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MeningioMa is the most common benign intracra-
nial tumor, accounting for approximately one-
third of all CNS tumors.66 Seizures are common 

in patients with supratentorial meningioma, affecting any-
where from 10% to 50% of individuals with these lesions, 
and they are frequently the presenting symptom.8,69 Re-
current seizures in patients with brain tumors lead to sig-
nificant morbidity, cognitive problems, inability to drive, 
and diminished quality of life.16,54,61 Also, antiepileptic 

drugs (AEDs) may have unfavorable neurocognitive side 
effects, and can fail to completely stop seizures in some 
individuals.2,10 In recent years, our group and others have 
helped characterize seizure predictors in the treatment of 
other intrinsic brain tumors, such as gliomas and glioneu-
ronal tumors.7,14,15 However, rates, predictors, and control 
of seizures in meningioma have remained understudied 
and poorly understood, because most investigations fo-
cus on cytoreduction, alleviation of mass effect, and the 

abbreviatioNs AED = antiepileptic drug.
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obJective Meningioma is the most common benign intracranial tumor, and patients with supratentorial meningioma 
frequently suffer from seizures. The rates and predictors of seizures in patients with meningioma have been significantly 
under-studied, even in comparison with other brain tumor types. Improved strategies for the prediction, treatment, and 
prevention of seizures in patients with meningioma is an important goal, because tumor-related epilepsy significantly 
impacts patient quality of life.
methods The authors performed a systematic review of PubMed for manuscripts published between January 1980 
and September 2014, examining rates of pre- and postoperative seizures in supratentorial meningioma, and evaluating 
potential predictors of seizures with separate meta-analyses.
results The authors identified 39 observational case series for inclusion in the study, but no controlled trials. Preop-
erative seizures were observed in 29.2% of 4709 patients with supratentorial meningioma, and were significantly predict-
ed by male sex (OR 1.74, 95% CI 1.30–2.34); an absence of headache (OR 1.77, 95% CI 1.04–3.25); peritumoral edema 
(OR 7.48, 95% CI 6.13–9.47); and non–skull base location (OR 1.77, 95% CI 1.04–3.25). After surgery, seizure freedom 
was achieved in 69.3% of 703 patients with preoperative epilepsy, and was more than twice as likely in those without 
peritumoral edema, although an insufficient number of studies were available for formal meta-analysis of this associa-
tion. Of 1085 individuals without preoperative epilepsy who underwent resection, new postoperative seizures were seen 
in 12.3% of patients. No difference in the rate of new postoperative seizures was observed with or without perioperative 
prophylactic anticonvulsants.
coNclusioNs Seizures are common in supratentorial meningioma, particularly in tumors associated with brain 
edema, and seizure freedom is a critical treatment goal. Favorable seizure control can be achieved with resection, but 
evidence does not support routine use of prophylactic anticonvulsants in patients without seizures. Limitations associ-
ated with systematic review and meta-analysis should be considered when interpreting these results.
http://thejns.org/doi/abs/10.3171/2015.4.JNS142742
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prevention of neurological deficits. Given the deleterious 
effects of epilepsy on patient quality of life, an improved 
understanding of preoperative seizure risk factors and 
postoperative seizure outcomes is needed.

To our knowledge, only 4 studies in the past 35 years 
have directly examined both pre- and postoperative sei-
zures in patients with meningioma,5,8,37,51 with another 5 
manuscripts investigating various aspects of seizures after 
meningioma resection.9,18,53,62,69 Nevertheless, several stud-
ies examining other aspects of meningioma surgery, such 
as predictors of growth and extent of resection, also report 
data regarding seizure rates and associated factors. Thus, 
a significant amount of information regarding seizure pre-
dictors in patients with meningioma is present in the ex-
isting literature, although it has not yet been compiled or 
methodically reviewed.

