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Introduction
• New-onset seizures are a well-documented complication of brain injury.
• Seizures are described as immediate, early, or late if occurring within 1, 7, or
>7 days, respectively, after the event that precipitated the seizure.

• Causes of seizures include surgery for brain tumors, subarachnoid
hemorrhage, anoxic brain injury, infection, and traumatic brain injury.

• The practice of prescribing prophylactic anticonvulsants has shown marked
variability and mainly depends on personal experience
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The Debate
• The proponents suggest that the routine use of prophylactic AEDs will
decrease the incidence of early-onset seizures or minimize the risk of lateonset seizures. It is also argued that seizures are likely to compromise
recovery, although this has not been convincingly demonstrated. The
argument against is that as well as not having demonstrable beneﬁt,
antiepileptic prophylaxis leads to a number of adverse eﬀects, particularly
with regard to the most frequently used drug, phenytoin.
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• CONCLUSIONS: There is little evidence to suggest that AED treatment
administered prophylactically is effective or not effective in preventing postcraniotomy seizures. The current evidence base is limited due to the differing
methodologies employed in the trials and inconsistencies in reporting of
outcomes. Further evidence from good-quality, contemporary trials is
required in order to assess the effectiveness of prophylactic AED treatment
compared to control groups or other AEDs in preventing post-craniotomy
seizures properly.
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• Department of Neurological Surgery, Northwestern University, Chicago, Illinois
• Six meta-analyses published between 1996 and 2011 were included in the study. The
Quality of Reporting of Meta-analyses and Oxman-Guyatt methodological quality
assessment tools were used to score these meta-analyses, and the Jadad decision
algorithm was applied to determine the highest-quality meta-analysis. According to
this analysis, 2 meta analyses were deemed to be the current best available evidence,
both of which conclude that prophylactic treatment does not improve seizure
control in these patients. Therefore, this management strategy should not be
routinely used.
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• IRB approved retrospective study of newly diagnosed GBM patients at the

University of Rochester between 1/1/05 and 5/13/11. Records were
reviewed to describe demographics, seizure incidence, occurrence of status
epilepticus, and AED use and toxicity.

• There is a high incidence of PostTAE in GBM. Prophylactic AED therapy
did not reduce PostTAE but may have prevented SE. Minimal toxicity was
observed on 2nd generation AEDs. The high burden of epilepsy in this
population and tolerability of newer AEDS suggest that AAN guidelines
should be revisited.
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• CONCLUSION: The available literature supports the use of antiepileptics
for early PTS prophylaxis during the first week after a TBI. Phenytoin has
been extensively studied for this indication and is recommended by
the AAN and Brain Trauma Foundation guidelines for early PTS prophylaxis.
Levetiracetam has demonstrated comparable efficacy to phenytoin for early
PTS prophylaxis and may be a reasonable alternative to consider in this
patient population.
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• Recommendations.
1. In patients with newly diagnosed brain tumors, anticonvulsant medications are not
effective in preventing first seizures. Because of their lack of efficacy and their
potential side effects, prophylactic anticonvulsants should not be used routinely in
patients with newly diagnosed brain tumors (standard).

2. In patients with brain tumors who have not had a seizure, tapering and

discontinuing anticonvulsants after the first postoperative week is appropriate,
particularly in those patients who are medically stable and who are experiencing
anticonvulsant-related side effects (guideline).
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• Currently seizure prophylaxis is not generally recommended for patients with spontaneous

intracerebral hemorrhage (ICH) or aneurysmal subarachnoid hemorrhage (aSAH). However,
short-term prophylaxis (during the acute critical illness) is commonly instituted for patients
in whom seizures would likely lead to additional injury such as herniation or rebleeding. ICH
or aSAH patients with seizures at the onset of their hemorrhage, patients with ICH in close
proximity to the cortical surface, and aSAH patients with a poor clinical grade (poor
neurologic examination and/or thick cisternal blood) are at high risk of seizures, especially
nonconvulsive, and are frequently kept on short-term prophylaxis. Convulsive seizures occur
in 7% to 17% of patients with spontaneous ICH and in between 6% and 26% of those with
aneurysmal aSAH. These should be treated as soon as possible regardless of the underlying
causative factors. Nonconvulsive seizures are seen in about 20% of patients with ICH and in
8% to 18% of those with aSAH. It is controversial how aggressively to treat
nonconvulsive seizures.

