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It's midnight and you are considering going on diversion. A 24-year-old graduate
student with no past medical history is brought in by EMS having had a wit-
nessed “seizure” while studying in the library. According to his roommate, he had
been pulling a string of “all nighters” studying for midterms and drinking large
amounts of coffee in order to stay awake. There are no beds inhouse, the ED is
packed, and the CT backed up. The patient looks great and has a normal physical
exam, and he wants to go home. While trying to decide if any tests or neuroimag-
ing are needed, the patient has another tonic-clonic event immediately followed by
a third event which 10 mg of lorazepam fails to stop. You begin an infusion of
1800 mg of phenytoin and contact the neurologist on call only to find out that he
is a headache specialist who has not managed a case of status epilepticus since
leaving residency twenty years prior. You keep thinking, “What if I had sent this
kid home; would I have been negligent?” More immediate, you wonder, “What am
I going to do if phenytoin does not stop the seizure?”

or most of human history, seizures were looked upon different-

ly than most other medical conditions. They manifest clinically
as unusual behaviors with attacks occurring suddenly in a dramatic
and mysterious fashion; afterwards, patients have no recollection or
explanation for what happened. Indeed, their unusual features
caused many to believe that it was less of a medical problem and
more of a manifestation from another world. Hippocrates, in 400
B.C,, referred to it as “the sacred disease,” referring to the predomi-
nant superstitious view of the condition. Only in recent medical
history has electrodiagnostic testing allowed us to understand the
pathophysiologic basis of seizures, though there is still much to dis-
cover regarding etiology, clinical manifestations, and treatment.
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The challenge for the emergency physician (EP)
has three parts:

First, the seizure must be recognized (this is easy
when it has a motor component; it’s more difficult
when it has no motor component) and managed. In
the case of status epilepticus, the EP must have an
established protocol in place to allow for rapid control.

Second, underlying life threatening conditions
must be identified and treated.

Third, the future risk for having seizures must be
assessed and, from the ED perspective, proper dispo-
sition and follow-up must be arranged in order to
minimize potential complications.

This issue of Emergency Medicine Practice pro-
vides a comprehensive update on seizure diagnosis
and management with a focus on clinical situations
most commonly encountered in daily practice.

Critical Review Of The Literature

An extensive literature search through the National
Library of Medicine’s PubMed database (limited to

Chart 1: Resources For Guidelines/Policies
Pertinent To Seizure Management

1. American College of Emergency Physicians Clinical
Policies Subcommittee on Seizures. Clinical Policy:
Critical Issues in the Evaluation and Management of
Adult Patients Presenting to the Emergency
Department With Seizures. Ann Emerg Med
2004;43:605-630

2. Cochrane Review Topics: Epilepsy: http://
www.cochrane.org/reviews/en/topics/62.html

3. Treatment of convulsive status epilepticus. Epilepsy
Foundation of America. JAMA 1993;270:854-859.

4. The neurodiagnostic evaluation of the child with
first simple febrile seizure. AAP. Pediatrics
1996,97:769-775.

5. The role of phenytoin in the management of alcohol
withdrawal syndrome. Am Soc Addiction Med
1994/1998

6. Evaluating the first nonfebrile seizure in chilren.
AAN. Neurology 2000;55:616-623.

7. Role of antiseizure prophylaxis following head
injury. BTF / AANS. ] Neurotrauma 2000;17:549-553.

8. Treatment of the child with a first unprovoked
seizure. AAN. Neurology 2003,60:166-175

9. Antiepileptic drug prophylaxis in severe traumatic
brain injury. Neurology 2003;60:10-16

English language) and a review of the pertinent ref-
erences was performed. The National Guideline
Clearinghouse (an initiative of the Agency for
Healthcare Research and Quality and the U.S.
Department of Health and Human Services) was
reviewed to find the most recent guidelines on
seizure diagnosis and management. The American
College of Emergency Physicians (ACEP) Clinical
Policies were reviewed for recommendations and
guidelines pertaining to this topic. Chart 1 lists clini-
cal policies/practice guidelines in the literature that
are helpful to the acute management of seizures in
the ED.

Definitions And Classification

A seizure is a sudden change in behavior character-
ized by changes in sensory perception or motor
activity due to an abnormal firing of neurons. The
clinical spectrum of seizures is expansive and
includes focal or generalized motor activity, altered
mental status, sensory or psychic experiences,
and/or autonomic disturbances.

The term epilepsy describes a condition of recur-
rent unprovoked seizures from known or unknown
causes. For example, one who suffers head trauma
may have a seizure acutely, but they would not be
considered to have epilepsy unless they develop
recurring seizures as a sequela of the brain injury.

Ictus refers to the period during which a seizure
occurs, and the postictal period refers to the interval
after a seizure ends, but before the patient returns to
baseline mental status. The postictal state usually
resolves within minutes to an hour, but has been
known to last several hours.

Seizures are defined by how they are manifested.
A generalized seizure occurs when there is abnormal
neuronal activity throughout both hemispheres
which causes an alteration in mental status. A focal
or partial seizure describes abnormal neuronal firing
of a limited and confined population of neurons in
one hemisphere of the brain. Partial seizures are fur-
ther divided into simple or complex. A complex par-
tial seizure involves some degree of impaired level of
consciousness. This has been referred to in the past
as temporal lobe epilepsy though this term is now
archaic. The classification of seizure types is present-
ed in Table 1.

Approximately 40% of focal seizures remain
localized, but the remainder develop secondary gen-
eralization. These patients are associated with a
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worse outcome than those who experience general-
ized seizures primarily. The majority of adults who
present to the ED with new onset generalized
seizures in fact have partial seizures that have gener-
alized. Of note, an “aura” or abnormal sensation
prior to generalized seizure is, in reality, a focal
seizure event, and is a key part of the history; conse-
quently, the type of aura is useful in seizure focus
localization.

Historically, status epilepticus has been defined as
30 minutes of continuous seizure activitiy or sequen-
tial seizures without return to normal mental
baseline.! For a number of reasons, this should not be
used as a time frame to guide initial therapy.”
Prolonged seizures are associated with difficult
seizure termination and considerable morbidity and
mortality; therefore, treatment should not be delayed.
>3+ There is evidence that a seizure that does not
spontaneously resolve in 5 to 10 minutes is unlikely to
resolve quickly. In one prospective childhood study,
seizure duration had a bimodal distribution at 3.6
minutes in one group (76% cases), and 31 minutes
(24%) in the other.” Nonconvulsive status epilepticus
(NCSE) refers to continuous seizure activity without
predominant motor activity. This should not be con-
fused with subtle status epileptics which refers to gen-
eralized convulsive status epilepticus (SE) in which
the motor findings have diminished either through
high doses of administered medications or from mus-
cular fatigue due to prolonged seizure activity.

Epidemiology

Seizure is a common presentation in the emergency
department (ED), representing at least 1% to 2% of
all ED visits.®” Current estimates suggest that 6.6 of
1000 Americans in the general population will pres-
ent to an ED after a seizure in a given year, account-
ing for approximately 2.5 million visits a year in the
United States.*® A seizure is often a secondary mani-
festation of a broad range of etiologies. Generalized
convulsive status epilepticus (GCSE) affects from
50,000 to 150,000 patients every year. These patients
are critically ill, with mortality estimates ranging
from 10 to 40%." ™ *

In the US population, the prevalence of active
epilepsy is approximately 6 per 1000; one-quarter to
one-half of patients with epilepsy continue to have
recurrent seizures despite therapy.” Even under opti-
mal circumstances, excluding noncompliance and
other variables, 5 to 10% of patients have intractable

epilepsy despite pharmacologic management.*

The incidence of epilepsy matches the underly-
ing etiology. It is high in the first year of life and
then decreases throughout childhood, remaining rel-
atively stable and low throughout mid-life. At age
55, the incidence begins to increase, peaking in per-
sons 75 years and older.” Partial epilepsies, in par-
ticular, increase in the elderly paralleling the
increased incidence of degenerative, neoplastic, and
vascular pathologies.

Estimates of the incidence of status epilepticus
vary widely, and may have changed over the years.
A review of a California hospitalization database
through the 1990’s revealed an overall incidence rate
of 6.2 per 100,000 people in the general population,
with a decreasing incidence trend through the study

Table 1: Classification Of Seizures

Partial Seizures
Q Simple Partial
= motor
» somatosensory
* autonomic
* psychic
Q Complex Partial
« with focal onset prior to alteration in consciousness
« without focal onset prior to alteration in
consciousness
Generalized Seizures
U Primary Generalized Nonconvulsive
 absence
Q Primary Generalized Convulsive
* tonic-clonic
* clonic
* tonic
* myoclonic
* atonic
4 Secondary Generalized
* convulsive
* nonconvulsive
Status Epilepticus
Q Convulsive Generalized
* primary generalized
 secondary generalized
4 Convulsive Focal
U Nonconvulsive
* primary generalized (absence)
« partial with or without secondary generalization
(complex partial)
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period.” In that study, the highest incidence was
found in those over the age of 75 (22/100,000). A
Virginia study found an overall incidence rate as
high as 29 per 100,000."

In one prospective study, over half of patients
presenting to the ED in status epilepticus had no
prior seizure history.”? Overall mortality due to status
epilepticus ranges from 10 to 40% depending on the
study, and seems to be closely related to the underly-
ing etiology.'”'*'%1** Fatality rates for patients with
SE caused by anoxic brain injury and CNS infection
is 64% and 32% respectively, but the rate in those
with status epilepticus as a primary diagnosis with-
out other identified co-morbidities is only 3.5%."
Long term mortality is also increased in patients who
experience an episode of status epilepticus, with a 10
year mortality that is 2.8 times that of the general
population.” In addition to mortality, an additional
5-10% of people experiencing status epilepticus have
permanent sequelae, such as a permanent vegetative
state or cognitive difficulties.”

Prolonged SE is associated with worse outcomes
and is thought to be due to both the primary cause
of status as well as secondary systemic effects, such
as hypoxia, metabolic acidosis, hyperthermia, hypo-
glycemia which results in dysrhythmias, rhabdomy-
olysis, pulmonary edema, and DIC.” SE is harder to
terminate with continued activity.** Patients treated
within one hour of continuous seizure activity had
an 80% likelihood of termination vs. 40 to 50% likeli-
hood in patients in which treatment was initiated
after two or more hours.”

Pathophysiology

ture above 100° F.*?¥ Glucose levels also increase,
and lactic acidosis occurs within 60 seconds of a con-
vulsive event and normalizes within one hour after
ictus.® A rise in the peripheral white blood cell
count without an increase in bands is often seen.

If the seizure persists, at approximately 30 min-
utes the homeostatic mechanisms begin to deterio-
rate. Animal models suggest that, even if systemic
factors, such as acidosis and hypoxia are controlled,
prolonged status epilepticus results in direct neu-
ronal damage from neurotoxic amino acids and calci-
um influx. There is some evidence that status epilep-
ticus alone may result in cognitive impairment inde-
pendent of the inciting cause.” This becomes particu-
larly relevant when developing a management strat-
egy for nonconvulsive status and is an important
area in need of research.

Besides direct neurotoxicity, persistent convul-
sive seizure activity results in systemic decompensa-
tion. Hypoxemia, hypercarbia, hypertension then
hypotension, and hyperthermia develop with a
decreased brain oxygen tension, mismatch between
the sustained increase in oxygen and glucose utiliza-
tion and a fall in cerebral blood flow, and depletion
of brain glucose and oxygen.

The historic definition of status epilepticus using a
30 minute criteria was based on studies in healthy ani-
mal models and assumed that compensatory mecha-
nisms remain intact. However, brain compensation
requires adequate airway, breathing, circulation, and
cerebral blood flow, and there are situations in which
compensatory mechanisms may be compromised. *

Differential Diagnosis

At the molecular level, seizures occur when there is
disequilibrium at the neuronal cell membrane, result-
ing in abnormal and repeated electrical discharges.
These discharges may then propagate throughout the
brain or may stay limited and localized. The causes
of this sort of disequilibrium vary widely and range
from physical disruption to metabolic disturbances.
Seizures produce a number of physiologic conse-
quences. During a generalized convulsion, there can
be a period of transient apnea and hypoxia. Initially,
brain compensatory mechanisms may prevent neu-
ronal injury from seizures, especially hypertension
with increased cerebral blood flow. Normal physio-
logical response includes an increase in body tem-
perature, with up to 43% of patients with a general-
ized convulsion having a transient rise in tempera-

The differential diagnosis in a seizure patient has two
parts. First, the emergency physician must differenti-
ate a true seizure from other causes of transient loss
of consciousness and motor activity. Second, once a
seizure is confirmed, the task is to identify the pri-
mary cause, particularly if it is reversible.

