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Cover and Figure 1. Post-traumatic epi-
lepsy (PTE) can develop following trau-
matic brain injuries (TBIs) of all levels of
severity, as illustrated by these three cases.
Case 1: A 58-year-old man who experi-
enced a mild TBI as a result of a roll over
collision as a teenager. He developed
generalized convulsions within five years
from injury. MRI obtained after onset of
PTE demonstrated a single 3 mm non-
specific gliotic focus in the left frontal white
matter (arrow) that is well visualized on
both T2 weighted (T2W) and FLAIR
sequences. Case 2: A 49-year-old man
with mesial temporal sclerosis secondary
to TBI as a result of a recent fall from
a ladder. The temporal horns of the lateral
ventricles are colored red. Note the dilation
of the tip of the right temporal horn due to
volume loss in the surrounding temporal
lobe structures. The basic anatomy of the
medial temporal lobe is illustrated on
coronal and sagittal MRI of a healthy
individual. The hippocampus (yellow) and
temporal horn of the lateral ventricle (red) are color-coded and adjacent structures are labeled. Case 3: A 66-year-old man who experienced
a severe TBI because of a gunshot wound to the left frontal lobe when he was 19 years of age. He developed seizures within 2 years following this
injury. His seizures are described as generalized stiffening of upper and lower extremities followed by convulsive activity. CT demonstrates
chronic postoperative changes with a large area of encephalomalacia involving the left frontal lobe.

Figure 2. The risk of developing PTE following a TBI is influenced by multiple factors including age and injury severity. That severe
TBI is associated with a substantial risk for PTE has been well accepted for decades. Population-based studies also indicate increased risk for
PTE after even a mild TBI, although comparisons across studies are complicated by differences in both the populations studied and the
methodologies. Very approximate comparisons are given below, by combining different measures of risk (left) and incidence (right).1–5

The bars span the interval measured, and each study is assigned a color, with a light shade for mild TBI and a dark shade for severe TBI.
Left. Although all three of these studies included both inpatients and outpatients, one (green) was heavily weighted toward a younger population
(majority less than 15 years of age), another (gold) was mostly adults (all 15 years or older), and the third (pink) included all ages.1–3 Right.
Both studies of PTE following hospitalization (blue, orange) in mostly adult populations (at least 15 years of age) reported higher incidence associated
with mild TBI than the study that included both inpatients and outpatients (pink).1,4,5

http://neuro.psychiatryonline.org J Neuropsychiatry Clin Neurosci 26:2, Spring 2014

http://neuro.psychiatryonline.org


Epilepsy is a disorder of the brain characterized by an
enduring predisposition to generate epileptic sei-

zures. An epileptic seizure is a transient occurrence of
signs and/or symptoms because of abnormal excessive
or synchronous neuronal activity in the brain.6 The def-
inition of epilepsy requires the occurrence of at least one
unprovoked epileptic seizure. Post-traumatic epilepsy
(PTE) is a recurrent seizure disorder secondary to trau-
matic brain injury (TBI).7–10 Five percent of all epilepsy
and 20% of structural epilepsy in the general population
is PTE.7 PTE is also the most common cause of new-onset
epilepsy in young adults.11

Structural epilepsies typically develop in three phases:
a brain insult (e.g., TBI, stroke, infections, tumor) leading
to epileptogenesis (latency period, prior to the onset of
seizures), followed by recurrent unprovoked seizures
(epilepsy). Seizures that occur early versus late after TBI
have different implications for prognosis and manage-
ment.7–10 Seizures during the acute phase (within the
first week after trauma) have a low likelihood of re-
currence, whereas later seizures are likely to recur and so
may represent epilepsy. Early seizures appear to result
from the direct physical injury. These are acute symp-
tomatic events and are not believed to represent
epilepsy. Immediate seizures are a distinct category
of early seizures, those occurring within 24 hours of
trauma. These are thought to represent “convulsive
concussions” because of brief traumatic functional de-
cerebration that results from cortical inhibition and
not epileptic events.12 The risk of PTE is highest within
the first 2 years following a brain injury with most pa-
tients who have a late post-traumatic seizure experienc-
ing a second seizure within 2 years.13 A high seizure
frequency in the first year of onset predicts future
seizure severity and medical intractability.14 However,

a substantial minority (15%‒20%) of patients may ex-
perience their first seizure beyond 2 years (Figure 1).7

