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EPIDEMIOLOGY OF TBI 

BS Chang, et al. Neurology 2003: 60(1):10-16. 
Bruns J, Hauser WA. Epilepsia. 2003; 44(Suppl 10):2–10. 

Rutland-Brown W, et al. J Head Trauma Rehabil. 2006; 21:544–548.  

The incidence of TBI is between 180 and 250 per 100,000 per year  



SEIZURES AFTER TBI 

  Secondary brain damage 
­ Increased ICP 
­ Increased metabolic brain demands post HI 
­ Excessive release of neurotransmitters 

  Results in further complicating the existing brain 
damage 



THAILAND 

  Number of severe injury in Thailand: 155,000 cases / year 











SCOPE OF PTE 

  Definition & Epidemiology 
  Risk factors 
  Epileptogensis & pathology 
  Clinical features 
  Diagnosis 
  Guideline of management 



 
POST TRAUMATIC EPILEPSY (PTE) 
POST TRAUMATIC SEIZURES (PTS) 
 
  Seizures are caused related to trauma 

  PTS:  provoked seizure by traumatic brain injury 

  PTE: recurrent and unprovoked PTS and occur at 
least a week after injury 

Frey LC. Epilepsia. 2003; 44(Suppl 10):11–17. 
  Jennett B. Arch Neurol. 1974; 30(5):394–398.] 



POST-TRAUMATIC SEIZURE 

  Immediate Post-traumatic seizure 

          
                                      Early Post-traumatic seizure 

                                                
                                            Late Post-traumatic seizure 

7 d 0 d 

24hr 



POST-TRAUMATIC EPILEPSY 

  Immediate Post-traumatic seizure 

          
                                      Early Post-traumatic seizure 

                                                
                                            Recurrent unprovoked PTS 

7 d 0 d 

24hr 



EPIDEMIOLOGY 

  Epilepsy related to TBI ≈ 2-16% in European countries 

  Severe TBI: 

  An increased risk of developing epilepsy risk 7.02 X   in 
children 

  An increased risk of developing early and late PTS 

Forsgren L, et al 2005. Eur J Neurol 12:245-253 

Cansu A et al 2007.Seizure 16:338-344 

Frey LC, et al 2003. Epilepsia 44 Suppl 10: 11-17 



Post-traumatic seizure 



PTS 
Incidence 
i.  Early PTS 6-10% 

i.  50% within the first 24hrs 
ii.  25% within the first    1hr 
iii.  29-fold increased risk of developing epilepsy 

ii.  Late PTS 9-25% 
i.  25% of patients with early PTS will have another seizure within 6 mths 
ii.  13% of patients without early PTS 

Brain Trauma Foundation. J Neurotrauma.2007;24(suppl 1):S1-106 
J Englander, et al. Arch Phys Med Rehabil 2003;84:365-73.  

Pagni Ca. Acta Neurochir Suppl.1990;50:38 

Immediate PTS 



EARLY PTS 
  2.6-16.9%, depending on the severity of TBI 
    
In infant population,  
        Incidence of early PTSs esp.<24 hrs is more common than 
late PTSs  
  In general, 
             Severe TBIs are associated with high frequency of 
early PTSs.  

Annegers JF, et al. 1980 Neurology;30: 683-689 

Annegers JF, et al. 1988 N Engl J Med;338: 20-24 
Asikainen I, et al. 1999  Epilepsia; 40: 584-589 

Hahn YS, et al. 1988 Neurosurg;22: 864-867 



SEVERITY OF TBI 
LOC Amnesia GCS remarks 

Mild  Y<24 hrs < 30 mins 13-15 No skull fx 

Moderate Y<24 hrs 30mins-24hrs  9-12 Skull fx 

Severe Y>24 hrs > 24 hrs  3-8 Contusion, 
intracranial 
hematoma 

Annegers JF, et al. 2009 Lancet;373:1105-1110 



RISK FOR PTS 
Standardized incidence ratio 

Mild  1.5 

Moderate 2.9 

Severe 17.0 

Annegers JF, et al. 2009 Lancet;373:1105-1110 



CLINICAL FEATURES OF PTS 

GTC:   
• 70-80% of seizures within the 1st day 
Simple Partial Sz or Focal with 2nd GTC:  
•  50% of SZ, after the 1st day 

