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Low-grade gliomas (LGGs) are well-differentiated, slow-
growing, and biologically less aggressive brain tumors. 
According to the 2016 World Health Organization (WHO) 
classification of tumors of the CNS,1 LGGs are defined as 
grade II tumors and are further divided into 2 histological 
subtypes: astrocytic and oligodendroglial. Seizures are 
the most common and, sometimes, the only symptom in 
patients with supratentorial LGGs.2–6 Seizures may lead 
to motor and language impairment and greatly decrease 

the patients’ quality of life, thus increasing the economic 
and psychological burden on individuals, their families, 
and even the society.7,8 On the contrary, a history of epi-
leptic seizure at diagnosis is a strong favorable prognos-
tic factor for survival, especially for overall survival.9–11 
Surgical treatment of LGG has been shown to prolong 
patient survival, reduce malignant transformation, and 
improve quality of life as well as seizure control.12–16 
Approximately 80% of all patients with preoperative 
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Abstract
Background. Epilepsy is the most common symptom in patients with supratentorial low-grade gliomas (LGGs), 
which adversely affects the patient’s quality of life. Poor seizure control with anti-epileptic therapy is an indica-
tion for surgery in these patients. Recent studies have sought to identify predictors of postoperative seizure con-
trol after surgical resection of LGG; gross total resection was shown to be a significant predictor in this respect. 
However, the prognostic value of other factors is not clear.
Methods. We performed a systematic review and meta-analysis of 23 studies with a combined study population 
of 2641 patients with LGG, in order to identify potential factors associated with favorable postoperative seizure 
control. Data were extracted on age and sex of patient, tumor location, tumor histology, type of seizure, seizure 
duration, extent of resection, and imaging characteristics.
Results. Patients ≥45  years of age achieved better postoperative seizure control (risk ratio [RR], 0.89; 95% CI, 
0.81–0.99). Focal seizures were associated with poor seizure control (RR, 1.32; 95% CI, 1.18–1.49) compared with 
generalized seizures (RR, 0.77; 95% CI, 0.68–0.87). Prolonged history of seizures (≥1 y) had a negative impact on 
postoperative seizure control (RR, 1.22; 95% CI, 1.10–1.34). Gross total resection was superior to subtotal resection 
with respect to postoperative seizure control (RR, 0.68; 95% CI, 0.63–0.73).
Conclusions. This systematic review and meta-analysis identified predictors of postoperative seizure control in 
patients undergoing surgical resection of LGGs. Our results provide a reference for clinical treatment of LGG-
related epilepsy.
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seizures become seizure free (Engel class  I)6,17,18; out-
comes in this respect tend to vary with the extent of 
resection (EOR). In addition to the EOR, parameters 
such as tumor location and histology have been shown 
to affect the extent of seizure control.19,20 However, the 
reported outcomes in this respect have tended to vary, 
ostensibly due to the variability in sample sizes and 
patient characteristics. Given the significance of different 
factors on treatment outcomes of LGG, we conducted a 
systematic review and meta-analysis of relevant stud-
ies to assess the potential predictors of seizure control 
in LGG.

Methods

Search Strategy and Data Extraction

This systematic review and meta-analysis complies 
with the PRISMA-IPD (Preferred Reporting Items for 
Systematic Review and Meta-Analyses of Individual 
Participant Data) guidelines.21 The PubMed database was 
searched for English language articles published between 
1965 and 2016. The MeSH term “epilepsy” or “seizure” 
and “glioma” or “astrocytoma” or “oligodendroglioma” 
or “oligoastrocytoma” and the non-MeSH terms “low-
grade glioma” and “adult” were used as key words. 
Animal studies were excluded from the articles retrieved 
on initial search. 

The following exclusion criteria were then applied to 
narrow down the search: (1) systematic reviews, (2) case 
reports with <5 adult cases of LGG, (3) words like “children” 
or “infant” included in the title, (4) studies that refer to only 
neuronal tumor (ganglioglioma, dysembryoplastic neuro-
epithelial tumor), (5) seizure outcomes not the main focus 
of the study, (6) seizure outcomes not presented as Engel 
class or not directly comparable, and (7) studies of patients 
with preoperative radiotherapy or chemotherapy. Studies 
that involved lesions other than LGG were included only if 
outcomes related to other lesion types could be excluded. 

