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Abstract

Introduction: Spheno-orbital meningiomas are characterized by bone invasion with extensive hyperostosis and
possible encroachment into the orbit, infra-temporal fossa, and/or the cavernous sinus that render total surgical
excision challenging. The surgical technique utilized is a key factor facilitating complete resection and hence
improvement of proptosis and accompanying visual symptoms.

Methods: This is a retrospective study of twenty-two patients (including 4 recurrent cases) with meningioma en-
plaque, presenting with hyperostosis and proptosis. We describe the surgical approaches used, technique, and
extent of resection in addition to postoperative outcome.

Results: In twenty patients, the pterional approach was used, while two patients were operated on via the mini
orbito-zygomatic approach. Total resection of the tumor was achieved in 10 cases (45.5%), subtotal in 6 (27.3%),
partial in 5 (22.7%), and in 1 case, injury to the internal carotid artery lead to premature termination of surgery.
Seventeen patients (77.3%) had improvement of proptosis, 2 (9.1%) had partial improvement, and 2 (9.1%) had no
improvement at 3 months of follow-up. Post-operative morbidities include cerebrospinal fluid leak, infection, and
hydrocephalus, each occurred in one (4.5%) different case.

Conclusions: Proper drilling of the lateral and superior orbital walls with excision of any intra-orbital soft tissue
components is all key points for better surgical resection and clinical regression of proptosis. However, factors such
as extension of the hyperostosis to the infra-temporal fossa or medial orbital wall, tumor invasion of the cavernous
sinus, or adherence of tumor to the orbital muscles, prevent total excision.

Keywords: En-plaque, Meningioma, Orbital tumors, Proptosis, Skull base, Sphenoid ridge, Sphenoid wing, Spheno-
orbital

Introduction
Spheno-orbital meningiomas (SOM) represent a subgroup
of sphenoid ridge meningiomas that are also known as the
en-plaque meningiomas account for 20% of intracranial
meningiomas [1]. This location is considered to be the
third most common location for meningiomas [2, 3]. En-
plaque meningiomas with extension into the orbit repre-
sent only 2‑9% of meningiomas [4–6]. Spheno-orbital
meningiomas are diagnosed by their pattern of growth,

based on radiographic appearance and not on the basis of
their histological morphology [7]. They have a tendency to
stimulate bone hyperostosis in neighboring skull bones
more than most meningiomas and the extent of hyperos-
tosis is usually not proportionate to the size of the men-
ingioma or the soft tissue component, which usually tends
to be small [7, 8]. Due to their special pattern of growth
and interosseous extension, SOMs are notoriously known
for exhibiting a high rate of recurrence, ranging from 35
to 50% [3, 9]. It is important not to confuse this subtype
of meningioma with primary meningiomas arising from
the optic nerve sheath, from which they in turn can ex-
tend to the sphenoid wing [10].
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There is a female preponderance in SOMs as with
most meningiomas [6]. The main presenting symptoms
are proptosis, visual impairment, and not uncommonly
retro-orbital pain. Patients with recurrence of SOMs
usually present with optic nerve involvement [3].
Different surgical approaches have been described to

resect SOMs [11–14]. Improvement of proptosis and de-
compression of the optic nerve should be considered the
main goals of surgeries [15, 16].
Extension of SOMs into the cavernous sinus and in-

volvement of the ocular musculature render gross total
resection nearly impossible due to the risk of loss of vis-
ual function. Some authors prefer subtotal resection with
postoperative radiation therapy [17, 18]. There is, how-
ever, no general agreement on the usefulness of using
radiation therapy for skull base lesions especially with
interosseous extension as with spheno-orbital meningi-
omas [19–21].
The surgical technique to ameliorate the visual and

cosmetic manifestations is the key, and this is our focus
on this study.