In the present study, we performed the first systemat-
ic review of seizure rates and predictors in patients with 
supratentorial meningioma. We examined the published 
literature for factors associated with both pre- and post-
operative seizures with these lesions, and further analyzed 
associated variables with formal meta-analyses. Our goals 
included improved prediction of which meningiomas har-
bor epileptogenicity and a better understanding of seizure 
outcomes in meningioma surgery, and we readdressed the 
question of whether prophylactic perioperative AEDs are 
warranted in patients without epilepsy.

methods
article selection and data extraction

We performed a PubMed query for articles published 
between January 1980 and September 2014 with the 
search terms “meningioma AND seizure” or “meningi-
oma AND epilepsy.” Initially, 730 manuscripts were re-
turned and evaluated for potential inclusion. References 
from reviewed manuscripts were examined for other po-
tential studies for inclusion. Inclusion required primary 
clinical data regarding the incidence of preoperative and/
or postoperative seizures in patients with supratentorial 
meningioma. To control data quality, only peer-reviewed, 
published manuscripts were included, and meeting ab-
stracts and presentations were not considered. The process 
of manuscript selection, including exclusion criteria, is il-
lustrated in Fig. 1. 

In total, 39 manuscripts met both inclusion and ex-
clusion criteria, including 33 papers with data regarding 
preoperative seizures, and 18 studies with postoperative 
seizure data (12 manuscripts included data regarding both 
pre- and postoperative seizures). For seizure outcomes af-
ter tumor resection in patients with preoperative seizures, 
a minimum of 6 months of postoperative follow-up was 
required, and outcomes were evaluated using a modified 
Engel classification system.13 Patient data were stratified 
according to the following variables, where disaggrega-
tion in relationship to preoperative and/or postoperative 
seizure status was possible: age, sex, tumor hemisphere 
and location, presence of headache or neurological deficit, 
tumor size, presence or absence of peritumoral edema on 
neuroimaging, and WHO histopathological classification 
of tumor grade. In addition to these factors, patients in-

cluded in postoperative seizure analysis were also evaluat-
ed for seizure type, history of previous radiation treatment 
for the meningioma, extent of tumor resection, evidence 
of postoperative tumor progression, and the use of AED 
prophylaxis (at least 3 days in the perioperative period) in 
patients without preoperative seizures. For the purposes of 
this study, extent of resection was considered gross-total 
for Simpson Grade 1–3 resection and subtotal for Simpson 
Grade 4–5 removal.57 This study was prepared according 
to the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) statement.42

statistical analysis
Rates of pre- and postoperative seizures were calcu-

lated across all patients and stratified by various factors 
of interest. For summary purposes, initial between-group 
comparisons were performed using Pearson’s chi-square 
tests. Variables found to be potentially associated with 
pre- or postoperative seizures on initial review (p < 0.05) 
were dichotomized and analyzed with separate meta-
analyses. To limit selection bias, meta-analysis was only 
performed on a variable if data regarding that variable 
were available from at least 5 different manuscripts and 
across at least 2 separate conditions. As an example, al-
though more than 5 manuscripts reported data regard-
ing patient age, fewer than 5 of these studies contained 
patients from both conditions (pediatric and adult) in the 

Fig. 1. Flowchart summarizing the manuscript selection process. Inclu-
sion criteria (*) required manuscripts with primary clinical data regarding 
the incidence of preoperative and/or postoperative seizures in patients 
with supratentorial meningioma. Exclusion criteria included studies 
reporting data on < 10 patients, language other than English, insufficient 
disaggregation to determine precise seizure rates, or data redundant 
with another manuscript. Overall, 39 manuscripts met both inclusion and 
exclusion criteria.
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same study, so the potential effect of pediatric versus adult 
age group on seizure status could not be formally meta-
analyzed. For each meta-analysis, heterogeneity across the 
studies was evaluated using the Cochran Q statistic, and a 
fixed-effects model was used to generate a pooled propor-
tion. Individual studies were weighted using the inverse 
variance method, and between-group hypothesis testing 
was performed on the calculated odds ratio of the pooled 
proportions. Forest plots were generated to express effect 
size across all studies for each variable. Odds ratios were 
calculated with a 95% confidence interval. The Friedman 
and Kendall W tests were used to test data heterogene-
ity between studies to ensure that a fixed-effects model 
was appropriate. The possible effect of publication bias 
was assessed using funnel plots. Statistical analysis was 
performed using SPSS version 20 (SPSS, Inc.) with sig-
nificance assessed at p < 0.05.

results
Thirty-nine studies reporting seizure rates and associ-

ated factors in patients with supratentorial meningiomas 
were analyzed.1,3–6,8,9,11,12,18–22,25,26,28–30,35–38,40,41,43,48,51–53,55,59,60, 

62–64,68–70 All investigations were retrospective observation-
al case series, and no prospective controlled trials were 
identified.

