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Abstract

Meningiomas are the most common central nervous system tumors. Although these tumors are extra-axial, a rel-
atively high proportion (10%-50%) of meningioma patients have seizures that can substantially impact the quality
of life. Meningiomas are believed to cause seizures by inducing cortical hyperexcitability that results from mass ef-
fect and cortical irritation, brain invasion, or peritumoral brain edema. In general, meningiomas that are associated
with seizures have aggressive features, with risk factors including atypical histology, brain invasion, and higher
tumor grade. Somatic NF2 mutated meningiomas are associated with preoperative seizures, but the effect of the
driver mutation is mediated through atypical features. While surgical resection is effective in controlling seizures
in most patients with meningioma-related epilepsy, a history of seizures and uncontrolled seizures prior to sur-
gery is the most significant predisposing factor for persistent postoperative seizures. Subtotal resection (STR) and
relatively larger residual tumor volume are positive predictors of postoperative seizures. Other factors, including
higher WHO grade, peritumoral brain edema, and brain invasion, are inconsistently associated with postoperative
seizures, suggesting they might be crucial in the development of an epileptogenic focus, but do not appear to play
a substantial role after seizure activity has been established. Herein, we review and summarize the current liter-
ature surrounding meningioma-related epilepsy and underscore the interaction of multiple factors that relate to
seizures in patients with meningioma.

Key Points

e Preoperative seizures are associated with NF2 and aggressive tumor features.
e Resection of the meningioma is effective in controlling seizures in most patients.
e Preoperative and uncontrolled seizures increase risk of postoperative seizures.

Meningiomas are the most common central nervous system many meningiomas are asymptomatic and incidentally found,
tumors, accounting for 36% of all brain tumors overall with  overall, anywhere between 10% and50% of meningioma pa-
an incidence of 4.2 and 8.6 per 100,000 individuals."? While tients have seizures®® and therefore represent a large portion
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of brain tumor-related epilepsy.>'® Meningioma-related epi-
lepsy is a significant cause of morbidity, including cognitive
deficits, depression, and impaired ability to drive and per-
form other tasks of daily living, substantially decreasing the
quality of life." Indeed, Gupte et al. showed patients with
meningiomas who present with seizures suffer significantly
worse progression-free survival compared to those who do
not, suggesting that meningioma-related epilepsy portends
a more aggressive underlying tumor.'?

Symptomatic meningiomas are typically amenable to
and treated with surgical resection. Tumor removal results
in seizure freedom in 53%-90% of meningioma patients
with preoperative seizures, rendering seizure freedom a
primary goal of surgery.”®' However, postoperative sei-
zure rates still range from 26% to 60% in the literature,
which includes patients who do not obtain seizure freedom,
as well as those who are seizure naive and develop seizures
postoperatively.’>'® Thus, improving our understanding of
the pathophysiology underlying meningioma-related epi-
lepsy and identifying risk factors for preoperative and post-
operative seizure occurrence is a priority.

Herein, we review the recent literature surrounding the
topic of meningioma-related epilepsy. We underscore the
relationships and overlap of several associated factors,
which together, more commonly signify a more aggres-
sive, higher grade underlying meningioma.

Current Theories on the Mechanism of
Epileptogenesis in Meningiomas

In general, epileptogenic activity arises due to an overall
shift in excitatory and inhibitory balance, leading to cortical
hyperexcitability.’ The incidence of seizures in patients with
meningiomas is surprisingly high, given these tumors are
extra-axial and typically slow-growing lesions. In terms of sei-
zure frequency, intra-axial, slow-growing tumors are the most
epileptogenic and include dysembryoblastic neuroepithelial
tumors, gangliogliomas, and low-grade gliomas with seizure
frequencies of 100%, 80%-90%, and 75%, respectively.?

Meningiomas are thought to cause cortical
hyperexcitability through cortical irritation due to mass
effect, brain invasion, and/or peritumoral brain edema
(PBTE).>6821.22 While cortical irritation due to the mass ef-
fect of meningiomas is speculated as an etiology of seiz-
ures, the mechanism is not well studied or understood.
Compression of the cortex by an extra-axial mass can lead
to focal ischemic changes, gliosis, and ion channel disrup-
tion.2° The location and extent of cortical irritation, partic-
ularly in epileptogenic regions overlying the convexities,
could affect the risk of seizure development.

