Status Epilepticus
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Case Example

A 75-year-old male with history of hypertension, atrial fibril-
lation on warfarin, and diabetes mellitus type II and distant
history of ischemic stroke, who recently underwent a renal
transplant, was admitted to the SICU for management of
high blood pressure, confusion, and multiple falls. On hospi-
tal day 1, the nurse pages you to bedside for an acute change
in the patient’s mental status; he is now ‘“unresponsive.”
What are the first steps in the diagnostic workup and man-
agement of this patient’s neurological deterioration? We will
review this particular case at the end of this chapter.

Introduction

Patients that are critically ill such as those in the surgical
ICU are at a high risk for seizures [1, 2]. Moreover, seizures
in critically ill patients are mainly nonconvulsive, and, thus,
status epilepticus is readily underdiagnosed [1-12]. It is
essential for an intensivist to be familiar with the seizure
evaluation paradigm in patients with fluctuating neurological
symptoms or in those with an unexplained impairment of
level of consciousness. Prompt recognition and early treat-
ment of seizures and status epilepticus are critical as pro-
longed seizures lead to increased morbidity and mortality
[13]. Extensive work has shown that seizures — including
nonconvulsive seizures — in the acutely injured brain can ini-
tiate a variety of adverse physiological effects, such as
increases in cerebral blood flow, intracranial pressure, meta-
bolic demand, and mass effect. Additional deleterious effects
include acute elevations in lactate, glutamate, and neuron-
specific enolase levels as well as delayed hippocampal atro-
phy and chronic epilepsy [14, 15].
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Classifications and Definitions

Seizure is the occurrence of abnormal and synchronous neu-
ronal activity that can lead to various clinical manifestations
[16]. It is useful to recognize and classify specific seizure
types, as it can help guide both the diagnostic workup and
treatment. The latest classification by the International
League Against Epilepsy (ILAE) divides seizures into three
broad categories of generalized, focal, or unknown accord-
ing to clinical and EEG manifestations. Generalized seizures
involve bilateral networks within the cortical or subcortical
areas of the brain, while focal seizures originate from
networks limited to one hemisphere [17]. An electrographic
seizure is defined by [18]:

1. A paroxysmal pattern that evolves in morphology, fre-
quency, and/or spatial distribution OR

2. Generalized spike-wave discharges >3/s

3. Clearly evolving discharges of any type that reach a fre-
quency >4/s (can be focal or generalized)

4. A paroxysmal electrographic pattern (which does not
meet the above criteria) that is different from the back-
ground EEG pattern and is associated with a clinical
correlate

Convulsive status epilepticus (SE) is operationally defined
as ongoing seizure activity for more than 5 min or two or
more seizures between which the patient does not return to
baseline [19]. Where convulsive SE has clinical motor mani-
festations (tonic or rhythmic jerking of the extremities), non-
convulsive SE often manifests as decreased level of arousal
without overt signs of ongoing ictal activity [20]. Though the
definition of nonconvulsive status epilepticus can be rather
nebulous, attempts at standardization exist [21]. A com-
monly used definition of nonconvulsive status epilepticus in
critically ill patients is >30 min of ictal EEG activity within
a single hour of recording.

When SE fails to cease after the administration of two
intravenous antiepileptic drugs (AEDs), it is denoted as
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refractory SE, which occurs in 43 % of patients with SE and
is associated with increased length of hospital stay, morbid-
ity, and mortality [8, 22, 23].

Epidemiology

In the United States, the annual incidence of SE has increased
from 3.5 to 12.5 per 100,000 between 1979 and 2010 [24],
while the mortality rate has remained stable around 20 %.
Moreover, 31-43 % of patients with SE ultimately progress
to refractory SE, which is further associated with a worse
prognosis [23, 25]. The data on seizure prevalence strictly
among surgical ICU patients is limited and likely underesti-
mated as the majority of seizures in the critically ill are non-
convulsive and would be undiagnosed without cEEG
monitoring. In the few studies that include SICU patients,
between 5 and 11 % of patients with encephalopathy can be
in nonconvulsive SE when screened by cEEG [2, 3]. This
rate is expectedly higher (~19%) among encephalopathic
neurological ICU patients with acute brain injury screened
with cEEG [5, 9, 13, 26, 27].

