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Background. The American Academy of Neurology (AAN) does not recommend routine use of prophylactic antiepileptic drugs (pAEDs)
in patients with newly diagnosed brain tumors. If used in the perioperative setting, discontinuation is suggested after the first post-
operative week. It is unclear whether such recommendations are followed. Our objective was to compare our perioperative and long-
term pAED use in glioma patients with AAN practice parameters.

Methods. Retrospective chart review was performed on 578 glioma patients from 2006 to 2013. Seizures and AED use were assessed
at surgery, 3 months postoperatively and death, last visit or 16 months postoperatively. Patients were divided into three groups at
surgery: seizure-free with pAED, seizure-free without pAED, and seizure patients. Long-term pAED use was defined as continued
use at 3 months postsurgery without seizures. pAEDs efficacy, factors influencing its use, and survival were examined.

Results. Out of 578 patients identified, 330 (57.1%) were seizure-naı̈ve preoperatively. There were no significant differences in age,
histology, tumor location or resection status between seizure-free populations with and without prophylaxis. Of 330 seizure-naı̈ve
patients, 205 (62.1%) received pAEDs at surgery. Ninety-six (46.9%) of those patients were still on pAEDs 3 months postsurgery (me-
dian use¼ 58 days). Rate of long-term prophylaxis use decreased by 13.5% over 6 years (70.3% in 2006; 56.8% in 2012). Phenytoin
was preferred in 2006 (98.2%) with increasing use of levetiracetam over 6 years (44.6% in 2012). The only predictive factor for pAED
use was complete resection (P¼ .0069). First seizure prevalence was similar in both seizure-free populations (P¼ .91). The seizure pop-
ulation had more men (P¼ .007), younger patients (P , .0001), lower-grade gliomas (P¼ .0003) and survived longer (P¼ .001) com-
pared with seizure-free populations.

Conclusions. In our center, long-term prophylactic AED use is high, deviating from current AAN Guidelines. Corrective measures are
warranted.
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Over 66 000 new cases of primary brain tumors, including over
18 500 cases of gliomas, are estimated to have be diagnosed in
the United States in 2014.1 Approximately 40% of patients with
primary brain tumors may experience seizures prior to surgical in-
tervention, while an additional 20% of patients may have seizures
later in the disease course.2,3 For these patients, the need for an-
tiepileptic drug treatment is clear.4 While the use of prophylactic
antiepileptic drugs (AEDs) was previously widely accepted and
common practice,5 several studies have failed to demonstrate
their efficacy in preventing a first seizure. This led the American
Academy of Neurology in 2000 to issue recommendations
against the use of prophylactic AEDs in seizure-naı̈ve patients

with newly diagnosed brain tumors and, if administered, to dis-
continue them in the first postoperative week in stable patients.4

Since their publication, these practice parameters have been sup-
ported by many other reviews,2,6,7 as well as the most recent pro-
spective randomized controlled study on the topic.3

Despite the recommendations on evidence-based practice pa-
rameters, data leading up to 2009 show that many physicians in
North America and Europe continue to prescribe prophylactic
AEDs.2,8 – 11 More recently, a 4-year retrospective study conducted
in Brazil observed a 70% rate of prophylactic AED use at two
weeks postoperatively, with a minority of patients discontinuing
use after a mean follow-up of five months.8 In North America,
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current practice patterns regarding prophylactic AED use in pa-
tients with gliomas remains unclear. Moreover, no study has re-
ported long-term use of prophylactic AEDs and changes in
patterns of practice over years.

The objective of this study was to assess our center’s perioper-
ative and long-term AED prophylaxis practice patterns in newly
diagnosed patients with gliomas.

Materials and Methods

Patient Population

All patients with histologically proven gliomas evaluated in our ter-
tiary care center between January 2006 and January 2013 were
identified from our neuro-oncology database. We included low-
grade gliomas (astrocytomas, oligodendrogliomas, and mixed gli-
omas) and high-grade gliomas (anaplastic gliomas, and glioblasto-
ma multiformes [GBM]). Patients with spinal cord gliomas and
ependymomas were excluded. Data extraction included demo-
graphics; date and extent of resection (biopsy, partial or gross com-
plete); tumor site and histological classification (according to the
World Health Organization); AED use, if applicable (type, number
of AEDs, duration); seizure status at three months postoperatively;
date of first seizure, if it occurred; and date of last visit or death.
Long-term prophylactic AED use was defined as continued use of
AED(s) at 3 months after surgery in the absence of seizures. For pa-
tients with multiple surgical interventions, only data pertaining to
the first surgery were recorded. Seizures were recorded as docu-
mented by physicians in the medical chart.