Ictal semiology, the signs and symptoms that are
produced from an epileptic seizure, differ depending on
the seizure type and location (Figure 1). The clinical
manifestations are extremely variable and depend on
the cortical areas involved. Patients with frontal lobe
epilepsy may exhibit semi-purposeful complex motor
behaviors such as kicking, screaming, and thrashing
episodes. These seizures can often be mistaken for
psychogenic nonepileptic events. Clinically, frontal
lobe seizures differ from nonepileptic events in that
they are more stereotyped, nongoal directed, and
shorter in duration.15 Partial seizures of temporal lobe
origin may also present with emotional symptoms
such as fear or panic, followed by periods of postictal
confusion and amnesia.
There have been several observational studies looking

at the type of seizures that develop following moderate-
severe TBI, but no consistent patterns have emerged.13,16,17

In up to two-thirds of patients, late post-traumatic
seizures are generalized or focal with secondary gener-
alization, and often both seizure types may coexist.13,17–20

Retrospective studies of adult patients with medically
intractable epilepsy have reported focal onset seizures in
78%‒91%: temporal lobe in 15%‒56%, frontal lobe in
23%‒36%, occipital lobe in 2%‒6%, and parietal lobe
in 5%‒38%.20,21 One study reported that parietal semiol-
ogy was observed more frequently in patients with
penetrating trauma, whereas patients with blunt trauma
showed higher temporal and frontal semiologies.20

Although an earlier study indicated that PTE manifested
as medial temporal lobe epilepsy (TLE) only in patients
injured at or before age 5, later studies have confirmed
(based on seizure semiology, electrophysiology, and
presence of mesial temporal sclerosis) medial TLE in
30%‒35% of patients injured at older ages.16,21,22 Hippo-
campal degeneration has been shown to bemore severe in
patients surviving more than 6 months compared with
patients surviving less than 1 week, suggesting injury
processes can be progressive.23 Hippocampal atrophy is
a common finding among chronic TBI survivors and is
also seen in various experimentalmodels of TBI (Figure 1).24

This has been found to be bilateral in many cases. Certain
areas of the hippocampus are more vulnerable than
others.25 Histopathological examination in a series of
temporal lobectomies found that neocortical gliosis was
present in all specimens and hippocampal neuronal loss
occurred in 94% of the cases, confirming that trauma is
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able to induce hippocampal epilepsy without any other
major risk factors.26

RISK FACTORS AND EPIDEMIOLOGY

The risk factors for PTE include advanced age, pene-
trating injuries, injury severity (e.g. neurosurgical pro-
cedure, 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,
and frontal or temporal locations of the lesion.7–10,27,28 In
penetrating brain injury, a foreign body pierces the bony
skull and passes into (and in some cases through) the
substance of the brain. This leads to physical disruption of
neurons, glial cells and fiber tracts. The estimated relative
risk of seizures after penetrating war injuries is very high
as compared with the risk in the general population.8,10

Studies of the consequences of missile injuries to the head
fromWorldWar I up through conflicts in the Middle East
during the 1980s have shown a remarkably consistent
pattern in terms of the development of epilepsy after this
severe form of TBI. The Vietnam Head Injury Study, for
example, found that incidence of PTEwas 53% during the
15 years after the injury, with half still having seizures
after 15 years.29–31

Several population based studies have measured risk
of developing PTE in groups (most or all civilians with
nonpenetrating injuries) containing both inpatients and
outpatients (Figure 2). A study from Denmark (1,605,216
subjects; 78,572 had at least one TBI) found that com-
pared with no brain injury, the relative risk of de-
veloping epilepsy for people older than 15 years was 3.5
after mild TBI and 12.2 after severe TBI.2 Risk was still
elevated at 10 years after injury (1.5 for mild, 4.3 for
severe). A U.S. study (4,541 subjects with a single TBI)
reported 5-year cumulative PTE probability was 0.7% for
mild, 1.2% for moderate, and 10% for severe TBI.1 The
30-year cumulative PTE probability was 2.1% for mild,
4.2% for moderate, and 16.7% for severe TBI. A study in
Taiwan (559,658 subjects age 15 years or older; 19,336
had at least one TBI) found that compared with no brain
injury the hazard ratio (a different measure of relative
risk) for PTE was 3.9 for mild TBI and 7.8 for severe TBI.3