Methods
We retrospectively studied and evaluated twenty-two pa-
tients with spheno-orbital meningiomas presenting with
proptosis who underwent surgical resection. Our single
exclusion criterion was absence of proptosis. All the
cases studied had hyperostosis and proptosis, with or
without soft tumor extension into the orbit. Patient
demographics, preoperative clinical condition, radio-
graphic evaluation, surgical technique, extent of surgical
resection, and clinical outcome were collated and evalu-
ated. Preoperative imaging in the form of magnetic res-
onance imaging (MRI) was performed in all cases and 21
of the 22 patients had a preoperative computerized tom-
ography (CT) scan to evaluate the degree of bony in-
volvement, extent of hyperostosis, involvement of orbital
walls, and the infra-temporal region. Four out of the 22
cases were recurrent cases (18.2%).
Regarding the surgical technique, we used the classical

pterional approach in twenty cases with drilling of the
sphenoid ridge. The remaining 2 cases were approached
via the mini orbito-zygomatic (OZ) approach. The last is
a modification of the pterional approach that allows in-
creasing in the vertical angle and decreasing the depth
of the surgical corridor, hence, the amount of brain re-
traction required. In our case-series, the approach was
done using a 2-piece modified orbito-zygomatic craniot-
omy. Firstly, a pterional craniotomy was performed,
followed by drilling of part of the orbital roof and re-
moving the orbital rim using a Gigli saw in a beveled
manner to allow easy replacement.
Drilling of the orbital roof and lateral orbital wall was

performed in all the cases, including deroofing of the

superior orbital fissure. A high-speed drill was used to
drill all hyperostotic bone. Extradural drilling of the an-
terior clinoid process was done in case it is involved by
the tumor. Deroofing of the optic canal was done in
cases with confirmed optic nerve compression at the
canal, to avoid unnecessary extra work that could lead to
thermal or mechanical injury to the optic nerve. In cases
where there is intraconal tumor, the periorbita is opened
for removing any soft tissue tumor component. The in-
vasion into the cavernous sinus was not addressed intra-
operatively and we decided to follow the patients up
with imaging. The extension of hyperostosis into the
infratemporal region presented a limiting factor to drill
all the hyperostotic bone.
After finishing the bony work, the dura was opened, and

the medial limit of the mass, including the optic nerve and
carotid artery, is explored before the soft tissue compo-
nent of the tumor was resected. Tumor resection was
evaluated using the Simpson Grading System [22].
After meticulous tumor resection, a main concern dur-

ing closure was correct hermetic dural closure. The an-
terior dura was resected and replaced by either
pericranial graft (and/or temporalis fascia), fascia lata, or
artificial graft. Resection of the dura stops lateral to the
cavernous sinus. Naturally achieving water-tight dural
closure was very important to prevent postoperative
cerebrospinal fluid (CSF) leak with its associated compli-
cations. It is our protocol during surgery not to use fixed
retraction; intermittent dynamic retraction was used
when needed.
Following tumor resection and dural repair, the super-

ior orbital rim that was initially removed in mini OZ, is
fixed in place by drilling small holes in the beveled rim
and suturing them.
Reconstruction of the drilled orbital roof and lateral

wall was not performed, as the orbital rim was preserved
in all cases (Figs. 1, 2, and 3).

Results
The mean age of our patient group was 43.9 years, ran-
ging from 30 to 58. There were 18 (81.8%) de-novo cases
and 4 (18.2%) recurrent cases. The main presenting
symptom in all cases was proptosis in addition to other
manifestations including visual diminution in 11 cases,
headache in 6 patients, and temporal fossa swelling in 5
cases. Two patients presented with limited ocular motil-
ity and 1 patient presented with seizures (Fig. 4).
With regards to orbital pathology and involvement, all

patients had hyperostosis on radiographic evaluation, of
which only 12 cases (54.6%) had tumor soft tissue exten-
sion into the orbit. Cavernous sinus involvement was
present in 3 cases (13.6%) (Fig. 5).
N together with evident radiologic compromise of the

optic canal. Removal of the anterior clinoid process
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(ACP) was done in case of its involvement by the tumor
(Fig. 6).
The extent of resection was evaluated using the Simp-