Brain invasion as a cause of meningioma-related ep-
ilepsy, on the other hand, is better elucidated and intui-
tively logical as it is similar to that of intra-axial tumors.
When meningiomas invade brain parenchyma, they do so
as finger-like projections of tumor cells and lead to disrup-
tion of the pial-glial basement membrane.?? This can in-
duce a strong astrocytic response?¥?* leading to changes
in the microenvironment and epileptogenesis. Indeed,
brain invasion is an independent grading criterion for CNS
WHO grade 2 meningiomas, suggesting that patients with

higher grade tumors are at greater risk for seizures. Brain
invasion is also strongly correlated with PBTE, which fur-
ther contributes to epileptogenicity.’>?® Although PBTE
can develop in the absence of brain invasion, increasing
volume of edema is associated with increased risk of brain
invasion and seizures.?®

Peritumoral brain edema has been extensively demon-
strated in association with meningioma-related epilepsy
and is thought to be a surrogate marker for peritumoral
changes that drive epileptogenesis.®2'2627 |n meningiomas,
brain edema is vasogenic in origin and associated with in-
creased expression of vascular endothelial growth factor
(VEGF), metalloproteinases 2 and 9, and aquaporins 4 and
5.28-30 VEGF secreted by meningioma cells induces the pro-
liferation of pial and tumor vessels, resulting in increased
vascularity and blood supply and subsequent edema to the
surrounding brain.?" Brain edema results in neurotrans-
mitter alterations, ionic channel changes, and blood-brain
barrier disruption, all of which have been shown to induce
epileptogenicity.?%32-34

However, it should be noted that not all cases of menin-
gioma with mass effect, invasion, and/or PBTE lead to sei-
zure formation, and thus further work is needed to better
understand this observation.

Preoperative Associations with Seizures
Incidence

Seizures are one of the most common manifestations of in-
tracranial meningiomas. The reported incidence of preoper-
ative seizures in the literature is quite variable ranging from
13% to 60%.% In one meta-analysis of 39 studies and a total
of 4,709 patients with supratentorial meningiomas, preoper-
ative seizures were present in 29.2% of patients.’® Seizures
are the initial presenting symptom in 20%-50% of patients.®

Age and Sex

Although meningiomas are more common in adults,
younger patients (<18 years old) have a higher risk of de-
veloping seizures.”® The basis of this age-dependent vul-
nerability is unknown, but is likely due to an increased
prevalence of atypical and aggressive meningioma sub-
types amongst the pediatric population.3® Seizure rates in
children range from 26% to 79% compared to 13%-51% of
the adult population.® While no direct comparisons exist,
one meta-analysis found a statistically significant differ-
ence of 42% versus 23.7% for preoperative seizures in the
pediatric and adult populations, respectively.'?

Similarly, whereas meningiomas are more common
overall in females, males are almost twice as likely to ex-
perience preoperative seizures.® Male gender is associ-
ated with an increased frequency of atypical and anaplastic
meningiomas.?? Additionally, one study by Spille et al.
found a male predilection for a specific type of brain in-
vasion involving finger-like projections of tumor cells into
the brain parenchyma, while in females, the pattern is pre-
dominantly cluster-like infiltrative growth.?? Differences
in histologic brain invasion may contribute to the gender



difference in seizures, but further investigations are neces-
sary to determine if an association exists. Taken together,
these variables likely influence the significantly increased
incidence of preoperative seizures seen amongst male pa-
tients (Figure 1).36

Brain Invasion and Peritumoral Brain Edema

Invasion of a meningioma into the brain parenchyma is
one independent criterion for diagnosis of a CNS WHO
grade 2 atypical meningioma.?”38 Hess et Al. demonstrated
a 5-fold increase in the risk of preoperative seizures asso-
ciated with brain invasion independent of age, sex, tumor
location, and PBTE (Figure 1).3° In patients with preoper-
ative seizures, the probability of detecting brain invasion
was increased more than 2-fold compared to patients
without seizures.?® Brain invasion is also closely associ-
ated with PBTE.'?? Brain edema is reported in 38%-67%
cases of all meningiomas?®' and has been extensively dem-
onstrated as a primary risk factor and predictive value for
seizures (Figure 1). Mantle et al. found a 20% increase in
the incidence of brain invasion for each 1-cm increase in
edema and mean edema volume was 5-fold higher with
brain-invasive tumors compared to noninvasive tumors.*°
Those with preoperative PBTE are up to 3 times more likely
to have preoperative seizures than those without.’