Population-based studies that focused on development
of PTE following hospitalization have reported rela-
tively similar results (Figure 2). A U.S. study (2,118 pa-
tients with TBI age 15 years or older) reported 3 years

cumulative incidence per 100 persons of PTE was 9.1
across injury severity.4 The cumulative incidence per 100
persons was 4.4 for mild TBI, 7.6 for moderate TBI, and
13.6 for severe TBI. Peak onset was in year two.4 A study
from China (2,826 patients with TBI age 4 to 79 years)
reported a 3 year cumulative incidence of PTE of 5%
across injury severity.5 Cumulative incidence was 3.6%
for mild, 6.9% for moderate and 17%, for severe TBI.
Onset was within the first year in the majority of cases.5

Although there are many methodological differences
across these studies, these results suggest that even mild
TBI is associated with clearly increased risk for PTE.
Variability in seizure occurrence may also be attributable
to the unique genetic makeup that each patient brings to
post-TBI recovery as not every patient with clinical risk
factors develops PTE.32–35

EPILEPTOGENESIS

The development of PTE after a latent period is an
example of human epileptogensis, whereby a nonepilep-
tic brain undergoes molecular and cellular alterations
after a brain insult, which increases its excitability.7–9

This eventually leads to the occurrence of recurrent spon-
taneous seizures. Penetrating brain injury produces a
cicatrix (scar) in the cortex and is associated with an
increased risk of PTE of approximately 50%.29 The initial
disruption of tissue may be compounded by ischemia
and hemorrhage. Nonpenetrating injuries, including
focal contusions and intracranial hemorrhages, are
associated with a risk of PTE of up to 30%. In this
setting, the mechanism of epileptogenesis may be partly
related to the toxic effects of hemoglobin breakdown
products on neuronal function.8,36 Closed head injuries
produce diffuse axonal injury with shearing of axons,
diffuse edema, and ischemia. The most common lo-
cations are the gray matter-white matter junction
particularly in the frontal and temporal areas.37 This
process leads to the release of excitatory amino acids,
cytokines, bioactive lipids, and other toxic mediators
causing secondary cellular injury.7–9 Epileptogensis is
thought to be initiated by specific types of cell loss and
neuronal reorganization, which results not only in en-
hanced excitation, but also in decreased inhibition,
predisposing to hypersynchronization.38 Brain injuries
also lead to upregulation of proinflammatory cytokines
and activated immune responses to further increase
seizure susceptibility, promote neuronal excitability,
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and impair blood–brain barrier (BBB) integrity.39,40 Early
changes include the induction of immediate early genes
and post-translational modifications of neurotransmitter
receptor and ion channel/transporter proteins.41 Within
days, neuronal death, initiation of an inflammatory
cascade, and new gene transcription has been reported
to occur.42 Later (days to weeks) anatomic changes
include axonal sprouting and dendritic modifications.
For example, mossy fiber sprouting can be observed in
chronic epileptic brain.43 Over time, seizure threshold is
lowered by a growing increase in excitability, and the risk
of a seizure increases.44

The process by which trauma to the brain tissue leads
to hyperexcitability, hypersynchronization, and devel-
opment of recurrent seizures is relatively unknown, but
there are several theories as to potential mechanisms
based on experimental data, primarily from animal
models of PTE. Animal models of TBI (mostly performed
in rodents) are divided into focal brain injury, diffuse
brain injury, mixed models of focal and diffuse brain
injury, and models of repetitive concussive injury.45,46

These models utilize a direct impact on the epidural
space on the brain tissue.45 A large number of studies
have used lateral fluid-percussion or central fluid-
percussion TBI models that produce both gray matter
and white matter injury.47 Late spontaneous seizures
(PTE) have consistently been reported in the rat fluid-
percussion TBI model, which is the most commonly used
model of human closed head TBI.47 The physiological
effects from TBI are considered to consist of several
phases including primary injury, evolution of primary
injury, secondary injury, and regeneration.45,47 Multiple
mechanisms are likely activated simultaneously or se-
quentially by brain trauma. Animal studies demonstrate
that a large number of molecular and cellular alterations
occur during the latent period that could be related to
epileptogenesis, including cell death, gliosis, neurogene-
sis, axonal and dendritic plasticity, rearrangement of the
extracellular matrix, and angiogenesis.47