Preoperative seizures were examined across 33 manu-
scripts including 4709 patients (63% female), with 10– 946 
patients per report (Table 1). Although most investigations 
included only adult patients, several studies of pediatric 
meningioma were also identified, and some manuscripts 
included mixed age populations. Overall, seizures were 
observed in 29.2% of patients with supratentorial menin-
gioma, with rates varying between 12% and 76% across 
individual studies.

Several factors were evaluated for a potential relation-
ship with preoperative seizures, where data were avail-
able (Table 2). Of the 33 studies examined, 9 manuscripts 
(27%) contained data for > 75% of the variables of interest, 
whereas 6 studies (18%) included data for < 25% of the fac-
tors examined. Seizures were more common among males 
compared with females, in adults versus children and ado-
lescents, and in patients with peritumoral edema or with-
out headaches compared with their counterparts. Among 
common tumor locations, seizure rates were higher with 
parasagittal or convexity tumors, and lower with skull 
base lesions. No significant difference in seizure incidence 
was seen with tumor side, size, or pathological grade, or 
with the presence or absence of neurological deficit.

Formal meta-analyses were then performed to evalu-
ate each of 5 potential predictors of preoperative seizures 
(Fig. 2), with the exception of age, given that fewer than 
5 manuscripts included disaggregated data for both adult 
and pediatric patients in the same study. We observed that 
seizures were significantly more common in males ver-
sus females (OR 1.74, 95% CI 1.30–2.34) (Fig. 2A), and 
in patients without a history of headache, compared with 
those with headaches (OR 1.77, 95% CI 1.04–3.25) (Fig. 
2B). The presence of peritumoral edema on neuroimaging 
was the strongest predictor of seizures, with an OR of 7.48 
(95% CI 6.13–9.47) (Fig. 2C). Finally, meningiomas not 

located at the skull base were significantly more likely to 
cause seizures than skull base tumors (OR 1.77 95% CI 
1.04–3.25) (Fig. 2D).

We then evaluated the rates of postoperative seizures 
after meningioma resection in patients with or without 
seizures before surgery. Seizure outcomes in patients with 
preoperative seizures were available from 14 studies of 
703 patients, including between 5 and 101 individuals per 
study (Table 3). Overall, 69.3% achieved seizure freedom 
(Engel Grade I outcome) after tumor resection, whereas 
30.7% of these individuals experienced persistent seizures 
(Engel Grades II–IV outcome). Fourteen manuscripts re-
ported rates of new postoperative seizures across 1085 in-

table 1. incidence of preoperative seizures in patients with 
supratentorial meningioma

