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K e y  P o i n t s

ONSM is a rare tumour. It is usually separated 
into the primary ONSM (pONSM) (intraorbital or 
intracanalicular) and secondary (sONSM) (intra­
cranial). The tumour can also originate within the 
optic nerve sheath in the orbit or optic canal and 
may grow intracranially to involve various struc­
tures there. ONSM can also present in a bilateral 
form. pONSM represent approximately 96% of 
all intraorbital and approximately 1%–2% of all 
intracranial meningiomas. It is the second most 
common orbital tumour after optic nerve gliomas, 
but represents only 10% of all ONSM, all the oth­
ers (90%) being secondary ONSM. Of the pONSM, 
approximately 96% are true pONSM and only 4% 
were considered ectopic; pONSM typically de­
velop in middle aged women with the proportion 
of females ranging from 70 to 80, although they do 
occur in children as well.
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arise intracranially, usually from the sphenoid ridge 
or tuberculum sellae and subsequently invade the op­
tic canal and orbit by extending between the dura and 
arachnoid of the optic nerve in these regions. The term 
ONSM thus does not imply a definite site of origin. 
Nevertheless, once this type of tumour gains access to 
the subdural space of the intracanalicular or intraorbital 
optic nerve, the tumour grows up and down the sheath, 
invading the dura and obliterating the pial blood sup­
ply. In most instances, the tumour encircles the optic 
nerve without invading it. In other cases, the tumour 
may invade the nerve by growing along the fibrovas­
cular septa (Samples et al. 1983; Probst et al. 1985). 
Such a tumour may eventually surround and obstruct 
the central retinal vein, central retinal artery, or both 

1.1	  
Introduction

Optic nerve sheath meningioma (ONSM) is a rare tu­
mour. It is usually separated into the primary ONSM 
(pONSM) which arise from the cap cells of the arach­
noid surrounding the intraorbital (Figs. 1.1–1.3) or, less 
commonly, the intracanalicular portions of the optic 
nerve (Figs. 1.4–1.7), and secondary (sONSM), which 
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(primarily calcified) tram-track-like tumor in the precanalicu­
lar part of the right intraorbital optic nerve

Fig. 1.2.  Corresponding axial T1-weighted (T1w), contrast 
enhanced, fat-supressed view with signal, enhancement of the 
tumor (white arrow)

Fig. 1.3.  Corresponding sagittal T1-weighted (T1w), contrast 
enhanced, fat-supressed view with signal enhancement of the 
tumor (white arrow)

Fig. 1.4.  Axial T1w, contrast-enhanced view at the level of the 
clinoid process
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vessels. Rarely, a tumour will break through the dural 
sheath of the optic nerve to invade other orbital struc­
tures. Finally, a tumour that originates within the op­
tic nerve sheath in the orbit or optic canal may grow 
intracranially to involve the optic chiasm, contralateral 
optic nerve, and internal carotid artery. It may even in­
vade the cavernous sinus or the sella turcica.

ONSM can also present in a bilateral form (Dandy 
1922; Craig and Gogela 1949; Salazar et al. 1977; 
Hollenhurst et  al. 1977; Trobe et  al. 1978; Hart 
et al. 1980; Wilson 1981; Cohn 1983), featuring inva­
sion of both optic canals by one or several meningiomas. 
In some cases extended periods of time separating the 
involvement of the first eye from that of the second have 
been reported, casting some doubt on the causes of vi­
sual loss in the first eye (Trobe et al. 1978). Other au­
thors (Hart et al. 1980) suggested that the tumour may 
in fact have arisen multifocally, simultaneously involv­
ing both optic nerves in their intraorbital and intrac­
anicular portions. The near simultaneous involvement 
of both optic nerves and the symmetric clinical course, 

Fig. 1.5.  Coronal T1w, contrast enhanced view at the level of 
the optic canal. No differentiation of the right optic nerve due 
to tumor compression. Note the corresponding left optic nerve 
in the optic canal (white arrow)

Fig. 1.6.  Axial T1w, native view of the intracanalicular part of 
the optic nerve demonstrating a slight enlargement

Fig. 1.7.  Coronal, T2w view, showing the dislocation and 
compression of the right optic nerve (black arrow) by the infe­
riorly excentric (hyperintense) meningeoma
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accompanied by the surgical finding of an absence of 
tumour within the prechiasmal space, supports this 
conclusion (Hart et al. 1980).

