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Introduction

Seizures are one of the common symptoms of supratentorial 
brain tumors. As many as 30-40% of patients with supratentorial 
brain tumors are thought to have clinical seizures.[1,2] There 
are several factors determining the epileptogenic potential 
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Background: The risk of developing immediate postoperative seizures in patients undergoing supratentorial brain tumor 
surgery without anti‑epileptic drug (AED) prophylaxis is 15‑20%. Patients who present with pre‑operative seizures and 
patients with supratentorial meningioma or supratentorial low grade gliomas are at significantly higher risk. There is 
little data on the efficacy of levetiracetam as a prophylactic AED in the immediate postoperative period (within 7 days 
of surgery) in these patients.

Methods: We conducted a retrospective chart review of 165 adult patients classified as higher risk for postoperative 
seizures who underwent brain tumor resection at Duke University Hospital between time May 2010 and December 2011. 
All patients had received levetiracetam monotherapy in doses of 1000‑3000 mg/day in the immediate postoperative period.

Results: We identified 165  patients with following tumor locations: Frontal 83  (50.3%), Temporal 37  (22.4%), 
Parietal 30  (18.2%), Occipital 2  (1.2%) and 13  (7.8%) with single lesions involving more than one lobe. Histology 
revealed: Glioma 98 (59.4%), Meningioma 57 (34.5%) and Brain Metastases 6 (3.6%). Preoperatively, 88/165 (53.3%) 
patients had presented with seizures. 12/165 patients (7.3%) developed clinical seizures (generalized 10, partial 2) in the 
immediate post‑operative period. Other than somnolence in 7 patients (4.2%), no major side‑effects were noted.

Conclusions: The incidence of seizures was significantly lower in patients treated with levetiracetam (7.3%) when compared 
with the expected (15‑20%) rate without AED prophylaxis based on the previous literature. Levetiracetam appears effective 
and safe for seizure prevention in patients undergoing brain tumor resection and who are at significantly higher risk of 
developing post‑operative seizures. These findings warrant confirmation in a prospective randomized trial.
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ABSTRACT

of a brain tumor in a given patient. It is well‑known that low 
grade gliomas have a higher propensity to cause seizures.[3‑5] 
An extra axial supratentorial lesion such as meningioma is 
regarded as having a higher tendency to cause seizures as 
well.[6,7] Surgical resection is standard of care for patients 
with resectable supratentorial brain tumors. Surgery itself 
adds a risk of perioperative seizures. Intraoperative irritation 
of cortical issue, both micro and macro hemorrhages, 
potential focal cerebral hypoxia and acidosis are thought to 
be predisposing factors for lowering the seizure threshold 
during the immediate post‑operative period.[8] In addition, 
the stress of undergoing surgery and shifts in intracranial 
pressure and brain position may contribute to lowering the 
seizure threshold during immediate post‑operative period.[9]

The anticipated risk of developing immediate peri-operative 
seizures in patients undergoing supratentorial brain tumor 
surgery without anti-epileptic drug (AED) prophylaxis is 
approximately 15-20%.[10-13] However the actual risk of 
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developing seizure depends upon tumor pathology and 
location and the surgical approach.[14] This risk is higher in 
certain subgroups of patients with meningiomas, low grade 
gliomas and patients with preoperative seizures.[10,15-17] In these 
patients, the risk of developing immediate post-operative 
seizure is expected to be higher than 15-20%. Immediate 
postoperative seizures are an important cause of morbidity 
and prolonged hospital stay.[10] There is lack of definitive data 
looking at the efficacy of prophylactic antiepileptic therapy 
in patients undergoing craniotomy for brain tumor surgeries. 
There are some reports to suggest that use of phenytoin in 
perioperative period may increase morbidity and may not 
reduce seizure rates in these patients.[18,19] Thus, the decision to 
use prophylactic AED in these patients depends upon treating 
physician’s opinion depending upon the individual case.[1,20]

