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Objectives
1. Summarize the pathophysiology and 

complications of seizures in traumatic brain injury 
(TBI)

2. Describe the seizure prophylaxis guidelines in 
pediatric and adult patients with TBI

3. Describe the evidence of phenytoin in seizure 
prophylaxis in TBI

4. Evaluate the evidence of levetiracetam in seizure 
prophylaxis in TBI in pediatrics



Meet our Patient
ID BG - 15 y/o ♂ 51 kg 

CC Traumatic brain injury secondary to suicide attempt

HPI Found apneic + pulseless with initial CPR x 18 minutes (no 
epi/shock) before pulse regained en route
Began having seizures after intubation – given lorazepam, 
midazolam and phenytoin load. Mannitol 1g/kg given

Allergies NKDA

Immunization UTD



Meet our Patient
PMHx Depression

MPTA None

Social 
history

Regular marijuana use (family aware)

Family 
history

Sister (12 y/o): anxiety disorder
Uncle (father’s brother): committed suicide 10 years ago



Review of Systems
Vitals T: 38.5oC(rectal), HR: 130-160, BP: 130-150/65-90, RR: 15-30, 

O2sat: 100% (I+V with FiO2: 30-40%)
CNS GCS: 3/15, SBS: -2/-3, MAPS: 0/10

EEG: slow encephalopathy
CT(head): significant interval deterioration with cerebral 
edema affecting both basal ganglia and cerebral hemispheres. 
Ongoing shivering

HEENT Unremarkable
CVS Echo: Post-cardiac arrest with CPR ?hematoma post CPR. 

Ejection fracture: 42%
RESP Intubated and ventilated

Breathing asynchronously w/ ventilator
pH 7.45/pCO236/HCO3:25.8/Base excess: 1.2



Review of Systems
GI Abdo X-ray: ?bowel wall thickening. 

ALT: 69H, AST: 110H, ALP: 129L, GGT: 32

GU/renal Fluid balance: +645.1 mL, U/O: 1.04 ml/kg/hour, Urea: 4.9, 
Creatinine: 60, U/A: unremarkable

Lytes/Fluids Na+: 144, K+: 3.7, Mg+2: 0.82, PO4-2: 0.85L

Heme WBC: 28.2H, neuts: 25.01H, immature granulocytes: 0.23H

Endocrine Unremarkable
MSK Unremarkable

Derm Unremarkable



Medical Problem List
Medical Problems Medications
Traumatic brain 
injury

Levetiracetam 500 mg per NG BID
(= 19.6 mg/kg/day)

Sedation/pain Midazolam 50 mcg/kg/hr infusion
Dexmedetomidine 0.5 mcg/kg/hr infusion
Rocuronium 50 mg IV Q30 mins PRN for shivering 
(= 1mg/kg/dose)
Midazolam 2.5 mg IV Q1H PRN 
(=0.05 mg/kg/dose)
Acetaminophen 650 mg NG Q4H (=13 mg/kg/dose)

Hypertension Nitroprusside 4 mcg/kg/min continuous infusion

Depression None



DTPs
• GB is experiencing excessive sedation and 

requires reassessment of drug therapy
• GB is experiencing uncontrolled hypertension 

and requires reassessment of drug therapy 
• GB is at risk of seizures secondary to traumatic 

brain injury and requires reassessment of drug 
therapy

• GB has depression and requires reassessment of 
drug therapy
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Seizures in TBI
• Post-traumatic seizure is a frequent complication 

of TBIs
• Early seizures are within first 7 days of a TBI
• Late seizures occur after the first 7 days 

following a TBI
• Complications of early seizures include 

secondary insult (e.g. hypoxia, hypotension, 
hyperthermia, cerebral injury)

Dev Neurosci. 2006; 28(4-5): 
354-63.



