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As is true in all other intracranial tumors, an early diagnosis 
[of optic foramen tumors] simplifies the operative procedure, 
reduces its dangers and affords the patient the best chance of 
life and preservation of function.

— Walter E. Dandy, 192214 

Meningiomas represent approximately 35% of all tu-
mors involving the optic nerve.6,52 Among all intraorbital 
meningiomas, approximately 90% originate intracranially 

and extend through the optic canal into the orbit.10 The 
remaining 10% arise from the arachnoid of the intraor-
bital optic nerve and are classified as optic nerve sheath 
meningiomas (ONSMs).15,44,51 These tumors are rare, cor-
responding to only 1% of all orbital lesions,15,40 and their 
origin within the optic canal is infrequent.10 They are often 
subdural and small at their first appearance. With progres-
sion, they tend to invade the dural sheath and extend into 
the orbital soft tissue or even the orbital walls.41 When oc-
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OBJECTIVE Although meningiomas frequently involve the optic nerve, primary optic nerve sheath meningiomas 
(ONSMs) are rare, accounting for only 1% of all meningiomas. Given the high risk of vision loss with these tumors, surgi-
cal intervention is seldom considered, and radiation or observation is commonly applied. Here, the authors describe the 
visual outcomes for a series of patients who were treated with surgery aiming at maximal tumor resection and highlight 
their prognostic factors.
METHODS The authors retrospectively analyzed the data for 8 patients with intracanalicular ONSMs who had been 
surgically treated by the senior author (O.A.) between 1998 and 2016. Meningiomas extending into the optic canal from 
the intracranial cavity (i.e., clinoid, sphenoid wing, tuberculum sellae, diaphragma sellae) were excluded. Diagnosis was 
based on ophthalmological, radiological, and intraoperative findings, which were confirmed by the typical histological 
findings. Preoperative, postoperative, and follow-up visual assessments were performed by neuro-ophthalmologists in all 
cases.
RESULTS The patients included 7 females and 1 male. The mean age at diagnosis was 45.1 years (range 25.0–70.0 
years). Mean duration of follow-up was 38.9 months (range 3.0–88.0 months). All patients reported visual complaints, 
and all had objective evidence of optic nerve dysfunction. Their evaluation included visual field, visual acuity, fundusco-
py, and retinal fiber thickness. Total resection was obtained in 4 cases. Comparing preoperative and postoperative visual 
function revealed that 4 patients had improvement at the last follow-up, 1 patient had stable vision, and 3 patients had 
decreased function but none had total vision loss. All patients with good preoperative visual acuity maintained this status 
following surgical treatment. There was no surgical mortality or infection. Operative complications included binocular 
diplopia in 4 patients, which remitted spontaneously.
CONCLUSIONS Surgery can play a beneficial role in the primary treatment of ONSM, especially lesions located in the 
posterior third of the nerve. Total removal can be achieved with vision preservation or improvement, without major surgi-
cal complications, especially at early stages of the disease. Patients with good preoperative vision and CSF flow in the 
optic sheath have better chances of a favorable outcome than those with poor vision.
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curring within the optic canal, ONSMs were once referred 
to as “the impossible meningioma” because of the diffi-
culties in the diagnosis and surgical treatment of tumors 
in that location.45

The management of ONSM is controversial. Left un-
treated, progressive vision loss will occur, often as a result 
of direct tumoral compression of the nerve, compromise of 
its vasculature, and in some cases direct neoplastic infiltra-
tion of the optic nerve.41 Current management for most pa-
tients with ONSM involves observation when visual func-
tion is relatively preserved, with minor field deficits and 
acuity ≥ 20/40.17,30,35,47,52 If visual function declines, frac-
tionated stereotactic radiation is typically offered to try to 
mitigate further vision loss, a procedure that, according to 
several authors, provides acceptable vision stabilization 
and progression control, despite its toxicity.1,2,8,32,39 Inher-
ently, radiosurgery is not applicable due to the risk of vi-
sion loss.39

