EVIDENCE-BASED REVIEW
of moderate to severe
A 4 ACQUIRED BRAIN INJURY
Clinical Guidebook

7. Post-Traumatic Seizures Following an Acquired
Brain Injury

Jordan Vanderende MD, Jessica Trier MD FRCPC, Pavlina Faltynek MSc, Robert
Teasell MD FRCPC

| LAWSON % €' STJOSEPH;

Ontario Neurotrauma Foundation \\f(xg[(\'-n HEALTH CARE
A A : HEALTH RESEARCH INSTITUTE . LONDON
Fondation ontarienne de neurotraumatologie



Table of Contents

8 N 11T o T [V Lot o T o PP PP PP PO PPPPPPPPPPPPRNt 3
7.2 Clinical Presentation of Post-Traumatic SEIZUreS .............ccccoeviiiiiiiiiiiiiei e 4
7.2.1 Incidence of Post-TraumatiC SEIZUIES............c..uviiiiiiiiiiiiiiiieeeee ettt e e e e 4
7.2.2 Risk Factors for Post-Traumatic SEIZUIES ..............coeeiiiiiiiiiiiiiiiiee et 5
7.2.3 Recurrence of Post-Traumatic SQIZUIeS ..............cooiiiiiiiiiiiiie e 8
7.2.4 Clinical Consequences of Post-TraumatiC SEIZUIES ...............cevvuiiiieeiiiiiiiiiiiieeeeeeeeeiieie e eeeeeeeaaens 9
7.2.5 Cognitive and Behavioural FUNCEION................uuuuiiiii s 9
7.2.6 Influence on NeurologiC RECOVENY.............uuuuuuuuuuuiiii s 9
7.2.7 FUNCHIONAI STAtUS.......coooiiiiiiiiie e s e e e s e e s 9
7.2.8 STatUuS EPIlEPLICUS ......uueeiiiiiiiiiiit s 9
Z.2.9 IMIOTEAIILY ... s 10
7.3 Criteria for Diagnosis of Post-Traumatic Seizures/Epilepsy............ccccoveeiviiiiiiiiiieee i 10
7.4 Assessment of POst-Traumatic S@IZUIES .............coooviiiiiiiiiiiie e 11
7.5 Management and Treatment of Post-Traumatic Seizures........................ccc L, 11
7.5.1 Rationale for Early Seizure Prevention & Prophylactic Treatment ................ccccooiiiiiiiiiiiiiiinnnn. 11
7.5.2 Pharmacologic Management and Prophylaxis of PTS/PTE ............c.coooveieiiiiveeeeicireee e 12
7.5.3 Length of Prophylaxis and Maintenance Treatment of PTS/PTE .............cccoveeeeviiveeeeecreee e, 16
7.5.4 Non-Pharmacologic Treatment of PTS/PTE ..........ooooiiuiiiiiiiiiiee ettt et eetree e e eeveee e e 16
7.6 Case StUAY.......oooi 17

A A 5 L= L= =T L= TN 22



Post-Traumatic Seizures Following Acquired Brain Injury

By the end of this module you should be able to:

® Know the different types of seizures which can occur post-ABI
® Identify the risk factors for developing post-traumatic seizures
® Be able to recognize the clinical presentation of post-traumatic seizures

® Know the most common pharmacological and non-pharmacological interventions for post-traumatic
seizures

7.1 Introduction

Post-traumatic seizures (PTS), although identified as a serious consequence of traumatic brain injury (TBI),
remains an understudied problem (Ferguson et al., 2010). This Clinical Guidebook chapter will cover the
clinical presentation of PTS, as well as the incidence, risk factors, assessment and management of this
specific brain injury sequela.

Q1. Define the following terms:

Seizure
Discrete clinical events that reflect a temporary physiologic dysfunction of the brain characterized by
excessive and hypersynchronous discharge of cortical neurons.

Epilepsy
Epilepsy is a condition characterized by recurrent unprovoked seizures.

Post-Traumatic Seizure

An initial or recurrent seizure episode not attributable to another obvious cause after penetrating or
non-penetrating TBl. The term post-traumatic seizure is preferred over post-traumatic epilepsy because
the former encompasses both single and recurrent events.

Post-Traumatic Epilepsy

A disorder characterized by recurrent late seizure episodes not attributable to another obvious cause in
patients following TBI. Although the term post-traumatic epilepsy commonly has designated single or
multiple seizures including early seizures, the term should be reserved for recurrent, late PTS.

Immediate Post-Traumatic Seizure
A seizure due to TBI occurring within the first 24 hours of injury.

Early Post-Traumatic Seizure
A seizure due to TBI occurring within the first week of injury.

Late Post-Traumatic Seizure
A seizure due to TBI occurring after the first week of injury.




Non-epileptic Seizure
Episodic behavioral events that superficially resemble epileptic attacks but are not associated with
paroxysmal activity within the brain.