Goals of Therapy
1. Prevent mortality

2. Prevent morbidity (= cerebral injury, secondary 
TBI, neuronal injury, increased ICP, status 
epilepticus)

3. Prevent seizures 

4. Minimize adverse drug reactions



Guidelines for acute medical 
management of severe TBI in infants, 

children, and adolescents, 2012

• 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). 
(Level III evidence)

Pediatr Crit Care Med 2012 
Vol. 13, No. 1 (Suppl.)



P 404 pts (<16 y/o) w/ serious head trauma
I Phenytoin (loading dose of 20 mg/kg) + maintenance dose (adjusted 

as per TDM)
C Placebo
O Occurrence of early or late seizures (< 7 days or >7 days) and 

adverse effects
F/up: x 2 years

Results
Phenytoin Placebo P-value

# of Seizures 
(by day 7)

3.6% + 1.3 14.2% + 2.6 P<0.001

# of seizures
(by year 1)

21% + 3.6 15.7% + 3.2 P>0.2



Guidelines in adults
(Level II A): Guidelines for the Management of 
Severe Traumatic Brain Injury
• Prophylactic use of phenytoin or valproate is not

recommended for preventing late PTS
• Phenytoin is recommended to ↓	incidence of 

early PTS, when overall benefit is felt to 
outweigh complications associated with such tx

• Insufficient evidence to recommend 
levetiracetam over phenytoin regarding efficacy 
in preventing early PTS and toxicity



Levetiracetam in Adults
Yang et al. 2016

Levetiracetam Versus Phenytoin for Seizure Prophylaxis Following 
Traumatic Brain Injury: A Systematic Review and Meta-Analysis 

Databases MEDLINE, EMBASE, Cochrane Central Register of Controlled 
Trials through March 2016

Inclusion RCTs, controlled cohort studies that compared levetiracteam with 
phenytoin for seizure prophylaxis after TBI. Uncontrolled case 
series with > 10 pts receiving levetiracetam. Excluded 
concomitant AED in any intervention group

Patients N =1614 from 11 studies, 1285 pts from 8 controlled studies (1 
RCT, 7 cohort studies)

Outcomes Assess for efficacy and safety of levetiracetam versus phenytoin 
for seizure prophylaxis following a TBI



Yang et al. 2016



Alternatives
Ø Phenytoin

Ø Phenobarbital

Ø Valproic acid

Ø Carbamazepine

Ø Levetiracetam
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Clinical Question
Patient Pediatric traumatic brain injury

Intervention Levetiracetam

Comparison Phenytoin or placebo

Outcome Efficacy:
Seizures at < 7 days (early) and >7 days (late)
Mortality
Need to change AEDs (treatment failure)

Safety:
ADRs



Search Strategy
Databases Medline/PubMed, Ovid/Embase, Google Scholar

Search Terms [Traumatic brain injury] + [seizure] + [prophylaxis] + [pediatric] 
+/- [levetiracetam] +/- [phenytoin]

Limitations Excluded: expert reviews, animal model studies, trials about 
prevelance, 
Limited to: English language, age <18 years old

Results 1 cohort study
1 retrospective observational study



Pearl et al. 2013
Results of phase II levetiracetam trial following 

acute head injury in children at risk for 
posttraumatic epilepsy

P 6-17 y/o with TBI and risk factors for development of posttraumatic 
epilepsy. Excluded: GCS <6 (w/in 4 hours of injury), elevated SCr, 
hx of unprovoked seizures, psychosis, stroke, prior TBI or encephalitis 
w/in last 3 years

I Levetiracetam 55 mg/kg/day divided BID with first dose w/in 8 hours of 
injury x 30 days

C Non-treatment 
O Safety, tolerability, retention, compliance and feasibility of acute and 

chronic levetiracetam administration

Assessed on days 3, 7, 14, 20 and 60 (1 month post-tx)



Results
• Disordered mood or behaviour issues among tx

group vs. observation group (adjusted p > 0.547)
• Most common sx ranked as severe by tx group: 

headache, fatigue, drowsiness & irritability
• One pt in the treatment group had psychosis, 

with resolution when levetiracetam was D/C’d
• Only 1 (2.5%) of 40 children developed post-

traumatic epilepsy



Our study demonstrated feasibility and 
tolerability of levetiracetam in the context of 
epilepsy prevention following TBI in a high-
risk pediatric population. 