Etiology

The causes of seizure and more specifically status epilepti-
cus can be broad in the critically ill patient and include those
with prior history of epilepsy (22-34 %), remote history of a
structural brain lesion (24 %, i.e., ischemic or hemorrhagic
stroke, tumor, etc.), acute stroke (22 %), hypoxic/ischemic
encephalopathy (10 %), metabolic derangements (10 %), and
alcohol withdrawal (10 %) along with other causes as shown
in Table 3.1 [28].

It is important to remember that there are a host of clinical
scenarios in the ICU that may mimic seizures, be associated
with seizures, or lower the threshold for developing seizures.
There are a handful of life-threatening diagnoses that can
mimic nonconvulsive SE and should be considered in the
setting of acute neurological deterioration.

Pathophysiology

In general terms, seizures occur due to instability of neuronal
membranes and the inability to inhibit rapid synchronous
discharges. Seizures are sustained due to an imbalance
between increased excitation and decreased inhibition. The
most common excitatory neurotransmitter is glutamate,
which acts on the N-methyl-D-aspartate (NMDA) receptor.
On the other hand, the most common inhibitory neurotrans-
mitter is gamma-aminobutyric acid (GABA), which can bind
to GABA-A receptors to inhibit excitation; this is the site of

Table 3.1 Causes of status epilepticus in adults [24, 28]

Etiology Frequency

Epilepsy history 22-34%
Medication noncompliance
Refractory epilepsy

Remote structural lesion 24 %

Tumor

Traumatic brain injury

Stroke

Intracerebral hemorrhage

Vascular malformations, etc.

22%

10%

10 %

Ischemic stroke

Hypoxic/anoxic encephalopathy

Metabolic abnormalities
Hyponatremia (usually <120 meq/L)
Hypoglycemia or hyperglycemia
Liver or renal-related failure
Hypothyroidism

Alcohol withdrawal

Other

PRES (posterior reversible encephalopathy
syndrome)

Infection (sepsis or CNS infection)

10 %

Toxins
Medications/illicit drugs

action for many antiepileptic drugs (AEDs) such as benzodi-
azepines, barbiturates, and propofol [29]. In addition,
voltage-gated sodium channels, which are blocked by vari-
ous AEDs (e.g., phenytoin, carbamazepine, and topiramate)
to selectively inhibit rapidly firing neurons [30], and sub-
types of calcium channels, which are targeted by zonisamide,
valproate sodium, and lamotrigine, are also involved in sei-
zure propagation [31].

Neurochemical Changes

The first few minutes of seizure onset are characterized by
modulation of ionic channels, neurotransmitter release, and
rearrangement of receptors on neuronal synapses via endo-
cytosis or exocytosis, which leads to an increased number of
excitatory NMDA receptors and a decreased number of
inhibitory GABA-A receptors. As status epilepticus contin-
ues, the number and/or sensitivity of GABA-A receptors is
thought to decrease; in fact, potency of benzodiazepines
decreases by 20-fold within just 30 min of chemically
induced status epilepticus animal models [32]. This high-
lights the importance of recognizing seizures as a neurologi-
cal emergency in which early diagnosis and treatment
initiation can improve clinical outcomes. Subsequently
within hours to days, there will be seizure-induced neuronal
damage and ultimately neuronal death (apoptosis and/or
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necrosis) secondary to excitotoxicity [33-35]. The neuronal
injury can be shown by nonspecific markers such as eleva-
tion of neuron-specific enolase or imaging findings of cere-
bral edema (vasogenic or cytotoxic) on FLAIR or
diffusion-weighted imaging sequences or chronic atrophy
especially in the hippocampus [36-38].

Physiological Changes

Within 30 min of convulsive status epilepticus, robust catechol-
amine release occurs leading to various systemic changes
including increased blood pressure, fever, tachycardia, arrhyth-
mias, leukocytosis, lactic acidosis, hyperglycemia, increased
pulmonary vascular resistance, and pulmonary edema [29,
39-41]. Early in status epilepticus, cerebral physiology remains
relatively stable through a host of intrinsic autoregulatory
mechanisms that result in increased cerebral blood flow (CBF)
as well as increased oxygen and glucose uptake [29]. However,
after 30-60 min, SE typically becomes nonconvulsive and the
early compensatory mechanisms fail, leading to excitotoxic
damage and compounded neurological injury.