Study No.
Age 
Group

% 
Female

% w/ 
Seizures

Chaichana et al., 2013 626 Adult 62.9 13.4
Ravindranath et al., 2013 31 Pediatric 29.0 35.5
Zheng et al., 2013 946 Adult NS 15.2
Musluman et al., 2012 42 Adult 57.1 23.8
Waagemans et al., 2011 89 Adult 74.2 12.4
Zachenhofer et al., 2011 16 Adult NS 31.3
Sughrue et al., 2010 15 Adult 60.0 40.0
Dijkstra et al., 2009 89 Adult 74.2 33.7
Li & Zhao, 2009 27 Pediatric NS 22.2
Menon et al., 2009 38 Pediatric 47.4 76.3
Behari et al., 2008 20 Adult 50.0 35.0
Gazzeri et al., 2008 36 Adult 66.7 27.8
Rushing et al., 2005 87 Pediatric 40.2 33.3
Rothoerl et al., 2003 102 Adult 72.5 31.4
Tucha et al., 2003 54 Adult 68.5 35.2
Zwerdling & Dothage, 2002 17 Pediatric 58.8 29.4
Im et al., 2001 10 Pediatric 50.0 50.0
Amirjamshidi et al., 2000 24 Pediatric 54.2 20.8
Lieu & Howng, 2000 201 Mixed 67.0 28.4
Chozick et al., 1996 158 Adult 68.4 39.9
Lobato et al., 1996 400 Mixed 70.5 38.8
Meixensberger et al., 1996 385 Adult 66.8 21.0
Kawaguchi et al., 1996 83 Adult 69.9 32.5
Chow et al., 1995 285 Mixed 62.0 33.7
Germano et al., 1994 23 Pediatric 39.1 26.1
Kilpatrick et al., 1994 29 Adult 69.0 51.7
de Vries & Wakhloo, 1993 51 NS NS 39.2
Tsuji et al., 1993 17 Adult 64.7 17.6
Howng & Kwan, 1992 83 Mixed 66.3 65.1
Ferrante et al., 1989 19 Pediatric 31.6 31.6
Chan & Thompson, 1984 237 Mixed 67.5 42.6
Giombini et al., 1984 342 NS 55.6 60.5
Ramamurthi et al., 1980 127 NS 39.4 29.1
Total 4709 63.0 29.2

NS = not specified.
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dividuals without a history of seizures, with study sizes 
ranging from 11 to 180 patients (Table 4). Overall, 12.3% 
of these patients had new epileptic events after resection.

Factors associated with postoperative seizures were 
then examined in patients with or without preoperative 
seizures (Table 5). Of the 23 studies examined, 5 inves-
tigations (22%) included data for > 75% of the variables 
of interest, whereas 3 manuscripts (13%) included data 
for < 25% of the factors examined. Among patients with 
preoperative seizures, a strong association was observed 
between persistent postoperative seizures and peritumoral 
edema. Across tumor locations, persistent seizures were 
most common with sphenoid wing and parasagittal le-
sions. Also, tumor progression after surgery was associ-

ated with seizure recurrence. Among patients without pre-
operative seizures, new postoperative seizures were more 
common in those with a history of previous radiation, and 
in individuals with gross-total resection. However, the to-
tal number of patients with new seizures in each of these 
categories was low (9–11 patients), limiting the ability to 
draw conclusions. Of note, the rates of new postoperative 
seizures were similar between individuals who did or did 
not receive perioperative AED prophylaxis, with this anal-
ysis restricted to patients without preoperative seizures. 
No relationship was observed between postoperative sei-
zures and other variables interrogated.

Meta-analysis of tumor location revealed that post-
operative seizures were somewhat less common with 

table 2. Factors associated with preoperative seizures in patients with supratentorial meningioma
Factor Seizures No Seizures p Value Included Studies

Sex <0.001* 1, 4, 5, 8, 19, 21, 26, 29, 37, 59, 62, 70
  Female 174 (19.3) 727 (80.7)
 Male 137 (31.0) 305 (69.0)
Age <0.001* 1, 4, 5, 9, 12, 19, 20, 26, 29, 30, 36, 37, 40, 41, 43, 53, 55, 59, 

62–64, 68, 70
  <18 yrs 92 (41.6) 129 (58.4)
  ≥18 yrs 466 (23.7) 1500 (76.3)
Side 0.24 1, 4, 19, 37, 59, 62, 63, 70
  Lt 51 (34.7) 96 (65.3)
  Rt 52 (31.3) 114 (68.7)
  Midline/bilat 6 (26.1) 17 (73.9)
Headache 0.03* 4, 5, 26, 59, 70
  Yes 35 (11.9) 258 (88.1)
  No 72 (18.2) 323 (81.8)
Neurological deficit 0.91 1, 4, 5, 19, 59, 70
  Yes 36 (15.4) 198 (84.6)
  No 78 (16.0) 408 (84.0)
Peritumoral edema <0.001* 4, 5, 11, 25, 26, 29, 37, 62
  Yes 145 (37.5) 242 (62.5)
  No 113 (16.0) 595 (84.0)
Pathology 0.10 1, 4, 5, 8, 11, 12, 19, 26, 29, 37, 59, 64, 70
  WHO I 342 (23.1) 1136 (76.9)
  WHO II–III 18 (33.3) 36 (66.7)
Location <0.001* 1, 4, 5, 8, 9, 19, 20, 22, 26, 37, 43, 62, 70
  Convexity 153 (31.7) 329 (68.3)
  Parasagittal/falx 287 (45.4) 345 (54.6)
  Sphenoid wing 67 (24.7) 204 (75.3)
  Olfactory groove 35 (24.5) 108 (75.5)
  Planum/tuberculum 5 (3.4) 143 (96.6)
  Tentorial 0 (0) 34 (100)
  Intraventricular 2 (8.3) 22 (91.7)
  Petroclival 5 (45.5) 6 (54.5)
Size 0.73 4, 26, 29, 59, 62
  ≤4 cm 26 (31.0) 58 (69.0)
  >4 cm 22 (33.8) 43 (66.2)

