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brain tumors frequently present with seizures and cause epi-
lepsy with a prevalence of 10–19% [1, 3]. Epilepsy leads 
to poor quality of life and long-term cognitive impairment 
[4]. These patients present a unique challenge as the clini-
cian must address oncologic as well as epileptic treatment 
goals. Thus, management of lesional epilepsy in pediatric 
patients involves a multidisciplinary approach, with treat-
ment options including antiseizure medications (ASMs), 
surgical resection, and adjunctive treatments ranging from 
radiation to vagus nerve stimulation [5–7].

In adult patients with lesional epilepsy, surgery improves 
seizure outcomes as quantified by the Engel outcome scale 
[8]. The degree of tumor resection has consistently emerged 
as the most reliable predictor of achieving complete seizure 
freedom across several studies [7, 9, 10]. While resection 
reduces seizure recurrence rates in the adult population 
across many tumor subtypes, our understanding of the 
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Abstract
Purpose  Primary brain neoplasms are the most common solid tumors in pediatric patients and seizures are a common 
presenting symptom. Surgical intervention improves oncologic outcomes and seizure burden. A better understanding of fac-
tors that influence seizure outcomes in the surgical management of primary brain tumors of childhood can guide treatment 
approach thereby improving patient quality of life.
Methods  We performed a systematic analysis using articles queried from PubMed, EMBASE, and Cochrane published 
from January 1990 to August 2022 to determine predictors of seizure outcomes in pediatric patients undergoing resection of 
primary brain tumors.
Results  We identified 24 retrospective cohort studies, one prospective cohort study, and one mixed retrospective and pro-
spective study for the systematic analysis. A total of 831 pediatric patients were available for analysis. 668 (80.4%) patients 
achieved seizure freedom after surgery. Complete tumor resection increased the likelihood of a seizure-free (Engel I) out-
come compared to subtotal resection (OR 7.1, 95% CI 2.3–21.9). Rates of Engel I seizure outcomes did not significantly dif-
fer based on factors such as age at seizure onset, duration of epilepsy, gender, tumor laterality, or age at surgery, but trended 
towards significance for improved outcomes in temporal lobe tumors.
Conclusion  Primary brain tumors in the pediatric population are commonly associated with seizures. Resection of these 
lesions reduces seizure burden and is associated with high rates of seizure freedom. Complete resection, compared to subto-
tal resection, significantly increases the likelihood of seizure-free outcomes.
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effects of resection on pediatric seizure recurrence and out-
comes remains limited and requires further characterization 
[11].

To our knowledge, this is the first systematic review ana-
lyzing post-resection seizure outcomes in pediatric patients 
with primary brain neoplasms. In particular, this analy-
sis seeks to answer questions at the intersection between 
“tumor surgery” and “epilepsy surgery” with the hopes of 
illuminating factors to guide preoperative workup, patient 
counseling, operative plan, and post-operative follow up. 
Specifically, the primary goal of this study is to identify the 
relationship between extent of surgical resection in primary 
brain neoplasms and seizure outcomes in pediatric patients 
and further, to determine seizure outcomes after surgical 
resection within different subgroups of this population.

Methods

Article selection and data extraction

A systematic review of the literature using PubMed, 
EMBASE, and Cochrane was conducted using the dedi-
cated search terms “pediatric OR children,” “epilepsy OR 
seizure,” “tumor OR lesion,” “resection OR surgery,” and 
“Engel.” Initially, 669 articles published from January 1990 
and August 2022 were returned for potential inclusion. 
Inclusion criteria included patients less than or equal to 18 
years of age, with tumor-related lesional epilepsy, and who 
underwent surgical resection, with a reported postopera-
tive seizure or Engel outcome. Exclusion criteria included 
non-English articles, case reports, systematic reviews, and 
articles with fewer than 10 eligible patients. The detailed 
process of manuscript screening is illustrated in Fig. 1, based 
on guidelines set forth by the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
statement.