Brain Injury Special Interest Group of the AAPM&R (1998)

7.2 Clinical Presentation of Post-Traumatic Seizures

Similar classification is used to describe the onset of both post-traumatic and non-traumatic related
seizures. PTS may present as either generalized or partial seizures. Generalized seizures are bilaterally
symmetric in origin without focal onset. Partial seizures, also known as focal seizures, originate in a
localized area of one cerebral hemisphere. Partial seizures without any change in level of consciousness
are known as simple partial seizures; partial seizures with any change in level of consciousness are termed
complex partial seizures. Both simple and complex partial seizures may develop into generalized seizures;
this is known as a partial seizure with secondary generalization. In a prospective case series of 94 patients
with moderate-severe brain injuries, Vespa et al. (1999) found that 52% of PTS were non-convulsive in
nature in the first 14 days post-TBI. Wiedemayer et al. (2002) retrospectively analyzed a consecutive series
of 1868 adult patients with head injury and found that 5.8% (109 patients) had an early seizure. Of those
109 patients, 69 (63.3%) had a generalized early PTS and 40 patients (36.7%) had a partial early PTS. Table
7.1 shows the frequency of seizure type in those with PTS. The studies referenced are predominantly
retrospective reviews that selected all patients with TBI that developed PTS/PTE and calculated rates of
seizure type from that sub-population.

Table 7.1 Frequency of Seizure Type in PTS.

Seizure Type Incidence Reference
Complex or simple partial with 16-77% (Di Luca & de Lacerda, 2013; Kazemi et al.,
secondary generalization 2012; Sapina et al., 2014; Zhao et al., 2012)
Generalized tonic-clonic 30-53.6% (Di Luca & de Lacerda, 2013; Zhao et al.,
2012; Zheng et al., 2013)
Simple partial 14-42.3% (Zhao et al., 2012; Zheng et al., 2013)
Complex partial 4.1-16% (Sapina et al., 2014; Zhao et al., 2012;

Zheng et al., 2013)

Generalized atonic 2% (Di Luca & de Lacerda, 2013)

7.2.1 Incidence of Post-Traumatic Seizures

Of all patients with TBI who are hospitalized, 5% to 7% will experience PTS. However, the incidence of PTS
is much higher on rehabilitation units (as much as 18%), which likely reflects increased injury severity and
the presence of a higher number of risk factors in this population (Armstrong et al., 1990; Bontke et al.,
1993; Cohen & Groswasser, 1991; Kalisky et al., 1985; Sazbon & Groswasser, 1990; Sundararajan et al.,
2015; Wang et al., 2013a).




The incidence of late post-traumatic seizures (LPTS) ranges from 5% to 19% (Bushnik et al., 2012). Zhao
and colleagues (2012) found that when seizures occurred post-TBI, 0.4% were immediate, 0.5% were
early, and 88.7% were late.

Table 7.2 Incidence of unprovoked PTS in 4541 individuals with TBI (Annegers et al., 1998).

Type Definition 5-year risk of developing PTE
Mild LoC /PTA <30 min with no skull | 0.7%
fracture
Moderate LoC /PTA 30 min-24 hours 1.2%
and/or skull fracture
Severe LoC/PTA >24 hours and/or 10%
brain contusion/intracranial
hematoma

7.2.2 Risk Factors for Post-Traumatic Seizures

Q2. What factors are predictive of patients with ABI that are at high risk of seizures?

1. Patient characteristics: Increased age, chronic alcohol use, family history of seizures.

2. Injury Characteristics: Bone/metal fragments, depressed skull fracture, focal contusions/injury, focal
neurological deficits, dural penetration, intracranial hemorrhage, increased injury severity.

3. Early post-traumatic seizures.

There are several patient and injury characteristics that increase the risk of developing a post-traumatic
seizure, both short and long term. These risk factors are presented in Table 7.3, along with references.
Mild head injury (head injury without skull fracture and LoC/PTA less than 30 minutes) does not increase
the risk of PTS from the general population (Hanaya & Arita, 2016) Identifying patients at a high PTS risk
is important for determining when to use prophylactic medications in the acute setting, as well as for
guiding history/physical examination focus in the chronic follow-up setting.

Table 7.3 Risk Factors for Developing Post-Traumatic Seizures Following ABI

Risk Factor Key Factors Reference
Patient Characteristics

Rates of PTS are highest between (Annegers et al., 1980; Asikainen et

Ae patients aged 30-69 years old. Early al., 1999; Hahn et al., 1988; Kollevold,
& PTS rates are highest in children <7 1979)

years old.

Males are at an increased risk of (Xu etal., 2017)
Gender .

developing PTS.

Alcohol use increases the risk of (Evans, 1962; Heikkinen et al., 1990;
Alcohol use . . .

developing PTS, especially in males. Japan Follow-up Group for




Posttraumatic Epilepsy, 1991;
Kollevold, 1978)

Injury Characteristics

Bone/metal Fragmented material in the cranium (Ascroft, 1941; Salazar et al., 1985;

fragments increases the risk of PTS. Walker & Yablon, 1959)

Depressed skull Having a depressed skull fracture (Hahn et al., 1988; Jennett B, 1975;

fracture increases the risk of PTS. Phillips, 1954; Wiederholt et al., 1989)

Focal Focal injuries are associated with (da Silva et al., 1992; De Santis et al.,
higher rates of PTS. 1992; Eide & Tysnes, 1992; Glotzner

contusions/injury et al., 1983; Heikkinen et al., 1990)

Focal neurologic Focal neurologic deficits increase the (da Silva et al., 1992; Jennett B, 1975;
deficits risk of PTS. Salazar et al., 1985)

With each procedure or injury the risk | (Caveness & Liss, 1961; Evans, 1962;
Dural penetration of PTS increases with repeated dural Salazar et al., 1985)
penetration.