*  p < 0.05, chi-square test.
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skull bases meningiomas than non–skull base lesions, al-
though this difference was not significant (OR 0.85, 95% 
CI 0.45–1.46) (Fig. 3). Finally, sufficient data for formal 
meta-analysis (at least 2 conditions from 5 manuscripts) 
were not available to further examine the relationship be-
tween other factors, such as peritumoral edema or tumor 
progression, and postoperative seizures.

discussion
In the present study, we report the first systematic re-

view and meta-analysis of both pre- and postoperative sei-
zures in patients with meningioma, including data from 
39 studies. Overall, preoperative seizures were present in 
29.2% of 4709 patients with supratentorial meningioma. 
After resection, seizure freedom was achieved in 69.3% 

of 703 individuals with seizures before surgery, and new 
epileptic events were observed in 12.3% of 1085 patients 
without preoperative epilepsy. Several factors were found 
to be associated with tumor-related seizures, allowing in-
sight into seizure prediction, treatment, and prevention in 
supratentorial meningioma.

The rates of both pre- and postoperative seizures were 
more than double in patients with peritumoral edema than 
in individuals without this neuroimaging finding. Brain 
edema is found in between one-third to two-thirds of 
intracranial meningiomas, and several previous studies 
have observed a relationship between edema and epilep-
sy.5,11,29,37,38 Vasogenic peritumoral edema in meningioma 
is believed to be related to angiogenesis and increased 
pial blood supply, and has been associated with increased 
expression of vascular endothelial growth factor, metallo-

Fig. 2. Meta-analyses examining factors associated with preoperative seizures in supratentorial meningioma. Statistically signifi-
cant predictors of postoperative seizure freedom included male (vs female) sex (a); absence (vs. presence) of headache (b); the 
presence of peritumoral edema on neuroimaging (vs. no or minimal edema) (c); and skull base (vs. non–skull base) tumor location 
(d). The effect size for each study is represented as the OR of factors associated with preoperative seizures (larger OR indicates 
greater likelihood of seizures), with proportional study weight estimated by the size of each point. Error bars represent the 95% 
CI, with a dotted tail indicating an upper limit off of the scale. The size of each point estimates proportional study weight, and the 
vertical dashed line represents OR = 1.
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proteinases 2 and 9, and aquaporins 4 and 5.27,34,45–47,50,65,67 
Two studies found edema to be most common with con-
vexity or parasagittal meningiomas,11,38 but another did 
not observe a relationship to location,29 and no consistent 
association between edema and tumor size or pathologi-
cal subtype is present across studies.11,29,38,49 Some groups 
have also suggested a relationship between brain invasion 
and edema,39,44 although it is unclear if edema resulting 
from tumor infiltration differs from vasogenic edema in 
meningiomas without invasion.31,39 Brain invasion was not 
investigated in our study, as these data were not reported 
in the source studies we examined. Given the relationship 
between angiogenesis and edema, further research may 
consider whether antiangiogenic agents that are being ex-
plored for meningioma therapy may also have antiepileptic 
effects.

Although meningiomas are more common in females 
and adults, our findings suggest that among patients with 
these lesions, males and children are more likely to suf-
fer from preoperative seizures. Although the reasons for 
this are not fully understood, it is known that across all 
causes of epilepsy, the incidence is slightly higher in men 
than women and in children than in adults.33 Interestingly, 
preoperative seizures were also more common in patients 
without a history of headache in our study. One could 
speculate that headaches may lead to earlier discovery of 
these lesions before seizures develop, although this has not 
been previously established.