PAPNS 2015

11/24/2015

10

Important Questions To Be Answered
• Does a seizure compromise recovery?
• Do all types of brain injury equally need anti-seizure prophylaxis?
• Which AED has a favorable adverse eﬀect proﬁle?
• Is there an ideal dosing schedule?
• Is there an acceptable duration for prophylaxis?
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SEIZURE PROPHYLAXIS FOR NEUROSURGERY

• The incidence of seizures following neurosurgery varies from 2% to 68%.
• North et al, 1980 observed a reduction in all seizures following craniotomy with phenytoin,

but not of early-onset seizures. In contrast, Lee,1989 observed a reduction in early post
craniotomy seizures following a short course of phenytoin.

• Temkin and colleagues, 2002 concluded that seizure prophylaxis was justiﬁed for 1 week
after surgery where the incidence of seizures was reduced by 40% to 50% and most
evidence supported the use of phenytoin.

• Ramakrishnan et al, 2015 however, observed time to ﬁrst seizure was on average between 5

and 8 days for subjects with traumatic brain injury following a craniotomy or craniectomy.
Phenytoin was generally given as a single intravenous loading dose, then daily AED
prophylaxis was stopped at 1 week, unless otherwise indicated.
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SEIZURE PROPHYLAXIS FOR NEUROSURGERY

• Seizures are frequently associated with brain tumors, and prophylaxis may need to
be continued for several months.

• Maschio and colleagues, 2011 observed the eﬀects of levetiracetam monotherapy on
seizure control in patients with brain tumour–related epilepsy. During chemotherapy
or radiotherapy, the majority of side effect were mild.

• de Santis et al, 2002 observed no reduction in seizures from 7-day phenytoin
prophylaxis following resection of intracranial tumors. Phenytoin is associated with
many adverse effects in combination with chemotherapy and radiotherapy.
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SEIZURE PROPHYLAXIS FOR NEUROSURGERY

• (Rosengart RJ et al, 2007): The evidence supporting the administration of
prophylactic AEDs following subarachnoid hemorrhage conﬂicting with
advice supporting or refuting the practice.

• (Hart Y et al, 2011): The risk of seizures following coil embolization is lower
than that follows surgical clip placement. Delayed cerebral ischemia, subdural
hematoma, and middle cerebral artery aneurysms are secondary pro-seizure
risk factors.
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SEIZURE PROPHYLAXIS FOR NEUROSURGERY

• (Goswami RP et al, 2009): Early seizures complicate up to 40% of intracerebral

hemorrhages or infarcts. (Reddig RT et al, 2011): Clinical trials either support or
refute the beneﬁts of prophylactic AEDs.

• (Chuang MJ et al, 2010): Seizures complicate a brain abscess in around 40% of

cases, although it can be up to 95%. Phenytoin is most frequently described to
manage early seizures.

• (Geocadin RG, 2008): Seizures are also common after cardiac arrest, and although

they are an independent predictor of outcome, there is no guidance or clinical data
supporting the use of prophylactic AEDs.
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SEIZURE PROPHYLAXIS IN CRITICAL CARE

• Seizures in critical care present diagnostic challenges. Tonic-clonic movements may be absent, and

somnolence, agitation, hypertension, tachycardia, and fever may be the presenting signs. These signs
are not speciﬁc to seizures.
• Therefore, the use of continuous or daily EEG monitoring should be considered when
consciousness is compromised through pharmacological coma or the presence of brain trauma.
• Prophylactic seizure management of the critical care patient following brain trauma can present
diﬃculties achieving therapeutic drug concentrations of AEDs. Drug kinetics will be altered as a
consequence of impaired drug metabolism, deliberate hypothermia, changes in acid/base status,
renal dysfunction or augmented renal clearance, hepatic dysfunction, changes in cardiac output and
in the volume of distribution, altered albumin concentrations, and the use of extracorporeal
circulation. How these factors will interact in the critical care patient is not easy to determine. Drug
elimination will vary with changes in weight, height, age, body surface area, and creatinine clearance.
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EEG MONITORING

• It is estimated that up to 50% of patients in coma following a brain injury may develop seizures,
and many are non-convulsive.

• Both convulsive and non-convulsive seizures will lead to neuronal damage if control is delayed.
• A single EEG will detect only 50% of non-convulsive seizures.
• The diagnostic yield is improved with the application of continuous EEG (cEEG) monitoring. In
a small case series of patients presenting with status epilepticus, Kaplan detected all cases with
Non Convulsive Status Epilepticus only after 3 to 5 days of cEEG monitoring.

