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Seizures are a well-described complication of acute brain injury and neurosurgery. Antiepileptic drugs
(AEDs) are frequently utilized for seizure prophylaxis in neurocritical care patients. In this review, the
Neurocritical Care Society Pharmacy Section describes the evidence associated with the use of AEDs
for seizure prophylaxis in patients with intracerebral tumors, traumatic brain injury, aneurysmal sub-
arachnoid hemorrhage, craniotomy, ischemic stroke, and intracerebral hemorrhage. Clear evidence
indicates that the short-term use of AEDs for seizure prophylaxis in patients with traumatic brain
injury and aneurysmal subarachnoid hemorrhage may be beneficial; however, evidence to support the
use of AEDs in other disease states is less clear.
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The use of antiepileptic drugs (AEDs) for sei-
zure prophylaxis in neurocritical care patients is
controversial. Because of the potential risk of
seizures affecting outcomes in neurocritical care
patients, practitioners have used AEDs for sei-
zure prophylaxis in a variety of disease states

including intracerebral tumors, traumatic brain
injury (TBI), aneurysmal subarachnoid hemor-
rhage (aSAH), intracerebral hemorrhage (ICH),
ischemic stroke, and for patients undergoing a
craniotomy. However, the incidence of seizures
and the AEDs used in these disease states vary
greatly with the extent of neurologic injury,
lesion location, and interventions performed.
In this article, the Neurocritical Care Society

Pharmacy Section has reviewed literature related
to the use of seizure prophylaxis in neurocritical
care patients. The Neurocritical Care Pharmacy
Section represents pharmacists practicing in
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clinical, educational, and research roles within
the field of neurocritical care. The section sup-
ports the mission of the Neurocritical Care Soci-
ety and strives to advance neurocritical care
practice through the provision of quality patient
care, professional collaboration, research, train-
ing and education, and advocacy. We believe
this article will provide readers with a compre-
hensive review of the evidence behind the use of
AEDs for seizure prophylaxis in neurocritical
care patients.

Intracerebral Tumors

Seizures are extremely common in patients
with brain tumors, occurring as the presenting
symptom in ~40% of patients.1 Seizure prophy-
laxis is often considered for these patients
because 20–45% with no prior history of sei-
zures will develop seizures during the course of
their disease.1, 2 The risk of developing seizures
varies with tumor type and location. For exam-
ple, seizures are more likely in the setting of a
primary brain tumor than a metastatic lesion,
more likely with a low-grade glioma than a
high-grade glioma, and more likely with specific
tumor types such as dysembryoplastic neuroepi-
thelial tumors than with meningiomas.2

In 2000, the American Academy of Neurology
(AAN) published a practice parameter regarding
seizure prophylaxis in patients with newly diag-
nosed brain tumors based on 12 studies.1 Four
of the 12 studies provided level I evidence (e.g.,
randomized controlled trial or controlled clinical
trials), and the remainder of the studies were
level II evidence (well-designed observational
studies). Among the AEDs studied were phenyt-
oin, valproic acid, and phenobarbital. The med-
ian follow-up time in these trials varied from
5.44 to 19 months. Of all these studies, only a
single retrospective trial showed a significant dif-
ference between patients receiving prophylaxis
compared with no prophylaxis. In this trial,
there were fewer seizures in the group receiving
no prophylaxis. In the seven studies that fol-
lowed AED serum concentration, many patients
(42%) had subtherapeutic concentrations at the
time of seizure, which may have blunted any
positive treatment effect. Adverse effects were
frequently noted in these trials, with 15% of
patients experiencing rash; 5% experiencing
nausea and vomiting, encephalopathy, ataxia,
increased liver enzymes or gum pain; and 3%
experiencing myelosuppression.1 The AAN prac-
tice parameter concluded that AEDs are not

effective in preventing seizures in patients with a
newly diagnosed brain tumor and no prior his-
tory of seizures.
A meta-analysis published in 2004 evaluated

five randomized controlled trials, three of which
were evaluated in the previously mentioned
AAN practice parameter.3 The medications eval-
uated were phenobarbital (n=2), phenytoin
(n=4), and valproic acid (n=1) versus either a
placebo or no treatment. In three of the five tri-
als, patients underwent surgical debulking or
resection. Patients with both primary brain
tumors and metastatic lesions were included.
Four of the five trials showed no benefit of sei-
zure prophylaxis in patients with brain tumors.3

The fifth trial specifically evaluated the effect of
phenytoin on the incidence of postoperative sei-
zures in patients with brain tumors as well as
others undergoing a craniotomy.4 The trial uti-
lized phenytoin 100 mg 3 times/day after a load-
ing regimen of 250 mg twice/day started in the
immediate postoperative period. Treatment with
phenytoin was continued for 12 months. Of the
281 patients included in the analysis, only 81
patients had undergone surgery for a brain
tumor (phenytoin group n=42, placebo group
n=39). When evaluating high-risk patients
(those with aSAH, TBI, and meningioma), this
investigation concluded that phenytoin signifi-
cantly reduced the incidence of seizures at day
30 (5 seizures vs 16 seizures; p<0.05) and day
343 (8 seizures vs 20 seizures; p<0.05). When
patients with metastasis were also included in
this analysis, no difference was observed in sei-
zure rates between those treated with phenytoin
and placebo.4 Despite this one trial, the meta-
analysis failed to find evidence to support the
use of the agents just cited in patients without a
history of seizures, regardless of tumor type.3

In 2008, a Cochrane Review evaluated the
same five randomized controlled trials as the
previous meta-analysis.5 The authors largely
came to the same conclusion as the 2004 meta-
analysis; however, they were more guarded in
their recommendations. This review emphasized
that the current evidence neither supports nor
refutes the efficacy of prophylactic AEDs in
patients with brain tumors, and it applies only
to the agents included in these trials: phenobar-
bital, phenytoin, and valproic acid. In addition,
the review highlighted a significant increase in
adverse events for those patients who received
prophylactic AEDs (risk ratio [RR] 6.10, 95%
confidence interval [CI] 1.10–34.63). Two
recent trials address the use of levetiracetam for

2 PHARMACOTHERAPY Volume **, Number **, 2013



seizure prophylaxis in patients undergoing sur-
gery for brain tumors. The first was a retrospec-
tive cohort of 78 patients surgically treated for
primary and secondary brain tumors. Patients
received between 1000 and 3000 mg of leveti-
racetam beginning in the perioperative period.
Those patients who received levetiracetam had a
seizure rate of 2.6% in the first week following
surgery. The authors note that this is lower than
the previously published rate of 15–20% in those
patients who did not receive prophylactic AEDs.
In addition, the authors saw a 6.4% rate (five
patients) of adverse events in their cohort. These
included progressive somnolence and reactive
psychosis.6 The second study describes a retro-
spective cohort of patients undergoing surgery
for a variety of brain tumors, most commonly
glioblastoma multiforme, meningioma, astrocy-
toma, and metastasis, who had not previously
experienced a seizure. Patients received either
phenytoin (n=154) or levetiracetam (n=81). Phe-
nytoin was administered as a perioperative
750 mg loading dose and then continued for
24 hours as a continuous infusion of 30 mg
/hour. This was followed by conversion to intra-
venous or oral phenytoin, which was tapered
from 300 mg/day to 50 mg/day on postoperative
day 5. Levetiracetam was given as a 1000-mg
perioperative loading dose, followed by a second
1000-mg dose that day. It was then administered
as 1000 mg twice/day and tapered to 500 mg
twice/day by postoperative day number 5. There
was no difference in the rate of postoperative
seizures between the two groups, with 2.5% of
the levetiracetam group experiencing a seizure
compared with 4.5% in the phenytoin group
(p=0.66). None of the patients in either cohort
had a documented adverse event to the medica-
tions.7 Although both of these studies are small
and possibly underpowered, they suggest that
levetiracetam may be a viable alternative to phe-
nytoin to prevent seizures in those patients
undergoing surgery for brain tumors.
Guidelines specifically addressing the use of

prophylactic AEDs in patients with metastatic
brain lesions were published in 2010.8 They
were developed on the basis of a subgroup
analysis of a single randomized controlled trial
that was also included in the previous meta-
analysis and Cochrane review.9 This trial
included 60 patients with metastatic brain
lesions who were randomized to treatment
(either phenytoin or phenobarbital) or no treat-
ment and found no difference in seizure inci-
dence between the two groups. The authors

observed that metastatic lesions are less likely to
cause seizures than primary brain tumors. In
addition, trials with mixed populations have not
demonstrated a benefit, and it is unlikely that
seizure prophylaxis would show a benefit in
patients with metastatic brain lesions. Therefore,
routine seizure prophylaxis with AEDs is not
recommended in patients with metastatic brain
lesions and no prior history of seizures.8

