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Introduction

Meningiomas are the most common type of primary brain
tumor with reported age adjusted incidences as high as 7.8
cases per 100,000 persons for World Health Organization
(WHO) Grade I meningiomas in the United States.1 Meningi-
omas en plaque (MEP) are a rare subtype ofmeningioma that
comprise only 2 to 9% of all meningiomas.2–4MEP are unique
from the more common en masse meningiomas and defined
by their characteristic “carpet-like” invasion of adjacent
bone, with extensive hyperostosis and dural thickening.5

MEP are primarily located in the spheno-orbital regions
and less frequently along the cerebral convexity, temporal
bone, and foramen magnum.4,6 They present a diagnostic
challenge due to their unusual radiologic appearance and are
surgically challenging due to their tendency to invade bony
structures and infiltrate nearby fissures and foramina.7–10

Debate still continues regarding the need for gross total
resection with concern for increased surgical morbidity
associated with cavernous sinus infiltration, significant skull
base reconstruction, and proximity to neurovascular struc-
tures. The era of adjuvant radiation has further contributed
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Abstract Background En plaque meningiomas are a rare subtype of meningiomas that are
frequently encountered in the spheno-orbital region. Characterized by a hyperostotic
and dural invasive architecture, these tumors present unique diagnostic and treatment
considerations.
Objective The authors conduct a narrative literature review of clinical reports of en
plaque meningiomas to summarize the epidemiology, clinical presentation, diagnostic
criteria, and treatment considerations in treating en plaque meningiomas. Additional-
ly, the authors present a case from their own experience to illustrate its complexity and
unique features.
Methods A literature search was conducted using the MEDLINE database using the
following terminology in various combinations: meningioma, meningeal neoplasms, en
plaque, skull base, spheno-orbital, and sphenoid wing. Only literature published in English
between 1938 and 2018 was reviewed. All case series were specifically reviewed for
sufficient data on treatment outcomes, and all literature was analyzed for reports of
misdiagnosed cases.
Conclusion En plaque meningiomas may present with a variety of symptoms
according to their location and degree of bone invasion, requiring a careful diagnostic
and treatment approach. While early and aggressive surgical resection is generally
accepted as the optimal goal of treatment, these lesions require an individualized
approach, with further investigation needed regarding the role of new therapies.
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to the argument against overtly invasive efforts to achieve a
gross total resection. To date, a recent updated comprehen-
sive overview on management of MEP of the spheno-orbital
region does not exist. One recent review focused entirely on
convexity MEP.4 Current literature available on MEP consists
primarily of case reports and case series. The objective of this
chapter is to synthesize a comprehensive narrative review of
the clinical presentation, diagnostic workup, and treatment
considerations for MEP in this modern medical era with new
treatment modalities and means to access the skull base.

Methods

A systematic review of the literature was performed in
accordance with Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (►Fig. 1).
The PubMed/MEDLINE, Scopus, and Ovid databases were
queried using the following terminology11: meningioma,

meningeal neoplasms, en plaque, skull base, spheno-orbital,
and sphenoid wing. Only literature published in English
between 1938 and 2018was included, yielding 471 abstracts
after removal of duplicates. Exclusion criteria for screening
abstracts included letters to the editors, cadaveric or post-
mortem studies, radiological studies, technical case reports,
and animal studies. Application of inclusion and exclusion
criteria left a total of 231 papers. The full-text articles were
then reviewed for their contribution to clinical presentation,
diagnosis, and treatment of spheno-orbital tumors of the
sphenoid wing. A total of nine case series met full criteria for
inclusion, all of which were retrospective in nature.

Results

The majority of the available literature on MEP are in the
form of case reports and case series, and all were retrospec-
tive studies. There were a limited number of available case

Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) diagram for systematic literature reviews.
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series that exclusively describe en plaque lesions and that
also provided adequate follow-up information necessary to
monitor outcomes, complications, and recurrence rates.4 A
major challenge in analyzing outcomes of these studies is the
wide variation in follow-up time. One study specifically
stated that their data are significantly influenced by length
of follow-up.8 The average lengths of follow-up time for the
studies, described in►Table 1, range from 30 to 136months,
with no standard length of time used for reporting overall
survival or mean or median time to tumor recurrence or
progression. The results of these studies are summarized
in ►Table 1.

