DISCLAIMER: These guidelines were prepared by the Department of Surgical Education, Orlando Regional Medical Center. They are
intended to serve as a general statement regarding appropriate patient care practices based upon the available medical literature and
clinical expertise at the time of development. They should not be considered to be accepted protocol or policy, nor are intended to
replace clinical judgment or dictate care of individual patients.

SEIZURE PROPHYLAXIS IN PATIENTS WITH
TRAUMATIC BRAIN INJURY (TBI)

SUMMARY

Post-traumatic seizures (PTS) are common complications of TBI. Early PTS are linked to a high incidence
of late PTS and chronic epilepsy. CT scan is a useful modality in identifying the probability of late PTS.
EEG is a promising, but currently underdeveloped technique for the prognostic evaluation of PTS.
Pharmacoprophylaxis of early PTS includes phenytoin, levetiracetam, and carbamazepine.
Pharmacoprophylaxis of late PTS is not routinely recommended. Valproate and phenobarbital are not
acceptable agents in the prophylaxis of PTS.

RECOMMENDATIONS

e Levell
» Phenytoin is effective in decreasing the risk of early PTS in patients with severe TBI.
> No antiepileptic prophylaxis prevents late PTS.
» PTS prophylaxis in patients with mild or moderate TBI is not routinely recommended.

e Level2
> Levetiracetam is a safe and effective alternative to phenytoin for early PTS prophylaxis.
» Routine prophylaxis of late PTS is not recommended.

e Level3
> Levetiracetam for 7 days is preferred for early PTS prophylaxis.
» Prolonged antiepileptic therapy (> 7 days) should be determined by expert consultation.

INTRODUCTION

Traumatic Brain Injury (TBI) is the most common cause of death in North America for individuals between
the age of 1 and 45, accounting for 1.1 million emergency department visits and one hospitalization per
1,000 people each year(1-3). Among all patients with head trauma who seek medical attention, 2% develop
post-traumatic seizures (PTS), and in those with moderate to severe brain trauma, 8.5% develop PTS
(3,9). Approximately 12% of patients with severe TBI will develop PTS, however, this risk may approach
50% when seizure activity is diagnosed by electroencephalography (EEG) (4,5). Exposure to penetrating
missile injuries is associated with a PTS rate as high as 50% (6-8).

PTS may cause secondary brain injury asa result of increased metabolic demands, increased intracranial
pressure, compromised cerebral oxygen delivery, and excess neurotransmitter release. The following are
risk factors for the development of PTS (9,10):

EVIDENCE DEFINITIONS

e Class I: Prospective randomized controlled trial.

e Class II: Prospective clinical study or retrospective analysis of reliable data. Includes observational, cohort, prevalence, or case
control studies.

e Class lll: Retrospective study. Includes database or registry reviews, large series of case reports, expert opinion.

e Technology assessment: A technology study which does not lend itself to classification in the above-mentioned format. Devices
are evaluated in terms of their accuracy, reliability, therapeutic potential, or cost effectiveness.

LEVEL OF RECOMMENDATION DEFINITIONS

e Level 1: Convincingly justifiable based on available scientific information alone. Usually based on Class | data or strong Class Il
evidence if randomized testing is inappropriate. Conversely, low quality or contradictory Class | data may be insufficient to support
a Level | recommendation.

e Level 2: Reasonably justifiable based on available scientific evidence and strongly supported by expert opinion. Usually supported
by Class Il data or a preponderance of Class Il evidence.

® Level 3: Supported by available data, but scientific evidence is lacking. Generally supported by Class Ill data. Useful for
educational purposes and in guiding future clinical research.
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e Alcoholism e Loss of consciousness

e Younger age e Focal neurologic deficits

e Penetrating injuries e Depressed skull fracture

¢ Intracranial hemorrhage e Cerebral contusions

e Severity of injury e Retained bone and metal fragments
e Length of posttraumatic amnesia e Lesion location

Early seizures after traumatic and non-traumatic brain insults have been found to be predictive of
subsequent epilepsy development (11,12). While a seizure during the first week after injury (early PTS) is
associated with subsequent late PTS (after the first week postinjury), late PTS is correlated with an even
higher rate of recurrence. Prompt and effective prophylaxis of both early and late PTS is crucial to the
reduction of seizure recurrence rates as well as the morbidity of recurrent seizures.