Although these (ONSM) tumours are frequently dis­
cussed together, due to different clinical characteristics, 
treatment, and outcome, all of which may have implica­
tions for the future strategies; they will not be discussed 
together in this book. This book focuses on the primary 
ONSM, in which both intraorbital and intracanalicular 
ONSM will be placed. The aim of this book is to sum­
marize pretreatment and treatment characteristics of 
pONSM, putting a special emphasis on the use of ex­
ternal beam radiation therapy (RT) in the management 
of this disease, in particular stereotactic fractionated ra­
diation therapy (SFRT).

1.2	  
Incidence

There has been some controversy regarding the inci­
dence of pONSM because of their infrequent occur­
rence, the difficulty of determining the actual site of 
origin of large tumours (Spencer 1972; Alper 1981) 
and the possible confusion between meningiomas and 
the arachnoid hyperplasia that often accompanies optic 
gliomas (Cooling and Wright 1979). In the Harvey 
Cushing’s series of 313 meningiomas (Cushing and 
Eisenhardt 1938), there was only one which arose 
from the sheath of the optic nerve. Other series of both 
meningiomas and orbital tumours support this rarity; 
various series have shown their incidence to vary be­
tween 2% and 6% (Craig and Gogela 1949; Dandy 
1941; Ingalls 1953; Shields et al. 2004). In addition, 
the majority of the data come from ophthalmological 
literature (Craig and Gogela 1949; Karp et al. 1974; 
Wright 1977; Mark et al. 1978; Alper 1981; Samples 
et al. 1983), which may not be easily available to physi­
cians from other specialties.

It is now established that primary ONSM represent 
approximately 96% of all intraorbital and approximately 
1%–2% of all intracranial meningiomas (Dutton 
1992). It thus is the second most common orbital tu­
mour, after optic nerve gliomas (Craig and Gogela 
1949; D’Alena 1964; Wright et al. 1980; Sibony et al. 
1984; Rootman 1988; Gabibov et al. 1988; Dutton 
1992). However, it represents only 10% of all ONSM, 
all other (90%) being the secondary ONSM. Of the 
pONSM, it is said that approximately 96% are true 
pONSM and only 4% were considered ectopic, i.e. those 
arising from ectopic arachnoid cells within the orbital 

interstitial tissues or along the orbital nerves (Craig and 
Gogela 1949; Rootman 1988). These ectopic, extra­
dural meningiomas do not appear to have a connection 
to the optic sheath or the optic canal and do not have an 
intracranial origin. They probably arise from congeni­
tally displaced nests of meningothelial cells along the 
orbital wall or within the muscle cone and have been 
named “extradural orbital meningioma” (Craig and 
Gogela 1949; Alper 1981). Of all pONSMs, 92% arise 
intraorbitally and only 8% intracanalicularly (Dutton 
1992). Most of these tumours are unilateral, with 5% 
presenting bilaterally. They typically affect middle-aged 
women. There is no strong evidence for predilection 
for left or right laterality (Dutton 1992). Interestingly, 
canalicular meningiomas had a higher incidence of bi­
laterality (38%) than ONSMs within the orbit (Dutton 
1992). In a subsequent series (Saeed et al. 2003), half of 
the patients with bilateral ONSMs had tumours along 
the planum sphenoidale in continuity with the lesions 
in both optic canals. Thus, it would appear that some 
cases of apparently bilateral ONSMs are truly bilateral, 
whereas others represent either the spread of a planum 
sphenoidale meningioma to both optic canals or of a 
unilateral ONSM across the planum to the contralateral 
optic canal.