Epidemiology

The incidence of en plaque meningiomas is three to six times
more common in females than in males, with females
comprising between 53 and 100% of study populations for
papers discussed in this review.8,12,13 The mean age of
presentation is in the fifth decade of life. Race and ethnic
characteristics were not routinely reported in the studies
included in this review. One study reported that MEP com-
prised �9% of all cases of intracranial meningiomas treated
surgically at their institution.13

Lack of accurate epidemiological data is likely influ-
enced by the variation in classification schema for MEP,
which has undergone significant evolution. MEP were first
classified within sphenoid wing meningiomas by Cushing
and Eisenhardt and distinguished from globular (clinoidal),
middle third (alar), and outer third (pterional) meningio-
mas.14 Methods of categorizing sphenoid meningiomas
and MEP have undergone numerous iterations. Historically,
there is some diagnostic overlap between MEP and of
spheno-orbital meningiomas, without a pathological dif-
ference. Modern characterization of spheno-orbital menin-
giomas includes an intraosseous and/or hyperostosing
component and intraorbital extension.15,16 However,
most recently Simon and Schramm have argued for a
simplified approach broadly distinguishing between glob-
ular lateral and medial sphenoid wing meningiomas and
hyperostosing en plaque/spheno-orbital meningiomas.
Consideration of cavernous sinus involvement, tumor
size, boney infiltration, and orbital invasion should be
considered for all cases.17–19

Diagnosis

Clinical Presentation
Clinical manifestations of en plaque meningiomas are gen-
erally based on tumor location and spread. Due to the high
frequency of sphenoid wing location, boney invasion, hyper-
ostosis, and compression of neural structures, the most
common presenting symptom is proptosis followed by de-
creased visual acuity, retrobulbar pressure, visual field
defects, headaches, orbital pain, temporal swelling, and
periorbital swelling.9,10,20 Hearing loss is the most frequent
symptom for lesions involving the temporal bone, but dizzi-
ness, tinnitus, and otorrhea have also been reported.5 In

some rare cases and more often with convexity MEP, subcu-
taneous palpable masses have been reported.21,22

Radiographic Diagnosis
Radiographic imaging assists in diagnostic and treatment
considerations by assessing the extent of involvement of
surrounding structures, although preoperative imaging is
known to underestimate extent of tumor infiltration.9,23

First-line diagnostic imaging studies include both computed
tomography (CT) and magnetic resonance imaging (MRI).
Some authors prefer thin-slice CT bone window to best
delineate bony involvement and hyperostosis, particularly
at the skull base.24,25 MRI will identify dural and intradural
involvement, with a typical pattern of contrast enhancement
seen onT1 postgadolinium sequences.26MRIwill also help to
characterize tumor invasion into the orbit, cavernous sinus,
and clinoidal structures. Orbital invasion can be evaluated on
postcontrast fat suppression T1-weighted MRI, which delin-
eates the extent of dural enhancement and soft-tissue in-
volvement.24 Hyperostoses often are seen in a periosteal
pattern with surface irregularity of involved structures and
inward bulging of the lesion. These features may be subtle,
but may help to differentiate from other types of hyperostot-
ic lesions such as primary intraosseousmeningioma.Manyof
these radiographic features are shared by other hyperostotic
and dural-based lesions, leading to numerous cases of mis-
diagnosis (►Tables 2 and 3).27 Intracranial tuberculoma,
lymphoma, sarcoid, histiocytoma, plasmacytoma, and fibro-
sarcomas have been misdiagnosed as MEP, among other
misdiagnoses.28,29 When there is any suspicion of MEP,
MRI should be obtained to best minimize the risk of mis-
diagnoses. Given the nonsurgical management of some of
these lesions, a comprehensive preoperative history, physi-
cal, and laboratory testing are essential in addition to a
nuanced understanding of the imaging features of MEP.

