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Summary

Introduction: The American Association of Neurology issued guidelines discouraging the prophylactic use of anti-
epilepsy drugs (AEDs) in patients with brain tumors. We surveyed neurosurgeons to evaluate practice patterns with
regard to using AEDs in neurosurgical patients with brain tumors. Methods: The survey consisted of 18 questions.
Two group email blasts containing an internet link to the survey were sent to members of the American Association
of Neurological Surgeons with email addresses. Uni- and multi-variate analysis of the responses was performed
using t-test, Fisher’s exact test, or chi-squared test, where appropriate. Results: The response rate was 15.5% (386/
2491). The majority of respondents (270/386; 70.0%) had more than 5 years of experience in neurosurgery. Most
respondents described their practices as general (224/379; 59.1%); about one-third were members of the Joint
Section on Tumors (136/381; 35.7%). More than 70% of respondents reported routine use of AED prophylaxis for
patients with intra-axial gliomas or brain metastases. AED prophylaxis was also routinely used for extra-axial
benign tumors or stereotactic biopsies by 53.8% and 21.4%, respectively. On multivariate analysis, the number of
years in practice of ABNS certified neurosurgeons was the strongest predictor for the use of AED prophylaxis.
Conclusions: Routine use of AED prophylaxis in patients with brain tumors undergoing neurosurgical procedures
remains the prevailing practice pattern among members of the AANS. Additional larger prospective studies with
appropriate patient stratification culminating in development of neurosurgical guidelines on AED prophylaxis in
brain tumor patients is warranted.

Introduction

Seizures are a common manifestation of brain tumors.
Twenty to 40% of all brain tumor patients experience a
seizure prior to diagnosis and at least 20–45% more
will develop seizures at some point throughout the
course of the disease [1–7]. There is little debate about
the use of anti-epilepsy drugs (AEDs) once a seizure
has occurred as the risk of future seizures are pre-
dictable in this setting. Whether AEDs should be used
in patients who have a brain tumor but no prior his-
tory of seizures remains an open question. A number
of studies have attempted to answer this question [1, 2,
4, 6–11]. However, the use of different patient popu-
lations, epidemiologic techniques, and outcome mea-
sures have prevented the physicians who treat patients
with brain tumors from reaching a consensus regarding
the role of prophylactic AEDs. A critical analysis of
the medical evidence supporting the use of prophylactic
AEDs was performed by the American Academy of
Neurology. The product of this effort was the publi-
cation, in the year 2000, of a set of guidelines which
discouraged the prophylactic use of AEDs in brain
tumor patients [12]. It was the impression of the senior
author of this report (MAV) that most neurosurgeons
continue to use prophylactic AEDs for most brain
tumor patients who undergo a surgical procedure. In
collaboration with the American Association of Neu-

rological Surgeons (AANS) and the Congress of Neu-
rological Surgeons (CNS) Joint Section on Tumors and
with the technical support of the AANS, a survey of
the AANS membership was performed to evaluate
practice patterns with regard to the use of AEDs in
neurosurgical patients with brain tumors.

Methods

Participants

All AANS neurosurgeons (regular and resident mem-
bers) who had previously provided their email address
to the AANS were contacted to participate in the study.
Two email blasts containing an internet link to the
survey were sent to 3249 surgeons. Of those, 758 surveys
were returned due to an incorrect email address, which
left a total of 2491 potential respondents. The survey
link was active between January 14 and January 30,
2004, at which point the survey was closed.

