information was unavailable for the remaining two
patients. Overall, visual function was improved in 16 patients

Solli, Turbin

(62%), stable in 6 (23%), and worse in 4 (15%) at final follow-up.
Increased age at treatment start time was associated with
worse visual outcome; all patients who showed worsened
visual acuity were older than the median age of 48.3 years in
this group of patients. In addition, sheath-like tumor growth
was associated with better visual field outcome than fusiform
growth. Two patients (8%) experienced radiation-related tox-
icity; one with radiation-induced optic neuropathy and the
other with retinopathy. No patients experienced tumor
growth on follow-up imaging. Notably, seven patients with a
pretreatment visual acuity of less than 0.1 (worse than 20/200)
demonstrated statistically significant improvement, indicat-
ing that even patients with severe vision loss may benefit from
this treatment modality.”?

Overall, our literature review identified eight articles and
two abstracts containing patients treated with IMRT pub-
lished between 1999 and 2019, excluding case reports
(=Table 1). Of these, four of focused on IMRT (two exclusively
and two with IMRT utilized in a majority of
cases).72-106.108,109,112,114,134,135,137,138 These studies com-
prised a total of total of 55 patients (55 eyes, 5 specifically
referred to as pPONSM), with RT-delivered postoperation in 1
patient. Objectively stable or improved visual function was
reported in 70 to 100% of patients, with tumor control rates
of 100%. Median duration of follow-up ranged from
23 months to 4.2 years. Patients with long-lasting damage
due to radiation toxicity were few, with radiation-induced
retinopathy occurring in three patients, radiation-induced
optic neuropathy in one patient, ischemic optic neuropathy
in one patient, and cataract in one patient.”2106:114.137 1
addition, several authors also emphasize the importance of
the timing of RT, given emerging evidence to suggest that
treatment initiation prior to the development of optic disc
abnormalities may result in superior outcomes.’2106:114

Stereotactic Fractionated Radiotherapy
SFRT has emerged as the most frequently studied form of
radiotherapy in the treatment of pONSM and is considered
the treatment of choice for ONSM at many institutions. In
SFRT, the target lesion undergoes stereotactic localization,
enabling the highly precise delivery of the prescribed radia-
tion dose to the target volume, while avoiding critical
structures. In general, this is of great utility when treating
pathologies, such as ONSM, in which critical structures are in
very close proximity to the tumor.'?7-13°

In one of the largest series on SFRT, including 109 patients
(113 eyes, 37 pONSM, and 76 SONSM), Paulsen et al reported
that after 5 years of follow-up, visual acuity was preserved in
90.9%, visual fields were preserved in 90.9%, and ocular
motility was preserved in 94.9%. The tumor control rate
was 98%. Statistical analysis indicated that radiation dose
may predict tumor control (54 vs. <54 Gy) but does not
predict visual acuity, visual fields, ocular motility, or pitui-
tary function outcomes. Interestingly, outcomes did not vary
significantly between those with pONSM versus those with
SONSM. Given the excellent visual outcomes in these
patients, the authors recommended SFRT as standard treat-
ment.'%® With regard to long-term treatment outcomes of
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SFRT for pONSM, Brower et al reported on 15 cases of ONSM,
the majority of which were treated with SFRT (13 SFRT, 1
IMRT, and 1 2D 1-2 fields), with a median follow-up of
12 years, the longest for all studies on SFRT identified in our
literature review. Visual acuity was stable or improved in 87%
of patients, and tumor control rate was 100% (93% stable in
size and 7% decreased). Two patients (13%) had worsening
vision due to radiation-induced retinopathy.108 Broadly,
these studies support the safety and efficacy of SFRT.

To summarize, our literature review identified a total of
25 articles (case reports excluded) containing patients
treated with SFRT with 19 focusing on SFRT (17
exclusively, 2 with a majority of patients receiving
SFRT).’6:103.108,110,111,119,120,140-151 These comprised a to-
tal of 484 patients, including 497 eyes (230 pONSMs and
118 sONSMs), 142 of which had a history of surgery (not
including biopsy) during their treatment course. Stable or
improved visual function was reported in 76.8 to 100% of
patients, with 12 out of 19 studies reporting improvement
rates of over 90%. Tumor control rates approached 100%,
with several authors reporting decreased tumor size. Fol-
low-up duration ranged from 20 months to 12 years (mean
or median value), with five studies reporting at least 5 years
of follow-up. Toxicity rates were acceptable in the majority
of studies. Late toxicity events included radiation retinopathy
in 10 patients.”6-103.108.110.111,119,120,140-151 Aqditionally, one
study stated that radiation-induced optic neuropathy could
not be ruled out in 11 patients who had worsening vision.'%>
Endocrine disturbance was reported in a total of 13 patients
from two studies; one of which noted that their three patients
with resulting endocrinopathy ended up receiving doses of
>45 Gy to the sellar region (above which pituitary dysfunction
may occur).148 In the other study, the authors noted that of
their 10 patients with endocrine disturbance, 81.3% had
normal endocrine function after 5 years.'>1>' Other signifi-
cant late events included pain in 29 patients, fatigue in 11,
alopeciain 8, sensorylossin 7, hyperlacrimationin 3,dry eyein
3, vitreous hemorrhage in 2, cataract in 2, and optic neuritis in
1.76.103,108,110,111,119,120,140-151 Ope serjes included a patient
who developed multiple meningiomas 10.9 years post-RT.!"
Overall, while radiation toxicity remains of significant con-
cern, the majority of patients in these studies demonstrated
visual improvement after SFRT. The safety and efficacy of this
treatment modality is further supported by the large number
of patients collectively represented in these studies, as well as
the long follow-up duration of several.

Stereotactic Radiosurgery

Stereotactic radiosurgery (SRS) has also emerged as a treat-
ment option for ONSM in recent years, with Gamma knife
and CyberKnife among the most commonly used systems. In
general, SRS has been avoided as an RT modality for ONSM
due to concern that the higher radiation doses required for a
given fraction may cause injury to the optic pathway. As a
result, some have considered SRS as a treatment modality
only to be used in patients with very severe vision loss and/or
postoperative patients.>®'? However, several recent reports
have included patients receiving SRS as primary treatment in
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the absence of severe vision loss.'*?~'>* Advantages of SRS
include the fact that it offers very strong conformality and
tight dose distribution, potentially minimizing irradiation of
surrounding critical structures to a greater extent than other
modalities. It can also be delivered in a single session or a
small number of fractions (note treatment can have up to a
maximum of five sessions to still be considered SRS).® While
Gamma knife and CyberKnife may be comparable in terms of
dose coverage and level of conformality, there is some
evidence to suggest that Gamma knife may offer a steeper
dose gradient, making it potentially superior in terms of
sparing of the surrounding tissues.'”® However, CyberKnife
offers the advantage of real-time image guidance, and the
absence of the rigid head frame used during Gamma knife
allows for a greater number of possible trajectories.'>>1>®

In one of the largest series to date, Liu et al. evaluated
treatment outcomes for 30 patients treated with Gamma
knife radiosurgery, 9 of whom had had prior resection. Mean
tumor volume was 3.6cm® (1.4-9.7cm?), and the mean
prescription peripheral dose was 13.3Gy (range: 10-17
Gy). After a median follow-up of 56 months, visual acuity
improved in 11 patients (37%), stabilized in 13 patients
(43%), and worsened in 6 (20%). Follow-up imaging demon-
strated tumor progression in two patients; the remainder
showed either stable size or decrease in size. No late radia-
tion-toxicity events were reported. Given the long duration
of follow-up for these patients, this study supports the
relative long-term efficacy in treating ONSM.">* Other small
series and case reports have demonstrated relatively compa-
rable results, several patients demonstrating significant
improvement.'>2-154.157

Overall, our literature search identified five articles con-
taining ONSM patients treated with SRS, with three focused
exclusively on SRS (excluding case reports, as well as one
study reporting on three patients who were also later
included in case series by Romanelli et al).!34.146.152-154.156
These three studies represented a total of 56 patients (in-
cluding 39 pONSMs), 22 of whom had a history of prior
surgery. Visual function was reported as stable or improved
in 80 to 100% of patients. Duration of follow-up ranged from
30 to 74 months (mean/median values). With regard to late
toxicity, one study reported mild optic neuropathy that
improved with steroids in one patient; the others did not
report any late radiation-induced complications.'>?-1>%
While these studies have supported the benefit of SRS for
ONSM, this treatment modality has been less extensively
investigated than others, and further study will be required
to further evaluate its safety and efficacy.