Histopathology
Gross pathologywill demonstrate thickening of the calvarium
and skull base. Histopathologic diagnosis will demonstrate
meningothelial cell invasion and expansion of the haversian
canals of the bone.12,30 Hyperostosis is secondary to both
tumor invasion and osteoblastic activity.31 In addition to
osseous invasion, rare instances of muscle and angioinvasion
have been reported.32 Despite the locally invasive nature, the
majority of MEP cases still are classified as WHO Grade 1
tumors due to a low proliferative index.30

Treatment

Historical literature dating back to the 1950s reports that
MEP were not routinely resected due to significant surgical
morbidity and mortality.33–35 There are few reports discus-
sing the nonoperative management of MEP, most of which
are outdated.14,33 One study performed in 1952 followed
nine patients who were managed nonoperatively, and
reported that some patients remained stable while others
developed increasing exophthalmos and discomfort.33 The
growth rate of MEP appears overall comparable to that of
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other benign meningiomas; however, their close proximity
to the orbit and cavernous sinus is what creates a high
likelihood for MEP to become symptomatic, and thus an
observation-only approach is rarely recommended.36,37 Sub-
stantial advances in imaging and microsurgical and cranio-
facial techniques have allowed for improved surgical
approaches and better outcomes.12,17,30,38–40 As such, early
and aggressive surgical resection is the mainstay of treat-
ment with the goal of maximally safe resection, with the
possibility for adjuvant radiation therapy for subtotal resec-
tions or recurrence.

Surgical Approach and Adjunctive Strategies
Thorough analysis of preoperative imaging is essential when
determining the optimal surgical approach to these lesions,
seeking to create a path that allows for wide margins beyond
the hyperostotic bone without endangerment of critical neu-
rovascular structures. While many approaches have been
explored, including transzygomatic, transcranial–transmalar,
and cranio-orbital, the most commonly used for tumors with
sphenoidwing involvement remains thepterional craniotomy,
with orbital and zygomatic modifications incorporated as
needed.30,33 Preoperative imaging is important to recognize
anatomical constraints, to assess for the presence of bony and
muscle invasion that may be encountered upon exposure, and
to evaluate cranial nerve, optic nerve, optic canal, superior
orbital fissure, and orbital compression.21 Positioning, expo-
sure, and craniotomy approaches are highly individualized
basedonthetumor location, andcertainadjunctive techniques
are often employed specific to MEP features. In some cases,
large and even bicoronal skin incisions have been utilized to
harvest sufficient pericranium for repair of dural defects.41

Some cases have reported bony and muscular invasion en-
countered upon exposure.15,21 Given the widespread carpet-
like nature of the tumor and extensive dural infiltration,
oftentimes a large craniotomy is necessary due to tumor-
infiltration along convexity dura. The squamosal and lateral
sphenoid bone may be hypervascular and hyperostotic, and it
is recommended to complete bony removal prior to dural
opening and tumor resection.41 If tumor or hyperostosis
extends down toward the infratemporal fossa, it is the authors
practice to reflect the zygoma inferiorly to facilitate inferior
drilling access.

All involved cranial nerve foramina should be appropri-
ately decompressed with clear visualization of underlying
neural structures. As such, the osteotomies should be wide
and extensive, ensuring maximal symptomatic relief since
invaded and expanded osseous elements are the primary
cause for most symptoms. Removal of the lateral wall and
roof of the orbit can be completed if there is concern for
orbital invasion. Alternatively, stripping of periorbital or
aggressive coagulation of residual tumor tissue may be
performed in instances of intraorbital invasion without
periorbital or orbital roof reconstruction.15,41