There is some data for the use of phenytoin as a prophylactic 
agent but the efficacy of phenytoin is unclear.[8,10,20,21] Phenytoin 
is a potent CYP-450 enzyme inducer and is highly protein bound. 
In addition, it has several adverse effects such skin rash, cardiac 
toxicity and several drug-drug interactions. Valproate and 
phenobarbital have not proven beneficial in preventing post-
operative seizures and both of these drugs have significant side 
effects.[22,23] Oxcarbazepine has shown efficacy but is not available 
for parenteral use and has a higher incidence of side-effects and 
drug interactions.[24] These factors have led providers to use 
newer agents such as levetiracetam, available both in oral and 
intravenous formulations. Levetiracetam has little or no effect on 
CYP-450 enzyme system, is renally cleared and has no significant 
drug-drug interactions. There is little data concerning the efficacy 
of levetiracetam as monotherapy in postoperative seizure 
prophylaxis in adults undergoing supratentorial brain surgery. 
Pediatric studies have shown some efficacy.[25] Zachenhofer et 
al. in their study have reported a single center experience of 
78 adult patients, and found that levetiracetam is an effective 
agent with an acceptable side effect profile.[9] A study done by 
Milligan et al. compared the efficacy and side-effect profile of 
levetiracetam with phenytoin and found levetiracetam to be 
more effective with fewer side effects.[10] These studies included 
a heterogeneous patient population with no special emphasis on 
subgroups of patients known to be at higher risk for developing 
seizures.[26] To our knowledge, there is no data regarding the 
efficacy and tolerability of levetiracetam as a prophylactic agent 
in the immediate post-operative period (within 7 days of surgery) 
in higher risk patient populations. We therefore present our 
single center experience of 165 patients, classified as higher risk 
for immediate post-operative seizures. All these patients received 
levetiracetam as monotherapy for immediate post-operative 
seizure prophylaxis.

Methods

This was a retrospective study of patients undergoing 
craniotomy for brain tumor resection at Duke University 

Medical Center. Duke Institutional Review Board approved the 
research protocol for this study.

Study population
All adult patients (age more than 18 years at the time of surgery) 
undergoing brain tumor resection between May 2010 and 
December 2011 were identified using the appropriate Current 
Procedural Terminology codes and inclusion characteristics. The 
list of patients was further checked manually by a team of health 
professionals using electronic records  (eBrowser™). Patients 
were considered to be high risk for postoperative seizures:
1.	 If they had seizures pre‑operatively  (irrespective of 

histology of brain tumor or grade of glioma) or
2.	 If they were undergoing a resection for supratentorial 

meningioma or supratentorial low grade gliomas (World 
Health Organization [WHO] Grade I or II), irrespective of 
whether they had seizure pre operatively.

A total of 165 patients met the inclusion criteria. All 165 selected 
patients received immediate post‑operative seizure prophylaxis 
with levetiracetam monotherapy for at least 1  week after 
surgery. Patients were excluded from analysis if they were 
undergoing only a biopsy, or had infective, traumatic or vascular 
malformation as diagnoses. Patients were considered to have 
received immediate post‑operative levetiracetam prophylaxis 
if they had received levetiracetam monotherapy for at least 
7 days post‑operatively. Demographic details, surgical details, 
tumor histopathology data, perioperative drug use and 
incidence and types of seizures were obtained from electronic 
medical records  (eBrowser™) and from the Duke Decision 
Support Repository (DSR). DSR is a quality assured custom‑built 
data warehouse containing integrated clinical and financial 
data of all patients admitted to the Duke Health Care System.

Predictor and outcome variables
The primary outcome was the incidence of early postoperative 
seizures. Early post‑operative seizures were defined as 
seizures (clinical and/or electrographic) which occurred within 
7 days of the surgical resection. We also assessed tolerability 
of levetiracetam by recording the incidence of side‑effects 
associated with levetiracetam usage  (dermatological, 
psychosis, gastrointestinal disturbance or somnolence).

Statistical analysis
Summary statistics included medians with minimum and 
maximum values for continuous data and percentages for 
discrete data. All statistical analysis was performed with SPSS 
v 20.0 software. (SPSS Inc, Chicago, IL, USA, 60606-6412).

Results

Baseline characteristics
We identified 165 patients,  median age 52 years 
(range 18‑82 years), 90 (54.5%) male, 75 (45.5%) female patients. 
Out of 165 patients, 154 (93.3%) underwent total resection 
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whereas 11 (6.7%) underwent subtotal resection or debulking 
of tumor. Radiological assessment revealed the following 
tumor locations: 83 Frontal (50.3%), 37 Temporal (22.4%), 30 
Parietal  (18.2%), 2 Occipital (1.2%), 5 Frontotemporal (3%), 
3 Parieto‑occipital (1.8%) 3 Fronto‑parietal (1.8%). 92 (55.8%) 
tumors were located in the left cerebral hemisphere and 
67 (40.6%) in the right. 6 (3.6%) patients had midline lesions 
involving both hemispheres. Histological diagnosis of tumors 
revealed following: Gliomas 98 (59.4%), Meningioma 7 (34.5%) 
and Brain metastases 6  (3.6%) patients. There were other 
histological diagnoses in 4 patients: Lymphoma (1), atypical 
teratoid rhabdoid tumor (1), Epidermoid (1) and Inconclusive 
histology/gliosis in 1 patient. Out of 98 patients with gliomas, 
62 patients had low grade gliomas, whereas 36 patients had 
high grade lesions as per WHO classification. 6 metastatic 
lesions had the following origins: Lung–small cell  (1), 
lung‑non small cell  (1), breast  (1), rectum (1), melanoma (1) 
and renal cell carcinoma  (1). Preoperatively, 88  (53.3%) 
patients had presented with seizures. The majority of these 
patients (78, 88%) were on pre‑operative levetiracetam and 
a few (4; 5%) were on phenytoin monotherapy, while (2; 3%) 
patients were on combination therapy  (levetiracetam and 
phenytoin). 4  (5%) patients were not on any anti‑epileptic 
therapy prior to undergoing surgery. These baseline 
characteristics are summarized in Table 1.