A number of conditions mimic seizures. These
include convulsive syncope (with or without cardiac
dysrhythmias), decerebrate posturing, psychogenic
events, dystonia, and migraine headaches. Patients
with strychnine poisoning may develop seizure-like
activity yet demonstrate normal mental status.
Particularly when faced with a new-onset seizure,
pay particular attention to these “mimics” which can
masquerade as a seizure.
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Convulsive Syncope

Based on observational studies in blood donors, up to
40% of patients who have syncope will have some
component of motor activity, most commonly involv-
ing tonic extension of the trunk or myoclonic jerks of
the extremities.” This phenomenon has been observed
with patients in a seated position. These events are
termed convulsive syncope and usually are not associ-
ated with tonic-clonic movements, tongue biting,
cyanosis, incontinence, or post-ictal confusion.

Cardiac Dysrhythmias

Syncope due to a cardiac dysrhythmia may result from
cerebral hypoperfusion and hypoxia, which results in
seizure activity.? Prolonged QT syndrome has been
reported to be misdiagnosed as a seizure.” A careful
history may identify preceding cardiac symptoms,
such as palpitations, lightheadedness, or diaphoresis.
An ECG may be diagnostic, but when it is not clear, a
concurrent cardiac workup is indicated.

Abnormal Posturing

Decerebrate posturing has been misdiagnosed as a
tonic seizure, resulting in misdiagnosis and delay in
life-saving interventions.* Tonic seizures are rare in
adults and, when they occur, are usually of short
duration and associated with upper extremity abduc-
tion. Decerebrate posturing is more associated with
both upper and lower extremity extension. Tonic
posturing has been described in those that have sus-
tained a concussion, and is thought to be a transient
dysfunction of the brainstem.” Such patients may
have experienced significant trauma and warrant
prompt neuroimaging and close monitoring.

Migraine

Migraines usually display characteristic symptom
patterns associated with a unilateral throbbing
headache, photophobia, nausea, and vomiting.
However, several migraine variants are associated
with transient loss of consciousness or confusion.
This makes them difficult to distinguish from com-
plex partial seizures, post-ictal vascular headaches,
drop attacks, or TIAs.*

Prehospital Concerns

Prehospital management of the seizing patient cen-
ters on managing the airway, maintaining oxygena-
tion, obtaining intravenous access, and protecting the
patient from injury. The use of a padded tongue
blade is contraindicated since it may induce emesis

or break a tooth; a nasal trumpet can help maintain
the airway when needed.

The majority of seizures are of a short duration
and self-limited; thus, little intervention is required.
In most cases, pre-hospital personnel will arrive at
least five minutes after the onset of seizure activity,
such that patients who are still seizing on EMS
arrival should be managed as presumed status
epilepticus. If a patient is found convulsing or
remains confused or unresponsive, paramedics
should immediately measure the patient’s blood
sugar or, if this test is not available, they can empiri-
cally administer dextrose (D50).

There have been several studies that have inves-
tigated the safety and efficacy of benzodiazepines in
the prehospital management of pediatric seizures. In
a randomized double-blind out-of-hospital trial,
Aldredge et al compared lorazepam, diazepam, and
placebo administered intravenously by EMS person-
nel to patients with seizure activity lasting more than
five minutes. The odds ratio for termination of
seizure on arrival to ED in the lorazepam group
compared to placebo was 4.8. For diazepam, it was
2.3, though this difference between diazepam and
lorazepam did not achieve statistical significance.
Interestingly, the rates of respiratory and circulatory
complications were significantly worse in the place-
bo group compared to either benzodiazepine group.
Not only does this confirm the safety of out-of-hospi-
tal benzodiazepine use, but it suggests the danger of
untreated and prolonged seizure activity.”

When IV access is not immediately available, rec-
tal diazepam is an option.”* One prospective study
reported that there were no significant differences
between rectal and intravenous diazepam therapy
with regard to SE duration, intubation, or recurrent
seizures in the emergency department. These data
suggest that prehospital administration of diazepam
may shorten the duration of SE in children and sim-
plify the subsequent management.

In a retrospective study on prehospital seizure
management in children, rectal diazepam .5 mg/kg,
was compared to IM midazolam, .15 mg /kg. Over
the four year study period, 2566 children presented
with seizures and 107 children were eligible for entry
into the study. Of these 107 patients, 62 received
diazepam and 45 received midazolam. Both groups
were similar in terms of demographics and seizure
type. Both drugs were effective in stopping seizures
within five minutes of drug administration; however,
fewer patients in the midazolam group suffered
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apnea.’ In a study comparing IV diazepam to IM
midazolam, Chamberlain et al concluded that IM
midazolam is an effective anticonvulsant for children
with motor seizures and an important alternative
when IV access is not easily available. Vilke et al
compared IM to IV midazolam and reported that IV
delivery was more effective: 47/49 in the IV group vs
20/25 with IM administration (p less than 0.05). Four
patients (three treated IM and one IV) had respirato-
ry compromise necessitating field airway manage-
ment. In light of the Chamberlain and Vilke studies,
some experts recommend IV midazolam as the agent
of choice in the prehospital management of seizures.
In some paramedic systems, patients who are
“found down” and seizing are routinely transported
to the ED in spinal precautions. One large retrospec-
tive study suggests that this may be unnecessary. In a
review of 1656 patients with seizures not associated
with major trauma, no patient had a concomitant
spinal fracture.” Regarding level of transport,
asymptomatic patients who have had a seizure can be
transported by an EMS unit if the transport time is
short in that it is unlikely that this group of patients
will experience a second event during transport.*
Patients with a known seizure disorder who experi-
ence a “typical” event and are asymptomatic after-
wards do not necessarily require transport to the hos-
pital if they are competent to refuse transport.
However, medics should advise these patients to con-
tact their primary care provider as soon as possible.

Emergency Department Evaluation

In approaching the seizure patient, the emergency
physician is often constrained by the paucity of reli-
able history and a patient who may be unable to
cooperate with the initial examination. The evalua-
tion and management of a seizure can vary signifi-
cantly depending on whether the seizure is new or
recurrent, fully resolved, repeated or continuous, or
whether the patient has residual neurological find-
ings. Medical alert bracelets, old medical records,
and medication lists or containers can often provide
critical clues to assessing these patients.

Clinical History

The first and immediate challenge is determining
what happened and the circumstances surrounding
the event. Progression and duration of symptoms
before, during, and after the seizure will provide
important clues towards determining if the event

was truly a seizure or one of the many other mimics.
Witnesses and paramedics are valuable resources. Be
sure to obtain any history of trauma, either prior to
the seizure or during the ictal episode itself, as this
may direct management.

Information on symptoms, such as chest pain or
palpitations, should be obtained as this may direct
the physician toward cardiogenic causes. A
headache prior to the onset of seizures is particularly
worrisome for intracranial hemorrhage. Other com-
plaints, such as fever, and/or general malaise, may
direct the physician toward infectious causes. A care-
ful review of neurological complaints will help direct
the physical exam.

A history of prior seizures and prior diagnostic
workups is probably the most important part of the
past medical history. In patients with epilepsy, any
changes in the character of the seizure, such as fre-
quency or clinical features, should be investigated. A
history of neurosurgery, especially a shunt or other
CNS hardware, may prompt aggressive testing if the
patient has concomitant fever or headache. Co-mor-
bid disease may play an important role in the genesis
of seizures. A history of renal failure, immune sup-
pression, or recent electrolyte abnormality may drive
specific laboratory investigations. Patients with a psy-
chiatric history may have psychogenic seizures but
may also suffer hyponatremia from pathologic water
intoxication or as an adverse effect of one of their
medications. Those with depression or psychosis may
be at higher risk for ingestion-related seizures.

Ascertain the use of anti-epileptic drugs (AEDs)
and other medications. Noncompliance with anticon-
vulsants is the most common cause for the ED pres-
entation of recurrent seizures.” The use of anticoagu-
lants, such as warfarin, should increase suspicion for
intracranial bleeding. Hypoglycemia is the most
common metabolic cause of seizures, particularly in
diabetics. Suicidal patients may overdose on any
medication available to them.

The social history is also important. Alcohol abuse
puts the patient at risk for causes for seizure that are
not immediately obvious, and alcohol withdrawal is
also common. Certain illicit drugs, such as cocaine,
phencyclidine, and ecstasy, are known to decrease
seizure threshold. Finally, the most common causes of
adult onset partial seizures in the developing world
are neurocysticercosis* and malaria,” which should be
considered in travelers and immigrants.
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Physical Examination

An accurate set of vital signs are the beginning of any
physical examination. While a low-grade fever is
common immediately after a prolonged convulsion, a
persistent high temperature suggests infection or
drug reaction. Hypertension with bradycardia may
be the result of rising intracranial pressure and
impending herniation. Irregular heart rate or carotid
bruits may accompany a stroke, which is a common
cause of new onset seizures in the elderly. "
Anticholinergic and sympathomimetic syndromes
may suggest a drug-related seizure, which may make
a significant difference in management.

If the patient presents actively seizing, observe
the specifics of the motor activity. Focal abnormali-
ties, eye deviation, and posturing are signs of an
epileptic focus. Pupils are often large during or after
a seizure but persistent mydriasis may reflect anti-
cholinergic or sympathomimetic toxicity. Some
patients in nonconvulsive status are mistakenly
assumed postictal instead of actively seizing. Look
for subtle signs, such as “automatisms,” repetitive
and rhythmic actions such as lip smacking, swallow-
ing, chewing, or fumbling. Automatisms are fre-
quent in complex partial seizures and may be the
only indicator of ongoing seizure activity.

The mental status should be carefully document-
ed and observed for change. When possible, recruit
persons familiar with the patient. Post-ictal confu-
sion usually resolves over several hours and failure
to improve must prompt a search for serious under-
lying disease, see Table 2. In particular, nonconvul-
sive status epilepticus can present with subtle behav-
ioral changes that can be easily overlooked.

A thorough and complete neurological examina-
tion is the key component of the evaluation. Focal
deficits may represent an old lesion, new intracranial
pathology, or postictal neurologic compromise
(Todd’s paralysis). In cases of Todd’s paralysis that
does not quickly resolve, the physician must rule out
a new structural lesion. Other physical findings sug-
gestive of a recent seizure include hyperreflexia and
extensor plantar responses, both of which should
resolve during the immediate post-ictal period.

Check the neck for stiffness and the presence of
meningeal signs. Examination of the oropharynx
may reveal gingival hyperplasia that is often seen
with chronic phenytoin use, oral thrush may suggest
that the patient is immunocompromised. A cardiac
exam may provide a clue to the etiology of the
seizure, such as a irregular heart beat or a mummer,

which suggest an embolic or syncopal event. A res-
piratory exam is a key part of initial stabilization,
and crackles or wheezing may indicate aspiration
with a reactive airway.

A rash consistent with life-threatening condi-
tions, such as meningococcemia, Rocky Mountain
Spotted Fever, or bacterial endocarditis, can provide
an early clue and a head start towards appropriate
treatment.

Seizures are often associated with injury and the
patient must be evaluated for both soft tissue and
skeletal trauma. Head trauma and tongue lacera-
tions are frequent. Seizure activity can produce both
dislocations and fractures. Posterior shoulder dislo-
cations are extremely rare but, when present, should
prompt suspicion that a seizure has occurred.”
Seizure induced fractures are rare (less than 0.6%)
but commonly missed when they do occur.* The
humerus, thoracic spine, and femur are most com-
monly involved.

Diagnostic Testing

Laboratory

A number of studies have shown that history and
physical examination predict a majority of patients
with laboratory abnormalities. **** Patients in status
epilepticus or who have persistent altered mental sta-
tus, fever, or a new non-focal neurological deficit
require additional observation and extensive evalua-
tion and diagnostic testing. Tests include a determina-
tion of serum glucose, electrolytes, urea nitrogen, crea-
tinine, magnesium, phosphate, calcium, complete
blood count, pregnancy tests in women of childbear-
ing age, anti-epileptic drug levels, liver function tests,
and drugs of abuse screening.*

A seizure is a physiological stressor, so a thor-
ough understanding of normal lab abnormalities is
critical for accurate analysis. If an arterial blood gas
analysis (ABG) is obtained in a convulsing patient
(and this is not routinely indicated), it may show an
anion gap metabolic acidosis, usually secondary to

Table 2: Differential Diagnosis Of Altered
Mental Status In The Patient Who Has Seized

» Post-ictal state

* Nonconvulsive status or subtle convulsive status
* Hypoglycemia

* CNS infection

* CNS vascular event

* Drug toxicity

* Psychiatric disorder
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lactic acidosis.” The anion gap acidosis should
resolve in less than one hour after the seizure ends;
persistence beyond this time suggests an underlying
abnormality. If the anion gap does not resolve, one
should test for ketosis (alcoholic or diabetic) and
consider poisoning (methanol, iron, isoniazid, ethyl-
ene glycol, salicylates, carbon monoxide or cyanide).

