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Definitions

e Post-traumatic epilepsy (P
disorder characterized by
late seizure episodes, Not
to another obvious cause,
with TBI.




Definitions

e Post-fraumatic seizures (PTS
single or recurrent seizures
after TBl (2) and are comm
classified info early (< 1 we
TBl) and late (>1 week after




Cumulative Probability of Unprovoked Seizu
with Traumatic Brain Injuries
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EPIDEMIOLOGY OF POST-TRAI
SEIZURES

e Traumatic brain injuries are
Important cause of epilepsy
accounting for 20% of symp
structural epilepsy observea
general population, and 5%
epilepsy . TBl is the leading €
epilepsy in young adults . -




EPIDEMIOLOGY OF POST-TRA
SEIZURES

 The incidence of seizures d
adults after mild TBl is slightl
than that observed in the g
population. PTS will be olbser
approximately 35-65% of p
with penetrating TBI (PTBI).
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INCIDENCE OF POST-TRAUA
SEIZURES

 The overall incidence of lat
IN hospitalized patients foll
penefrating TBI is approxim
varying with the injury and
characteristics . Late seizur
observed less frequently @
children.




NATURAL HISTORY OF POST-TR
SEIZURES AND EPILEPS

e Approximately one-half to t
of patients who suffer PTS w
experience seizure onset wi
first 12 months, and 75-80%
end of the second year fall
injury




NATURAL HISTORY OF POST-TR/
SEIZURES AND EPILEPS

« After five years, adults with mild
appear to have a significantly i
risk relative to the general popul
However, patients with moderat
TBI and PTBI remain at increased
this post injury duration

e A subset of the Vietham Head Inj udy

reported very late onset of PTE. (Rox;mond,
2010).




NATURAL HISTORY OF POST-TR
SEIZURES AND EPILEPS

 Immediate post-traumatic seizu
are generally believed to carry
Increased risk of recurrence

e On the other hand, between o
one-third of patients with LPTS wi
experience frequent recurrence
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MANIFESTATIONS OF POST-TRA
SEIZURES AND EPILEPS

e Seizures may present with a vari
manifestations, including cognif
behavioral and affective chang
may not be attributed to under
selzures.

e Patients with severe TBI may exhi
cognitive, behavioral, and affective
sequelae that may mask seizures.




B
MANIFESTATIONS OF POST-TR
SEIZURES AND EPILEPS

e Focal-onset seizures are observe
more than half of all patients witi
appear more frequently in adult
lesions on CT, penetrating TBI (P
non-penetrating TBl of greater s

o Studies that incorporate video/E
more likely to detect subtle clinical:
that may indicate focal-onset PIS .




MECANISMS OF PTS

 The seizures may be due to dire
of brain tissue which has resulte
shearing forces, infarction, or du
secondary irrifation caused by
hemorrhage. Seizures may also
triggered by secondary insults includli
metabolic disturbances and hypoxic
episodes.




MECANISMS OF PTS

e Seizures occurring among p
with TBI may be the result of
precipitants unrelated to m
currently linked with post-tra
epileptogenesis. Seizure pre
have been defined as any

endogenous or exogenous factor
that promotes the occurrence of
epllepftic seizures




MILITARY TBI

TBI Numbers By Severity - All Armed Forces

DoD Numbers for Traumatic Brain In

£ 00-'11 Q1 Totals

Penetrating 3,573
Severe 2,235
Moderate 35,661
Mild 163,181
B Not Classifiable 8,092
Total - All Severities 212,742

Source: Armed Forces Health Surveillance Center Numbers for 2000 - 2011 Q1, asof 16 May 2011

http:/www.dvbic.ora/TBI-Numbers.aspx [dod.thi-2000-201 1Q1-as-of- 110516.pdf]. Source: Defense Medical Surveillance
System (DMSS) and Theater Medical Data Store (TMDS) Prepared by Armed Forces Health Surveillance Center (AFHSC).
Accessad 10 Jul 2011,




Blast is the signature w
and TBl is the signature
the conflicts in Iraq an
Afghanistan

LTG Eric Schoomaker, 4279 Surgeon General of the U




TRAUMATIC BRAIN INJU

TBI INJURY MECHANISM

Other, 85, 3%
Eullet, 104, 2%

Elast, 2279, 62%
Fall, 294, 9%

Fragment, 249, 8%

Wahicular, 284, Q9%

Defense Veterans Brain Injury Cente



Military TBI

e Some experts have estima
Incidence of TBl among w
service members to be as
22.8%. DVBIC lead VA cen
(Minneapolis, Palo Alto, Ri
and Tampa) have freated
of OIF/OEF patients with TBI.