Proton Beam Radiotherapy

Proton beam radiotherapy (PBRT) has been used to treat a
variety of intracranial tumors, including meningioma.>%1>°
This modality produces highly conformal radiation; studies
on the use of PBRT in the treatment of intracranial meningi-
oma suggest that by comparison to 3D-CRT and IMRT, the use
of protons may improve target coverage, as well as decrease
the integral radiation dose to nontarget tissues. This may be
beneficial with regard to decreasing the risk of radiation-
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induced toxicity, as well as the risk of developing secondary
radiation-induced tumors; however, this potential clinical
benefit will require further investigation.'>3-160

Few studies have focused on examining outcomes of PBRT
in treating ONSM. In 2009, Arvold et al reviewed the cases of
25 patients, 9 of whom were treated with PBRT, 13 of whom
were treated with SFRT, and 3 of whom were treated with a
combination of both modalities. Overall, of 22 patients for
whom data were available, 21 (95%) had stable or improved
visual acuity at a median follow-up of 30 months (range:
3-168 months), with 1 patient worsening. All demonstrated
radiographic control. Notably, no difference in outcome was
found between those treated with proton RT and those
treated with photon RT. These results thus suggest that
PBRT is safe and effective, and produces comparable results
to photon therapy.'®! Outside of this study, there have been a
few reports with variable results.'®? It appears that while
PBRT has been demonstrated to be a relatively effective
treatment for meningioma in general, further studies will
be necessary to determine both the safety and efficacy of this
radiation modality with regard to ONSM.

Radiation Dose and Timing
One of the major challenges in the development of radiation
treatment for ONSM has been determining the optimal
radiation dose, due to the high-radiation sensitivity of the
optic nerve. In a study of 1,388 patients with pituitary
adenoma, Becker et al determined the rate of brain necrosis
was rare (0.2%) when radiation doses do not exceed 54 Gy
given in 1.8Gy daily fractions.’%1%3 Furthermore, in the
absence of prior surgical trauma to the optic nerves, the risk
of radiation-induced damage to the visual pathways has been
found to be less than 2% when total dose remains between 45
and 50 Gy delivered in fractions of less than 2 Gy, and less
than 5% with total doses up to 54 Gy.'4%:193-167 A5 3 result, for
fractionated radiotherapy, the most commonly used radia-
tion dose is 50.4 to 54 Gy, given in 1.8 daily fractions, with
doses within this range considered appropriate by several
authors,107.108,126

Other more recent studies have commented on radiation
dosage as well. In a 2012 study, Abouaf et al analyzed visual
outcomes in 10 patients (five treated with 3D-CRT, three
with IMRT, and two with conventional 2D-RT), 3 of whom
experienced visual decline due to radiation-related toxicity
after 3D-CRT. Interestingly, the authors found toxicity to be
correlated with the mean dose to the eye and not the total
tumor dose. In those patients who improved, the median
mean eye dose was 6.1 Gy, whereas it was 39.4 Gy in those
who deteriorated. In addition, although not a statistically
significant finding, the authors found that the median dis-
tance between the tumor and the posterior pole of the eye
was 14.6 mm in those who improved, while those who
worsened had tumors that approached the posterior pole
(median distance: 0 mm). The authors thus note that mean
eye dose and tumor location may play a role in predicting
long-term visual outcome, and must be taken into account
when planning treatment.''? Somewhat similarly, in the
study by Arvold et al, 3 out of 25 patients (13 treated with
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SFRT, 9 with proton beam, and 3 with SFRT + proton beam)
developed asymptomatic radiation-induced retinopathy. For
these three patients, the authors reported median values of
28.4 GyE for mean dose to the retina, and 54.9 GyE for
maximum dose to the retina.'®!

While SRS has been used less frequently in the treatment
of ONSM, certain studies have indicated that the higher
radiation dosages required for this treatment modality
may indeed be tolerable. For example, in a study of 218
patients with sellar/parasellar tumors, Stafford et al found
that the risk of clinically significant radiation-induced optic
neuropathy was approximately 1.1% for patients who re-
ceived less than 12 Gy to a portion of the anterior optic
apparatus.'®® However, in a series of 50 patients receiving
Gamma knife SRS for benign skull base lesions, Leber et al
reported an optic neuropathy incidence rate of 0% for those
receiving less than 10 Gy but 26.7% for those receiving 10 to
15 Gy and 77.8% for those receiving at least 15 Gy.'®° The
dosages used in published studies including ONSMs treated
with SRS have been variable (~Table 1; individual SRS doses
varied from those used in fractionated SRS, as low as 5 Gy per
fraction, given sequentially for a total of 25 Gy, to those used
in single-session SRS; as high as 20 Gy given in a single
fraction). Further research will be needed to determine the
optimal dose.

In general, the timing of radiation therapy remains con-
troversial, and there is evidence to suggest that earlier
treatment, prior to the onset of irreversible severe optic
atrophy, may lead to superior outcomes. %112 Both Adams
et al and Abouaf et al found that the duration elapsed
between onset of symptoms and start of RT tended to be
shorter for patients who remained stable or improved in
comparison to those who worsened. Although this finding
was not statistically significant in either study, this remains
an interesting trend. Furthermore, in the study by Abouaf
et al, higher pretreatment visual acuity was significantly
associated with better outcomes.'”"''2 The authors note
that although it is commonly recommended to reserve
treatment until a patient’s vision has demonstrably wors-
ened to an acuity of 20/40 or less, they caution that if
treatment is delayed, vision may deteriorate to a point where
itis ultimately less likely to ever improve. Other authors have
found that higher pretreatment visual acuity to be associated
with better outcomes as well. In a recent series of 26 patients
treated with SFRT, Ratnayake et al found that 92.3% of
patients with good vision, pretreatment ultimately had
improved or stabilized visual acuity after treatment with
SFRT, compared with only 61.5% of patients with poor vision
pretreatment.’"" In addition, Sasano et al found that all five
eyes (out of 15) that did not have optic disc abnormalities
prior to treatment demonstrated improved visual acuity and
fields immediately after treatment, with only one showing
worsened visual acuity at final follow-up, and thus recom-
mend that RT be initiated before the development of such
changes.'%® Similar results have been reported in other
studies.”?196-110.112 g3ee( et al also found optic atrophy to
be associated with worse visual outcomes than optic nerve
edema, although the timing of RT and visual acuity at
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presentation did not predict outcome.’? Overall, the opti-
mal timing of radiation treatment has yet to be determined,
and bears further study; however, the possible benefits of
early RT must not be underestimated.

It is also worth noting that several studies have reported
rapid improvement after RT.114.136.140.141.143.167 1 gpe
study by Inoue et al containing four patients treated with
IMRT, three experienced improvement early on in their
treatment course, within 2 to 4 weeks; a finding consistent
with other studies examining other RT treatment modali-
ties.114.140.141.143.767 other quthors have also reported rapid
improvement after SFRT.'41:143.163.167 additional study will
be needed to determine the typical time course of visual
improvement, as well as whether or not it has any prognostic
value, and if the total radiation dose or duration of treatment
should be adjusted to provide further protection against
potential toxicity.