Postoperative Period and Follow-up

Information regarding seizures and AEDs were assessed at time
of surgery (T¼ 0), at 3 months postoperatively (T¼ 1), and at
death, last visit, or 16 months of follow-up (T¼ 2). At time of
surgery, patients were divided into three groups: patients who
were seizure-free and received prophylactic AEDs (population
A); patients who were seizure-free and did not receive prophylac-
tic AEDs (population B); and patients with prior seizures

(population C) (Fig. 1). The local institutional ethical committee
approved this study and decided that the patient’s written con-
sent was not necessary for this retrospective chart review. All col-
lected data was anonymized.

Outcomes

The primary outcome was the rate of long-term prophylactic AED
use in seizure-free patients with glioma at 3 months postoperative-
ly. Secondary outcomes were: overall rate of AED use in seizure-
free patients and its trend through years; median prophylaxis
duration; rates of different AEDs used and AED preference evolu-
tion over the years; efficacy of prophylactic AED use in preventing
a first seizure; and overall survival estimate per group. Additionally,
we aimed to characterize the seizure group and their AED therapy
(preferred first-line drug, importance of polytherapy).

Statistical Analysis

Statistical analysis was performed in conjunction with our institu-
tion’s Biostatistics Consultation Platform. All statistical analyses
were performed with R3.0.2 computer software. A P value ≤ .05
was considered statistically significant. Hazard ratios (HR) and
odd ratios (OR) are presented with 95% confidence intervals (CIs).

Descriptive statistics were used to describe the demographic
and clinical characteristics of our population. Chi-square tests
were performed to compare categorical variables. Logistic regres-
sion analysis was done to estimate the association between
various predictors (patient’s age, gender, tumor grade, location
and extent of resection) and the use of AED prophylaxis. The pro-
portion of prophylaxis use at 3 months was estimated using
a Kaplan-Meier plot, adjusting for death and loss to follow-up,
with the event being prophylaxis discontinuation. A time-
dependent Cox proportional hazards regression model (univariate
and multivariate) was used to evaluate time from surgery to first
seizure by AED prophylaxis use at that time, and to compare
survival of seizure-free patients on AED prophylaxis to other pop-
ulations. A log-rank test was used to compare overall survival
curves between seizure-naı̈ve with or without AED prophylaxis

Fig. 1. Study design. AED, Antiepileptic Drug.
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groups. The date of diagnosis used to calculate survival was that
of the first meeting with our neuro-oncology team. The minimal
follow-up period for survival analysis was 16 months. A Cox pro-
portional patient’s hazards regression model was used to com-
pare overall survival between the 3 groups.

Results

Patient Population

Between 2006 and 2013, a total of 578 patients with a histolog-
ical diagnosis of glioma who underwent surgery were evaluated
at our neuro-oncology clinic with a minimum follow-up of 16
months. The main clinical characteristics of the cohort are listed
in Table 1. Median age was 59 years (range 49–66), and 58%
were males. Four hundred sixty-two patients (79.9%) had GBM

while the remainder had various gliomas (astrocytoma, oligoden-
droglioma, mixed oligoastrocytoma). High-grade gliomas repre-
sented 87.7% of gliomas. The majority of patients (52.4%) had
biopsies. Complete tumor resection was achieved in 37.7% of
patients.