Survey

The survey consisted of 18 questions. All respondents
received the same set of questions, which focused on the
use of AEDs in the following areas of surgical man-
agement of brain tumors: (1) surgery for benign
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extraaxial brain tumors; (2) surgery for low-grade intra-
axial brain tumors with a transcortical approach; (3)
surgery for high-grade intra-axial brain tumors with a
transcortical approach; (4) surgery for brain metastasis
and (5) stereotactic brain biopsy. Respondents were also
asked to indicate the size of their community (i.e. rural,
small urban center of less than 1 million population;
large urban center of over 1 million population), number
of years in practice, status of ABNS certification, type of
practice (i.e. solo, small private practice group of 1–3
surgeons, large private practice group of 4 or more
surgeons, or academic center), degree of specialization,
membership in the AANS/CNS Joint Tumor Section,
the total number of surgical procedures per year, the
percentage of brain tumor cases of the total number of
cases, and whether they performed epilepsy surgery on
the regular basis.
More specific questions about AED prophylaxis

were asked as well, such as the time of discontinuation,
monitoring, and adjustment of drug level, use of EEG
prior to discontinuation of AEDs, whether the patients
were referred to a neurologist, and when the AEDs
were discontinued if a patient had perioperative
seizure.

Statistical analysis

Uni- and multi-variate analysis of the responses was
performed using t-test, Fisher’s exact test, or chi-
squared test, where appropriate. This project was fun-
ded by the AANS/CNS Joint Section on Tumors and
technical support was provided by the AANS.

Results

Characteristics of the participant sample

Out of the 2491 electronically- contacted surgeons, there
were 386 completed surveys available for analysis
(15.5% response rate). Not all questions were answered
by all respondents. A summary of the characteristics of
the respondents is shown in Table 1.
The majority of respondents (270/386, 70%) had

more than 5 years of experience in neurosurgery. Most
respondents described their practices as general (224/
379, 59.1%); the remainder had a focused, subspeciality
neurosurgical practice (154/379, 40.6%). The majority
of respondents practiced in an academic setting (187/
384, 48.7%); of the remaining 197 respondents, 97
(25.3%) were in large private practice groups, 61
(15.9%) belonged to small private practice groups and
39 (10.2%) had solo practices.
Approximately one-third of respondents were mem-

bers of the Joint Section on Tumors of the AANS/CNS
(136/381, 35.7%). The majority (289/382, 77.6%) of
respondents did not describe themselves as epilepsy
specialty surgeons. However, one-quarter of respon-
dents (93/382, 24.4%) indicated that they perform epi-
lepsy surgery on a regular basis.
Overall, more than 70% of respondents reported

routine use of AED prophylaxis for patients with intra-
axial gliomas (77.7% in patients with high-grade glio-
mas and 74.0% in low-grade gliomas, 59.8% for awake
craniotomy with electrocorticography) or brain metas-
tases (70.8%). AED prophylaxis was also routinely used

Table 1. Summary of the characteristics of the respondents

Question Total number of

responses

Response subgroups Number (percentage) in

each response subgroup

1. Size of community 383 Large Urban 206 (53.8%)

Small Urban 164 (42.8%)

Rural 13 (3.4%)

2. Number of years in practice 386 Fellow/Resident 34 (8.8%)

�5 years 82 (21.3%)

6–10 years 75 (19.4%)

11–15 years 53 (13.7%)

>15 years 142 (36.8%)

3. ABNS board certified? 385 Yes 279 (72.5%)

No 106 (27.5%)

4. Type of practice 384 Solo 39 (10.1%)

Small private 61 (15.9%)

Large private 97 (25.3%)

Academic 187 (48.7%)

5. Degree of specialization 379 General neurosurgeon 224 (59.1%)

Subspecialized 155 (40.9%)

6. Epilepsy surgeon? 382 Yes 93 (24.4%)

No 289 (75.6%)

7. AANS/CNS Joint Section member? 381 Yes 136 (35.7%)

No 245 (64.3%)

8. Number of surgical cases in 2002 Median 250

Average 249.6

Range 10–800

9. Percent tumor craniotomies or biopsies Median 15%

Average 23.2%

Range 0–100%
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for extra-axial benign tumors or stereotactic biopsies by
53.8% and 21.4%, respectively.

Univariate analysis

For intra-axial low-grade (n ¼ 366 replies) and high-
grade tumors (n ¼ 367 replies), brain metastases (n ¼ 363
replies), and stereotactic biopsies (n ¼ 351 replies), we
found no statistically significant difference in the use of
prophylactic AEDs on univariate analysis with regard to
the surgeons’ years in practice, ABNS certification, type
of practice, degree of specialization, whether or not
epilepsy surgery was part of the regular practice, AANS/
CNS Joint Tumor Section membership and the per-
centage of brain tumor cases of the total number of cases.