Literature search was performed by a group member 
and articles were reviewed and selected independently 
by 2 investigators. Any disagreement between the 2 was 
resolved by group discussion with the third author.

Eight variables that may affect seizure outcomes were 
considered in this study. These included age, sex, tumor 
location, tumor histology, seizure type, seizure duration, 
EOR, and imaging characteristics. We chose the Engel clas-
sification at the time point that the author recommended 
or at last follow-up (1 mo to 17 y) for the purpose of this 
analysis, since different studies had different schedules 
for performing Engel classification (class  I, seizure free; 
class  II, rare seizures; class  III, worthwhile improvement; 
and class  IV, no seizure improvement or worsening of 
seizures).22

Evidence Grading

The Oxford Centre for Evidence-Based Medicine–Level 
of Evidence (2009) (http://www.cebm.net/oxford-centre-
evidence-based-medicine-levels-evidence-march-2009/, 

Accessed 22 August 2017) classifies evidence into 5 lev-
els (classes I  to V). class  I, the highest evidence level, 
refers to evidence from homogeneous randomized 
controlled trials; class V is the lowest level of evidence, 
which is based on expert opinion. The quality of each 
included study was assessed based on the Newcastle-
Ottawa  Scale  (NOS)  (http://www.ohri.ca/programs/ 
clinical_epidemiology/oxford.htm, Accessed 22 August 
2017), a “star system” developed to assess the quality 
of nonrandomized studies, especially cohort studies and 
case-control.23 The number of stars reflects the quality 
of an article; highest rating is 9 stars (highest quality). 
Evidence grading and quality assessment was performed 
independently by 2 members of the study group; any 
disagreements were resolved by consensus within 
the group.

After assessment of individual articles, the overall body 
of evidence was evaluated using the GRADE system pro-
posed by Guyatt and his team24,25 in GRADE profiler 
(v3.6.1). The GRADE system assigns high, moderate, low, 
or very low overall quality of evidence based on 5 param-
eters: risk of bias, inconsistency, indirectness, imprecision, 
and publication bias.

Meta-Analysis

Risk ratios (RRs) with 95% CIs were calculated using the 
fixed effects model in Review Manager (v5.3; Cochrane col-
laboration). Seizure outcomes were evaluated using Engel 
classification, dichotomized as class  I  (seizure free) and 

Fig. 1 Flow diagram of the literature search and the selection 
of articles.

http://www.cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/
http://www.cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/
http://www.cebm.net/oxford-centre-evidence-based-medicine-levels-evidence-march-2009/
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
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classes II–IV (not seizure free) for the purpose of statistical 
analysis. Meta-analysis was performed for comparison of 
seizure outcomes. Criteria for significance were 95% CI 
and P < 0.05. Publication bias was evaluated by funnel plot 
analyses.

Results

Literature Search

We screened out 1848 nonduplicated citations, of which 
1763 studies were excluded after a review of the title and 
publication type. In line with exclusion criteria, a total of 85 
studies qualified for full-text assessment. Finally, 23 studies 
with a combined study population of 2641 adult patients 
with LGG were included in the systematic review and the 
meta-analysis.2,3,9,15,19,20,26–42 Among these, 6 studies were 
included in the meta-analysis of the effect of age2,3,15,30,31,35; 
7 studies for the meta-analysis of sex3,19,20,30,31,39,40; 7 stud-
ies for tumor localization9,19,27,29,33,39,40; 10 for tumor hist-
ology20,26–28,31,32,37,40–42; 3 for seizure type20,28,32; 5 for seizure 
duration15,28,32,35,41; 16 for EOR2,3,9,15,19,26,27,30,31,34,36–41; and 3 
for the meta-analysis of imaging characteristics.19,28,41 The 
details of the literature search are presented in Fig. 1.

Evidence Quality

Of the included studies, the quality of evidence from 2 
studies was rated as class  II and 1 study was rated as 
class III. For all the other studies, the level of evidence was 
rated as class IV. None of the included studies was graded 
as class I. All studies included in this analysis had a retro-
spective study design. On evaluation based on the NOS, 7 
articles were awarded 7 stars and 1 article was awarded 3 
stars. The overall body of evidence pertaining to 7 variables 
was individually evaluated using the GRADE system. The 
quality of evidence for seizure type was rated as moder-
ate, while that for all other factors was rated as low-grade. 
The overall grading of evidence related to imaging charac-
teristics was not carried out due to the complexity of MRI 
characteristics, since MRI data should be further stratified 
based on presence or absence of enhancement, edema, 
mass effect, and other characteristics (Tables 1 and 2).