Reconstruction
There is a discrepancy in the literature regarding the neces-
sity of reconstructive surgery following resection inTa
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preventing cosmetic deformity and pulsatile enophthalmos
or exophthalmos. Cosmetic problems were previously be-
lieved to be at high risk of developing when more than one
orbital wall was removed, and studies advocated for recon-
struction in these cases.15,16,30,37,42,43 However, numerous
studies followed in which no reconstruction was performed,
without a subsequent increase in functional and cosmetic
problems seen, particularly in instances of preserved peri-
orbita.19,37,42,44 In one study of 34 patients, reconstruction
was not performed even in cases where there was complete
removal of dorsal and posterolateral orbital walls. Despite
this, 78% of patients had resolution of proptosis postopera-
tively and none suffered from enopthalmos.15 The authors
argued that preservation of the orbital rim (frontal portion of
the orbit) due to its attachment to the periorbita is sufficient
to prevent postoperative enophthalmos. Furthermore, pres-
ervation of the periorbita will also maintain the structure
and position of the globe. This is argument is consistent with
most current literature recommendations, that is, the deci-
sion to perform reconstruction should be driven by the
extent of violation of the periorbita rather than of bony
removal.36,42 In cases where periorbita is violated, a porous
polyethylene 3-day printed implant used for craniofacial
reconstruction may be used to reconstruct the orbit. This
technique is frequently utilized in oculoplastic surgery and
orbital wall trauma. The cranial side allows for fibrous
ingrowth to provide a bioactive structural support. The
orbital side of the implant is nonporous to prohibit tissue
ingrowth and prevent intraocular muscle entrapment or
scarring.45

Alternative materials have also been reported to be used
for reconstruction such as titanium mesh and autologous
bone grafting for orbital wall reconstruction.20,46 Approach
and material selected for reconstruction are largely based
upon surgeon preference.

Outcomes
Gross total resection is often difficult due to anatomical
constraints and tumor involvement of cranial nerves or

cavernous sinus. Common reasons for subtotal resections
include intraorbital tumor, cavernous sinus invasion, tumor
extending beyond the tentorial notch, and invasion of the
superior orbital fissure.5,9,23,46 Areas such as the cavernous
sinus and superior orbital fissure are considered surgical
limits due to high postoperative morbidity risks; however,
these limits pose challenging decisions for the surgeon intra-
operatively as any residual tumor increases the risk of tumor
progression. If gross total resection is achieved, some authors
found the risk for recurrence of MEP to be comparable to
those of similar Simpson grade following resection, with rate
of regrowth occurring at a rate of 2 to 24mm per year, and
withmore calcified tumors showing less growth.47However,
recurrence rates are significantly higher in tumors involving
the orbit and cavernous sinus, with reports of 2 to 3 years to
recurrence for infraorbital tumors and 2 to 5 years for tumors
involving the cavernous sinus.10,27 One study estimated the
10-year risk of recurrence to be as high as 54% in tumors
extending into the orbit.37 Of note, this study also reported
recurrence rates of 9 to 15% in completely resected tumors,
and risk factors contributing to these recurrences are still not
entirely understood. Overall, patients’ presenting symptoms
have shownmarked improvement postoperatively, with one
study reporting improvement in proptosis in 100% of
patients and complete resolution in 75% of these
postoperatively.9,10,48

Postoperative Complications
The most frequently reported postsurgical complications
include cranial nerve deficits—particularly oculomotor and
abducens nerve palsies, ophthalmoplegia, and trigeminal
hypesthesia, among other deficits specific to the tumor’s
location. Cerebrospinalfluid leak and seizures have also been
frequently reported.9,10,49 The surgical approach utilized
must be considered when analyzing surgical outcomes, as
this significantly impacts the structures at greatest risk for
damage. For instance, one series reported six cases of tem-
poralis muscle atrophy, but a lateral orbitotomy approach
was exclusively utilized in this series, involving significant

Table 3 Reports of en plaque meningiomas misdiagnosed as other lesions

Actual diagnosis Misdiagnosis Findings/differentiating features of missed
diagnosis from en plaque meningioma

Most recent
referenced study

Management
approach takena

En plaque
meningioma

Paget’s disease Histopathology: extensive osteoclast activity
during lytic phase; osteoblast activity pre-
dominates in sclerotic phase, with dense bone
in mosaic pattern.
Hematology: elevated alkaline phosphatase