Most of the controversy regarding diagnostic
testing involves healthy patients presenting after
first-time seizures who return to an alert, normal
baseline without focal findings on neurologic exam.
If a patient with a new-onset seizure has no signifi-
cant co-morbid disease and a normal examination
(including a normal mental status), the likelihood of
an electrolyte disorder is very low. In one prospec-
tive study of 136 patients with new onset seizures,
only two had electrolyte abnormalities not suspected
on the basis of history and physical examination,
(both had hypoglycemia).” Unexpected hypona-
tremia has been reported rarely, 1 in 98 in one study*
and 1 in 247 in another.”

Women of childbearing age require a pregnancy
test. Pregnancy causes significant physiologic stress
and thus can lower the seizure threshold in a patient
with an underlying focus. Approximately 25% of
patients with new onset seizures in pregnancy are
diagnosed with gestational epilepsy;, i.e., seizure dis-
order that occurs only during pregnancy.”
Identification of pregnancy in a patient with a first
time seizure has significant impact on disposition,
initiation of therapy, and further testing.

Non-eclamptic pregnant patients with new onset
seizures and no co-morbidities, such as drug use or
HIV, require a neuroimaging study and an electroen-
cephalogram (EEG). If these tests are normal, it is
reasonable to observe the patient without initiating
therapy.”

There are no good prospective studies in either
children or adults at this time to support more in-
depth routine laboratory testing, such as serum calci-
um, magnesium, or phosphate levels, in otherwise
healthy patients evaluated in the ED.”

Based on a systematic review of the literature, the
American College of Emergency Physicians (ACEP)
has published a Clinical Policy on the initial approach
to patients presenting with a chief complaint of
seizure: they do not recommend extensive metabolic
testing in patients with a first time seizure who have
returned to a normal baseline.” The ACEP Clinical
Policy recommends that only a serum glucose and
sodium level as well as a pregnancy test in women of

childbearing age be done on patients who are other-
wise healthy adults with a new-onset seizure who
return to baseline neurological status. This conclusion
has also been reached in a practice parameter pub-
lished by the American Academy of Neurology on
the evaluation of first time seizures in children. *

Toxicological Testing

A drug-of-abuse screen and alcohol level are consid-
erations in patients with first time seizures, though
there is no evidence that such testing changes out-
come.”*> A positive drug of abuse screen does not
prove a cause and effect and the patient would still
require an EEG and neuroimaging study in order to
direct management. Pesola et al reported four cases
of cocaine related seizures in 120 patients studied,
though not all patients received the same tests nor
was a direct correlation demonstrated.” Seizure due
to alcohol intoxication or withdrawal is a diagnosis
of exclusion, as alcoholics are at increased risk for
electrolyte abnormalities and traumatic injuries.”
Testing for drugs of abuse and alcohol is of unknown
benefit, but may suggest an etiology and help with
future medical and psychiatric management.

Other Laboratory Testing

At times, the emergency physician is faced with a
patient who suffered an unexplained loss of con-
sciousness but the lack of witnesses make it hard to
determine the etiololgy. Several laboratory tests
have been studied, however, no reliable indicator has
been found.

Creatine kinase (CK) has been suggested as a pos-
sibility based on a retrospective study.” However, in
another smaller but more rigorous trial (using video
EEG recordings) the authors did not find serum CK
levels to be useful in differentiating seizures from
other causes of loss of consciousness.” Elevated CK
may indicate rhabdomyolysis in prolonged seizure,
so the study may prove to be useful, but not in deter-
mining the cause of unexplained loss of conscious-
ness or seizure-like activity.

Electrocardiogram (ECG)

Patients who continue to seize or those suspected of
overdose may benefit from cardiac monitoring. An
ECG is also an early screen for drug toxicity.”
Tricyclic cardiotoxicity may manifest as a QRS com-
plex greater than 0.10 seconds or a rightward shift of
the terminal 40 ms of the frontal plane QRS complex
(a prominent R wave in lead AVR).* The ECG also
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may identify a prolonged QT, a delta wave, or heart
block.

Neuroimaging

While there is agreement that neuroimaging in
patients with a first-time non-febrile seizure is indi-
cated, the timing of head computed tomography
(CT) is controversial. Three to 41% of patients with
first time seizures will have an abnormal head CT.”
In one retrospective review, 22% of patients with a
first-time seizure who had a normal neurological
examination had an abnormal head CT scan result.

The question remains whether identifying such
abnormalities in the ED has an impact on outcomes
for patients with a normal neurologic exam and new
onset seizures. This, of course, depends on the out-
come measure used. Identifying an intracranial
lesion may influence disposition and argues in favor
of ED neuroimaging.

In a multidisciplinary collaboration between emer-
gency medicine, neurology, and neuroradiology, an
evidence-based clinical policy on neuroimaging of
patients with a first time seizure was published in
1996, Table 3.” It was recommended that a head CT be
performed acutely whenever an acute intracranial
process is suspected and in patients with a history of
acute head trauma, ® malignancy, immunocompro-
mise,” fever, persistent headache, anticoagulation, or a
new focal neurologic examination, age over40,” or
focal onset with secondary generalization. For all other
patients, acute neuroimaging is probably beneficial but
not mandatory, and may be deferred if scanning is not
immediately available.

Magnetic resonance imaging (MRI) is generally
the preferred diagnostic test by neurologists in evalu-
ating first time seizure since it is better than CT in
identifying small lesions. MRI is not better than CT
for detecting acute hemorrhage. There are no ED
based studies that have evaluated MRI. Also, the joint
practice guideline discussed previously deferred on
making a recommendation regarding emergent MRI.

Lumbar Puncture

No prospective studies suggest the need for routine
lumbar puncture in the evaluation of new-onset
seizures in patients who are alert, oriented, asympto-
matic, and not immunocompromised. Lumbar punc-
ture should be considered in patients with fever,
severe headache, or persistently altered mental sta-
tus.®*** Of note, asymptomatic patients with a histo-
ry or strong suspicion of immunocompromise should

get a lumbar puncture at some point in their inpatient
evaluation. In a prospective cohort, Sempere et al
reported on eight HIV patients found to have a CNS
infection as a cause of their seizure, two of whom
were afebrile with no meningeal signs.* No reports of
bacterial central nervous system infection presenting
as an isolated seizure without fever or an abnormal
neurological exam were identified in a MEDLINE
search. However, an exception may occur in cases of
partially treated meningitis. In children, it has been
demonstrated that those who have been taking antibi-
otics and present with a complaint of seizure may
have meningitis even if afebrile; therefore, lumbar
puncture should be considered.® One retrospective
study reported four cases of meningitis in seizure
patients with normal physical exams, but none were
bacterial: the majority of patients in this study did not
receive a lumbar puncture and indications for lumbar

Table 3: AAN/ACEP/AANS/ASN
Recommendations For Neuroimaging
In Emergency Patients Presenting
With Seizure (This Policy Is Ten Years
Old And Currently Under Revision)

First time seizure:

CT in the ED (guideline): new focal deficit, persistent
altered mental status, fever, recent trauma, persistent
headache, history of cancer, history of anticoagulation or
suspicion of AIDS, fever.

CT in the ED (option): age over 40 years; partial onset
seizure.

Arrange CT as outpatient or consider scan in ED if fol-
low-up uncertain (option): Normal exam and no cause
identified for the seizure.”

Recurrent seizure in patient with known epilepsy:

CT in the ED (guideline): new focal deficit, persistent
altered mental status, fever, recent trauma, persistent
headache, history of cancer, history of anticoagulation,
suspicion of AIDS.

CT in the ED (option): new seizure pattern or new
seizure type, prolongs postictal confusion or worsening
mental status.

Arrange CT as outpatient or consider scan in ED if fol-
low-up uncertain (option): no clear cut cause of seizure
identified.

* ACEP Clinical Policy on Seizure Management published in 2004 recom-
mends neuroimaging in the ED as a “Level B” recommendation because
of issues related to follow up and impact of findings on disposition.
However, the Clinical Policy allows for outpatient testing if neuroimaging of
the brain is not available in the ED and recommends that the risk of recur-
rence be discussed with the patient and the patient’s primary physician.
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puncture were not clear.”

A transient CSF pleocytosis of up to 20
WBC/mm?® has been reported in 2 to 23% of patients
with seizures.” * However, the emergency physician
is obligated to assume that the presence of white
cells in the CSF of a seizing patient represents
meningitis until proven otherwise.

Electroencephalography (EEG)

While the EEG is the definitive test for diagnosing a
seizure disorder, defining clear indications for obtain-
ing an EEG in the ED has been problematic. It can cer-
tainly be helpful in cases where the diagnosis is in
doubt, such as acute confusional states and coma.*”
In one series, nonconvulsive status epilepticus (NCSE)
was detected in 8% of all patients who present with
coma.® In addition to making the diagnosis, the EEG
can be helpful with monitoring medication effects and
recurrence of seizures. The EEG has a role in critical
care monitoring of patients with pharmacologically
induced sedation, paralysis, coma, and refractory sta-
tus epilepticus. An EEG should be used to monitor
patients who initially had a motor seizure and have
persistent altered mental status after the episode. One
study found that continued electrical activity occurred
in 14% of patients initially treated for GCSE™ and
NCSE was detected in 8% of all comatose patients.” In
the VA Cooperative trial, performance of early EEG
found that continued electrical activity occurred in
25% of patients in whom the seizure was thought to
be terminated by bedside observation.* Delay in diag-
nosis of subtle status epilepticus was strongly associ-
ated with mortality in one ICU based study.”

Management

First Time Seizures With Spontaneous Resolution
The need for hospital admission is obvious in those
patients who are clinically ill. The dilemma arises
when determining disposition for the patient who
returns to a normal baseline after a first-time seizure.

A rational decision regarding whether a patient
needs to receive antiepileptic drug (AED) therapy or
admission is problematic. The recurrence risk of
unprovoked (i.e., epileptic) seizures has been studied
rigorously but is, unfortunately, reported in one and
five year recurrence rates.”’>”” Moreover, these
studies also exclude patients who had an identifiable
cause of their seizure. It is also not clear that AED
treatment will lower the risk of recurrence in all sub-
sets of patients who have had a seizure. While an

uncontrolled study with a high rate of noncompliance
demonstrated a benefit of early initiation of AED
treatment,” patients with a history of traumatic brain
injury have no decrease in seizure recurrence on
phenytoin.”” An extended follow-up study of seizure
recurrence found that AED treatment was actually
associated with an increased recurrence risk."”

The best predictor of seizure recurrence is the
causative etiology combined with EEG neuroimaging
findings.” This information often requires modalities
that are not routinely available in the ED. Recurrence
rates are lowest (approximately 24% in two years)
when no etiology is identified and the EEG is normal.
Patients who have structural lesions on CT or patients
with focal seizures that generalize secondarily have a
risk of recurrence within one year of up to 65%, and
are the group of patients that probably benefit from
initiating AED therapy."” ED-based studies have
reported rates of hospital admission, but the decision
to admit was not standardized, and the ability of
admission to improve outcomes was not studied. **
Only one study investigated the incidence of seizure
recurrence within 24 hours of ED presentation.” This
was a retrospective review of all adult patients admit-
ted to the hospital with a first time seizure during a
two-year period. The authors reported a 19% seizure
recurrence rate within 24 hours of presentation,
decreasing to 9% if those patients with alcohol related
events or focal lesions on CT were excluded.
However, the applicability of these results is limited
because those patients with recurrent seizures were
not described well, making it impossible to assess
whether recurrence could have been predicted based
on physical findings or co-morbid factors. Other than
patients who obviously require admission for treat-
ment of a defined illness, there is insufficient evidence
to support a recommendation to admit or discharge
the patient with no co-morbidities who returns to a
normal baseline after a first seizure. The decision must
be tailored to the patient, taking into consideration the
patient’s access to follow-up care. On the other hand,
patients with co-morbidities, including age over 60
years, known cardiovascular disease, history of can-
cer, or history of immunocompromise, should be con-
sidered for admission to the hospital.

There is no set standard for whether a patient
should be started on an antiepileptic drug after a
first time seizure in the ED. The decision to initiate
an AED in the ED for a first-time seizure varies
depending upon the patient, physician, and local
practices. This decision is best made in conjunction
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with the patient’s primary care provider or neurolo-
gist and should include the estimated risk for seizure
recurrence.

Patients With A Known History Of Seizure
Disorder

Patients with a known seizure disorder, who have a
“typical” event while on medications and who
return to baseline mental status need only a serum
anticonvulsant level (if appropriate). Exceptions to
this include those with underlying disease, such as
diabetes, that could result in a metabolic derange-
ment. In such patients, it is important to investigate
for precipitants, such as infections or new medica-
tions. If the seizure represented a change in the
patients stable seizure pattern (more frequent or
recurrent), the physician needs to look for a reason,
e.g., an underlying infection. Any consideration to
changing AED regimens should only be made in
conjunction with the patient’s primary care provider
or neurologist.

