
February 2009
Volume 6, Number 2

Authors

Christopher D. Berg, DO, FAAEM
Attending Physician, Emergency Medicine Department, Provena 
St Joseph Medical Center, Joliet, IL; Attending Physician, 
University of Illinois Medical Center at Chicago, Chicago, IL
Heather Schumann, PharmD
Clinical Assistant Professor, Department of Pharmacy Practice, 
University of Illinois at Chicago College of Pharmacy, Chicago, IL

Peer Reviewers

Martin I. Herman, MD
Professor of Pediatrics, UT College of Medicine, Assistant 
Director of Emergency Services, Lebonheur Children’s Medical 
Center, Memphis, TN
Paula J. Whiteman, MD, FACEP, FAAP
Attending Physician, Ruth and Harry Roman Emergency 
Department, Cedars-Sinai Medical Center, Los Angeles, CA; 
Director of Pediatric Emergency Services, Tarzana Regional 
Medical Center, Tarzana, CA

CME Objectives 

Upon completion of this article, you should be able to:

1. Recognize the epidemiology, etiology, and differential 
diagnosis of pediatric seizures, including special types of 
seizures seen with neonates, infants, and children.

2. Assess which diagnostic tests are most appropriate in the 
initial emergency department evaluation of a pediatric 
seizure.

3. Employ the best evidence-based medicine approach and 
guidelines to the optimal management of a pediatric seizure.

Date of original release: February 1, 2009
Date of most recent review: January 10, 2009

Termination date: February 1, 2012
Medium: Print and Online

Method of participation: Print or online answer form and 
evaluation

Prior to beginning this activity, see “Physician CME Information” 
on the back page.

An Evidence-Based Approach 
To Pediatric Seizures In The 
Emergency Department
 
An 11-month-old baby is rushed back to a room in your emergency depart-
ment, carried by his mother. The baby appears to be having a prolonged 
generalized seizure. His parents are frantic; they have never seen him act 
like this before. Checking his airway is your first concern, and you scramble 
for the suction and the pediatric ambu-bag. The resident working with 
you looks like a deer in headlights; this is his first encounter with a seizing 
infant. The nurses look to you, the attending physician, for direction as they 
struggle with the baby’s arm for IV access. You, an avid reader of evidence-
based medicine regarding the management of pediatric seizures, know 
exactly what to do to help this baby.

Pediatric seizures are a common occurrence and a frequent pre-
sentation to the emergency department (ED). It is estimated that 

at least 4% to 6% of all children will have a seizure by the time they 
are 16 years of age.1

 It is important for the ED physician to know the many possible 
causes of seizures and to be comfortable treating seizures in neo-
nates and children in order to provide the best possible standard of 
care for such patients when they present to the ED. 
 Appropriate management can help reduce the anxiety (often ex-
perienced by the parents, physicians, and patients) that accompanies 
the evaluation and treatment of pediatric seizures. By using a practi-
cal and pragmatic approach, the physician can reduce the number of 
laboratory tests, painful phlebotomies, and uncomfortable lumbar 
punctures. Neuroimaging, which sometimes requires pediatric seda-
tion and risks long-term effects of radiation exposure, can also be re-

AAP Sponsor
Martin I. Herman, MD, FAAP, FACEP 
 Professor of Pediatrics, UT 

College of Medicine, Assistant 
Director of Emergency Services, 
Lebonheur Children’s Medical 
Center, Memphis, TN

Editorial Board
Jeffrey R. Avner, MD, FAAP 

Professor of Clinical Pediatrics 
and Chief of Pediatric Emergency 
Medicine, Albert Einstein College 
of Medicine, Children’s Hospital at 
Montefiore, Bronx, NY

T. Kent Denmark, MD, FAAP, 
FACEP

 Medical Director, Medical Simulation 
Center; Associate Professor of 
Emergency Medicine and Pediatrics, 
Loma Linda University Medical 
Center and Children’s Hospital, 
Loma Linda, CA