For an article to be considered, all eligible patients must 
have outcomes evaluated by the modified Engel classifica-
tion system dichotomized based on seizure freedom (Engel 
class I) or persistent seizures (≥ 1 post-operative seizure, 
Engel class II to IV) [8]. If only a subset of patients fit the 
inclusion and exclusion criteria in an article, we extracted 
individual patient data for those who met criteria. Patient 
data were stratified based on the following variables: age 
at surgery, age of seizure onset, duration of epilepsy, sex, 
tumor hemisphere, location, histopathology, WHO grade, 
seizure frequency, extent of resection, and follow-up length. 
For comparison with subtotal resection, gross total resection 
included supramaximal resection except when explicitly 
stated. Due to evolution of terminology over time, seizure 
semiology descriptions were aggregated. For example, 

“complex partial” was grouped with “focal with impaired 
awareness.”

Statistical analysis

The rates of postoperative seizures and seizure-free out-
comes were determined for all patients and were catego-
rized according to specific variables of interest. Patient 
data were collapsed across all reports to generate summary 
statistics. First, significance testing was performed using 
paired t-tests for continuous variables, Fisher’s Exact test 
for 2 × 2 proportional categories, and χ2 testing for seizure 
outcomes across > 2 groups. Bonferroni-Holm correction 
was applied to account for multiple comparisons. These 
tests were run assuming that studies were independent sam-
ples from similar populations. To model these assumptions 
explicitly, meta-analysis was performed on variables with at 
least 5 prior reports across two separate conditions via linear 
mixed effects regression models. Forest plots were gener-
ated on variables of interest. For categorical values the odds 
ratio (OR) was calculated and for continuous variables the 
mean difference was analyzed. Heterogeneity across stud-
ies was evaluated using the Cochran Q statistic. The pos-
sible effect of publication bias was visualized using funnel 
plots and quantified via Egger’s regression test. Significance 
was assessed at p < 0.05 or confidence intervals that did not 
include the null hypothesis. Data preprocessing was per-
formed in both MATLAB (MATLAB and Statistics Toolbox 
Release 2022b, The MathWorks, Inc., Natick, Massachu-
setts, United States) using custom code and R Studio (RStu-
dio Team 2020) using the metafor package [12].

Results

Twenty-six studies were included for analysis (Fig. 1), all 
of which reported postoperative seizure rates and associated 
factors of interest in pediatric patients with seizures associ-
ated with primary epilepsy-associated brain tumors [13–38]. 
Twenty-four studies were retrospective cohort studies, one 
study was a prospective cohort study, and one study was a 
mixed retrospective and prospective cohort study.

A total of 831 patients were identified with a range of 9 
to 108 patients per study (Table 1). All patients had seizures 
pre-operatively. 80.4% of the patients were seizure free at 
last follow-up with a seizure-free rate ranging from 55 to 
100% (Supplementary Fig. 1). Within the studies reporting 
sex (230 patients), 66% of patients were male, with similar 
seizure outcome rates across genders (p > 0.5, paired t-test). 
There was no difference noted in age of surgery, age of sei-
zure onset, length of follow up, or even duration of epilepsy 
(p > 0.2 for all, paired t-test). Seizure semiology was mostly 
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split between focal with impaired awareness (35.5%) and 
focal without impaired awareness (52.2%). No difference 
in seizure outcome was noted between subtypes, even when 
grouping in focal versus generalized to increase power 
(p > 0.2, χ2 test and Fisher’s exact test, respectively). Sei-
zures occurred daily in approximately 40% of the patients, 
but their seizure outcome rates were not significantly differ-
ent than patients with less frequent seizures (p > 0.5, χ2 test 
and Fisher’s exact test). For patients that had post operative 
AED use reported (186 patients across 8 studies), 60.5% of 
those with Engel 1 outcomes were on no AEDs at all, cor-
responding to a “cure” of their epilepsy (Table 1).

Meta-analysis was performed for all variables that were 
reported in at least five studies. Gender was nearly equiva-
lent for patients with seizure freedom (Fig. 2a), with an odds 
ratio (OR) of 0.93 (p = 0.24, random effects model). Seizure-
free patients on average were 1.4 years younger (Fig. 2b). 