Awake craniotomy with functional mapping (n ¼ 274
replies)
For these types of surgeries, surgeons with 5 or more
years of experience used prophylactic AEDs less fre-
quently than those who practiced less than 5 years
(54.0% vs. 70.0%, P ¼ 0.0094). ABNS certified neuro-
surgeons also used AEDs less often (55.7% vs. 68.1%,
P ¼ 0.0487). Surgeons who tended to specialize in brain
tumor craniotomies were more likely to use prophylactic
AEDs for awake craniotomies: Brain tumor surgeries
comprised 28.5 ± 25.2% of cases performed by neu-
rosurgeons who were more likely to administer AEDs,
compared to 20.8 ± 19.6% of operations performed by
surgeons using AEDs less often (P ¼ 0.0074). Other-
wise, no significant difference was noted in the use of
AEDs with regards to the type of practice, degree of
specialization, whether or not epilepsy surgery was part
of the regular practice, AANS/CNS Joint Tumor Sec-
tion membership, and total number of surgeries.

Benign extra-axial tumors (n ¼ 366 replies)
Surgeons who have been in practice for 5 or more years
indicated that they prophylactically administer AEDs
more often than their colleagues who have practiced less
than 5 years (58.7% vs. 42.9%, P ¼ 0.0052). ABNS
certified neurosurgeons used AEDs significantly more
than non-ABNS certified surgeons (57.8% vs. 43.7%,
P ¼ 0.0149). The use of AEDs in this patients’ group also
depended on the type of neurosurgeon’s practice: pa-
tients treated in small and large private practice groups
were somewhat more likely to receive AED prophylaxis
than patients of neurosurgeons working in academic
centers (59.3% and 67.8%, vs. 45.8%, P ¼ 0.0055). The
degree of specialization was a significant variable as well:
58.4% of patients treated by ‘‘general’’ neurosurgeons
received AEDs compared to 46.9% of patients treated in
subspecialty practices (P=0.0313). A significant differ-
ence in the use of AEDs was also noted between the
surgeons who performed epilepsy surgery as part of their
regular practice and those who did it sporadically (34.8%
vs. 59.9%, P < 0.0001). The total number of surgeries,
membership in the AANS/CNS Joint Tumor Section,
and their percentage of brain tumor cases were not sta-
tistically significant variables in the benign extra-axial
tumor group.

Multivariate analysis

On multivariate analysis, the number of years in practice
was associated with higher likelihood of using prophy-
lactic AEDs for patients with extra-axial brain tumors
(odds ratio 1.18 (1.04–1.38), P ¼ 0.04) and with a lower
likelihood for awake craniotomy with functional map-
ping (odds ratio 0.69 (0.57–0.83), P < 0.001). The
number of years in practice was also associated with a
lower likelihood of using AED prophylaxis amongst
ABNS certified neurosurgeons in the following groups:
intra-axial low-grade tumors with transcortical
approach (odds ratio 0.69 (0.51–0.93), P ¼ 0.01), intra-
axial high-grade tumors with transcortical approach
(odds ratio 0.68 (0.49–0.93), P ¼ 0.02) and brain
metastases (odds ratio 0.66 (0.50–0.893), P ¼ 0.005).
Multivariate analysis also demonstrated that in the be-
nign extra-axial group, neurosurgeons who performed
epilepsy surgery as part of their routine surgical practice
used AEDs significantly less frequently than their non-
epilepsy colleagues (odds ratio 0.39 (0.23–0.64),
P ¼ 0.0002).