Intracranial hemorrhages increase the | (Gl6tzner et al., 1983; Hahn et al.,

Ln:::s:?;;ale risk of PTS. 1988; Japan Follow-up Group for
& Posttraumatic Epilepsy, 1991)
Loss of consciousness and decreased (Evans, 1962; Jennett B, 1975; Salazar
Injury severity GCS increase the risk of developing et al., 1985; Walker & Yablon, 1961)
PTS.
Other
Early post- 20-30% of patients who experience an | (Heikkinen et al., 1990; Jennett, 1975;
traumatic seizures EPTS will have a LPTS. Salazar et al., 1985)

Intracranial surgery | Craniotomy/craniectomy is one of the | (Ritter et al., 2016)
most predictive risk factors for PTS.

Penetrating Injuries

For those who sustain a severe non-penetrating TBI, approximately 11% will experience LPTS and for those
who have a TBI as the result of a penetrating injury, the incidence increases to 13% to 50% (Ascroft, 1941;
Caveness & Liss, 1961; Malav et al., 2015; Yablon, 1993). Ritter et al. (2016) found cranial surgeries to be
among the strongest predictors for PTS.



Abnormal
Activity

Figure 7.1 Penetrating injuries increase the risk of post-traumatic seizures as a result of abnormal
electrophysiological activity in the brain at the site of injury.

Timeline

The risk of epilepsy is highest within the first two years following brain trauma (Dikmen et al., 1991;
Englander et al., 2003; Yablon, 1993). Yablon and Dostrow (2001) noted that 50-66% of individuals who
suffer PTS will experience seizure onset within the first 12 months. Further, 75-80% will have seizures
within two years of their TBI (Caveness et al., 1979; da Silva et al., 1992; da Silva et al., 1990; Pohlmann-
Eden & Bruckmeir, 1997; Walker & Yablon, 1959; Walker & Yablon, 1961). Similarly, of those patients with
PTE, Zhao et al. (2012) reported that 66% developed seizures within the first 6 months, 9.9% between 7
and 12 months, 11.7% between 13 and 24 months, and 8.5% between 25 and 36 months. Further, Wang
et al. (2013b) examined 3039 individuals with TBI and of the 9.8% that experienced PTS within the first 2
years, occurrence rates at 6 months and 1 year were 59.9% and 78.1%, respectively.

After 5 years, adults with mild TBI no longer have a significantly increased risk of developing seizures
relative to the general population (Annegers et al., 1998) whereas patients with moderate or severe TBI
or penetrating TBI remain at increased risk for more than 5 years post-injury (Annegers et al., 1998; da
Silva et al., 1992; Pagni, 1990; Salazar et al., 1985).



Age

In a cohort study conducted by Ferguson et al. (2010), the
incidence of PTE was highest in individuals 30 to 54 years of age.
However, higher rates of PTE have also been reported for those
50 to 59 and 60 to 69 years of age (Zhao et al., 2012).

Genetics

Diamond et al. (2014) explored genetic variance and PTE
developmentin 256 individuals with moderate to severe TBI. The
study found that higher cerebrospinal fluid and serum IL-1B (a
potential biomarker for epilepsy) ratios were associated with an
increased risk of PTE (Diamond et al., 2014). More studies are
needed before firm conclusions can be made.

7.2.3 Recurrence of Post-Traumatic Seizures

The risk of seizure recurrence after an early PTS is around 25%

Clinical Tip!

Study mnemonic risk factors for PTS:
E — Early PTS (Immediate PTS do NOT
increase risk)

P — Penetrating head injuries

| — Intracranial hematoma (SDH,
EDH, ICH)

L — Length of coma/PTA (>24 hours
for either)

E — EtOH abuse

P — Presence of intracranial foreign
bodies

S —Surgical procedures (intracranial,
craniotomy)

Y — Youth (increased risk of early PTS
but not late PTS)

(Lamar et al., 2014; Lucke-Wold et al., 2015; Yablon & Dostrow, 2001). Comparatively, the risk of
recurrence is much higher (86% at 2 years) following a late PTS (Haltiner et al., 1997).

Seizure recurrence is an important factor in the determination of disability, likelihood of employment,
quality of life, ability to drive and health care costs (Baker et al., 1997; Van Hout et al., 1997; Yablon &

Dostrow, 2001).

Table 7.4 Features of Recurrent Seizures in TBI Populations.

Feature

Reference

20 — 30 % of patients with early PTS experience a late seizure.

(Yablon & Dostrow, 2001)

of seizure recurrence.

Seizure onset after the first week is associated with a much higher likelihood (Haltiner et al., 1997;

Walker & Yablon, 1961)

recurrence.

Seizure frequency within the first year post-injury may predict future seizure (Salazar et al., 1985)

commonly with generalized seizures.

Persistent PTS may be seen more commonly with partial seizures and less (Salazar et al., 1985)

A seizure occurring within a few minutes of a head injury has not been found (Jennett B, 1975; McCrory
to increase the risk of recurrence in individuals who sustain a mild TBI.

et al., 1997)

apparently refractory to conventional anti-seizure therapy.

A small number of patients experience frequent seizure recurrences, (Haltiner et al., 1997;

Pohlmann-Eden &
Bruckmeir, 1997)

Some patients may benefit from surgical intervention.

(Diaz-Arrastia et al., 2000;
Marks et al., 1995)




7.2.4 Clinical Consequences of Post-Traumatic Seizures

Seizures following TBI may be a source of significant morbidity and it has been noted that the recurrence
of seizures is an important cause of non-elective hospitalization in patients with severe TBI (Cifu et al.,
1999). Potential complications include deterioration in cognitive and behavioural functioning and overall
functional status, impaired neurological recovery, status epilepticus, and death.