NEUROIMAGING

Conventional neuroimaging methods including CT and
MRI provide limited prognostic information for predict-
ing development of PTE. Hippocampal atrophy associ-
ated with PTE is one of the most identified findings
(Figure 1). There is promise with newer advanced MRI
sequences that are more sensitive to microhemorrhages

(e.g., susceptibility weighted imaging, SWI) and white
matter injury (diffusion tensor imaging, DTI).48 The search
for neuroimaging features that correlate with presence of
PTE and somight serve as biomarkers indicating increased
risk of developing PTE and/or of epileptogenic processes
is still in the early stages.49,50

DTI shows potential for being more sensitive to the
microstructural changes (e.g., gliosis, cell loss, axonal
sprouting) thought to be involved in epileptogenesis
than conventional MRI, as several studies have reported
altered DTI metrics (lower fractional anisotropy [FA],
higher mean diffusivity [MD]) in areas appearing nor-
mal on conventional MRI.51–55 One study found that FA
was lower and the volume of abnormal tissue was
greater in patients with TBI who developed PTE than in
patients with TBI who did not.51 The authors noted that
their results suggest that DTI may have the potential to
predict presence of epileptogenesis following TBI.
As noted above, trauma-induced hemorrhage is

associated with higher risk for PTE, and animal models
suggest multiple potentially seizure-promoting changes
including generation of substances that can induce further
injury, such as highly reactive free radical oxidants.56 A
longitudinal prospective study of patients with TBI (mild
N538, moderate N526, severe N571) used neuroimaging
at multiple time after injury to assess whether the presence
of gliosis and/or residual hemorrhage (hemosiderin)
during the first 2 years increased risk of developing
PTE.57 As expected, patients with focal brain lesions re-
quiring surgical treatment had the highest risk of de-
veloping PTE. Neuroimaging evidence of contusion in
which residual hemosiderin was only partially encom-
passed by gliosis at earlier times after injury, particularly
those that progressed to full enclosure at later times, was
also associated with a higher risk of PTE. Presence of small
areas of hemosiderin with no associated gliosis was not
associated with higher risk of PTE. No evidence of medial
temporal sclerosis was present. As noted by the authors of
this study, this might be due to the relatively early phase
(up to two years after injury) and/or the lower resolution
of the neuroimaging (1.0 tesla, 5mm slice thickness).
Focal alterations in BBB permeability are common

following TBI, with biphasic changes reported in animal
models.58,59 The early (hours) increase in permeability is
likely a direct result of the injuring event, whereas the
delayed (days) increase in permeability probably reflects
secondary events. A study of patients with mild TBI
(median 3 months post-injury) with (N519) and without
(N518) PTE reported that BBB disruption (identified by
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contrast-enhanced MRI) was present more frequently in
the PTE group (82.4% versus 25%) and the volume of
cortex affected was larger.60 BBB dysfunction is seizure-
promoting and may contribute to epileptogenesis.39,58,59

Activation of astrocytes has been reported following
BBB disruption, perhaps a result of entry into the brain
parenchyma of injurious serum constitutes (e.g. albu-
min), and is associated with epileptogenesis in animal
models.39,58,59

CONCLUSIONS

Traumatic brain injury is a heterogeneous disorder
involving several different mechanisms including con-
cussive forces, acceleration-deceleration forces, blast in-
jury, and projectile missiles. Each of these mechanisms

can result in numerous clinical sequelae including but
not limited to PTE. Numerous studies have documented
the risks associated with the development of PTE with
moderate to severe brain injuries conferring the greatest
risk. The characteristics of the seizure itself will also
reflect the anatomic heterogeneity of TBI, with the
majority of the seizure foci occurring in the temporal
and frontal lobes. The process of epileptogenesis that
occurs as a result of a brain injury is still not fully
understood but it remains a prime target for the study
and application of antiepileptogenic therapy. A large
number of clinical trials have aimed at the prevention of
PET. All failed to either prevent or alter the period of
epileptogenesis associated with TBI.7,8,10

The authors report no financial relationships with commer-
cial interests.
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