When selecting appropriate medical management, it is important to differentiate between (13):
e Early PTS: 0-7 days after injury
e Late PTS: more than 7 days after injury

The severity of TBI can be estimated as (4,14,15):
e Mild: loss of consciousness or post-traumatic amnesia less than 30 minutes or GCS 13-15
e Moderate: loss of consciousness or post-traumatic amnesia for 30 minutes to 24 hours or a skull
fracture or GCS 9-12
e Severe: brain contusion or intracranial hematoma or a loss of consciousness or post-traumatic
amnesia for more than 24 hours or GCS 3-8

TBI may be assessed radiographically using the Marshall Computed Tomography (CT) Classification for
Head Injury (16) (Table 1).

Table 1: Marshall CT Classification

Category Definition

Diffuse Injury | - No visible intracranial pathology seen on CT

- Cisterns are present with midline shift 0-5 mm and/or lesion
densities present

- No high- or mixed-density lesion >25 mL

- May include bone fragments and foreign bodies

Diffuse Injury Il

- Cisterns compressed or absent with midline shift 0-5 mm

Diffuse Injury Il - No high- or mixed-density lesion >25 mL

- Midline shift > 5 mm

Diffuse Injury IV - No high- or mixed-density lesion >25 mL

Diffuse Injury V

(Evacuated mass lesion) - Any lesion surgically evaluated

Diffuse Injury VI - High- or mixed-density lesion >25 mL
(Non-evacuated mass lesion) | - Not surgically evacuated

TBI may also be classified via the Rotterdam scale, developed to overcome limitations in the Marshall CT
Classification. It predicts six month mortality based on score, as indicated below (17) (Table 2):
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Table 2: Rotterdam CT scale

Predictor value Score
Basal cisterns
Normal 0
Compressed 1
Absent 2
Midline shift
No shift or shift <5 mm 0
Shift >5 mm 1
Epidural mass lesion
Present 0
Absent 1
Intraventricular blood or subarachnoid hemorrhage
Absent 0
Present 1
Sum score Total +1

Risk of Six Month Mortality by Rotterdam CT scale
e Score 1l: 0%

Score 2: 7%

Score 3: 16%

Score 4: 26%

Score 5: 53%

Score 6: 61%

The use of antiepileptic drugs to treat patients who have developed post-traumatic epilepsy is an accepted
standard of care. However, there is substantial variability among clinicians in the practice of PTS
prophylaxis. Two surveys of neurosurgeons reported that a majority prescribed antiepileptic drugs for
seizure prophylaxis at least some of the time, although the indications, choice of drug, and duration of
treatment varied widely (18,19). Similar variability was seen in the care of head injured patients referred to
a rehabilitation center (20).

This review systematically analyzes available literature and proposes recommendations for seizure
prophylaxis in TBI patients.

LITERATURE REVIEW

Imaging Modalities in PTS prophylaxis

Electroencephalography (EEG)

Several methods have been suggested to improve identification and monitoring of PTS onset. EEG was
proposed as a potential method of prediction and early prophylaxis. Studies do not clearly associate EEG
findings with early or late PTS (21-24). Vespa et al. (Class Il study) employed continuous EEG monitoring
to establish the incidence of convulsive and non-convulsive seizures in the ICU during the initial 14 days
post-injury (25). In 52% of patients, the seizures were non-convulsive and diagnosed on the basis of EEG
studies alone. Another study by Vespa (Class Il) assessed the usefulness of continuous EEG monitoring in
ICU patients for determining prognosis after TBI (26). Percentage of alpha variability (PAV) was found to be
a sensitive and specific method of prognosis to indicate outcomes in patients with moderate to severe TBI
within 3 days of injury. Ronne-Engstrom et al. (Class Il study) established the presence of certain
epileptiform activity on EEG in TBI patients, which in 67% of cases was a seizure (27). Jones et al. (Class Il
study) utilized 1 hour EEG monitoring for comparing phenytoin vs. levetiracetam monotherapy for PTS
prophylaxis in patients with severe TBI. They concluded that clinical seizures are difficult to identify through
observation or physical examination in the early stages after severe TBI. In addition, TBI itself along with
sedative and neuromuscular blockade agents used in the ICU may mask seizure activity. Routine use of
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EEG monitoring to discern abnormal EEG patterns was encouraged. Based on the evidence outlined
above, EEG appears to be an attractive option of early seizure onset detection and prophylaxis, especially
in the ICU setting. However, more studies are needed to precisely determine EEG patterns related to PTS
onset and establish a treatment protocol.