7.2.5 Cognitive and Behavioural Function

Post-traumatic epilepsy may lead to cognitive and behavioural disorders (Yablon & Dostrow, 2001).
Cognitive problems may arise during the interictal state in the absence of active seizures (Aarts et al.,
1984; Binnie & Marston, 1992). Patients with PTS can experience persistent behavioural abnormalities
and a higher incidence of psychiatric-related hospitalizations even compared to patients with penetrating
TBI who do not experience PTS (Swanson et al., 1995).

7.2.6 Influence on Neurologic Recovery

Neurological recovery can be influenced by PTS (Hernandez & Naritoku, 1997; Yablon & Dostrow, 2001).
Yablon and Dostrow (2001) have noted that, in rodent models, brief and infrequent PTS occurring early
after brain damage does not appear to impact functional recovery, however, more severe and widespread
seizures occurring within the first 6 days post brain injury result in permanent impairments of functional
recovery. Seizures occurring after the sixth day result in no change in somatosensory recovery (Hernandez
& Naritoku, 1997).

7.2.7 Functional Status

Recurrent PTS may lead to negative impacts on functional status following TBI, independent of the
severity of the injury (Barlow et al., 2000; Schwab et al., 1993). In the case of penetrating TBI, PTS have
been reported as an important and independent factor, which affects both employment status and
cognitive performance (Schwab et al., 1993). However, in the case of non-penetrating TBI, the impact of
PTS on functional prognosis and cognition is less clear (Armstrong et al., 1990; Asikainen et al., 1999).
Within a population of individuals with LPTS, Kolakowsky-Hayner and colleagues (2013) discovered that
occupational and social integration were the most difficult areas for recovery post injury. In contrast,
Haltiner et al. (1997) found no significant differences at 1 year as a consequence of LPTS in terms of
neuropsychological performance and psychosocial functioning when adjusted for injury severity.
Asikainen et al. (1999) found that patients with PTS had poorer outcomes on the Glasgow Outcome Scale
(GOS). To date, no significant differences in employment outcomes have been observed with the presence
of PTS (Asikainen et al. (1999). Further, Kolakowsky-Hayner et al. (2013) found that among a group of
individuals with TBI-LPTS, 40% (7 of 20) of individuals who were driving prior to injury had their license
suspended due to their first seizure, and 3 were able to re-obtain their license.

7.2.8 Status Epilepticus

Status epilepticus can be defined as either more than 5 minutes of continuous seizure activity or two or
more sequential seizures, without full recovery of consciousness between seizures. Status epilepticus is
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regarded as the most serious complication of PTS and may lead to additional neurological damage. Simple
partial status epilepticus, is a subset of status epilepticus, characterized as a partial seizure that does not
cause loss of consciousness or secondary generalization (Hadjigeorgiou et al., 2013). Fortunately, clinically
apparent status epilepticus and simple partial status epilepticus are infrequent complications of PTS
(Kollevold, 1979), with only 0.16% of individuals hospitalized with TBI with status epilepticus (Dhakar et
al., 2015).

7.2.9 Mortality

Mortality has been reported to be high among those who sustain a TBI and develop PTS (Corkin et al.,
1984; Walker & Blumer, 1989; Walker & Erculei, 1970). Englander et al. (2009), similarly, found mortality
rates to be higher for patients with TBI who had been diagnosed with LPTS when compared with those
who had no recorded history of LPTS. Those in the LPTS group who died tended to be younger than
individuals who did not have LPTS. Earlier studies found that patients with penetrating TBIs had a higher
risk of dying, however, this is more likely due to initial trauma rather than PTS (Rish & Caveness, 1973;
Rish et al., 1983). Yablon and Dostrow (2001) have noted that the complications of a single LPTS are
generally minimal, similar to those who experience a non-trauma related seizure. Increased seizure
frequency and severity, however, are associated with an increased risk of mortality and morbidity in the
form of worsened cognition and overall function.

Q3. List some of the complications of post-traumatic seizures.

Deterioration in cognitive and behavioural functioning
Deterioration in overall functional status

Negative impact on neurological recovery

Status epilepticus

Death

Non-elective hospitalization

Accidental injuries

Loss of driving privileges

00 N o Ui B

7.3 Criteria for Diagnosis of Post-Traumatic Seizures/Epilepsy

The diagnosis of a seizure, post-traumatic or otherwise, can be quite difficult and relies on a combination
of thorough history, physical examination and investigations. The gold standard diagnosis requires
continuous video electroencephalography (Rao & Parko, 2015). Patients may not be aware of the various
presentation types that seizures can take. Psychogenic non-epileptic seizures (PNES) are common after
TBI and are an important consideration in order to avoid unnecessary hospitalization and medication
treatment. Diagnosis of PNES relies on careful clinical history and should be a diagnosis of exclusion after
PTS/PTE has been ruled out (Hung & Chen, 2012).




7.4 Assessment of Post-Traumatic
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Clinical Tip!

Seizures Seizure presentation/screening
questions for patients:

Once a seizure has been identified, further workup is - Premonitory aura

warranted. The table below outlines various seizure - Episodes of unresponsiveness or

precipitants that should be considered in any patient altered awareness

presenting with a seizure. Detailed history and physical - Déja vu or jamais vu

examination can guide further investigations required to rule - Involuntary motor activity

out potential causes. Consideration should be given to  (automatisms, clonic movements)

neuroimaging. All patients presenting with seizure should - Dysphagia

undergo EEG. Comatose patients with a traumatic braininjury - Amnesia or periods of lost time

should undergo continuous EEG to rule out nonconvulsive - Olfactory or gustatory hallucinations

seizures (Zimmermann et al., 2017). - Unexplained nocturnal injuries or

nocturnal incontinence

Table 7.5 Potential Seizure Precipitants (Ahmed & Spencer, 2004; Pohimann-Eden et al., 2006).