Diagnosis

Diagnosing seizures and status epilepticus can be challeng-
ing due to varied clinical manifestations that can represent
both positive and negative phenomena (Table 3.2) [42].
Seizure onset is typically abrupt; however, there are several
entities that may mimic seizures and status epilepticus, par-
ticularly when they are nonconvulsive (Table 3.3) [43]. After
early management (see Fig. 3.1), the diagnosis of seizures
must be further investigated with a scalp electroencephalo-
gram (EEG). The underlying etiology should be worked up
by checking rapidly reversible causes such as hypoglycemia,
electrolyte imbalances, as well as renal and hepatic dysfunc-
tion. Other laboratory data such as toxicology and CSF anal-
ysis or advanced neuroimaging (CT or MR angiography/
venography or MRI) may be required depending on the
patient’s specific history and neurological examination.

Neurological and Physical Examination
and History

When evaluating any patient with neurological dysfunction,
a full neurological examination is helpful; however, in emer-
gency situations one can do a focused neurological exam to
guide subsequent management. At the minimum, in the non-
comatose patient, this includes an assessment of mental sta-
tus (orientation, attention, and concentration), language,
memory, and lateralizing motor signs. In a comatose patient,

Table 3.2 Clinical manifestations of seizure [42]

Cognitive/language/behavioral
Memory loss
Decreased level of consciousness

(Fluctuating or persistent; with severity ranging from confusion
to coma)

Echolalia, aphasia, mutism, and perseveration

Psychosis, hallucinations, catatonia, and delusions

Cry and laughter
Motor

Tonic and/or clonic activity and posturing

Eye deviation, blinking, facial twitching, and nystagmus
Autonomic

Tachycardia or bradycardia

Skin flushing, nausea, vomiting, miosis, mydriasis, and hippus

Table 3.3 Seizure mimics [43]

Movement disorders
Chorea, dystonia, tics, myoclonus, and asterixis
Psychogenic non-epileptic seizures
Syncope
Cardiogenic
Cataplexy (narcolepsy related)
Herniation syndromes (posturing)
Delirium
Ischemic events
“Limb shaking” TIA due to severe carotid stenosis
Posterior circulation strokes

an assessment of level of consciousness with verbal or nox-
ious stimuli (alert, lethargic, stuporous, or comatose) and a
cranial nerve examination are paramount. During inspection
look for subtle oral, facial, or limb twitching, pupillary
changes, and the presence of gaze deviation. Patients in non-
convulsive SE can have pupillary abnormalities, including
asymmetry and hippus; however, if their pupils are dilated,
pinpoint, or unreactive, other life-threatening neurological
emergencies should be entertained, prompting an emergent
neurology or neurosurgical consultation. Additionally, in
nonconvulsive SE the eyes may be open, but the patient is
mute (e.g., eye open mutism), and the eyes may be deviated
with or without head version. Not all eye deviation is second-
ary to seizure and can be seen in cortical, thalamic, and brain
stem lesions. In general, with ongoing seizures the eyes will
deviate away from the brain lesion (especially if frontal), but
with stroke or other lesions, they will deviate toward the side
of the lesion. The exception to this rule involves lesions to
the paramedian pontine reticular formation, in which lesions
in the pons may cause contralateral eye deviation. Facial,
eye, or limb twitches may be observed and may be induced
with stimulation (SIRPIDs — stimulus-induced rhythmic,
periodic, or ictal discharges — only occasionally with clinical
correlate). Tone may be symmetrically or asymmetrically
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First 5 minutes

Medical Management:
ABC (Airway, Breathing, Circulation)
Monitor 02, HR, BP, EKG
Check glucose
Administer Thiamine (100 mg IV) prior to dextrose
Labs

CBC, BMP, LFT, Calcium, Magnesium, Phosphate, Antiepileptic drug level (if appli-

cable), Troponin, Toxicolog, HCG
Neurological examination
Medication:

Lorazepam (4 mg IV, can repeat after 5 min) *; If no IV access then use one of these:

Diazepam (20 mg PR)
Midazolam (10 mg intra-nasal/Buccal/IM)

if seizure continues, intubate

Y

5 - 30 minutes

Medication: Administer both AED + Anesthetics simultaneously
A) AED (pick one):
Fosphenytoin or Phenytoin
Bolus: 20 mg/Kg IV **
Maintenance: 100 mg Q8 hours
Valproate sodium
Bolus: 20 - 40 mg/kg IV **
Maintenance: 15-40 mg/kg/day divided in g6 - q12 doses
Other Alternatives:
Levetiracetam
Bolus: 2500 - 4000 mg IV
Maintenance: 2000 - 12000 mg/day divided in 3-4 doses
Lacosamide
Bolus: 400 mg IV
Maintenance: 200 - 300 mg IV q12 h
B) Anesthetic (pick one):
Midazolam

