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Introduction

Epilepsy, a neurological disorder characterized by recurrent 
epileptic seizures, is a common symptom and often the only 
symptom presenting for brain tumors (1). The incident rate 

of epilepsy associated with brain tumors (EAT) differs based 
on the pathological type (2,3). Low-grade glioma (LGG), a 
common type of brain glioma, often presents with seizure 
in the course of the disease, and seizure is often the first or 
only symptom of LGG (4). LGG-related epilepsy is usually 
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refractory to traditional or new generation anti-epilepsy 
drugs (AEDs), and as such is termed drug-resistant epilepsy 
(DRE) (5). As LGG is slow-growing, the prognosis is 
generally favorable, so when treating LGG-related epilepsy, 
it is more appropriate to focus on seizure outcome due to 
the risk of uncontrolled seizures developing into DRE, 
affecting patient development and quality of life. This review 
will focuses on the epidemiology, diagnosis, influencing 
factors, and surgical strategies for LGG-related epilepsy. 
We present the following article in accordance with the 
Narrative Review reporting checklist (available at https://
pm.amegroups.com/article/view/10.21037/pm-21-49/rc).

Methods 

We searched all literatures published on PubMed, MEDLINE 

and EMBASE between January 1, 2001 and December 31, 
2021 (Table 1, Figure 1). The searching terms “epilepsy, low 
grade glioma, management” were used to identify all full texts 
in English. The inclusion criteria are that the studies focused 
on the clinical management of epilepsy associated with low-
grade glioma, including case report, retrospective study, 
prospective study and so on. The exclusion criteria are that 
the studies are not mentioned about management.

Epidemiology

According to the 2016 World Health Organization (WHO) 
Central Nerve System (CNS) tumor classification (6), 
glioma, the most common malignant brain tumor, can be 
categorized as low-grade glioma (LGG) or high-grade 
glioma (HGG). The incident rate of glioma-related epilepsy 
can range from 15% to 50% according to pathology and 
tumor location (7). While the mechanisms are still unclear, 
potential influencing factors include the growth pattern 
of the tumor, the presence of edema around the tumor, 
the microenvironment, and any particular gene alteration 
such as isocitrate dehydrogenase 1 (IDH1) gene mutation, 
or O6-methylguanine-DNA methyltransferase (MGMT) 
promoter methylation (8). Some scholars believe that 
epilepsy and tumors have the same signaling pathway and 
molecular mechanism. However, the epileptogenicity 
of a tumor tends to stand in negative correlation to 
its malignancy. For example, pathologically benign 
dysembryoplastic neuroepithelial tumors (DNT) (9), one 
of the most common glioneuronal tumors, present with 
seizures almost 100% of the time. In general, LGG-related 
epilepsy may occur in up to 90% of LGG cases, in contrast 

Table 1 The search strategy summary

Items Specification

Date of search December 31, 2021

Databases and other sources searched PubMed, MEDLINE and EMBASE

Search terms used Epilepsy, low grade glioma, management

Timeframe January 1, 2001 to December 31, 2021

Inclusion and exclusion criteria The inclusion criteria are that the English studies focused on the clinical management of 
epilepsy associated with low-grade glioma, including case report, retrospective study, 
prospective study and so on. The exclusion criteria are that the studies are not mentioned 
about management

Selection process The studies selection process was conducted by all authors, if the paper was not according 
with the inclusion criteria, after the discussion, it will be eliminated 

Records identified with the key 
terms in PubMed (2003)

Records excluded
•	 Abstract only (5)
•	 Duplicates (120)
•	 Not relevant on abstract 

and title (1750)

Records analyzed through full 
text (128)

Records included (40)

Figure 1 Searching strategy.
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to only 31% in the case of HGG. In a study carried out on 
140 LGG patients, the epilepsy rate was 70–90% over the 
course of the disease. The incidence of epilepsy incidence 
also varies according to the type of LGG (10). For example, 
oligodendroglioma is more likely to induce seizures than 
astrocytoma (11), as confirmed by Chang et al. in a large 
cohort of patients. The reason for this may be related to the 
different tumor locations. Oligodendroglioma is commonly 
found in the cerebral cortex, which means they are more 
likely to induce epilepsy, while astrocytoma is usually found 
in the white matter region (12).