Author’s conclusion



Critical Appraisal
Strengths • Children population captured

• Had an observation group

Limitations • Poor description of dropout/exclusion of patients 
screened (? selection bias)

• No randomization
• Baseline characteristics different between non-

treatment and levetiracetam groups
• Poor reporting of outcomes



Bansal et al. 2014
Levetiracetam versus (fos)phenytoin for 

seizure prophylaxis in pediatric patients with 
intracranial hemorrhage

P 1 month – 17 years old with acute supratentorial ICH who received 
seizure prophylaxis beginning on day of admission to PICU. N = 126. 
LVT n = 61 cases, FOS n = 40 cases, both medications n = 25

I Levetiracetam loading dose 20 mg/kg followed by maintenance of 
20 -30 mg/kg/day

C Fosphenytoin loading dose 20 mg/kg followed by maintenance of 5 
mg/kg/day with adjustments based on TDM (aim for >15 ug/mL)

O Primary: difference in the occurrence of early seizures
Secondary: compare levetiracetam versus (fos)phenytoin for seizure 
prophylaxis for tolerability and effect on development of late seizures 
at 6 months’ follow up.



Results
Outcome Fos-

phenytoin 
(n=40)

Levetiracetam
(n=61)

Both 
(n=25)

P-value

Primary outcome: 
% of early seizures 
(at < 7 days)

53% 27% 27% 0.187

Secondary outcomes
Failure of monotherapy 30% 6.6% 12.5% 0.005

Late post-hemorrhagic 
seizures (n=73)

15% 10.3% 14.3% 0.265

ADRs 3 pts 
(rash)

1 pt (rash) 0 N/A



• Levetiracetam is a reasonable alternative 
to (fos)phenytoin for prevention of early 
post-hemorrhagic seizures in children.

• ADRs are rare in both groups, and the 
treatment choice does not impact the 
occurrence of late seizures

Conclusion



Critical Appraisal
Strengths • Performed a multivariate analysis for confounders (e.g. 

age, sex, diagnosis, seizure on presentation and use 
of BZDs &/or barbituates)

• Moderate sample size
• Explicitly stated the primary and secondary objectives

Limitations • Had crossover between the groups
• However, did account for that consider a 

crossover a treatment failure for that patient’s 
original arm

• Retrospective study
• More patients in the fosphenytoin arm had seizures on 

presentation
• Physician’s choice for which antiepileptic was used



Conclusion of the evidence
Article Efficacy Safety
Pearl et al. 2013 N/A

Only 1 (2.5%) of children
developed post-
traumatic epilepsy (no 
results about early PTS)

?ü
Some headache, 
fatigue, drowsiness and 
irritability reported (no 
results reported about 
rates in nonintervention 
group) One case of 
psychosis.

Bansal et al. 2014 ü
27% rate of early PTS 
vs. 53% in PHT group 
(NSS). Failure of 
monotherapy (6.6% vs 
30% in PHT; SS)

ü
Rashes: 3 pts in PHT vs. 
1 in levetiracetam. No 
other ADRs reported



Relating it to BG
• Recommendations:

– Continue with levetiracetam 500 mg per NG 
BID x 7 days total

– Wean off midazolam infusion



Monitoring Plan
Expected change Frequency of monitoring

Vitals RR, HR, O2 sats continuously 

CNS ICP
MAPS
SBS
Midazolam PRN use

continuously
Q1H
Q1H
PRN

HEENT Eye movement Qshift (&PRN)

GI/Liver Emesis (via NJ tube) Qshift (& PRN)

MSK Muscle tone, muscle 
movements

Q4H



Follow up
• Patient did not have any clinical seizures within 

the first 6 days since his traumatic brain injury
• Patient failed extubation and was re-intubated
• Decision by family made to withdraw medical 

care
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Questions?