Structural - Hydrocephalus
- Mass occupying lesions (hemorrhage, abscess — especially in penetrating injuries)
Metabolic - Electrolyte abnormalities (Na, Mg, Ca)
- Hypoglycemia
- Uremia
- Hepatic encephalopathy
Infectious - Sepsis/fever
- Encephalitis/meningitis
Ilicit - Alcohol, Cocaine, Ecstasy, Amphetamines (rare at therapeutic doses), Caffeine (high
substances | doses)
Medications | - Tricyclic antidepressants, Clozapine, antibiotics (imipenem, quinolones,
cephalosporins), Wellbutrin, narcotics

7.5 Management and Treatment of Post-Traumatic Seizures

7.5.1 Rationale for Early Seizure Prevention & Prophylactic Treatment

Schierhout and Roberts (2001) reported that early post-traumatic seizures may cause secondary brain
damage as a result of increased metabolic demands of the recovering brain, excessive amounts of
neurotransmitter release, and increased intracranial pressure. As such, antiepileptic drugs (AEDs) are used
in the acute period for those at high risk for early seizures in an attempt to reduce the potential for
secondary brain damage following the initial injury.
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7.5.2 Pharmacologic Management and Prophylaxis of PTS/PTE

Q4. What evidence is there to support the prophylactic use of anticonvulsants after ABI?

1. Based on meta-analysis and the findings of this review, there is Level 1 evidence that
anticonvulsants given during the first 24 hours post-TBI reduce the occurrence of early seizures (i.e.
seizures within the first week post-injury).

2. There is Level 1 evidence that anticonvulsants given shortly after the onset of injury do not reduce
mortality, persistent vegetative state or the occurrence of late seizures (i.e. seizures occurring more
than one-week post-injury).

Table 7.6 summarizes the most common pharmacologic interventions to be found in the ERABI evidence,
for ABI specific populations. Overall, the majority of interventions have conflicting results and depend on
multiple factors. In the TBI population, phenytoin is the most widely studied drug. The beneficial effects
of this drug for the prophylactic treatment of PTS are largely mixed, with one larger RCT demonstrating a
positive effect. However, the negative side-effects of phenytoin have been consistently reported and for
this reason the majority of patients asked to be removed from the drug (Dikmen et al., 1991; Temkin et
al., 1990; Young et al., 1983). Recently, both levetiracetam and lacosamide have been investigated for use
in the TBI population. Similar to phenytoin, the results are mixed. Both levetiracetam and lacosamide do
not appear to be any more effective than phenytoin at reducing early PTS. However, the lower rate of
adverse events makes them more appealing for clinical use (Javed et al., 2016; Khan et al., 2016; Kwon et
al., 2019; Sapina & Ratkovic, 2017). The algorithm below highlights the appropriate care
pathway/indications for investigation and management of PTS/PTE.




Moderate TBI with
significant risk factors Severe TBI
for PTS

Y

AED prophylaxisx7 | _____| LEV preferred because
days (PHT/LEV) of side effect profile

Y

Discontinue AED
prophylaxis after 7 days

Y

Late PTS?

v v

Yes No

Y Y
Arrange for EEG +/-
neuroimaging; consider other
potential causes of seizure;
initiate AED therapy

Continue without AED
therapy; monitor clinically for
signs/symptoms of LPTS

v

Recurrent seizure?

|
v v

Yes No

Y

Y

Neurology referral; consider
additional/alternate AED

therapy; consider surgical \

referral/vagus nerve stimulator

PTE remission

Consider AED
withdrawal after 2
years of remission

Figure 7.2 A potential assessment and management strategy for post-traumatic seizures
following an ABI.



Table 7.6 Pharmacologic Interventions for the Prevention and Treatment of PTS.
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- Loading Dose: 10-15 mg/kg IV

- Maintenance: 10-20 pg/mL IV
or 160-300 mg/day divided TID

Mechanism of Action: Likely
enhances sodium efflux from
neurons in the cortex
Adverse Events:

- Common: ataxia, nystagmus,
confusion, rash, constipation,
nausea/vomiting

- Serious: Stevens-Johnson,
toxic epidermal necrosis,
cardiac arrest, agranulocytosis,
pancytopenia, hepatotoxicity,
nephrotoxicity, suicidality

Clinical Notes: Phenytoin
administration in the first week
post-TBI appears to be beneficial for
the prevention of early seizures, but
not late seizures. Many patients ask
to be taken off of phenytoin due to
side-effects. Serum phenytoin level
should be monitored during dosage
changes or when side effects
present. Monitor CBC, BUN/Cr, LFTs.

reduces rates of
early seizures

Conflicting level 1b
evidence whether
or not phenytoin
reduces the rates of
long-term seizures.

Intervention Description Level of evidence Reference
Phenytoin Route: IV, PO Level 1b evidence M- (1991)
Dosing: that phenytoin Temkin et al. (1950)

Young et al. (1983)
Young et al. (1983)
McQueen et al. (1983)
Bhullar et al. (2014)
Servit & Musil (1981)

Yang et al. (2016)

Levetiracetam

Route: IV, PO
Dosing:

- Loading Dose: 20-30 mg/kg IV
infused at 5 mg/kg/min
(second line)

- Maintenance: 250-500 mg/day
initially, target typically 1000-
4000 mg/day (may be divided
BID) — both IV and PO

Mechanism of Action: Unknown
Adverse Events:

- Common: decreased BMD,
anorexia, dizziness, headache,
irritability, fatigue

- Serious: Stevens-Johnson,
toxic epidermal necrosis,
pancytopenia, hepatotoxicity,
suicidality, somnolence

Level 1b evidence
that levetiracetam
may not be more
effective than
phenytoin.