Michael J. Gerardi, MD, FAAP, 
FACEP 

 Clinical Assistant Professor of 
Medicine, University of Medicine 
and Dentistry of New Jersey; 
Director, Pediatric Emergency 
Medicine, Children’s Medical 
Center, Atlantic Health System; 
Department of Emergency 
Medicine, Morristown Memorial 
Hospital, Morristown, NJ

Ran D. Goldman, MD
 Associate Professor, Department 

of Pediatrics, University of Toronto; 
Division of Pediatric Emergency 
Medicine and Clinical Pharmacology 
and Toxicology, The Hospital for Sick 
Children, Toronto, ON

Mark A. Hostetler, MD, MPH 
Assistant Professor, Department 
of Pediatrics; Chief, Section of 
Emergency Medicine; Medical 
Director, Pediatric Emergency 
Department, The University 
of Chicago, Pritzker School of 

Medicine, Chicago, IL
Alson S. Inaba, MD, FAAP,  

PALS-NF
 Pediatric Emergency Medicine 

Attending Physician, Kapiolani 
Medical Center for Women & 
Children; Associate Professor of 
Pediatrics, University of Hawaii 
John A. Burns School of Medicine, 
Honolulu, HI; Pediatric Advanced 
Life Support National Faculty 
Representative, American Heart 
Association, Hawaii and Pacific 
Island Region

Andy Jagoda, MD, FACEP 
 Professor and Vice-Chair of 

Academic Affairs, Department 
of Emergency Medicine, Mount 
Sinai School of Medicine; Medical 
Director, Emergency Medicine 
Department, Mount Sinai Hospital, 
New York, NY

Tommy Y. Kim, MD, FAAP
 Attending Physician, Pediatric 

Emergency Department; Assistant 
Professor of Emergency Medicine 
and Pediatrics, Loma Linda 
Medical Center and Children’s 
Hospital, Loma Linda, CA

Brent R. King, MD, FACEP, FAAP, 
FAAEM

 Professor of Emergency Medicine 
and Pediatrics; Chairman, 
Department of Emergency Medicine, 
The University of Texas Houston 
Medical School, Houston, TX

Robert Luten, MD
 Professor, Pediatrics and 

Emergency Medicine, University of 
Florida, Jacksonville, FL 

Ghazala Q. Sharieff, MD, FAAP, 
FACEP, FAAEM

 Associate Clinical Professor, 
Children’s Hospital and Health Center/
University of California, San Diego; 
Director of Pediatric Emergency 
Medicine, California Emergency 
Physicians, San Diego, CA

Gary R. Strange, MD, MA, FACEP 
Professor and Head, Department 
of Emergency Medicine, University 
of Illinois, Chicago, IL

Adam Vella, MD, FAAP 
 Assistant Professor of Emergency 

Medicine, Pediatric EM Fellowship 
Director, Mount Sinai School of 
Medicine, New York, NY

Michael Witt, MD, MPH, FACEP, 
FAAP  

 Attending Physician, Division of 
Emergency Medicine, Children’s 
Hospital; Instructor of Pediatrics, 
Harvard Medical School, Boston, 
MA

Research Editor
Christopher Strother, MD 
 Fellow, Pediatric Emergency 

Medicine, Mt. Sinai School of 
Medicine; Chair, AAP Section on 
Residents, New York, NY

 Accreditation: This activity has been planned and implemented in accordance with the Essentials and Standards of the Accreditation Council for Continuing Medical Education (ACCME) through 
the sponsorship of EB Medicine. EB Medicine is accredited by the ACCME to provide continuing medical education for physicians. Faculty Disclosure: Dr. Berg, Dr. Schumann, Dr. Whiteman, 
Dr. Herman, and their related parties report no significant financial interest or other relationship with the manufacturer(s) of any commercial product(s) discussed in this educational presentation. 