In general, surgery has been avoided for ONSMs given 
the risk of perioperative vision loss.6,25,39,52 In 1938, Cush-
ing and Eisenhardt described the drastic measure of re-
secting the optic nerve as the primary treatment for me-
ningiomas involving the nerve.13 More recent reports have 
still failed to show an advantage of surgery over other 
treatment options because of the high morbidity from vi-
sion loss and frequent tumor recurrences.18,47,52 Therefore, 
surgical intervention has generally been reserved for ex-
tensive neoplasms that cause disfiguring proptosis or pose 
a high risk of intracranial extension. In such cases, tumor 
debulking with decompression of the optic apparatus has 
been described.25,33,34,37

A different approach, one of the early surgical inter-
ventions, was first espoused in 1950 by Craig and Gogela, 
who stated, “There is every reason to believe that with 
early recognition of these lesions and their prompt re-
moval, failing vision may be controlled and possibly even 
improved or restored.”11 We believed that with appropriate 
techniques and expertise, early surgical intervention as a 
primary treatment can not only stop disease progression 
and reduce the risk of subsequent vision loss, but also, to 
some extent, reverse visual deficits that have already oc-
curred. Therefore, we herein present the outcomes of a 
series of patients surgically treated for ONSM with the 
goal of gross-total resection (GTR) and report the factors 
associated with a good outcome.

Methods
Data Collection

Under institutional review board (IRB) approval, we 
retrospectively analyzed the data for 8 patients harboring 
primary ONSM within the optic canal who had been sur-
gically treated by the senior author (O.A.) between 1998 
and 2016. Only tumors originating from the optic nerve 
sheath were included in this series; we excluded menin-
giomas extending into the optic canal (i.e., those arising 
from the clinoid, tuberculum sellae, sphenoid wing, and di-
aphragma sellae). Diagnosis of the tumor origin was based 
on preoperative images and intraoperative findings. The 
diagnosis of meningiomas was confirmed by typical histo-
logical features. Preoperative imaging included thin-slice 

bone window CT and MRI studies. A specialized coronal 
MRI sequence orthogonal to the optic canal often offered 
the best image for evaluating tumor extension along the 
nerve (Fig. 1).

Neuro-ophthalmologists performed detailed ophthal-
mological evaluations preoperatively, postoperatively, 
and on follow-up in all cases. Best corrected visual acuity 
was tested with a Snellen eye chart.29 Visual fields were 
analyzed with standard automated Humphrey 24° or 30° 
perimetry, and results were accepted as reliable when the 
occurrence of false-negative and false-positive results did 
not exceed 30%.

Surgical Considerations
Through a unilateral supraorbital craniotomy,3 the optic 

canal is exposed and unroofed extradurally using a high-
speed drill. If necessary, an anterior clinoidectomy is per-
formed to allow better exposure of tumors with inferior 
extension. Drilling is carried out using a fine diamond bit 
under constant irrigation to avoid heating the bone. Pres-
sure streaming irrigation is avoided over the optic nerve. 
Bone is removed layer by layer; hence, the nerve tends 
to be more compressed in the canal. The optic nerve is 
not manipulated; coagulation is not used, and bleeding is 
controlled with irrigation, although streaming irrigation 
on the nerve is avoided. No pharmacological agent, such 
as papaverine or steroids, is used. The annulus of Zinn 
is opened, releasing the nerve and allowing the tumor to 
be followed through its intraorbital extension. Under high 
magnification, a plane of arachnoidal dissection is estab-
lished, and tumor is gently resected from around the nerve. 
The most critical site is the area of the central retinal ar-
tery entry, usually at the junction of the middle and ante-
rior thirds of the intraorbital portion of the optic nerve.46

Results
The patients included 7 females and 1 male. The mean 

age at diagnosis was 45.1 years (range 25.0–70.0 years). 
Mean follow-up was 38.9 months (range 3.0–88.0 months). 
The tumor arose de novo in 7 cases (87.5%), and 1 patient 
had undergone prior treatment with subtotal resection fol-
lowed by stereotactic radiation. No other patients had re-
ceived radiation prior to their surgical treatment.