Since the publication of the 2010 guidelines
regarding prophylactic AEDs for brain metasta-
ses, two key articles have been published. The
first was a randomized controlled trial of short-
course AED prophylaxis (7 days of phenytoin)
versus no prophylaxis in patients with intrapa-
renchymal brain tumors. Due to futility, the trial
was terminated early. At closure, a total of 123
patients (77 with metastases and 46 with glio-
mas) were included. Overall, there was no differ-
ence in the seizure incidence between the
prophylaxis and observational groups (24% vs
18%; p=0.51). However, there were a higher per-
centage of adverse events in the prophylaxis
group as compared with the observational group
(18% vs 0%; p<0.01). The adverse events
reported in the study included rash, elevated
liver enzymes, thrombocytopenia, confusion,
aphasia, decreased level of consciousness, nau-
sea, vomiting, dry itchy skin, ataxia, and photo-
phobia. The authors concluded that the use of
prophylactic AEDs for patients undergoing
resection of intraparenchymal brain tumors does
not improve the incidence of seizures but puts
the patient at a higher risk of adverse drug
events.10 The second article was a meta-analysis
of patients undergoing resection of supratentori-
al meningioma from 1979 through 2010. From
19 studies, a total of 553 patients were included
in the AED group and 145 in the no-AED group.
More than half of the included studies were ret-
rospective (n=11) or case reports (n=5). The
AED group was treated with a variety of AEDs
including phenytoin, valproic acid, carbamaze-
pine, lamotrigine, and levetiracetam. When the
AED group and no-AED groups were compared
with regard to early (1.4% vs 1.4%, p>0.05) or
late seizures (8.8% vs 9.0%, p>0.05), there was
no statistical difference. The authors of this
meta-analysis concluded that their review does
not support the routine use of prophylactic
AEDs in patients undergoing supratentorial
meningioma resection.11 Both of these articles
support earlier evidence against the use of pro-
phylactic AEDs in patients with intraparenchy-
mal brain tumors or supratentorial meningiomas

SEIZURE PROPHYLAXIS IN NEUROCRITICAL CARE Shaun Rowe et al 3



and that the use of prophylactic AEDS may
increase adverse drug events.
Overall, current treatment guidelines and lit-

erature do not support the use of routine seizure
prophylaxis in patients with primary brain
tumors or metastatic lesions.12 The use of AEDs
is complicated in these patients because of the
potential for significant drug interaction with
commonly administered chemotherapeutic
agents such as erlotinib, gefitinib, irinotecan,
and temsirolimus, and the potential for serious
cutaneous adverse events such as Stephens-John-
son syndrome and toxic epidermal necrolysis in
patients undergoing cranial radiation therapy.13, 14

Administration of enzyme-inducing AEDs should
be avoided in patients receiving regimens con-
taining these chemotherapeutic agents. However,
perioperative administration of AEDs may be
appropriate because enzyme induction occurs
after the first 1–2 weeks of therapy. It remains
unclear if newer AEDs, which do not require
therapeutic drug monitoring, have fewer drug-

drug interactions, and have a superior adverse
effect profile, have a role in this patient popula-
tion. There are ongoing investigations assessing
the role of some of these newer AEDs. Table 1
summarizes the primary literature related to the
use of AEDs in patients with intracerebral
tumors.

Traumatic Brain Injury

Posttraumatic seizures (PTS) in TBI patients
are classified as either early PTS, defined as a
seizure within the first 7 days of injury, or late
PTS, defined as a seizure occurring more than
7 days after injury. The incidence of early PTS
in TBI patients has been correlated with the
severity of the injury, with penetrating injuries
having the highest incidence of PTS in ~50% of
patients, and other high-risk patients (depressed
skull fractures, subdural hematomas, intracere-
bral hematomas, Glasgow Coma Scale lower
than 10, or cortical contusions) estimated to

Table 1. Selected Articles on the Use of Seizure Prophylaxis in Patients with Intracerebral Tumors

Trial design and intervention Total number of patients Main outcomes and results
3 Meta-analysis of controlled trials regarding

AED prophylaxis efficacy from 1966–2004
Five trials met inclusion
criteria (n=403)

No benefit to AED use at 1 wk (OR 0.91; 95%
CI 0.45–1.83)
No benefit to AED use at 6 mo (OR 1.01;
95% CI 0.51–1.98)
No effect on seizure prevention for primary
glial tumors, cerebral metastases, and
meningiomas

4 Double-blind, placebo-controlled trial of
phenytoin vs placebo after supratentorial
surgery PHT 250 mg IV twice/day, then
100 mg 3 times/day or matching placebo for
12 mo

PHT Group n=140;
placebo group n=141

No difference in seizure rate at 12 mo in PHT
and placebo groups (10 vs 6 seizures, p=NS)
Lower seizure rate in PHT group up to
30 days postsurgery (8 vs 20 seizures;
p<0.025)
High-risk patients (those with aneurysms,
head injury, or meningioma) in the PHT
group had a lower rate of seizures at
30 days (5 vs 16, p<0.05) and at 365 days
(8 vs 20, p<0.05)

5 Meta-analysis of controlled trials regarding
AED prophylaxis efficacy from 1966–2007

Five trials met inclusion
criteria

Regardless of intervention, there was no
difference in prevention of first seizure (RR
0.94, 95% CI 0.55–1.61; p=0.82)
Use of AED increased the risk of adverse
event (OR 6.10, 96% CI 1.10–34.63,
p=0.046)

8 Meta-analysis of trials regarding patients with
solid brain metastases without a seizure from
1990–2008

One study met inclusion
criteria (n=100)

No difference in seizure risk in patients
treated with AEDs and no AEDs, p=0.9

10 RCT of PHT vs observation in patients
undergoing resection of intraparenchymal
tumors PHT load 15 mg/kg followed by
100 mg every 8 hrs for 7 days

Observation (n=61)
(PHT n=62)

No difference in early seizure incidence (8%
vs 10%, p=1.0)
More adverse events in the prophylaxis group
(0 vs 18%, p<0.01)

11 Meta-analysis of patients undergoing
supratentorial meningioma resection

19 studies included No difference in early seizures (1.4% vs 1.4%,
p>0.05) or late seizures (8.8 vs 9.0, p>0.05)

AED = antiepileptic drug; OR = odds ratio; CI = confidence interval; PHT = phenytoin; IV = intravenous; NS = not significant; RR = risk
ratio; RCT = randomized controlled trial.
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range from 20% to 25%.15 Investigators have
reported that 20–25% of all patients who sustain
a severe TBI (GCS lower than 8) will experience
at least one PTS.16

For many years, the use of AEDs for early sei-
zure prophylaxis was the standard of care after
TBI, with phenytoin the most commonly pre-
scribed AED. Previous retrospective analyses
hypothesized that phenytoin would be effective
at reducing PTS.17, 18 In 1983, a prospective
study found no difference in early seizure rates
between patients who received phenytoin or pla-
cebo prophylactically.19 Other earlier small ran-
domized trials of carbamazepine and phenytoin
also produced conflicting results with regard to
reducing PTS in TBI.20, 21 Most of these early
studies were inconclusive either because of their
retrospective design17, 18 or had they had sub-
therapeutic drug concentrations.19, 21