Commercial Support: EB Medicine does not accept any commercial support.

AN EVIDENCE-BASED APPROACH TO PEDIATRIC EMERGENCY MEDICINE s EBMEDICINE.NET

P E D I A T R I C
EmERgEnCy mEDICInE Practice 



Pediatric Emergency Medicine Practice © 2009 2 EBMedicine.net • February 2009

duced with evidence-based management of pediatric 
seizures. 

 Critical Appraisal Of The Literature

In writing this paper, the authors reviewed the avail-
able literature on pediatric seizures with a particular 
focus on the best evidence-based articles and studies 
on the subject. Search methods included the follow-
ing search terms: pediatric seizures, pediatric seizures 
febrile, English, human, review or practice guideline, 
or meta-analysis. We endeavored to isolate articles 
and studies that attempted to focus on evidence-
based medicine. Most articles were in English, while 
some were English translations of the original lan-
guage. WebMed, MEDLINE, the Cochrane Database, 
and PubMed were used, along with general internet 
searches on this topic. 

 Etiology Of Pediatric Seizures

The emergency physician needs to be aware of the 
many potential causes of pediatric seizures, as iden-
tifying the cause can often help to abort the seizure 
and prevent further seizure activity.
 Several etiologies of pediatric seizures exist.  
(See Table 1.)2,126

Types Of Seizures And Definitions3,4,5

Seizures can be defined as transient, paroxysmal, 
involuntary events characterized by alterations of 
consciousness, behavior, motor skills, autonomic ac-
tivity, or sensation, resulting from abnormal, invol-
untary rhythmic discharges from a group of neurons 
in the brain.2,6 Seizures can be brief, lasting less than 
5 minutes, or prolonged, lasting longer than 5 min-
utes. Status epilepticus involves continuous seizure 
activity or intermittent seizure activity without full 
recovery for a period of 30 minutes or longer.7 The 
term ”epilepsy” refers to that state of susceptibility 
of a child or adult to recurrent seizures. 
 The physician should be able to recognize sei-
zure activity, either from the history or from direct 
observation in order to best categorize and treat the 
seizure. Seizures can be divided into generalized or 
partial types.

Generalized Seizures
Generalized seizures are associated with the in-
volvement of both cerebral hemispheres and can be 
convulsive or nonconvulsive. Motor involvement, 
if present, is most often bilateral. An altered level of 
consciousness can be present with generalized sei-
zures. Types of generalized seizures are as follows:

Absence Seizures (petit mal)
Absence or petit mal seizures can present with star-

ing spells or abrupt losses of consciousness that are 
frequent and brief. Absence seizures can be induced 
by hyperstimulation and/or photic stimulation. 
These seizures are often accompanied by eyelid 
flickering and typically end abruptly with resump-
tion of the child’s activity.

Atonic Akinetic Seizures
Atonic akinetic seizures are identifiable as drop 
attacks or loss of tone or posture. Atonic akinetic 
seizures are often seen as a head drop in infants. 

Tonic-Clonic Seizures (grand mal)
Tonic-clonic or grand mal seizures consist of jerking 
movements associated with stiffness.

Tonic Seizures
Tonic seizures are indicated by stiffness or rigidity 
and can involve one side or both sides of the body. If 
the body is affected bilaterally, the seizures may be 
asymmetric or symmetric.