However, this did not achieve significance (p = 0.24, ran-
dom effects model), possibly due to significant heteroge-
neity in the reported studies (Cochran’s Q test, p = 0.006). 
Patients achieving seizure freedom were diagnosed at about 
the same age (Fig.  2c), at mean difference of 0.59 years 
older, and had a similar duration of epilepsy (Fig. 2d), with 
a mean difference of 0.67 years shorter duration (p > 0.3 for 
both, random effects model). Again, there was significant 
heterogeneity across studies for these outcomes of interest 
as well (p < 0.0001 for both, Cochran’s Q test). No signifi-
cant publication bias was noted across these variables, as 
visualized on the associated Funnel Plots (Egger’s regres-
sion test, p > 0.05 for all) (Supplementary Fig. 2).

We next examined surgical and lesional factors that could 
influence patient outcomes (Table  2). Within the reported 
populations, lesions were three times more likely to be 
within the temporal lobes, but there was no clear difference 

Fig. 1  Flowchart summarizing 
the manuscript selection process. 
Identification criteria required 
manuscripts with primary clinical 
data regarding the incidence of 
preoperative and postoperative 
seizures in patients with primary 
brain tumors. Exclusion criteria 
included duplicate records, only 
abstracts, records before 1990, 
insufficient detail to determine 
precise seizure rates, or previ-
ously included data
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pediatric population, all tumor grades reported were WHO 
grades I or II, with no impact on seizure outcomes (p > 0.5, 
Fisher’s exact test).

In contrast to basic statistical testing, meta-analysis dem-
onstrated that temporal tumor location was associated with 
more than double the rates of seizure freedom when compared 
to extratemporal location, with an OR that approached sig-
nificance (OR 2.2, p = 0.07 random effects model) (Fig. 3a). 
Tumor laterality did not affect outcomes (p > 0.6, random 
effects model, Fig.  3b). Notably, seizure-free outcome was 
seven times more common in patients who achieved GTR 
(Fig. 3c) (OR 7.0, 95% CI 2.3–22.0, p < 0.001, random effects 
model). Again, no benefit was seen in supramaximal resection 
(p > 0.8, random effects model, Fig. 3d). None of these met-
rics had significant heterogeneity (p > 0.1 for all, Cochran’s Q 
test) or publication bias (Egger’s regression test, p > 0.05 for 
all, Supplementary Fig. 3) across studies.

Discussion

We present here the first systematic review of postopera-
tive seizure outcome in pediatric patients undergoing sur-
gery for primary brain neoplasms, based on data from 26 

in laterality. Resection of temporal lesions had an 85% 
chance of leading to seizure freedom, compared to 79% 
in extratemporal locations. Similarly, 88% of patients with 
left sided lesions reported seizure freedom, versus 91% of 
those with lesions on the right. Notably, neither of these out-
comes were significant (p > 0.4, Fisher’s exact test for both), 
suggesting that tumor location does not play a large role in 
determining seizure outcomes. Phase 1 monitoring includ-
ing inpatient EEG with video monitoring, functional MRI, 
PET, SPECT, MEG, and/or neuropsychological evaluation 
was reported for 65 patients, of which the vast majority 
(94%) were concordant with the MRI. Gross total resection 
(GTR) of the tumor was achieved in 71.4% of patients, with 
23.1% reported as supramaximal resection. Notably, 87.6% 
of cases with GTR achieved Engel I outcomes, compared 
to only 59.5% of cases with subtotal resection (p < 0.0001, 
Fisher’s exact test). Interestingly, there seemed to be no 
benefit to supramaximal resection, which demonstrated a 
90.2% Engel 1 outcome rate and was not significantly dif-
ferent than GTR (p > 0.6, Fisher’s exact test). A wide variety 
of tumor pathologies were reported; however, glioneuronal 
tumors were unequivocally the most common, comprising 
82% of all lesions. Seizure freedom rates reached 85% in 
these patients, compared to a range between 67 and 100% 
in patients whose lesion were of alternate pathologies such 
as astrocytomas or oligodendrogliomas. Seizure outcomes 
were not dependent on histological subtype (p > 0.5, χ2 
test). Consistent with the prevalence of brain tumors in the 