Status Epilepticus : 10% of Pt with acute TBI 
(more common in children & usually with other underlying complications) 

Jennett B, et al. 1975 William Heinemann Med Book, England 



LATE PTS 

  The higher risk period to develop late PTSs:  the 1st 18 months 

  Incidence 1.9-30%, variable in different studies 

  An average PTS frequency of 2.1% in TBI and 12% in severe TBI 

 

 

Annegers JF, et al. 1988 N Engl J Med;338: 20-24 



LATE PTS 
  Incidence ratio: a risk of unprovoked seizure during 1st year 

Incidence ratio TBIs : Gen Pop 
x11 

After 4 Ys X 3.5 
After 5Ys X 2.39  
After 10 Ys X1.56 
After 10Ys in Severe TBI X10 

Annegers JF, et al. 1988 N Engl J Med;338: 20-24 



Early Post-traumatic seizure Late post-traumatic seizure 

•  Acute Intracranial Hematoma   esp. 
subdural hematoma, 
intraparenchymal hemorrhage need 
of surgery 

•  Younger age 

 

•  Higher injury severity 
–  PTA /LOC > 30 min 

•  Chronic Alcoholism 
 
 

•  Acute Intracranial Hematoma     
esp. subdural hematoma 

•   Brain contusions 
 

•  Age older>65 Y @ time of injury 
•  Alcohol withdrawal 
•  Higher injury severity 

–  PTA/LOC > 30 min 

Yeh CC, et al. 2013,J Neurol Neurosurg Psychiatry 84: 441-445 

RISK FACTORS 



RISK FACTORS 

  Controversial 

  The presence of early PTS as risk factor for late PTSs in 
adults 

  Pro: 

  Cons: Annegers JF, et al. 1998 N Engl J Med;338: 20-24 

Jennett B, et al. 1975 William Heinemann Med Book, England 
Angeleri F, et al. 1999; Epilepsia 40: 1222-1230 
Temkin NR. 2003 Epilepsia; 44 suppl 10:18 



POST TRAUMATIC SEIZURE  



VIETNAM HEAD INJURY STUDY 

 
Prevalence of PTE was 45-53% 

 

Raymont V, et al. 2010 Neurology,.75(3):224-9 



POST-TRAUMATIC EPILEPSY 

  A form of symptomatic epilepsy  
      defined by the presence of recurrent        
seizures secondary to traumatic brain injury 

Agrawal A, et al.2006 Clin Neurol Neurosurg ,108:433–439 
 Da Silva AM, st al. 2012 Handbook Clin Neurol, 108:585–599 
Cesnik E, Casetta L, et al. 2013 J Neurol Neurophysiol , S2:009 



PTE 
  10-Y incidence of PTE of any severity ≈ 2% 

  Severity of TBI correlates with risk 

Annegers JF, et al. 1980 Neurology;30: 683-689 

Cumulative 5-Y probability of seizure 
 

Mild 0.5% 

Moderate 1.2% 

Severe 10% 

Annegers JF, et al. 1998 N Engl J Med;338: 20-24 



POPULATION 
BASED STUDIES Study RISK of PTE 

 
Mild  Moderate Severe 

Denmark  Accum 1-Y 3.5 12.2 

N=1,605,216 
       (78,572) 

 Accum 10-Y 1.5 3.5 

USA Accum 5-Y 0.7 1.2 10 

N=4,541 Accum 30-Y 2.1 4.2 16.7 

Taiwan 
N=559,658 
     (19,336) 

15 Y 3.9 7.8 

USA 9.1/100 persons 

N=2,118 
(>15 Y) 

Accum 3-Y 4.4 7.6 13.6 

China Accum 3-Y 5/100 persons 

N=2,826 
(4-79 Y) 

3.6 6.9 17% 

Christensen J, et al.2003 Lancet 2009; 
373:1105–1110 

Annegers JF, et al. 1998 N Engl J Med, 
338:20–24 

Yeh CC, et al. 2013 J Neurol Neurosurg 
Psychiatry ,84:441–445 

Ferguson PL, et al. 2010 Epilepsia, 
51:891–898 

Zhao Y,  et al.2012 Seizure ,21:322–326 



POPULATION 
BASED STUDIES 

Christensen J, et al.2003 Lancet 2009; 373:1105–1110 



NATURAL HISTORY 

  80% pts with PTE tend to have the 1st unprovoked sz within the 1st 
year  

  90% PTEs start within two years from trauma 
In Military population,  
          PTE frequency (34-53%) show higher rate than in general pop. 