Outcome measures
Seizures
12 out of 165 patients  (7.3%) developed clinical seizures in 
early post‑operative period  (within 7  days of surgery). As 
regards to seizure type, 10 had generalized seizures whereas 
2 had partial seizures. All of the patients had undergone total 
resection of the tumor and the majority of them (9; 75%) had 
a diagnosis of glioma. All of the tumors were located either in 
frontal (7; 58%) or temporal lobe (5; 41%). Out of 12 patients 
who had seizures, 9  (75%) patients were on pre‑operative 
levetiracetam and 8  (67%) of them carried the diagnosis 
of pre‑operative seizures. Perioperatively, all of them were 
maintained on levetiracetam doses ranging from 1000 mg/day 
to 2000 mg/day. These findings are summarized in Table 2.

Side effects of levetiracetam
Side‑effects of levetiracetam were assessed from daily ward 
round notes in the medical records. None of the patients had 
any dermatological or gastrointestinal adverse reactions 
to levetiracetam. 7  (4.2%) patients were noted to have 
somnolence attributed to levetiracetam. None of the patient 
developed psychosis.

Discussion

In this retrospective study, levetiracetam proved to be an 
effective AED, reducing the chance of perioperative seizures 
to 7.3% from an anticipated rate of 15‑20% or more. We 
included a select population of high risk patients (low grade 

glioma, meningioma and preexisting diagnosis of seizure 
disorder irrespective of tumor histology and grade). To the 
best of our knowledge, this is the first report of the efficacy of 
levetiracetam as prophylactic AED monotherapy in a cohort of 
higher risk patients undergoing brain tumor surgery.

A few previous reports regarding levetiracetam monotherapy in 
preventing post‑operative seizures are available. Milligan et al. in 
their study have reported early post‑operative seizures in 1% with 
levetiracetam versus 4.3% with phenytoin, demonstrating the 

Table  1: Demographic and clinical details of study 
population
Demographics N (%) Median 

(range)
Patients 165
Age (years) 52 (18‑82)
Gender

Male 90 (54.5)
Female 75 (45.5)

Surgery
Total resection 154 (93.3)
Subtotal resection 11 (6.7)

Tumor characteristics
Histology

Meningioma 57 (34.5)
Glioma 98 (59.4)

Low grade 62 (37.6)
High grade 36 (21.8)

Metastatic 6 (3.6)
Others 4 (2.4)

Location
Frontal 83 (50.3)
Temporal 37 (22.4)
Parietal 30 (18.2)
Occipital 2 (1.2)
Fronto‑temporal 5 (3.0)
Fronto‑parietal 3 (1.8)
Parieto‑occipital 3 (1.8)
Cerebellum 1 (0.6)
Other (pineal) 1 (0.6)

Side
Right 67 (40.6)
Left 92 (55.8)
Midline 6 (3.6)

Pre‑operative seizure characteristics
Patients with pre‑operative seizures 88 (53.3)
Generalized 23 (13.9)
Partial 62 (37.6)
Both 3 (1.8)

Pre‑operative anti‑epileptic drug regime n=88
LEV 78 (88.6)
PHT 4 (4.5)
Combination of LEV and PHT 2 (2.3)
None 4 (4.5)