In summary, outcomes have been comparable between
the major available radiation treatment modalities, although
no comparative randomized controlled trials have been
conducted. It is worth mentioning that in a study of 34
patients, 22 of whom were treated with conventional frac-
tionated RT and 12 of whom were treated with SFRT, Saeed
et al found no significant difference in treatment outcomes
was identified between the two modalities.'”° In their study
of 25 patients, 13 treated with SFRT, 9 with PBRT, and 3 with
both, Arvold et al also found no difference in outcomes
between the two modalities.'®' However, more sophisticat-
ed forms of radiation treatment such as 3D-CRT, IMRT, SFRT,
PBRT, and SRS offer distinct advantages over conventional RT
that make them more desirable and safer treatment options,
including the benefit of conformal dose distribution that
spares critical structures.'?®153 Qverall, radiation remains
the treatment of choice for the majority of patients with
pONSM, and most would extend that statement to many
intracranial and orbital of SONSM, with treatment of both
forms resulting in stable to improved vision in the majority of
patients, and excellent tumor control rates of 90 to 100% (as
illustrated in ~Table 1).1°8

Surgery
Surgical resection of pONSMs has historically been associat-
ed with poor functional outcomes in patients with pONSM,
and has generally been avoided as a primary vision preserv-
ing therapy in recent years.'-26:16:53.171-173 hje radiation
is likely to remain the mainstay of treatment, with surgery
being indicated in only select cases, there have been some
recent reports demonstrating acceptable outcomes after
various types of surgical intervention. Here, we will discuss
surgical interventions including biopsy, optic nerve sheath
fenestration, open microsurgical resection, endoscopic
endonasal resection, and prechiasmatic optic nerve
transection. =Table 2 summarizes findings from studies
published since 1988 that report on surgical outcomes for
ONSM, focusing primarily on pONSM.

When reviewing these studies, a few important distinc-
tions must be taken into account, such as the degree of
decompression and/or resection, as well as the exact pathol-
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ogy treated. Some centers perform optic canal decompres-
sion only, with some studies suggesting that this may be
sufficient to treat visual symptoms while minimizing com-
plications.'"® Other studies have reported on outcomes of
orbital wall decompression, with some authors performing
this procedure in conjunction with canal decompression for
the treatment of compressive optic neuropathy, and others
utilizing this procedure specifically for the purpose of treat-
ing proptosis.'’#17° Lastly, several studies do not specifically
distinguish between pONSM and sONSM. As these two
entities behave quite differently from a surgical perspective,
this complicates the reader’s interpretation studies on
ONSM.

Biopsy

Biopsy of the optic nerve or its sheath may be accomplished
via medial transconjunctival orbitotomy, superior medial
transcutaneous orbitotomy, lateral orbitotomy, endoscopic
endonasal approach, or transcranial approach.'’® While
reported by some to cause significant morbidity, a few recent
reports have indicated positive outcomes.'””>'7® Biopsy may
be of utility in selected cases when imaging results are
inconclusive. In a retrospective chart review, Parlin et al
compared preoperative diagnoses of cases of intraconal
orbital lymphoma and ONSM, two well-known retrobulbar
optic nerve space-occupying lesions. The authors found in 2
out of 5 cases, the clinical diagnosis did not match the biopsy
result, and note that although both tumors may be treated
with radiation, the radiation dosage, as well as disease
prognosis, may vary between the two.*

Optic Nerve Sheath Fenestration

Some studies have focused on the role of optic nerve sheath
fenestration (ONSF) in treating ONSM. ONSF has been shown
to be of great utility in treating papilledema, particularly
idiopathic intracranial hypertension.'’® Previous reported
outcomes for ONSF in the treatment of ONSM have been very
poor, causing this procedure to be largely aban-
doned.'®112.176 However, some recent reports have indicat-
ed favorable outcomes.'’37'8% Turbin et al reported on the
cases of two patients, both with significant edema of the
optic disc on examination; the first patient with severe
vision loss to 20/200, and the second with no light percep-
tion. Both underwent orbitotomy and ONSF primarily for
biopsy with the secondary result of decompression of the
optic nerve sheath. In the first patient, who notably had a
history of prior RT, visual acuity decreased from 20/200
preoperatively to no light perception at the immediate
postoperative examination, but subsequently improved to
20/25 by 5 weeks later and remained stable at final follow-up
after 7 years. The second patient regained light perception
after 2 weeks (before starting RT), and then eventually
improved to 20/200 after 4 weeks, remaining stable at final
follow-up 8 years later.'”® While concern has persisted that
ONSF may promote the spread of tumor into the orbit,
neither patient demonstrated orbital spread of tumor at
follow-up.?>?817% The authors conclude that ONSF as an
adjuvant form of treatment may provide partial
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Table 2 Surgical outcomes
Article Number of patients Follow-up Type of surgery Functional outcomes Conclusion
Ito et al 11 patients, 7 pONSM, 4 pONSM: mean 5 years Frontal craniotomy, Visual outcome: im- It is difficult to avoid in-
(1988)'8° sONSM. (range: 2-9 years) extradural unroofing of proved: 3 patients juring the central retinal

pONSM:
Surgery alone: 5 patients
RT alone: 2 patients
sONSM:

Surgery alone: 1 patient
Surgery + RT: 3 patients
Pre-op VA (pONSM):
Blind: 3 patients
20/1000: 1 patient
20/500: 1 patient
20/300: 2 patients
20/100: 1 patient

Pre-op VF (pONSM): All
with VF defects

the orbit, removal of su-
praorbital rim, resection
of tumor, opening of op-
tic canal. After intraconal
tumor removal, Teflon
prosthesis was placed
within muscle cone (for
prevention of enophthal-
mos post-operatively). In
3 patients NLP at pre-
sentation, the nerve and
tumor were excised
together.

Stable: 3 patients (all
blind pre-op)

Worsened: 1 patient
Complications: central
retinal artery occlusionin
1 patient (with worsen-
ing vision)

artery when resecting
apical pONSMs. Other-
wise, if the tumor is small
and located anteriorly,
resection with adequate
outcome is possible.
Recommend excision of
tumor with nerve when
patient is blind pre-op. If
pre-op vision is good,
consider observation;
however, if vision loss is
progressing, consider
radiation

Kennerdell et al

38 patients (39 eyes).

At least 3 years in all

Subtotal resection in

Surgery group: im-

Recommend observation

patients

exploration

(1988)'13 RT alone: 6 patients patients patients with adequate proved: 1 patient for patients with good
RT +surgery: 5 patients vision. Stable: 2 patients (both vision with close follow-
Surgery alone: 10 patients In patients with poor vi- NLP pre-op) up
Observation alone: 18 sion, tumor and nerve Worsened: 7 patients If patient is blind and tu-
patients were excised via lateral Note: optic nerve excised | mor is contained only
Surgery pre-op: orbitotomy with tumor in 4 patients, | within the orbit, recom-
2 patients NLP including 2 NLP patients) | mend observation; how-
1 patients light perception Complications: central ever, if it is extending
1 finger fountain retinal artery occlusionin | intracranially, recom-
120/400 2 patients, partial central | mend complete resec
120/70 retinal artery occlusionin | tion of tumor and nerve
1 patient 20/50 1 patient
2 patients 20/30
1 patient 20/15
Clark et al 9 patients (all pPONSM) Median 36.2 months Lateral orbitotomy, mi- Vision improved in one Authors state that unless
(1989)'73 Pre-op vision loss in all (longest follow-up 8 crosurgical exploration patient patient has a small,
patients; 3 blind. years) of the orbit. If anterior anteriorly located tumor,
tumor, resection with at- vision is unlikely to be
tempt preserve vision; if maintained post-op. In
posterior, biopsy is patients with adequate
obtained to confirm di- vision and posteriorly lo-
agnosis (as patient is less cated tumors, recom-
likely to improve). In mend observation; if
patients with poor vision, vision deteriorates, then
optic nerve is excised. resect nerve and tumor
Craniotomy done in 8 together. If intracranial
patients due to intracra- extension occurs, rec-
nial extension of tumor ommend orbitotomy
with craniotomy, with
optic nerve resection (for
complete tumor
removal)
Kuroda et al 8 patients (all pPONSM) Mean 42.8 months Orbital approaches: All patients without use- | Emphasize importance of
(1990)190 Pre-op initial symptom: vi- | (range: 1 month-13 transcranial transorbital ful vision pre-op (surgery | early diagnosis and
sion loss: 6 patients years) approach: 2 patients done once patients de- treatment
Proptosis: 2 patients Transcranial transorbital | veloped blindness, prop- | Recommend early sur-
approach with supraor- tosis and/or intracranial gery for anterior tumors;
bital rim resection: 5 extension) in cases of blindness,
patients Complications: extraocu- | recommend complete
Transcranial supraorbital | lar muscle disturbance: 7 | resection once diagnosis
approach: 1 patient patients, partial in 1 has been determined
Lateral orbitotomy: 2 Ptosis: 6 patients, tran-
patients sient in 2
Craniotomy (orbital ap- Wound infection: 1 pa-
proach not described): 1 | tient
patient (3 patients un- Phthisis bulbi: 1 patient
derwent 2 surgeries with | Cerebellar hemorrhage:
orbital approach, thus 11 | 1 patient
total listed here) Tumor recurrence: 3
patients
Yiiceer et al 7 patients (all pPONSM) Median 22.23 months, Craniotomy, orbital Visual outcome: stable: In general, only anterior-
(1994)172 Pre-op vision loss in all up to 4 years unroofing, microsurgical | 3 patients ly located, small tumors