Seizure-free Populations

In this cohort, 330 of 578 patients (57.1%) were seizure-naı̈ve
preoperatively. Prophylactic AEDs were given to 205 (62.1%) pa-
tients at the time of surgery. At 3 months after surgery, 96 out of
205 (46.9%; 95% CI 40.2–54.7) were still on AEDs with a median
use of 58 days (95% CI 31–152) (Fig. 1). Prevalence of long-term
prophylaxis use slightly decreased over a period of six years
(70.3% in 2006 vs 56.8% in 2012) (Supplementary Fig. S1). Phe-
nytoin was the preferred agent in 2006 (98.2%) with increasing

Table 1. Patient demographics, tumor characteristics, and surgical management

Parameters General Population Population A No Seizure
(Prophylactic AED)

Population B No Seizure
(No Prophylactic AED)

Population C Seizure
(AED Therapy)

N/A* P Valuea

Total number 578* 205 (35.5%) 125 (21.6%) 210 (36.3%) 38 (6.6%)
Median age, y (range) 59 (49–66) 60 (50–67) 62 (53–67) 55 (45–64) ,.0001
Age at diagnosis, y

,40 52 (9%) 15 (7.3%) 5 (4.0%) 37 (17.6%)
40–60 265 (46%) 93 (45.4%) 50 (40.0%) 101 (48.1%)
≥60 261 (45%) 97 (47.3%) 70 (56.0%) 72 (34.3%)

Men, No. 337 (58.3%) 107 (52.2%) 66 (52.8%) 139 (66.2%) 25 (65.8%) .007
Tumor location, lobe .53

Frontal 232 (40.1%) 83 (40.5%) 42 (33.6%) 95 (45.2%) 12 (31.6%)
Temporal 184 (31.8%) 65 (31.7%) 47 (37.6%) 65 (31.0%) 7 (18.4%)
Parietal 117 (20.2%) 45 (22.0%) 27 (21.6%) 40 (19.0%) 5 (13.2%)
Occipital 26 (4.5%) 9 (4.4%) 8 (6.4%) 9 (4.3%) 0
Imprecise 19 (3.3%) 3 (1.5%) 1 (0.1%) 1 (0.5%) 24 (63.1%)

Histology ,.0001
GBM 462 (79.9%) 117 (86.3%) 112 (89.6%) 139 (66.2%)
LGGb 71 (12.3%) 16 (7.8%) 7 (5.6%) 47 (22.4%) 1 (2.6%) .0003
Astrocytoma 20 (3.5%) 3 (1.5%) 3 (2.4%) 14 (6.7%)
Oligodendroglioma 13 (2.2%) 3 (1.5%) 0 (0%) 9 (4.3%)
Mixed gliomac 38 (6.6%) 10 (4.9%) 4 (3.2%) 24 (11.4%)
HGGd 507 (87.7%) 189 (92.2%) 118 (94.4%) 163 (77.6%) 37 (97.4%)
Anaplastic

astrocytoma
30 (5.2%) 7 (3.4%) 5 (4.0%) 17 (8.1%)

Anaplastic
oligodendroglioma

15 (2.6%) 5 (2.4%) 1 (0.8%) 7 (3.3%)

Extent of resection .09
Biopsy 303 (52.4%) 95 (46.3%) 75 (60.0%) 114 (54.3%) 19 (50.0%)
Subtotal 57 (9.9%) 19 (9.3%) 11 (8.8%) 24 (11.4%) 3 (7.9%)
Gross total 218 (37.7%) 91 (44.4%) 39 (31.2%) 72 (34.3%) 16 (42.1%)

Died at 3 months 72 (12.5%) 36 (17.6%) 20 (16.0%) 16 (7.6%)

Categorial variables: N (%), Values (%); Continued variables: Median value (range).
Patients were only categorized for their first surgical intervention.
Abbreviations: AED, antiepileptic drug; GBM, glioblastoma multiforme; LGG, low-grade glioma; HGG, high-grade glioma.
aP values for comparison of seizure vs no-seizure populations (3 populations).
bLow-grade glioma: astrocytoma; oligodendroglioma; oligoastrocytoma.
cMixed glioma: oligoastrocytoma.
dHigh-grade glioma: anaplastic astrocytoma; anaplastic oligodendroglioma; GBM (there was no anaplastic oligoastrocytoma).
*First seizure could not be determined with certainty from records in 38 patients (N/A).
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use of levetiracetam over the years (44.6% in 2012) (Supplemen-
tary Fig. S2). There were no significant differences in age; tumor
histology, grade, and location; and resected status between the
seizure-free populations with and without prophylaxis (Table 1).
Logistic regression revealed that the only predictive factor associ-
ated with prophylactic AED use was extent of tumor resection for
patients with seizures compared with patients without seizures
(Table 2). Patients with complete resection received 2.03 times
more prophylaxis than patients with biopsy only (P¼ .007, OR¼
2.0292, 95% CI 1.2202–3.4177). The use of prophylactic AED
was not associated with a reduction in the prevalence of a first
seizure in perioperative and long-term settings (P¼ .91, HR¼
0.9627, 95% CI 0.5153–1.806) (Table 3). At 2 weeks, 3 months,
and 16 months postoperatively, 97.2%, 91.6% and 78.9% of pa-
tients on AED prophylaxis were still seizure-free, respectively,
compared with 96.9%, 93.8% and 79.6% of patients without pro-
phylaxis (Fig. 2).