Meta-analysis of Individual Factors

Age of the patient had a strong influence on seizure out-
comes. Age ≥45 years was a favorable factor in seizure 
control (RR, 0.89; 95% CI, 0.81–0.99; P  =  0.02) (Fig.  2). 
Some studies indicated temporal location of tumor as 
an unfavorable factor for seizure outcomes. Hence, 

Table 1 Summary of selected studies

Study Adult Patients with LGG (n) Level of Evidence Quality Evaluation (Newcastle-Ottawa Scale)

1 Tanriverdi, 201636 40 IV ☆☆☆☆☆☆

2 Duffau, 201629 16 II ☆☆☆☆☆☆☆

3 Meguins, 201534 65 IV ☆☆☆☆☆☆

4 Lima, 20152 21 II ☆☆☆☆☆☆

5 Pallud, 20149 988 IV ☆☆☆☆☆

6 Kemerdere, 201415 35 IV ☆☆☆☆☆

7 Ius, 201431 52 IV ☆☆☆☆☆☆

8 Yuan, 201341 93 IV ☆☆☆☆☆☆

9 You, 201339 54 IV ☆☆☆☆☆☆

10 Wilden, 201338 7 IV ☆☆☆☆☆☆

11 Schucht, 201335 64 III ☆☆☆☆☆☆

12 You, Sha, 2012b19 508 IV ☆☆☆☆☆

13 You, Huang, 201240 183 IV ☆☆☆☆☆

14 Ghareeb, 201230 15 IV ☆☆☆☆☆☆☆

15 Chang, 200827 332 IV ☆☆☆☆☆☆

16 Bauer, 200726 6 IV ☆☆☆☆☆☆

17 Choi, 200428 16 IV ☆☆☆☆☆☆☆

18 Zaatreh, 200442 43 IV ☆☆☆☆☆☆☆

19 Luyken, 200320 50 IV ☆☆☆☆☆☆

20 Duffau, 20023 11 IV ☆☆☆☆☆☆☆

21 Wennberg, 199937 7 IV ☆☆☆☆☆☆☆

22 Lombardi, 199733 22 IV ☆☆☆

23 Jooma, 199532 14 IV ☆☆☆☆☆☆☆
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while identifying the effect of tumor location, the author 
extracted data from 2 aspects—temporal and nontem-
poral location (as long as the tumor involved the tem-
poral lobe, it was considered in a temporal location). 
We did not observe any significant difference in post-
operative seizure control between tumors located in 
the temporal lobe and those not located in the temporal 
lobe (RR, 0.93; 95% CI, 0.86–1.02; P = 0.11). On compar-
ing the astrocyte component of LGGs (oligoastrocytoma 
is in the astro group), there was no significant differ-
ence in seizure control in both groups (RR, 1.00; 95% CI, 
0.88–1.13; P  = 0.96). In this study, seizure type was dis-
aggregated into focal seizures and generalized seizures 

according to the new operational classification of seizure 
type by the International League Against Epilepsy (ILAE) 
(http://www.ilae.org/Visitors/Centre/Class-Seizure.cfm, 
Accessed 22 August 2017). Meta-analysis was performed 
for focal seizure and generalized seizure. Postoperative 
outcomes in patients with focal seizure were unfavorable 
(RR, 1.32; 95% CI, 1.18–1.49; P < 0.001; number needed to 
treat [NNT], 6), while generalized seizure was a favora-
ble factor with respect to seizure control (RR, 0.77; 95% 
CI, 0.68–0.87; P  <  0.001; NNT, 6)  (Fig.  3). Patients with 
seizure duration ≥1  year seemed to have poor seizure 
control (RR, 1.22; 95% CI, 1.10–1.34; P  <  0.001; NNT, 9); 
however, the meta-analysis was affected by significant 
heterogeneity which could not be eliminated on sensitiv-
ity analysis. Several papers have discussed the influence 
of EOR on seizure control; however, in the current study, 
we focused on the effect of gross total resection (GTR) 
and subtotal resection (STR). GTR was associated with 
a significantly lower risk of postoperative seizures com-
pared with STR (RR, 0.68; 95% CI, 0.63–0.73; P  < 0.001; 
NNT, 4) (Fig. 4).