The variation in incidences of LGG-related epilepsy 
due to tumor location was also confirmed in a study on 
epilepsy caused by traumatic brain injury (13). It is generally 
believed that lesions on the motor cortex and temporal lobe 
are more likely to cause seizures. Duffau et al. reported that 
epilepsy presented in 39 out of 40 patients with LGG in 
the area surrounding the central sulcus (14). In the study 
reported by Chang et al., 86% of 111 patients with LGG 
of the temporal lobe presented with epilepsy. It should be 
noted that the majority of cases were drug-resistant epilepsy 
(DRE), which requires surgical treatment to render the 
patients seizure-free (15). Tumors located in deep midline 
structures or infratentorial spaces rarely cause epilepsy, 
although individual cases have been reported.

Medication

Regular anti-epileptic drug (AED) therapy is necessary 
when LGG-related epilepsy is diagnosed, irrespective of 
etiology. AED selection will depend on seizure type, patient 
age, underlying diseases, among other factors. Treatment 
is suitable for individualized and initial monotherapy 
with adequate dose and duration (16). AEDs are still 
recommended for a specified period. It is worth noting 
that AED selection must take drug-drug interactions into 
account to avoid effects such as hepatic enzyme induction. 
Meanwhile, chemotherapeutics can affect the metabolism 
and concentration of AEDs. Currently, levetiracetam 
(LEV) and valproic acid (VPA) are the AEDs recommended 
initially, as they tend to be well-tolerated and cause fewer 
side effects (17). Recent studies have revealed the combined 
effect of anti-cancer drugs with AEDs. VPA has been shown 
to inhibit glioma-genesis and prolong survival in patients 
with glioblastoma by suppressing histone deacetylase. In 
addition to its anti-epileptic effects, LEV has also been 
shown to synergize with temozolomide (TMZ) in the 
treatment of residual LGG after surgery (18,19). Other 

AEDs such as lacosamide (LCM), perampanel (PER), 
lamotrigine (LTG), pregabalin (PGB), zonisamide (ZON), 
and Brivaracetam (BRV) can be selected for add-on 
treatment (20). Preoperative prophylactic use of AEDs 
in LGG patients without preoperative seizures remains 
controversial. Most scholars believe there is no need for 
the prophylactic use of AEDs (21), while some suggest it is 
advisable for younger sufferers and those whose pathology 
involves the cortex or the temporal lobe. 

Preoperative evaluation and surgical treatment

If LGG-related epilepsy is diagnosed, the surgical goal 
is maximal safe resection to render the patient seizure-
free (22). Preoperative evaluation should be for “epilepsy 
surgery” rather than “tumor surgery” (23) and should 
include a detailed history, physical examination, MRI, ictal 
electroencephalogram (EEG), and psychological evaluation. 
The resection plan should include the entire tumor and any 
potential epileptogenic zones in the surrounding area. The 
preoperative evaluation If the seizure type, tumor location, 
or EEG is inconsistent, positron emission tomography 
(PET), single-photon emission computed tomography 
(SPECT), and magnetoencephalography (MEG) can help 
identify the epileptogenic zones. Due to its invasiveness and 
cost, intracranial EEG is not routinely carried out in the 
preoperative evaluation of LGG (24).

As LGG is slow-growing, the focus of surgery is to 
perform a gross-total resection of the tumor, preserving 
patient functionality. Generally, the surgical spread border 
should include a 1–2 cm area surrounding the tumor in the 
nonfunctional cortex to ensure the complete resection of 
the epileptogenic zones (25). Electrocorticography (ECoG), 
neuronavigation, awake surgery, and “engraving surgery” 
can help identify the epileptogenic zones if necessary (26).  
Extended excision is not appropriate for LGG when 
located in the functional cortex or deep white matter, and 
intraoperative direct electrical stimulation for functional 
cortical or subcortical mapping is helpful.