The association of an extra-axial tumor and PBTE has
been an area of interest, given that the cerebrospinal
fluid space and arachnoid membrane should separate
the tumor from the brain parenchyma. Brain invasion dis-
rupts the intervening leptomeninges, perhaps contributing

Demographics &

Driver mutations
tumor features

Dincer et al. Seizures in meningiomas

to the pathophysiology of edema formation. However,
edema caused by brain invasion is likely a distinct entity
from vasogenic edema, which can occur without brain in-
vasion. The association between PBTE and other factors,
such as age, sex, tumor location, tumor volume, histologic
subtypes, and expression of sex hormones and receptors,
has been contradictory and inconclusive.*'

CNS WHO Grade and Histologic Subtype

Certain subtypes of CNS grade 1 meningiomas, in-
cluding secretory, angiomatous/microcystic, and
lymphoplasmacyte-rich tumors, are associated with
up to 10-100 times larger PBTE compared to other sub-
types, but only the secretory subtype is associated with
increased risk of preoperative seizures.*? Secretory
meningiomas are uncommon CNS WHO grade 1 tu-
mors characterized by focal gland-like differentiation
with secretory droplets, increased brain edema risk, and
are almost 3 times more likely to present with seizures
as an initial symptom on admission.*?> Underlying so-
matic KLF4 mutations drive the formation of secretory
meningiomas and regulate angiogenesis through the
activation of VEGF3'42-%4These observations suggest se-
cretory meningiomas may be an alternative mechanism
leading to epileptogenesis.

CNS WHO grade 2 meningiomas inconsistently demon-
strate a higher risk of seizures depending on the histologic
subtype (Figure 1).'22545 Histologically atypical WHO grade
2 meningiomas are defined by brain invasion, or a mitotic
count greater than 4 mitotic figures per 10 higher power
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Proposed relationships between driver mutations, demographics, tumor characteristics, mechanisms of epileptogenesis, and seizure

occurrence. NF2 and KL4 are driver mutations related to demographics and tumor factors that increase preoperative seizure occurrence. KL4is
a driver mutation for secretory histologic subtypes that produce peritumoral brain edema and increase risk of preoperative seizures. NF2is related
to male sex, tumor location in convexity, increasing tumor volume, atypical histology, and higher WHO grade. These factors increase risk of preop-
erative seizures through brain invasion, peritumoral brain edema, and cortical irritation. The primary risk factor for postoperative seizures is poorly

controlled preoperative seizures.
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fields, or at least 3 of 5 morphologic criteria including high
cellularity, small cells with enlarged nuclei, prominent nu-
cleoli, loss of architecture, or necrosis. Atypical WHO grade
2 meningiomas are directly associated with preoperative
seizures, increasing the odds of preoperative seizures 2-fold
compared to grade 1 meningiomas with no atypical fea-
tures.’ Other CNS WHO grade 2 meningiomas, including
clear cell and chordoid meningiomas, have not been shown
to be significantly associated with preoperative seizures.

Given the low incidence of anaplastic CNS WHO grade
3 meningiomas, most studies, including systemic re-
views and meta-analyses, either combine grade 2 and
3 meningiomas together or do not investigate grade 3
meningiomas as a potential factor associated with seiz-
ures. Further investigation is needed to determine if an as-
sociation exists.

Tumor Size and Location

The association and clinical relevance of tumor volume
with preoperative seizures remain unclear with conflicting
results.’33945 Several studies have shown up to a 2-fold in-
creased risk in seizures with increasing tumor size.22%4647
Several studies demonstrate a significance in univariate
analysis that is lost in multivariate analysis, suggesting
confounding variables are at play (Figure 1). A recent meta-
analysis of 5 studies found no association between tumor
volume and preoperative seizures.'?