Defense Veterans Brain Injury Center (DS



Military TBI
256,286 veterans.

Adjusted OR indicated significant rel
between epilepsy and TBI for all clas
TBI.

Mild (1.8; 95% CI 1.6-2.0)

Moderate (3.1; 5% Cl 2.8-3.5)
Severe (7.0; 95% Cl 4.8-10.2)
Penetrating (21.3, 95% CI 13.6-33.5)

Pugh et al., 2013, Submitted.




TBl and Epilepsy

 VA-funded research, conducte
collaboration with the Departm
Defense, found that 53 percent
who suffered a penetrating TBI i
developed epilepsy within 15 y
these service-connected vetera
relative risk for developing epile
than 10 fo 15 years after their injun
times higher than non-veterans in the same
age group. (vHi)




TBl and Epilepsy

e Indeed, 15 percent did not
epilepsy until five or more y
their combat injury. As neur
we believe that the rate of e

from blast TBI will also be high,
said.

BOOSS




Epilepsy Centers of Excell

House Veterans’ Affairs Committee Approves Legislatio
Epilepsy Centers of Excellence

FOR IMMEDIATE RELEASE
June 11, 2008

Washington, D.C. — Today, the House Veterans' Affairs C
Chairman Bob Filner (D-CA), approved a bill that would
?dd)ress epilepsy treatment and care at the Departmen
VA).

H.R. 2818 provides for the establishment of Epilepsy Cent
The bill requires each center to research the long-term
develop evidence-based treatment for epilepsy, and ¢
veterans that suffer from epilepsy, among other things. T
infroduced by Representative Ed Perimutter (D-CO).

"Studies show that 50 percent of U.S. Vietham War veteran enetrating

brain injuries developed epilepsy within one to fiffeen years post-trauma,"
said Chairman Filner. "Traumatic brain injury is the signature wound of the

current wars and we should be prepared to care for Irag and Afghanistan
veterans that have been exposed to blast trauma and are at risk of
developing this neurological disorder."




BLAST INJURY




BLAST INJURY

PRIMARY BLAST INJURY

An explosion generates a blast wave traveling faster than sound and creating a surge of high s&c&sum
followed by a vacuum. Studies show that the blast wave shoots through armor and soldiers' skulls and
brains, even if it doesn't draw blood. While the exact mechanisms by which it damages the brain's cells
and arcuits are still being studied, the blast wave's pressure has been shown to compress the torso
impacting blood vessels, which send damaging energy pulses into the brain. The pressure can also be
transferred partially through the skull, interacting with the brain.

SECONDARY BLAST INJURY

Shrapnel and debris propelled by the blast can strike a
soldicer’s head, causing eithera -head injury through
blunt force or a penetrating head injury that damages
brain tissue.

1] SHRAPNEL

TERTIARY BLAST
INJURY

The kinetic energy generated
and released by an explosion
can accelerate a soldier’s body
through the air and into the
gound or nearby solid cbject.
nce the body stops, the brain
continues to move in the
direction of the force, hitting
the interior of the skull and
then bouncing back into the
opposite side, causing a coup-
contrecoup injury.

FRONTAL
LOBE ’

OCCIPITAL
LOBE )




Blast Injuries

 Neurologic injuries may present
on the scene” events.

e Subarachnoid and subdural he
are most often found in fatalities
severe head injury is the chief ¢
mortality in blast victimes.

 Head injuries accounted for 29% |
INn The Madrid bombings and 80 of the
victims of the Oklahoma City bombing.




Blast Injury

 Primary blast injuries to the brain incl
concussion as well as barofrauma ¢
acute gas embolism.

e Loss of consciousness and coup and
injuries formerly were considered sec
tertiary injuries, but with the increased
armor in the military, damage to the €
nervous system after an explosion has been
increasingly attributed to the direct effects of the

blast.