  Remission rate: 25-40% 
Haltiner AM, et al. 1997; Arch Phys Med Rehabil 78: 835-840 

Annegers JF, et al. 1988 N Engl J Med;338: 20-24 

Caveness WF, et al. 1962 J Neurosurg;19: 122-129 
Sa;azar AM, et al. 1985 Neurology; 35: 1406-1414 



HUMAN EPILEPTOGENESIS 

A nonepileptogenic brain 

  Molecular & Cellular alternation 

  Axonal sprouting & dendritic 
modificaion 

An epileptogenic brain 

  Increasing cell excitability 

  Cicatrix (scar) in cortex  

  Ischemia and hemorrhage 

  Toxic effect of hemoglobin breakdown 

 Diffuse axonal injury 

 Secondary cellular injury (excitatory 
amino acids, cytokines, toxic mediators) 

 

Brain insult 

Latent period 
(days to weeks)  

Agrawal A, et al.2006 Clin Neurol Neurosurg ,108:433–439 
 Da Silva AM, st al. 2012 Handbook Clin Neurol, 108:585–599 
Cesnik E, Casetta L, et al. 2013 J Neurol Neurophysiol , S2:009 

Willmore LJ, 2009. Neurochem Res,34:688–697 

Hyperexcitability, Hypersynchronization, and 
Development of recurrent seizures 



PATHOGENESIS 
  2 main pathogenic pathway caused late seizures 
  Oxidative stress mechanisms 
­ Lipid peroxidation of neuronal mb and mitochondria, alt Na+/K+ 
pump 
­ A reduction of the chronic threshold of a group of neuronal cells 

  Excitotoxic-mechanisms-neuronal hyper excitability 
­ Extra cellular immediately increase of excitatory amino acid after 
injury, increased levels of glutamate and aspartatic acid. 
­ Increased expression of SNAT1 and SNAT2, form axonal 
sprouting with high immumoreactivity to GAP 43 

Katayama Y, et al. 1990; J Neurosurg 73: 889-900  
Tani H, et al. 2007; Neurobiol Dis 25: 230-238 

McKinney RA, et al. 1997; Nat Med 3: 990-996 



PATHOLOGY 
  Trauma can induce hippocampal epilepsy and injury processes 
can be progressive 

  Hippocampal degeneration  
­ to be more severe in patients surviving more than 6 months 
compared with patients surviving less than 1week  

Hippocampal atrophy  
­ a common finding among chronic TBI survivors and in various 
experimental models  

  Histopathological examination   
­ neocortical gliosis was present in all specimens and hippocampal 
neuronal loss occurred in 94% of the cases 

Maxwell WL, et al.2003 J Neuropathol Exp Neurol. 62:272-279. 

Bramlett HM, et al.2002 Acta Neuropathol. 103:607-614 

Bramlett HM, et al.2002 Acta Neuropathol. 103:607-614 



CLINICAL FEATURE OF PTE (1) 

  FOCAL EPILEPSY /  
  FOCAL EPILEPSY WITH A SECONDARY GENERALIZATION 
MESIAL TEMPORAL LOBE EPILEPSY ( Trauma induced MTS in 
patient with history trauma in childhood< 5 Y) 

  Status Epilepticus:  
       10% of PTSs, infant population 
         

Diaz-Arrastia R, et al. 2000  Arch Neurol, 57: 1611-1616 
Marthern GW, et al. 1994 Epilepsy Res, 19: 129-139 

Jennett B, et al. 1975 William Heinemann Med Book, England 



CLINICAL FEATURES OF PTE (2) 

  Clinical manifestation: variable & depend on the cortical 
areas involved. 