With regard to tumor location, we observed the high-
est rate of preoperative seizures in non–skull base lesions, 
such as parasagittal or convexity meningiomas. The pro-
pensity for convexity tumors to cause seizures has been 
previously described,37 and may be related to the extent 
of cortex affected by meningiomas in these locations, al-
though tumor size itself was not identified as a risk factor 
in our study. Interestingly, the opposite trend was observed 
with postoperative seizures, which were much less com-

mon in convexity lesions and more frequently observed 
with skull base tumors, such as those at the sphenoid wing. 
It is unknown if this distinction is influenced by surgical 
factors, such as greater use of brain retraction in skull base 
resections.

In patients without preoperative epilepsy, equivalent 
rates of new postoperative seizures were seen with or 
without the use of prophylactic anticonvulsants. Previous 
studies have also failed to demonstrate benefit with pro-
phylactic AEDs in meningioma surgery.32,60 A random-
ized, controlled trial of valproic acid prophylaxis in all 
brain tumor surgery published in 1996 suggested that in-
dividuals receiving prophylaxis actually had a nonsignifi-
cantly increased rate of seizures compared with patients 
receiving placebo.24 Soon after, the American Academy 
of Neurology advised against long-term AED prophylaxis 
in patients with newly diagnosed brain tumor,23 and meta-
analysis of the literature provided further evidence against 
the prophylactic use of antiseizure medications.58 Thus, 
evidence to date does not support the routine use of AED 
prophylaxis in meningioma surgery, although a potential 
role for short-term perioperative prophylaxis in select 
cases of high seizure risk, such as tumors with significant 
edema, deserves further exploration. It is also important to 
note that in the present study there was variability between 
prophylactic AED regimens used at different centers. In 
most cases, AEDs were first administered intraoperatively 
and continued for 3–7 days postoperatively (a minimum 
of 3 days of prophylaxis was required for inclusion). Also, 
although phenytoin was the most common agent used for 
prophylaxis, levetiracetam has become a more popular 
choice in more recent patient series. Limitations related to 
practice variability must be considered when interpreting 
the findings of the present study.

In epilepsy associated with other intrinsic brain tumors, 
such as gliomas or glioneuronal tumors, seizure freedom 
after surgery is predicted by gross-total resection.14,15,17 We 

table 3. seizure outcomes after meningioma resection in 
patients with preoperative seizures

Study No. % Seizure Free

Chaichana et al., 2013 64 87.5
Fang et al., 2013 91 81.3
Ravindranath et al., 2013 11 81.8
Zheng et al., 2013 97 66.0
Dijkstra et al., 2009 30 73.3
Gazzeri et al., 2008 10 90.0
Rothoerl et al., 2003 32 71.9
Zwerdling & Dothage, 2002 5 40.0
Im et al., 2001 5 80.0
Lieu & Howng, 2000 59 62.7
Chozick et al., 1996 63 63.5
Chow et al., 1995 98 67.3
Chan & Thompson, 1984 101 60.4
Ramamurthi et al., 1980 37 54.1
Total 703 69.3

table 4. incidence of new postoperative seizures after 
meningioma resection in patients without preoperative seizures

Study No. % w/ New Seizures

Musluman et al., 2012 32 6.3
Sughrue et al., 2011 180 0.6
Zachenhofer et al., 2011 11 9.1
Jallo & Benjamin, 2002 23 0.0
Zwerdling & Dothage, 2002 12 0.0
Lieu & Howng, 2000 163 18.4
Beenen et al., 1999 15 6.7
Chozick et al., 1996 95 8.4
Chow et al., 1995 225 17.3
Tsuji et al., 1993 14 14.3
Lee et al., 1989 50 2.0
Chan & Thompson, 1984 156 18.6
North et al., 1983 19 21.1
Ramamurthi et al., 1980 90 16.7
Total 1085 12.3
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table 5. Factors associated with postoperative seizures in patients with supratentorial meningioma