Worsened: 4 patients

can be resected without
causing severe vision
loss. This is highly un-

likely with posterior
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Table 2 (Continued)
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Article Number of patients Follow-up Type of surgery Functional outcomes Conclusion
tumors; surgery often
yields no benefit. Rec
ommend orbitotomy and
craniotomy for excision
of tumor with nerve in
cases of intracranial
extension.
Cristante 57 patients (15 pONSM, Mean 6 years (range: 18 | Craniotomy, when tumor | Visual outcome Surgery for pPONSM
(1994)'71 including 3 ectopic orbital | months-10 years) involved optic canal, (PONSM): remains more controver-
meningioma, 42 sONSM) performed bony decom- | Improved: 1 patient sial than that for sONS.
Pre-op symptoms pression of optic canal Stable: 7 patient For pONSM patients,
(PONSM): beginning in the extra- Worsened: 2 patient palliation was accom-
Vision loss: 12 patients dural and finishing in the | Note: improved patient plished in that pre-op VA
(80%) intradural plane via pter- | had ectopic ONSM. was maintained for
VF defect: 13 patients ional approach. Radical 1 pONSM recurred, 5 21-28 months; given the
(87%) resection in 9 patients; 5 | progressed natural history, the utility
Optic atrophy: 4 patients including resection of Complications (pONSM) of surgery is question-
(27%) nerve, tumoranddura (in | Amaurosis: 1 patient able.
Proptosis: 9 patients (60%) patients blind pre-op), 3 | Permanent ocular motili- | Visual outcome correlat-
Trigeminal patients partial resec ty defect: 1 patient ed with pre-op vision
neuralgia/retrobulbar tion. In 3 patients with Transient ocular motility | loss; patients with poor
pain: 2 patients (13%). vision pre-op, canal was defect: 6 patients VA unlikely to improve
decompressed and CSF fistula: 1 patient post-op.
sheath was incised Note: Postoperative vi-
sual outcome correlated
with preoperative vision
loss
Saeed et al 88 patients (92 eyes). ONS decompression Lateral ONS ONS decompression Given that 8 out of 10
(2003)'° RT alone: 6 patients patients: decompression patients: VA: stable: 2 patients had poor visual
Surgery: 47 patients Mean 8.1 years (range: patients (1 at 20/30, 1 at | outcome after ONS de-
Observation alone: 39 6-10 years) 20/50) compression, would not
patients Worsened: 8 patients (5 | recommend this proce-
En bloc resection patients: to NLP, 1 from finger dure as primary treat-
15 total counting to light percep- | ment for vision
Subtotal resection tion, 1 from 20/50 to preservation.
patients: 10 patients hand motion, 1 from Overall, authors state
Complete resection: 1 pa- 20/60 to finger counting) | surgery may be indicated
tient VF: in cases with significant
Biopsy: 11 patients Improved: 1 patient (VA | intracranial extension
ONS decompression: 10 also stable in this patient) | approaching the chiasm,
patients Stable: 4 patients or in blind patients with
(Detailed visual data only Worsened: 5 patients proptosis. Recommend
presented for ONS de- Tumor progression in 2 biopsy if patient has rap-
compression patients) patients id visual decline or atyp-
Pre-op VA: ical imaging features.
20/30: 2 patients
20/50: 3 patients
20/60: 1 patient
20/80: 1 patient
20/200 1 patient
Finger counting: 2 patients
Schick et al 73 patients (7 primary bi- Median 45.4 months Pterional craniotomy, Initial post-op VA: 35 Recommendations:
(2004)>7 lateral, 3 with spread to (range: 6-144 months) decompression of the patients good, 10 For purely intraorbital
contralateral side) optic canal via intradural | patients fair, 28 patients | ONSM: if type la or Ib,
Pre-op symptoms: approach in 54 patients, | poor. observe; initiate RT once
VA: extradural approach via VA at follow-up: of 35 vision loss begins. Sur-
“good” (Snellen equivalent posterior orbitotomy in with good VA, 27 stable, | gery for Ib tumors if mass
> 0.5): 34 patients 10, combined approach 8 worsened causes pain and vision is
“fair” (< 0.5 to > 0.1): 17 in 7, lateral orbitotomy Of 10 with fair VA, 1im- | very poor.
patients for resection of exophytic | proved, 5 stable, 4 wors- | If type Ic ONSM with
“poor (< 0.1 to 0): 22 tumor in 2. ened. large exophytic aspect,
patients 10 patients received Of 28 with poor VA, 1 treat surgically.
VF: deficits present in 32 post-op RT improved, 27 stable. For ONSM involving optic
patients with useful vision. Note: postoperative vi- canal: If type lla with vi-
Proptosis: 29 patients sual outcome correlated | sion loss and possible in-
Tumors located within the with preoperative vision | tracranial extension,
optic canal were associat- loss. explore intradural space,
ed with worse pretreat- Proptosis resolved in 4 decompress canal and
ment vision loss patients, partially re- resect intracranial por-
solved in 13, stablein 12. | tion; can use RT for
Morbidity: remaining tumor.
Transient: 12.3% If type Ilb, obtain biopsy,
Permanent: 2.7% decompress canal and
Stroke: 2 patients superior orbital fissure
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Table 2 (Continued)
Article Number of patients Follow-up Type of surgery Functional outcomes Conclusion
CSF-fistula: 3 patients within the extradural
(treated with lumbar plane, RT for intracaver-
drain) nous portion.
Subdural hygroma: 2 For ONSM with intracra-
patients nial extension (type II):
Epidural hematoma: 1 resect intracranial por-
patient tion, decompress canal,
Meningitis: 1 patient RT for intraorbital por-
Seizure: 2 patients tion when vision loss
17.8% of patients experi- | develops.
enced tumor progression
Turbin et al 2 patients Patient 1: 7 years, pa- Patient 1: left lateral Patient 1: VAimproved to | Optic nerve decompres-
(2006)'7? Pre-op VA: tient 2: 3.5 years orbitotomy for biopsy 20/25 by post-op week 5; | sion via nerve sheath
Patient 1: 20/200 (note: and optic nerve sheath stable at final follow up fenestration may allow
history of SFRT) decompression Patient 2: improved to select patients to
Patient 2: NLP Patient 2: superior-medi- | 20/200 by post-op week | improve (those with rap-
al eyelid crease orbitot- 4; stable at final follow up | idly progressive, severe
omy, left optic nerve Neither patient devel- vision loss and disc
sheath biopsy with crea- | oped tumor progression | edema).
tion of dural window.
Received SFRT post-op
Roser et al 24 patients (all pPONSM), Median 45.4 months Pterional craniotomy 8 out of 16 nonblind Surgery may be valuable
(2006)117 22 treated with surgery. (range: 6-144 months) with subtotal resection patients either remained | in cases with rapid visual
Pre-op symptoms: of tumor (- stable or improved. Only | deterioration, as RT does
VA: intradural/extradural ap- | patients with rapid de- not cause rapid decrease
normal: 3 patients proach), bony cline pre-op improved. in tumor size. In these
0.8: 4 patients decompression of optic Morbidity: cases, the goal of surgery
0.6: 3 patients canal and orbit. Frontal hygroma: 1 pa- is to quickly relieve pres-
0.3: 3 patients If patient blind with tient sure from the optic ap-
light perception: 5 patients proptosis, can transect CSF fistula: 2 patients paratus. Any remaining
blind: 6 patients optic nerve and resect (treated with lumbar tumor may be irradiated,
VF: all patients with defi- intraorbital tumor drain) and these remaining tar-
cits except 2 Oculomotor nerve gets may be safer due to
Proptosis: 10 patients dysfunction/weakness of | smaller size Authors rec
Eye pain: 7 patients levator palpebrae: 5 ommend surgery for
Diplopia: 5 patients patients; resolved in 4 type-lla ONSM with rapid
Increased pretreatment out of 5 within 2 months | visual loss.
symptom duration corre- 4 patients experienced Surgery also indicated for
lated with worse pre-op tumor progression, intracranial extension.
visual acuity causing vision loss in 2
(remaining 2 patients
blind pre-op).
No blind patients who
had total resection and
optic nerve transection
recurred.
SRS used to treat recur-
rence in 3 patients.
Schick et al 90 patients Median 45.8 months Frontotemporal craniot- Of 40 patients with good | Surgery including resec-
(2010)°8 Surgery alone: 65 patients | (range: 6-220 months) omy, intradural (56 pre-op vision: 9 wors- tion of intracranial tumor
(includes RT alone: 5 patients patients) vs. combined ened, 31 stable. and optic canal decom-

patients from
2004 study®’)