Noncompliance and low AED levels in the ED
are frequently encountered problems and the emer-
gency physician must decide how to best increase
serum levels to the therapeutic range. Current rec-
ommendations for the management of epilepsy
emphasize monotherapy, see Table 4, page 12. This
often means increasing a single drug to the point of
seizure control or clinical toxicity.” Serum drug lev-
els are used only to guide therapy and must be inter-
preted in the context of the patient’s clinical status.
In addition, drug levels may vary depending on the
patient’s dosing schedule. For example, single dos-
ing of phenytoin may result in a peak serum level
that is two to three times that of the trough.”

For a patient who has a seizure due to a low
serum concentration of phenytoin, oral administra-
tion of phenytoin is an appealing option given the
problems associated with parenteral administration.
There has been hesitation to use this strategy due to
a study in 1987 that demonstrated that only 60% of
patients loaded with 18 mg/kg were therapeutic
after 6 to10 hours.” Since then, two well designed
studies have demonstrated that oral loading
(19 mg/kg in men and 23 mg/kg in women) is both
safe (patients should be watched for ataxia and
dizziness) and provides therapeutic serum levels by
four hours in almost all patients.”* Some EPs still
prefer parenteral loading of phenytoin or fospheny-
toin to ensure an adequate serum level on discharge.

Management Of Status Epilepticus

Stabilization

Generalized convulsive status epilepticus (GCSE) is a
medical emergency with mortality, associated with
duration of the event. Mortality estimates range from
10 to 40%, and are related to the underlying etiology.
For example, refractory GCSE associated with bacteri-
al meningitis has higher mortality than GCSE due to
AED or alcohol withdrawal. Early termination of SE
is of the highest priority, since prolonged seizure
activity is associated with difficult seizure termina-
tion, morbidity, and mortality.'>** Early termination
also allows rapid diagnostic evaluation and early initi-
ation of appropriate therapy for the underlying cause.
Interestingly, mortality rates of partial and GCSE were
not significantly different, perhaps indicating that
combination of focal brain injury and partial status
epilepticus contributed to the high mortality.*

In general, the patients that are most often recog-
nized in the ED to be in status epilepticus are those
with GCSE. These may be primary generalized or
secondary generalized, but, for the purpose of stabi-
lization, treatment, and work-up, they are
approached the same. It is important to remember
that, after initiation of treatment with benzodi-
azepines and as the muscles fatigue, the full tonic-
clonic movements may be attenuated and thus sub-
tler in their clinical presentation (subtle SE).

In true emergency medicine fashion, the emer-
grency physician must approach SE from multiple
directions at once. Consider the treatable etiologies,
see Table 5, page 13. Protect the airway and ensure
oxygenation and obtain intravenous access and diag-
nostic studies, while initiating pharmacologic inter-
ventions and planning the diagnostic work-up.
Intravenous access is best secured with a non-dex-
trose solution since dextrose will precipitate pheny-
toin if administered concurrently (fosphenytoin can
be safely administered with dextrose solutions). The
goal of therapy is to control seizure activity before
neuronal injury occurs. Neuronal injury occurs
between 20 minutes and one hour in experimental
SE, despite adequate oxygenation and ventilation.

Patients in status should be monitored by contin-
uous pulse oximetry to detect seizure-related hypox-
ia. If, at any time, breathing appears compromised,
rapid sequence intubation is recommended using
lidocaine (as a pretreatment drug), an induction
agent, followed by paralysis with a short acting
agent, such as succinylcholine. A sedative agent is
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not often needed because the patient should have
received high dose benzodiazepines by this time.
While measures should be taken to minimize raising
the intracranial pressure, these considerations should
not delay securing the airway.

Long acting paralyzing agents are contraindicat-
ed unless bedside EEG monitoring becomes avail-
able. Prolonged pharmacologic paralysis can mask
persistent electrical status of the brain, lulling the
physician into a false sense of security. While vecuro-
nium may render the body quiescent, the untreated
electrical status may cause further damage to the
brain.* This is thought to be due to the release of
excitatory amino acids and to calcium influx. A bed-
side serum glucose should be obtained early, and IV
dextrose should be given if the level is low: 50 cc of
50% dextrose intravenously in adults or 2 mL/kg of
25% dextrose in children (excluding neonates) is the
standard dose. Thiamine 100 mg, is recommended

with dextrose boluses in patients who either appear
malnourished or abuse alcohol.

When infection is suspected, consider early
(empiric) antibiotics, since obtaining a head CT and
performing a lumbar puncture may be delayed
pending patient stabilization. Likewise, prompt
administration of activated charcoal 1 gm/kg is a
consideration in cases of suspected acute overdose,
though this is controversial and should only be done
after securing the airway.

A non-contrast head computed tomogram (CT)
is recommended for all patients without a prior his-
tory of seizure once they have been stabilized. If the
seizures cannot be controlled after aggressive use of
AEDs, a short acting paralytic can be used to expe-
dite a non-contrast head CT in order to exclude sur-
gically reversible etiologies, such as an epidural
hemorrhage. Rocuronium (1 mg/kg) is favored due
its short duration of action. Longer acting paralytic

Table 4: Recommendations for the evaluation and management of adults
presenting to the ED with seizures. From the ACEP Clinical Policies
Committee and the Clinical Policies Subcommittee on Seizures.

Clinical question Recommendation Level of
recommendation
What laboratory tests are indicated in the 1. Serum glucose and serum sodium. Level B
healthy adult with new-onset seizure who 2. Pregnancy test in women of child-
has returned to baseline neurologic status? bearing age.
3. Perform a LP (after head CT) on

immunocompromised patients.
Which patients with new-onset seizure and 1. When feasible, perform neuroimaging Level B
return to baseline neurologic status require a of the brain in the ED on patients with a
head CT in the ED? first time seizure. This can be deferred

to the outpatient setting when reliable

follow-up is available for otherwise healthy

patients.
Which patients with new-onset seizure and return | 1. Patients with a normal neurologic exam Level C
to baseline neurologic status need to be admitted can be discharged from the ED.
to the hospital and/or started on an AED?

2. Patients with no co-morbidities, no

structural brain disease, and a normal

neurologic exam do not need to start an

AED in the ED.
What are effective phenytoin of fosphenytoin 1. Administer IV or PO phenytoin of an IV or Level C
dosing strategies for preventing seizure recurrence IM dose of fosphenytoin.
in patients with a seizure and subtherapeutic
phenytoin levels?
Which agent(s) should be administered to a 1. Administer one of the following: Level C
patient in SE who continues to seize after a. “high dose” phenytoin
maximum benzodiazepine and phenytoin b. continuous midazolam infusion
dosing? c. continuous propofol infusion

d. continuous pentobarbital infusion

e. Phenobarbital

f. IV valproic acid loading
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agents should be avoided due to the danger of mask-
ing epileptic activity.

While an EEG is not typically necessary in status
epilepticus for initial diagnosis, it plays an important
role in monitoring patients after treatment, particu-
larly in refractory status epilepticus. Recurrent
seizures after initial control are common, and unde-
tected persistent epileptic activity has been docu-
mented in a number of studies.””* An emergency
EEG is indicated in unexplained altered awareness
(to exclude NCSE), neuromuscular paralysis for SE,
high-dose suppressive therapy for refractory SE, or
when there is no improvement or return to baseline
mental status after controlling overt convulsive
movements (to exclude NCSE).”*

Traditionally, therapy of SE has been divided into
first-, second-, and third-line therapies. A more practi-
cal way to categorize these is as medications that are
used upon initial presentation which include benzo-
diazepines, phenytoin, and valproic acid. After that,
if the seizure continues, it should be considered
“refractory” GCSE and a protocol for the administra-
tion of high doses (anesthetic levels) of midazolam,
pentobarbital, or propofol must be given.

Table 5: Etiologies Of Secondary Seizures

Partial Seizures

4 Tumors

U Vascular event
= Subarachnoid hemorrhage
» Subdural hemorrhage
« Epidural hemorrhage
« Stroke
* Vasculitis

4 Infection
» Meningitis
* Encephalitis
» Abscess

U Metabolic
* Hypoglycemia1
* Hyponatremia2
* Hypomagnesemia3
» Hypocalcemia

O Toxic: consider the following in overdose:
» Cocaine and sympathomimetics
* Tricyclic antidepressants
* Anticholinergics
» Theophylline
* |Isoniazid

U Eclampsia

1. The most common metabolic cause of seizures
2. A rare cause of seizures except in infants less than 6
months

3. Rarely an isolated cause of seizures; possibly facili-

tates seizures, especially in malnourished patients
e.g., alcoholics

The pharmacologic treatment of status epilepti-
cus has changed in the past 20 years with increasing
evidence supporting the use of benzodiazepines and
less on phenobarbital. In addition, fosphenytoin and
intravenous valproic acid have become available in
the US and are developing roles in many protocols.

Benzodiazepines

Early and aggressive therapy with benzodiazepines
has confirmed benefit in the management of status
epilepticus.>® IV lorazepam has been shown to be
equally effective at terminating seizures to phenobar-
bital and superior to using phenytoin alone.*

Intravenous benzodiazepines remain the first
drugs of choice for status epilepticus. Lorazepam is
generally preferred up to a dose of 0.1 mg/kg given
at 2 mg/min. Lorazepam and diazepam (0.2 mg/kg
IV given at 5 mg/min) are equally effective at termi-
nating the initial seizure. However, lorazepam has a
smaller volume of distribution, and thus the anticon-
vulsant activity of lorazepam lasts up to twelve
hours while that of diazepam only lasts for 20 min-
utes.* In a metanalysis, the Cochrane Database
found that IV lorazepam was superior to IV
diazepam for cessation of seizure and preventing
recurrence/continuation of seizure requiring an
additional drug or anesthesia.” IV midazolam is less
extensively studied, but a number of small studies
seem to show a trend toward superior efficacy and
decreased incidence of adverse outcomes compared
to lorazepam® and diazepam.”

In a patient with no intravenous access, the
options are IM lorazepam or midazolam or rectal
diazepam. Of these, IM midazolam is probably the
best option.” This drug is water soluble, nonirritat-
ing, and rapidly absorbed. At least one trial has
shown that it as effective as IV diazepam with no
additional adverse outcomes.™ Rectal diazepam is
another alternative for the patient with no intra-
venous access; the recommended dose in adults is 30
mg.>* " It can be given per rectum either using the
standard intravenous form, or as a gel formulated
for this purpose (Diastat™). In a systemic review of
available data, rectal diazepam is recommended
when monitoring is not available.”

Phenytoin

In the ED setting, phenytoin has been used as a first
line drug in status epilepticus since 1956 due to it’s
availability in parenteral preparation and because it
can rapidly achieve therapeutic levels. It is limited
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by the rate at which it can be delivered, as well as
known adverse effects.

Phenytoin slows the recovery of voltage activat-
ed sodium channels thus decreasing repetitive action
potentials in neurons. This effect on the myocardium
can also lead to QT prolongation and arrhythmias.
This is very rare, but cardiac monitoring is still rec-
ommended during infusion.” A more common effect
is hypotension which occurs 3.5% of the time. Its
incidence is directly related to the total dose and the
rate of infusion.”*

The recommended dose of phenytoin is
20 mg/kg administered in a non-glucose solution.
For a 70 kg person this would be much higher than
the common “one gram” often given in practice.
Based on observational studies and consensus, a sec-
ond dose of 10 mg/kg is recommended for patients
who continue to seize.”*** The infusion rate is limit-
ed to 50 mg/min in order to avoid hypotension
caused by the propylene glycol diluent. The infu-
sion rate should be no faster than 25 mg/min in
patients with cardiac disease to minimize the risk of
hypotension as well as the direct cardiac effects of
phenytoin which can lead to bradycardia and heart
blocks.

Due to specific properties of phenytoin, adminis-
tration is a non-trivial consideration.” ' To maintain
phenytoin soluble, it is formulated in solution with a
pH of 12, making it extremely toxic to the vascular
walls and soft tissue. It must be given through a
large and well-secured vein, a potential challenge in
some actively seizing patients. Infusion can cause
distal imb edema, discoloration, and ischemia.
Extravasation can be disastrous for the patient,
resulting in extensive necrosis (i.e., ‘the purple glove’
syndrome).” %%

Because of its side effects, cardiac monitoring is
necessary during phenytoin infusions. Reports of
sudden cardiac death in patients receiving the intra-
venous form of the drug were most likely the result
of rapid infusion of propylene glycol and/or ethanol,
the vehicle used for phenytoin." ' Other, relative-
ly minor side effects include confusion and ataxia,
both of which usually resolve with supportive care.