Table 1. Various Causes Of Seizures
Developmental Or Congenital Withdrawal Syndromes

l   Genetic (inborn errors of 
metabolism)

l   Congenital anomalies, birth 
injury, hypoxic encephalopa-
thy, stroke, brain hemor-
rhage, vascular injury, brain 
contusion

l   Degenerative cerebral 
diseases

l   Neurocutaneous syndromes

l   Alcohol
l   Anticonvulsants

Mechanical or Traumatic Drugs, Medications

l   Ventriculoperitoneal (VP) 
shunt malfunction

l   Head trauma (accidental, 
child abuse)

l   Cocaine, amphetamines, 
alcohol

l   Phenothiazines
l   Sympathomimetics
l   Lithium
l  Isoniazid (INH)
l   Lindane
l   Acetylsalicylic acids (ASA), 

salicylates
l   Theophylline

Metabolic Infectious

l   Hypocalcemia
l   Hypomagnesemia
l   Hyponatremia
l   Hypercarbia
l   Hypoxia
l   Pyridoxine deficiency
l   Hypoglycemia
l   Inborn errors  of metabolism

l   Meningitis (bacterial, viral, 
fungal)

l   Encephalitis
l   Neurocystercercosis
l   Brain abscess
l   Shigella gastroenteritis

Poisonings Idiopathic

Organophosphates• 
Lead• 

Epilepsy• 
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Clonic Seizures
Clonic seizures involve jerking movements that are 
often asymmetric and irregular. These seizures usu-
ally occur more frequently in neonates, infants, and 
young children.

Myoclonic Seizures
Myoclonic seizures involve rapid jerking of the body 
or limbs on one or both sides of the body.

Partial Seizures
Partial seizures can be simple or complex. A partial 
seizure is defined as a focal event.

Simple Partial Seizure
Simple partial seizures result in no impairment of 
consciousness; clinical localization of epileptic focus 
is possible. The twitching of an arm in an awake 
patient is an example of a simple partial seizure.

Complex Seizure
A complex seizure is a partial seizure associated 
with loss of consciousness. Complex seizures can be 
preceded by an aura and are associated with certain 
automatisms.3 In 30% of children with either simple 
or complex partial seizures, the child can progress to 
having generalized seizures.2

Special Seizures

Neonatal Seizures
Neonatal seizures, which occur in patients 0 to 28 
days old, are either clinically evident or are electro-
encephalographic seizures.8 The overall incidence of 
neonatal seizures is estimated at 1.8 to 3.5 per 1000 
newborns.9 The neonatal brain can be at increased 
risk for seizures for several reasons, particularly 
the traumatic birthing process, which can result in 
intracranial hemorrhage, hypoxia, or other injury. 
Since the neonatal brain is more susceptible to infec-
tion (such as meningitis or encephalitis) than an in-
fant or child’s brain and since the neonate’s immune 
system is not yet fully developed, this increased risk 
of brain infection means an increased risk of seizure. 
The neonatal brain may also have some intrinsic 
metabolic or brain developmental abnormality that 
can make it prone to seizures. One example of meta-
bolic abnormality is that of pyridoxine deficiency, 
a rare autosomal recessive disorder that can cause 
neonatal seizures.2 The most common (60% – 65%) 
cause of all neonatal seizures is hypoxic ischemic 
encephalopathy.9

 The issues an emergency physician faces when a 
neonate presents with a possible seizure are those of 
initial recognition and description of the activity, sei-
zure etiology, whether the seizure was provoked or 
unprovoked, differential diagnosis, treatment, dispo-
sition, and prevention of neonatal brain injury.9,10

 The initial identification of a neonatal seizure 
can be challenging, as there is poor correlation 
between the clinical and EEG evidence of seizure ac-
tivity.2,8 Neonates can present with movements that 
may mimic seizure-like activity, such as jitteriness or 
some paroxysmal movement, such as dyskinesia or 
dysmotility. Neonatal apneic spells may or may not 
be the symptoms of real seizure activity. Some au-
thors on the subject of neonatal seizures require only 
a clinical diagnosis, whereas other authors insist 
that EEG criteria, with or without physical activity, 
is required to make a diagnosis of neonatal seizure. 
Synchronized video electroencephalographic moni-
toring has enabled physicians to more clearly define 
epileptic versus non-epileptic activity.10