For instance, relatively larger meningiomas,
depending on the intracranial location, can more com-
monly harbor an underlying somatic NF2 mutation.*®
This driver mutation has also been associated with more
aggressive tumor characteristics, including high grade,
PBTE and brain invasion, which in turn can be associ-
ated with preoperative seizures.*® When controlling for
brain invasion and PBTE, Gupte et al. found no associa-
tion between tumor volume and preoperative seizures.'?
Tumors of large volume may, therefore, reflect a tumor
with features more likely to be associated with an in-
creased risk of seizures.

Tumor location may also confound the effects of tumor
size. Certain intracranial locations, such as the convexity,
allow for larger tumor size prior to the development of
neurologic sequela. Indeed, meningiomas arising from
non-skull base locations are more likely to be associated
with preoperative seizures (Figure 1).8650-52The increased
risk of seizures in non-skull base locations may reflect in-
trinsic region-dependent vulnerability, or it may relate to
increased mass effect on cortical regions susceptible to
epileptogenesis, underscoring cortical irritation as a poten-
tial mechanism increasing the risk of preoperative seizures
in larger volume tumors.

Studies have inconsistently identified specific regions
within the supratentorial region to be associated with pre-
operative seizures.?53-% NF2 mutations may also explain
these inconsistent results. Meningiomas with this driver
mutation tend to occur along the convexities and have a
laterality preference along the skull base.Thus, the aggres-
sive tumor features associated with this molecular subtype
may be contributing to seizure formation, rather than the
location itself.

Molecular Basis and Associations
of Seizures

The last decade has afforded an in-depth understanding of
the genomic and epigenomic landscapes of meningiomas.
Greater than 80% of sporadic meningiomas have been
classified into at least 7 distinct genomic subgroups based
on somatic driver mutations with specific clinical and
prognostic implications: NF2, POLR2A, SMARCB1, TRAF7,
KLF4, molecules involved in the Hedgehog (HH) (ie SMO,
SUFU), and PI3K (ie AKT1E"7K) signaling pathways.5®

One study to date has revealed an association of menin-
gioma driver mutation with increased seizure risk."> Gupte
et al. demonstrated a significant relationship between NF2
mutation and preoperative seizures. However, the driver
mutation itself was found to be insufficient to cause pre-
operative seizures. Rather, its effect is thought to mediate
through atypical histology and its association with PBTE
(Figure 2). Apart from brain invasion, it is not known which
atypical histological features, either independently or in
combination, are responsible for increased seizure risk. An
alternative pathway involved atypical histology and brain in-
vasion, but this mediation was not significant (Figure 2).12

Somatic NF2 driver mutations in meningiomas are
strongly correlated with higher grade meningiomas and
aggressive features such as elevated proliferation in-
dices, brain invasion, and PBTE, as well as location.816:50-52
Interestingly, Gupte et al. did not find an association be-
tween KLF4 mutant meningiomas and preoperative seiz-
ures, despite these driver mutations being associated
with secretory histology.*® Therefore, the presentation of
a patient with a meningioma and seizure may indicate an
underlying NF2 mutation and more aggressive tumor be-
havior. Further work is needed to elucidate the main mo-
lecular drivers and points of convergence and divergence
in cellular pathways responsible for epileptogenesis in as-
sociation with brain edema.
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Figure 2. Mediation analysis investigating the causal pathways
between genomic subgroups and preoperative seizures. A signifi-
cant indirect effect instead of a direct effect of the NF2 subgroup
on preoperative seizures through the sequential mediators of atyp-
ical histology and peritumoral brain edema was revealed. An indi-
rect effect of the NF2 subgroup on preoperative seizures through the
sequential mediators of atypical histology and brain invasion was
suggested, but not significant. Figure reproduced from Gupte et al.
(2020) with permission from Journal of Neurosurgery.