Fosphenytoin is a parenteral phenytoin precur-
sor with an added phosphoryl group that has the
same pharmacological activity as phenytoin in the
treatment of seizures." Fosphenytoin has the advan-
tage of being more water soluble and having a lower
pH (8.6-9) than phenytoin, obviating the need for the
propylene glycol vehicle. These characteristics make

it preferable to phenytoin in a number of ways."
When IV access is not available, fosphenytoin can be
given IM with rapid achievement of therapeutic
serum drug levels within one hour and within 30
minutes in 40% of patients.'* %1% 17

For dosing ease, fosphenytoin is measured in
phenytoin equivalents (PE) and can be infused at a
rate up to 150 mg PE/min. ' The manufacturer still
recommends cardiac and blood pressure monitoring
because hypotension, though rare, does occur. The
lower pH decreases vascular irritation and decreases
tissue toxicity allowing for IM administration with
rapid bioavailability. The conversion half-life is 8 to
15 minutes. "*'” Fosphenytoin reaches a peak serum
level within approximately one hour of intramuscu-
lar administration and at six minutes after intra-
venous loading.

The best therapeutic study on GCSE manage-
ment is the VA Cooperative Study.* This was a head-
to-head trial comparing four treatment arms:
diazepam (0.15 mg/kg) followed by phenytoin
(18 mg/kg), lorazepam alone (0.1 mg/kg), phenytoin
alone (18 mg/kg), and phenobarbital alone (15
mg/kg). This well designed, randomized, double
blind study found no outcome difference between
the four treatments; however, lorazepam was the
easiest to administer and the authors recommended
it as the first line agent in GCSE management.
Because of the high seizure recurrence rate in
patients treated with diazepam, phenytoin should
always be administered after diazepam; this is not
necessarily the case when lorazepam is used and
depends on the underlying etiology of the seizure.

Valproic Acid
Valproic acid is unique among older antiepileptic
drugs because it is effective in treating all forms of
seizures, including absence, partial, and primary
generalized. Its mechanism is similar to phenytoin
and carbamazepine in that it prolongs recovery of
voltage activated sodium channels from inactivation.
The drug has recently become available in the US in
IV form," although experience in status epilepticus
is limited to small studies in adults and pediatrics
which show an efficacy rate of 42 to 80%." "> The
recommended loading dose for valproic acid is
15-20 mg/kg at a rate of 3-6 mg/kg/min, although
more rapid bolus infusions have been safely admin-
istered."> " a1

Valproate has some promise due to its generally
excellent safety profile.”™ "It is generally well tol-
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erated with mild side effects. The notable exception
is hepatotoxicity, which usually develops with chron-
ic use over the first six months of therapy. There is
also an incidence of an occasional rare fatal idiosyn-
cratic hepatoxicity in 1/49,000 adults and 1/800 chil-
dren.” " Therefore, the drug is contraindicated in
patients with hepatic dysfunction.

Further study is needed, but parenteral valproate
is an alternative in cases where benzodiazepine or
phenytoin use is limited by hypotension or hyper-
sensitivity, as well as in patients who are in status as
a result of valproic acid withdrawal.

Phenobarbital

Introduced in 1912, Phenobarbital is the oldest
antiepileptic drug still in use. It is notable as being
the only barbiturate that possesses anticonvulsant
properties at sub-hypnotic doses. It has been advo-
cated in the past as a first line intervention, but has
fallen out of favor today. Phenobarbital works on
the GABA receptor similar to the mechanism of ben-
zodiazepines and has generally shown the same effi-
cacy as a first line agent in the combination of
diazepam and phenytoin" or with lorazepam alone.*

The main drawback of phenobarbital is its poten-
tial to induce profound respiratory depression and
hypotension from its vasodilatatory and cardio-
depressant effects. The respiratory depressant effects
are compounded when used - as it typically is - after
treatment with benzodiazepine. It also has a long
half-life, which can make complications and titration
difficult to manage.” It is therefore generally held as
a second line antiepileptic drug due to significant
side effects. Many reserve this drug for patients who
continue to seize despite benzodiazepine and pheny-
toin loading."

Phenobarbital is dosed at 20 mg/kg adminis-
tered at 100 mg/min. For refractory GCSE, it can be
given in even higher doses of up to 30 mg/kg or
more. However, in such doses, it is likely to cause
hypotension and suppress respirations particularly
during rapid infusion or co-existing benzodiazepine.

Refractory GCSE: Current literature supports the
use of continuous IV midazolam, anesthetic barbitu-
rates (pentobarbital), or propofol in the management
of refractory status epilepticus. Inhalational anesthet-
ics do not have a well-defined role and can be con-
sidered along with other potentially useful, but less
well studied medications, such as lidocaine, chloral
hydrate, adenosine, and etomidate.

There is very little empiric data to guide the

choice of therapy in an evidence-based fashion.
Treatment modality is often based upon expert opin-
ion and available resources (e.g., IV midazolam may
be preferred as it is more readily available in the ED
than pentobarbital) and the patient’s hemodynamic
status.™

A recent systematic review” did not find suffi-
cient evidence to support the superiority of pento-
barbital, propofol, or midazolam. Pentobarbital had
less treatment failure but caused more hypotension
than either propofol or midazolam, but this was
based on a total of 28 patients over different study
conditions. Midazolam and propofol are medications
that are more familiar to most emergency medicine
and critical care physicians, and are, therefore, often
recommended due to the ease of access and familiar-
ity. None of these drugs have shown clear superiori-
ty over the other but it is well known that delays in
controlling the seizure lead to worse outcomes.

Continuous benzodiazepine infusion: Even after
maximum dosing of lorazepam or diazepam, contin-
uous infusions of midazolam or lorazepan have been
reported to be effective in terminating refractory
GCSE in small case series. Midazolam is water solu-
ble and continuous infusion allows for high CNS
penetration. It has a short duration of action and it
is easy to titrate. The loading dose is 0.2 mg/kg,
and this is followed by an infusion of
0.05 - 2.0 mg/kg/hour.” ' When compared to
propofol or pentobarbital in a meta-analysis for
refractory status epilepticus, IV midazolam was
effective in 80% of cases. While this was less effec-
tive than propofol or pentobarbital, it was also asso-
ciated with less hypotension than the other two med-
ications.”” Lorazepam .3 to 9 mg/hour can also be
given as a continuous IV infusion; however, there is
limited data on its use in status and its long half-life
makes withdrawal more difficult."

Propofol

Propofol is a global CNS depressant; it acts as a direct
GABA agonist as well as an NMDA antagonist. There
are limited studies of its efficacy in status epilepticus,
but there is evidence that it provides almost immedi-
ate suppression of seizure activity after a bolus infu-
sion.”” It is rapidly metabolized and studies report
rapid recovery from the propofol when the infusion
is discontinued. Propofol is dosed with a bolus of

3-5 mg/kg followed by a continuous infusion at
30-100 mcg/kg/min.* " Limiting factors in its long
term and high dose use is the “propofol infusion syn-

EBMedicine.net * August 2006

Emergency Medicine Practice®



Clinical Pathway: Status Epilepticus

Status epilepticus
diagnosed

Out of hospital treatment

Lorazepam 2-4 mg or
diazepam 5-10 mg

v

ED arrival
ABC's, check glucose, dextrose if less than 80, vital
signs, ECG, pulse ox

If seizure stops with
diazepam, begin
phenytoin or
fosphenytoin
(20 mg/kg)

First line therapy:
Lorazepam 0.1 mg/kg OR diazepam 0.15 mg/kg
(included prehospital dose)

Phenytoin or fosphenytoin
(20 mg/kg)

Seizure
continues?

Consult PCP or
neurologist for
disposition

\/

Refractory status epilepticus
Consider intubation and paralyzation for emergent
neuroimaging.
Consult neurology and critical care; initate plans for EEG
monitoring

Admit to
monitored

Midazolam (0.2 mg/kg then 0.05-2.0 mg/kg/h) setting

OR
Pentobarbital (5-15 mg/kg bolus then 0.5-10 mg/kg/h)
OR
Propofol (3-5 mg/kg bolus, then infused at 1-15 mg/kg/h)
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Clinical Pathway: Seizure Not Status Epilepticus

Consider mimics
NO ——» (syncope,
pseudoseizure)

Check serum levels, assess
compliance, consider changes in
therapy in cooperation with PCP

or neurologist

Treat hypoglycemia
—> and workup for
underlying causes
negative
Emergent

Was it a
seizure?

"Typical"
seizure?

NO —»

Check
glucose

Suspicion of
meningoencephalitis,
subarachnoid hemorrhage, or
immunocompromise?

Lumbar
puncture

Refer as
appropriate

Assess for:

- New focal neurological deficit
- Persistant altered mental status
- Fever or persistant headache
- Recent head trauma

- History of cancer or E
immunosuppression
- focal or partial onset seizure
- unclear follow up
- anticoagulation or coagulopathy
- past history of stroke or TIA
- age over 40

NO
RN

Admit as
Are ECG and blood NO—” indicated
results are normal?

=

Emergent head
CT without
contrast

negative

Consider AED

therapy in
Other reasons preventing discharge? cooperation
. ) with PCP or
(Eg clinically baseline, no co- NO ——» neurologist.
morbidities, age greater than 60, good Discharge with
supervision, assured follow-up.) instructions,

Follow-up
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drome” of hypotension, lipidemia, and metabolic aci-
dosis in both adults and children.” ' Propofol can
cause non-seizure jerking movements and even
induce seizures, so EEG monitoring should be strong-
ly considered.” In one small, retrospective study of
IV midazolam and propofol, the mortality was 57%
in the propofol group and 17% in the IV midazolam
group, though the study had only 14 patients, was
not randomized, and did not have the power to
demonstrate significance in this difference."”

Barbiturates
Pentobarbital and thiopental are much shorter acting
than phenobarbital. Thiopental is rapidly metabo-
lized to pentobarbital. Both agents are highly lipid
soluble and will accumulate in fat stores, leading to
prolonged elimination. In a recent series of 12 ICU
patients in status epilepticus, high dose thiopental
terminated seizures in all of the patients. However,
one-third of the patients needed either dobutamine
or norepinephrine to support their mean arterial
pressure during therapy. The authors also noted pro-
longed recovery time from the medication after the
seizures had been suppressed.™

Thiopental has a less favorable side-effect profile
than pentobarbital. It is more lipid soluble and the
metabolic pathway can become saturated, leading to
an accumulation of thiopental and delays in recovery
when stopped. For these reasons, pentobarbital is
preferred when a barbiturate is used to manage
refractory status.” Pentobarbital is dosed with a
loading dose of 3 to 5 mg/kg followed by an infu-
sion of 0.5 to 3 mg/kg/hr. Pentobarbital can com-
promise cardiovascular status, and its use necessi-
tates EEG monitoring since motor activity will be
suppressed. Use fluid boluses to treat pentobarbital-
induced hypotension and consider dopamine in case
of persistent hypotension.”

Other agents

Other medications that have been used to treat status
epilepticus in case series include lidocaine,™ ** chlo-
ral hydrate,” and etomidate.” As of yet, these med-
ications have not been validated for general use and
should only be considered when other, more stan-
dard, therapies have failed.

Putting it all together: When a patient presents
with GCSE, the time to termination of seizure may
become dependent upon the time it takes for the
physician to chose a drug and for the nurse to admin-
ister it. Thus, the ability of an emergency department

to provide the rapid resources needed to treat status
epilepticus depends upon development of a pre-
arranged treatment algorithm, see Clinical Pathway
on page 16. Pre-selection of medications for first-line
use and those for refractory status epilepticus use will
prevent delays when patients present. With a lack of
strong evidence to select a preferred treatment for
refractory status epilepticus, individual departments
may make choices in conjunction with their neurology
and critical care services, based upon drug availability
and upon nursing familiarity with the given drugs.

Treatment in the prehospital arena begins with
either IV lorazepam or diazepam. Upon presentation
to the ED, continued seizure treatment begins with the
stabilization of airway and vital functions. Initial med-
ication choice is IV lorazepam (0.1 mg/kg), IV midazo-
lam (0.2 mg/kg) or diazepam (0.15 mg/kg), taking
into account the dose of the medication given in the
field. If diazepam terminates the seizure, it should be
followed by phenytoin or fosphenytoin (20 mg/kg or
20 PE/kg, respectively). If a benzodiazepine does not
terminate seizure activity, phenytoin or fosphenytoin
should be given with consideration to a second half
load in refractory cases. Intravenous valproic acid
might be considered if the patient is known to have
been on valproic acid in the past.

If seizure activity continues, the patient is con-
sidered to be in refractory status epilepticus.
Management choices include infusions of a benzodi-
azepine, propofol, and pentobarbital.