A pivotal 1990 study was a randomized dou-
ble-blind trial comparing a 20 mg/kg loading
dose of phenytoin and doses adjusted thereafter
to achieve therapeutic concentrations versus pla-
cebo in severe TBI patients. A total of 404
patients were included in the analysis. The
authors found that the seizure incidence in the
first week was significantly lower in the phenyt-
oin-treated patients as compared with the pla-
cebo-treated patients (3.6% vs 14.2%, p<0.001,
respectively). However, there was no decrease in
the incidence of late seizures. In addition, a
higher percentage of patients in the phenytoin
group withdrew from the trial due to rash.22 A
follow-up study confirmed that long-term pro-
phylaxis with phenytoin in severe TBI decreased
functional performance at 1 month.23

In a randomized trial, valproate was shown to
be as effective as phenytoin at reducing early
PTS, but it had no effect on late PTS. The
authors also noted a trend toward increased
mortality in the valproate group.24 Due to this
risk, valproate is generally not recommended for
the prophylaxis of PTS.
In 2001, a meta-analysis evaluating AEDs for

seizure prophylaxis showed that only phenytoin
and carbamazepine were effective in reducing
early PTS but that no AED was effective at
reducing late PTS.25 In addition, a Cochrane
systematic review of randomized clinical trials
regarding seizure prophylaxis in TBI patients
was conducted in 2010.26 The review consisted
of six trials including 1405 patients: four trials
with phenytoin, one trial with carbamazepine,
and one trial with phenobarbital. Two trials not
previously analyzed in a review or meta-analy-

sis were also included. One trial found benefit
in preventing late PTS with therapeutic level
phenytoin; the other found no benefit in late
PTS from phenobarbital.27, 28 This Cochrane
review concluded that the use of AEDs was
favorable for the prophylaxis of early PTS
(0.34, 95% CI 0.21–0.54) and not favorable
for late PTS (RR 1.28, 95% CI 0.90–1.81).
However, seizure control in the acute phase
showed no reduction in mortality or neurologic
disability.26

Murine animal models of brain ischemia and
closed head injuries suggest that levetiracetam
may be neuroprotective,29, 30 and there is an
increasing trend in using levetiracetam for PTS
prophylaxis.31 Levetiracetam offers some advan-
tage over other AEDs in that it does not require
serum concentration monitoring, has favorable
pharmacokinetic properties, excellent bioavail-
ability, and no known drug interactions.
Although behavioral disturbances are associated
with levetiracetam such as agitation, aggression,
and anxiety (less than 10%), these disturbances
are less than what was observed with carbamaze-
pine.32, 33 In a small underpowered pilot trial
comparing levetiracetam (500 mg twice/day) to
phenytoin (no dose given) for preventing sei-
zures in the first week in 32 patients with TBI,
there was no difference in seizure activity
between levetiracetam and phenytoin (6.7% vs
0%; p=0.556).34 Interestingly, when evaluating
1-hour electroencephalographs (EEGs) in the
levetiracetam group and historical controls in
the phenytoin group, abnormal EEGs were more
frequent with the levetiracetam group (53.3% vs
0%; p=0.003). Due to the differences in mea-
surement, the clinical significance of this finding
was unclear.34 Another study also prospectively
examined seizure prophylaxis with levetiracetam
(maximum dose 1500 mg twice/day) versus phe-
nytoin (dose adjusted to achieve a maximum
phenytoin concentration of 20 lg/ml) in a 2:1
randomized trial. There was no significant differ-
ence detected in adverse events between the
groups. In addition, the authors did not detect a
difference in early seizure rates (phenytoin
group 3 of 18 vs levetiracetam 5 of 34; p=1.0).
However, the authors did observe lower Disabil-
ity Rating Scale scores at 3 and 6 months (11 vs
5; p=0.006 and 6 vs 3; p=0.037), and higher
Extended Glasgow Outcomes Scale scores at
6 months (3 vs 5; 0.016) with levetiracetam.35

Current guidelines published by the Brain
Trauma Foundation recommend that prophylac-
tic AEDs be administered only for the first
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7 days after injury (level II evidence).36 In addi-
tion, the AAN recommends that prophylactic
administration of phenytoin is “established as
effective” for the prevention of early PTS.37 Both
of these guidelines were published before trials
evaluating levetiracetam for seizure prophylaxis
were published. Due to the potential for
improved cognitive outcomes and a better
adverse event profile, levetiracetam may be a
reasonable alternative to phenytoin. Table 2
summarizes the primary literature related to the
use of AEDs in patients with TBI.

Aneurysmal Subarachnoid Hemorrhage

The reported incidence of seizures after aSAH
may be as high as 20%. This is in part due to
the occurrence of seizures and seizure-like phe-
nomena at the time of aneurysm rupture and
their association with early complications such
as rebleeding.38–42 Following aneurysm treat-
ment and discharge, the incidence of seizures
appears low and may be related to the method
the aneurysm was secured, thickness of the sub-
arachnoid clot, aneurysm location, presence of

Table 2. Selected Articles on the Use of Seizure Prophylaxis in Patients with Traumatic Brain Injury

Trial design and intervention Total number of patients Main outcomes and results
22 Prospective, randomized, placebo-

controlled trial of PHT or matching
placebo in patients with severe head
injury

PHT group, n=208;
placebo, n=196

Lower number of seizures within 7 days in the
PHT-treated group (3.6 � 1.3 vs 14.2 � 2.6;
p<0.001)
No difference in the percentage of patients
experiencing a seizure within 1 yr (PHT
21.5% � 3.6% vs placebo (15.7%�3.2%;
p>0.2) or at 2 yrs (PHT 27.5 � 4.0 vs
placebo 21.1 � 3.7, p>0.2)
More patients in the PHT group stopped
taking study drug due to adverse events
(p<0.01)

24 Prospective, randomized, single-
center, parallel-group clinical trial
of PHT and VPA in patients with
severe head injury

PHT for 1 wk group,
n=132
VPA for 1 mo group,
n=120
VPA for 6 mo, n=127

No difference in treatment groups with regard
to seizures rates within 7 days (PHT 1.5% vs
combined valproate 4.5%; p=0.14)
Survival analysis revealed no difference in
late seizures between groups (p=0.19)
Significantly higher AST levels in PHT group
at day 4, 14, and 1 mo (p=0.0001–0.02)
Lower platelet counts in the valproate group
(p=0.0001–0.03); however, no difference in
the fraction of patients below 100 000
platelets

25 A meta-analysis of trials regarding
the use of AEDs for seizure
prophylaxis

48 studies identified
with 13 that included
treatment for
posttraumatic seizures

Treatment with PHT (OR 0.3, 96% CI 0.9–
0.59) and carbamazepine (OR 0.39, 95% CI
0.17–0.92) decreased the risk of early
seizures in brain injury
Treatment with phenobarbital (OR 0.3, 95%
CI 0.03–2.81) and phenytoin plus
phenobarbital (OR 0.15, 95% CI 0.01–2.94)
did not reach a statistical difference for
prevention of early seizures; no AED or
combination of AEDs reached significance
for prevention of late seizures

34 A prospective historical control
clinical trial comparing 7 days of
LEV with a historical control of
patients receiving PHT

LEV group, n=15
PHT group, n=12

Increased rate of seizure tendency in the LEV
group (0% vs 46.7%, p=0.007)
No difference in seizure activity (0% vs 6%,
p=0.556)
More abnormal EEG interpretations in LEV
group (0% vs 53.3%, p=0.003)

47 Prospective, single-center,
randomized, single-blinded
comparative trial of LEV and PHT
for seizure prophylaxis in patients
with severe head injury

LEV group, n=34 PHT
group, n=18

Better functional outcome at 3 mo as
measured by the disability rating score in the
LEV group (p=0.042)
No difference in seizure occurrence during
continuous EEG monitoring (p=1.0), at
6 mo (1.0) or in mortality (0.227)

PHT = phenytoin; VPA = valproic acid; AST = aspartate aminotransferase; AED = antiepileptic drug; OR = odds ratio; CI = confidence inter-
val; LEV = levetiracetam; EEG = electroencephalography.
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subdural hematoma, and secondary cerebral
infarction.39, 41, 42 After a 14-year follow-up
period, data from the International Subarach-
noid Aneurysm Trial demonstrated a higher
incidence of posttreatment seizures in patients
who underwent surgical clipping compared
with endovascular coiling (13.6% vs 8.3%,
p=0.014).40