Computed Tomography

Englander et al. (Class Il study) found that CT scan findings and neurosurgical procedures performed were
the most useful factors in identifying moderate to severe TBI patients at highest risk for late post traumatic
seizures (28). The following factors had the highest cumulative prognostic probability for late PTS onset:
biparietal contusions (66%), dural penetration with bone and metal fragments (62.5%), multiple intracranial
operations (36.5%), multiple subcortical contusions (33.4%), subdural hematoma with evacuation (27.8%),
midline shift greater than 5mm (25.8%), or multiple or bilateral cortical contusions (25%). Initial GCS score
was associated with the following cumulative probabilities for development of late PTS at 24 months: GCS
score of 3 to 8, 16.8%; GCS score of 9 to 12, 24.3%; and GCS score of 13 to 15, 8.0%. Initial injury
severity as measured by GCS score alone was not associated with higher cumulative risk for late PTS.
Debenham et al. (Class Il study) supported these claims by identifying positive CT findings as a primary
decision-making parameter in administering phenytoin prophylaxis to patients with mild TBI (15). He also
identified a Marshall category of IV or more as an important factor suggesting need for anticonvulsant
prophylaxis. Age and initial GCS score were not identified as factors affecting the development of PTS. CT
scan can be successfully implemented in the decision making process on PTS prophylaxis in TBI patients.

Early PTS Pharmacoprophylaxis in Patients with TBI

Pharmacoprophylaxis against early seizures following TBI is recommended currently in the 2016 Trauma
Brain Foundation Guidelines and endorsed by the American Association of Neurologic Surgeons Joint
Section on Neurotrauma and Critical Care, the World Health Organization’s Committee on Neurotrauma,
and the Congress of Neurologic Surgeons. According to the most recent Trauma Brain Foundation
Guidelines, anticonvulsants are indicated to decrease the incidence of early PTS. However, early PTS is
not associated with worse outcomes (29,30). The limitation of these guidelines is their focus on adults with
severe TBI (GCS 3-8).

Phenytoin

Although several antiepileptic drugs are available for early PTS prophylaxis in the setting of severe TBI,
phenytoin is used most commonly (31). Two class | studies assessed the efficacy of phenytoin for PTS
prophylaxis in patients with severe TBI. Temkin et al. demonstrated a significantly lower rate of early PTS
development among the group who received prophylaxis compared to the placebo group with a relative risk
(RR) of 0.25 (32). Young et al. evaluated a similar phenytoin regimen in a smaller but similar cohort and
found no significant difference (33). However, the rate of early seizures reported in this study (3.7%) was
much lower than the rates reported in other studies and the 95% CI (0.27 — 3.58) was very wide suggesting
insufficient power to detect a statistical difference. To arrive at a definitive conclusion, Chang et al. pooled
the data from two Class 1 studies and demonstrated a significantly lower rate of early seizures among the
pooled prophylaxis group compared to the pooled control group with a RR of 0.37 (95% CI 0.18 to 0.74)
(31). Additionally, one class Ill study evaluated phenytoin and showed a significant difference in PTS risk
reduction (RR 0.24, 95% CI 0.06-0.98) (21). Controversially, a more recent retrospective cohort study of 93
patients with blunt severe TBI (class 3) found no difference between phenytoin prophylaxis and no
antiepileptic drug treatment in early seizure rates, length of stay in ICU, days on the ventilator, or TBI-
related mortality. The treatment group had significantly worse functional outcome at discharge based on
Glasgow score (2.9 vs. 3.4, p < 0.01), and longer hospital stays (36 vs. 25 days, p = 0.04) (34). However,
further randomized trials are needed to verify these results, and they cannot apply to penetrating traumas.

e Dosing
In most instances, phenytoin is administered intravenously with a loading dose of 17 mg/kg intravenous
infusion over 30-60 minutes, followed by a maintenance dose of 100 mg given three times daily, either
intravenously or orally for a total of seven days. In appropriate patients, an oral loading dose of 300 mg
orally can be given every 6 hours for a total of three doses (900 mg), followed by the same
maintenance dose as described above (15).
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e Serum levels
Testing of serum phenytoin levels was performed in all studies outlined above. Temkin et al. reported
97% of phenytoin-treated patients to have levels in or above the therapeutic range on the first day after
injury and 57% to maintain such levels at 1 week (32). All patients with early seizures had therapeutic
levels on the day of their first seizure. Young et al. observed that more than 78% of patients maintained
therapeutic levels through the first week although only 60% of those who had an early seizure had a
therapeutic level immediately afterward (33).