Nonconvulsive Status Epilepticus

Nonconvulsive status epilepticus (NCS), like convul-
sive status epilepticus, is a state of continuous or
intermittent seizure activity lasting more than thirty
minutes without a return to baseline function.
Nonconvulsive status can be either a primary gener-
alized process (absence status) or secondary general-
ized (complex partial status). The hallmark of NCS
is altered mental status and, unless it is suspected,
the diagnosis is easily missed. The literature is rife
with patients who present with altered mental status
and were initially labeled as having psychiatric prob-
lems. Only later was the NCS recognized, either by
EEG or a subsequent convulsion.'” * 1404 Though
the distinction is not clear in the literature, NCS in
general should be distinguished from subtle general-
ized convulsive status epilepticus, which is the end
stage of GCSE, associated with anoxic brain injury,
and has a very poor prognosis.*

Emergency Medicine Practice®

August 2006 * EBMedicine.net



Epidemiology of NCS: NCS has been reported in
all age groups and can be the first manifestation of a
seizure disorder. Absence status has been associated
with benzodiazepine withdrawal,' use of psy-
chotropic drugs, metabolic disorders, and chronic
alcoholism. A history of a seizure disorder, especial-
ly when the patient’s symptoms are temporally relat-
ed to a convulsive event, is a red flag that needs to
be pursued. Prolonged “postictal periods,” persisting
aphasic, somatosensory, or psychic findings after
ictus all suggest possible ongoing epileptogenic
activity. Automatisms, abnormal eye movements,
persistent twitches, or blinking provide clues to non-
convulsive status. When NCS is suspected, the
definitive test is an EEG."®

Treatment: When presented with a patient
thought to be in NCS, EEG confirmation is indicated.
Benzodiazepines are generally effective in terminat-
ing the seizure, though they do not provide long
term control. The literature is unclear as to the
urgency of controlling NCS, although there is evi-
dence that ongoing neuronal firing does result in
neuronal injury."* A neurology consultation should
be obtained to determine long-term therapy.

Special Situations

Alcohol Withdrawal Seizures (AWS)
Of special concern to any emergency physician is the
relation of alcohol to seizures. Twenty to 40% of
seizure patients presenting to an ED will have their
seizures related to alcohol abuse, and alcohol is report-
ed as a causative factor in 15 to 24% of patients with
status epilepticus.® ' Diagnostic yield for CT after
first alcohol related seizure is high, mainly because
patients who overuse alcohol have a high incidence of
structural intracranial lesions, such as subdural
hematomas or other intracranial hemorrhages.” '+
Alcohol may act in one of several ways to pro-
duce seizures in patients with or without underlying
foci: (1) by its partial or absolute withdrawal after a
period of chronic intake, (2) by an acute alcohol-
related metabolic brain disorder (e.g., hypoglycemia,
hyponatremia), (3) by creating a situation leading to
cerebral trauma, or (4) by precipitating seizures in
patients with idiopathic or posttraumatic epilepsy.
Moreover, alcoholics are more susceptible to other
disorders associated with seizures, including cerebral
infarct, cerebral trauma and subarachnoid hemor-
rhage, neurosyphilis, acquired immunodeficiency

syndrome (AIDS), brain abscess, and meningitis.""'*

Seizures occur in approximately 10% of patients
who withdraw from alcohol. Alcohol abuse also
increases the risk of having a seizure or developing a
seizure disorder independent of withdrawal.® AWS
usually occur between 6 and 48 hours after cessation
of drinking. AWS are usually generalized events that
can be multiple but rarely persist past twelve hours
from onset. The patient may or may not have other
signs of alcohol withdrawal, such as tachycardia,
confusion, or tremors to predict that they will devel-
op a seizure.

The diagnosis of AWS is based on a history of
recurrent events temporally related to stopping (or
significantly decreasing) alcohol intake.
Consequently, a first time withdrawal seizure must
be worked-up as any first time seizure and thorough-
ly evaluated. This includes alcoholics who claim to
have had seizures in the past but for whom no docu-
mentation of previous seizures or of an appropriate
work-up is available. Metabolic disorders, toxic inges-
tion, infection, and structural abnormalities need to
be ruled out by history, physical examination, and
diagnostic testing including electrolytes, glucose, and
CT scan."” An EEG scheduled during follow-up may
be considered (but its value is limited) in the patient
whose seizures have not been explained.

Once a patient with an AWS is brought to the
ED, clinical findings cannot predict who is likely to
have a recurrent seizure in the department.” There
is good evidence to recommend benzodiazepines,
even in a patient who is no longer actively seizing. A
recent double blind, placebo controlled study of 186
patients showed that 2 mg IV lorazepam decreases the
short term recurrence of seizures related to alcohol
withdrawal and reduces the need for hospitalization.
The number needed to treat in this study to prevent
one further withdrawal seizure at six hours was five.”

Phenytoin does not have a role in managing
either AWS or controlling recurrent alcohol-related
seizures in the ED.”" ' However, many alcoholics
may have an underlying seizure disorder from prior
head trauma or other causes. For this reason, pheny-
toin may play a role in the management of alcoholics
who have recurring seizures. Many of these patients
will be sporadically taking one or more AEDs. It is
difficult, if not impossible, to determine in the ED
whether these AEDs were given for an underlying
seizure disorder or AWS.

To prevent AWS effectively, detoxification with
benzodiazepines should be initiated early because
most AWS occur within the first 24 hours after alco-
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hol withdrawal. Treatment should be started with
the understanding that the patient will be observed
for four to six hours and referred to a detoxifica-
tion/rehabilitation program.

In ideal situations, if the initial physical exam
and laboratory tests are normal, patients who remain
seizure free and symptom free with no sign of with-
drawal after four to six hours of observation may be
discharged. Optimal outpatient treatment includes
clear guidelines for follow-up and re-evaluation, and
the help of a concerned family member or friend
(who is not a drinking partner). Ideally, this individ-
ual should remain with the patient for one to two
days. These criteria may be difficult to meet, and the
physician must use discretion in deciding to admit
for observation when the patient is at risk of serious
injury. The ideal disposition is participation in a
detoxification/rehabilitation program.'

Toxin Related Seizures

Toxins can alter the balance of the brain equilibrium
of excitation-inhibition in a variety of ways to cause
seizures. Most drug-induced seizures, particularly

those resulting from cocaine and other stimulants,
best respond to benzodiazepine therapy.

Cases of refractory status epilepticus pose a par-
ticular challenge because the mechanism of status
may be different from status from other causes. A
number of toxins cause depletion of GABA neuro-
transmitter, and many of the typical pharmacologic
agents act by sensitizing the GABA receptor, making
those agents less effective. In these cases, early
administration of pyridoxine may be advantageous.

Pyridoxine acts by replenishing the quantities of
GABA in the brain, and is initially dosed at 5 grams
IV in adults and 70 mg/kg IV in children. In cases of
known isoniasid (INH) ingestion, pyridoxime
should be given on a gram-for-gram basis. When
given and dosed properly, the effect of therapy
should be apparent within minutes of administra-
tion. Pyridoxine may also be beneficial in hydrazine
and other poisoning (theophylline), as well as a
number of other metabolic seizure disorders.”
Pyridoxine is commonly on formulary, but usually
not in the quantities required in the management of
toxin related seizures.****” One-third or more of

| Cost Effective Strategies in ED Seizure Management I

1. Inform patients about generic options.

2. Consider oral phenytoin loading.

Given the lack of evidence that intravenous load-
ing is more effective than oral loading, oral loading is
an acceptable strategy and negates the need for IV
and cardiac monitoring. The time to reach peak
serum AED levels will be slower, four to six hours;
however, the risks of side effects — neurologic, car-
diac, and tissue related — will be lower. If IV loading
is done, it should be done slowing over one hour, not
the expedited rate used for managing status epilepti-
cus.

3. Chose the type and timing of neuroimaging
carefully.

The ACEP Clinical Policy supports neruoimaging
as an outpatient for patients who have had a new
onset seizure and have returned to a normal baseline.
Neurologist generally prefer an MRI over a CT in
evaluating these patients. To avoid redundant testing
in select patients with coordinated care, an outpatient
MRI would constitute best practice.

4. Limit your laboratory testing.

Extensive metabolic panels are not indicated for
uncomplicated first time seizure patients. Patients
with a history of seizures who have stopped taking
their medication do not necessarily need a level or
other lab test; they just need to be restarted on their
medication.

5. Keep patients safe.

Though most patients will not have a recurrent
seizure in the ED, be prepared for the rare case! Keep
the bedrails up and use bedrail pads if available.
Keep these patients in a place in your ED where they
can be watched closely and think twice before allow-
ing them to go unaccompanied to the bathroom!

6. Check the IV site.

When giving a parenteral dose of phenytoin,
check the IV site yourself to be sure that it is large
enough and has good flow. Ensuring that the vein is
secure could save the patient from unnecessary pain
and potentially from a necrotizing extravasation.
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hospitals do not have adequate stores to treat a sin-
gle INH overdose. ™*

There are no clear evidence-based guidelines for
the management of toxin related seizures; most rec-
ommendations are based on case reports and expert
opinion. Phenytoin is less effective for most drug-
induced seizures than phenobarbital or benzodi-
azepines.”” Phenytoin has been shown to be ineffec-
tive in many toxin related seizures, and may be
potentially harmful in seizures induced by theo-
phylline or cyclic antidepressants.'® Pentobarbital is
an option in these cases. Since the activity at the
GABA receptor is less dependent on the presence of
adequate normal quantities of GABA, pentobarbital
has a theoretical benefit in treating seizures induced
by toxins that deplete GABA." Finally, propofol’s
mechanism of action is different from benzodi-
azepines and has theoretic benefit due to this differ-
ent mechanism of action."”'

Seizure after trauma: The risk of developing a
seizure disorder after a traumatic brain injury (TBI)
is related to the severity of the injury. The incidence
after minor TBI (GCS score greater than 12) is 1.5%,
while the incidence increases to 17% after a severe
TBI (GCS score less than 9). Although the incidence
of post-traumatic seizures in the first week is
decreased to less than 4% by the early use of pheny-
toin, after the first week, there is no statistical differ-
ence in seizure incidence whether or not patients are
treated.'® In addition, though the incidence of an
early post-traumatic seizure is decreased with AED
use, there is no change in outcome. For these rea-
sons, prophylactic antiepileptic drugs are not indicat-
ed to prevent late posttraumatic seizures.”®

Seizures In Pregnancy

Seizures in pregnancy can be classified as one of
three types: 1) those that can occur in epileptics who
happen to be pregnant, 2) the new onset seizure in a
pregnant patient, 3) seizures that are unique to the
pregnant state: eclampsia

The most complete prospective observation
study of pregnant women with epilepsy is the
EURAP Pregnancy Registry. Of 1956 pregnancies,
over half were seizure free during the pregnancy;
17.3% of women had an increase in seizure frequen-
cy and 15.9% had a decrease in frequency during the
pregnancy.” In a previous study, a larger increase
in seizure frequency was attributed to the discontin-
uation of AEDs." Other factors that may lower the

seizure threshold in pregnancy include sleep depri-
vation, nausea, and vomiting.

Epilepsy in pregnancy can affect the total blood
levels of AED. The serum concentration tends to go
down during the pregnancy due to an increase in
hepatic and renal clearance of drug and a pregnancy
related increase in the volume of distribution of the
drug.'*'"'** This decrease in serum drug level is bal-
anced by the fact that free (unbound) drug levels
may actually be increased due to the decrease in con-
centration of serum proteins that normally occurs in
pregnancy.

Pregnant patients with new onset seizures (not
ecamptic) should be worked-up as any new onset
seizure patient with a metabolic profile and head CT
with appropriate abdominal shielding. Precipitating
etiologies, such as infections and drug toxicities,
should also be investigated. If no source is identified,
anticonvulsants should be withheld and the patient
referred for close follow-up. In pregnant patients
with epilepsy, noncompliance and sleep deprivation
are common causes for seizures.

Patients who are actively seizing should be man-
aged as the non-pregnant patient. The risks to the
fetus from hypoxia and acidosis are greater than the
potential teratogenicity of anticonvulsant medica-
tions. Arrange for fetal monitoring during and after a
seizure in patients more than 24 weeks gestation.'”

Eclampsia: Eclampsia is the major consideration in
pregnant patients of more than 20-week gestation and
up to 23 days postpartum' ' who present with new
onset seizures. Magnesium has been demonstrated to
be the therapy of choice in the treatment of acute
eclamplic seizures and for prevention of recurrent
eclampic seizures.” A systematic review'” of four
good quality trials involving 823 women found mag-
nesium sulfate to be substantially more effective than
phenytoin with regards to recurrence of convulsions
and maternal death. Complications, such as respirato-
ry depression and pneumonia, were also less for mag-
nesium than for phenytoin. Magnesium showed a
trend towards increased incidence of renal failure
when compared to phenytoin; however, this was not
statistically significant. Magnesium sulfate was also
associated with benefits for the baby, including fewer
admissions to the NICU.