All patients reported visual complaints: vision loss in 
75%, followed by blurred vision and double vision in 20%. 
The full list of chief complaints is presented in Table 1. 
At presentation, visual performance was good (LogMAR 

FIG. 1. Postcontrast T1-weighted MRI studies. Left: Oblique view de-
picting a meningioma along the posterior third of the right optic nerve. 
Right: Coronal view showing the radial distribution of the tumor along 
the optic nerve circumference.
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Snellen equivalent ≥ 0.5) in 6 patients (75%) and fair (< 0.5 
to > 0.1) in 2 patients (25%); none of the patients had poor 
(≤ 0.1 to 0) preoperative vision.37

Gross-total resection, which was the aim of surgery in 
all cases, was achieved in 4 (50%; Table 2). Tumor occu-
pied the optic canal in all cases. To describe the extent of 
tumor involvement along the intraorbital optic nerve, we 
divided this portion into three segments: anterior, middle, 
and posterior. The posterior third was involved in all cas-
es, the middle third in 4, and the anterior third in 2 cases. 
One patient had a bilateral ONSM extending en plaque 
across the planum sphenoidale (Fig. 2).

Among the patients with a good preoperative visual 
performance, all sustained this status during follow-up. At 
the last follow-up, 4 patients (50%) demonstrated improve-
ment in visual function as compared to preoperatively, 1 
patient had no change in vision and remained stable, and 
3 patients experienced visual decline. Table 2 features vi-
sual outcomes, tumor locations, and extent of resection. A 
Supplementary Table shows the actual pre- and postopera-
tive visual fields along with the data displayed in Table 2.

There was no surgical mortality or neurological or sys-
temic complications. Operative complications included 
binocular diplopia (4 patients) that spontaneously recov-
ered within the follow-up period. No tumor recurrence 
was observed at the last follow-up in any of the patients.

Discussion
Clinical Management

The high female predominance (87.5%) and mean age 
of 45.1 years at diagnosis in our patient series are consistent 
with most reports in the literature, in which ONSMs occur 
predominantly in females, tend to present earlier than in-
tracranial meningiomas,4,7,9,10,12,15,17,34,35,37,44,47,52 and, as ex-
pected, have vision loss as the chief complaint.9,15,21,34,37,52

In a major literature review by Dutton in 1992, only 
26 (5.7%) of 454 unilateral ONSMs were located within 
the optic canal.15 The natural course of ONSM, as with 
all meningiomas, is progressive growth in different pat-
terns.20 Hence, if these lesions are left untreated, progres-
sive vision loss and proptosis are common consequences. 
Furthermore, progression can, by intracranial extension, 

TABLE 1. Demographics and clinical and tumor presentation

Case 
No.

Age 
(yrs) Sex Initial Symptoms Laterality Tumor

1 52 F Vision loss, diplopia Rt De novo
2 62 F Vision loss Lt De novo
3 44 F Vision loss, diplopia, 

ptosis
Lt De novo

4 27 M Vision loss, seizures Rt Previously treated
5 70 F Blurred vision Rt De novo
6 33 F Blurred vision Bilat De novo
7 48 F Vision loss Lt De novo
8 25 F Vision loss Rt De novo

TABLE 2. Preoperative and postoperative visual acuities and visual fields, extent of resection, and visual outcomes

Case No. Preop VA Preop VF (MD) Postop VA Postop VF (MD) Tumor Extension* EOR Last FU (mos) Final Visual Status

1 20/40 −20.5 NA −12.52 Pst GTR 3.76 Improved
2 20/50 −20.93 20/400 −31.88 Ant STR 50.46 Worsened
3 20/30 NA 20/30 NA Pst GTR 25.53 Stable
4 20/30 −29.87 20/15 −10.24 Mid GTR 63.06 Improved
5 20/40 −3.89 20/40 −17.94 Pst GTR 5.0 Worsened
6 20/20 (rt),  

0/20 (lt)
−4.12 (rt),  
−8.08 (lt)

20/20 (rt),  
20/20 (lt)

−1.16 (rt),  
−2.3 (lt)

Mid STR 50 Improved

7 20/50 NA EC −30.04 Ant STR 88.3 Worsened
8 20/25 −10.27 20/20 −10.57 Pst STR 3.06 Improved

Ant = anterior; EC = eccentric viewing; EOR = extent of resection; FU = follow-up; MD = mean deviation; Mid = middle; NA = not available; Pst = posterior; STR = subto-
tal resection; VA = visual acuity; VF = visual field.
* Along the intraorbital part of the optic nerve.