e Adverse effects

Phenytoin traditionally has been linked to serious adverse events including Stevens-Johnson
syndrome, anticonvulsant hypersensitivity syndrome, purple glove syndrome, and induction of the
hepatic cytochrome P450 system, causing significant drug-drug interactions and necessitating the need
for frequent laboratory monitoring of serum levels (34,35). However, few adverse effects specifically
occurring within the first week of phenytoin therapy were reported in the studies outlined above. Temkin
et al. reported that 5.2% of patients stopped phenytoin and 9.2% stopped placebo in the first week
owing to patient request or idiosyncratic and other reactions (32). Additional analysis of side effects in
the same cohort has been published separately (36). Young et al. reported one patient to experience
the side effect of a rash during the first week of phenytoin therapy (33). Debenham et al. reported a
total of five patients (0.8%) who had adverse reactions to phenytoin including bradycardia, face and
trunk redness, skin itchiness without a rash, and elevated liver enzymes (15).

Levetiracetam

Recent evidence suggests that levetiracetam (Keppra) is both safe and efficacious in preventing PTS
following severe TBI. There is an increasing trend in the use of levetiracetam versus phenytoin for seizure
prophylaxis (35). In 2010, one prospective randomized, single-blinded study of 52 patients (Class II)
compared IV levetiracetam with IV phenytoin in patients with severe TBI (39). Patients treated with
levetiracetam experienced better long-term outcomes than those on phenytoin, based on the Disability
Rating Scale score and the Glasgow Outcomes Scale score. There were no differences between groups in
seizure occurrence during continuous (performed in the first 72 hrs) EEG or at 6 months. There were no
differences in mortality or side effects between groups except for a lower frequency of worsened
neurological status and gastrointestinal problems in levetiracetam-treated patients. Another Class Il study
supported these findings with an equivalent incidence of seizure activity in patients treated with
levetiracetam and phenytoin. However, patients receiving levetiracetam had a higher incidence of abnormal
EEG findings (p = 0.003) (40). A recent prospective, observational study of 813 patients (class 2) showed
no benefit of levetiracetam over phenytoin, with no significant difference in seizure rate, adverse drug
reactions, or mortality in between the two groups (p= 0.997, 0.227, and 0.236, respectively) (43).

¢ Dosing
A loading dose of 20 mg/kg IV (rounded to the nearest 250 mg and administered over 60 min) followed
by a maintenance dose of 1000 mg IV every 12 hrs (given over 15 min) (37). The dose may be
adjusted as needed for therapeutic effect up to 1500 mg every 12 hrs (3000 mg/day).

e Serum levels
Levetiracetam is a non—-enzyme-inducing anticonvulsant that does not require serum level monitoring.
This provides a clinical advantage over phenytoin dosing.

e Adverse effects
Levetiracetam is not known to have significant pharmacokinetic interactions or cutaneous
hypersensitivity reactions (41). Szaflarski et al. recorded the following adverse effects in order of
decreasing frequency: fever, increased intracranial pressure, stroke, worsening neurologic status,
hypotension, cardiac arrhythmia, anemia, low platelets, coagulation deficits, abnormal liver function
tests, renal, gastrointestinal, etc. (37). There were no differences between phenytoin and levetiracetam
treated patients in the occurrence of fever, increased intracranial pressure, stroke, hypotension,
arrhythmia, thrombocytopenia/coagulation abnormalities, liver abnormalities, renal abnormalities, or
early death (all p>0.15). Levetiracetam-treated patients experienced worsening neurological status less
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frequently (p=0.024) and had fewer gastrointestinal problems (p=0.043); there was tendency toward a
lower incidence of anemia in patients treated with phenytoin (p=0.076).

e Cost-benefit analysis

Although levetiracetam represents a safe and effective alternative to phenytoin and obviates the need
for serum level monitoring, the literature disagrees on its cost-effectiveness. (42). One experimental
study showed that levetiracetam has the potential to be a more financially conservative option.
Kazerooni et al. calculated the incremental cost-effectiveness ratio of levetiracetam versus phenytoin
for each successful seizure prophylaxis regimen to be 360.80 USD (44), Controversially, another cost-
minimization analysis revealed the superiority of phenytoin over levetiracetam from both the
institutional (mean cost per patient $151.24 vs. $411.85, respectively) and patient (mean charge per
patient $2,302.58 vs. $3,498.40, respectively) perspectives. Varying both baseline adverse event
probabilities and frequency of laboratory testing did not alter the superiority of the phenytoin treatment.
Levetiracetam replaced phenytoin as the dominant strategy only when the cost/charge of treating
mental status deterioration was increased markedly above baseline (42). Therefore, although both
treatments may have similar therapeutic efficacy, the issue of increased cost with levetiracetam use
should be noted.