The use of prophylactic AEDs in the
perioperative setting is common, although contro-
versial.43 The incidence of seizures appears low,
the influence of seizures on outcomes is unclear,
and many risk factors for seizures have been
identified with little consistency.39, 41, 42, 44 Ran-
domized controlled trials demonstrating the
safety and efficacy of prophylactic AEDs in
patients with aSAH are lacking. Additionally,
studies have demonstrated worse neurologic
outcomes with prophylactic AEDs.43, 45

The literature examining the efficacy of pro-
phylactic AEDs is mostly observational and pre-
dominantly focuses on phenytoin. A 1995 article
describes the early use of a short perioperative
course of phenytoin (900–1100 mg load fol-
lowed by 300 mg/day) for seizure prophylaxis.
Low-risk patients—defined as those without a
history of seizure disorder, cerebral ischemia,
parenchymal clot, postoperative hematoma, or
concomitant arteriovenous malformation (AVM)
resection–received an average of 5.3 days of
therapy. The authors noted a low overall seizure
incidence of 5.4% after an average of 2.4 years
of follow-up and thus advocated no more than
7 days of phenytoin prophylaxis for low-risk
patients.38 Other researchers took these data a
step further and compared their practice of phe-
nytoin prophylaxis (1000 mg loading dose fol-
lowed by 300 mg/day) through hospital
discharge (average 14 days) to prophylaxis for
3 days. This retrospective analysis of 453
patients found a similar incidence of seizures
between the two groups during hospitalization
(discharge vs 3 days: 1.3% vs 1.9%, p=0.6) and
at follow-up (5.7% vs 4.6%, p=0.6), which ran-
ged from 3 to 12 months. They also observed a
significant reduction in the incidence of drug
reactions (8.8% vs 0.5%, p=0.002).46 A subse-
quent study further examined the association
between phenytoin exposure and harm by quan-
tifying phenytoin burden (average phenytoin
concentration x time between first and last
serum concentration measurement) and then
investigating its impact on outcomes. This study
included 527 patients and identified increasing
phenytoin burden as an independent predictor

of poor functional outcome at 14 days (OR per
quartile 1.5, 95% CI 1.2–1.9) and was associated
with poor cognitive outcome at 3 months
(p=0.003).45 The effect of phenytoin exposure
on outcome was also assessed by researchers
who examined data collected in 3552 patients
who participated in four randomized placebo-
controlled trials investigating tirilazad. Sixty-five
percent of patients received at least one AED, of
which phenytoin was the most common
(52.8%). Phenobarbital (18.7%) and carbamaze-
pine (2.3%) were the other commonly used
AEDs in this study. Adjusting for study center,
World Federation of Neurologic Surgeons grade,
age, and admission systolic blood pressure, AED
therapy was found to be an independent predic-
tor of unfavorable 3-month outcome using the
Glasgow Outcome Scale (OR 1.56, 95% CI 1.16–
2.10; p=0.003). Patients treated with AEDs also
had a higher incidence of delayed ischemic neu-
rologic deficit, neurologic worsening, cerebral
infarction, and fever.43 In addition, there is sig-
nificant potential for a drug-drug interaction
between phenytoin and nimodipine, a commonly
used medication to prevent delayed cerebral
ischemia in patients experiencing aSAH. This
drug-drug interaction is due to the cytochrome
P450 enzyme-inducing nature of phenytoin and
would be more significant with long-term
administration (more than 7 days). In a single-
dose pharmacokinetic study of nimodipine,
patients chronically taking enzyme-inducing
AEDs (including phenytoin) had a greater than
70% decrease in the nimodipine area under the
curve.47

Given the association between phenytoin and
adverse outcomes, many have advocated for
alternative prophylactic agents. To date, trials
comparing AEDs are scarce. Levetiracetam is the
focus of most research efforts, and the body of
evidence supporting its use is growing. A large
retrospective study compared extended duration
phenytoin (15–20 mg/kg loading dose followed
by maintenance dose; average 13.7 days) to
short-course levetiracetam (500 mg twice/day;
average 3.6 days) in 442 patients with aSAH.48

One study found a higher incidence of in-hospi-
tal seizures in the levetiracetam group compared
with phenytoin (8.3% vs 3.4%, p=0.026); how-
ever, the lack of levetiracetam loading dose,
short course of therapy, and small study size
limit its generalizability. However, those patients
who received levetiracetam showed a trend
toward a lower incidence of poor outcome
(death or discharge to nursing home) (16% vs
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24%, p=0.06), although this was statistically
insignificant.48

The lack of randomized controlled trials in
this population is reflected in the 2011 guide-
lines developed by the Neurocritical Care Soci-
ety (NCS) and the 2012 American Heart
Association/American Stroke Association (AHA/
ASA) guidelines. The NCS recommends against
the use of phenytoin as prophylaxis, although
recognizing that the effects of other AEDs are
unclear. Both state that prophylaxis “may be
considered” in the immediate posthemorrhagic
period (AHA/ASA) for a short 3- to 7-day course
(NCS). The AHA/ASA states that a longer dura-
tion may be considered in patients who have
experienced a prior seizure, parenchymal hema-
toma, infarct, or middle cerebral artery aneu-
rysms.49 The NCS also advocates an extended
duration of therapy for patients who experience
a seizure after presentation.50

Many questions remain regarding the role of
prophylactic AEDs following SAH. Some data sug-
gest that administration of these medications has
consequences and that outcomes beyond seizure
incidence need to be considered in future studies.
It is not clear whether prophylaxis is needed.
Until data from randomized controlled trials
become available, it appears prudent to limit phe-
nytoin exposure; 3 days of therapy may be suffi-
cient. The role of newer AEDs is undefined and
will likely be the subject of future research efforts.
Table 3 summarizes the primary literature related
to the use of AEDs in patients with SAH.

Craniotomy

The incidence of postoperative seizures varies
widely depending on procedure performed and
underlying pathology. As discussed elsewhere in
this review, guidelines for the prophylaxis of
postoperative seizures exist for TBI, brain tumor
resection, ICH, and aSAH; however, guidance
for general neurosurgical patients is limited.
A retrospective cohort analysis evaluated the

use of phenytoin and levetiracetam for patients
undergoing supratentorial neurosurgery for a
wide range of disease states. Patients were
included in the study if they did not have epi-
lepsy and had at least a 7-day follow-up. The
study included a total of 315 patients. Prior to
surgery, 31% of patients in the levetiracetam
group and 45% of the patients in the phenytoin
group experienced seizures. Patients received
levetiracetam 500 mg to 3000 mg/day or phenyt-
oin 200 mg to 800 mg/day; the most common

doses were levetiracetam 1000 mg/day and phe-
nytoin 300 mg/day. Postoperatively, the inci-
dence of early seizures (within 7 days) was 1%
and 4.3% in the levetiracetam and phenytoin
groups, respectively (p=0.17). The incidence of
late-onset seizures (within 30 days) was also low
in both the levetiracetam and phenytoin groups
(1.9% vs 5.2%, p=0.23). In those patients with a
history of preoperative seizures, no difference
was noted in the incidence of postoperative sei-
zures between the levetiracetam and phenytoin
groups (0% vs 1.8%, p=0.56). However, patients
in the levetiracetam group had fewer adverse
events prompting a change in therapy (1% vs
18%, p<0.001).51 Although this study had a ret-
rospective design, it is worth noting that in neu-
rosurgical patients, the effect of different AEDs
may influence the risk of an adverse event rather
than efficacy.
This risk of adverse events from AEDs has

been observed in other studies as well. One
study reported that 9% of all adverse events in a
neurosurgical intensive care unit were associated
with AEDs, most of which were due to phenyt-
oin (56%).52 This increase in phenytoin-related
adverse events may be biased because of the pre-
valent use of phenytoin as a prophylactic AED
in neurosurgical patients. Despite the paucity of
evidence, the advent of newer AEDs may offer a
potentially safer alternative to older AEDs.
Another area of controversy is the postopera-