DePalma et al, NEJM 352:13,



UNCLASSIFIED

* WIA WOUNDED AREAS

A 19 March 2003 — 18 May 2004

EYE
HEAD e
S 68
FACE EAR
72 NECK 60
ol CHEST
SHOULDERS 34
61 BACK
WRIST 23
1 ABDOMEN
HANDS 24
96 PELVIS
OTHER 3
120 BUTTOCKS
LEGS ' 15
CAUSES 310 T
IED-313
ANKLE 6
Blasts - 185 P
GSW - 249 TOTAL WIA 19 Mar 03 —
Shrapnel — 255 3331 BESREEIES
60 1237

{wounds do not add up to

Other - 235

1237 due to other injuries)
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Blast Injury

Multifactorial injury mechanism:

Primary: Direct exposure to overpres
wave — velocity >/= 300m/sec (spee
qir)

Impact from blast energized delbris —
and nonpenetrating

Displacement of the person by the bl
impact

Burns/Inhalation of gases
Combination with MV A in war theater




Blast Injury

e Military physicians have observ
exposure 1o high-amplitude bla
brain edema, intracranial hem
vasospasm and SAH. (Ling et al.

e Pseudoaneurysms of cerebral ve
also been observed (Armonda e



Blast Exposure Causes Redistribution of Pho
Neurofilament Subunits in Neurons of the A

The abnormalities seen in the pr
are similar to that observed in th
nervous system of patients with

neurodegenerative disorders, In
Parkinson's and Alzheimers’s dise
well as amyotrophic lateral sclerosis.

SALJO et al, J Neurotrauma ,Volume 17, Number 8, 2000
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TBl and PTSD

e There is an overlap of symptoms bet
Acute Stress Reaction (ASR) or Postir
Disorder (PTSD). This issue is most perti
MTBI| population as there are higherr
and PTSD seen in patients with mTBI T
more severe injuries. Sustaining any ki
physical injury in theater is known to |
service member’s risk for PTSD. There
symptoms which are found in both PT
such as deficits in attention and memaory,
and sleep disturbance.

Glaesser et al, 2004, Hoge, 2004, 2008



Neurobehavioral symptoms asso

with TBI
i e Behavior:
Impulse control:
— Disinhibition q ﬁgg;% ﬂgfljﬂfj”m”
_ oo SIrc PC SFNVIIYS
Impulsivity childlike/childish
Emotion and affect: behavior
- Anxiety, depression, — Loss of sensitivity/and
emotional |Gbi|i'|'y concern
— Bizarre/psychotic — Aqaressic
behavior or ideation 99 "
— Irritability I
- Poor self-image * Somatic Symprc
Cognition and memory: — Sleep disturbo
— Poor concentration, — Fatigue, slowness
memory problems — Dizziness, headache
— Lack of awareness of . . e s
deficits — Light/Noise sensitivity

From Bradley



Risk Factors for Late Post-trau
Seizures

Patient Characteristics

Age: children lower risk LPTS
Alcohol use: increased risk
Family history: 2 Increased seizures

APOE €ellele: increased risk of LPTE




B
Risk Factors for Late Post-trau
Seizures

Injury Characteristics:

Bone/metal fragments Intracranial hemorrhage
Depressed skull fracture Injury severity
Focal contusions/injury Focal hypoperfusion

Focal neurological deficits Dural penetration







PNES

* Psychogenic non-epileptic seiz
often called pseudo-seizures or
psychogenic seizures, are terms
episodic behavioral events whi
superficially resemble epilepftic
which are not associated with

activity within the brain .




PNES

 Non-epilepftic seizures may be
psychogenic, but must be dift
from other non-epileptic events
syncopal episodes and cardiac
PNES are not uncommon in neu
settings, and may coexist with e
seizures In patients with epilepsy.




PNES

e The differentiation between
nonepileptic and epilepftic
cannot be made on the ba
clinical characteristics alon
Electroencephalographic
(particularly with video) is of:

helpful in establishing a diagnosis.




Salinsky

PNES

* |n a study comparing veterans
admitted to the EMU, PNES was
in 25% of veterans and 26% of Ci
Fifty-eight percent of veterans
were thought to have seizures r
traumatic brain injury. In the vet
group, PNES was the single most |
discharge diagnosis and more commaon
than the discharge diagnosis of epilepsy.