Table 1  Characteristics of patients with epilepsy associated with pri-
mary brain tumors. AED: Anti-epileptic drug

Engel 
1

Engel 
2–4

Demographics Number of patients 668 163
Male 122 29
Female 67 12
Age at surgery 10.0 11. 2
Age of seizure onset 7.3 7. 4
Length of Follow Up 4.0 5.1
Duration of epilepsy 2.9 4.2

Seizure Subtype Focal with impaired awareness 102 13
Focal without impaired 
awareness

144 25

Primary Generalized Seizures 0 1
Focal to Bilateral Tonic Clonic 33 6
Focal 246 38
Generalized 33 7

Seizure 
Frequency

Daily 45 11
Weekly 31 7
Monthly 29 5
Sporadic 12 2
Daily 45 11
Fewer than Daily 72 14

AED Use No AEDs 92 0
At least one AED 60 34

Table 2  Tumor features in patients with epilepsy associated primary 
brain tumors

Engel 1 Engel 
2–4

Lesion Site Temporal Lobe 234 40
Extratemporal lobe 70 19
Left side 66 9
Right Side 73 7

Phase 1 Concordant 54 7
Discordant 3 1

Resection Subtotal Resection 50 34
Total Resection 129 20
Supramaximal Resection 55 6
Intraoperative ECoG Data 86 13
Complications 15 3
Tumor recurrence 13 1

Treatment Chemotherapy 0 1
Radiation 2 3

Tumor 
Histology

Low-grade gliomas 14 1
Circumscribed Astrocytic Gliomas 12 6
Glioneuronal/neuronal Tumor 254 44
Astrocytoma 11 1
Mixed Glioma 1 0
Oligodendroglioma 9 0
Ependymoma 1 0
Glioblastoma 0 0
Other 7 2

WHO Grade WHO grade I 182 30
WHO grade II 3 0
WHO grade III 0 0
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zone is often to be concordant with imaging, it is possible 
that peri-tumoral tissue may also be irritative requiring addi-
tional resection beyond the borders of the tumor itself for 
optimal seizure control [42–44]. Interestingly, supramaxi-
mal resection did not seem to offer a statistically significant 
benefit in seizure outcomes, suggesting that “peri-tumoral” 
is not enough of a criteria for defining other potential sei-
zure foci. In our study a mere 7.8% (65/831) of the included 
patients reported the outcomes of Phase 1 monitoring and 
in fact a small subset (6.2%) were discordant. Further work 
can focus on the role of seizure onset zone mapping for pri-
mary brain neoplasms and may shed more light on the role 
of Phase 1 (or even Phase 2) evaluation for post operative 
seizure control [45].

Recent trends towards stereotactic Laser Interstitial Ther-
mal Therapy (LITT) rather than resection provide an alter-
native for tumor and seizure control [46]. Unfortunately, 
our inclusion criteria required all studies to include open 
resection cases, none of which reported seizure outcomes 
for tumors treated with LITT. While LITT may be at a theo-
retical disadvantage due to limitations to smaller lesions, 
and a lack of clear patient selection guidelines, its potential 
for multifocal, minimally invasive ablations already makes 

reported studies in the literature. Based on each patient’s 
last follow-up, seizure freedom was achieved in 80.4% of 
patients. This study sought to identify differences in seizure 
outcomes between sex, tumor location, tumor hemisphere, 
extent of resection, age of surgery, age of seizure onset, and 
duration of epilepsy. Based on our analysis, complete resec-
tion increases the likelihood of a seizure-free outcome in 
comparison to subtotal resection of the tumor.