Note:

Get pertinent history

Consider Neuroimaging or Lumbar puncture
Formulate differential diagnosis

Bolus: 0.2 mg/kg 1V, repeat Q 5min until seizure stops (maximum of 2 mg/kg)

Infusion: 0.1 - 2.9 mg/kg/hr
Propofol

Bolus: 1-2 mg/kg IV, repeat Q 5min until seizure stops (maximum of 10 mg/kg)

Infusion: 33 - 250 ug/kg/min

if seizure continues

A\ 4

> 30 minutes

Medical Management:
Begin continuous EEG to titrate AEDs

Medication (pick one):

A) Add a second anesthetic AED from previous step (i.e. propofol or midazolam)

B) Add Ketamine (ideal for the severely hypotenive patient)

Bolus: 1.5 mg/kg IV, repeat Q 5min untill seizure stops (maximum of 4.5 mg/kg)

Infusion: 1.2 - 7.5 mg/kg/hr
C) Pentobarbital

(typically used as a last resort given its side effect profile)

Bolus: 5 mg/kg 1V, repeat 5 mg/kg Q 5min until seizure stops (max 25 mg/kg)

Infusion: 1 - 10 mg/kg/hr

Fig. 3.1 Convulsive status epilepticus treatment algorithm for adults
adopted at Yale-New Haven Hospital. AED antiepileptic drug, BMP
basic metabolic profile, BP blood pressure, Ca calcium, CBC complete
blood count, EKG electrocardiogram, HCG human chorionic gonado-
tropin, HR heart rate, /M intramuscular, /V intravenous, LFT liver func-

tion test, 02 oxygen, and Mg magnesium. * This is based on 0.1 mg/kg
dosing of lorazepam (divided into two doses) for an average adult
(about 70 kg). ** Loading dose does not require adjustment for hepatic/
renal insufficiency. Post-load serum drug level should be drawn 2 h
post-phenytoin/fosphenytoin/valproate sodium
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increased with hyperreflexia and clonus. “Awake” patients
are more likely to exhibit automatisms (e.g., picking, lip
smacking) and behavioral changes (perseveration, agitation,
emotional lability, aggressiveness).

Stupor and coma can result from diseases affecting bilateral
cerebral hemispheres, thalami, or the brain stem. As a rule, uni-
lateral hemispheric lesions do not produce stupor or coma
unless there is sufficient mass effect to raise the intracranial
pressure or compress the contralateral hemisphere or brain
stem (i.e., partial or complete herniation syndromes). Brain
stem lesions produce coma by affecting the reticular activating
system. Metabolic disorders impair consciousness by diffuse
effects on both the reticular formation and the cerebral cortex.

Brain Imaging

Brain imaging after urgent treatment of status epilepticus,
computed tomography (CT) of the head is indicated in
almost all patients. If the etiology remains inconclusive, then
magnetic resonance imaging (MRI) of the brain may be indi-
cated to assess for diagnosis such as ischemic stroke, enceph-
alitis (i.e., infectious, autoimmune, or neoplastic), or
posterior reversible encephalopathy syndrome (PRES). It
should be noted that prolonged status epilepticus could also
lead to MRI findings in various anatomical locations (typi-
cally in the hippocampus, cortex, corpus callosum, thala-
mus); importantly, these findings may be reversible with
appropriate management.

EEG

Early management of status epilepticus must rely on its
clinical diagnosis and should not be delayed to obtain a
cEEG. However, cEEG monitoring can both confirm and
allow one to tailor therapeutics in critically ill patients.
Scalp EEG detects seizures only when it involves a rela-
tively large area of cortex (>10 cm?) as it measures the sum-
mation of excitatory and inhibitory postsynaptic potentials
of pyramidal neurons [44, 45]. Thus, scalp EEG may be
falsely negative in seizures with small or deep foci. In
patients who fail to fully regain consciousness, it is impera-
tive to monitor for nonconvulsive SE and/or seizures due to
their high prevalence of 15% and 48 %, respectively [8].
Another important factor to consider is the duration of
cEEG monitoring as routine 1 h EEGs can miss up to 50 %
of seizures [7]. In critically ill patients, the recommended
monitoring duration is 12-24 h for non-comatose patients
and 24-48 h for comatose patient as seizure detection can
reach up to 95 % and 87 %, respectively [5, 7]. The cEEG
should also be continued until the patient is seizure-free for
24 h or has a reliable neurological exam to follow for clini-