 Not surprisingly, the literature shows that there 
is controversy regarding the treatment of neona-
tal seizures, which medications are indicated, and 
whether or not the seizures should be treated at all. 
Of course, emergent attention to airway and vital 
signs including oximetry should be paid if a neonate 
presents to the ED with a seizure. Hypoglycemia 
and other electrolyte abnormalities as well as infec-
tious etiologies should be excluded in the evaluation 
of a neonatal seizure.
 Certainly, if there is a known cause of a neona-
tal seizure that is treatable, such as hypoglycemia, 
glucose should be given. In the case of pyridoxine 
deficiency, the seizure may best be treated with pyri-
doxine since these seizures will not respond to the 
usual therapy for status epilepticus.2

 In regards to anti-epileptic drugs (AEDs) and the 
neonatal seizure, the controversy regarding medica-
tions is partly related to the question of whether or not 
neonatal seizures themselves cause brain injury. One-
third of neonatal seizure survivors suffer from motor 
deficits, some sort of mental deficit, or epilepsy.9

 In a review of randomized controlled trials, 
Booth and Evans (Cochrane Database, neonatal 
group) concluded that no definite recommenda-
tions could be made regarding the use or non-use of 
anticonvulsant therapy for neonatal seizures. This 
study noted that there are recommendations that 
neonatal seizures should be treated, but it stressed 
that the evidence base to support this stance is of 
relatively low-grade quality.8 AEDs used to treat 
neonatal seizures (common first-line treatments are 
phenobarbital and phenytoin) were reviewed, and it 
was noted that they carry their own side effects and 
risk of immediate and long-term morbidity.11,12

 Despite the controversy over whether or not 
treatment of neonatal seizures is beneficial overall, 
neonatal seizures are not benign.8,9 
 Animal models have also shown that neonatal 
seizures have had an adverse effect on neurodevel-
opment and have caused impaired learning ability. 
Human studies have shown that neonates with a 
greater number of brief electrographically-confirmed 
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seizures have worse outcomes.9 
 There are several medications that may be utilized 
in stopping prolonged or recurrent neonatal seizures 
in the ED. Perhaps the most common is phenobarbital 
and then dilantin, with benzodiazepines and lidocaine 
utilized with variable outcomes (such as variabilities in 
success as well as drug side effects).8,9,10

 Overall prognosis for the neonate with seizures 
is poor.8,9,10 Despite this traditional history of poor 
prognosis, Wirrell and others point out that the 
overall prognosis of neonatal seizures has improved, 
noting animal studies indicated that the neonatal 
brain may not be as susceptible to permanent brain 
injury from prolonged seizure as the adult brain.

Benign Familial Neonatal Seizures (BFNS)
This special neonatal seizure is considered sepa-
rate from the previous neonatal seizure discus-
sion. Because BFNS are caused by an autosomal-
dominant disorder, discovered to be related 
to mutations in the potassium channel genes 
KCNQ2. They are often characterized by tonic 
or clonic seizures in a previously well neonate, 
presenting on day 2 or 3 of life. BFNS will eventu-
ally stop recurring after a few weeks, resulting in 
excellent prognosis for the baby.13

Infantile Spasms Or West Syndrome
Infantile spasms or West syndrome is a severe form 
of epilepsy, occurring in about 1 in 2000 to 6000 live 
births. Patients with West syndrome present in the 
first year of life often initially with sudden con-
tractures of the torso, limbs, and head. The classic 
presentation called the ‘salaam’, is characterized by 
the infant stretching out his hands, flexing at the 
trunk and hips, and bowing the head. The spasms 
occur in clusters, as frequent as 10 to 20 attacks in a 
row. The EEG is always abnormal and diagnostic for 
infantile spasms with either a hypsarrythmia pattern 
or a burst suppression pattern.14