Surgery +RT: 18 patients
Observation: 2 patients
Pre-op VA (of 83 total
patients who had surgery):
“good” (> 0.5): 40 patients
“fair” (<0.5 to >0.1): 12
patients

“poor” (<0.1-0): 31
patients

intradural and extradural
(18 patients) approach,
optic canal decompres-
sion, resection (resect
intracranial portion, do
not resect intraorbital
portion). For blind
patients with severe
proptosis, prechiasmatic
transection of nerve was
done. In the absence of
intracranial extension,
extradural pterional ap-
proach was preferred for
posterior orbitotomy and
canal decompression and
superior orbital fissure (7
patients)

Of 12 patients with fair
pre-op vision: 2 im-
proved, 4 worsened, 6
were stable.

Of 31 patients with poor
vision, 2 improved, 29
stable.

Complications:

Stroke: 2 patients

CSF fistula: 3 patients
Epidural hematoma: 2
patients

Subdural hygroma: 2
patients

Seizure: 2 patients
Meningitis: 1 patient
Transient morbidity:
13.3%

Permanent morbidity:
2.4%

pression is preferred for
cases with intracranial
and intracanalicular ex-
tension.

Surgical goals include
resection of tumor/relief
of mass effect, and optic
canal decompression,
with attention paid to
pial blood vessels.
Radiation can be used to
treat residual or recur-
rent tumor. Authors do
not recommend radia-
tion in patients with rap-
id visual decline; surgery
isindicated in these cases
as it provides immediate
decompression of visual
structures.

Zweckberger
et al (2013)'%

Mean 50.6 months

Prechiasmatic transec-
tion of optic nerve via

Vision in contralateral
eye was stable in all

Prechiasmatic transec-
tion of the optic nerve
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Table 2 (Continued)
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resection and RT

Pre-op VA:

“good” (>0.5): 6 patients
“fair” <0.5 to >0.1): 2
patients.

Tumor involved posterior
3rd of optic nerve in all
patients, middle 3rd in 4
patients, anterior 3rd in 2
patients, 1 patient had bi-
lateral ONSM across pla-
num sphenoidale

tomy if necessary), bony
optic canal decompres-
sion, resection of tumor.
Gross total resection was
accomplished in 50%

worsened.

All patients with good VA
pre-op retained good VA.
Morbidity: binocular dip-
lopia in 4 patients, re-
solved.

No evidence of tumor
recurrence.

Patients with good pre-
op VA had better out-
comes.

Patients with tumors in-
volving anterior third of
optic nerve had worse
outcomes,

possibly secondary to in-
volvement of central ret-
inal artery and
optociliary arteries in this
area.

Article Number of patients Follow-up Type of surgery Functional outcomes Conclusion
12 patients pterional craniotomy, patients. may prevent spread of
Pre-op: all patients blind in with intradural or com- Overall, 67% of patients ONSM to the contralat-
ipsilateral eye bined extradural and showed no tumor recur- | eral optic nerve, and thus
intradural approach, and | rence during follow-up may aid in vision preser-
resection of tumor period, but 4 ultimately vation in the contralater-
Gross total resection ac | demonstrated delayed al eye, when ipsilateral
complished in 58.3% recurrence; treated with | eye has already pro-
RT. gressed to blindness.
Rassi et al 8 patients (all pPONSM), Mean 38.9 months Supraorbital craniotomy | Post-op visual function: 4 | Surgery as primary treat-
(2018)116 1 patient hx prior subtotal | (range: 3-88 months) (with anterior clinoidec improved, 1 stable, 3 ment may have success-

ful visual outcomes in
select cases. Pre-op VA
and tumor location may
be prognostic factors for
surgical outcome.
Tumors restricted to the
middle and posterior
thirds of the optic nerve,
those within which an
arachnoidal plane is pre-
served between tumor
and nerve, and patients
with better pre-op visual
acuity may be the best
surgical candidates. Total
resection may indeed be
possible and may result
in improved or stabilized
vision.

Furdova et al

3 patients with orbital

Not reported

Enucleation and partial

Primary outcome: relief

This procedure is useful

spectively for each patient:
20/30, 20/70, 20/20-2,
and “functional blindness”
VF: deficits in all patients
Proptosis: 2 patients

Eye pain: 3 patients
Diplopia: 2 patients

sion, orbital decompres-
sion. Surgery included
complete removal of
medial aspect of canal,
without incision of optic
nerve sheath. Periorbita
incised in 2 patients due
tointraconal extension of
tumor into orbital apex.
Decompression extend-
ed to superior orbital fis-
sure and cavernous sinus
in 1 patient.

Proptosis: 1 improved, 1
stable

Eye pain: 2 improved, 1
not reported

Diplopia: 1 patient par-
tially improved, 1 patient
stable

No evidence of radio-
graphic progression.
Note all patients refused
post-op radiation or ad-
ditional surgery due to
symptom improvement
vs. personal preference.

(2018)1%7 meningioma (1 pONSM). exenteration of ipsilater- | of painful exophthalmos | for the treatment of
al eye in all patients patients with severe tu-

Pre-op symptoms: mor infiltration into the
VA very poor, all with pri- orbit, in the absence of
mary complaint of severe functional vision.
exophthalmos

Maza et al 4 patients (all pPONSM) Mean 14 months Endoscopic endonasal VA and VF: 3 improved, 1 | This procedure couldbea

(2019)'18 Pre-op symptoms: VA: Re- optic canal decompres- stable potentially viable prima-

ry treatment option for
patients with pONSM.
Improvement appears
more common in those
with rapid vision loss and
overall less pre-op visual
deficit. Authors note that
while incision of optic
nerve sheath is often
performed in pONSM,
this may not always be
necessary given these
results, and avoiding it
may prevent CSF leaks,
seeding of tumor, and
ophthalmic artery
lesions; may reserve this
as secondary option.

Abbreviations: CSF, cerebrospinal fluid; NLP, no light perception; ONSM, optic nerve sheath meningioma; pONSM, primary ONSM; post-op,
postoperative; pre-op, preoperative; RT, radiotherapy; SFRT, stereotactic fractionated radiotherapy; SONSM, secondary optic nerve sheath
meningioma; SRS, stereotactic radiosurgery; VA, visual acuity; VF, visual field.
Note: Table includes studies published since 1988 evaluating surgical treatment outcomes for ONSM. Studies discussing surgical outcomes for
pONSM were included. Studies primarily discussing meningiomas of intracranial origin were excluded, as well as studies combining surgical

outcomes for multiple tumor types. Single case reports were also excluded. Two articles also discussed in =Table 1 were included again here, to

discuss their specific results with regard to surgical intervention.
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Fig. 17 (A) Coronal T1-weighted, postcontrast MRI image shows a hypointense laterally displaced atrophic left optic nerve (arrow) within a dilated and
enhancing optic nerve sheath complex (outlined by arrowheads). (B) Axial T1-weighted, postcontrast MRl image shows an enhancing lesion extending the
length of the nerve, from the anterior optic nerve through the orbital apex to the prechiasmal left optic nerve. (C) The lesion underwent biopsy through a
superior medial eyelid crease incision. In this intraoperative photo, the wood applicator points to the medial edge of the levator superioris. The fat plane
medial to this edge provides the corridor to access the anterior optic nerve. (D) Orbital retractors expose the white optic nerve sheath complex (outlined)
surrounded by a plexus of short posterior ciliary arteries (arrows), which must be avoided to potentially preserve vision. (E) After opening an approximately
3 mm x 5 mmwindow, small fragments which extruded from the open sheath were removed piecemeal, with care not to disturb the pial circulation. (F) Axial
T1-weighted, postcontrast MRl image 5 years after the biopsy and subsequent LINAC radiotherapy. The lesion remained stable and vision remained stable,
having recovered to 20/200 from no light perception preoperatively. MRI, magnetic resonance imaging.