• Clinical trials have realized the value of cEEG monitoring for both detection of seizures,
monitoring of AED therapy, and prognostication, with a reduction in morbidity and mortality.
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SEIZURE PROPHYLAXIS AND PREGNANCY

• As the need for provision of both neurosurgical and seizure management services
to pregnant patients is infrequent, no guidance is available.
• Many AEDs are known to be teratogenic and the fetus exposed to AEDs in utero is
at risk from prematurity, low birth weight, increased fetal and neonatal death,
congenital malformations, and developmental delay.
• Recent publications from UK, Australian, North American, and International
pregnancy registers suggest that levetiracetam is not associated with teratogenic
eﬀects above the background observations. No other publication has identiﬁed a
teratogenic eﬀect. The advice from the manufacturer of Keppra is that it should not
be used in pregnancy.
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SEIZURE PROPHYLAXIS AND PREGNANCY

• There are limited data regarding dose schedules for levetiracetam in pregnancy, but clinical

reports demonstrate an increase in the renal clearance and the volume of distribution with a
decline in the plasma concentration of up to 50%, particularly in the third trimester. A
doubling of the levetiracetam dose should be considered by the third trimester. However,
plasma monitoring is advised as accurate predictions are not available, and exceeding
therapeutic levels (70 to 270 mmol/L) can lead to severe behavioral disorders.

• Case reports also suggest that an increase in the frequency of dosing can reduce
breakthrough seizures in the third trimester without an increase in the daily dose.

• The fall in serum levels following in the third trimester, is followed by a rapid rise in the
serum concentration of levetiracetam after delivery
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Criteria of Ideal Prophylactic AED’s
• Broad spectrum of activity against a wide variety of seizure types.
• Absence of adverse side eﬀects.
• Acceptable safety proﬁle with respect to pharmacokinetic and pharmacodynamic
factors.
• Desirable kinetic characteristics including once daily dosing.
• Absence of active metabolites.
• Absence of drug interactions or idiosyncratic eﬀects.

• Availability of intravenous and oral formulations.
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AED Adverse Effects
Phenytoin

Levetiracetam

Carbamazepine

Sodium Valproate

Phenobarbitone

System affected

Memory impairment and
intellectual decline,
horizontal, gaze
nystagmus, cerebellar
ataxia

Anger, delirium, dizziness,
somnolence, fatigue,
headache

Cognitive compromise

Cognitive compromise

Somnolence, dizziness/ vertigo,
diplopia, nystagmus, blurred
vision, ataxia, chorea and
dystonia, tremor, habit forming

CNS

Hypotension, bradycardia,
other arrhythmias

None reported

Arrhythmias, hypertension
hypotension, bradycardia

Hypertension,
hypotension, palpitations

Hypotension

CVS

Hepatic derangements

Very rare reports of
hepatoxicity, often in
association with other
antiepileptic agents

Cholestasis

Severe hepatitis

Liver damage

Hepatic

Macrocytic anemia,
leukopenia

Minimal or no eﬀect

Thrombocytopenia,
aplastic anemia,
leukopenia

Abnormalities of
coagulation

Thrombocytopenia,
megaloblastic anemia

Hematology

Pruritis, hirsutism,
coarsening of facial
features, drug-induced
lupus, Stevens Johnson
syndrome, toxic epidermal
necrolysis

None reported

Stevens Johnson
syndrome, toxic epidermal
necrolysis, exanthema,
alopecia

Alopecia, discoid lupus
erythematosus,
maculopapular rash

Angioedema, exfoliative
dermatitis, fever

Dermatology

Teratogenic

Very low or no associated
malformation rates

Teratogenic

Teratogenic

Teratogenic

Pregnancy
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AED Adverse Effects
Phenytoin

Levetiracetam

Carbamazepine

Sodium Valproate

Phenobarbitone

System affected

Alteration in kinetics of
chemotherapeutic agents

No effect

Alteration in kinetics of
chemotherapeutic agent

Alteration in kinetics of
chemotherapeutic agent

Alteration in kinetics of
chemotherapeutic agent

Chemotherapy

Skin lesions and erythema
multiforme particularly
associated with cranial
irradiation

None effect

Mitigation and
protection against
ionizing radiation

May be neuroprotective
during cranial irradiation

Erythema multiforme associated
with cranial irradiation

Radiotherapy

Zero-order kinetics at high
drug concentrations with
unpredictable plasma levels,
induces p450 enzymes with
associated drug interactions,
with nimodipine and
chemotherapeutic agents

No kinetic drug
interactions and
linear kinetics at
doses of 5005000
mg/d. Age eﬀects
clearance

A potent inducer of
cytochrome P450

Hepatic enzyme inhibitor and
may interfere with the
metabolism of other agents

Hepatic enzyme inducer and
interferes with the metabolism of
other antiepilpetic agents

Pharmacokinetics

Anticonvulsant
hypersensitivity syndrome
including hepatitis,
myocarditis, lympheodema