  Medically intractable epilepsy 
­ 78%‒91% of focal onset seizures 
­ Temporal lobe in 15%‒56%, Frontal lobe in 23%‒36%, Occipital 
lobe in 2%‒6%, and parietal lobe in 5%‒38%.  

Kazemi H,, et al. 2012 Injury, 43:2132–2135 
Hudak AM, et al. 2004 J Head Trauma Rehabil, 19:290–295 



CLINICAL FEATURE OF PTE (3) 

  Parietal semiology found more frequently in patients with 
penetrating trauma,  

  whereas patients with blunt trauma showed higher temporal 
and frontal semiologies 

PTE manifested as medial TLE in patients with Hx of TBI 
younger than age of 5 Y 

  Recent study, also found in patient at older age (30-35%) 

Kazemi H, et al. 2012 Injury, 43:2132–2135 

Diaz-Arrastia R, et al. 2000 Arch Neurol, 57:1611– 1616 
Hudak AM, et al. 2004 J Head Trauma Rehabil, 19:290–295 

Marks DA, et al:. 1995 Neurology, 45:2051–2057 



RISK FACTORS OF PTE 
  Advanced age,  

  Penetrating injuries, 

  Injury severity (e.g. neurosurgical procedure, intracranial hemorrhage, 
greater than 5 mm midline shift, duration of coma 24 hours, loss of 
consciousness 24 hours, prolonged length of post- traumatic amnesia),  

  Biparietal or multiple contusions,  

  Frontal or temporal locations of the lesion.  
Agrawal A, et al. 2006 Clin Neurol Neurosurg,108:433–439 

Da Silva AM, et al. 2012 Clin Neurol,108:585–599 
Cesnik E, Casetta L, et al. 2013.J Neurol Neurophysiol,S2:009 

Lowenstein DH.2009 Epilepsia ,50(Suppl 2):4–9 
Christensen J. 2012 Epilepsia , 53 (Suppl 4):43–47 



DIAGNOSIS 

  Electroencephalogram (EEG) 
­ Useful for the localization of the lesion focus and measurements of 
the extent of damage 
­ Unable to define the probability to develop epilepsy;  
­ >20% of pts with PTE have negative EEG during the 1st three months after 
injury 

  Neuroimaging 
­ CT scan of brain; immediately trauma 
­ MRI brain; study of choice in late seizures 

Jennett B, et al. 1975; Epilepsia 16: 251-256 



  A 58-Y-man who had a mild TBI as a 
teenager 

  He developed GTC within 5 years after 
injury. 

MRI brain: a single 3mm non-specific 
gliotic lesion in the left frontal lobe. 

Lamar CD, et al.2014 J Neuropsychiatry Clin Neurosci 26:2, 108-113  



Lamar CD, et al.2014 J Neuropsychiatry Clin Neurosci 26:2, 108-113  

A 49-Y man with previous history of TBI as a fall from a ladder. 
MRI brain: dilatation of the tip of the right temporal horn due to volume loss in the 
mesial temporal structure. 
 
 



  A 66-Y-man suffered from severe TBI 
caused by GSW at the age of 19. 

  He developed sz within 2 years 
following this injury. 

  CT brain: Chronic postoperative changes 
with a large area of encephalomalacia 
at the left frontal lobe. 

Lamar CD, et al.2014 J Neuropsychiatry Clin Neurosci 26:2, 108-113  



POST TRAUMATIC MRI FINDING 
 

Microstructure changes e.g. 
microhemorrhage or white 
matter injury   (SWI/DTI) 
 
Gliosis and/or residual 
hemosiderin ( T1W & T2W MRI) 
 
BBB disruption  ( contrast-
enhanced MRI) more frequent in 
PTE group (82.4% VS 25% 

Blood-Brain Barrier (BBB) Permeability in Football Players vs. a control group 
Weissberg Itai, et al 2014 .JAMA Neurol, 71(11);1453-1455 

Tomkins O, et al. 2011Cardiovasc Psychiatry Neurol,:765923. 