FIG. 2. Postcontrast axial T1-weighted MRI studies revealing intracana-
licular lesions. A: Tumor extending into the posterior third of the optic 
nerve. B: Tumor extending into the middle third of the optic nerve. C: 
Tumor extending into the anterior third of the optic nerve. D: Bilateral 
involvement of the optic nerve by tumor.
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lead to subchiasmatic extension and involvement of the 
contralateral eye.

Currently, management commonly involves initial ob-
servation for patients with good to moderate vision loss, 
followed by radiation therapy when progression is de-
tected.17,30,35,47,52 Surgery has been reserved for patients 
with disfiguring proptosis or intracranial extension, when 
partial removal might be offered, followed or not by ra-
diation.25,33,34,37 Observation, however, can lead to even-
tual progressive visual deterioration and blindness.15,22, 34,47 
Turbin et al. reported a multicenter review of 64 cases of 
ONSM, in which 13 patients were solely observed, and 
all had progressive visual decline during follow-up.47 In a 
study conducted by Roser et al., 2 patients refused surgical 
treatment and were followed up with MRI and ophthalmo-
logical evaluation every 6 months; after 38 months and 60 
months, respectively, the patients lost complete vision in 
the affected eye.34

Several authors have reported positive outcomes in 
terms of improving or stabilizing visual function with ra-
diation therapy.2,4,5,42,47 In a report on 64 patients treated 
with different modalities, Turbin et al. concluded that the 
best long-term visual outcomes were achieved with frac-
tionated radiotherapy alone as the primary treatment, as 
compared to those attained with observation, surgery 
alone, or surgery with adjuvant radiation.47 The complica-
tion rate was 33%, including retinopathy, vascular occlu-
sion, and temporal lobe atrophy.

In 2012, Adams et al. suggested that early radiotherapy 
would be the optimal treatment for ONSM, reporting 78% 
improvement and 89% stabilization of vision among 18 
patients treated with conventional conformal radiotherapy 
(5 patients did not have useful vision before treatment). 
Acute radiation side effects were experienced by 11 pa-
tients, and late effects occurred in 8 patients.2

In 2013, Brower et al. reported on a series of 15 pa-
tients treated with radiotherapy, 27% of whom experi-
enced vision improvement and 60% of whom had stable 
vision following treatment; retinopathy was the only com-
plication, occurring in 13% of the patients.5 Neither did 
these authors find tumor progression during the follow-up; 
however, there was no change in the tumor size in 93% 
of their cases. This finding, the inability of radiotherapy 
to promote any tumor regression in most cases, has been 
reported in several studies.5,37,43

Surgical Management
Near a century ago, Dandy advocated the need for early 

recognition and treatment of intracanalicular lesions as he 
described the cases of two children with intracanalicu-
lar ONSMs who had been surgically treated, resulting in 
great improvement of visual function.14 Since radiologi-
cal and intraoperative findings often demonstrate tumor 
compressing the nerve within its relatively immovable du-
ral border, it has been suggested that visual improvement 
may be possible with plain decompression of the nerve. 
On the basis of such a theory, Wright reported on 2 cases 
of optic nerve decompression via resection of the optic 
sheath; however, both patients experienced visual decline 
during the follow-up.50 Saeed et al. had similar findings 
in their study of 47 patients who were primarily treated 

with surgery. Among the 10 patients who had undergone 
plain optic nerve decompression, 8 lost their vision during 
follow-up.35