Radiotherapy and chemotherapy on seizure-free 
patients

There are few reports on the effect of radiotherapy and 
chemotherapy for LGG on seizure-free patients after surgery. 
Because the LGG is slow-growing, there is still controversy 
surrounding the need for postoperative radiotherapy and 
chemotherapy (27). Some literature has suggested that 
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such treatment may have a positive effect in reducing 
epilepsy. Rogers et al. found a 75% reduction of epilepsy 
after radiotherapy over a follow-up period of 8.2 years (28). 
The same result was also identified by Rossi et al. (29), who 
observed that stereotactic interstitial irradiation had a positive 
effect on epilepsy in patients with residual gliomas. The exact 
mechanism is still unclear but may be related to a reduction 
in tumor volume, damage to the tumor and surrounding 
epileptogenic zones, and changes in the microenvironment. 
It is worth noting that sometimes radiotherapy may cause 
immediate seizure onset in cases of acute edema, necrosis, or 
hemorrhage (30).

There have been several reports identifying improvements 
in seizure control with pharmacological anti-cancer treatment. 
Chemotherapy with temozolomide has been reported 
to reduce seizure frequency in 50–60% of patients with 
progressive LGG (31). The same result has been observed 
with a PCV (procarbazine, CCNU, vincristine) chemotherapy 
plan, although the detailed mechanism requires further study. 
In the interest of safety, residual LGG with epilepsy can be 
treated with radiotherapy or chemotherapy (32).

Prognosis 

As LGG is slow-growing, the overall prognosis is excellent, 
with a median survival period of 5–10 years, which can 
extend up to 20 years. While the only factor for a favorable 
prognosis with LGG is gross total resection, irrespective 
of tumor type and location (33), the prognosis for LGG-
related epilepsy has multiple factors (34). A gross total 
resection of LGG has been put forward as a positive 
predictor for seizure control. In Chang et al. (35), 89% of 
patients were seizure-free six months after a gross total 
resection, compared to only 57% after a biopsy or a subtotal 
tumor resection. The same conclusion was also reached by 
Packer et al., who reported 96% of patients to be seizure-
free after total resection of the LGG (36). Surgical strategies 
also affect the prognosis of LGG-related epilepsy. The 
identification and complete removal of the epileptogenic 
zone will ensure the patient remains seizure-free in the long 
term (2,37). There is considerable literature suggesting 
that “epilepsy surgery” provides a higher seizure control 
rate than lesionectomy. Rossi et al. revealed a 66% seizure 
control rate after lesionectomy and a 79% control rate 
following “epilepsy surgery” in 48 cases of LGG-related 
epilepsy (38). Jooma et al. reported a different seizure 
control result for lateral temporal cortex LGG. Resection of 
the medial temporal lobe structure is an important factor for 

postoperative remission of epilepsy. Some scholars proposed 
a “dual pathology” phenomenon in lateral temporal cortex 
tumors commonly found in combination with hippocampal 
sclerosis (39). Otherwise, seizure type is the primary 
prognostic factor for LGG-related epilepsy. Partial seizures 
result in better control of epilepsy than general seizures (35).  
A shorter disease course in the preoperative period and 
younger patient age are also positive predictors for a long-
term seizure-free outcome. Other factors include a lack 
of postsurgical seizures and a non-primary motor cortex 
glioma location. 

Conclusions

LGG is the most common type of brain glioma, and epilepsy 
often presents as its only symptom. As the overall prognosis 
for LGG is good, given the clear differentiation between 
neural and glial cells, the importance of controlling seizures 
should be emphasized (40). Seizures that are not brought 
under control may develop into DRE, which will affect 
patient development, quality of life, and psychological well-
being. If LGG-related epilepsy is diagnosed, any preoperative 
evaluation should be carried out for “epilepsy surgery” rather 
than “tumor surgery” (41). The goal of surgery is maximal 
safe resection to render the patient seizure-free, and gross 
total resection of LGG and the surrounding epileptogenic 
zones are the primary predictors for seizure control. 
Radiotherapy and chemotherapy both play a role in seizure 
control of with residual LGG (42). Given the favorable 
prognosis for LGG, perhaps controlling glioma-related 
epilepsy will become the primary therapeutic goal in the near 
future. 
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