Factor

Patients w/ Preop Seizures Patients w/o Preop Seizures

Included Studies
Persistent 
Seizures

Seizure 
Free p Value New Seizures

No New 
Seizures p Value

Sex 0.48 0.18 9, 26, 28, 37, 60, 62, 69, 70
  Female 68 (26.8) 186 (73.2) 6 (2.6) 229 (97.4)
 Male 41 (30.1) 95 (69.9) 5 (5.6) 84 (94.4)
Age 0.99 0.99 3, 5, 9, 12, 18, 20, 26, 28, 35, 37, 43, 53, 60, 

62, 68–70
  <18 yrs 1 (20.0) 4 (80.0) 0 (0.0) 12 (100.0)
  ≥18 yrs 149 (24.4) 461 (75.6) 16 (3.8) 404 (96.2)
Side 0.80 NA NA 26, 28, 37, 62, 69
  Lt 46 (25.3) 136 (74.7)
  Rt 38 (28.1) 97 (71.9)
  Midline/bilat 1 (20.0) 4 (80.0)
Neurological deficit 0.57 0.43 9, 69, 70
  Yes 16 (39.0) 25 (61.0) 3 (10.7) 25 (89.3)
  No 40 (33.6) 79 (66.4) 5 (6.3) 74 (93.7)
Peritumoral edema <0.001* 0.99 26, 37, 62
  Yes 30 (35.7) 54 (64.3) 1 (20.0) 4 (80.0)
  No 23 (15.8) 123 (84.2) 1 (11.1) 8 (88.9)
Pathology 0.22 0.42 5, 9, 12, 18, 26, 37, 60, 70
  WHO I 101 (22.1) 356 (77.9) 6 (2.7) 217 (97.3)
  WHO II–III 6 (37.5) 10 (62.5) 3 (4.7) 61 (95.3)
Location <0.05* 0.22 9, 20, 26, 28, 37, 43, 60, 62, 69, 70
  Convexity 47 (31.5) 102 (68.5) 8 (3.3) 234 (96.7)
  Parasagittal/falx 26 (25.5) 76 (74.5) 1 (33.3) 2 (66.7)
  Sphenoid wing 18 (45.0) 22 (55.0) 2 (6.5) 29 (93.5)
  Olfactory groove 5 (17.9) 23 (82.1) 2 (5.3) 36 (94.7)
  Planum/tuberculum 5 (17.9) 23 (82.1) 0 (0.0) 24 (100.0)
  Tentorial 0 (0.0) 0 (0.0) 0 (0.0) 3 (100.0)
  Intraventricular 1 (33.3) 2 (66.7) 0 (0.0) 1 (100.0)
  Petroclival 0 (0.0) 7 (100.0) 0 (0.0) 3 (100.0)
Size 0.99 0.16 26, 28, 62
  ≤4 cm 0 (0.0) 3 (100.0) 1 (2.9) 33 (97.1)
  >4 cm 1 (20.0) 4 (80.0) 1 (33.3) 2 (66.7)
Seizure type 0.14 NA NA 9, 26, 69
  Partial only 21 (28.4) 53 (71.6)
  Generalized 36 (39.6) 55 (60.4)
Previous radiation 0.29 <0.01* 9, 26, 60, 69
  Yes 8 (47.1) 9 (52.9) 5 (13.2) 33 (86.8)
  No 49 (33.1) 99 (66.9) 4 (1.7) 233 (98.3)
AED prophylaxis NA NA 0.99 3, 9, 35, 48, 60, 68
  Yes 55 (13.7) 346 (86.3)
  No 17 (13.2) 112 (86.8)
Extent of resection 0.18 0.02* 9, 26, 28, 37, 60, 62, 70
  Gross-total  91 (26.8) 249 (73.2) 6 (2.2) 268 (97.8)
  Subtotal  18 (36.0) 32 (64.0) 5 (10.0) 45 (90.0)
Tumor progression <0.05* <0.05* 9, 37
  Yes 25 (38.5) 40 (61.5) 4 (21.1) 15 (78.9)
  No 83 (26.2) 234 (73.8) 4 (5.3) 72 (94.7)
NA = not available.
*  p < 0.05,  chi-square test.
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did observe a trend between tumor regrowth and seizures 
after surgery, suggesting a relationship between cytoreduc-
tion and seizure freedom, which has also been reported by 
others.8,69 However, gross-total resection itself did not pre-
dict postoperative seizure freedom after surgery. Indeed, 
new postoperative seizures in patients without previous 
epilepsy were more common after gross-total resection, 
although the small number of patients with new seizures 
in this comparison limits our ability to draw clear conclu-
sions. Also, it is unknown if new postoperative seizures 
may be related to greater brain manipulation with more 
aggressive resection. Notably, most studies demonstrating 
a connection between extent of resection and seizure out-
come in glioma and glioneuronal tumors focus on patients 
with medically refractory epilepsy, whereas our study in-
cludes both patients with medically controlled and intrac-
table seizures. Unfortunately, we identified only 1 study 
that specified the proportion of patients with medically 
refractory epilepsy (38% of 84 individuals with seizures),5 
and no manuscripts disaggregated postoperative seizure 
outcome based on preoperative seizure control on AEDs. 
Improved characterization of seizure outcomes in menin-
gioma patients with intractable epilepsy will be a critical 
goal for future studies, given the significant impact that 
seizure freedom has on quality of life in these individuals.

