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Objective: We explored the correlation between the presence of isocitrate dehydrogenase-1 (IDH1) mutations and the incidence of 
postoperative epilepsy in patients with glioblastoma, as well as assessed the efficacy of preemptive administration of antiepileptic 
medications in mitigating the occurrence of postoperative epilepsy.
Methods: Fifty-three patients who received a postoperative pathological diagnosis of glioblastoma, were enrolled in this study. Tumor 
specimens were subjected to IDH1 gene analysis. The patient cohort was stratified based on their IDH1 mutation status and the 
administration of prophylactic antiepileptic drugs during the postoperative phase. We subsequently conducted a comparative analysis 
of postoperative epileptic complications within each patient subgroup.
Results: In the cohort of 53 patients under study, the occurrence of epilepsy was observed in 10 out of 21 patients carrying IDH1 
mutations, while 5 out of 32 patients with wild-type IDH1 also experienced epilepsy, revealing a statistically significant difference (P < 
0.05). Among the 27 patients who received prophylactic antiepileptic drugs, 6 of them developed epilepsy, whereas 9 out of 26 patients 
who did not receive prophylactic antiepileptic drugs exhibited concurrent epilepsy, with no statistically significant difference (P > 
0.05). However, when performing a subgroup analysis, it was found that 3 out of 12 patients with IDH1 mutations who received 
prophylactic antiepileptic drugs experienced epilepsy, whereas 7 out of 9 patients who did not receive prophylactic antiepileptic drugs 
developed epilepsy, demonstrating a statistically significant difference (P < 0.05). Furthermore, within the group of 15 patients with 
wild-type IDH1, 3 patients who received prophylactic antiepileptic drugs developed epilepsy, while 2 cases of epilepsy occurred 
among the 17 patients who did not receive prophylactic antiepileptic drugs, with no statistically significant difference (P > 0.05).
Conclusion: In individuals with IDH1 mutant glioblastoma who have undergone surgical resection, the implementation of preventive 
antiepileptic therapy demonstrates a potential to diminish the occurrence of postoperative epilepsy.
Keywords: epilepsy, glioblastoma, isocitrate dehydrogenase-1, prophylactic antiepileptic therapy

Background
Gliomas represent a group of malignant neoplasms that originate from glial cells and constitute approximately 24% of all 
tumors affecting the central nervous system, with malignant variants accounting for approximately 80.9% of this 
category. Among gliomas, glioblastoma stands out as the most prevalent subtype, comprising 59.2% of all glioma 
cases.1 The prevailing therapeutic modalities for glioblastoma predominantly encompass surgical intervention, comple
mented by comprehensive approaches including postoperative radiotherapy.2
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In certain cases, patients diagnosed with glioblastoma may manifest epilepsy as a concurrent manifestation during the 
diagnostic and therapeutic phases. Epilepsy represents a prevalent clinical manifestation of glioma, with reported 
incidences reaching up to 80% among individuals afflicted with this malignancy.3–6 Attributes encompassing a high 
degree of malignancy, unpredictable peritumoral infiltration, unfavorable treatment outcomes, a short median survival 
period, and postoperative epilepsy, all contribute to a significant decline in the overall quality of life of patients. The 
question remains a matter of debate regarding whether patients without preoperative epileptic symptoms should receive 
prophylactic antiepileptic treatment after surgery. Thus, the pursuit of tailored postoperative antiepileptic treatment 
strategies for individuals diagnosed with glioblastoma holds exceptional importance.

In this study, we conducted an analysis of isocitrate dehydrogenase-1 (IDH1) gene mutation status in surgically 
resected tumor specimens obtained from patients diagnosed with glioblastoma, and documented postoperative prophy
lactic antiepileptic treatment and the subsequent occurrence of postoperative epileptic complications. Our primary 
objective was to investigate the potential association between IDH1 gene mutations and the development of postoperative 
epileptic complications in patients with glioblastoma. Additionally, we aimed to assess the effectiveness of postoperative 
prophylactic antiepileptic treatment. The findings from our investigation can serve as a valuable resource for guiding the 
personalized administration of antiepileptic therapy following glioblastoma surgery, with the goal of reducing the 
incidence of postoperative epilepsy.