PNES

e Post-traumatic stress disord
has also been shown 1o be
significant risk factor for de

PNES.
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e The EEG provides valuable infor

focus localization, seizure persist
severity prognostication once P
been observed . In addition, the
identify the presence of non-co
selzures among patients with im
consciousness, particularly early
severe TBI . The utility of the EEG in

predicting PTS recurrence following a
seizure-free period has not been
established.




EEG

e EEG has been shown to b
the localization of a seizur
patients in patients who d
but It has not proved o be
predicating the developme
epilepsy after TBI.

e Lowenstein, 2009



EEG

e A change from focal slow
activity to focal spike disch
particularly during the first
INjury, or persistence of foca
sharp wave discharges ma
suggestive of increased seiz
However, such discharges m
observed on the EEG of patients
without PTS .



EEG

e A normal EEG may precead
onset, though this finding Is
frequently associated with
favorable prognosis . EEG fi
should be evaluated in con

ofher clinical risk factors whe

assessing the likelihood of PTS




EEG

e The utllity of the interictal EE
objective predictor of suls
appears limited. It is freque
abnormal in patients with TB
with and without PTS, reflect

severity of brain damage sus




o Although interictal epilep
apparent in approximate

iform
y 50%

awake recordings in aduli

this proportion rises to approxim

85% if sleep is included.

e Two recordings obtained while t

Is awake will demonstrate

activity in 85% of individuals with epilepsy,
and this rises to 92% of persons within four

recordings (Binnie, 1999).

'S with

epilepti




EEG

e When initial standard evalu
to resolve the clinical diagn
term EEG monitoring techni
iIncluding ambulatory EEG

and/or inpatient Video/EEG

are effective and clinically v




EEG

e Hudak et al. described the utili
prolonged Video/EEG monitori
clinical management of parox
behaviors in TBI survivors .

 Monitoring was conducted for
of 4.6 days and was successtul
establishing a diagnosis in 82%
referred.

e 62% the evaluated patients had focal
seizures, 6% had generalized seizures and
33% had psychogenic NES.
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* Diagnosis and classification: An initial

MANAGEMENT OF PTE ANI

management of suspected seizures IS
whether or not a seizure exists.

AEDs: Overall, about 33 percent of p
first unprovoked seizure can be expe
a second within the subsequent thre
years. This risk varies considerably, ho
depending on clinical characteristics ©

patient . Increased risk is observed among '
patients with remote lesional (symptomatic)

epilepsy.




AEDs

e Over 50% percent of patients with
remote symptomatic seizure (lesio
experience a second seizure In th
to five years.

e Of the patients with a second seiz .
87% will experience a third seizure
years.

e Seizures occurring immediately following an
acute precipitant or injury to the brain carries
a lower risk of recurrence than a late seizure.




e The decision to start treatment |

AEDs

with a first seizure must balance
patient’s risk of relapse, the be
avoiding the consequences of
seizure and the risk of AED toxici

The decision of which specific a
will reflect the type of post-trau

seizure, the route and frequency ¢ d'r-ug

administration, as well as the anficipated
and realized adverse effects and
comorbidities.




e Surgical excision of the seizure focus

Surgical Treatment of Post-frc
Seizures

important treatment option for caret
patients with refractory PTE. Favorabl
iIncluding seizure freedom have been
among selected patients with PTE tre
resective surgery.

Patients with unilateral post-traumatic
lesions who undergo complete resecti
perilesional encephalomalacia /gliosis and

adjacent electrophysiologically abnormal tissue
respond particularly well to surgery.




Vagus Nerve Stimulation (

e VNS is considered to be an app
therapy for patients with medic
refractory epilepftic seizures who
optimal candidates for resectiv

surgery.

A potential advantage to the us
the context of LPTS is the relative

of cognitive adverse effects. However the
role of this technology In the treatment of

epilepsy in the context of TBI remains to be
delineated.




Areas for further research
Seizures and Epileps)
e Neuroimaging including diffusion ten

e Genetic factors that may influence P
etc.)

e TBl and PTE in OIF/OEF Veterans data
e ECOE database for outcome param
e Long-term cognitive outcome and PT

e PNES in veteran population prevalenc
treatment .

Develop modalities to prevent epileptogenesis.






Questions ?