Javed et al. (2016)
Khan et al. (2016)
Radic et al. (2014)
Gabriel & Rowe (2014)
Inaba et al. (2013)
Kruer et al. (2013)
Szaflarski et al. (2010)
Jones et al. (2008)

Yang et al. (2016)



http://www.ncbi.nlm.nih.gov/pubmed/1995974
http://www.nejm.org/doi/full/10.1056/NEJM199008233230801
http://www.ncbi.nlm.nih.gov/pubmed/6848680
http://www.ncbi.nlm.nih.gov/pubmed/6848681
http://www.ncbi.nlm.nih.gov/pubmed/6417279
http://www.ncbi.nlm.nih.gov/pubmed/24368357
http://www.ncbi.nlm.nih.gov/pubmed/6786866
https://link.springer.com/article/10.1007/s40263-016-0365-0
https://www.ncbi.nlm.nih.gov/pubmed/?term=Javed+2016+Levetiracetam
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ali+Khan+2016+Levetiracetamhttps://www.ncbi.nlm.nih.gov/pubmed/?term=Ali+Khan+2016+Levetiracetam
https://www.ncbi.nlm.nih.gov/pubmed/24549935
http://www.ncbi.nlm.nih.gov/pubmed/25169249
http://www.ncbi.nlm.nih.gov/pubmed/23425733
http://www.ncbi.nlm.nih.gov/pubmed/23566730
http://www.ncbi.nlm.nih.gov/pubmed/19898966
http://www.ncbi.nlm.nih.gov/pubmed/18828701
https://link.springer.com/article/10.1007/s40263-016-0365-0
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Clinical Notes: Overall, there is
conflicting evidence as to the
efficacy of this treatment, with it
being slightly less effective than
phenytoin; however, rates of side-
effects are also reduced. Monitor
creatinine at initiation. May worsen
irritability if present.

Lacosamide

Route: IV, PO
Dosing:
- Maintenance: 50-100 mg BID
initially; titrate to 100-200 mg
BID — both IV and PO
Mechanism of Action: Unknown;
appears to control neural
hyperexcitability through selective
sodium channel inactivation
Adverse Events:
- Common: nausea, dizziness,
headache, diplopia
- Serious: atrial
fibrillation/flutter, first degree
AV block, suicidality
Clinical Notes: Lacosamide was no
more effective at reducing early
seizures than phenytoin; however, it
may have a lower rate of side
effects and more tolerable side
effect profile. Baseline ECG should
be checked prior to initiation.

Level 3 evidence
that lacosamide
may not be more
effective than
phenytoin at
reducing early
seizures.

Sapina & Ratkovic
(2017)
Kwon et al. (2019)

Glucocorticoids
(Dexamethasone)

From one cohort study, there was
no evidence that glucocorticoid
administration, compared to no
treatment, was effective at reducing
the incidence of early or late
seizures.

Level 3 evidence
that glucocorticoids
are not effective for
reducing seizure
activity.

Watson et al. (2004)

Methylphenidate

Some patients experienced reduced
seizure rate during methylphenidate
treatment, while others did not.

Level 4 evidence
suggests that
methylphenidate
may be an effective
anti-seizure
medication for
some individuals.

Wroblewski et al.
(1992)

Phenobarbital

Phenobarbital was administered in
doses between 10-25ug/mL. No
prophylactic benefits have been
shown in ABI specific populations.

Level 1b evidence
that phenobarbital
does not reduce
rates of seizures.

Manaka (1992)



https://www.ncbi.nlm.nih.gov/pubmed/?term=Sapina+%26+Ratkovic
https://www.sciencedirect.com/science/article/pii/S0883944118306154
http://www.ncbi.nlm.nih.gov/pubmed/15144437
http://www.ncbi.nlm.nih.gov/pubmed/1548250
http://onlinelibrary.wiley.com/doi/10.1111/j.1440-1819.1992.tb00865.x/abstract
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7.5.3 Length of Prophylaxis and Maintenance Treatment of PTS/PTE

The American Academy of Neurology (Chang & Lowenstein, 2003) recommend AED prophylaxis for the
first seven days after injury and discontinuing prophylaxis thereafter as early treatment does not appear
to reduce late PTS/PTE. In retrospective reviews, Zaman et al. (2017) and Cranley et al. (2016) both
showed that adherence to these guidelines appears to be quite variable with 10-42% receiving
prophylactic treatment for longer than one week without indication. Continuing prophylactic treatment
longer than one week has not been shown to reduce late PTS/PTE and may result in adverse events.

When determining length of treatment for maintenance therapy, there is less of a consensus. Once PTE
remission has been achieved, continuing AED therapy is dependent on several factors including patient
age, medication tolerability, and patient preference. Most consider AED withdrawal after two years of
PTE remission, but others continue maintenance therapy for four years prior to discontinuing (Rao &
Parko, 2015).