Jayaraj et al69 Total surgical
resection

En plaque
meningioma

Osteosarcoma Histopathology: osteoid tumor matrix, spin-
dle-like cell proliferation, multinuclear giant
cells

Asil et al70 Total surgical
resection

En plaque
meningioma

Fibrous dysplasia Histopathology: trabeculae of woven bone
with surrounding fibrous stroma, but with
absence of osteoblastic rimming. immunohis-
tochemistry: negative for relevant malignant
markers, i.e., endothelial growth factor re-
ceptor (EGFR) and CD117

Mingo et al71 Total surgical
resection

aIndicates management approach described in referenced study.
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temporalis muscle manipulation intraoperatively.2 There is
an overall inconsistency in the reporting of surgical compli-
cations, with some studies only reporting permanent neu-
rologic deficits, or failing to distinguishwhether the deficit is
new from preoperative presentation. Another series found
that cranial nerve impairment occurred in 14 patients (20%),
whose tumors involved oculomotor, trochlear, and/or abdu-
cens nerves.23 Only three of these patients, however, had
lasting nerve injuries. Thus, it is important to consider the
timing and context of the complications reported. A summa-
ry of complications encountered is described in ►Table 4.

Radiation Therapy
There has been ongoing investigation regarding the use of
radiation therapy both as isolated and adjuvant treatment for
these tumors, with no clear consensus regarding its effect on
outcomes. The majority of authors support the use of radia-
tion as an adjuvant therapy in cases of residual tumor or signs
of regrowth following resection.23,37 In instances of superior
orbital fissure and/or cavernous sinus invasion, adjuvant
radiosurgery may help to reduce surgical morbidity, and
most authors agree that the optic nerves and surrounding
neurovasculature can safely be radiated at 10 Gy or
less.20,50–52 Multiple studies that administered radiation
therapy for residual tumor documented little to no growth
of the residual tumor on follow-up studies.23,24,53 However,
the length of patient follow-up reported in these studies was
highly variable, and it is recommended that patients be
followed over a longer duration following radiation therapy.
While most MEP are WHO Grade I tumors, some authors
have advocated for postoperative radiosurgery in cases of
residual atypical or malignant meningiomas, but the avail-
able data are limited and future studies should explore this
further.10,13,54 In general, recurrence rates are often under-
reported in literature due to insufficient time to follow-up,
and more consistent reporting of recurrence rates would
improve the quality of future studies.

Chemotherapy and Molecular Therapy
Given the rate of meningioma recurrence despite maximal
resection, various chemo- and molecular therapy strategies
have recently emerged as clinical trials. If successful, these

therapeutic strategies would be particularly applicable to
MEP cases that involve surgically inaccessible regions. His-
torically, traditional chemotherapies and other targeted
therapies have not shown any clinical benefit inmeningioma
treatment.55 The National Comprehensive Cancer Network
guidelines do mention systemic chemotherapy as an option
in their recommendations for surgically inaccessible high-
grademeningiomas in patients who cannot receive radiation
therapy.56 However, data on this treatment is extremely
limited, and there is no survival benefit seen in patients
who received chemotherapy compared with those receiving
radiotherapy for surgically inaccessible lesions, and thus
chemotherapy is only given consideration when radiothera-
py is not possible.

With recent advancements in genetic sequencing, there is
increasing knowledge regarding specific oncogenic pathways
involved in various meningioma subtypes, allowing for the
design of new targeted therapies based on tumor’s molecular
profile.55 Skull base meningiomas in particular have been
found to have high rates of mutation in the AKT (Protein
kinase B) pathway, which is critically involved in tumor
growth and chemotherapy resistance. A clinical trial began
in 2015 that is investigating the role of an AKT1 inhibitor
(Afuresertib), which is one of the first meningioma trials
initiated that targets mutations identified with next-genera-
tion sequencing. Mammalian target of rapamycin (mTOR) has
also been found to be highly active in skull basemeningiomas,
leading to multiple clinical trials involving administration of
an mTOR pathway inhibitor (Everolimus), either alone or in
combination with a somatostatin analogue (Octreotide). Ad-
ditional trials are in place which target epidermal-derived
growth factor receptor, platelet-derived growth factor recep-
tor, and vascular endothelial derived growth factor recep-
tor.57–59 These trials are still in early stages, but offer great
promise in changing the paradigm of meningioma treatment
and survival.