ANTICONVULSANTS 

Goal: 
  To minimize the brain damage by preventing early seizures 

  To create neuroprotective effect 

Vartanian MG, et al.Brain Res Dev Brain Res , 1996.95(2):169-75 
Tasker RC, et al. J Neurosci,1992.12(11):4298-308. 

Schierhout G, et al. Neurol Neurosurg Psychiatry,1998.64:108-12 



KEY FACTS 

Anticonvulsants:  
  to reduce early PTS occurring within the first 7 days 

  But little to no benefits to reduce late PTS occurring after 7 days 

Guidelines for the management of severe traumatic brain injury  
XIII. Anti-seizure prophylaxis. 2007 



PROPHYLAXIS 

  Use of AEDs at early stage 

    
§    to prevent PTE;   Controversial 
§    to prevent of early PTS; Good efficacy 





  

  404 post traumatic head injury patients (GCS 3-10 and abnormal 
head CT) randomized to treatment with phenytoin or placebo for one 
year with a two year follow up. 

  In the first week after injury 4% of the patients receiving phenytoin 
had seizures compared to 14% taking placebo. 

  After the first week there was no significant difference between the 
rate of seizures in the two groups.  

Temkin NR, Dikmen SS. N Eng J Med 1990; 323:497-502 
 



Temkin NR, Dikmen SS. N Eng J Med 1990; 323:497-502 
 

A Randomized,double-blind study of phenytoin for the prevention of post-traumatic 
seizures. 

3.6% 

14% 



Temkin NR, Dikmen SS. N Eng J Med 1990; 323:497-502 
 



Temkin NR. Epilepsia 2001; 42:515-524 
 



Chang BS, Lowenstein HD. Neurology 2003;60:10-16 
 



PTS 

§  “Prophylactic treatment with PHT should be initiated as soon as 
possible after injury to decrease the risk of Post traumatic 
seizures occurring within the first 7 days” 

                                      (evidence level A)‏ 

Chang BS, Lowenstein HD. Neurology 2003;60:10-16 
 



PTE 

§  “PHT, CBZ or VPA should not routinely be used beyond the first 
7 days after injury to decrease the risk of Post traumatic 
seizures occurring beyond that time” 

                                      (evidence level A)‏ 

Chang BS, Lowenstein HD. Neurology 2003;60:10-16 
 



CURRENT GUIDELINES 

  American Academic of Neurology (AAN) 2003 

  Brain Trauma Foundation 2007 

  Clinical Practice Guidelines for Traumatic Brain 
Injury 2013 (Thai version) 



  

  





CURRENT GUIDELINES 

  American Academic of Neurology (AAN) 2003 
i.  Prophylactic treatment with PHT as soon as possible 
ii.  Prophylaxis NOT routinely used after 7 d 

  Brain Trauma Foundation 2007 
i.  PHT shown to reduce incidence of early PTS 
ii.  VPA has comparable effects but higher mortality 
iii.  Seizure prophylaxis > 1 wk after TBI not recommended	


  Clinical Practice Guidelines for Traumatic Brain Injury 2013 
(Thai version) 



CURRENT GUIDELINES 

  American Academic of Neurology (AAN) 2003 
  Brain Trauma Foundation 2007	

  Clinical Practice Guidelines for Traumatic Brain Injury 2013 
(Thai version) 
­ Consider AEDs for highly risk patients 
­ Immediate PTS/ known epilepsy patients 
­ Prophylaxis: 
­ Intracranial hemorrhage             -Penetrating head injury 
­ GCS<10                                  -Depressed skull fracture 



ANTI-SEIZURE PROPHYLAXIS  
  Early Post Traumatic Seizures (PTS) prophylaxis 
  Drug of Choice:  
§         Phenytoin as frontline drug 
§         Carbamazepine and Levetiracetam as second choice drugs 
  Phenobarbital and Valproate; not indicated 

  *Zonisamide; AED with antioxidant efficacy 

  Late Post Traumatic Seizures prophylaxis 
          NOT recommended AEDs 



CONCLUSION 

  Most PTE start within two years from trauma 

  Severe TBI tend to correlate with increased risk of 
developing early and late PTSs 

  Prophylactic AEDs prevent early PTSs, but not Late PTSs 



Phayathai Palace, Bangkok  
 