Management of AEDs by neurosurgeons

An additional six survey questions addressed issues re-
lated to the choice and management of prophylactic
AEDs. Due to a data collection error, the responses
from question 16, which asked whether a neurology
referral was routinely obtained, were lost and therefore
were not available for analysis. The majority of
respondents start prophylactic AEDs before or at the
time of surgery (288/299, 96.3%). A wide range of
practices were utilized for deciding when to stop pro-
phylactic AED administration, but the majority of
respondents indicated that they would stop prophylactic
AEDs within 6 weeks of surgery (172/299, 57.5%, see
Table 2). In the event of a peri-operative seizure, how-
ever, the majority of respondents would continue AEDs
for at least 3 months (190/323, 58.8%) and fewer (69/
323, 21.4%) indicated that they would defer to a neu-
rologist for this decision. The majority of responding
neurosurgeons also indicated that they managed and
adjusted AED levels (where applicable) on their own
(204/248, 82.3%). Only 54 of 301 (17.9%) indicated that
they would obtain an EEG prior to stopping prophy-
lactic AEDs. Nearly all respondents (298/310, 96.1%)
used phenytoin as their agent of choice for seizure
prophylaxis.

Table 2. AED administration practices

Timing of AED discontinuation Number (percentage)

After 1 dose 3 (1.0%)

At hospital discharge 11 (3.7%)

After 1 week 55 (18.4%)

After 2 weeks 25 (8.4%)

After 4–6 weeks 78 (26.1%)

After 3 months 72 (24.1%)

After 6 months 26 (8.7%)

After 1 year 8 (2.7%)

Other 21 (7.0%)
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Discussion

Limitations of this study

The major limitation of our study is that it is solely based
on the retrospective, self-reported data. One problem
stemming from this study design is that the respondents
might be influenced by the pressure to follow some
published guidelines, and provide the answers they be-
lieve the authors of the study would want them to pro-
vide. The results of our study, however, showed that the
opinion of the majority of the responding neurosurgeons
was contrary to what the AAN guidelines recommended.
Another limitation is that the respondents simply could
have poor recall of their own practice patterns [13,14].
The third limitation lies in the fact that only 15.5% of the
targeted practitioners responded, which could by itself
create some bias. Nonetheless, 386 replies represent an
opinion of the significant cohort of surgeons and exceeds
the number of respondents in the previous surveys. Fi-
nally, although almost half of the respondents were from
various academic centers, we believe this should not
create a bias as, in our opinion, a large proportion of
brain tumors are treated in larger centers which have
access to more technologically advanced surgical tools.

Prophylactic anticonvulsants in brain tumors: what
does the survey reflect?

One of the main recommendations of the American
Association of Neurology guidelines on anticonvulsant
prophylaxis in brain tumor patients without prior his-
tory of seizures was that the routine use of AEDs should
be discouraged. Moreover, the guidelines emphasized
the negative sequelae of AEDs interactions with cyto-
toxic drugs and steroids seen in 20–40% of brain tumor
patients. This is particularly the case with the new small
molecule drugs used for targeted therapy of gliomas.
The metabolism of many of these agents is profoundly
affected by the administration of hepatic enzyme-
inducing anti-epileptics (e.g. phenytoin, carbamazepine),
and separate arms (on- or off-enzyme inducing AEDs)
must be created for evaluating these agents in clinical
trials. Although the evidence does not support the rou-
tine use of AEDs in this population, the reality, as
demonstrated by our survey, shows that the absolute
majority of neurosurgeons still prefer to administer
AEDs to brain tumor patients.
Somewhat similar results were published by Brouwers

et al, who surveyed 122 practitioners, the majority of
whom were neurologists and oncologists, and only
22.1% were neurosurgeons [15]. Interestingly, 70% of
mostly non-surgical practitioners indicated that periop-
erative anticonvulsant prophylaxis either ‘‘always’’ or
‘‘sometimes’’ indicated. If, however, not only surgical
patients were considered, 80% of respondents noted
that less than 25% of their clinical cases involved the use
of AEDs. Therefore there is a considerable difference
between the principles summarized in the AAN guide-
lines and the realities of brain tumor patient manage-
ment by neurosurgeons and other practitioners.