cal seizures. The latest Neurocritical Care Society (NCS)
and the European Society of Intensive Care Medicine
(ESICM) recommend cEEG in all patients with an unex-
plained alteration of consciousness either with an acute
brain injury or comatose ICU patients without an acute
brain injury (especially those with sepsis, renal/hepatic fail-
ures), in patients with CSE without return to baseline after
60 min, in patients undergoing hypothermia induction and
within 24 h of their rewarming, and lastly in comatose sub-
arachnoid hemorrhage patients in order to detect delayed
cerebral ischemia (DCI) [46]. The guidelines set forth by
the American Clinical Neurophysiology Society (ACNS)
mostly mirror the aforementioned recommendations.
Moreover, ACNS also suggests the use of cEEG in other
settings such as monitoring of sedation or suppressive ther-
apy (to avoid oversedation and undesirable side effects of
anesthetic agents) and lastly the use of cEEG to help with
prognostication in various neurological diseases [14].

Management

Upon diagnosis, seizures should be managed as a neurologi-
cal emergency given the association of prolonged seizures
and worse outcome. Management includes patient position-
ing, airway/breathing/circulation (ABC) management, anti-
epileptic drug (AED) administration, and diagnostic workup
of the underlying etiology to further tailor treatment. As seen
in Fig. 3.1, these steps should be prioritized and performed
within 5—10 min as per the latest subspecialty guideline rec-
ommendations from the NCS [47].

Antiepileptic Drugs in Convulsive SE

Prompt AED administration must be prioritized given its
association with improved seizure cessation and outcome
[48]. It is essential to note that delayed treatment in convul-
sive SE is twice more likely to lead to systemic complica-
tions (respiratory failure, hypotension, and arrhythmia)
than treatment with AEDs such as benzodiazepines (see
Table 3.4 for list of AEDs) [15, 49]. Benzodiazepines are
generally recognized as the first-line AEDs in the treatment
of convulsive SE and are superior to phenytoin and pheno-
barbital [47, 48]. In patients with intravenous (IV) access,
lorazepam is the preferred drug of choice. In those without
IV access, intramuscular midazolam can be administered,
which has a similar efficacy as lorazepam [50]. Furthermore,
rectal diazepam is also an acceptable alternative to above
agents.

In the critically ill, almost all patients should receive a
second-line AEDs unless there is a reversible etiology and
the patient has returned to baseline. Second-line AEDs
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should be given intravenously and include fosphenytoin/
phenytoin, valproate sodium, levetiracetam, phenobarbital,
or midazolam [47]. The selection of a second-like AED
depends on institutional accessibility, patient’s comorbidi-
ties, and the type of epilepsy if known and applicable.
Typically, fosphenytoin/phenytoin is a preferred choice due
to accessibility; however, it is associated with cardiovascu-
lar side effects (e.g., hypotension and arrhythmias) and may
exacerbate seizures in those with a history of primary gener-
alized epilepsy (PGE). Valproate sodium has been shown to
be at least as effective and perhaps superior to fosphenytoin/
phenytoin based on two trials; furthermore, valproate
sodium is a good choice for the treatment of PGE and has
less cardiovascular side effects [51, 52]. Another commonly
used AED is levetiracetam due to its efficacy, benign side
effect profile, and minimal interactions with other medica-
tions [53, 54]. As discussed earlier, the failure of a second-
line AED defines SE as refractory and requires the initiation
of a third-line AED, typically as a bolus dose followed by an
infusion of anesthetic such as midazolam, propofol, ket-
amine, or pentobarbital. These agents should be titrated to
seizure cessation (and not burst suppression) with the help
of cEEG. In one study there was no difference in mortality
between refractory SE treated by continuous propofol, mid-
azolam, or pentobarbital [55]. Pentobarbital is generally
used as a last resort in cases of superrefractory SE (noncon-
vulsive SE > 48 h) due to its significant systemic side effects.
Once seizure suppression is achieved, anesthetic AEDs
should be slowly tapered off after 24-48 h to prevent

Table 3.4 List of commonly used AEDs in status epilepticus [15, 49]

rebound seizures; the taper is typically performed over 24 h
[47]. It should be noted that the treatment of status epilepti-
cus (NCSE or CSE) with anesthetic AEDs to reach thera-
peutic coma (i.e., either seizure cessation or burst
suppression on cEEG) has been shown to be associated with
worse outcome [56]. Further prospective, randomized trials
are needed to validate these findings.