decompression of the optic nerve, potentially benefiting
selected patients with severe vision loss and disc edema,
and may occur either before or after RT. In addition, the
authors also note that none of the patients treated with ONSF
described by Saeed et al was reported to receive adjuvant RT,
possibly influencing the poor outcomes that were ob-
served.'”? In another report, Meeker et al presented a case
of a patient with worsening visual acuity and disc edema,
who subsequently underwent ONSF with biopsy and was
found to have ONSM. Interestingly, the patient’s vision
demonstrated improvement after the surgical decompres-
sion itself, prior to the initiation of planned RT. After a follow-
up of 3 years, he had experienced no complications of this
treatment.'’® There have also been reports of ONSF being
used to treat other space-occupying lesions of the optic
nerve, including metastatic lesions and optic nerve glio-
ma.'’® While only limited data support the therapeutic
role of ONSF, these reports suggest a role for ONSF in selected
patients, particularly those with significant visual deteriora-
tion due to compressive optic neuropathy from sONSM, or
compartment syndrome within the orbit.

Case Presentation: Improvement and
Stabilization after Biopsy and Radiotherapy

A 32-year-old woman developed worsening of the visual
acuity in her left eye rapidly from 20/20 to 20/300 over

5 months and was offered a course of radiation therapy. Her
evaluation was notable for 1 mm of left eye proptosis and a
prominently swollen optic nerve. Her vision subsequently
worsened to no light perception, and this typical progression
in the absence of pregnancy or radiographic worsening
(=Fig. 17A, 17B) lead us to pursue an optic nerve sheath
biopsy with decompression (=Fig. 17C-E). Shortly after sur-
gery, she realized visual improvement to 10/400 which
continued to improve to 20/200 after LINAC (linear accelera-
tor) based radiotherapy. Her postoperative scan revealed no
significant progression and her visual recovery to 20/200
remained durable 8 years after treatment (~Fig. 17F). Case
previously published in 2006.'7°

Optic Canal Decompression, Orbital Decompression,
and Tumor Resection: Surgical Approaches

Endoscopic Approaches

As ONSM is known to cause compressive optic neuropathy,
endoscopic endonasal decompression of the optic canal may
be able to reverse some of the damage caused by compres-
sion of the optic nerve. It may be performed with or without
resection of tumor, and with or without opening of the optic
nerve sheath itself.!'®121.181-184 1 addition, it may be
performed in conjunction with orbital wall decompression
to achieve further optic nerve decompression, as reported by
some authors."'® Orbital wall decompression alone may also
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be performed for the treatment of compressive optic neu-
ropathy, as well as with the specific goal of treating proptosis
due to excessive tumor growth.!’417>

Several studies have demonstrated strong visual out-
comes for patients undergoing endoscopic endonasal (and
transnasal) decompression of the canal for the treatment of
compressive optic neuropathy caused by a variety of etiolo-
gies, including ONSM.'18:121.182-184 gy rthermore, endoscop-
ic endonasal approaches have been shown to be safe and
effective in the resection of meningiomas involving the skull
base.'® In a recent report, Maza et al commented on the
potential utility of endoscopic endonasal optic nerve decom-
pression as primary treatment (without radiation), specifi-
cally for pONSM. In this series of four patients, surgery
consisted of a unilateral endoscopic endonasal approach,
including both optic canal decompression and orbital de-
compression, without resection of tumor. In two patients
with intraconal extension of tumor into the orbital apex, the
periorbita was incised, and in one patient, decompression
was extended to the cavernous sinus and superior orbital
fissure. At follow-up, three out of four patients displayed
improved visual acuity and visual fields; the one remaining
patient was noted to have optic nerve atrophy at baseline. No
patients demonstrated any evidence of tumor progression on
repeat imaging or physical exam.''®

Similarly, Hunt et al reported on the use of optic canal
decompression with resection of tumor in a patient with
intracanalicular ONSM. The patient’s visual acuity had dete-
riorated to 20/40 in the affected eye at time of treatment,
with decreased color vision (7/12), and a worsening superior
arcuate defect on visual field testing. As imaging revealed a
focal lesion within the left optic canal, inferomedial to the
optic nerve, an endoscopic endonasal approach was chosen
to resect the tumor with the intention of minimizing ma-
nipulation of the nerve and promoting direct visualization of
involved blood vessels. Two weeks postoperatively, her visual
acuity recovered to 20/20, her color vision returned to
normal, and her visual field deficit improved; at 1 year,
she had a normal ophthalmologic examination.'?’

The endonasal approach may also be useful in performing
orbital decompression alone (without canal decompression),
with or without resection of tumor. While this procedure
may be used to treat compressive optic neuropathy via
expansion of the orbital apex, it is also used to treat propto-
sis.'’# This procedure has been shown to have good out-
comes in the treatment of proptosis due to other types of
pathology.'”#81 In 2018, Zoia et al reported a case in which
an endoscopic endonasal approach was used to perform both
orbital decompression and resection of tumor in a patient
who was already blind in the affected eye but who primarily
complained of exophthalmos and conjunctival irritation. In
comparison to transcranial approaches, an endoscopic ap-
proach is less invasive, and may offer superior orbital
decompression.'”>

It must be noted that incision of the optic nerve sheath
remains controversial, with several authors recommending
avoiding this to prevent complications such as injury to the
ophthalmic artery and cerebrospinal fluid leak.'® 84 How-

Solli, Turbin

ever, other authors report performing a more extensive
opening of the optic nerve sheath, as well as opening the
annulus of zinn.>”""®117 The extent of bony decompression
may also vary, from simple unroofing of the canal to exten-
sive bony decompression with detethering of the falciform
ligament.'8%-187 Qverall, the results of these studies indicate
relatively positive outcomes, suggesting that the aforemen-
tioned procedures may be useful in selected cases.

Transcranial Approaches

While certain studies have demonstrated the safety and
efficacy of transcranial approaches to the orbit for the
surgical treatment of varying types of intraorbital pathology,
fewer studies focusing on ONSM have demonstrated positive
results.'””-188 Historically, surgery was more commonly
recommended for the treatment of ONSM, although out-
comes were relatively poor. However, some more recent
reports have provided evidence supporting the possible
utility of these approaches in treatment of ONSM. As with
the endoscopic approaches previously discussed, transcra-
nial approaches may be used to perform optic canal and/or
orbital decompression, with or without resection of tumor.
Indications and outcomes for different types of surgical
procedures may vary.

In 2004, Schick et al reviewed the cases of 73 patients
treated with transcranial surgery, including optic canal
decompression and resection of tumor. This set of patients
included both primary and secondary optic nerve sheath
meningiomas, though most fell into the latter classification.
At the time of hospital discharge, no significant difference
between preoperative and postoperative visual acuity was
detected. After extended follow-up (mean, 45.4 months),
some patients worsened; however, the majority remained
stable within each of these three categories; of 35 patients
with good initial postoperative vision, 8 worsened; and of 10
patients with fair postoperative vision, 1 improved, 5
remained stable, and 4 worsened. Unsurprisingly, of the 28
patients with poor initial postoperative vision, 27 remained
poor. Overall, rate of transient morbidity was 12.3% and
permanent morbidity was 2.7%. Thirteen patients (17.8%)
later experienced growth of residual tumor. Although visual
acuity worsened with increasing duration of follow-up, given
the fact that visual acuity was preserved in the majority of
patients in the initial postoperative period, the authors
conclude that surgery can indeed be performed safely,
with preservation of visual function. These authors came
to a similar conclusion as most others: in pONSM (those
originating from the orbital or canalicular portion of the
optic nerve), radiation is preferred but with sONSM, surgery
to resect the tumor is reasonable.’