Seizure Population

Of the 578 glioma patients, 210 (36.3%) had at least one seizure
preoperatively. Our seizure population was younger (17.6% ,40
years) (P , .0001) and had a higher proportion of males
(66.2%) (P¼ .007) and low-grade gliomas (22.5%) (P¼ .0003)
compared with the seizure-free populations. There was no differ-
ence in the tumor location or resected status between seizure
and seizure-free populations (Table 1). All 210 patients were
treated with AEDs: 93 (44.3%) were on monotherapy, 71
(33.8%) were on duo therapy and 46 (21.9%) were on a combina-
tion of three AEDs (Fig. 1). Overall, the most commonly adminis-
tered first-line AED was phenytoin, (81.8%) followed by
levetiracetam (14.1%) and carbamazepine (2.4%). Oxcarbaze-

Table 2. Logistic regression for predictive factors of prophylactic AED use
(population A compared to population B)

Parameters OR (odds ratio) 95% CI P Value

Age at diagnosis 0.9878 0.9671-1.0080 .23
Sex (male) 0.9244 0.5810-1.4668 .74
Occipital lobe 0.5572 0.1945-1.6151 .27
Parietal lobe 0.8954 0.4845-1.6663 .73
Temporal lobe 0.6101 0.3488-1.0586 .08
Gross complete resectiona 2.0292 1.2206-3.4177 .007
Partial resectiona 1.4587 0.6405-3.4620 .38
LGG vs HGG 0.7703 0.2801-1.9421 .59

aCompared with biopsy. Abbreviations: LGG, low-grade glioma; HGG,
high-grade glioma.
Population A, seizure-free patients without AED prophylaxis; Population B,
seizure-free with AED prophylaxis.

Table 3. Univariate & multivariate Cox proportional hazards analysis of first seizure prevalence by use of antiepileptic drug (AED) prophylaxis (or not),
controlling for factors influencing seizure rate (population A compared with population B)c using a time-dependent Cox proportional hazards regression
model (see also Figure 2)

AED HR (hazard ratio) 95% CI P Value

On first AED 0.9647 0.5153-1.8060 .91

Controlled Factors HR (hazard ratio) 95% CI P Value

On first AED 1.0225 0.5410-1.9324 .95
Age at diagnosis 1.0038 0.9772-1.0311 .78
Sex (male) 1.3897 0.7526-2.5660 .29
Gross complete resectiona 0.3719 0.1839-0.7523 .006
Partial resectionb 1.4357 0.6133-3.3606 .40
LGG vs HGG 1.5263 0.3605-6.4625 .57

aGross complete resection, resection of ≥ 95% of the preoperatively defined contrast-enhancing tumor portions on first MRI , 48 hours postsurgery.
bPartial resection, resection of , 95% of the preoperatively defined contrast-enhancing tumor portions on first MRI , 48 hours postsurgery.
cPopulation A, seizure-free patients without AED prophylaxis; Population B, seizure-free with AED prophylaxis.
Abbreviations: LGG, low-grade glioma; HGG, high-grade glioma.

Fig. 2. Efficacy of prophylactic AED to prevent a first seizure in populations
A and B. When a patient from population A was discontinuing his or her
prophylactic AED, he or she was categorized in population B.
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pine, topiramate, and clobazam each represented less than 0.5%
of prescribed AEDs.

