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Update on sphenoid wing meningiomas
Abstract. Meningiomas are the most common non-glial intracranial tumors in adults, which account for
14–19 % of all primary intracranial tumors and occur most commonly in females. They are the most common tumors of the sphenoid wing, and constitute 15–20 % of all intracranial meningiomas, representing the
third most common group of intracranial meningiomas. Most sphenoid wing meningiomas are relatively easy
to remove; however, they are sometimes a challenge, due to their invasion of the cavernous sinus, the bone
and, especially, to their close relationship to main arteries and cranial nerves. In these cases, total excision
is extremely difficult, resulting in high morbidity and a high rate of re-growth or recurrence. Here, we review
current concepts of diagnosis, treatment, and follow-up with clinical decision-making informed by multimodal
imaging and molecular biology.
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Definition
Meningiomas of the skull base constitute 40 % of all intracranial meningiomas. Of these, about one-half occur in
the sphenoid wing. Anatomically, the sphenoid wing meningioma (SWM) refers to tumors that originate in any part of
the bony crest formed by wings (lesser and greater) of the
sphenoid bone; it is the boundary between the anterior and
middle cranial floor. The lesser wing constitutes its internal
two-thirds and the most complex area, while the greater wing
forms its external third [5–7].

Molecular biology
and clinicopathologic features
Meningiomas were among the first tumors analyzed
for genetic abnormalities. Neurofibromatosis type 2 is
the most well-known familial syndrome, which is caused
by the germline mutation of the gene on 22q12.2. Over
50 % of individuals in this syndrome manifests at least
one meningioma in their lifetime, with a mean age of
30 years. Most of the meningiomas in NF2 disorder
background present a fibrous or transitional phenotype
and are generally more aggressive than sporadic tumors.
Losses on 1p and 14q are the next most common muta-

tion after LOH 22q, and these aberrations are independently correlated with increased tumor grade and recurrence rate [8–10].
Recently, several seminal studies evaluating the genomics of meningiomas have rapidly changed the understanding of the disease. One of the landmark early study by Clark
et al. identified a series of mutations in non-NF2-mutated
meningiomas, namely, tumor necrosis factor, receptor-associated factor 7 (TRAF7), Kruppel-like factor 4, AKT1,
Smoothened (SMO), and PIK3CA. An advantage of this
study is the understanding of these single genetic changes on
a broad scale and their implications on the clinical behavior
and progression of meningiomas [11].
The difference in the embryonic origins of the meninges according to site is associated with the histology,
location, and recurrent mutations of meningiomas. Meninges of the skull base originate from mesoderm whereas
meninges of the convexity originate from the neural crest.
Meningothelial variants are more frequently found in the
skull base with 15–25% frequency of gene TRAF7, with
early tumor recurrence prognosis; whereas fibrous meningiomas mainly develop in the convexity. Moreover, genetic
alterations of the NF2 gene are preferentially found in the
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convexity, and most other genetic alterations except NF2
are mainly found in skull base tumors. The tumor site may
also be related to the histologic grade, as the proportion of
grade II and III tumors are much higher at the convexity
than at the skull base, where grade I is more common at
the skull base [9].
Other study found that oncogenic of SMO and AKT1
mutations are likely to be high yield in both WHO grade I
and II of anterior skull base and noted that patients with
AKT1-mutated meningiomas presented at a younger age of
45.0 ± 8.5 years, where SMO mutations presented with older
age and larger tumor [12].

production by tumor cells, or osteoblastic stimulation of
normal bone. Currently, the most widely accepted theory
is bone invasion by tumor [4, 18].

Globoid meningiomas

Also known as spheno-orbital meningiomas or hyperostotic meningiomas, it is referred to as tumors with
carpet-like dural growth, which are associated with a reactive hyperostosis [13, 14]. Sphenoid wing hyperostosis
has been reported in as many as 42 % of all meningiomas
in this area and should be differentiated with fibrous dysplasia, osteoma, osteoblastic metastasis [14–17]. The primary clinical manifestations of these lesions are proptosis
and oculomotor deficits [13]. Hyperostosis in meningiomas was initially described by Brissaud and Lereboullet in
1903 [18]. The difference in theories regarding the cause
of hyperostosis includes vascular disturbances, irritation
of bone without actual invasion, previous trauma, bone

They are classified into three groups: 1) inner, or clinoidal, 2) middle or alar, and 3) lateral, outer, or pterional.
Middle meningiomas have radiologic characteristics
similar to lateral meningiomas and surgical resection and
clinical results of both types are almost identical. For this
reason, some authors suggest that globoid meningiomas of
the sphenoid wing can be classified into only two groups:
deep, inner, or clinoidal and lateral, outer, or pterional, discharging the middle or alar variety [19].
Based on intraoperative anatomical observations, O. AlMefty classified three subgroups of clinoidal meningiomas
(CM): group I, lower CM, no arachnoidal dissection plane
between the internal carotid artery (ICA) and tumor; group
II, distal or lateral CM, an arachnoidal membrane of the carotid cistern separates the tumor from the adventitia making
dissection possible; group III, CM that originates in the optic foramen, the arachnoidal membrane is present between
the ICA and the tumor but may be absent between the optic
nerve and the tumor. Meningiomas are characterized by severe visual loss with optic atrophy on one side [5].
There is a third and debatable variety of SWMs. These
are tumors that grow within the diploë without an epidural,
or subcutaneous component and are referred to as intraosseous or intradiploic meningiomas [4, 14]. The origin of these
tumors in the skull base is controversial. Arachnoid cells have
been described, following the vessels and nerves in bone fo-
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Classification of SWM and diagnosis
In 1938, Cushing and Eisenhardt classified SWMs into
two main varieties: en plaque and globoid.