In a similar study, Roser et al reviewed the cases of 24
patients with pONSM, 22 of whom were treated with sur-
gery, including optic canal decompression, orbital decom-
pression, and tumor resection. After pterional craniotomy,
the authors performed epidural dissection of the orbital roof
and removal of the lateral orbital wall, followed by bony
decompression of the optic canal and optic nerve sheath. The
authors state that patients with type-Ib and-Ic tumors may
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undergo tumor debulking within the orbit. If intracranial
extension is present, an intradural approach for resection of
tumor around the optic nerve should be performed first. The
authors also emphasize the importance of preserving feeder
vessels between the carotid and the optic nerve, as well as
respecting the border between the nerve and tumor during
resection. In addition, they state that canal decompression is
mandatory for type-II and -III tumors. For patients without
useful vision, the optic nerve may be transected, with
removal of the intraorbital portion. Resection was otherwise
subtotal in patients with useful vision. After a mean follow-
up of 90.3 months, of the 16 patients who were not blind
preoperatively, 8 had either stable or improved visual func-
tion. A total of four patients experienced tumor progression
postoperatively, resulting in worsening vision in two
(remaining two were blind preoperatively). Three patients
underwent SRS due to tumor progression postoperatively, all
of whom were blind prior to RT. Of the blind patients who
underwent total resection and transection of the optic nerve,
none demonstrated tumor recurrence. Morbidity rates were
acceptable and relatively low. Notably, visual outcomes were
inversely related to duration of symptoms; only patients
who had experienced rapid preoperative visual deteriora-
tion ultimately improved.'"”” The authors concluded that
surgery may be valuable in cases of rapid visual decline, as
surgery can provide expeditious relief of pressure, particu-
larly for patients with type-Ila tumors. Patients with type-Ia
and -Ila tumors without vision loss may be managed
conservatively or with RT as primary treatment. Treatment
of type-Ib tumors may include surgical debulking followed
by RT for the remaining tumor. In addition, surgery remains
indicated in patients with intracranial extension, in cases
when tumor growth may progress to involve the optic
chiasm or carotid artery, again with RT for treatment of
any residual tumor.'"”

In 2018, Rassi et al reviewed the cases of eight patients
with intracanalicular pPONSM who underwent canal decom-
pression with resection of tumor via supraorbital cranioto-
my. During surgery, a supraorbital craniotomy is performed
with the inclusion of anterior clinoidectomy when needed,
for exposure of tumors that extend inferiorly. Subsequently,
bony decompression of the optic canal is performed, fol-
lowed by opening of the annulus of Zinn to release the optic
nerve, and then resection of tumor. In this study, gross total
resection was achieved in 50%. Overall, after a mean follow-
up of 38.9 months, four patients improved, one remained
stable, and three declined. There were no instances of tumor
recurrence and no long-lasting complications. Notably,
patients with good preoperative visual function were able
to retain this postoperatively. In addition, the authors found
that patients with tumors involving the middle and posterior
thirds of the intraorbital optic nerve were better suited for
gross total resection and ended up with better visual out-
comes which the authors suggest may be due to possible
involvement of the optociliary arteries and central retinal
arteries anteriorly. Preoperative visual acuity and tumor
location may influence the choice to recommend surgery,
as well as the timing of surgery.''®

Solli, Turbin

In summary, despite the fact that surgical outcomes for
ONSM have been historically poor, emerging evidence sug-
gests that there may still be a role for surgery in selected
cases. Various recent studies have indicated acceptable out-
comes for optic nerve decompression, orbital decompres-
sion, and tumor resection (in various combinations),
performed via endoscopic and transcranial approaches. As
is the case with several studies on RT, certain surgical series
indicate that longer and worse preoperative visual dysfunc-
tion predict worse postoperative visual func-
tion.””>11%117.171 Tumor location may also impact surgical
outcome as well.116:172.173,189,190

Optic Canal Surgery and Secondary Optic Nerve
Sheath Meningiomas
Both pONSM and sONSM may evolve into a progressive
compartment syndrome at the level of the involved optic
canal.'®% 11 Although pONSM and sONSM may be difficult to
distinguish and are frequently discussed in conjunction with
one another by many authors, there are significant differ-
ences between the two that are worth noting with regard to
surgical management. As alluded to in the discussion above,
however, both the safety and efficacy of surgery remain
controversial subjects and should be assessed relative to
the distinction of secondary from primary ONSM which is
often not the case in published series. In our opinion,
resection of a pONSM is almost never warranted unless a
patient has failed or has an absolute contraindication to
radiotherapy, or in cases of disfigurement or
pain.’7-10.12.13.57 Because they originate intracranially,
many SONSM spread along the optic nerve preserving a
potential dissection plane, rather than infiltrating the fragile
pial blood supply of the intraorbital optic nerve'?%193
(=~Figs. 18, 19). Tumors that preserve this arachnoidal plane
may lend themselves to safe microsurgical dissection of the
tumor from nerve without causing ischemia. In a systematic
review of surgical outcome data for meningiomas affecting
the optic nerve, Hénaux et al stratified cases into those
causing isolated compression at the intraorbital, canalicular,
and intracranial aspects of the optic nerve. The authors noted
that when the optic nerve is compressed only in its cisternal
portion, approximately 50% of patients improved after re-
section. Of cases involving compression within the optic
canal, 31% improved, and of cases involving compression of
the intraorbital aspect of the nerve, only 11% improved. The
authors attribute these stark differences in improvement
rates partially to the arachnoid plane that is more consis-
tently observed in association with the intracranial portion
of the nerve, and the lack thereof with regard to intraorbital
ONSM.'2

As previously discussed, canal decompression and partial
resection may still result in positive outcomes, particularly in
patients with SONSM.'®* To this point, Lehmberg and col-
leagues reviewed a sequential case series of 46 skull base
meningiomas involving the optic nerve, operated on by three
experienced surgeons from 2006 to 2011. All of their patients
would likely be classified as sSONSM; 39% had meningiomas
of the anterior clinoid process, 17% sphenoid wing, 13%
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Fig. 18 Coronal T1-weighted contrast-enhanced MRI image shows a
large dural based planum sphenoidale lesion consistent with a
meningioma extending into the right optic canal (arrow). In the
setting of visual loss from bilateral optic nerve compression, the
patient would benefit from surgical debulking, potentially with a right
optic canal decompression and likely subsequent radiotherapy. MRI,
magnetic resonance imaging.

sphenoorbital, 9% cavernous sinus, 9% sphenoid plane, 9%
tuberculum sellae, and 4% petroclival. The study compares
outcomes among patients undergoing tumor resection with-
out decompression (26%), with intradural optic canal unroof-
ing (22%), and with wide bony decompression (typically
extradural) and anterior clinoidectomy (52%). Gross total
resection occurred in 46% of cases, with subtotal resection in
the remaining 54%. Preoperative visual data were somewhat
limited in this report, but authors described that overall, 57%
of patients had a preoperative deficit in visual acuity. Of
those receiving anterior clinoidectomy, 61% improved, and
39% remained stable. By comparison, in patients who did not
receive anterior clinoidectomy, only 25% improved, 70%
remained stable, and 5% worsened.'8® Overall, the majority
of patients in this study demonstrated improvement
postoperatively.

In another study of 63 patients, 16 with pONSM (five with
recurrence after prior surgery), and 47 with SONSM (either
sphenoid ridge or tuberculum sellae meningioma, 9 with
history of prior surgery, outcomes may be summarized as
follows: symptom improvement in SONSM cases was ob-
served in 91% overall, with 65% improving fully and without
complication. By contrast, although pONSM patients in this
series did not undergo surgery until they lost useful vision,
complications included oculomotor palsy in three patients,
and two developed recurrence with intracranial extension.
The authors note that while surgical outcomes were very
strong for patients with sONSM, pONSM patients experi-
enced less favorable outcomes.'?®

Overall, the results of these studies suggest that good
visual outcomes may be achieved in the surgical treatment of
meningiomas that secondarily invade the canal.