Meta-analysis of imaging characteristics revealed no sig-
nificant association of lesion enhancement, cystic change, 
edema, and mass effect with the risk of postoperative sei-
zures. Moreover, sex of the patients also did not show any 
significant association.

Discussion

LGG patients tend to have longer survival and are at a 
higher risk of seizures compared with patients who have 
high-grade gliomas. Given the significant impact of epi-
lepsy on a patient’s quality of life, improved control of 
seizures is an important treatment objective in patients 

Table 2 Evaluation of the overall body of evidence for 7 factors by 
GRADE system

Variables Quality of Evidence*

1 Age ⊕⊕⊝⊝ low

2 Tumor location ⊕⊕⊝⊝ low

3 Histological type ⊕⊕⊝⊝ low

4 Seizure type ⊕⊕⊕⊝ moderate

5 Seizure duration ⊕⊕⊝⊝ low

6 Extent of 
resection

⊕⊕⊝⊝ low

7 KPS score ⊕⊝⊝⊝ very low

8 MRI characteristics —

*The quality of evidence is divided into 4 levels using GRADEpro sys-
tem, and the number of symbols “⊕” and “⊝” represents different 
evidence levels, where “⊕⊕⊕⊕” means high quality and “⊕⊝⊝⊝” 
means very low quality. Details of the assessment are provided in the 
GRADE profiler.

Fig. 2 Forest plot of risk ratios for age ≥45 years vs age <45 years. Patients aged ≥45 years had better seizure control compared with those aged 
<45 years (RR, 0.89; 95% CI, 0.81–0.99; P = 0.02).

http://www.ilae.org/Visitors/Centre/Class-Seizure.cfm
http://www.ilae.org/Visitors/Centre/Class-Seizure.cfm
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with LGG.43–45 Remission of seizures has a substantial 
effect on the cognitive and social ability of patients, 
which is liable to reduce the burden on families and soci-
ety. To our knowledge, the mechanism of postoperative 
seizure control is poorly understood; and the results 
from different studies have been rather inconsistent. 
Several factors may influence the seizure outcomes, sur-
vival, and quality of life of patients. Understanding of 
these factors is essential to individualize the treatment 
based on the risk factors.

Surgery is one of the mainstream treatment modalities 
for gliomas; maximally safe resection of the tumor has 
been shown to achieve better clinical outcomes and seizure 
control.35 The vast majority of patients with LGG achieve 
seizure control. Some of these patients may become seiz-
ure free.19,27

In this study, we observed other predictors of sei-
zure outcome in addition to EOR. In agreement with the 
majority of studies, the current study also confirmed 
the prognostic value of EOR for postoperative seizure 

outcomes. Although the precise nature of epileptogen-
esis is still unclear, tumor may induce epilepsy by virtue 
of its mass effect, or by the effect of chemicals secreted 
by glioma cells (such as glutamates).19,34 Compared with 
STR, GTR improved postoperative seizure control by 47% 
(P < 0.001), which confirms that maximally safe resection 
is significantly associated with a favorable prognosis. In 
the current study, the predictive value of preoperative 
seizure type for seizure outcomes was also investigated. 
In previous studies, seizure type was categorized as sim-
ple partial seizure, complex partial seizure, and general-
ized seizure. However, there was a paucity of community 
acceptance and public understanding of this seizure clas-
sification. In the new operational classification of ILAE, 
the terms “simple partial,” “complex partial,” and “sec-
ondarily generalized” have been eliminated, and the term 
“partial” has been replaced with “focal.” Here we found 
that in patients with focal seizure, poor postoperative 
seizure control rate increased by 32% (P < 0.001), while 
the risk of poor seizure control in generalized seizure was 