In the eclamptic patient, give 4 grams of intra-
venous magnesium sulfate followed by a 2 gm/h
drip (some centers use intramuscular regimens.)
Control the patient’s blood pressure if very high
(SBP greater than 160 and/or DBP greater than 110)
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and contact an obstetrician. Agents of choice for
blood pressure control according to the American
College of Obstetrics and Gynecology (ACOG) and
the National High Blood Pressure Education
Program: Working Group Report on High Blood

Pressure in Pregnancy'*

in the emergency setting
include hydralazine (first line) and labetalol. In
resistant cases, nitroprusside may also be used,
although fetal cyanide toxicity can occur after even a

few hours of therapy.

Psychogenic Nonepileptic Seizures

Psychogenic nonepileptic seizures (pseudoseizures)
are characterized by episodes of behavior and/or
motor activity that are not the result of abnormal cor-
tical discharges. It is important to note that psy-
chogenic seizures are different from malingering and
are grouped with psychoneurological illness (e.g., con-
version disorders, somatoform disorders).
Psychogenic seizures can be extremely difficult to dif-
ferentiate from epileptic seizures and, when inappro-
priately labeled, can result in mismanagement.” 7*'”
One review cites a mean time to diagnosis as 7.2
years."® Several historical, clinical, and laboratory
characteristics of convulsive psychogenic seizures can
help the emergency physician make the correct diag-
nosis."”

Epidemiology of psychogenic seizures: The preva-
lence of psychogenic seizures ranges from 2 to 33
cases in 100,000 persons in the general population.™
Five to ten percent of the outpatient epileptic popu-
lation has PNES, compared to 20 to 40% of the inpa-
tient epilepsy population.® ' Confounding the
diagnosis is the concurrence of psychogenic seizures
with true seizures. Early studies reported that up to
60% of patients with psychogenic seizures had a co-
existent neurogenic seizure disorder,”™ although
more recent studies using a strict definition of
epilepsy report a co-existence rate of approximately
10%." ' Authors have reported epileptic seizures
evolving into nonepileptic events."*

Clinical characteristics: Care should be taken
when using clinical characteristics to distinguish
neurogenic from psychogenic seizures. In a cohort of
patients referred by experienced epilepsy neurolo-
gists for video-EEG monitoring, misdiagnoses
occurred in 24% of cases.' Characteristics that are
suggestive, but not diagnostic of psychogenic
seizures are listed in Table 6. Head, extremity, and
pelvic thrusting movements are useful in identifying

psychogenic seizures, especially if observed in con-
junction with each other."” Neurogenic seizures tend
to have in-phase, synchronous tonic-clonic move-
ment of the extremities. Asynchronous and/or
thrashing movements of the extremities are more
characteristic of psychogenic seizures. This is not an
absolute observation and care must be used in
applying these features. In particular, complex motor
automatisms, such as thrashing and kicking, without
an associated change in mental status or post-ictal
period may be seen in supplementary motor seizures
of the frontal lobe." Interestingly, both self-injury
and urinary incontinence occur in psychogenic
seizures and are not helpful in differentiating them
from neurogenic events."™

Maneuvers: While some cases of psychogenic
seizures may be nearly impossible to diagnose in the
ED, other cases may be uncovered with simple
maneuvers. The simplest involves non-noxious sen-
sory stimulation, such as placing a cotton swab in
the nose, passive eye opening, dropping the patient’s
arm over their face, or corneal stimulation. These
simple tests may result in avoidance (the patient’s
hand never hitting their face) or resistance (forceful
eye closing) from a patient having a psychogenic
seizure. In one study, 18 out of 18 patients with con-
firmed psychogenic seizures tested positive to avoid-
ance maneuvers.” The geotrophic eye test is per-
formed by turning the patient’s head from side to
side and observing the eyes: the patient will look
away from the examiner, regardless of which way
the head is turned.”' Noxious stimulation, such as a
sternal rub, firm pressure on a digit, or an anhydrous
ammonia capsule under the patient’s nose, may also
terminate psychogenic seizures."” Patients with psy-
chogenic seizures may terminate in response to ver-
bal suggestion.”® Many cases do not reveal them-
selves even with maneuvers, and ultimately require
video-EEG monitoring to confirm the diagnosis. The
treatment of psychogenic seizures is based on behav-
ioral therapy aimed at identifying stressors, precipi-

tants, and underlying psychiatric disease."

Pediatric Considerations

There are several seizure types that are seen primarily
in pediatrics which include absence and febrile
seizures. Most patients with epilepsy in childhood are
seizure free in adulthood; prognosis depends on the
underlying etiology and the response to therapy.'”
Absence seizures: Primary generalized noncon-
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vulsive seizures, also called petit mal or absence
seizures, are typically characterized by a sudden
onset of unresponsiveness that is not preceded by an
aura or succeeded by a postictal period. Absence
seizures account for approximately 15% of all cases
of childhood epilepsy.” They are seen primarily in
the young, usually beginning between the ages of 5
and 10 years, and are rare after the mid-teens. The
average duration of an absence event is 10 seconds."”
Atypical absence seizures are events that last longer,
have more complex automatisms or associated motor
activity, and often have a postictal period. Patients
are often not cognizant that the seizure has occurred.
These events are the result of bihemispheric neuronal
discharges that usually last less than 20 seconds.
Though altered consciousness is the hallmark of
absence events, at times, absence seizures are associ-
ated with clonic motor activity, especially of the eye-
lids, with automatisms, or with mild motor activity.
Diagnosis is made by EEG. The ictal EEG in absence
seizures is classically a 3-Hz spike-wave discharge.
Absence seizures are, by definition, a generalized
process, and the discharge is bilateral without an
area of focus. The EEG in atypical absence seizures is
less characteristic and can be irregular, with bilateral
spike and slow waves. Treatment of choice is etho-
suximide unless the child also has motor seizures, in
which case valproic acid is recommended.

Febrile Seizures

The major challenge of an emergency physician
when presented with a febrile seizure is differentiat-
ing simple from complex febrile seizure. By defini-
tion, a simple febrile seizure lasts less than 15 min-
utes, is non-focal, does not have a prolonged post-
ictal period and occurs in a child between six months
and five years of age."”

Two to four percent of all children will have a
simple febrile seizure.”” Children who have had a
febrile seizure have a 25 to 50% chance of having a
second event, usually within a year. Children at
highest risk for recurrence are those with a first
degree relative who has had a febrile seizure, com-
plex first febrile seizure, or age younger that one
year when the first event occurred. There is an
increased incidence of developing epilepsy in chil-
dren who have had a simple febrile seizure (2.4%
versus a .4% incidence in the general population).*®
Ten to 50% of cases of status epilepticus in children
are associated with febrile seizures; status in this
group is a consistent predictor of increased risk for

subsequent seizures.™”

Simple febrile seizures are a benign process.
When they occur in children older than 18 months
who have not been on antibiotics, they do not
require any particular diagnostic work-up, even for a
first time event.”” Management focuses on a careful
history and physical, and on parental education.

Patients with simple febrile seizures require no
special workup or treatment. Reassuring the parents
is often the most Herculean task. Nearly half of par-
ents think that their child is dying during the
seizure.? Such concerns need to be addressed; sim-
ply suggesting the child be discharged on acetamino-
phen is not appropriate.

Children with febrile seizures have no greater

Table 6: Clinical And Historical Features
Suggesting A Diagnosis Of Psychogenic
Nonepileptic Seizures

Clinical Features

Ability of observer to modify the patient's motor activity

Asynchronous limb movements

Avoidance behavior during seizures

Change in symptomatology, or nonstereotypical seizure
patterns

Closed eyes during seizures

Dystonic posturing (including opisthotonos)

Emotional or situational trigger for the seizures

Gradual onset and cessation of seizures

Ictal crying, weeping

If tongue biting is present, usually the tip (not the side) of
the tongue

Intermittent or waxing and waning motor activity

Nonphysiologic progression

Pelvic movements (especially forward thrusting)

Prolonged seizures (duration of two to three minutes)

Resisted eyelid opening

Seizures provoked by suggestion

Side-to-side head movements

Historical Features

Associated (often multiple) psychiatric disorders

Flurries of seizures or recurrent pseudo-status epilepticus
that lead to multiple emergency department visits or
hospitalizations

High seizure frequency

History of sexual or physical abuse

Lack of concern or an excessive or exaggerated emo-
tional response

Multiple unexplained physical symptoms

No history of injury from seizures

No response to antiepileptic drugs or a paradoxical
increase in seizures with antiepileptic drug treatment

Personal, family, or professional experience with epilepsy

Seizures that occur only in the presence of others or only
when the patient is alone

Adapted from: Alsaadi TM, Marquez AV. Psychogenic nonepileptic
seizures. Am Fam Physician. 2005 Sep 1,72(5):849-56.
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incidence of bacteremia than febrile children who do
not seize.”” Therefore, management should be guid-
ed by general fever protocols. If the child has a
source of infection, simply treat it. Electrolytes, calci-
um, phosphorous, magnesium, blood sugar, CBC, or
neuroimaging are not routinely necessary in patients
with simple febrile seizures. If the child with an
obvious source of infection appears toxic or has a
stiff neck, a lumbar puncture must be considered. As
many as one third of children with bacterial menin-
gitis have a concurrent infection, such as pneumonia,
otitis media, or orbital cellulitis.** Patients who
experience a complex febrile seizure should get a
complete diagnostic work-up, including LP, looking
for underlying precipitating etiologies.

While there are some studies that show that AED
therapy for simple febrile seizures reduces recur-

rance,®

since simple febrile seizures are a benign
entity, the risks of AEDs make preventive therapy

unwarranted.?®

Non-Febrile Seizures

The evaluation of non-febrile seizures, complex
seizures, and febrile seizure outside of the usual age
group, in essence, parallels the discussion presented
on adults in the preceding sections. If the seizure
was exertional, consider the possibility of convulsive
syncope secondary to a cardiac arrhythmia. In chil-
dren, this could be due to a prolonged QT syndrome
or hypertrophic cardiomyopathy. During the evalua-
tion, be attentive to the stigmata of the phako-
matoses (hereditary disease characterized by tumors
in multiple tissues) such café au lait spots (tuberous
sclerosis) or fleshy bumps (neurofibromatosis). Both
of these may result in seizures secondary to CNS
tumors. Checking a bedside glucose is especially
important in children of all ages, while hyponatrem-
ia is a more frequent cause of seizures in infants than
in other age groups.”” A toxicology screen for drugs
of abuse may be valuable when cocaine could be the
culprit.*®

Status Epilepticus In Children

The treatment of status seizures in children is similar
to that of adults. Interosseous access is an alternative
when intravenous access is not secured. While rectal
diazepam has long been used as an alternative to
parenteral administration in children, buccal midazo-
lam may be equally effective (and more palatable).””
2 Intranasal midazolam (0.2 mg/kg) has been
reported to have equal efficacy with IV diazepam

(0.3 mg/kg) for prolonged febrile seizures.™

Both phenytoin and phenobarbital are often
effective in pediatric status if a bolus administration
of a benzodiazepine fails. However, as in adults, con-
tinuous infusion of benzodiazepines have been
reported as successful. Infection has been reported
as a more common cause of status in children than in
adults." Therefore, many physicians will empirically
cover such children with broad-spectrum antibiotics,
usually ceftriaxone (or the combination of ceftriax-
one and amoxicillin in neonates). The routine use of
empiric acyclovir to treat presumed herpes
encephalitis in the neonate remains unstudied.

Controversies And Cutting Edge

Neuroimaging In Patients With Alcohol Related
Seizures

The term alcohol related seizure refers to either
seizure due to alcohol intoxication or its withdrawal.
The diagnosis should be made only after work up for
other causes of the seizure have been exhausted as
this group of patients is more prone to traumatic
abnormalities. A 1988 Denver study reported head
CT results in 259 patients with a first alcohol-related
convulsion. A “clinically significant” lesion was
found in 16 (6.2%) patients, seven of whom were
alert and had non-focal neurological exams and no
history of trauma. Nearly 4% of patients had CT
findings that changed clinical management (e.g., sub-
dural hematoma, aneurysm, subarachnoid hemor-
rhage, and neurocysticercosis). In these patients, the
history and physical examination did not predict the
CT abnormality. This study emphasizes the impor-
tance of avoiding labeling an alcoholic with a first
time seizure as having an alcohol withdrawal
seizure; it also emphasizes that alcohol is a co-mor-
bidity that drives the need for ED neuroimaging.*

Neuroimaging In Patients With Cocaine Related
Seizures

There is one study that suggests that patients who
experience a new onset cocaine-related generalized
seizure do not require neuroimaging, as long as they
do not have a severe headache, recover promptly,
and have a normal postictal examination.”” This
study only included 35 patients who had both a
cocaine related seizure and a head CT and was not
part of the formal derivation of a decision rule. In
general, cocaine users are at a significantly increased
risk of intracranial hemorrhage, as well as trauma
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and other risk factors; therefore, care must be
applied when applying this evidence to clinical prac-
tice.