Although surgical intervention for tumor removal has 
been linked to an unfavorable visual outcome,47 visual 
improvement and stabilization through resection has been 
described as well.9,16,21,28,34,48,52 Roser et al. reported on 22 
patients with ONSM treated with surgery.34 In all of the 
blind patients, the optic nerve was transected; all 16 pa-
tients with functional vision underwent partial resection of 
their tumors. At the last follow-up, 50% of the patients had 
experienced visual improvement or stabilization. The au-
thors asserted that the goal of surgery should be to remove 
as much tumor as possible, with opening of the optic ca-
nal and without manipulating the optic nerve. More lately, 
Schick and Hassler stated that tumor left inside the optic 
canal can be the cause of either recurrence or the absence 
of visual improvement after surgery.38 Our findings indi-
cated a higher incidence of visual stability and improve-
ment in patients with good preoperative vision. A similar 
finding was reported by Schick et al. in 2004.37

Furthermore, we noticed that tumors located in the 
posterior and middle thirds of the intraorbital optic nerve 
are more suitable for GTR and have a more favorable vi-
sual outcome than those extending to the anterior third. 
All patients with tumors limited to the posterior third of 
the nerve were treated with GTR, except for 1 patient who 
had a portion of the lesion very adherent to the intracana-
licular inferior part of the nerve. Patients presenting with 
tumors extending to the anterior third of the nerve had a 
worse visual outcome. This result may be related to the 
involvement of the central retinal artery and optociliary 
arteries when tumors extend beyond the middle third. In 
fact, in 1 case, it was possible to notice signs of ischemia 
of the nerve on the preoperative images (Fig. 3).

All of our patients with a good preoperative visual 
performance had sustained this status during follow-up, 
whereas 2 patients with fair preoperative vision had de-
creased to poor vision (Table 3).

Surgical and Anatomical Considerations
Vascularity

Several authors have reported that the difficulty in suc-
cessful tumor removal with a good visual outcome lies 
mostly in preserving the optic nerve’s vasculature, espe-
cially the central retinal artery,4,12 whereas other authors 
have suggested that manipulation of the optic nerve dur-
ing surgery could lead to vasospasm of its vasa nervorum, 
with consequent ischemia.34 In 1949, Walsh suggested that 
a meningioma encircling the optic nerve and the nerve it-
self have a common vascular supply that could be compro-
mised during tumor removal.49

The peripheral vascular network of the optic nerve has 
numerous anastomoses; therefore, impairment of visual 
function is more likely to occur when injury involves ter-
minal vessels of the periphery or the longitudinal system 
of the central retinal artery.19 In the intracanalicular part of 
the optic nerve, there is no axial artery, only precapillaries, 
which are less numerous than at the level of the optic tract 
and more dense and irregular as we move toward the optic 
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disc.19 Therefore, in cases of intracanalicular ONSMs, we 
recommend early surgical intervention before the tumor 
extends to the middle and anterior portions of the nerve, 
endangering the central retinal and ciliary arteries (Fig. 4).

Arachnoidal Plane
Although the whole length of the optic sheath is sus-

ceptible to the occurrence of meningiomas,27 Cushing and 
Eisenhardt considered that the proximity of the foramen 
would make that area the most probable site of origin, and, 
as with all meningiomas, ONSMs would then spread along 
the lines of least resistance.13 The occurrence of intracana-
licular ONSM appears to be random, as microscopic stud-
ies have been unable to reveal any different features of the 
arachnoid cytoarchitecture between the intracanalicular 
and intraconal segments of the optic nerve and its sheath.10 
Arachnoid cap cells that generate primary ONSM tend to 
completely surround the nerve in its intracanalicular and 

intraorbital portion; hence, the tumor is frequently found 
in the whole circumference of the nerve.31

The sheath of the optic nerve and the leptomeninges 
are analogous structures, and the space between the sheath 
and the nerve is in continuity with the cerebral subarach-
noid space.41 The subarachnoid space of the optic nerve 
contains a complex system of trabeculae and septa filled 
with cerebrospinal fluid that heterogeneously surrounds 
the whole nerve,24 is relatively narrower in its intracana-
licular portion,23 and dilates in the presence of tumor in 

FIG. 3. Axial diffusion-weighted imaging studies. Left: Preoperative image showing a hyperintense signal in the anterior portion of 
the optic nerve (white arrow), suggesting ischemia. Right: Postoperative image disclosing the same sign along the whole length of 
the nerve.