tive use of prophylactic AEDs following direct
surgical, endovascular, or radiosurgical manage-
ment of intracranial AVMs. New-onset seizure is
the presenting symptom in 20–25% of patients
with an AVM.53 The American Stroke Associa-
tion has a guideline for the management of
AVM; however, they do not give specific recom-
mendations on the most appropriate postopera-
tive anticonvulsant or duration of therapy.53 No
studies have compared the effectiveness of cur-
rently available AEDs for postoperative seizures
following surgery for an AVM. However, a
recent study evaluated the seizure risk from cav-
ernous malformation (CM) or AVM. This was a
prospective observational study of 368 adults
(CM 139, AVM 229) over a 5-year period. The
investigators observed a low incidence of devel-
oping seizures after an incidental diagnosis of
CM or AVM (0.9% and 2%).54 This would sup-
port a recommendation that AEDs not be pre-
scribed prophylactically prior to a seizure. Thus
the patient with new-onset seizures following
AVM surgery should be evaluated and treated as
a patient with new-onset epilepsy.
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Based on current evidence, levetiracetam may
have a better side-effect profile and may be a
reasonable alternative to phenytoin for prevent-
ing early-onset seizures in patients undergoing a
craniotomy. More research is needed on the cost
effectiveness and outcomes associated with the
use of newer AEDs for seizure prophylaxis fol-
lowing craniotomy. Table 4 summarizes the pri-

mary literature related to the use of AEDs in
patients undergoing a craniotomy

Ischemic Stroke

The association of seizures and acute ischemic
stroke (AIS) has been well recognized for many
years. Cerebral infarction is considered the most

Table 3. Selected Articles on the Use of Seizure Prophylaxis in Patients with Aneurysmal Subarachnoid Hemorrhage

Trial design and intervention Total number of patients Main outcomes and results
38 Retrospective cohort analysis of high-

risk and low-risk patients
postcraniotomy for cerebral
aneurysm
94.6% received PHT, 4.1% received
phenobarbital, 1.3% received other

High-risk patients n=33
Low-risk patients
n=305

Seizure rate of all patients was 5.4% over
2.4 yrs
Seizure rates immediately postoperatively was
1.9%

43 Meta-analysis of four randomized
controlled trials evaluating tirilazad
52.8% of the 65% who received an
AED received phenytoin

3552 patients evaluated
Treated with any AED,
n=2313
Not treated with an
AED, n=1239

Unfavorable 3-mo Glasgow Outcome Scale
(OR 1.56, 95% CI 1.16–2.1, p=0.003)
Increased risk of vasospasm (OR 1.87, 95%
CI, 1.43–2.44), high temperature (OR 1.36,
95% CI, 1.03–1.80), cerebral infarction (OR
1.33, 95% CI 1.01–1.74) and neurologic
worsening (OR 1.61, 95% CI 1.25–2.06) with
AED use

44 Retrospective cohort analysis of
patients with SAH
73% received loading doses of PHT,
99% received maintenance doses of
PHT

95 patients Prehospital seizure rate (17.9%); in-hospital
seizure rate (4%); posthospital seizure rate
(8%; of which 50% were receiving
prophylaxis)
No difference in seizure risk despite AED
treatment
Thickness of cisternal clot was predictor of
seizure risk

45 Prospective observational study
All patients received PHT

527 patients Higher PHT burden resulted in a higher risk
of poor functional outcome at 14 days by 1.5
per quartile of PHT burden (95% CI 1.2–1.9)
Multivariate analysis revealed that fever (OR
2.9, 95% CI 1.6–5.0), stroke of any cause
(OR 2.9, 95% CI 1.6–5.0), age in years (1.05,
95% CI 1.03–1.07), NIHSS ≥ 10 (OR 19.7,
95% CI, 7.4–52.7), rebleeding of aneurysm
(OR14.5 95% CI, 1.7–121.5), clinical
vasospasm (OR 3.4, 95% CI 1.6–2.1), and
hydrocephalus (OR 2.5, 95% CI 1.3–4.7)
were associated with increased risk of
functional dependence or worse at hospital
discharge.

46 Retrospective analysis
3 days of treatment with PHT vs
PHT treatment during complete
hospitalization

Entire hospitalization
treatment, n=79
3-day treatment, n=374

Decreased rate of drug-adverse reactions in the
3-day treatment group (8.8% vs 0.5%,
p=0.002)
No difference in seizure rate when 3-day
group compared with entire hospitalization
group (1.3% vs 1.9%, p=0.603)

48 Retrospective analysis
Comparing short-course LEV
(3 days) to extended course of PHT
(7 days)

PHT, n=297
LEV, n=145

Significantly more in-hospital seizures in the
LEV group as compared with the PHT group
(8.3% vs 3.4%, p=0.026)
LEV group remained associated with an
increased risk of seizures when adjusting for
age, clinical grade, history of prior seizures,
and aneurysm treatment (OR 2.3, 95% CI
0.97–5.6, p=0.054)

PHT = phenytoin; AED = antiepileptic drug; OR = odds ratio; CI = confidence interval; SAH = subarachnoid hemorrhage; NIHSS = National
Institutes of Health Stroke Scale; LEV = levetiracetam.
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common cause of epilepsy in elderly patients.55

Depending on the study design, the reported
incidence of postischemic stroke seizures can
range from 4% to 23%,56, 57 and the definition
for early- or acute onset versus late-onset sei-
zures can be from 24 hours up to 4 weeks.58, 59

Although the exact underlying pathophysiol-
ogy of post-AIS seizures is not clear, it is
thought that edema and cytotoxicity induced by
an ischemic insult are responsible for early sei-
zures, whereas scar tissue formed after anoxia
and deformation of dendrites is responsible for
late seizures.58, 60 There is no consensus on how
well the size of an infarct correlates with the
incidence of seizures and which subtype of
stroke has more tendencies to develop recurrent
seizures or epilepsy. However, there is a general
agreement that ischemic stroke is less epilepto-
genic than hemorrhagic stroke.58, 60

Due to the lack of data regarding the prophy-
lactic administration of AEDs, the AHA/ASA
Guideline for the Early Management of Adults with
Ischemic Stroke recommends that “prophylactic
administration of anticonvulsants is not recom-
mended (III/C). Recurrent seizures should be
treated (I/B).”61 In addition, there is a paucity of

data regarding the use of newer, less toxic AEDs
in patients with post-AIS seizures. Based on this,
the routine use of prophylactic AEDs in the
post-AIS setting should be avoided. Table 5
summarizes the primary literature related to the
use of AEDs in patients with ischemic stroke.

Intracerebral Hemorrhage

ICH is a frequent cause for admission to the
neurocritical care unit. A number of observa-
tional studies have evaluated the incidence, risk
factors, and outcomes associated with seizures in
this patient population.62–70 The results of these
trials vary greatly due to study design, patient
inclusion and exclusion criteria, patient popula-
tion, definitions, and length of follow-up. One
consistent finding is that hemorrhage within or
proximal to the cortex is associated with a high
risk of seizure.62–68, 70

Patients with ICH are at the greatest risk of
seizure within the first few days after ictus, with
over half occurring in the first 24 hours.62–70

Early seizures after ICH are not fully under-
stood, but they are considered to be a result of
the immediate metabolic and physical distur-

Table 4. Selected Articles on the Use of Seizure Prophylaxis in Patients Who Have Undergone Craniotomy

Trial design and intervention Total number of patients Main outcomes and results
51 Retrospective cohort analysis of

patients who underwent
supratentorial surgery and received
either PHT or LEV

LEV group, n=105
PHT group, n=210

No significant difference in 7-day seizure rate
between groups (LEV 0.95% vs PHT 4.2%,
p=0.17)
Greater percentage of adverse events
requiring a change in therapy in PHT group
(0.95% vs 18.1%, p<0.0001)
No difference in rate of epilepsy development
(p=0.34)

52 Retrospective analysis of adverse
drug reactions in a neurosurgical
population

3496 patients during a
3-yr period

Adverse drug events were reported at a higher
rate in the neurosurgical population as
compared with the nonneurosurgical cohort
(4% vs 10%, p<0.001)
AEDs, histamine antagonists, antibiotics, and
analgesics were the most commonly reported
medications causing adverse drug reactions.

PHT = phenytoin; LEV = levetiracetam; AED = antiepileptic drug.