EEG In The ED

An EEG is used to help stratify patients regarding
risk of seizure recurrence; thus, it is an important test
in deciding who needs to be started on an AED. In
addition, as discussed above, the EEG helps to identi-
fy those patients who are in nonconvulsive status
epilepticus. The controversy is when and where an
EEG needs to be done; the corollary is, what is the
impact of delay in making an EEG based diagnosis?
A survey of medical directors in accredited North
American EEG laboratories revealed that a majority
of facilities required neurologic consultation or other
specialized consultation before emergent EEG could
be obtained. Furthermore, though many labs claimed
to provide “emergent” EEG, there was an average

response time of approximately three hours from the
time the test was requested, with a range up to 24
hours.”* A multicenter survey revealed that EEG was
rarely performed in EDs.”

EEG interpretation is also a specialized field with-
in the specialty of neurology, so it is reasonable to get
an EEG only when there is someone available to inter-
pret it. This, along with the generally limited availabil-
ity of EEG in the ED, makes it reasonable to obtain a
neurological consultation prior to considering obtain-
ing an EEG. As of yet, there is no clear recommenda-
tion for ordering an EEG in the ED, and its use will be
heavily dependent on local practice patterns and tech-
nical availability of personnel and equipment. The
ACEP Clinical Policy only states that the EEG be “con-
sidered” for suspected NCSE and subtle SE, as well as
in those patients who have received a long-acting par-
alytic or are in pharmacological coma.

New Anti-epileptic Drugs

Table 7: The New Generation Anti-Epileptic Drugs

Felbamate (Felbatol®): Approved in 1993 for the adjunctive treatment of partial seizures in adults and Lennox-Gastaut
syndrome in children and adults; mechanism of action is not known. The postulated mechanism of action is due to NMDA
receptor interaction. Concurrent administration increases serum concentrations of phenytoin, phenobarbital, and valproic
acid, and will decrease serum concentrations of carbamazepine. It is associated with aplastic anemia and hepatic failure
— currently, use is restricted.

Gabapentin (Neurontin®): Mechanism of action thought to be related to GABA agonist and binding to specific voltage-sen-
sitive calcium channels. Used as an adjunct or partial seizures with or without secondary generalization. It is not metabo-
lized and is excreted unchanged by the kidneys. Adverse reactions are generally mild. It is devoid of any significant drug

interactions.

Levetiracetam (Keppra®): Levetiracetam was approved in 1999 for the treatment of partial seizures with or without sec-
ondary generalization. lts precise mechanism of action is unknown. It is renally excreted and has no known clinically sig-
nificant drug interactions; it has mild adverse effects.

Topiramate (Topiramax®): Approved for refractory partial seizures in adults. It enhances the inhibitor effect of GABA,
blocks sodium channels, and antagonizes kainate/AMPA receptor subtype of the glutamate receptor. Adverse reactions
are generally mild. Topiramate may reduce the effectivenss of oral contraceptives, increase phenytoin concentrations,
and decrease serum digoxin and valproic acid concentrations.

Tiagabine (Gabitril®): Approved for partial seizures. Inhibits the reuptake of GABA by binding to recognition sites associat-
ed with the GABA uptake carrier. Adverse reactions are generally mild. It does not appear to affect the serum concentra-
tions of other drugs.

Zonisamide (Zonegran®): Adjunct treatment for partial seizures in adults. Mechanism of action is thought to involve the
blockade of sodium and T-type calcium channels. Acute psychosis reported in 2% of patients. Other side effects include
decreased sweating, hyperthermia, and renal calculi. It may affect phenytoin and carbamazepine levels.

Lamotrigine (Lamictal®): Adjunct treatment for refractory partial seizures and Lennox-Gastaut syndrome. Mechanism of
action may involve the inhibition of glutamate release by inhibition of voltage-sensitive sodium channels. Lamotrigine car-
ries an FDA black box warning for the development of life-threatening rashes. The risk is increased with concomitant
administration of valproic acid. The metabolism of lamotrigine is enhanced by carbamazepine, phenobarbital, and pheny-
toin and reduced by valproic acid.

Oxcarbazepine (Trileptal®): Approved for monotherapy and adjunct therapy for patients with partial seizures. Mechanism
of action similar to carbamazepine through GABA receptors but less induction of hepatic enzymes. May cause a dose-
related hyponatremia.
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A number of new AEDs have been added to the
armamentarium available for managing seizures. In
the majority of cases, the decision to use these med-
ications should be made in conjunction with the
physician who will assume care for the patient. The
advantage of these drugs are that, in general, they
have a better safety profile than the traditional AEDs,
phenytoin, carbamazepine, Phenobarbital, ethosux-
imide, and valproic acid. The disadvantage is that
they tend to be significantly more expensive. Table 7
lists some of the new AEDs; note that some are not
protein bound and are renally excreted, making them
preferred agents in patients who have liver disease
and/or are on other drugs that are protein bound. Of
the new AEDs, only levotiracetam has an intravenous
formulation (not yet FDA approved) which may have
benefit when rapid loading is required; however,
there are no studies at this time supporting its use in
status epilepticus.

Disposition

Disposition from the ED must take into considera-
tion the patient’s social situation, resources, and
compliance. Patients are not ready for discharge until
they have returned to their baseline mental status.
Patients who have had a first time seizure but have a
completely normal neurologic exam and no underly-
ing medical problems do not usually require admis-
sion, especially if good follow-up can be provided.
Known seizure patients with low AED levels are
usually safe for discharge home once they have been
loaded with their AED. Those with adequate AED
levels and breakthrough seizures are usually safe for
discharge after discussion with their physician or
neurologist and a period of observation from four to
six hours.

All patients who have had a seizure must be
advised not to drive and to avoid placing themselves
or others in potentially dangerous situations until
assessed by their physician. All states have laws reg-
ulating driving and epilepsy though only six states
have mandatory reporting requirements.””

If possible, family members should be instructed
how to handle the patient if another seizure occurs.
Emphasis should be on safe positioning; the myth of
forcing an object, such as a spoon, into the patient’s
mouth to keep them from “swallowing their tongue”
should be explicitily addressed since such action
may result in more harm than good.

Case Conclusion

The 24-year-old student seized for 35 minutes.
Fortunately, the status terminated after 10 mg of
lorazepam and 1800 mg of phenytoin; in preparation for
refractory status, a propofol infusion was set up. A CT of
his head showed a previously undiagnosed glioblastoma
and the patient was admitted to the Neurosurgery Service.

Regarding the question whether you would have been
negligent had the patient been sent home for an out
patient work-up, the literature and ACEP’s Clinical
Policy on Seizures would have supported this strategy and
would not support initiating AED therapy.* Predicting
seizure recurrence is based on the patient’s age, history,
and physical exam, and findings on neuroimaging and
EEG. His age and normal physical exam predicted a low
risk of recurrence; the ACEP Clinical Policy and the
ACEP/AAN Practice Guideline on Neuroimaging after
first time seizures would also support an outpatient evalu-
ation (with the caveat that one could be arranged).* In
this patient’s case, sleep deprivation and stimulant use
most likely uncovered his seizure focus; had he been sent
home, a well documented neurologic exam, clinical deci-
sion making, and discharge instructions would be critical
to any medico-legal defense of your care.
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CMEQuestions

17. Which of the following antiepileptic is the first
choice for status epilepticus?
a. Lorazepam IV
b. Diazepam IV
c. Phenytoin IV
d. Fosphenytoin IV

18. Which of the following needs to be checked prior to
discharge for an otherwise healthy adult female
with a new onset seizure who has returned to base-
line mental status?

Urine toxicology for cocaine

. Pregnancy test

Serum chloride
. Prolactin level
Lumbar puncture (following head CT)

cao o

19. Which of the following is true about fosphenytoin?

a. It is very lipid soluble and so penetrates the CNS
faster than phenytoin

b. It has cardiac side effects

c. Because it is not diluted in propylene glycol, it
can be given as an IV push

d. The pH is 12

e. It is available in generic form

20. Pyridoxine is effective in isoniazid (INH) induced
seizures by which mechanism?
a. it competes for INH binding sites on the GABA
receptor
b. it helps replenish GABA stores depleted by INH

c. It has sodium channel blocking properties
d. It up-regulates the GABA A receptor making it
more receptive to endogenous GABA

21. Phenytoin or fosphenytoin prevents:

a. Alcohol withdrawal seizures

b. Long term development of seizures after traumat-
ic brain injuries

c. Short term development of seizures after traumat-
ic brain injuries

d. Chronic pain development with herpes zoster

e. Short term development of epilepsy after the first
presentation with a seizure

22. You have been observing a 53 yo chronic alcoholic in
your department for 8 hours. He was originally
found on the street intoxicated. Prior to his dis-
charge he has a tonic-clonic seizure lasting 30 sec-
onds followed by a post ictal period of confusion.
Which of the following is your next intervention?

a. Admit the patient to the neurology service for
observation

b. Admit the patient to a monitored bed for impend-
ing delirium tremens

c. Administer 2 mg of lorazepam IV and observe for
6 hours.

d. Give valium 20mg orally and discharge the
patient quickly when he returns to a baseline
mental status.

e. Get a STAT head CT

23. You suspect a 38 yo male in police custody is faking a
seizure: which of the following is your best
approach?

a. Alow serum prolactin level.

b. Put him in a dark, quiet room to decrease the
attention he is getting

c. Tell him you know he is faking it and that he
won’t get fed until he stops acting out.

d. Observe his gaze as you turn his head side-to-side
to see if he avoids eye contact with you

24. Of the following, which is the best way to load a
patient who seized due to non-compliance with
phenytoin?

a. oral load with fosphenytoin 20mg/kg

b. oral load with phenytoin 20mg/kg, divided into 3
divided doses, 4 hours apart

c. IV load over 10 minutes with phenytoin 20mg/kg

d. IM load with fosphenytoin 20mg(PE)/kg

e. all of the above

25. A 62 yo hypertensive woman was found to have a
subarachnoid hemorrhage. She has a GCS =13 and
her BP is well controlled. While waiting for an ICU
bed, she begins to seize. After receiving 10 mg of IV
Lorazepam over 10 minutes, she continues to have
less vigorous but present tonic-clonic activity. What
is your next course of action?

a. Intubation, vecuronium and repeat head CT to
assess worsening hemorrhage

b. Start loading phenytoin or fosphenytoin.

c. Start propofol drip

d. Start pentobarbital drip
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26. Regarding nonconvulsive status epilepticus, which of

the following is true?

a. It is rare and relatively benign

b. It may be the underlying disorder etiology for
coma of undetermined etiology

c. It generally develops after a SE patient continues
to seize for more than one hour

d. This is the term given to a convulsive SE patient
after long acting paralytic agents have been given.

27. Which of the following antiepileptic drugs is renally
excreted and does not interfere with drug levels of
patients who are on other protein bound medica-

tions?
a. Phenytoin
b. Felbamate
c. Carbamazepine
d. Levetiracetam

28. Which of the following is true of simple febrile

seizures?

a. They are associated with a significant incidence of

bacteremia

Class Of Evidence Definitions

Each action in the clinical pathways section of Emergency Medicine
Practice receives a score based on the following definitions.

Class |

« Always acceptable, safe

« Definitely useful

* Proven in both efficacy and
effectiveness

Level of Evidence:

* One or more large prospective
studies are present (with rare
exceptions)

* High-quality meta-analyses

« Study results consistently positive
and compelling

Class Il
« Safe, acceptable
* Probably useful

Level of Evidence:

» Generally higher levels of evidence

* Non-randomized or retrospective
studies: historic, cohort, or case-
control studies

* Less robust RCTs

 Results consistently positive

Class llI

* May be acceptable

* Possibly useful

« Considered optional or alternative
treatments

Level of Evidence:
» Generally lower or intermediate
levels of evidence

» Case series, animal studies, con-
sensus panels
* Occasionally positive results

Indeterminate

* Continuing area of research

* No recommendations until further
research

Level of Evidence:

« Evidence not available

* Higher studies in progress

* Results inconsistent, contradictory
* Results not compelling

Significantly modified from: The
Emergency Cardiovascular Care
Committees of the American Heart
Association and representatives
from the resuscitation councils of
ILCOR: How to Develop Evidence-
Based Guidelines for Emergency
Cardiac Care: Quality of Evidence
and Classes of Recommendations;
also: Anonymous. Guidelines for
cardiopulmonary resuscitation and
emergency cardiac care. Emergency
Cardiac Care Committee and
Subcommittees, American Heart
Association. Part IX. Ensuring effec-
tiveness of community-wide emer-
gency cardiac care. JAMA
1992;268(16):2289-2295.

b. Recurrance should be prevented by placing the
patient on Phenobarbital for six months

c. Patients with a first time simple febrile seizure
should have a noncontrast head CT as part of
their evaluation

d. CSF analysis is not indicated in patients with a
first time simple febrile seizure
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