Carbamazepine

One class Il study found a significantly lower rate of early seizures among 139 patients with severe TBI
receiving carbamazepine prophylaxis (RR 0.37) (43). Carbamazepine was started immediately after the
injury and was continued for 1.5-2 years. The dosage was adjusted to provide serum levels within
therapeutic range. Recommended duration of treatment was one year.

Valproate

Two class | studies recommended against the use of valproate for early PTS prophylaxis in patients with
severe TBIl. Temkin et al. showed no benefit of valproate therapy over short-term phenytoin therapy for
prevention of early seizures and stated that neither treatment prevents late seizures (46). Dikmen et al.
concluded that valproate does not prevent PTS (47). Both studies established a trend toward a higher
mortality rate among valproate-treated patients (46,47).

Several other drugs and drug combinations have been tested for the prophylaxis of early PTS including
phenobarbital, combination phenytoin-phenobarbital, and magnesium. None are recommended for
prophylaxis measures based on study outcomes (48-52).

Late PTS Prophylaxis in Patients with TBI

The 10 year incidence of post traumatic epilepsy (PTE) after TBI is about 2 percent. In contrast to early
seizures after TBI, older age (greater than 65 years) is a risk factor for PTE (3). However, the 2016 Trauma
Brain Foundation guidelines do not recommend prophylactic use of phenytoin or valproate for prevention of
late PTS (29). The limitation of these guidelines is their focus on adults with severe traumatic brain injury
(Glasgow Coma Scale score 3-8).

Several studies assessed the effect of antiepileptic drugs on late PTS prevention in TBI patients. Two
randomized placebo controlled double blinded Class | studies evaluated the efficacy of phenytoin in seizure
prophylaxis (53, 54). McQueen et al. enrolled patients who met at least one criterion for severe TBI, while
Young et al. enrolled only those patients estimated to have a 15% or higher chance of developing late
posttraumatic epilepsy. Neither of these studies was able to demonstrate a significant difference in late
seizure rates between the treated group and control group. Three class Il studies evaluated the efficacy of
phenytoin, carbamazepine and valproate respectively on PTS prophylaxis in TBI patients (33,45,55). None
of these studies demonstrated a significant difference in the rate of late seizures between the treated and
control groups. High rates of late seizures were demonstrated in both treated and control groups in the
carbamazepine study while each of two other class Il studies had RR greater than 1.0. Three class lll
studies assessed the efficacy of phenytoin, phenobarbital and combination phenytoin-phenobarbital
respectively (48,56,57). Pechadre et al. and Servit et al. demonstrated a decrease in late seizure rate (RR
0.14 and 0.08 respectively) in patients with TBI. However, the reliability of these two studies is uncertain
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due lack of random assignment, masked assessment or use of placebos in the control group. Another class
Il study by Manaka et al. showed no difference between treatment and control groups. Additional analysis
involving pooled data from five class | and Il studies resulted in a pooled RR of 1.05 (95% CI 0.82 — 1.35)
demonstrating no effect of antiepileptic drugs on late PTS prevention in patients with TBI.

Adverse effects observed in the studies assessing the efficacy of anticonvulsants in late PTS prophylaxis in
patients with TBI were similar to the ones encountered with early PTS prophylaxis. Rash was the most
common adverse effect in patients treated with phenytoin (33,46,53). Lethargy and fatigue were the most
common side effects in patients treated with valproate (47,58). In addition, treatment with valproate was
associated with increased mortality.

PTS Prophylaxis in Patients with Mild to Moderate TBI

The majority of studies on PTS prophylaxis focus on patients with severe TBI and tend to exclude those
with mild to moderate head trauma. In general, patients with mild TBI have lower rates of PTS when
compared with severe TBI (59). At the same time, an excess PTS risk of 1.5 (95% CI 1.0 - 2.2) was found
in patients with mild TBI in one study, and the risk in this group continued to be elevated for five years (4).
Another study reported a moderate, but not significant excess of seizures after mild TBI (59). The
mechanisms of mild TBI are often different from those encountered in severe TBI patients (33).

Currently, a limited number of studies report data on PTS prophylaxis in patients with mild TBI. Debenham
et al. conducted a retrospective study (class IIl) with 73% of patients assigned to a mild TBI group based
on GSC scale (15). 1008 patients treated with IV phenytoin for seizure prophylaxis were included of whom
5.4% developed early PTS, which is comparable to the rates observed in patients with severe TBI.
Phenytoin levels were drawn in 42.2% of those enrolled: 52% therapeutic, 41% low, 7% high. More studies
in this group of patients are needed in order to definitively establish the guidelines.