Data and Methods
Data and Follow-Up
In the period spanning from August 2015 to May 2021, a total of 53 patients, comprising 29 males and 24 females, aged 
between 28 and 78 years, were diagnosed with glioblastoma through postoperative pathological examination following 
consultations with the neurosurgery department at the First People’s Hospital of Nantong City, Jiangsu Province. These 
patients all underwent craniotomy for the purpose of tumor resection, achieving complete removal of the tumor as 
confirmed by intraoperative microscopy, with no observable residual tumor in postoperative imaging. Their excised 
tumor samples were subjected to IDH1 gene analysis, In this study, the postoperative prophylactic antiepileptic treatment 
is as follows: postoperative administration of intravenous drip of sodium valproate at a dose of 20–30mg/kg/d. After the 
return of gastrointestinal function, it is changed to oral sodium valproate sustained-release tablets 0.5g/time, twice a day, 
and there is a 12–24-hour overlap in the drug-switching process. If the patient takes the medicine regularly without 
epileptic seizures, and combined with the results of EEG examination, the medicine will be stopped after 3 months. 
Subsequently, they were categorized based on their IDH1 mutation status and the administration of postoperative 
prophylactic antiepileptic drugs. We then conducted a comparative analysis of postoperative epileptic complications 
among these patient groups.

Inclusion criteria: (1) Glioblastoma diagnosis confirmed by postoperative pathological examination; (2) No history of 
cranial hemorrhage, trauma, intracranial infection, or prior cranial surgery; (3) The New York Heart Association (NYHA) 
classifies heart function into grades I to II; (4) Preoperative Karnofsky Performance Status (KPS) score exceeding 60; (5) 
No history of epilepsy prior to the surgery.

Exclusion criteria: (1) Non-compliance with prescribed postoperative medication; (2) Development of severe 
complications such as intracranial hemorrhage or infection post-surgery; (3) Missed post-surgery follow-up appoint
ments; (4) A pre-existing history of epileptic seizures.

Subsequently, based on the results of postoperative molecular testing, the patients were classified into either the IDH1 
mutant or IDH1 wild-type groups. Furthermore, they were classified based on whether prophylactic antiepileptic drugs 
were administered after surgery into the prophylactic antiepileptic treatment group or the non-prophylactic antiepileptic 
treatment group. All patients were subject to post-surgery follow-up assessments to determine the occurrence of epilepsy 
within one year and to document their antiepileptic drug usage.
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Extraction and Detection of the IDH1 Gene
In the context of this study, the IDH1 gene within tumor specimens was detected using a two-step process. Initially, DNA 
extraction and amplification were carried out using tissue-fixing kits and nested PCR, respectively. Following this, the 
amplified DNA underwent agarose gel electrophoresis to isolate the specific PCR products. Subsequently, the PCR 
products were subjected to purification through Sanger sequencing. To prepare the samples for electrophoresis, they were 
denatured at 95 °C for 4 minutes, rapidly cooled on ice for 4 minutes, and then stored at −20 °C. Finally, the obtained 
results were subjected to analysis using Sequencer software.

Statistical Methods
We employed SPSS 20.0 software to conduct statistical analysis and data processing. The chi-squared test was employed 
to examine the count data. Using logistic regression analysis to clarify the correlation between prophylactic anti-epileptic 
treatment and postoperative epilepsy. Differences in postoperative epilepsy incidence between individuals in the IDH1 
wild type group and those in the IDH1 mutant group, differences in postoperative epilepsy incidence between patients 
who received prophylactic antiepileptic therapy and those who did not, differences within the IDH1 mutant treatment 
group in postoperative epilepsy incidence between individuals who received prophylactic antiepileptic therapy and those 
who did not, as well as differences within the IDH1 wild type group in postoperative epilepsy incidence between 
individuals who received prophylactic antiepileptic therapy and those who did not were assessed. P-values were 
computed, and a significance level of P < 0.05 was considered to indicate statistical significance.