LEV – Levetiracetam; PHT – Phenytoin
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efficacy of levetiracetam in this setting.[10] The patient population 
in their study had a heterogeneous group of brain lesions 
including abscess, hemorrhage, trauma, meningioma and brain 
tumors. The investigators included all brain tumors, irrespective 
of their histology. Though this patient population represents a 
diverse group, it does not specifically represent a select population 
of patients who are at significantly higher risk of developing 
seizures, as in our study. There was approximately a 25% incidence 
of pre‑operative seizures in their patient population, as opposed 
to around 53% in our group.[10] Zachenhofer et  al. reported 
early postoperative seizures in 2 (2.5%) out of 78 patients with 
brain tumors who received levetiracetam for post‑operative 
prophylaxis.[9] The study population included all types of brain 
tumors irrespective of histology. There was 38.5% incidence of 
pre‑operative seizures in their study population.[9] Bähr et al. 
reported a perioperative seizure rate of approximately 12% 
in a prospective single arm study of 25 patients undergoing 
brain tumor surgery, maintained on perioperative levetiracetam 
therapy.[26] The reported seizure rate on levetiracetam in this study 
is significantly higher than previous reports, including our report 
of 7.3%. This may be due to higher incidence of pre‑operative 
seizures in their study population (53%) or to the limited sample 
size  (25 subjects, as opposed to 105 in Milligan study, 78 in 
Zachenhofer study and 165 in our study).[9,10,26]

Some interesting observations can be made from the group 
of 12 patients who had early post‑operative seizures in our 
study. First, all the tumors were located in frontal or temporal 

lobe. This is in accordance with previous data of epileptogenic 
nature of lesions located in these brain areas.[27] Second, 
the majority of lesions were either low grade gliomas or 
meningiomas (11 out of 12; 91%), indicating the higher risk 
of epileptogenic potential of these lesions.[17,27] Third, 8 out of 
12  patients  (67%) had a preexisting diagnosis of seizures, 
which is in agreement with previous observations in similar 
studies.[10] Fourth, a majority of post‑operative seizures were 
generalized (10 out of 12; 83%) when compared to partial (2 
out of 12; 17%). This is in contrast to pre‑operative seizures 
which were mostly partial  (62 out of 88; 70%). The higher 
incidence of partial seizures in brain tumor patients could 
be explained by focal location of epileptogenic focus.[27] 
However, the immediate post‑operative period may present a 
diffuse lowering of seizure threshold on top of a known focal 
seizure focus in such a patient population, thus leading to 
high incidence of generalized seizures. As discussed earlier, 
irritation of cortical tissue during surgery, tissue hypoxia, 
acidosis and stress of surgical procedure may be contributing 
factors for diffusely lowering seizure threshold.[8,9]

Levetiracetam was very well tolerated in our study. Other than 
somnolence in 7 patients (4.2%), no major side effects were 
noted. This observation is similar to the previous reports.[9] 
None of the patient required discontinuation of levetiracetam 
for drowsiness as it was self‑limiting after few days. None 
of the patients in our study developed other behavioral side 
effects such as psychosis in the 1st week. The incidence of side 
effects with levetiracetam in our study is significantly lower 
when compared to reported incidence with phenytoin from 
similar studies in literature.[9,10]

Early post‑operative seizures can lead to brain hypoxia, 
prolonged ICU stay, and difficulty in assessing neurological 
status in post‑operative patient.[10] Increased risk of aspiration 
combined with other operative factors increase mortality and 
morbidity and adds to cost of care. Early post‑operative seizures 
are associated with an increased risk of later developing 
epilepsy.[3,10] Thus adequate control of seizures in immediate 
post‑operative period is an important component of care for 
patients with brain tumors. This becomes especially crucial in 
select patient groups who have significantly increased risk of 
developing seizures as in our study population. Levetiracetam 
thus proved to be an effective agent in reducing the risk of 
seizures (7.3% vs. reported 15‑20% or more in the literature) 
in our study.

Our study has several limitations. It is retrospective and despite 
our efforts to obtain high quality data, unknown covariates 
could have been overlooked. Second, we do not have a control 
group and have relied on published seizure rates in higher 
risk patients. However, despite these obvious limitations, our 
data is unique and will be of benefit to investigators designing 
prospective trials to investigate the efficacy of post‑operative 
seizure prophylaxis with levetiracetam.

Table  2: Clinical details of patients who had 
postoperative seizures
Demographics N (%)
Patients 12
Surgery

Total resection 12 (100)
Subtotal resection 0

Type of post‑operative seizure
Generalized 10 (83.3)
Partial 2 (16.7)

Tumor characteristics
Histology

Meningioma 2 (16.7)
Glioma 9 (75.0)
Metastatic 1 (8.3)

Location
Frontal 7 (58.3)
Temporal 5 (41.7)

Pre‑operative seizure characteristics
Pre‑operative seizure – none 4 (33.3)
Pre‑operative seizure – general 4 (33.3)
Pre‑operative seizure –partial 4 (33.3)

Pre‑operative anti‑epileptic drugs
Levetiracetam 9 (75.0)
None 3 (25.0)
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Conclusions

Based on the above study, our data suggests efficacy 
for levetiracetam in preventing seizures in immediate 
post‑operative period in brain tumor patients with higher 
risk of developing seizures. These findings will need to be 
confirmed in a prospective randomized trial.
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