REFERENCES

1. Jager TE. Traumatic brain injuries evaluated in U.S. emergency departments, 1992-1994. Acad Emerg
Med. 2000; 7:134-140.

2. Thurman D, Guerrero J. Trends in hospitalization associated with traumatic brain injury. JAMA. 1999;
282:954-957.

3. Rutland-Brown W, Langlois JA, Thomas KE, Xi YL. Incidence of traumatic brain injury in the United
States, 2003. J Head Trauma Rehabil. 2006; 21:544.

4. Annegers JF, Hauser WA, Coan SP, Rocca WA. A population-based study of seizures after traumatic
brain injuries. N Engl J Med. 1998; 338:20-24.

5. Hauser WA. Prevention of post-traumatic epilepsy. N Engl J Med. 1990; 323:540-541.

6. Salazar AM, Jabbari B, Vance SC, Grafman J, Amin D, Dillon JD. Epilepsy after penetrating head
injury. 1. Clinical correlates: a report of the Vietnam Head Injury Study. Neurology. 1985;35:1406—-1414.

7. Vespa PM, Nuwer MR, Nenov V, et al. Increased incidence and impact of nonconvulsive and
convulsive seizures after traumatic brain injury as detected by continuous electroencephalographic
monitoring. J Neurosurg. 1999; 91:750 —760.

8. Claassen J, Jette N, Chum F, et al. Electrographic seizures and periodic discharges after intracerebral
hemorrhage. Neurology. 2007; 69:1356-1365.

9. Yablon SA. Posttraumatic seizures. Arch Phys Med Rehabil. 1993; 74;983-1001

10. Arndt DH, Goodkin HP, Giza MD. Early Posttraumatic Seizures in the Pediatric Population. J of Child
Neurol. 2015:31(2)46-56.

11. Kilpatrick CJ, Davis SM, Hopper JL, Rossiter SC. Early seizures after acute stroke. Risk of late
seizures. Arch Neurol. 1992; 49:509 -511.

12. So EL, Annegers JF, Hauser WA, O’Brien PC, Whisnant JP. Population based study of seizure
disorders after cerebral infarction. Neurology.1996; 46:350-355.

13. Jennett B. Epilepsy after non-missile head injuries. Chicago, IL: William Heinemann Medical Books,
1975.

14. Annegers JF, Coan SP. The risks of epilepsy after traumatic brain injury. Seizure 2000 Oct; 9(7):453-7.

15. Debenham S, Sabit B, Saluja RS, Lamoureux J, Bajsarowicz P, Maleki M, Marcoux J. A critical look at
phenytoin use for early post-traumatic seizure prophylaxis. Can J Neurol Sci. 2011; 38(6):896-901.

7 Approved 8/27/2012
Revised 7/26/2017



16.

17.

18.
19.
20.
21.
22.

23.
24,

25,

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.
37.

38.

Marshall LF, Eisenberg HM, Jane JA. A new classification of head injury based on computerized
tomography. J Neurosurg. 1991; 75:514-20.

Maas Al, Hukkelhoven CW, Marshall LF, Steyerberg EW. Prediction of outcome in traumatic brain
injury with computed tomographic characteristics: a comparison between the computed tomographic
classification and combinations of computed tomographic predictors. Neurosurgery. 2005; 57:1173
Rapport RL, Penry JK. A survey of attitudes toward the pharmacological prophylaxis of posttraumatic
epilepsy. J Neurosurg. 1973; 38:159-66.

Dauch WA, Schitze M, Gittinger M, Bauer BL. Posttraumatic prophylaxis for seizures—the results of a
survey among 127 neurosurgical departments. Zentralbl Neurochir. 1996; 57:190-5.

Soroker N, Groswasser Z, Costeff H. Practice of prophylactic anticonvulsant treatment in head injury.
Brain Inj. 1989;3:137-140.

Heikinnen E, Ronty HS, Tolonen U, Pyhtinen J. Development of posttraumatic epilepsy. Stereotact
Funct Neurosurg. 1990; 54-55:25-33.

Paillas JE, Paillas N, Bureau M. Posttraumatic epilepsy: introduction and clinical observations.
Epilepsia. 1970; 11:5-16.

Jennett B, VandeSande J. EEG prediction of post-traumatic epilepsy. Epilepsia. 1975; 16:251-6.
Courjon J. A longitudinal electro-clinical study of 80 cases of post-traumatic epilepsy observed from the
time of the original trauma. Epilepsia. 1970; 11:29-36.