Survival

The first quartile (25%) survival estimate for our entire study pop-
ulation was 230 days (95% CI 177–307) (Fig. 3). Of the 578 pa-
tients, 72 patients (12.5%) were dead at three months (56
[32.7%] in populations A and B vs 16 [7.6%] in population C). Sev-
enty percent of patients (95% CI 63–75) survived one year or lon-
ger. By the end of the study period, 40% of patients had died
(45% in population A, 62% in population B and 28% in population
C). Population C survived significantly longer than populations A

and B (P¼ .004) (Fig. 4). The HR estimated with a Cox proportional
hazards regression model and adjusted for sex, age, tumor loca-
tion and resection status was 0.56 (95% CI 0.3805 –0.8298)
(Table 4), with age at diagnosis (P , .0001) and complete resec-
tion (P , .0001) influencing survival the most. Survival time for
seizure-free patients was 1.78 times shorter than survival time
for seizure patients, whether or not seizure-free patients were
on AED prophylaxis.

Discussion
Our study showed that in our glioma cohort, spanning 6 years
(2006-2013), over 60% of seizure-naı̈ve patients were on

Fig. 3. Overall survival in study population. Population A, seizure-free
patients without AED prophylaxis; Population B, seizure-free with AED
prophylaxis; Population C, seizure population.

Fig 4. Overall survival in 3 groups (Kaplan-Meier). The seizure population
(C) survived longer than the seizure-free populations (A and B) (P¼ .04).

Table 4. Univariatea & multivariatea Cox proportional hazards analysis for survival, controlling for factors influencing survival

Populationa HR (hazard ratio) 95% CI P Value

Population B 1.1319 0.7770-1.6488 .52
Population C 0.5423 0.3742, 0.7859 .001

Controlled Factors HR (hazard ratio) 95%CI P Value

Population B 0.8574 0.5758-1.2471 .40
Population C 0.5619 0.3805-0.8298 .004
Sex (male) 1.0429 0.7516-1.4384 .80
Age at diagnosis 1.0599 1.0434-1.0768 ,.0001
Occipital lobe 0.5931 0.2694-1.3059 .19
Parietal lobe 1.1238 0.7320-1.7255 .59
Temporal lobe 1.0810 0.7487-1.5608 .68
LGG vs HGG 1.9961 0.9520-4.1854 .07
Gross complete resection 0.3835 0.2658-0.5534 ,.0001
Partial resection 0.6005 0.3333-1.0821 .09

aCompared with population A. Abbreviations: LGG, low-grade glioma; HGG, high-grade glioma.
Population A, seizure-free without AED prophylaxis; Population B, seizure-free with AED prophylaxis; Population C, seizure population.
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prophylactic AEDs at the time of surgery and close to a third were
still receiving AEDs at 3 months after surgery. The high use of AED
prophylaxis suggests that the AAN practice parameters for anti-
convulsant prophylaxis in patients with newly diagnosed brain tu-
mors are not followed. Indeed, the AAN quality standard
subcommittee recommended in 2000 that prophylactic anticon-
vulsants not be used routinely in patients with newly diagnosed
brain tumors. Furthermore, in patients with brain tumors who
had not had a seizure, tapering and discontinuing anticonvulsants
after the first postoperative week was deemed appropriate, partic-
ularly for those who are medically stable and who are experiencing
anticonvulsant-related side effects. In addition to their inability to
prevent a first seizure in this context, the risk of adverse events is
yet another reason to avoid unnecessary use of these drugs. Poten-
tial side effects include nausea, dizziness, tremor, blurred vision,
gait unsteadiness, cognitive impairment, dermatologic reactions,
liver dysfunction and myelosuppression. Furthermore, enzyme
inducers such as phenytoin, phenobarbital, and carbamazepine
may reduce corticosteroids’ efficacy, and result in markedly accel-
erated metabolism of some chemotherapeutic agents used in
gliomas such as nitrosoureas, irinotecan, and methotrexate. Corti-
costeroids and chemotherapeutic agents may in turn alter AED
metabolism, resulting in underdosing or overdosing.4