Fig. 3 Forest plots of risk ratios for (A) focal seizure vs nonfocal seizure and (B) generalized seizure vs nongeneralized seizure calculated from 
individual studies. No significant difference is found in postoperative outcomes between patients with focal seizure and those with nonfocal 
seizure (RR, 1.32; 95% CI, 1.18–1.49; P < 0.001; NNT, 6), while patients with generalized seizures showed significantly better seizure control (RR, 
0.77; 95% CI, 0.68–0.87; P < 0.001; NNT, 6).
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decreased by 23% (P < 0.001). To the best of our knowl-
edge, this is the first systematic review and meta-analy-
sis to investigate the association of preoperative seizure 
type with seizure outcomes based on the new operational 
classification. Additionally, we found that patients aged 
≥45 years achieved significantly better postoperative sei-
zure control (P = 0.02), which suggests the need to sen-
sitize younger patients in advance with respect to their 
prospects for postoperative seizure control. Moreover, 
prolonged history of seizures was associated with an 
unfavorable prognosis. Compared with patients with sei-
zure duration ≥1  year, more patients with seizure dura-
tion <1 year had improved postoperative seizure control 
(P < 0.001). This could probably be because of the differ-
ence in seizure type, education level of the patient, and 
potential differences in tolerance to epilepsy, which may 
have influenced patients’ perceptions with respect to sei-
zure duration and seizure outcomes. This underlines the 
need to detect, diagnose, and treat tumor-related seizures 
at an early stage. No significant effect of sex, tumor loca-
tion (temporal vs nontemporal), tumor histology (astro vs 
non-astro), and imaging characteristics (enhancement, 
edema, mass effect) on seizure outcomes was observed. 
As regards tumor location, Pallud et al9 reported that insu-
lar location was an independent predictor of uncontrolled 
epileptic seizures after oncological treatment. However, 
more studies showed that there was no significant cor-
relation of tumor location with seizure outcome.9,20,39,41 

Luyken et  al reported that histological subtypes other 
than astrocytomas were associated with improved sei-
zure outcomes.20 We did not observe any significant dif-
ference between the astro and non- astro groups. This 
discrepancy may have resulted from the non-uniformity 
in histological diagnostic criteria used in different medi-
cal organizations. Moreover, only 3 of the included stud-
ies had referred to imaging characteristics which could be 
further classified and the related articles were insufficient.

Studies with small sample size were not excluded from 
this study, since meta-analysis produces a weighted aver-
age of each included study and eliminates the effect of 
small sample size. The distribution of the weight can ensure 
the accuracy and credibility of the result, and the compre-
hensiveness of included data can also be guaranteed.

To our knowledge, this study is the largest systematic 
review and meta-analysis of prognostic factors for post-
operative seizure control in patients with LGG. However, 
some limitations of our study need to be acknowledged. 
First, based on the status quo in the research field of 
tumor-related epilepsy, the number of included studies is 
relatively insufficient; moreover, the overall quality of the 
body of evidence was moderate to low. Future studies 
are warranted to enrich the research field. Second, funnel 
plots were constructed for tumor histology and EOR, which 
suggested that the meta-analysis of EOR may have been 
affected by publication bias because of the overwhelming 
number of studies that supported favorable outcomes of 

Fig. 4 Forest plot of risk ratios for EOR calculated from individual studies. Gross total resection significantly reduced the risk of postoperative 
seizures compared with subtotal resection (RR, 1.47; 95% CI, 1.37–1.58; P < 0.001; NNT, 4).
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GTR compared with those of STR on seizure control. The 
third limitation concerns the heterogeneity with respect to 
seizure duration (fixed model, I2 = 60%); five of the included 
studies were subjected to sensitivity analysis. Re-analysis 
after sequential exclusion of one study at a time did not 
eliminate the effect of heterogeneity. We believe that it is 
not feasible to eliminate all potential confounding factors 
due to the effect of recall bias, differences in the social 
construct of epilepsy, and varied tolerance levels among 
patients for epilepsy. The small number of included stud-
ies may have also contributed to the heterogeneity. Lastly, 
due to the restricted scope of the present study, this article 
did not discuss the influence of tumor volume, tumor side, 
and the usage of anti-epileptic drugs (AEDs). One of the 
included studies showed that when tumor volume was less 
than 30 cm3, seizure outcome was better.31 However, the 
studies related to lesion volume and seizure outcome are 
insufficient and can hardly get a uniform data standard. To 
our knowledge, so far there is not a universally accepted 
guideline about the prophylactic use or postoperative use 
of AEDs, and some studies included in our meta-analysis 
did not provide the details, including the choice of AED, 
time of withdrawal, etc. These aspects need to be evalu-
ated in future studies.

Conclusion

This systematic review suggested that GTR was associated 
with more favorable postoperative seizure control than 
STR. Other factors, such as generalized seizure, seizure 
duration <1 year, and age ≥45 years, were associated with 
improved seizure outcomes. We recommend early detec-
tion of tumor-related epilepsy and timely decision to per-
form maximally safe resection in order to achieve superior 
seizure control and improve quality of life.
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