Vespa PM, Nuwer MR, Nenov V et al. Increased incidence and impact of nonconvulsive and convulsive
seizures after traumatic brain injury as detected by continuous electroencephalographic monitoring. J
Neurosurg. 1999; 91:750-60.

Vespa PM, Boscardin J, Hovda D et al. Early and persistent percent alpha variability on continuous
electroencephalography monitoring as predictive of poor outcome after traumatic brain injury. J
Neurosurg. 2002; 97:84-92.

Ronne-Engstrom E, Winkler T. Continuous EEG monitoring in patients with traumatic brain injury
reveals a high incidence of epileptiform activity. Acta Neurol Scand. 2006: 114: 47-53.

Englander J, Bushnik T, Duong TT, Cifu DX, Zafonte R, Wright J, Hughes R, Bergman W. Analyzing
risk factors for late posttraumatic seizures: a prospective, multicenter investigation. Arch Phys Med
Rehabil. 2003; 84:365-73.

Brain Trauma Foundation. Guidelines for the Management of Severe Traumatic Brain Injury, Fourth
Edition. XI. Antiseizure Prophylaxis. Neurosurgery. 2017; 80(1):6-15.

Brain Trauma Foundation; American Association of Neurological Surgeons; Congress of Neurological
Surgeons; Joint Section on Neurotrauma and Critical Care, AANS/CNS; Bratton SL, Chestnut RM,
Ghajar J, et al. Guidelines for the management of severe traumatic brain injury. Xlll. Antiseizure
prophylaxis. J Neurotrauma. 2007; 24(suppl 1):S83-S86.

Chang BS, Lowenstein DH; Quality Standards Subcommittee of the American Academy of Neurology.
Practice parameter: antiepileptic drug prophylaxis in severe traumatic brain injury: report of the Quality
Standards Subcommittee of the American Academy of Neurology. Neurology. 2003; 60:10-16.

Temkin NR, Dikmen SS, Wilensky AJ, Keihm J, Chabal S, Winn HR. A randomized, double-blind study
of phenytoin for the prevention of posttraumatic seizures. N Engl J Med. 1990; 323:497-502.

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; 58:231-235.

Bhullar IS, Johnson D, Paul JP, Kerwin AJ, Tepas JJ, 3rd, Frykberg ER. More harm than good:
antiseizure prophylaxis after traumatic brain injury does not decrease seizure rates but may inhibit
functional recovery. J Trauma Acute Care Surg. 2014; 76(1):54-60.

Kruer RM, Harris LH, Goodwin H, Kornbluth J, Thomas KP, Slater LA, et al.: Changing trends in the
use of seizure prophylaxis after traumatic brain injury: a shift from phenytoin to levetiracetam. J Crit
Care. 2013; 28:883.e9-883.13.

Jones GL, Wimbish GH, McIntosh WE: Phenytoin: basic and clinical pharmacology. Med Res Rev.
3:383-434, 1983.

Sahin S, Comert A, Akin O, Ayalp S, Karsidag S: Cutaneous drug eruptions by current antiepileptics:
case reports and alternative treatment options. Clin Neuropharmacol. 31:93-96, 2008.

Haltiner AM, Newell DW, Temkin NR, Dikmen SS, Winn HR. Side effects and mortality associated with
use of phenytoin for early posttraumatic seizure prophylaxis. J Neurosurg. 1999; 91:588-592.

8 Approved 8/27/2012
Revised 7/26/2017



39.

40.

41,

42,

43.

44,

45,

46.

47.
48.
49,
50.
51.

52.

53.

54,
55.
56.
57.
58.

59.

Szaflarski JP, Sangha KS, Lindsell CJ, Shutter LA. Prospective, randomized, single-blinded
comparative trial of intravenous levetiracetam versus phenytoin for seizure prophylaxis. Neurocrit Care.
2010; 12:165-72.

Jones KE, Puccio AM, Harshman KJ, et al. Levetiracetam versus phenytoin for seizure prophylaxis in
severe traumatic brain injury. Neurosurg Focus. 2008; 25:E3.

Ramael S, Daoust A, Otoul C, Toublanc N, Troenaru M, Lu ZS, et al: Levetiracetam intravenous
infusion: a randomized, placebo- controlled safety and pharmacokinetic study. Epilepsia. 47:1128-
1135, 2006

Pieracci FM, Moore EE, Beauchamp K, Tebockhorst S, Barnett CC, Bensard DD, Burlew CC, Biffl WL,
Stoval RT, Johnson JL A cost-minimization analysis of phenytoin versus levetiracetam for early seizure
pharmacoprophylaxis after traumatic brain injury. J Trauma Acute Care Surg. 2012;72(1):276-81.