Overall, no associations between meningioma so-
matic driver mutations and postoperative seizures have
been reported. However, when analyses are confined
to CNS WHO grade 1 meningiomas, tumors with muta-
tions involving the HH signaling pathway were associ-
ated with postoperative seizures. These tumors are more
likely to occur along the olfactory groove and can often
be of relatively larger volume and associated with bilat-
eral frontal edema.*8:56

The association between meningioma driver mutations
and seizures remains in its early stages of investigation,
and while it is appreciated, the driver mutation itself cannot
induce epileptogenesis, the exact underlying mechanisms
remain unclear. Further research should be conducted in
this area to gain a further understanding of the genetic and
molecular mechanistic underpinnings of seizure etiology
in meningiomas.

Role of Surgery in Achieving
Seizure Freedom

Surgical resection is highly effective in drasti-
cally decreasing seizure occurrence in patients with
meningioma-related epilepsy, with reports of seizure
freedom in 69%-90% of patients experiencing preoperative
seizures.' In a recent meta-analysis, Englot et al. found the
average rates of seizure freedom postoperatively were
69%.'3 Additionally, seizure freedom appears long term fol-
lowing surgery in the majority of meningioma patients at
subsequent follow-ups ranging from 1 to 5 years.™

Postoperative Associations
with Seizures

Given the incidence of postoperative seizures is compara-
tively much smaller than preoperative seizures, the identi-
fication of risk factors for postoperative seizures has been
largely inconsistent and overall does not demonstrate
strong epidemiologic associations.84557

Preoperative Seizures

A history of meningioma-related epilepsy prior to surgery
is the most significant predisposing factor for postoper-
ative seizures, with studies demonstrating almost a 6-fold
increased risk in patients with postoperative seizures
(Figure 1).164658 For patients with and without preopera-
tive seizures, the 5-year seizure-free status is 60% and 90%,
respectively.'®-1846  Patients with uncontrolled preopera-
tive seizures have decreased incidence of seizure freedom
postoperatively and are more than 2 times more likely to
have seizure recurrence after surgery.*¢5'5 Patients with
seizures prior to surgery also have an increased risk of poorly
controlled and refractory seizures postoperatively.'®'8 Focal
versus generalized seizures have not been shown to affect
the risk of postoperative seizures.'3

These findings suggest that seizure foci, once formed, have
a propensity to persist postoperatively.The difference between
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controlled and uncontrolled preoperative seizures may also
imply differences in the pathophysiology of epileptogenesis,
rendering an overall lowered seizure threshold. If patients
continue to experience seizures following tumor resection,
further workup and consideration of removal of the cortical
epileptogenic focus may be warranted.'®

Age and Sex

Age and sex are unlikely to be associated with postopera-
tive seizures. One literature review in 2018 by Baumgaurten
et al. found that 1 in 6 studies demonstrated an increased
risk of seizures in a slightly younger adult patient popula-
tion.%%80 Similarly, gender does not appear to play a sig-
nificant role in postoperative seizures.The observation that
males had twice the risk of developing postoperative seiz-
ures on a univariate analysis in the Baumgaurten review is
undermined by a failure to support an association between
age group or gender and postoperative seizures in the ma-
jority of other studies.®°

Tumor Characteristics

CNS WHO grade 2 and 3 meningiomas have an increased
risk of postoperative seizures on univariate statistical anal-
ysis.16475761 Anaplastic or malignant (ie CNS WHO grade
3) tumor trend toward worse seizure outcomes compared
to lower grade tumors, but without statistical signifi-
cance.? Although it would be intuitive that higher grade
meningiomas may indirectly increase the risk of postoper-
ative seizures through increased PBTE and brain invasion,
these associations have not been found to be as strong as
the preoperative ones.

How PBTE influences the risk of postoperative seizures
remains unclear.'6275063 Chen et al. demonstrated that
postoperative PBTE >1 cm was associated with seizures;
however, this significant effect was lost on multivariate
analysis when including patients with a history of preop-
erative seizure. Likewise, brain invasion does not appear to
directly influence postoperative seizures.?® These findings
suggest that preoperative PBTE and brain invasion may be
sufficient to induce epileptogenesis but are not necessary
once an epileptogenic area within the cortex is formed.%*