64 Management of Primary and Secondary Optic Nerve Sheath Meningioma Solli, Turbin

Fig. 19 Axial T1-weighted contrast enhanced MRI showing a secondary
ONSM, most likely originating from the left cavernous sinus with extension
into the left optic canal (asterisks). Classically this type of case would benefit
from primary radiotherapy, albeit some highly skilled skull base surgeons
have experience with intracavernous resection, and optic canal decom-
pression. The latter remains a high-risk procedure for visual loss, and would
have been shown to be less advantageous than primary radiotherapy in
some studies.>> MR, magnetic resonance imaging; ONSM, optic nerve
sheath meningioma.

Case Presentation: Secondary ONSM Treated
with Partial Resection of Intracranial
Component and Optic Canal Decompression
Followed by Proton Beam Divided Dose
Radiotherapy

A 70-year-old woman presented with transient visual loss, mild
right optic disc edema, a moderate partial ipsilateral third nerve
palsy, and compressive optic neuropathy with a dense afferent,
as well as efferent pupil defect, and ipsilateral visual field cut
despite relatively preserved visual acuity of 20/25. A discussion
of primary RT versus combined approach with surgery and
postoperative RT ensued at the multispecialty skull base board.
The neurosurgical consultant recommended a decompression
of the optic canal and third nerve in the context of SONSM, and
associated hyperostosis. The patient underwent a right-sided
one-piece orbitozygomatic transcavernous approach to the
parasellar skull base, resection of intradural cavernous sinus
meningioma with extradural peeling of the lateral wall of the
cavernous sinus, and right-sided optic nerve decompression
using optic roof decompression and anterior clinoidectomy,
oculomotor nerve decompression. Her disc edema, vision loss,
and third nerve palsy responded to the operative approach
which was subsequently augmented with proton beam divided
dose radiotherapy. Her vision returned to 20/20, visual field cut
regressed, and third nerve palsy resolved. She remains stable
4 years after the treatments. (~Fig. 20A-C)

Surgery in Cases of Severe Vision Loss

As previously discussed, indications for surgery in patients
without useful vision remain controversial. Surgical treat-
ment to prevent or correct disfiguring proptosis is a reason-
able goal. Similarly, surgery to prevent contralateral visual
loss is a reasonable goal but not always clinically necessary.
For instance, some authors have reported the use of
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Fig. 20 (A-C) Axial (A) and coronal (B) T1-weighted, postcontrast MRI image show a clinoidal and cavernous sinus meningioma surrounding the
right carotid with invasion of the sella turcica and right orbit, probably through both the superior orbital fissure and optic canal. Axial bone
windowed CT (C) with contrast shows a narrowing right optic canal with hyperostosis (arrows) of the sphenoid sinus wall and right anterior
clinoid, as well as intraorbital soft-tissue extension to the right optic nerve. CT, computed tomography; MRI, magnetic resonance imaging. Case

courtesy of Dr. James K. Liu.

prechiasmatic transection of the affected optic nerve to
prevent tumor progression to the contralateral nerve and
subsequent bilateral vision loss, with several routinely trans-
ecting the nerve when performing resection in blind
patients.196 In our experience, in the setting of ONSM,
intracranial nerve transection and extirpation has rarely
been necessary. Given that these patients require continued
clinical and radiographic follow-up, this aggressive approach
could be offered for cases with documented inexorable
progression despite more conservative measures. There are
numerous cases of patients with severe visual loss that have
enjoyed meaningful and durable recovery of visual acuity
after radiation therapy, and we routinely prescribe a course
of radiotherapy in these situations despite severe visual loss.

In patients with severe proptosis, more limited tumor
debulking including orbital bone decompression may obviate
the need for more extended cranial or craniofacial approaches in
select cases. Similarly, enucleation or the removal of the globe
after detachment of the extraocular muscles typically followed
by placement of an indwelling orbital implant and secondary
cosmetic ocular shell, may benefit patients with a blind and
painful degenerating globe. Exenteration of the eye and orbit is a
more radical procedure that adds resection of additional soft
tissue and may be performed from an anterior limited approach
or combined with more comprehensive craniofacial resection of
periorbita and bone in the most severe cases.””>'%%197:198 [ our
experience, exenteration is rarely utilized for pONSM and
SONSM and its use is limited to cases of advanced primary
or secondary orbital malignancy.

Medical Therapy

Historically, medical therapy has not played a role in the
treatment of intracranial meningiomas, as drug trials have
remained relatively unsuccessful. As meningiomas are
known to express estrogen and progesterone receptors,
hormone-directed therapies including tamoxifen (an anties-
trogen agent) and mifepristone (an antiprogesterone agent)
were investigated in clinical trials; however, these agents
proved to be of little to no benefit.2%19%-290 Recently, other
pharmacotherapies including peptide receptor radionuclide
therapy (consisting of radiolabeled somatostatin receptor

ligands), antiangiogenic targeted therapies (mainly the vas-
cular endothelial growth factor [VEGF] inhibitor bevacizu-
mab, and the multitargeted tyrosine kinase inhibitors
vatalanib and sunitinib with both anti-VEGF and anti-PDGF
properties), and trabectedin (a tetrahydroisoquinoline with
antineoplastic properties) have shown relatively promising
results.?%297 [n addition, immunomodulation with a-inter-
feron treatment has shown limited results.>%? At this time,
the only medical therapies that have been recommended by
the National Comprehensive Cancer Network (NCCN) include
a-interferon, somatostatin receptor agonists, and antiangio-
genic agents.?%3-294 Treatment with hydroxyurea, a ribonu-
cleotide reductase inhibitor known to induce apoptosis in
meningioma cell culture, has also shown modest results with
regard to intracranial meningioma, and there has been one
reported case of ONSM treated with hydroxyurea resulting in
improved visual acuity and visual fields.?%-200-205-207 How-
ever, for the most part, there has been relatively little
investigation into the potential utility of chemotherapeutic
agents in the treatment of ONSM specifically.?®

Recently, two studies have explored the potential thera-
peutic utility of chemotherapeutic agents in ONSM. Investiga-
tion of the antitumor effects of farnesol (a plant and fungal-
derived compound that has been found to have chemothera-
peutic potential) and diosgenin (a steroidal saponin compound
derived from fenugreek seeds) on an ONSM cell line (HBL-52)
in vitro have met with some success.??-21% There have also
been some reports on the use of mitomycin C to treat and/or
prevent tumor recurrence.?' 212 Overall, there is very little
evidence to support the current use of chemotherapeutic
agents in the treatment of ONSM. The development and
common use of chemotherapeutic or other medical agents
to treat ONSM will require additional investigation.

Conclusion

ONSMs are rare tumors of the optic nerve sheath that
frequently present a diagnostic challenge. Although several
classic clinical and radiographic features have been de-
scribed, many ONSMs do not present in a typical fashion,
and may mimic (or be mimicked by) a variety of other
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inflammatory or infiltrative clinical entities, including optic
neuritis/perineuritis, optic nerve sarcoid, and lymphoma. In
the setting of significant diagnostic uncertainty despite
thorough evaluation, a corticosteroid trial may aid in ruling
out potential entities that respond to steroids. Ultimately,
some cases may require biopsy to confirm a diagnosis. In
addition, while many patients display slowly progressive
vision loss, allowing sufficient time to establish the diagno-
sis, the rapidity of diagnosis may be of greater importance in
selected patients such as pregnant females who may experi-
ence increased tumor growth due to hormonal changes.
Treatment planning requires an individualized approach.
Patients with pONSM, including those with tumor confined
to the optic canal, may benefit from radiation therapy as
primary treatment. There may be a role for surgery in
selected patients, such as those with significant intracranial
extension or severe proptosis (especially when vision loss
has already become severe and preservation of vision is of
less concern), or in patients with SONSM or those secondarily
invading the optic canal. Historically, surgery for resection
has been associated with poor functional outcomes, gener-
ally attributed to the anatomical relationship of the blood
supply to the tumor infiltrating the optic nerve sheath
complex. This has resulted in a shift toward decompression
alone. However, surgical practices vary institutionally and
regionally and outcomes may vary based on the skill of the
surgeon. Several cases of patients have been reported, dem-
onstrating improved or stable vision postoperatively,
highlighting the importance of treatment at a center with
a multidisciplinary skull base surgery team.
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