Results
IDH1 Mutation Status and Clinical Characteristics
In the cohort of 53 patients, 21 cases exhibited the presence of an IDH1 mutant, while 32 cases presented with the IDH1 
wild type. Chi-squared test was used to assess potential disparities in IDH1 mutation status concerning variables such as 
gender, age, radiotherapy, and chemotherapy. The results indicate that none of these variables displayed statistically 
significant differences (P > 0.05).

Notably, among patients who developed epilepsy following surgery, 10 cases were associated with IDH1 mutations, 
while 5 cases exhibited the IDH1 wild type. Importantly, this difference was found to be statistically significant 
(P < 0.05) (see Table 1 for details).

Table 1 IDH1 Mutation and Clinical Characteristics

Index IDH1 χ2 P

Mutant Wild

Antiepileptic therapy

Yes 12 15 0.535 0.577

No 9 17
Age

≥50 16 26 0.197 0.736

<50 5 6
Gender

Male 8 21 3.878 0.089

Female 13 11
Radiation

Yes 10 20 1.143 0.397

No 11 12
Chemotherapy

Yes 10 14 0.077 1.000

No 11 18
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Evaluation of the Occurrence of Postoperative Epilepsy and Clinical Attributes in 
Individuals Diagnosed with Glioblastoma
In the cohort of 53 patients, 15 patients experienced postoperative epilepsy complications, while 38 patients did not 
encounter such complications. To assess variations in IDH1 mutation status, postoperative prophylactic antiepileptic 
treatment, gender, age, radiotherapy, and chemotherapy among those who developed postoperative epilepsy, a chi- 
squared test for count data was conducted. The findings revealed that there were no statistically significant differences in 
postoperative prophylactic antiepileptic treatment, gender, age, radiotherapy, or chemotherapy (P > 0.05). However, 
a statistically significant difference emerged in the number of patients with postoperative epilepsy between those with an 
IDH1 mutation (10 cases) and those with the IDH1 wild type (15 cases) (P < 0.05) (see Table 2 for details).

Correlation Between Postoperative Prophylactic Antiepileptic Treatment and 
Postoperative Epilepsy
Among the 53 patients, 27 received preventive antiepileptic treatment and 6 of them experienced epilepsy, while 26 
patients did not receive this treatment and 9 of them developed epilepsy. Importantly, there were no statistically 
significant differences between these two groups (P > 0.05).

The subgroups were further analyzed for postoperative epilepsy. In the IDH1 mutant group, there were 12 patients 
who received prophylactic antiepileptic treatment, and 3 of them developed epilepsy, while among the 9 patients in the 
IDH1 mutant group who did not receive this treatment, 7 patients developed epilepsy. Similarly, in the IDH1 wild type 
group, 15 patients received prophylactic antiepileptic treatment, and 3 of them developed epilepsy, while among the 17 
patients in the IDH1 wild type group who did not receive this treatment, 2 patients developed epilepsy. Notably, within 
the IDH1 wild type group, there were no statistically significant differences in the incidence of epilepsy between those 
who received and those who did not receive prophylactic antiepileptic therapy (P > 0.05). However, within the IDH1 
mutant group, there was a statistically significant difference in the incidence of epilepsy between patients who received 
and those who did not receive prophylactic antiepileptic therapy (P < 0.05) (see Table 3 for details). Conducting logistic 

Table 2 Analysis of Postoperative Epilepsy and Its Clinical 
Features

Index Epilepsy χ2 P

Yes No

IDH1

Mutant 10 11 6.396 0.015

Wild 5 27
Antiepileptic therapy

Yes 6 21 1.003 0.372

No 9 17
Age

≥50 10 32 2.013 0.258

<50 5 6
Gender

Male 9 20 0.236 0.258
Female 6 18

Radiation

Yes 10 20 0.862 0.547
No 5 18

Chemotherapy

Yes 8 16 0.547 0.547
No 7 22
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multiple regression analysis confirmed that prophylactic anti-epileptic therapy is an independent risk factor for post
operative epilepsy in patients with IDH1 mutant glioblastoma. (See Table 4 for details)