Table 5. Selected Articles on the Use of Seizure Prophylaxis in Patients with Ischemic Stroke

Trial design and intervention Total number of patients Main outcomes and results
56 Community-based stroke registry

used to evaluate the occurrence of
seizures in patients who have
experienced a first stroke

675 patients followed for 2 yrs 52 patients had a seizure during the
follow- up period.
After excluding those patients with
a history of epilepsy and a seizure
just prior to death, the 5-yr
actuarial risk of poststroke seizure
was 11.5% (95% CI 4.8–18.2%

CI = confidence interval.
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bances within the brain.66, 67, 71 The incidence
of early seizures has been reported in 7.4–17%
of patients with ICH. When continuous EEG
monitoring was utilized for seizure diagnosis,
the rate increased to 28–31%, with clinical sei-
zures observed in 5.5–24% of patients.65, 70

Late seizures occur less often after ICH and
are attributed to epileptogenic effects of gliotic
scarring.64, 66, 71 The incidence is reported to
occur in 2.6–10.2% of patients with ICH.62, 64–74

Recurrent seizures after ICH have been reported;
however, incidence and risk factors cannot be
accurately reported due to the lack of high-pow-
ered longitudinal studies.64, 67, 68 Seizure pro-
phylaxis in the patient with ICH is controversial.
Although one study reports seizures are associ-
ated with a longer hospital stay, the impact of
clinical seizures in patients with ICH has not
been associated with worsened neurologic out-
comes or mortality.62, 64, 69 There are currently
no randomized placebo-controlled trials listed in
clinicaltrials.gov evaluating the efficacy and
safety of prophylactic AED therapy in patients
with ICH.72

The value of AED therapy was assessed in a
long-term prospective observational study of 761
nontraumatic, nonaneurysmal patients with
ICH.68 Patients who survived ICH without sei-
zure in the first 24 hours were grouped by ICH
location (n=650). In patients with lobar ICH
(n=268), prophylactic AED therapy with pheno-
barbital significantly reduced the risk of early
seizures when compared with patients not trea-
ted (5.9% vs 13.6%). It was concluded that AED
therapy initiated immediately after onset of ICH
and continued through the acute and subacute
phases may benefit patients with lobar ICH.68

Other researchers have analyzed data from the
placebo arm (n=295) of a multicenter random-
ized trial of a neuroprotectant in patients with
ICH.73 The purpose of this analysis was to deter-
mine whether prescriber-driven AED therapy
was associated with severe disability or death,
using the modified Rankin Scale. At 90 days, the
AED group had a significantly higher rate of
poor outcomes (65% vs 28%). The authors con-
cluded that prophylactic AED therapy following
acute ICH was strongly associated with poor
outcomes, independent of other known risk fac-
tors. The authors also noted that phenytoin was
the primary AED used in this study, suggesting
these results might not be replicated with other
AEDs.73

Another study predicted that the use of AEDs
in patients with ICH would result in more com-

plications and worse outcomes.74 This hypothe-
sis was based on previously described data
reporting poor outcomes with the use of AEDs
in patients with subarachnoid hemorrhage.
Patients were treated with phenytoin, levetirace-
tam, or both. Prophylactic AED therapy was not
associated with reduced risk of seizure. Phenyt-
oin was associated with more fever, worse scores
on the National Institutes of Health Stroke Scale
at 14 days and worse scores on the modified
Rankin Scale over 3 months compared with lev-
etiracetam. The authors acknowledged that lar-
ger ICH volume in the phenytoin group may
have contributed to the poorer outcomes. They
concluded that prophylactic phenytoin was asso-
ciated with more fever and poorer outcomes in
patients with ICH; however, the observational
nature of this study makes it impossible to
establish causation.74

AHA/ASA guidelines for the management of
ICH recommend that “prophylactic anticonvul-
sant medication should not be used.”75 This rec-
ommendation is a class III; level of evidence b
recommendation and based on the studies
described earlier as well as studies that were
unable to associate clinical seizures with wors-
ened outcomes and mortality.75

The current available evidence is observational
and represents a heterogeneous group of
patients, comorbidities, and severity of illness.
Because phenytoin was the only AED correlated
with poor outcomes, it seems critical to investi-
gate the use of other AEDs for seizure prophy-
laxis in ICH patients. A large well-designed,
multicenter randomized trial is needed not only
to determine the efficacy and safety of prophy-
lactic AED therapy in patients with ICH
patients, but also to determine which patients
might benefit from this intervention. Table 6
summarizes the primary literature related to the
use of AEDs in patients with ICH.

Conclusions

There is great disparity in the use of prophy-
lactic AEDs in neurocritical care. In the case of
TBI and aSAH, there may be benefit to using
short-course seizure prophylaxis to prevent
early seizures. In other disease states, the bene-
fit is not as clear. In addition, currently avail-
able AEDs have a wide range of pharmacologic
properties and should not be considered equal
when used for seizure prophylaxis. Older AEDs,
such as phenytoin, phenobarbital, carbamaze-
pine, and valproic acid, are associated with
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adverse drug events and clinically significant
drug-drug interactions. With the advent of
newer AEDs such as levetiracetam and lacosa-
mide, many of these adverse events can be
minimized. However, more studies are needed
of these newer AEDs to fully support their use
for seizure prophylaxis.

References

1. Glantz MJ, Cole BF, Forsyth PA, et al. Practice parameter: anti-
convulsant prophylaxis in patients with newly diagnosed brain
tumors. Report of the Quality Standards Subcommittee of the
American Academy of Neurology. Neurology 2000;10:1886–93.

2. van Breemen MS, Wilms EB, Vecht CJ. Epilepsy in patients
with brain tumours: epidemiology, mechanisms, and manage-
ment. Lancet Neurol 2007;5:421–30.

Table 6. Selected Articles on the Use of Seizure Prophylaxis in Patients with Intracerebral Hemorrhage

Trial design and intervention Total number of patients Main outcomes and results
68 Prospective, observational study AED

prophylaxis vs none
Compare location of ICH

650 patients Phenobarbital, n=423
No AED, n=227

Prophylactic AED therapy
significantly reduced early seizures
in patients with lobar ICH (13.6%
vs 5.9%; OR, 0.62; 95% CI 0.40–
0.96; p=0.033), but it did not
modify the risk of early seizures in
patients with deep ICH and deep
ICH with lobar extension

73 Subanalysis of the placebo arm of an
RCT AED vs prophylaxis

295 patients enrolled after excluding
patients previously treated with
AED.
Poor outcome (n=82) Good
outcome (n=209)
23 patients without documented
seizures were treated with AEDs
during the first 10 days post-ICH
PHT, n=18
VPA, n=4
Lamotrigine, n=1

Univariate analysis of baseline patient
characteristics suggested AED use
was associated with poor outcome
at 90 days (18% vs 4%; p<0.001) as
did multivariable logistic regression
incorporating all factors significant
in the univariate analysis (OR 6.8;
95% CI 2.2–21.2, p=0.001)
Factors influencing the initiation of
AED include a change in the NIHSS
of ≥4 from baseline to 72 hrs, lobar
location of hematoma, and
neurosurgical interventions. When
adding these factors to the
multivariable model, AED use
remained significantly associated
with poor outcome (OR = 11.45,
95% CI 2.7–48.6, p=0.001)

74 Prospective, observational study 98 patients enrolled
58 patients not treated (59%)
40 patients treated with AED
LEV, n=12
PHT, n=22
LEV + PHT, n=6

Patients who received PHT or LEV +
PHT were more likely to have an
ICH with a larger volume (p=0.03)
Seizure was associated with
increased administration of PHT
including duration and serum-free
level (≤0.002)
LEV was not associated with
seizures or any demographic
characteristic (p>0.1)
AED therapy was not associated
with a reduced risk of seizures
(p>0.1)
The number of febrile days was
associated with duration of PHT use
and total administered PHT dose
(p=0.03 and 0.04, respectively) as
well as worse NIHSS at 14 days
(p=0.01)
PHT use was associated with worse
NIHSS at 14 days and discharge (23
vs 11; p=0.003) as well as worse
modified Rankin Scale at 14 and
28 days; 3-mo LEV was not
associated with poor outcomes

AED = antiepileptic drug; ICH = intracerebral hemorrhage; OR = odds ratio; CI = confidence interval; RCT = randomized controlled trial;
NIHSS = National Institutes of Health Stroke Scale; PHT = phenytoin; VPA = valproic acid; LEV = levetiracetam.