En plaque meningiomas

Figure 1. A — en plaque. Hyperostosis is the main finding, which is especially located on the sphenoid ridge
and the orbital roof. B — T1-enhancing image. The large lesion along the right side represents the possible
extensions of sphenoid wing meningioma as it might grow (arrows)
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Figure 2. Radiologic findings: A — contrast-enhanced computed tomography, axial view of a right en plaque
meningioma. The hyperostosis on the entire sphenoid ridge associated with a small dural component.
A contrast-enhanced, T1-weighted axial magnetic resonance imaging of three left globoid sphenoid
wing meningiomas: B — pterional, C — alar, D — clinoidal [21]

ramina or trapped within the sutures. However, some authors
[20] doubt the existence of these tumors, proposing that they
are really a variety of en plaque meningiomas.

Symptoms
The SWM can grow in any direction and cause neurological deficit based on the adjacent structures by the compression or encasement. Medial compression or invasion
of the cavernous sinus, compression of the ICA and cranial
nerves III, IV, V, and VI may cause double vision. Superiorly,
the ICA and its branches outside the cavernous sinus can be
encased causing transient ischemic attack or stroke.
The SWM grows anteriorly through the optic canal
and/or above it to the anterior fossa leading to reduced visual acuity and/or causing frontal lobe compression with
potential cognitive impairment. Laterally compression of
the temporal lobe causes seizure and memory impairment.
Posterior compression of the oculomotor nerve and the
midbrain in the interpeduncular cistern causes double vision (Fig. 1A, B) [21].

Radiological diagnosis
In neurosurgical practice, the radiological diagnosis of
meningioma is typically certain on computed tomography
(CT) and magnetic resonance imaging (MRI) evaluation
(Fig. 2). However, differentiating residual or recurrent tumors from postsurgical or radiation treatment changes may
be a challenge. Recently modern imaging modalities such
as nuclear scintigraphy or positron emission tomography
have the benefit of meningioma biology. An evidence-based
recommendation for the use of molecular imaging in meningioma has been proposed recently. Conventional angiography is indicated in the diagnostic work-up, only when the
diagnosis is in question and most often in association with
pre-operative endovascular embolization to minimize blood
loss intraoperatively [22].

Treatment
Treatment of meningiomas depends on the tumor
size, tumor location, associated symptoms, age, and
health status.
Òîì 18, N¹ 1, 2022

Asymptomatic meningioma: the routine use of a CT and
MRI in neurosurgical practice, for investigation of different
pathologies, results in the discovery of unexpected incidental (asymptomatic), incidentally discovered meningiomas
(IDMs). Approximately 32 % of IDMs do not grow within
3 years of the follow-up period. Data are lacking to make
evidence-based management guidelines. A suggestion is
to obtain a follow-up imaging study 3–4 months after the
initial study, to rule out rapid progression and then repeat
annually [23]. Observational studies of meningiomas, with
average follow-up periods from 2.8 to 7.8 years have found
that 20 to 40 % of asymptomatic meningiomas grow at a linear rate of 2 to 3 mm per year. However, volumetric analysis
is the most accurate way to estimate a growth rate [24].
O. Al-Mefty advocate the “wait-and-see” approach in
IDMs, with exception of the tuberculum meningiomas, because of the possibility that future small growth could end
up rapidly affecting vision irreparably. This opinion is based
on the majority of studies showing that the natural history of
IDMs is generally benign and indolent. This recommendation is definitely applied in older individuals, in those who
are medically unstable, or in those who do not desire surgery,
and radiosurgery is not primary treatment when progression
has not been documented [25]. Other reviews demonstrated
that high T2-signal and non-calcification were associated
with symptom development and intervention, respectively,
which may have been due to meningioma growth [26].

Surgical treatment
Surgical treatment is, without doubt, the best option for
SWMs. This treatment is indicated based on the size of the
lesion, presence of signs or symptoms, patient’s condition,
changes of the edema on imaging studies, and surgeon’s experience. In general, surgery is indicated to all patients who
are in good health and have a tumor size greater than 2.5 cm.
For smaller tumors that are not too close to the visual system, stereotactic radiosurgery (SRS) might be considered.
The goal of the surgery in all cases should be radical excision
of the tumor, which means resection of the lesion, along with
the dural implant (1-cm margin) and all hyperostotic bone,
except in some spheno-orbital and clinoidal meningiomas,
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and invasion to the cavernous sinus. For these cases, most
authors recommend excising the tumor, dura mater, and infiltrated bone on extracavernous areas but leaving the intracavernous portion for another adjuvant treatment, such as
radiosurgery, because even in experienced hands, the third
nerve morbidity is extremely high after a direct approach to
this region [9, 27–29].