Finally, in certain clinical situations, immune medicated
therapies (e.g., high-dose steroids, IVIg, plasma exchange)
as well as hypothermia and electroconvulsive therapy may
be instituted to manage super-refractory cases.

Antiepileptic Drugs in Nonconvulsive SE
and Ictal-Interictal Patterns

Currently, there are no prospective trials to guide or sup-
port an algorithmic treatment of nonconvulsive
SE. However, given the association with increased mortal-
ity, it is reasonable to treat generalized nonconvulsive SE
with the same urgency and aggressiveness as convulsive
SE. Lastly, there are certain EEG patterns (e.g., lateral-
ized rhythmic or periodic discharges) that are not clearly
seizures but suggest different degree of cortical hyperex-
citability based on their prevalence, frequency, morphol-
ogy, spread, and evolution; these patterns could simply be
markers of brain injury or severity of illness; however,
they have the potential to progress to frank seizure.
Currently, there is no clear consensus on the treatment of

Medication Loading dose Maintenance dose Clearance Side effects/comments
Lorazepam 4 mg, repeat after S min N/A Hepatic Hypotension
Diazepam 20 mg (PR) N/A Hepatic Prolonged half-life
Phenytoin & 20 mg/kg” 100 mg Q8 hr Hepatic Hypotension, arrhythmias, hepatic
fosphenytoin dysfunction. Monitor free levels if albumin
low, or if patient is on valproate sodium
Valproate sodium ~ 20-40 mg/kg™ 15-40 mg/kg/d (divided in Hepatic Platelet dysfunction, thrombocytopenia,
q6—12 doses) pancreatitis, and tremor
Levetiracetam 2,500-4,000 mg 2,000-12,000 mg/d Renal Somnolence, behavioral disturbances, and
(divided in q6—12 doses) agitation
Lacosamide 400 mg 200-300 mg q12 hr Renal/hepatic ~ Bradycardia, prolonged PR interval
Midazolam 0.2 mg/kg, Q5 min prn 0.1-2.9 mg/kg/hr Hepatic Hypotension, accumulates in fat
(max 2 mg/kg)
Propofol 1-2 mg/kg, Q5 min prn 33-250 pg/kg/min Hepatic Hypotension, propofol infusion syndrome
(max 10 mg/kg)
Ketamine 1.5 mg/kg, Q5 min prn 1.2-7.5 mg/kg/hr Hepatic Hypertension, rise in ICP (unlikely)
(max 4.5 mg/kg)
Pentobarbital 5 mg/kg (at 50 mg/min), repeat 1-10 mg/kg/hr Hepatic Hypotension, gastroparesis, cardiac

5 mg/kg boluses Q5 min prn
(max 25 mg/kg)

suppression, and thrombocytopenia

d day, hr hour, ICP intracranial pressure, min minute, PR per rectum, and prn pro re nata (as needed)
“Target serum phenytoin level is 20 ug/ml (total level) or 2-3 ug/ml (free level)

“Target serum valproate sodium level is 80-120 ug/ml
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these patterns; however, most patients are placed on pro-
phylactic AEDs to prevent the emergence of bona fide
seizures.

Seizure Prophylaxis in Intracranial
Pathologies

Any intracranial process can potentially be a risk factor
for a new-onset seizure; however, different diseases are
associated with various rates of seizure occurrence. The
use of AEDs in neurocritical care patients is controver-
sial, and in this section we will discuss risks and benefits
of seizure prophylaxis for common critically ill neurology
patients.