Interest in the outcomes of surgical management of pedi-
atric epilepsy has continued to grow over the last decade. 
However, many antecedent reports grouped together dispa-
rate seizure etiologies and therefore a broad range of sur-
gical interventions including resection, hemispherotomies, 
and corpus callosotomies [39–41]. Here, we sought to eval-
uate the factors affecting seizure control specifically in epi-
lepsy-associated primary brain neoplasms. Unique to this 
population, clinicians must integrate and balance oncologi-
cal and epilepsy related considerations to optimize patient 
outcomes. Similar to previous literature [11, 42], patients 
in which GTR was achieved had not only improved tumor 
control but also significantly improved seizure outcomes. 
Yet even within this population, Engel 1 outcomes were 
only achieved in 88% of patients. While the seizure onset 

Fig. 2  Meta-analyses examining demographic factors associated with 
Engel 1 as compared to Engel 2–4 outcomes as demonstrated by Forest 
Plots. a) Odds ratios for males versus female patients. Larger values 
indicate higher Engel 1 rate for males. b-d) Mean difference in age at 

surgery, seizure onset, or duration of surgery of patients with Engel 
1 outcomes minus patients with Engel 2–4 outcomes. Values are in 
years. Significance is determined by overlap of error bars with the null 
hypothesis (OR of 1 or mean difference of 0)
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epilepsy patients have more favorable surgical outcomes 
than adults, reducing the gap in outcomes across groups 
[52]. High grade gliomas are rarer in the pediatric popula-
tion, which may minimize the differences seen across tumor 
subtypes within low grade lesions. For example, our study 
heavily features lower grade glioneuronal tumors. As such, 
it is reasonable to suggest that these factors play a lesser role 
in the pediatric population.

The patient gender, age of seizure onset, age at surgery, 
seizure semiology, and duration of epilepsy in the pediatric 
population were also variables of interest in our study. Our 
analyses revealed no correlation between these basic fea-
tures and seizure outcomes, which is consistent with a prior 
study looking at surgical management of pediatric epilepsy 
[53]. Literature on age at time of surgery has demonstrated 
mixed results, with some finding a correlation between age 
and seizure outcomes [54] and others finding no relationship 
[42]. While logically, a longer duration of epilepsy should 
worsen outcomes, it did not seem to have a significant 
impact. One possibility is that the range of epilepsy duration 
was not clinically significant, as pediatric low-grade tumors 
undergo malignant transformation far less frequently than 
those in the adult population, (estimated at 6.7% over 15 

it an promising tool in the world of epilepsy [47]. While the 
different indications may make a direct comparison between 
LITT and open resection difficult, future work can focus on 
describing the seizure related and oncological outcomes of 
LITT for primary CNS tumors in the pediatric population.

In addition to the extent of resection, related factors such 
as tumor location, histopathologic diagnosis, and tumor 
grade may influence seizure outcomes after resection. In 
the epilepsy literature, the odds of seizure freedom after 
surgery are better for temporal [48] and right sided lesions 
[49]. Besides tumor location, pre-operative tumor histopa-
thology and grade can influence post-resection seizure out-
comes, as resection of low grade glioneuronal tumors and 
gliomas is associated with increased seizure freedom com-
pared to higher grade gliomas and metastatic brain lesions 
[11, 50, 51]. In our study, tumor laterality did not influence 
outcomes, but temporal lesions trended towards signifi-
cance with a twofold increase in the odds of seizure free-
dom relative to extra-temporal locations. Additionally, we 
found no statistical difference in seizure outcomes based on 
histopathological diagnosis and tumor grade. One possibil-
ity for this difference is that previous studies have included 
patients across the age spectrum. In general, pediatric 

Fig. 3  Meta-analyses examining tumor factors associated with Engel 1 
as compared to Engel 2–4 outcomes as demonstrated by Forest Plots. 
a) Odds ratios for temporal lesions versus extratemporal lesions, with 
larger values favoring better outcomes in temporal lesions. c-d) Simi-

lar plots comparing left versus right, total versus subtotal, and total 
versus supramaximal, with larger values favoring the former. Signifi-
cance determined by overlap of error bars with the null hypothesis 
(OR of 1)
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