Recent study from Denmark (Lindegaard et  al. 
2002) showed that frequency of ONSM increased sig­
nificantly during the last 25 years. A significant differ­
ence in the mean ages of men and women with ONSM 
was found (p <  0.05, Student’s t-test). The mean age for 
women was calculated at 48.8 years, being higher than 
the mean age calculated in the series of Dutton (1992) 
(40.8 years) both being higher than that for men, calcu­
lated at 29.7  years in the Danish study (Lindegaard 
et al. 2002). This increase in incidence may have been the 
result of the development of better imaging techniques 
for investigation of lesions involving the optic nerve 
which became available in the recent years. However, in 
the same time period there was no significant increase 
in the incidence of malignant tumours invading the op­
tic nerve, challenging improvement in imaging as the 
likely reason for such an increase in the incidence of op­
tic nerve sheath meningiomas. The reasons for this in­
crease, therefore, remain currently unknown; however 
it may reflect an overall increase of meningiomas which 
has been otherwise reported from Scandinavia, but not 
for other European countries (Louis et al. 2007).

As with other meningiomas, pONSM typically de­
velop in middle-aged women (Wright 1977; Wright 
et al. 1980; Alper 1981; Sibony et al. 1984), with re­
markably consistent gender ratio with the proportion 
of females in several series ranging from 70% to 80% 
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(Craig and Gogela 1949; Karp et  al. 1974; Reese 
1976; Wright 1977; Wright et al. 1980; Alper 1981; 
Sibony et al. 1984). Nonetheless, they do occur in chil­
dren as well. Vallat et al. (1981) described a 2-year old 
girl in whom such a tumour occurred, and other in­
vestigators have described similar cases (Dandy 1941; 
Offret 1951; Dunn and Walsh 1956). The youngest 
patient in the series reported by Alper (1981) was 3 
years of age. Karp et al. (1974) found that 10 of their 25 
(40%) patients were less than 20 years of age. However, 
although the true incidence in young patients remains 
difficult to determine (Karp et  al. 1974; Henderson 
1980; Alper 1981) it is estimated to occur in 4%–7% 
of all ONSM. Childhood ONSM may differ from adult 
form. Unlike ONSMs in adults, there is no gender pre­
dilection. They are said to be more commonly associ­
ated with neurofibromatosis type 2. pONSMs in chil­
dren often behave more aggressively, are characterized 
by faster growth, tend to be bilateral and show intracra­
nial involvement in comparison to adults (Listernick 
et al. 1997) and exhibit a more invasive growth (Walsh 
1970; Karp et al. 1974; Henderson 1980; Alper 1981). 
Moreover, bilateral cases appear to have an earlier mean 
age of onset of symptoms at 12.8 years (Dutton 1992). 
pONSM may also occur in older individuals. Five of the 
patients examined by Wright et  al. (1980) were over 
60 years of age, and one of them was a man. The oldest 
patient evaluated by Sibony et al. (1984) was a 66-year-
old man. The oldest patient of Alper (1981)was 83 
years old. Nevertheless, when these tumours present 
in middle age, the prognosis is much better (Wright 
1977; Wright et al. 1980; Clark et al. 1989). It has also 
been noted that pONSM appear at an earlier age than 
secondary orbital meningiomas or other intracranial 
meningiomas (Craig and Gogela 1949; McNab and 
Wright 1989). It is speculated that some or all of this 
age difference is presumably due to relatively smaller 
tumours in the orbit producing symptoms earlier than 
a similarly sized intracranial meningioma, especially in 
the region such as the sphenoid ridge.

These rare tumours have attracted a considerable 
amount of professional attention, including reports of 
ONSM being reported in association with prior radia­
tion therapy (RT) (Newman and Jane 1991). In addi­
tion, rare cases of adenocarcinoma of the lung meta­
static to optic nerve sheath meningioma (Arnold et al. 
1995) have been previously published.

Though difficult to judge conclusively from the cur­
rent literature, there has been a substantial shift in treat­
ment from surgery to “intelligent neglect” to – most 
recently – fractionated stereotactic radiotherapy. While 
a comprehensive evaluation of radiotherapy is not yet 

at hand, due to the benign nature of pONSM and thus 
decades of follow-up needed, it seems that this treat­
ment option might in future represent the mainstay of 
therapy for pONSM.
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