Discussion
Gliomas stand as the most prevalent form of primary malignancy affecting the central nervous system,7 and represent the 
leading cause of tumor-induced epilepsy.8 The prognosis of high-grade gliomas is worse than that of low-grade 
gliomas,9,10 but the incidence of epilepsy is lower than that of low-grade gliomas, about 40% to 64%.11,12 Gliomas 
serve as the predominant pathological etiology underlying epilepsy, manifesting in motor and speech impairments that 
markedly reduce the quality of life of patients. This imposes substantial economic and psychological burdens on both the 
patients and their families, and the society as a whole.11

Although complete tumor resection or reduction of tumor burden through surgical intervention can effectively control 
epilepsy in most cases, some individuals still experience postoperative epilepsy complications.13–15 Currently, there 
remains a debate regarding whether individuals with intracranial tumors lacking preoperative epileptic symptoms should 
undergo postoperative prophylactic antiepileptic treatment. Many clinicians rely on their personal experience for 
guidance. The objective of our present study is to provide insights and guidance for the implementation of personalized 
and selective antiepileptic therapy for patients diagnosed with glioblastoma following surgical procedures.

Parsons et al conducted the sequencing of an extensive array of protein-coding genes,16,17 subsequently pioneering 
the discovery of IDH1 gene mutations in glioblastoma. In their study, Bleeker et al18 examined histiocytes from various 
origins and pinpointed the specificity of IDH1 mutations to glioblastoma.19,20 Their findings elucidated a strong 
correlation between heightened expression of IDH1 gene mutations at the R132 locus and the occurrence of epilepsy.

IDH1 mutations, predominantly found at the R132H site, induce the substitution of arginine with histidine, leading to 
a reduction in α-ketoglutarate levels, an increase in 2-hydroxyglutarate (2-HG) levels, and a decrease in oxidized 
nicotinamide adenine dinucleotide phosphate (NADPH) levels.21 A sequence of modifications disrupts cell signaling 
pathways sensitive to α-ketoglutarate in tumors. Additionally, the loss of IDH1 gene function results in the conversion of 
α-ketoglutarate into 2-hydroxyglutarate, consequently leading to an elevated production of 2-hydroxyglutarate. This 

Table 3 Subgroup Analysis of Epileptic Status After Genetic Testing 
Combined with Prophylactic Antiepileptic Therapy

Index Epilepsy χ2 P

Yes No

IDH1 Mutant& Antiepileptic therapy
Yes 3 9 5.743 0.030

No 7 2

IDH1 Wild & Antiepileptic therapy
Yes 3 12 0.410 0.645

No 2 15

Table 4 Postoperative Epilepsy in Patients with IDH1 Mutant Glioblastoma

Items B SE Wald P Exp (B) 95% CI

Upper Lower

Antiepileptic therapy −3.341 1.500 4.958 0.026 0.035 0.002 0.670

Gender 2.255 1.635 1.902 0.168 9.531 0.387 234.811

Age 0.074 1.641 0.002 0.964 1.077 0.043 26.848
Radiation 3.081 1.934 2.539 0.111 21.783 0.492 964.239

Chemotherapy 0.112 1.464 0.006 0.939 1.118 0.063 19.706
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compound bears structural resemblance to glutamic acid and has the potential to activate N-methyl-D-aspartate (NMDA) 
receptors and isoxazole propionate (AMPA) receptors.22 Furthermore, the excitation of NMDA and AMPA receptors by 
glutamic acid can trigger the activation of intracellular mTOR, AKT, and MAPK signaling pathways, which play a role 
in promoting cell growth and the onset of epileptogenesis.23