son Grading System. Total resection (Simpson grades I
and II) was achieved in 10 cases (45.5%), near-total re-
section (Simpson grade III) in 6 cases (27.3%), and par-
tial resection (Simpson grades IV) in 5 cases (22.7%). In
one case, the operation was prematurely terminated after
injury to the internal carotid artery (ICA) occurred
(Fig. 7).
In 17 cases (77.27%), there was complete resolution of

proptosis, 2 cases (9.1%) had partial improvement and 2
(9.1%) had no improvement postoperatively after 3
months follow-up. None of the cases developed
enophthalmos in the follow-up period (Fig. 8).
Two of our patients developed a postoperative cere-

brospinal fluid (CSF) leak, one of which was managed
conservatively while the other patient developed late
postoperative hydrocephalus that required a ventriculo-
peritoneal shunt. Three patients had transient ophthal-
mic (V1) hyposthesia that recovered within 3 months.
One patient had temporary ophthalmoplegia that re-
solved over 2 months. Although the cavernous sinus was
not opened, the affection of the trigeminal and oculo-
motor nerves could be due to thermal and mechanical

effect of drilling of the superior orbital fissure. Two pa-
tients died in this series, one from intraoperative carotid
injury and the other from late deep venous thrombosis.
The carotid injury occurred while removing the hyperos-
totic bone; a rocking movement resulted in tear in its
wall. The injured wall was clipped after opening the
dura, but the patient developed infarction and died later
in the intensive care unit (ICU) (Fig. 9).

Discussion
Despite the fact that spheno-orbital meningiomas (SOM)
with hyperostosis represent only 2‑9% of meningiomas,
they still form a challenge to the neurosurgeon to achieve
total resection [4–6]. Although the soft tissue component
of the tumor is usually small, the hyperostotic bone with
extension into the orbit, potential cavernous sinus inva-
sion, and extension into infra-temporal region all pose a
challenge to total resection [7, 8].
The challenge mainly lies in the fact that the aim of

surgery is not only the total resection of the intracranial
tumor soft tissue but also the resection of hyperostotic
bone that has meningioma cells in its Haversian canals,
which are an important site for recurrence. Another im-
portant aim is to improve the proptosis and/or visual
symptoms that the patients present with. In some cases,

Fig. 1 Left side SOM, coronal CT scan before and after surgery
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resection of the meningioma is not sufficient to achieve
this, as the hyperostotic bone is often the cause of the
visual involvement. Typically, this occurs in cases with
hyperostosis of the anterior clinoid and narrowing of the
optic foramen and/or optic canal. In those cases, with
hyperostosis of the lateral orbital wall with or without
tumor soft tissue extension into the orbit, proptosis is
the main clinical manifestation [7, 8].
There are several surgical approaches described for

resection of SOM [11–14]. After using the mini OZ
approach (modified OZ) in two cases, we did not see
any added benefit from the osteotomy in the orbital
rim. Although it does increase the vertical angle, in
cases with spheno-orbital meningioma, this is not
deemed necessary as the soft tissue component was
superficial and small and the excision of the intraor-
bital part can be achieved without an osteotomy of
the orbital rim. Also, drilling of the orbital roof and
lateral orbital wall just behind the orbital rim achieves
adequate decompression of the periorbita and gives
access to the intraorbital soft tissue located lateral

and superior to the globe and could be done without
removing the orbital rim.
In all patients with visual symptoms and in selected

cases where the tumor was extensive and where near-
total resection was achieved; optic nerve decompression
was done. This was achieved through drilling the roof
and lateral walls of the optic canal.
The extent of resection of spheno-orbital meningiomas

is variable. In the series of Mirone and Schick and col-
leagues, the gross total resection was as high as 60‑82%.
In other series such as those described by Jaaskelainen
and colleagues; gross total resection was achieved in only
50% of cases with hyperostosis, and in 15% of patients
with extension into the orbit [5, 23, 24].
In some series, the goal of surgery was the relief of

symptoms rather than the gross total resection of the
tumor. This was true with Ringel and colleagues, where
total resection was achieved in 24% of their patients,
with 60% of the sub-totally resected tumors remaining
stationary [25].