12 PHARMACOTHERAPY Volume **, Number **, 2013



3. Sirven JI, Wingerchuk DM, Drazkowski JF, Lyons MK, Zimm-
erman RS. Seizure prophylaxis in patients with brain tumors:
a meta-analysis. Mayo Clin Proc 2004;12:1489–94.

4. North JB, Penhall RK, Hanieh A, Frewin DB, Taylor WB. Phe-
nytoin and postoperative epilepsy. A double-blind study. J
Neurosurg 1983;5:672–7.

5. Tremont-Lukats IW, Ratilal BO, Armstrong T, Gilbert MR.
Antiepileptic drugs for preventing seizures in people
with brain tumors. Cochrane Database Syst Rev 2008;2:
CD004424.

6. Zachenhofer I, Donat M, Oberndorfer S, Roessler K. Perioper-
ative levetiracetam for prevention of seizures in supratentorial
brain tumor surgery. J Neurooncol 2011;1:101–6.

7. Kern K, Schebesch KM, Schlaier J, et al. Levetiracetam com-
pared to phenytoin for the prevention of postoperative seizures
after craniotomy for intracranial tumours in patients without
epilepsy. J Clin Neurosci 2012;1:99–100.

8. Mikkelsen T, Paleologos NA, Robinson PD, et al. The role of
prophylactic anticonvulsants in the management of brain
metastases: a systematic review and evidence-based clinical
practice guideline. J Neurooncol 2010;1:97–102.

9. Forsyth PA, Weaver S, Fulton D, et al. Prophylactic anticon-
vulsants in patients with brain tumour. Can J Neurol Sci
2003;2:106–12.

10. Wu AS, Trinh VT, Suki D, et al. A prospective random-
ized trial of perioperative seizure prophylaxis in patients
with intraparenchymal brain tumors. J Neurosurg 2013;4:873–
83.

11. Komotar RJ, Raper DM, Starke RM, Iorgulescu JB, Gutin PH.
Prophylactic antiepileptic drug therapy in patients undergoing
supratentorial meningioma resection: a systematic analysis of
efficacy. J Neurosurg 2011;3:483–90.

12. National Comprehensive Cancer Network. Central nervous
system cancers. Available from http://www.nccn.org/profes-
sionals/physician_gls/f_guidelines.asp#site. Accessed May 8,
2013.

13. Kandil AO, Dvorak T, Mignano J, Wu JK, Zhu JJ. Multifocal
Stevens-Johnson syndrome after concurrent phenytoin and cra-
nial and thoracic radiation treatment, a case report. Radiat On-
col 2010;5:49.

14. Khafaga YM, Jamshed A, Allam AA, et al. Stevens-Johnson
syndrome in patients on phenytoin and cranial radiotherapy.
Acta Oncol 1999;1:111–6.

15. Annegers JF, Hauser WA, Coan SP, Rocca WA. A population-
based study of seizures after traumatic brain injuries. N Engl J
Med 1998;1:20–4.

16. Jennett B. Epilepsy after non-missile head injuries. Scott Med
J 1973;1:8–13.

17. Wohns RN, Wyler AR. Prophylactic phenytoin in severe head
injuries. J Neurosurg 1979;4:507–9.

18. Young B, Rapp R, Brooks WH, Madauss W, Norton JA. Post-
traumatic epilepsy prophylaxis. Epilepsia 1979;6:671–81.

19. Young B, Rapp RP, Norton JA, Haack D, Tibbs PA, Bean JR.
Failure of prophylactically administered phenytoin to prevent
early posttraumatic seizures. J Neurosurg 1983;2:231–5.

20. Glotzner FL, Haubitz I, Miltner F, Kapp G, Pflughaupt
KW. Seizure prevention using carbamazepine following
severe brain injuries [in German]. Neurochirurgia 1983;3:
66–79.

21. McQueen JK, Blackwood DH, Harris P, Kalbag RM, Johnson
AL. Low risk of late post-traumatic seizures following severe
head injury: implications for clinical trials of prophylaxis. J
Neurol Neurosurg Psychiatry 1983;10:899–904.

22. Temkin NR, Dikmen SS, Wilensky AJ, Keihm J, Chabal S,
Winn HR. A randomized, double-blind study of phenytoin for
the prevention of post-traumatic seizures. N Engl J Med
1990;8:497–502.

23. Dikmen SS, Temkin NR, Miller B, Machamer J, Winn HR.
Neurobehavioral effects of phenytoin prophylaxis of posttrau-
matic seizures. JAMA 1991;10:1271–7.

24. Temkin NR, Dikmen SS, Anderson GD, et al. Valproate ther-
apy for prevention of posttraumatic seizures: a randomized
trial. J Neurosurg 1999;4:593–600.

25. Temkin NR. Antiepileptogenesis and seizure prevention trials
with antiepileptic drugs: meta-analysis of controlled trials. Epi-
lepsia 2001;4:515–24.

26. Schierhout G, Roberts I. Anti-epileptic drugs for preventing
seizures following acute traumatic brain injury. Cochrane
Database Syst Rev 2001;4:CD000173.

27. Manaka S. Cooperative prospective study on posttraumatic
epilepsy: risk factors and the effect of prophylactic anticonvul-
sant. Jpn J Psychiatry Neurol 1992;2:311–5.

28. Pechadre JC, Lauxerois M, Colnet G, et al. Prevention of late
post-traumatic epilepsy by phenytoin in severe brain injuries.
2 years’ follow-up [in French]. Presse Med 1991;18:841–5.

29. Hanon E, Klitgaard H. Neuroprotective properties of the novel
antiepileptic drug levetiracetam in the rat middle cerebral
artery occlusion model of focal cerebral ischemia. Seizure
2001;4:287–93.

30. Wang H, Gao J, Lassiter TF, et al. Levetiracetam is neuropro-
tective in murine models of closed head injury and subarach-
noid hemorrhage. Neurocrit Care 2006;1:71–8.

31. Kruer RM, Harris LH, Goodwin H, et al. Changing trends
in the use of seizure prophylaxis after traumatic brain injury:
a shift from phenytoin to levetiracetam. J Crit Care 2013;28:
e9–13.

32. Meador KJ, Gevins A, Loring DW, et al. Neuropsychological
and neurophysiologic effects of carbamazepine and levetirace-
tam. Neurology 2007;22:2076–84.

33. UCBI. Keppra (levetiracetam) package insert. 2006.
34. Jones KE, Puccio AM, Harshman KJ, et al. Levetiracetam ver-

sus phenytoin for seizure prophylaxis in severe traumatic
brain injury. Neurosurg Focus 2008;4:E3.

35. Szaflarski JP, Sangha KS, Lindsell CJ, Shutter LA. Prospec-
tive, randomized, single-blinded comparative trial of intrave-
nous levetiracetam versus phenytoin for seizure prophylaxis.
Neurocrit Care 2010;2:165–72.

36. Bratton SL, Chestnut RM, Ghajar J, et al. Guidelines for the
management of severe traumatic brain injury. XIII. Antiseizure
prophylaxis. J Neurotrauma 2007;24:S83–6.

37. Chang BS, Lowenstein DH. Practice parameter: antiepileptic
drug prophylaxis in severe traumatic brain injury: report of
the Quality Standards Subcommittee of the American Academy
of Neurology. Neurology 2003;1:10–6.

38. Baker CJ, Prestigiacomo CJ, Solomon RA. Short-term periop-
erative anticonvulsant prophylaxis for the surgical treatment of
low-risk patients with intracranial aneurysms. Neurosurgery
1995;5:863–70; discussion 870–1.

39. Claassen J, Bateman BT, Willey JZ, et al. Generalized convul-
sive status epilepticus after nontraumatic subarachnoid hemor-
rhage: the nationwide inpatient sample. Neurosurgery
2007;1:60–4; discussion 64–5.