Traumatic Brain Injury (TBI)

Seizures in TBI are classified as early or late depending
on whether they occur before or after 7 days, respectively.
In patients with severe TBI (i.e., GCS <8 and/or with
parenchymal/subdural hemorrhage, depressed skull frac-
tures, or brain contusions), the incidence of early seizure
ranges between 20 and 25 % [57]. In patients with pene-
trating TBI, the incidence of early seizure is up to 50 %. In
a randomized trial, it was shown that patients with severe
TBI had significantly lower incidence of early seizures
when treated with phenytoin compared to placebo (3.6 %
and 14.2 %, respectively); however, phenytoin was associ-
ated with decreased functional performance at 1 month
[58, 59]. In another randomized trial, valproate sodium
was shown to be as effective as phenytoin in preventing
early seizures; however, there was a trend toward higher
mortality in patients treated with valproate sodium [60].
For this reason, valproate sodium is not used in seizure
prophylaxis of patients with TBI. Lastly, levetiracetam
has been investigated in small prospective and random-
ized trials, which showed to be as effective as phenytoin
in early seizure prophylaxis. Furthermore, treatment with
levetiracetam was associated with improved disability rat-
ing scores and Glasgow Outcome Scale [61, 62]. Currently,
the Brain Trauma Foundation (BTF) and American
Academy of Neurology (AAN) recommend 7 days of sei-
zure prophylaxis in severe TBI patients to minimize the
occurrence of early seizures [63, 64]. In many institutions
there is a trend toward using levetiracetam (dose ranging
from 500 to 1,500 mg twice daily) due to its bioavailabil-
ity, side effect profile, and minimal drug interactions.
Seizure prophylaxis is not recommended for late-onset
seizures (>7 days) in severe TBI patients since the inci-
dence of late-onset seizure has not shown to be reduced
by any of the investigated AEDs [65, 66]. Lastly, seizure

prophylaxis is not routinely recommended for mild to
moderate TBI due to low risk of post-traumatic seizures
of 0.7 and 1.2 %s [57].

Brain Tumors

Generally about 25-45 % of patients with brain tumor will
develop new-onset seizures, with some of the high-risk fea-
tures including the tumor type (primary tumor vs. metasta-
sis) and location (temporal lobe) [67, 68]. Given the high
seizure incidence, prophylaxis has been extensively investi-
gated in multiple randomized controlled trials and meta-
analyses. The latest guideline from AAN in 2000 recommends
that patients with newly diagnosed brain tumors should not
routinely receive AEDs for seizure prophylaxis. This recom-
mendation was based on multiple studies, including four ran-
domized controlled trials, mainly investigating older AEDs
(phenytoin, valproate sodium, and phenobarbital) [67]. Since
then, there have been multiple meta-analyses with similar
findings of older AEDs being ineffective for seizure prophy-
laxis in patients with primary or metastatic brain tumors [69,
70]. The use of these AEDs is further complicated by their
significant drug interaction with chemotherapeutic agents.
Further investigation is required to assess the efficacy of
newer AEDs such as levetiracetam. However, in patients
undergoing tumor resection, the use of levetiracetam for
perioperative seizure prophylaxis is reasonable [71].

Ischemic Stroke

In the patients older than 60 years, the most common cause
of a new-onset unprovoked seizure is an ischemic stroke
[72]. The incidence of stroke-related seizure varies greatly
among studies, but it is typically less than 10 % and similar
to TBI in that it can occur early or late after stroke onset [73].
There is no clear correlation between stroke size or subtype
and the risk of seizure development [74]. As of the most
recent American Heart Association/American Stroke
Association (AHA/ASA) guideline, the prophylactic use of
AEDs is not recommended due to a paucity of data [73].

Intracerebral Hemorrhage

Intracerebral hemorrhage (ICH), especially if cortical, is
more epileptogenic than ischemic stroke with the post-
ICH incidence of seizure ranging from 2.7 to 17 % with the
majority occurring close to ICH onset [75]. The incidence
of ICH-related seizure is even higher when cEEG is uti-
lized at 28-31 %, likely representing a reporting bias from
the use of a more sensitive diagnostic tool [27, 76]. Seizure
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prophylaxis in ICH is controversial, however, as two stud-
ies (primarily using phenytoin) showed worsened mortal-
ity and functional outcome associated with seizure
prophylaxis [77, 78]. The latest AHA/ASA guideline rec-
ommends against seizure prophylaxis in patients with ICH
[75]. Tt should be noted that in ICH patients with out of
proportion or fluctuating neurological exam, it is impera-
tive to screen for seizures using cEEG. In one study, acute
seizure after [CH was an independent predictor of increased
midline shift [27].