Fig. 2 Right side SOM. Axial CT scan before and after surgery. A 58-year-old female patient operated via the pterional approach. The tumor was
extending through the bone and under the temporalis muscle. The invaded pathological bone flap was removed. The tumor was found to
invade the dura and the temporal lobe. Anterior clinoidectomy was performed, with drilling of the optic canal. Gross total resection was achieved
(Simpson grade I). The dura was resected and reconstructed using a temporalis fascia graft. Regression of the existing proptosis was noted in the
immediate postoperative period
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In our series, described above, we were able to achieve
total resection in 47.4% of cases, subtotal resection in
21.1% of cases, and partial resection in 26.3% of cases.
The main factor limiting gross total resection was the
soft tissue extension into the cavernous sinus, adherence
of tumor tissue to the orbital musculature, and

infratemporal extension of the hyperostotic bone into
the pterygoid plates.
There is still no consensus within the neurosurgical

community regarding the reconstruction of the drilled
superior and lateral orbital walls after surgical resection
of the tumor. Some authors believe it is necessary to

Fig. 4 Clinical presentation of the patients in percentage

Fig. 3 Intraoperative picture of the same patient in Fig. 2
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perform reconstruction to decrease the occurrence of
pulsatile exophthalmos. On the other hand, there is a
belief that as long as the orbital floor and orbital margins
are not drilled off, there is no need for such reconstruc-
tion [23, 26]. As far as our series go, we opted not to
perform any reconstruction to the orbital roof or lateral
wall. Our bone reconstruction was limited to the fronto-
temporal region. Bone reconstruction of the drilled off hyper-
ostotic diseased bone was done in 8 cases (36.36%). None of
our patients developed postoperative enophthalmos.
Postoperative complications following resection of

SOMs are numerous, including worsening of vision, hemi-
plegia, ophthalmoplegia, facial numbness, hematomas,
and injury to the trigeminal [27, 28]. Two of our patients
developed a postoperative CSF leak, one of which was
managed conservatively while the other patient developed
late postoperative hydrocephalus that required manage-
ment with a ventriculo-peritoneal shunt. Three patients in

our series suffered an injury to the trigeminal nerve mani-
festing as hypoesthesia of V1 distribution. All of the cases
were, however, temporary and had fully recovered by 3
months postoperatively. One patient had temporary oph-
thalmoplegia that recovered over 2months.
The reported mortality after resection of SOMs was

around 6% with Jaaskelainen and colleagues [24]. The
main cause of mortality reported in the literature results
from a vascular insult. We had 2 mortalities (9%), with
one patient suffering an ICA injury intraoperatively lead-
ing to their death 2 weeks postoperatively, the other pa-
tient died of a pulmonary embolism in the postoperative
period.
The role of irradiation for skull base lesions, especially

those with associated hyperostosis, is debatable [19–21].
At our center, patients are only referred for radiosurgery
treatment when there is tumor left in the cavernous
sinus. In general patients with WHO grades II or III

Fig. 6 Special operative procedures done in our patients

Fig. 5 Special features of the tumor that render total excision difficult
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meningiomas are also possible candidates for radiosur-
gery. In all cases where total resection was achieved, in-
cluding the hyperostotic bone, follow up was done every
3 months for 1 year then yearly afterward. In those pa-
tients with residual hyperostotic bone, we chose to fol-
low them up rather than offering them adjuvant
radiotherapy.

Conclusions
Adequate and meticulous drilling of the lateral and/or
superior orbital walls, excision of any intra-orbital soft

tissue components, and removal of all accessible hyper-
ostotic bone are all key points contributing to total re-
section and regression of proptosis. Factors that render
total resection difficult are extension of the hyperostosis
into the infra-temporal fossa, medial, or inferior orbital
walls. In addition, tumor extension into the cavernous
sinus or adherence of tumor to the orbital muscles is
recognized challenges to achieve total resection. The
main aim of surgery in tumors, where total resection is
not possible, remains optic nerve decompression and the
hyperostotic orbital walls to treat the proptosis.

Fig. 8 Improvement of proptosis in our patients

Fig. 9 Distribution of postoperative complications
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