There are several other limitations of the present study 
that should be addressed, including inherent limitations 
in meta-analysis techniques that have been recently dis-
cussed by Sampson and Barker.56 A meta-analysis com-
bines data from related studies to generate a larger number 
of patients, and thus enhance the ability to detect statis-
tically reliable differences between comparison groups. 
However, the reliability of our results is dependent on the 
quality of data collected by others, and selection bias may 
influence the generalizability of our findings. Although 
high-quality meta-analysis requires a certain degree of 

homogeneity between studies, the potential heterogeneity 
in patient populations at various treatment centers must be 
considered. Although measures were used to optimize the 
selection of dependable source studies, all investigations 
performed on the topic of seizures in meningioma have 
been retrospective in nature, and are therefore susceptible 
to recall bias. Furthermore, there are probably interactions 
among variables associated with tumor-related seizures—
such as brain edema and tumor characteristics—but poten-
tial confounders could not be explored here, because the 
nature of meta-analysis precludes multivariate analysis. 

We examined studies performed over a long period of 
time (< 30 years), which has the advantage of capturing a 
larger and more representative patient sample. However, 
while the natural course of meningioma and seizures has 
probably not changed over this time, diagnostic and surgi-
cal technologies certainly have. This must be considered in 
interpreting our results regarding postoperative seizures, 
although we did not observe any time-related trends in the 
associations we found. Despite these limitations, our study 
summarizes for the first time the rates and predictors of 
seizures in a very large sample size that would probably be 
otherwise unachievable, even with a multicenter prospec-
tive study. The present study demonstrates on a large scale 
that peritumoral edema is the strongest predictor of both 
pre- and postoperative seizures in meningioma, that favor-
able seizure outcomes are typically achieved with resec-
tion in patients who have seizures, and that perioperative 
anticonvulsant prophylaxis probably does not decrease the 
risk of new seizures in patients without epilepsy. In our 
clinical practice, these findings have led to decreased use 
of perioperative AED prophylaxis, except in patients with 
significant peritumoral edema on MRI.

conclusions
Tumor-related epilepsy significantly impacts patient 

quality of life. Although seizures are very common in 
patients with supratentorial meningioma, the rates and 
predictors of seizures in this population have been signifi-
cantly under-studied, even in comparison with other brain 
tumor types. In the first systematic review and meta-anal-
ysis to address this topic, we observed that approximately 
30% of patients with meningioma suffer from seizures, 
and seizure freedom is achieved with resection in nearly 
70% of those individuals. Peritumoral edema is the factor 
most strongly related to seizures, and differences are also 
seen based on patient demographics and tumor location. 
In patients without preoperative epilepsy, 12% experience 
new seizures after surgery, and this rate was not altered 
with the use of prophylactic AEDs. These results have im-
portant implications for seizure prediction, treatment, and 
prevention in patients with meningioma.
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