Extent of resection plays a significant role in achieving
seizure freedom and is likely related to other factors, in-
cluding residual tumor volume and tumor location. Gross
total resection (GTR) has been shown to significantly re-
duce seizure rate postoperatively.*® However, certain tumor
locations hinder GTR, rendering residual tumor volume.
Indeed, extent of resection, preoperative tumor volume.
and residual tumor volume are predicators of postoper-
ative seizures.?®8' In seizure-naive patients, STR was as-
sociated with an increased risk of postoperative seizures.
Additionally, residual tumor size greater than 3-4 cm in di-
ameter is associated with postoperative seizures,'6:46.:65

Tumor location is an important risk factor for postopera-
tive seizures. Patients with convexity/parasagittal/parafalcine
tumors have 3- to 6-fold increase in postoperative seiz-
ures.846:5881 Interestingly, in contrast to preoperative seizures,
Englot et al. found postoperative seizures occurred commonly
with skull base tumors,?" likely due to the difficult location of
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these tumors and critical surrounding neurovascular struc-
tures, thereby limiting the extent of resection.

The risk of residual tumor in postoperative seizures
likely reflects direct and indirect associations with postop-
erative seizures. Residual tumor may directly increase the
risk of postoperative seizures through cortical irritation as
intuitively, a relatively larger residual tumor volume could
perhaps worsen the effect on the cortex and may be as-
sociated with other surgical risk factors, such as increased
brain manipulation or retraction, that lead to ischemia and
influence postoperative epileptogenicity as well.

Several factors related to surgery are associated with in-
creased risk of postoperative seizures. Postoperative is-
chemia, new postoperative neurological deficits, or a
Karnofsky Performance Score score <70 has been associated
with increased risk of seizures.'6576264 patients who have a
postoperative medical or surgical complication, such as new
weakness, pneumonia, stroke, or intracranial hemorrhage,
are at 3 times increased risk of having a postoperative sei-
zure while in the hospital and after discharge.'® Indeed, pa-
tients who experience postoperative seizures seemingly
have a more complicated postoperative clinical course.

Tumor Recurrence/Progression and
Adjuvant Therapy

Rarely, patients present with new-onset postoperative seiz-
ures, and this often occur years after surgical resection. In
these circumstances, seizures may indicate tumor recur-
rence.®"%758 Indeed, tumor recurrence has been shown to
be a risk factor for seizure recurrence as well 812162152 |
cases where tumor recurrence is not present, the etiology
of seizure is often unclear. Tumor progression is also a
risk factor for seizure recurrence in patients both with and
without preoperative seizures.'

Likewise, patients with postoperative seizures are also
more likely to undergo postoperative radiation' and un-
derscore the association of seizures with higher grade
meningiomas.The role of radiation-induced vasculopathy as
a potential mechanism for epileptogenesis is unknown, al-
though there does not appear to be an association between
postoperative radiation itself and increased seizure occur-
rence.”'681 Gupte et al. did note an increased risk of seizures
in meningioma patients receiving radiation before the initi-
ation of radiation, and thus the seizures were unlikely to be
the effect of radiation, but rather more likely due to the his-
tory of seizures, underlying higher grade and residual tumor
in some circumstances.?

Role of Anti-Epileptic Drugs
in Meningiomas

Given that seizures are one of the most common pre-
senting symptoms of meningiomas, many patients with
meningiomas are started on antiepileptic agents (AEDs).
First-line therapy typically consists of a single agent, par-
ticularly for simple partial seizures.®® Levetiracetam has
been extensively studied in tumoral epilepsy and therefore
become most commonly used for meningioma associated

epilepsy.'??' Less commonly used agents include val-
proate acid, carbamazepine, lamotrigine, phenytoin, and
lacosamide.512:20.21

Careful consideration of AED risk profile, side effects,
and metabolic pathway must be taken into account when
choosing an AED, given many AEDs and other drugs (in-
cluding chemotherapies) share common metabolic path-
ways via the hepatic cytochrome p450 enzyme.?°

Although surgical resection of the meningioma has been
shown to drastically reduce the incidence of postoperative
seizures, current data suggests the continuation of AEDs
in patients with preoperative seizures given the relatively
high risk that seizures can continue postoperatively.

A titrated approach to wean AEDs is advised, with dis-
continuation when the patient is seizure free for a certain
period. For patients with preoperative seizures, AEDs were
stopped less than 12 months after surgery in the majority
of patients (65%) whereas a minority (35%) continued
with lifelong AED treatment.>* If seizures persist beyond
12-month period postoperatively, the likelihood of sei-
zure freedom becomes less likely.5* Further investigation is
needed to determine the rate and risk factors of patients
that meet the criteria of drug-resistant epilepsy.