7.5.4 Non-Pharmacologic Treatment of PTS/PTE

Relative to pharmacologic treatments for seizures, relatively few studies have examined the efficacy of
surgical excision in PTE (Hakimian et al., 2012; Marks et al., 1995; Zheng et al., 2013). In general, there is
evidence to support that surgical excision for the treatment of PTS can be effective for carefully selected
patients with an identified seizure focus on EEG. Vagus nerve stimulator (VNS) is used more frequently as
a treatment option for partial onset seizures (Elliott et al., 2011; Englot et al., 2012). Patients with PTE
demonstrated a greater reduction in seizure frequency, with 50% fewer seizures occurring at three
months and 7% fewer at two years than individuals with non-PTE who received VNS (Englot et al., 2012).
Table 7.7 outlines the evidence behind both surgical excision and VNS. For patients that develop PTS/PTE,
itis important to discuss the appropriate lifestyle modifications that can be made to help prevent seizure
recurrence.

Table 7.7 Non-Pharmacologic Interventions for the Prevention and Treatment of PTS.

Intervention

Description

Level of evidence

Reference

dyspnea, or dysphagia. Complications
include pain, wound infections, electrode
malfunction, cardiac arrhythmia during
testing, and transient vocal cord paralysis.

Surgical Retrospective studies show that surgical Level 4 evidence | Esquenazi et al. (2016)
excision of excision of the seizure focus, when it can be | supports the use Zh—ef‘g_‘“—a"(zo“)
PTS focus identified, may be effective for patient of surgical Hakimian et | (2012)
’ Marks et al. (1995)
populations that have been unresponsive to | excision for PTS
other measures. when other
measures have
failed.
Vagus VNS was approved for the treatment of Level 4 evidence | Englotetal. (2012)
Nerve partial onset seizures in 1997. Retrospective | that VNS reduces Elliot et al. (2010)
Stimulator studies show that VNS reduces the rate of seizure frequency
seizures in the TBI population. VNS are in those with
usually well tolerated; patients may partial onset
experience voice alteration, cough, seizures.



https://www.sciencedirect.com/science/article/pii/S1878875016307070
https://www.ncbi.nlm.nih.gov/pubmed/23703298
http://www.ncbi.nlm.nih.gov/pubmed/22380851
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https://www.sciencedirect.com/science/article/pii/S1525505010008024
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Table 7.8 Additional lifestyle modifications recommended for those with PTE (Hung & Chen, 2012).
Category Description

Diet The ketogenic diet is occasionally used in the treatment of refractory
seizures, especially in children. Currently, however, there is no published
literature on the use of the ketogenic diet in the TBI population in humans.
AEDs commonly affect appetite and weight; both should be monitored while
patients are on AEDs.

Sleep Sleep deprivation is a known seizure trigger. Altered sleep-wake cycle is a
common finding in the TBI population. Special care should be given to
ensuring an appropriate sleep schedule is maintained.

Exercise Patients with epilepsy are likely at increased risk of becoming sedentary with
a reduced exercise capacity. Safety planning is important when determining
an exercise program (special consideration for water sports, motor sports,

etc.).
Caffeine, drug abuse, | Caffeine, alcohol and recreational drug abuse are known seizure triggers in
alcohol the non-traumatic seizure population and are likely triggers of PTE as well,

though this has not been studied specifically. Appropriate counselling and
education are important where applicable.

General safety Special counselling should be provided to patients with PTS/PTE regarding
safety around swimming, bathing, cooking, occupational risks, and climbing
to heights/use of ladders.

Driving Clinicians should review their local laws regarding when to report to the
appropriate regulatory bodies when patients have a PTS or when AEDs are
initiated/discontinued.

Pregnancy Many AEDs are known teratogens. Some AEDs are also known to lower
serum levels of oral contraceptive pills. Special consideration and counselling
should be given to women of child bearing age on AEDs.

7.6 Case Study
Patient Snapshot:

Mr. LL...

Is a 55 year-old male who was involved in a motor vehicle collision. He sustained a right temporal bone
fracture, epidural hemorrhage, diffuse sub-arachnoid hemorrhage, with retained intracerebral
fragments of glass. On arrival to hospital his GCS level is 6, he is emergently taken to the OR for a hemi-
craniectomy and evacuation of hemorrhage/retained products. He has had no witnessed seizure events
since admission.

Lifestyle Factors: Mr. LL has a history of alcohol and amphetamine abuse. He is currently employed as a
commercial truck driver.

Medical History: Mr. LL has no other medical history.

While Mr. LL is being moved into the recovery room post-operatively, his treating physician
confirms he has had no witnessed seizure events since coming into hospital 6 hours ago. The
treating physician asks if any AEDs are recommended. What do you do suggest?

N
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Given Mr. LL has a severe TBI he should be started on AED prophylaxis immediately with a loading dose
of either phenytoin (10-15 mg/kg IV) or levetiracetam (20-30 mg/kg IV; infused at 5 mg/kg/min) followed
by standard maintenance dosing. You suggest levetiracetam given its preferred side effect profile over
phenytoin.

Q1. What are some of Mr. LL’s risk factors for developing PTS/PTE?

. Severe TBI

. Skull fracture

. Epidural/sub-arachnoid hemorrhage
Age

. Penetrating injury

. Retained intracerebral fragments

. GCS level

. Craniectomy

. History of alcohol/drug abuse

©oONOUA WN R

Q2. What lab investigations are required when initiating phenytoin and levetiracetam?

Phenytoin:

1. CBC

2. BUN/Cr.

3. Liver enzymes
4. Phenytoin level

Levetiracetam:
1. BUN/Cr

The treating physician starts Mr. LL on phenytoin. Four days later the nurse reports that Mr. LL has
started to have difficulty with transfers, whereas he had been improving until that point. What
should you do next?