TABLE 3. Preoperative and postoperative visual performance

Case No. Preop SE Preop VP Postop SE Postop VP

1 0.5 Good NA Good
2 0.4 Fair 0.05 Poor
3 0.6 Good 0.6 Good
4 0.6 Good 1.3 Good
5 0.5 Good 0.5 Good
6 1.0/1.0 Good 1.0/1.0 Good
7 0.4 Fair EC Poor
8 1.0 Good 1.0 Good

SE = LogMAR Snellen equivalent; VP = visual performance.

FIG. 4. Anatomical dissections of a left optic nerve and sheath. Upper: 
Opening the optic sheath reveals a dense arachnoidal trabeculae (ar-
rowheads) serving as a barrier between the dura and the vasculature of 
the optic nerve. Asterisks in both images indicate the eye globe. Lower: 
After removing the trabeculae, one can identify, in the inferolateral as-
pect of the nerve, the central retinal artery (arrowhead) and its branch-
es. Copyright Ossama Al-Mefty. Published with permission.
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the retrobulbar portion of the optic sheath (Fig. 5).
It has been demonstrated that primary ONSM has four 

forms of presentation in relation to the optic nerve (Fig. 
6). In the first form, tumor may or may not surround the 

nerve, but normal subarachnoid space and CSF circulation 
are found between the tumor and the optic nerve.36,44 In a 
second form, the tumor encircles the nerve, and the sub-
arachnoid space is significantly reduced, although a mini-
mal flow of CSF still separates tumor from the nerve.44 
In the third form, the CSF interface is no longer present, 
and the tumor begins to apply pressure to the optic nerve 
and its peripheral vasculature;9,45 therefore, incomplete re-
covery or decline of visual function after excision could 
be the result of prolonged ischemia.27 In the fourth form, 
the tumor begins to invade the optic nerve’s pia.41 Thus, 
complete encirclement of the nerve may be related to an 
advanced stage of the disease,16 and early surgical inter-
vention would increase the chances of visual function and 
successful resection.16,26

Intraoperatively, we have noticed that in the first two 
forms, the presence of a subdural space and an intact 
arachnoid membrane facilitates tumor dissection without 
direct contact with the nerve, which has been described 
by others as well (Fig. 7).28 In the third form, resection 
becomes a more challenging task, as a virtual space sepa-
rates the nerve from the tumor. In the fourth form, even 
though patients have probably already presented with irre-
versible nerve damage, conservative resection with further 
close observation is preferable.

Conclusions
Surgery can play a fundamental role in the primary 

treatment of ONSM, especially in cases in which tumor is 
limited to the middle or posterior third of the nerve or in 
which there is still a compressed but preserved arachnoidal 
space between the nerve and the shocking tumor. Patients 
with good preoperative vision have a greater chance of a 
favorable outcome than those with poor vision. Further-
more, our results have shown that, in specific cases, micro-
surgical total removal of intracanalicular ONSM not only 
is feasible, but also can improve and stabilize visual func-
tion and offer patients a definitive cure for their disease.

FIG. 6. Artistic representation of the right orbit, superior view, where 
a tumor (light red) is occupying the optic canal and extending to the 
posterior third of the intraconal optic nerve, just before the central retinal 
artery (seen crossing below the nerve). The four forms of ONSMs: I, 
type 1; II, type 2; III, type 3; IV, type 4. Yellow indicates the optic nerve; 
blue, CSF at the subarachnoid space; red, tumor; gray, dura (optic nerve 
sheath). Copyright Anil Can. Published with permission.

FIG. 5. T2-weighted MRI studies. Left: Axial view revealing an intracanalicular tumor (asterisk) with dilation of the distal subarach-
noid space (arrows). Right: The same phenomena can be observed in a coronal plane (arrows).
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