No association with
anticonvulsant
hypersensitivity
syndrome

Syndrome of
inappropriate
antidiuretic
hormone secretion

Hyperammonemia, hair loss,
weight gain

Rickets, contraindicated in
patients with porphyria

Other
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SEIZURE PROPHYLAXIS: DURATION OF TREATMENT

• Current descriptions of seizures following brain injury describe early-onset (0 to 7 d) and

late-onset seizures (8 d or more). This division is entirely arbitrary and was used in
descriptions of posttraumatic seizures during the First World War.
• In qualifying the optimum duration of therapy, a consideration is given to the impact of
early seizures on recovery and management, and the onset of the epileptogenic phenomena
that leads to late-onset seizures.
• Late-onset seizures are a consequence of an epileptogenic process promoted by the brain
injury. However, currently available AEDs cannot modify this epileptogenic process and
extension beyond 7 days to limit the epileptogenic process is not recommended.
• The decision to stop the AED should be a clinical decision, considering the risk of seizures,
and the impact of a seizure on clinical management.
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Guidelines For Seizure Prophylaxis
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Guidelines for acute medical management of severe TBI in infants, Children
and Adolescents, Second edition (2012)
Anti-seizure prophylaxis
RECOMMENDATIONS
Strength of Recommendation: Weak. Quality of Evidence: Low, from one poor-quality class III study.
Level I

• There are insufﬁcient data to support level I recommendation for this topic.
Level II

• There are insufﬁcient data to support level II recommendation for this topic.
Level III

• Prophylactic treatment with phenytoin may be considered to reduce the incidence of early posttraumatic
seizures (PTS) in pediatric patients with severe traumatic brain injury (TBI).
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Guideline of treatment of severe traumatic brain
injury, 3rd edition 2007
Anti-seizure prophylaxis
Level I

• There are insufﬁcient data to support level I recommendation for this topic.
Level II

• Prophylactic use of phenytoin or valproate is not recommended for
preventing late post traumatic seizures. Anticonvulsant are indicated to
decrease the incidence of early onset PTS (within 7 days). However early
PTS is nor associated with worse outcome.
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Prophylactic antiepileptic drugs with TBI in adults

• Level II: Prophylactic phenytoin, cabamazipine, phenobarbital or valproate
do not prevent late post traumatic seizures

• Level II: AED’s may be used to decrease the incidence of early post
traumatic seizures (within 7 days of TBI) in patients at high risk of seizures
after TBI, however this does not improve the outcome.
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Prophylactic anticonvulsant with brain tumors
• Level I: Prophylactic AED’s should not be used routinely in patients with
newly diagnosed brain tumor

• Level II: in patients with brain tumors undergoing craniotomy, prophylactic
AED’s may be used, and if there has been no seizure, it is appropriate to
taper off AED’s starting 1 week post op.
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SEIZURE PROPHYLAXIS IN PATIENTS WITH
TRAUMATIC BRAIN INJURY (TBI) Orlando Medical Center, 2012.
www.surgicalcriticalcare.net

Level 1
• Phenytoin is effective in decreasing the risk of early PTS in patients with severe TBI.
• Valproate should not be used for early PTS prophylaxis.
• Phenytoin, carbamazepine or valproate are ineffective in decreasing the risk of late PTS.
• There are insufficient data to recommend routine PTS prophylaxis in patients with mild or
moderate TBI.
Level 2
• Levetiracetam is an effective and safe alternative to phenytoin for early PTS prophylaxis.
• Routine prophylaxis of late PTS is not recommended.
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SEIZURE PROPHYLAXIS IN PATIENTS WITH
TRAUMATIC BRAIN INJURY (TBI) Orlando Medical Center, 2012.
www.surgicalcriticalcare.net

Level 3

• Levetiracetam should not replace phenytoin as a first-line agent for PTS prophylaxis based upon efficacy and economic
analysis.

• Carbamazepine is effective in decreasing the risk of early PTS.
• The following CT scan findings may indicate the need for late PTS prophylaxis (anticonvulsant therapy for longer than 7
days post injury):

► Biparietal contusions (66%)

► Dural penetration with bone and metal fragments (63.5%)

► Multiple intracranial operations (36.5%)

► Multiple subcortical contusions (33.4%)

► Subdural hematoma with evacuation (27.8%)

► Midline shift greater than 5mm (25.8%)

► Multiple or bilateral cortical contusions (25%)

• CT scan findings are superior to GCS score when used as a predictor for PTS development.
• EEG does not currently have a role in evaluating the need for PTS prophylaxis.
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