%

With any change in recovery trajectory, it is important to identify and treat potentially reversible causes.
Itis important to complete a detailed history and physical examination to determine if there has been any
neurologic change/deterioration. Consideration should be given to repeat neuroimaging. Careful
assessment of medications and medication changes is important. Consideration should also be given to
potential sources of infection or metabolic abnormalities that may contribute to the decompensation.
Phenytoin toxicity may lead to ataxia, which could explain Mr. LL’s acutely worsening transfers. A
phenytoin level should be checked.
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Q3. What are the features of phenytoin toxicity?

Neurotoxicity:

1. Ataxia

2. Nystagmus

3. Confusion

4. Hallucinations

5. Neuropathy

6. Movement disorders

Cardiotoxicity:
1. SA/AV nodal block
2. Infusion rates over 50 mg/min may lead to: bradycardia, hypotension and asystole

Epidermal:
1. Stevens-Johnson Syndrome
2. Toxic Epidermal Necrosis

Other:

1. Gingival hyperplasia

2. DRESS syndrome

3. Purple Glove syndrome

7 days after the MVC, the treating physician asks if Mr. LL should be continued on AED prophylaxis
because of his significant number of risk factors for late PTS/PTE. What do you suggest?

N

There is currently no evidence that AED prophylaxis reduces the rate of late PTS/PTE. Continuing patients
on AED prophylaxis past the recommended 7 days potentially exposes them to unnecessary adverse
events. The AED prophylaxis should be discontinued.

One month later, Mr. LL is admitted to your inpatient rehabilitation ward. During a physiotherapy
session, Mr. LL briefly becomes unaware of his surroundings while continually picking at his shirt.
After 30 seconds of this behaviour he develops whole body convulsions which terminate
spontaneously after 90 seconds. He remains stable, your colleague monitors him acutely. He is
quite lethargic and confused for 60 minutes afterwards with newfound left arm weakness which
resolves after 8 hours. What are your next steps?

A careful history and physical examination should be carried out. Focus should be given to ruling out
potential causes of seizures as well as assessment of the left arm weakness. Provoking causes
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(hypoglycemia, electrolyte abnormality, recurrent hemorrhage, infection etc.) should be managed as
indicated. AED therapy should be initiated.

Q4. What type of seizure did Mr. LL experience?

Mr. LL experienced a complex partial seizure with secondary generalization. The continual picking at
clothing is in keeping with an automatism which can be seen in partial seizures. The loss of awareness
(change in level of consciousness) indicates it was complex rather than simple (in which level of
consciousness remains unaffected). The development of whole-body convulsions indicates secondary
generalization of the seizure.

Q5. What is the cause of the left arm weakness after the seizure?

The left arm weakness is potentially Todd’s paresis, which is a brief period of paresis/paralysis following
a seizure. The paresis/paralysis resolves spontaneously (typically within 12-36 hours). Todd’s paresis
may affect one or both sides of the body and can affect both the upper and/or lower extremities. Other
potential causes of the focal weakness should be ruled out (stroke, abscess, hemorrhage, etc.).

Q6. What investigations should be done?

1. Bloodwork: CBC, BUN/creatine, glucose, electrolytes (Na, Mg, Ca), consider liver enzymes

2. EEG

3. Consider neuroimaging

4. Consider infectious workup if clinical concern for infection

5. Consider tox screen if clinical concern for alcohol/drug use

6. Consider potential medication contributions to lowering seizure threshold and check serum levels
where appropriate. If Mr. LL had already been on an AED — a serum level should be checked to rule out a
subtherapeutic level, if available.

No provoking cause of Mr. LL’s seizure is found. After starting Mr. LL on Levetiracetam he does well
and has no further seizures while in hospital. Prior to discharge he asks about when he will be able to

return to work as a commercial driver.
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Q7. What factors need to be considered before Mr. LL can return to driving?

Return to driving is a complex issue and legal requirements vary by jurisdiction. It is important to follow
local laws when considering a return to driving. The following is a helpful mnemonic outlining issues to
consider when patients inquire about driving safety.

D — Drugs: Consider medications that may impair alertness (opiates, THC, AEDs, neuroleptics, etc.)

R — Reaction time: Reaction time testing should be completed with an occupational therapist

I — Intellect: Impaired cognition may inhibit return to driving; consider neuropsychological testing

V — Vision: Visual field and visual acuity requirements vary by jurisdiction; consider optometry referral
E — Epilepsy: Local laws vary for mandatory reporting after a seizure or medication
initiation/change/discontinuation; it is important to be familiar with the reporting process in your area

S — Safety record: Consider previous driving record (accidents, near misses, tickets, reckless driving, etc.)
A — Attention/Executive Function: Trail Making A/B provide helpful information; consider
neuropsychological testing and/or formal on road testing.

F — Family concerns: Involving patient families in the discussion may provide meaningful insight

E — EtOH: Careful EtOH/drug use histories are important; consider referral to substance abuse program
R — Range of Motion: Assess physical ability (strength, ROM, proprioception/sensation, etc.); consider
need for adaptive controls

You continue to follow Mr. LL as an outpatient. He is eventually titrated off of levetiracetam after a seizure
free period of two years. You correctly checked local laws for whether you were required to report Mr. LL
to the appropriate regulatory body when the medication was withdrawn. Given Mr. LL’s previous alcohol
and substance abuse, you also remember to ask about alcohol and drug use in follow-up. In follow-up,
you remain vigilant to look for any change in level of functioning which could be a sign of recurrent PTE.
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