Radiation
The first clinical applications of SRS for meningioma
were performed by Lars Leksell in 1970 [30]. The stereotactic radiosurgery and stereotactic radiotherapy (SRT) have
been successfully applied when secondary surgical resection
was not practical or feasible [31]. The SRS typically delivers
a highly conformal, high dose of radiation in a single fraction and has been applied more frequently to the practice.
It is used after SRT or at the recurrence and as a definitive
primary treatment for presumed benign meningiomas. The
SRS is usually considered effective and safe for a tumor that
is limited in size up to 3 cm in maximal diameter or 10 cc in
volume and with sufficient distance from critical structures
such as the optic chiasm, optic nerve, or brainstem [32].
The median dose for SRS was 15 Gy and the usual regimen
was 25 Gy in five fractions for hypofractionated SRT [33].
Stereotactic radiosurgery has a higher risk of clinical deficits
and symptomatic edema in comparison with SRT. However,
progression-free survival is not significantly different across
the two techniques. Hypofractionated stereotactic radiosurgery may be an option for patients with larger skull base
meningioma [34].

Chemotherapeutic agents
Chemotherapeutic agents have been investigated and
most have failed to show consistent efficacy to patients who
have exhausted all surgical and radiotherapy options. Most
commonly used agents in the treatment of meningioma include hydroxyurea [35–37], somatostatin analogues [38],
and hormonal agents such as progesterone receptor inhibitors. Interferon-alpha and somatostatin analogues are
among the biological agents showing responses in patients
with recurrent meningioma [39].

Recurrenuce and outcomes
In addition to the extent of surgical resection, the WHO
grading of meningiomas is another major predictive factor
of recurrence. For WHO grade I with gross total resection,
the recurrence rate ranges from 7 to 25 % [40–42]. Although
some histologic variants of benign (grade I) meningioma like
secretory are associated with increased findings of peritumoral brain edema on preoperative imaging, no differential growth or recurrence rate has been identified between
histologic subgroups of benign meningiomas [41]. Atypical
meningiomas WHO grade II are associated with recurrence
rates of 29 to 52 %, and anaplastic meningiomas WHO grade
III recur in 50 to 94 % of cases [42].
According to the results of our own study, among 67
patients with SWM within mean follow-up of 87 months,
recurrence was in 16.4 % of cases and was strongly related
to pathological grade (grade II, atypical type) and Simpson
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grade [43]. Recent studies have questioned the relevance of
the extent of resection for recurrence in the era of modern
imaging and microsurgical technique. They showed no significant diffe-rence in recurrence-free survival between patients receiving various Simpson grade resections [44]. These
results were disputed by others who showed that the extent
of resection continues to be a significant factor in predicting
tumor recurrence [45, 46]. Other researchers found that the
extent of resection is not equally prognostic for all tumor
locations, with convexity meningiomas recurrence rates being more related to the extent of resection than parasagittal
and falcine meningiomas [47]. Other prognostic factors that
have been shown to impact the recurrence include the degree
of histologic atypia and MIB-1 index [48, 49]. Moreover,
younger age and the absence of calcification, along with
higher MRI T2 signal intensity, are associated with a faster
rate of growth of incompletely resected meningiomas [50].

Conclusions
Surgical resection is clearly the standard in the meningiomas management for symptomatic patients; it is more
likely to relieve symptoms and mass effect than radiation
alone. Advances in molecular techniques and optimum understanding of anatomical and radiological fields provide
more favorable results and outcomes.
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Оновлена інформація про менінгіоми крила клиноподібної кістки
Резюме. Менінгіоми є найбільш поширеними негліальними
внутрішньочерепними пухлинами в дорослих, на частку яких
припадає 14–19 % від усіх первинних внутрішньочерепних
пухлин і які найчастіше зустрічаються в жінок. Вони є найбільш поширеними пухлинами крила клиноподібної кістки,
становлять 15–20 % від усіх внутрішньочерепних менінгіом,
являють собою третю за поширеністю групу внутрішньочерепних менінгіом. Більшість менінгіом крила клиноподібної
кістки відносно легко видалити; однак іноді вони становлять
труднощі у зв’язку з їх проникненням в кавернозний синус,
кістку і, особливо, через їхній тісний зв’язок з магістральни-
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ми артеріями і черепно-мозковими нервами. У цих випадках повне висічення надзвичайно утруднене, що призводить
до високої захворюваності та високої частоти повторного
зростання або рецидиву [1–4]. У цій статті ми розглядаємо
сучасні концепції діагностики, лікування та подальшого спостереження з урахуванням прийняття клінічних рішень, що
ґрунтуються на даних мультимодальної візуалізації та молекулярної біології.
Ключові слова: менінгіома крила клиноподібної кістки; хірургічне лікування; молекулярне дослідження; стереотаксична променева терапія
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