Aneurysmal Subarachnoid Hemorrhage
(aSAH)

Patients with aSAH can present with seizure-like events
(e.g., posturing); it is estimated that the incidence of seizures
spans from 6 to 18 % and typically occurs early in the course
[79, 80]. Some of the risk factors for seizure occurrence are
location of aneurysm (middle cerebral artery), thickness of
aSAH on imaging, the presence of ICH, ischemic stroke or
rebleeding, poor neurological exam, history of hypertension,
and mode of aSAH (i.e., treatment with clipping) [81]. In the
acute phase of aSAH when the aneurysm is still unsecured,
seizures can potentially be catastrophic as it can lead to
rebleeding [82, 83]. Unfortunately, there are no randomized
trials to assess the utility of seizure prophylaxis in this popu-
lation, and most of studies have focused on the use of phe-
nytoin, which was again associated with worse neurological
outcomes [84, 85]. Thus, seizure prophylaxis is only recom-
mended in the acute setting of aSAH for 3—7 days as per both
AHA/ASA and NCS guidelines [81, 86]. The drug of choice
in most institution remains to be levetiracetam for the afore-
mentioned reasons.

Case Example Explanation

What would be your initial approach to the management of
this patient?

The first step in the management of an “unresponsive”
patient includes the assessment of ABCs and appropriate sta-
bilization (see Fig. 3.1). This should be followed by a suc-
cinct neurological examination to serve as a guide in
diagnosis and management. The differential diagnosis should
be formulated based on the patient’s clinical presentation,
comorbidities, and neurological examination. In this particu-
lar case, the patient’s sudden onset of “‘unresponsiveness”
points to an etiology such as a vascular event (e.g., ischemic/
hemorrhagic stroke) or seizures.

After your initial assessment, the patient is hemody-
namically appropriate but on neurological examination

does not follow commands with eyes closed despite nox-
ious stimulation. Further examination reveals normal cra-
nial nerves, a symmetric motor exam with localization of
all extremities, and normal muscle tone. However, you
note a right-sided gaze deviation that lasted for 30 s. What
are the next steps?

Etiologies such as posterior circulation strokes (i.e.,
affecting brain stem or bilateral thalami) or herniation syn-
dromes due to mass effect (e.g., intracerebral hemorrhage)
must always be considered given the urgency and narrow
window of their treatment. However, in this patient such eti-
ologies are lower on the differential given normal cranial
nerves and symmetric motor examination. The right-sided
gaze deviation can be a clue that is typically either due to
seizure or a structural lesion causing gaze deviation away or
toward the lesion, respectively. This is due to hyper-excitation
(in seizure) or inhibition (in structural lesion) of the frontal
eye field center that plays a role in controlling horizontal eye
movements. In this particular case, given the patient’s nor-
mal motor and cranial nerve exam, the right gaze deviation
most likely signifies seizure.

After sending appropriate labs (Fig. 3.1), you decide to
administer lorazepam. The patient, however, is now unable
to protect his airway and requires intubation. The patient’s
gaze deviation has now resolved, and a CT of his head shows
subtle hypodensities in bilateral occipital lobes, consistent
with vasogenic edema. It has now been 20 min since the
patient was last noted to be at his neurologic baseline. What
are the next steps in management?

In the setting of hypertension, immunosuppressive therapy,
and radiographic findings consistent with vasogenic edema,
PRES is the most likely etiology of his new-onset seizure
(Table 3.1). At this point, the patient should be presumed to be
in nonconvulsive status epilepticus and treated with a similar
urgency as that for convulsive SE (see Fig. 3.1). The patient
should be started on an anesthetic AED (e.g., propofol) as well
as the administration of a second-line AED. The choice of
AED should be tailored based on the drug’s side effect profile
and patient’s comorbidities as shown in Table 3.4. In this
patient, levetiracetam may be an ideal agent since, unlike val-
proate sodium and phenytoin, it does not interact with warfa-
rin. In tandem, the patient should be monitored with continuous
EEG for 24-48 h to confirm and/or to tailor AED treatment.
Importantly, the patient’s blood pressure should also be con-
trolled given the presumptive diagnosis of PRES.

The labs all return normal and on cEEG patient is noted to
be in NCSE. This prompts you to bolus and increase the
maintenance dose of propofol, which achieves the desired
effect. After 24 h of seizure freedom, propofol may be
tapered off leading to liberation from mechanical ventilation
after returning the patient to his baseline neurological
examination.
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