Glutamic acid plays a vital role as an excitatory neurotransmitter within brain tissue and exhibits a strong connection with 
the process of epileptogenesis.24 Glioma cells carrying the IDH1 mutant gene exhibit an elevated synthesis of 2-hydro
xyglutarate, leading to its release into the cerebrospinal fluid, consequently influencing the neighboring microenvironment. 
This 2-hydroxyglutarate, acting as an analog to glutamic acid, heightens the incidence of neurons initiating action potentials, 
disturbs the equilibrium between neuronal excitatory and inhibitory regulation, ultimately giving rise to epileptogenesis.25

Presently, there remains no definitive consensus regarding the necessity of prophylactic antiepileptic treatment 
following surgery for patients with central nervous system (CNS) tumors who do not manifest preoperative epileptic 
symptoms.26,27 Glioblastoma, a profoundly aggressive tumor characterized by widespread tissue infiltration, often leads 
to noticeable peritumoral edema in affected patients.

Interestingly, some individuals exhibit no signs of epilepsy prior to surgical intervention but subsequently develop 
epilepsy. This phenomenon may be attributed to several factors, including an elevated risk of epilepsy occurrence in the 
supratentorial region, potential cortical stimulation or damage resulting from the surgical procedure, and the influence of 
postoperative chemotherapy and radiation therapy.28

In our study, we observed 27 patients in the prophylactic antiepileptic treatment group, and 6 of them developed 
epilepsy post-surgery, resulting in an epilepsy incidence of 22.22%. In the non-prophylactic antiepileptic treatment group, 
there were 26 patients, and 9 of them experienced epilepsy, yielding an epilepsy incidence of 34.62%. Importantly, the 
difference between these two groups did not reach statistical significance (P > 0.05).

Upon conducting subgroup analysis, we found that within the IDH1 mutant cohort, there were 12 patients who received 
prophylactic antiepileptic treatment, and 3 of them developed postoperative epilepsy. In contrast, the IDH1 mutant group 
without prophylactic antiepileptic treatment consisted of 9 patients, and 7 of them developed postoperative epilepsy. 
Notably, there was a statistically significant difference in epilepsy incidence between these two subgroups (P < 0.05).

These findings suggest that a blanket prophylactic antiepileptic therapy approach for patients with glioblastoma does not 
significantly reduce the overall epilepsy incidence. However, through the utilization of IDH1 gene testing, selective 
prophylactic antiepileptic treatment for IDH1 mutant patients could effectively lower the occurrence of postoperative epilepsy.

Conclusion
In summary, the presence of an IDH1 mutation appears to be a risk factor for postoperative epilepsy in patients with 
glioblastoma, leading to the recommendation that routine prophylactic antiepileptic treatment may not be warranted. 
Nevertheless, it is noteworthy that patients with glioblastoma harboring an IDH1 mutation exhibit a significantly higher 
incidence of epilepsy compared to those with IDH1 wild type, and in this particular cohort of patients, prophylactic 
antiepileptic medication can effectively reduce postoperative epilepsy rates. It is important to acknowledge that our 
current study is limited in scope as a single-center, retrospective analysis, featuring a relatively small dataset and 
potential biases. As part of our ongoing research efforts, we plan to conduct larger-scale data analyses and prospective 
studies to reaffirm these conclusions, offering more precise guidance for personalized and selective antiepileptic 
treatment during the postoperative phase, ultimately aiming to minimize the incidence of postoperative epilepsy.

Abbreviations
IDH1, isocitrate dehydrogenase 1; GBM, glioblastoma multiforme; KPS, Karnofsky; DNA, deoxyribonucleic acid; 
SPSS, Statistical Package for the Social Sciences; 2-HG, 2-hydroxyglutaric acid; NADPH, nicotinamide adenine 
dinucleotide phosphate; NMDA, N-Methyl-D-aspartic acid; AMPA(α-amino-3-hydroxy-5-methylisoxazole-4-propionate; 
mTOR, mammalian target of rapamycin; AKT, protein kinase B; MAPK, mitogen-activated protein kinase.
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