Inaba K, Menaker J, Branco BC, et al. A prospective multicenter comparison of levetiracetam versus
phenytoin for early posttraumatic seizure prophylaxis. J Trauma Acute Care Surg. 2013; 74(3):766-771.

Kazerooni R., Bounthavong M. Cost-effectiveness analysis of intravenous

levetiracetam versus intravenous phenytoin for early onset seizure prophylaxis after neurosurgery and
traumatic brain injury. ClinicoEcono. Outcomes Res. 2010; 2:15-23.

Glotzner FL, Haubitz I, Miltner F, Kapp G, Pflughaupt K-W. Anfallsprophylaxe mit Carbamazepin nach
schweren Schéadelhirnverletzungen. Neurochirurgia 1983; 26:66—79.

Temkin NR, Dikmen SS, Anderson GD, Wilensky AJ, Holmes MD, Cohen W, Newell DW, Nelson P,
Awan A, Winn HR. Valproate therapy for prevention of posttraumatic seizures: a randomized trial. J
Neurosurg. 1999; 91(4):593-600

Dikmen SS, Machamer JE, Winn HR, Anderson GD, Temkin NR Neuropsychological effects of
valproate in traumatic brain injury: a randomized trial. Neurology. 2000; 54(4):895-902

Manaka S. Cooperative prospective study on posttraumatic epilepsy: risk factors and the effect of
prophylactic anticonvulsant. Jpn J Psychiatry Neurol. 1992; 46:311-315.

Penry JK, White BG, Brackett CE. (1979) A controlled prospective study of the pharmacologic
prophylaxis of post-traumatic epilepsy. Neurology. 29:600-601.

Popek K, Musil F. (1969) Clinical attempt to prevent post-traumatic epilepsy following severe brain
injuries in adults. Cas Lek Cesk. 108:133-147.

Temkin NR, Haglund MM, Winn HR. (1996) Post-traumatic seizures. In Youmans JR (Ed.) Neurological
Surgery. W.B. Saunders Company, Philadelphia, PA, pp. 1834-1839.

Temkin NR, Anderson GD, Winn HR, Ellenbogen RG, Britz GW, Schuster J, Lucas T, Newell DW,
Mansfield PN, Machamer JE, Barber J, Dikmen SS. (2007) Magnesium sulfate for neuroprotection after
traumatic brain injury: a randomised controlled trial. Lancet Neurol. 6:29-38.

McQueen JK, Blackwood DHR, Harris P, Kalbag RM, Johnson AL. Low risk of late post-traumatic
seizures following severe head injury: implication for clinical trials of prophylaxis. J Neurol Neurosurg
Psychiatry. 1983;46:899-904.

Young B, Rapp RP, Norton JA, Haack D, Tibbs PA, Bean JR. Failure of prophylactically administered
phenytoin to prevent late posttraumatic seizures. J Neurosurg. 1983; 58:236—41.

Temkin NR, Dikmen SS, Anderson GD, et al. Valproate therapy for prevention of posttraumatic
seizures: a randomized trial. J Neurosurg. 1999; 91:593-600.

Pechadre JC, Lauxerois M, Colnet G, et al. Prévention de I'épilepsiepost-traumatique tardive par
phénytoine dans les traumatismes crannies graves. Presse Med. 1991; 20:841-845.

Servit Z, Musil F. Prophylactic treatment of posttraumatic epilepsy: results of a long-term follow-up in
Czechoslovakia. Epilepsia. 1981; 22:315-320.

Dikmen SS, Temkin NR, Miller B, Machamer J, Winn HR. Neurobehavioral effects of phenytoin
prophylaxis of posttraumatic seizures. JAMA. 1991; 265:1271-77.

Annegers JF, Grabow JD, Groover RV, Laws ER Jr, Elveback LR, Kurland LT. Seizures after head
trauma: a population study. Neurology. 1980; 30:683-9.

Surgical Critical Care Evidence-Based Medicine Guidelines Committee
Primary Author: Kelley Rojas, MS4, Kara Birrer, PharmD
Editor: Michael L. Cheatham, MD, Chadwick Smith, MD
Last revision date: July 26, 2017

Please direct any questions or concerns to: webmaster@surgicalcriticalcare.net

9 Approved 8/27/2012
Revised 7/26/2017


mailto:webmaster@surgicalcriticalcare.net