Our impression is that neurosurgeons seem to remain
more enthusiastic about perioperative AED use in brain
tumor patients than other practitioners. One explana-
tion for this observation is that there is a desire to avoid
possible negative sequelae of seizures in post-operative
period, such as a hypothetically increased risk of
bleeding immediately after surgery, neurologic decline,
or even seizure-associated death. A peri-operative sei-
zure could have quality of life implications as well, as
many states restrict driving privileges for months, even
up to 1 year, after a single seizure.
Before the survey, we hypothesized that the number

of years in practice of ABNS certified neurosurgeons
would be associated with higher likelihood of using
prophylactic AEDs and specialization in epilepsy sur-
gery with lower likelihood of AED prophylaxis. Al-
though most of the studies discouraging the
prophylactic use of AEDs have been done in the past
20 years, their results have never been presented sys-
tematically and the attention of the practitioners treat-
ing brain tumor patients has not been drawn to this issue
until the publication of the American Association of
Neurology guidelines 4 years ago and the publicity it
earned. This could likely affect the training and philos-
ophy of a substantial number of neurosurgeons. The
results of the survey, however, showed that the older
neurosurgeons were, in a sense, more in line with the
AAN recommendations using AED prophylaxis less
frequently in all patients groups except extraaxial brain
tumors. As for the epilepsy specialization, our results
showed the initial hypothesis to be true only in relation
to patients with extraaxial brain tumors as well. In all
other patients groups the approach of epilepsy neuro-
surgeons to AED prophylaxis was no different from the
rest of neurosurgeons.
Another observation from our survey is that the

decisions on the use of AEDs in brain tumor patients are
generally not influenced by the membership in the
AANS/CNS Joint Section on Tumors, and the size and
type of practice. This finding probably reflects the fact
that none of the neurosurgical organizations to date
have produced any formal guidelines for seizure pro-
phylaxis in general for neurosurgical patients, and in
brain tumor patients in particular. The only exception to
this observation are guidelines for the use of prophy-
lactic anticonvulsants after traumatic brain injury pub-
lished by the Brain Trauma Foundation with the
American Association of Neurological Surgeons, Joint
Section on Neurotrauma and Critical Care [16]. One of
the standards of these guidelines is that routine use of
AEDs after one week following brain injury is not rec-
ommended for prevention of late seizures. These
recommendations, however, cannot be directly extra-
polated to brain tumor patients.
Finally, it is important to emphasize that variations in

practice can be based on the needs, morbidity rates and
variations in consumer preferences for different out-
comes in specific patient groups [8]. Therefore, in some
situations, the decision to follow or deviate from the
guideline is not explicitly right or wrong [15,17]. None-
theless, we believe introduction of the prophylactic AED
use guidelines is important in bringing scientific evidence
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to the area of standardization and optimization of pa-
tient care.

What are the future directions?

The main shortcomings of previous studies of prophy-
lactic use of AEDs in brain tumor patients are the ret-
rospective nature of most of them and the relatively
small number of patients. Another important issue is
that only three AEDs have been evaluated: phenytoin,
carbamazepine, and valproic acid. New generation
AEDs, such as levetiracetam (Keppra�), although
widely used, have not been evaluated in clinical trials.
Additional larger prospective studies with inclusion of
newer drugs are, therefore, warranted.
Another area of interest might be the consideration of

various subgroups of brain tumor patients. For in-
stance, some types of brain tumors (e.g. located in the
vicinity of the motor strip, melanomas, and hemorrhagic
lesions) were shown to be more prone to manifest with
seizures [7,18–21]. Thus, evaluation of possible benefits
(or lack thereof) in studies with appropriate patient
stratification may also be necessary in creation of future
guidelines.
In summary, the results of our survey demonstrated

that routine use of AED prophylaxis in patients with
brain tumors undergoing neurosurgical procedures re-
mains the prevailing practice pattern among members of
the AANS despite the lack of convincing evidence in
support of such approach. Further investigation in this
area will be necessary before a comprehensive neuro-
surgical set of guidelines on prophylactic use of AEDs in
patients with brain tumors can be created.
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