In patients with refractory seizures, referral to an epi-
lepsy specialist is appropriate. Likewise, in certain circum-
stances, consideration of more of an “epilepsy”-focused
surgical procedure may be favored over the removal of the
meningioma.?” For example, meningiomas causing com-
pression of the temporal lobe may induce gliosis, resulting
in a dual pathology driving epilepsy. Even after GTR, con-
tinued seizures may persist. Some authors have advocated
for further resection of temporal lobe lesions to improve
seizure control postoperatively.®

The role of AEDs for seizure prophylaxis has been more
recently been addressed with the 2021 guidelines pub-
lished by the Society of Neuro Oncology and European
Association of Neuro Oncology which suggest against
the use of AEDs in patients with newly diagnosed tumors
who have not had a seizure.'®%8 |slim et al., however, sug-
gest that in certain seizure-naive patients who may be at
higher risk for seizure, initiation of prophylactic AEDs may
be warranted. High-risk factors include tumor location in
the convexity, frontoparietal location, or midline shift on
preoperative imaging.?* Further randomized controlled
studies, if feasible, are needed.

Case Illustration

To illustrate the above associations, we present a case of
a 48-year-old male who presented with new-onset seizure
managed with levetiracetam. On magnetic resonance im-
aging (MRI), he was found to have a relatively large right
frontal extra-axial mass, consistent with a convexity me-
ningioma (Figure 3a) with surrounding PBTE (Figure 3b).
He was lost to follow-up for nearly a year and was sub-
sequently referred to the senior author after he under
went reimaging that showed both the tumor volume and
peritumoral edema had increased. He underwent a right
craniotomy for GTR (Figure 3c). The final integrated di-
agnosis was a CNS WHO grade 2 meningioma (atypical
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Figure 3. Magnetic Resonance Imaging of WHO grade 2 meningioma NF2 mutation in a patient who presented with seizure. T1-weighted image
with contrast demonstrating an extra-axial lesion causing compression and mass effect of underlying cortex (a). Fluid Attenuated Inversion Recovery
(FLAIR) MRI demonstrating peritumoral brain edema (b). Postresection T1-weighted MRI with contrast, without evidence of residual tumor (c).

histology) with an underlying NF2 driver mutation, chro-
mosomal instability, and copy number variations including
loss of heterozygosity of chromosomes 1, 10, 14, 16, 18, and
22. He subsequently underwent fractionated radiotherapy.
Four years later, he experienced left-sided weakness with
corresponding tumor recurrence for which he underwent
an uncomplicated re-resection. He has remained seizure
free and is currently off AEDs.

This case underscores certain risk factors, such as male
sex, high tumor grade, convexity location, PBTE, chro-
mosomal instability, and underlying NF2 mutation, all of
which have been described with seizure in meningioma
patients. Seizure freedom was achieved after GTR.

Conclusion

Meningioma-related epilepsy is relatively common, and
perhaps surprisingly so given the extra-axial location of
these tumors. Factors that impact the cortical microen-
vironment and create an intra-axial epileptogenic focus,
such as tumor invasion of the brain and/or associated
intraparenchymal edema, are associated with seizures in
meningioma patients. While the tumor biology does not
have a direct effect on producing meningioma-related
epilepsy, the more common underlying NF2 driver muta-
tion associated with meningiomas in this particular sub-
population of patients, is likely a strong contributing factor
and is likely mediated through atypical histology and
PBTE. Furthermore, an underlying NF2 mutation is asso-
ciated with other variables relevant to seizure occurrence
in meningioma patients, such as convexity, non-skull base
location, volume, histology, and sex. Surgical resection af-
fords high rates of seizure freedom and allows patients to
be weaned from AEDs. Preoperative seizures, and particu-
larly those that are poorly controlled, are the most signifi-
cant factors for the occurrence of postoperative seizures in
meningioma patients. A patient presenting with seizure ap-
pears to signify a potentially more aggressive underlying
meningioma.
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