Our current observations corroborate studies performed both
prior to and following the publication of the 2000 AAN practice
parameters. A prospective longitudinal database of malignant gli-
oma patients seen at 55 centers between 1997 and 2000 showed
that 57% of North American patients were receiving prophylactic
AEDs.11 In a retrospective study from Brazil (2008– 2012), a
70.2% rate of AED prophylaxis was reported at 1 and 2 weeks
after surgery.8 Finally, two practice surveys on AED prophylaxis
for glioma patients in Canada (2003) and the United States
(2005) showed that 55% and 70% of responders, respectively,
either recommended or reported the routine use of AED prophy-
laxis.10,12 It is noteworthy that only 9% of Canadian physician re-
sponders were aware of existing guidelines in the 2003 survey,10

suggesting that physicians prescribing prophylactic AEDs contin-
ue to do so because it is common practice rather than because
they disagree with the AAN practice parameters. Findings from
our study show that since 2006, use of prophylactic AEDs has re-
mained common practice, even several years after the publica-
tion of the practice parameters. Only minimal reduction of AED
prophylaxis use was seen over the 6-year period of our study.
The fact that the only predictive factor associated with AED pro-
phylaxis use was the extent of resection may imply that neurosur-
geons fear seizures in craniotomies and gross total resections to a
greater extent than with biopsies.

While the rate of AED prophylaxis has remained relatively static
over the years, our data indicate an important change in the choice
of anticonvulsant. The use of levetiracetam rose from 2% before
2008 to 44.6% in 2012. The shift from phenytoin to levetiracetam
as the anticonvulsant of choice is most likely attributable to its fa-
vorable pharmacokinetic profile, rapid titration, lack of significant
interactions with antineoplastic agents and steroids,13 and better
safety profile. In three recent studies, levetiracetam was found to
be at least as efficacious but with fewer side effects than phenyt-
oin for the prevention of postoperative seizures in glioma pa-
tients.12,14,15 Nonetheless, until more data are available,
anticonvulsant prophylaxis (even with newer and possibly better
tolerated AEDs) is not supported due to an absence of short-term

and long-term efficacy.3 Not surprisingly, the prophylactic use of
AEDs in our own cohort did not influence the prevalence of first sei-
zures, as previously reported.

The use of AED prophylaxis did not affect survival in seizure-
naı̈ve patients. Our seizure group, which was younger, predomi-
nantly male, and with more low-grade gliomas, showed signifi-
cant increases in survival compared with seizure-naı̈ve patients
at the time of surgery. These results are consistent with previous
studies16,17 and can be attributable to confounding effects of a
younger age, associated with a lower grade pathology, and to
the fact that tumors associated with seizures are recognized ear-
lier, thereby conferring a better prognosis,18 rather than repre-
senting an independent risk factor for seizures.

Although this study is, to our knowledge, the largest and
the longest retrospective cohort exploring anticonvulsant use in
glioma patients, we acknowledge the limitations inherent to all
retrospective studies. For example, some seizures may have
gone unrecognized (especially if subtle or minor) or not men-
tioned at all in medical charts. The justifications for prescribing
prophylactic AED to each individual patient, as well as side effects
and toxicities of prophylactic AED use, could not be reliably deter-
mined by reviewing medical records. Postoperative follow-up visits
were not scheduled in a systematic fashion at regular intervals or
with standardized questionnaires. Type and dosage of anticonvul-
sant varied between patients and there was no formal assessment
of compliance or serum drug level assessments.

Despite these limitations, we feel that our findings are an ac-
curate reflection of our experiences in the neuro-oncology clinics
and in agreement with previous studies. This report may reflect
the need for further education regarding the use of AED prophy-
laxis for brain tumors and increased communication between
treating services. Efforts have been initiated at our institution to
correct this behaviour. A committee composed of neurosurgeons,
neuro-oncologists, radiation oncologists, neurologists, medical
oncologists, and oncology pivot nurse was created to standardize
our interdisciplinary practice regarding our use of prophylactic
AEDs in newly diagnosed gliomas; guidelines were posted on
our institution’s intranet; and oral presentations were given in
each of the involved departments to raise awareness towards
this topic. We plan to assess the impact of these interventions
in a follow-up study. Looking forward, our study may be used
as a new baseline comparison in future works to assess the effi-
cacy of corrective measures in dissemination of guidelines.

Conclusion
We present patterns of care for a large group of patients with
newly diagnosed glioma treated in the modern era. In our tertiary
care center, perioperative and long-term prophylactic AED use is
high, deviating from current AAN practice parameters and more
recent literature. Corrective measures are hence necessary. An in-
crease in new generation AED use for seizure prophylaxis was
noted, which may warrant a critical appraisal of recent evidence
with these newer AEDs to update AAN guidelines.

Supplementary Material
Supplementary material is available online at Neuro-Oncology
Practice (http://neuro-oncology practice.oxfordjournals.org/).
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