Illustrative Case

Clinical and Radiographic History
A 54-year-old female presented with mild right-sided pres-
sure headaches and mild exophthalmos, and on workup she

Fig. 2 Left: Axial postcontrast T1-weighted magnetic resonance imaging demonstrating a soft tissue mass at the right temporal tip with
significant osseous expansion. Right: Axial computed tomography bone window.
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was found to have an en plaquemeningiomawith significant
sphenoid hyperostosis and compression of the optic canal.
MRI with contrast demonstrated a 3-cm dural-based tempo-
ral tip lesion with minimal brain edema with evidence of
significant osseous expansion, and CT head confirmed these
anatomic findings (►Fig. 2). On clinical exam, the patient
demonstrated mild restriction of right lateral gaze concern-
ing for a mild compressive abducens nerve palsy.

Diagnosis and Treatment
Preoperative planning was done with 3-day printed patient-
specific skull base models that printed templates for the
intended craniotomy, a model for the expected osseous
defect, and a 3-day printed polyethylene implant that would
ultimately fill in the expected defect. The size of the defect
was overestimated to allow for intraoperative customization

of the implant. A nonporous shield was available during the
procedure in case of periorbita violation.

The patient was taken to the operating room for a modi-
fied pterional craniotomywith a zygomatic osteotomy. Tem-
poralis muscle attachments to the zygoma were preserved
and reflected inferiorly with the zygomatic cut. The orbital
rimwas preserved. Extradural drilling with a 3mm burr and
with a diamond drill in areas of hypervascular bone was
performed to drill down the sphenoid ridge. Intraoperative
navigation with CT guide imaging was used to gauge the
extent of drilling. Cautious drilling was performed close to
the optic canal and lateral orbital wall to maintain the
integrity of the periorbita. Dura was then reflected forward
to visualize the sphenoid ridge meningioma. The meningio-
ma was resected and the dura coagulated. Residual menin-
giomawas left in areaswhere it was significantly adherent to

Fig. 3 Top: Axial T1-weighted magnetic resonance imagings, postoperative. Bottom: Axial computed tomography, postoperative.
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the sylvian veins. A dural matrix was used to repair the dural
defect and the custom implant was then applied over the
cranial defect, drilled down to fit the defect appropriately,
and then fixed with screws to the patient’s cranium.

Postoperative Course
Postoperatively, the patient did well with no concern for
postoperative enophthalmos. CT demonstrated good decom-
pression of the optic canal and MRI demonstrated a near
complete resection of the meningioma (►Fig. 3). The patient
will bemonitored for serialMRIs, and if concern for regrowth
arises, the patient would likely undergo radiosurgery.

Conclusion

Based on our comprehensive review and analysis of out-
comes, we offer multiple points of guidance to surgeons
performing en plaque meningioma resection. When there is
any suspicion of MEP when performing diagnostic workup,
MRI should be obtained to best minimize the risk of misdi-
agnosis. Once the diagnosis is made, surgical resection
should be performed to lower the risk for cosmetic deformity
as well as lower the risk of obtaining incomplete resection
and related recurrence risks. Intraoperatively, the dura
should be extensively removed to prevent risk of recurrence,
and all involved cranial nerve foramina sufficiently decom-
pressed. Lastly, if there is any tumor invasion into the
cavernous sinus or any signs of recurrence on follow-up
imaging, consideration should be given to postoperative
radiation therapy.

With ongoing advances in medical imaging, surgical tech-
nical capabilities, and novel therapeutic interventions, more
treatment options are available for en plaque meningiomas
than ever before. Further investigation is needed to assist
neurosurgeons in determining optimal treatment strategies
when faced with an en plaque meningioma, according to the
individual tumor characteristics and patient presentation.
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