40. Hart Y, Sneade M, Birks J, Rischmiller J, Kerr R, Molyneux
A. Epilepsy after subarachnoid hemorrhage: the frequency of
seizures after clip occlusion or coil embolization of a ruptured
cerebral aneurysm: results from the International Subarach-
noid Aneurysm Trial. J Neurosurg 2011;6:1159–68.

41. Hoh BL, Nathoo S, Chi YY, Mocco J, Barker FG II. Incidence
of seizures or epilepsy after clipping or coiling of ruptured
and unruptured cerebral aneurysms in the nationwide inpa-
tient sample database: 2002–2007. Neurosurgery 2011;3:644–
50; discussion 650.

42. Olafsson E, Gudmundsson G, Hauser WA. Risk of epilepsy in
long-term survivors of surgery for aneurysmal subarachnoid
hemorrhage: a population-based study in Iceland. Epilepsia
2000;9:1201–5.

43. Rosengart AJ, Huo JD, Tolentino J, et al. Outcome in patients
with subarachnoid hemorrhage treated with antiepileptic
drugs. J Neurosurg 2007;2:253–60.

44. Rhoney DH, Tipps LB, Murry KR, Basham MC, Michael DB,
Coplin WM. Anticonvulsant prophylaxis and timing of sei-
zures after aneurysmal subarachnoid hemorrhage. Neurology
2000;2:258–65.

45. Naidech AM, Kreiter KT, Janjua N, et al. Phenytoin exposure
is associated with functional and cognitive disability after sub-
arachnoid hemorrhage. Stroke 2005;3:583–7.

SEIZURE PROPHYLAXIS IN NEUROCRITICAL CARE Shaun Rowe et al 13



46. Chumnanvej S, Dunn IF, Kim DH. Three-day phenytoin pro-
phylaxis is adequate after subarachnoid hemorrhage. Neuro-
surgery 2007;1:99–102; discussion 102–3.

47. Tartara A, Galimberti CA, Manni R, et al. Differential effects
of valproic acid and enzyme-inducing anticonvulsants on ni-
modipine pharmacokinetics in epileptic patients. Br J Clin
Pharmacol 1991;3:335–40.

48. Murphy-Human T, Welch E, Zipfel G, Diringer MN, Dhar R.
Comparison of short-duration levetiracetam with extended-
course phenytoin for seizure prophylaxis after subarachnoid
hemorrhage. World Neurosurg 2011;2:269–74.

49. Connolly ES Jr, Rabinstein AA, Carhuapoma JR, et al. Guide-
lines for the management of aneurysmal subarachnoid hemor-
rhage: a guideline for healthcare professionals from the
American Heart Association/American Stroke Association.
Stroke 2012;6:1711–37.

50. Diringer MN, Bleck TP, Claude Hemphill J III, et al. Critical
care management of patients following aneurysmal subarach-
noid hemorrhage: recommendations from the Neurocritical
Care Society’s Multidisciplinary Consensus Conference. Neuro-
crit Care 2011;2:211–40.

51. Milligan TA, Hurwitz S, Bromfield EB. Efficacy and tolerabil-
ity of levetiracetam versus phenytoin after supratentorial neu-
rosurgery. Neurology 2008;9:665–9.

52. Smith KM, Jeske CS, Young B, Hatton J. Prevalence and charac-
teristics of adverse drug reactions in neurosurgical intensive
care patients. Neurosurgery 2006;3:426–33; discussion 426–33.

53. Ogilvy CS, Stieg PE, Awad I, et al. AHA Scientific Statement:
recommendations for the management of intracranial arterio-
venous malformations: a statement for healthcare professionals
from a special writing group of the Stroke Council, American
Stroke Association. Stroke 2001;6:1458–71.

54. Josephson CB, Leach JP, Duncan R, Roberts RC, Counsell
CE, Al-Shahi Salman R. Seizure risk from cavernous or arte-
riovenous malformations: prospective population-based study.
Neurology 2011;18:1548–54.

55. Forsgren L, Bucht G, Eriksson S, Bergmark L. Incidence and
clinical characterization of unprovoked seizures in adults: a
prospective population-based study. Epilepsia 1996;3:
224–9.

56. Burn J, Dennis M, Bamford J, Sandercock P, Wade D, War-
low C. Epileptic seizures after a first stroke: the Oxfordshire
Community Stroke Project. BMJ 1997;7122:1582–7.

57. Kilpatrick CJ, Davis SM, Hopper JL, Rossiter SC. Early sei-
zures after acute stroke. Risk of late seizures. Arch Neurol
1992;5:509–11.

58. Gupta SR, Naheedy MH, Elias D, Rubino FA. Postinfarction
seizures. A clinical study. Stroke 1988;12:1477–81.

59. Horner S, Ni XS, Duft M, Niederkorn K, Lechner H. EEG, CT
and neurosonographic findings in patients with postischemic
seizures. J Neurol Sci 1995;1:57–60.

60. Lancman ME, Golimstok A, Norscini J, Granillo R. Risk fac-
tors for developing seizures after a stroke. Epilepsia
1993;1:141–3.

61. Jauch EC, Saver JL, Adams HP Jr, et al. Guidelines for the early
management of patients with acute ischemic stroke: a guideline
for healthcare professionals from the American Heart Associa-
tion/American Stroke Association. Stroke 2013;3:870–947.

62. Beghi E, D’Alessandro R, Beretta S, et al. Incidence and pre-
dictors of acute symptomatic seizures after stroke. Neurology
2011;20:1785–93.

63. Berger AR, Lipton RB, Lesser ML, Lantos G, Portenoy RK.
Early seizures following intracerebral hemorrhage: implications
for therapy. Neurology 1988;9:1363–5.

64. Bladin CF, Alexandrov AV, Bellavance A, et al. Seizures after
stroke: a prospective multicenter study. Arch Neurol
2000;11:1617–22.

65. Claassen J, Jette N, Chum F, et al. Electrographic seizures
and periodic discharges after intracerebral hemorrhage. Neu-
rology 2007;13:1356–65.

66. De Herdt V, Dumont F, Henon H, et al. Early seizures in
intracerebral hemorrhage: incidence, associated factors, and
outcome. Neurology 2011;20:1794–800.

67. Lamy C, Domigo V, Semah F, et al. Early and late seizures
after cryptogenic ischemic stroke in young adults. Neurology
2003;3:400–4.

68. Passero S, Rocchi R, Rossi S, Ulivelli M, Vatti G. Seizures
after spontaneous supratentorial intracerebral hemorrhage. Ep-
ilepsia 2002;10:1175–80.

69. Szaflarski JP, Rackley AY, Kleindorfer DO, et al. Incidence of
seizures in the acute phase of stroke: a population-based
study. Epilepsia 2008;6:974–81.

70. Vespa PM, O’Phelan K, Shah M, et al. Acute seizures after
intracerebral hemorrhage: a factor in progressive midline shift
and outcome. Neurology 2003;9:1441–6.

71. Gilmore E, Choi HA, Hirsch LJ, Claassen J. Seizures and CNS
hemorrhage: spontaneous intracerebral and aneurysmal sub-
arachnoid hemorrhage. Neurologist 2010;3:165–75.

72. Kwan J, Wood E. Antiepileptic drugs for the primary and sec-
ondary prevention of seizures after stroke. Cochrane Database
Syst Rev 2010;1:CD005398.

73. Messe SR, Sansing LH, Cucchiara BL, Herman ST, Lyden PD,
Kasner SE. Prophylactic antiepileptic drug use is associated with
poor outcome following ICH. Neurocrit Care 2009;1:38–44.

74. Naidech AM, Garg RK, Liebling S, et al. Anticonvulsant use
and outcomes after intracerebral hemorrhage. Stroke
2009;12:3810–5.

75. Morgenstern LB, Hemphill JC III, Anderson C, et al. Guide-
lines for the management of spontaneous intracerebral hemor-
rhage: a guideline for healthcare professionals from the
American Heart Association/American Stroke Association.
Stroke 2010;9:2108–29.

14 PHARMACOTHERAPY Volume **, Number **, 2013

amcook0
Highlight

amcook0
Highlight

amcook0
Highlight