  Only 5% to 10% of children with infantile spasms 
have normal to near normal intelligence. Mortality in 
these same children is as high as 15% to 20%. Both the 
infantile spasms and EEG resolve gradually whether 
treatment is rendered or not. By age 2, 50% of chil-
dren no longer have frequent spasms, and the spasms 
become rare by age 5. There seems to be a close cor-
relation between West syndrome and Lennox-Gastaut 
syndrome (which is defined in the next section), as 
one-third of children with Lennox-Gastaut syndrome 
will have had infantile spasms.4

 Treatment of infantile spasms is ACTH (adrenocor-
ticotropic hormone) intramuscular injections. Parents 
need to learn how to administer this medication intra-
muscularly. Later the treatment may be changed over 
to oral prednisone, depending on the overall success in 
controlling seizures.14

Lennox-Gastaut Syndrome (LGS)
Onset of this seizure disorder usually occurs be-
tween 3 and 5 years of age. LGS is notable for its 
mixed seizures, a combination of atonic, tonic, 
myoclonic, and absence seizures. Most of these chil-
dren have severe behavioral and mental retardation 
problems and have EEGs that show a slow, irregular 
high voltage spike pattern.2,6,15

Benign Rolandic Epilepsy
Benign rolandic epilepsy affects children between 
3 and 13 years of age and is, as the name implies, a 
benign syndrome. These seizures occur at night, of-
ten seen as simply clonic activity of the face, which 
implies abnormal stimulus from the rolandic region 
of the brain. The facial clonic activity can progress 
to a generalized seizure. EEG shows perisylvian 
spiking over the centrotemporal parietal regions 
of the brain. There seems to be a genetic predis-
position to benign rolandic epilepsy. Seizures in 
children with this disorder are infrequent, usually 
do not require therapy, but have been shown to be 
responsive to carbamazepine. Persons typically 
outgrow this type of seizure by adolescence or 
adulthood.15

Mesial Temporal Lobe Epilepsy (MTLE)
MTLE is the most common form of temporal lobe 
epilepsy. The exact etiology is unknown, although 
commonly the child with MTLE has a history of in-
jury at birth or early on in life or a history of febrile 
seizures, meningitis, or encephalitis. 
 The seizures are characterized by onset of 
complex partial seizures in early adult hood. A high 
resolution MRI of the brain shows mesial temporal 
lobe sclerosis. Often refractory to medication, some 
hope has been shown for this condition, as it re-
sponds well to epilepsy surgery. 

Autonomic Seizures
Autonomic seizures manifest as autonomic symptoms, 
usually emesis, but sometimes other symptoms are 
present, such as hypersalivation, variations in intestinal 
motility, mydriasis, miosis, or incontinence of urine or 
stool. In one-fifth of cases, the autonomic seizures are 
associated with ictal syncope. Autonomic seizures are 
noted to affect about 13% of children 3 to 6 years of age 
with one or more afebrile seizures and can be idiopath-
ic (ie, Panayiotopoulos syndrome.) Approximately 10% 
to 20% of autonomic seizures are due to some cerebral 
pathology. The autonomic seizures can progress to 
more conventional seizure movement, with jerking 
movement, hemi-convulsions, Jacksonian marching, 
and confusion also occurring. Autonomic seizures are 
often misunderstood and misdiagnosed and treated 
incorrectly as encephalitis, atypical migraine, gastroen-
teritis, or cardiogenic syncope.5
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Juvenile Myoclonic Epilepsy Of Janz (JME)
JME is an idiopathic, generalized epileptic syn-
drome. This syndrome is notable for its generalized 
tonic-clonic seizures, myoclonic jerks, and some-
times absence syndromes. During myoclonic jerks, 
patients do not lose consciousness. Some persons 
with JME have microscopic brain alterations. JME 
is an inherited disorder, and the exact inheritance 
mechanism is unknown. 
 One-third of persons with JME have a positive 
family history of epilepsy. Some families have been 
found to have specific mutations that manifest as the 
clinical phenotype of JME. Age of onset varies from 
6 to 36 years, but onset of JME typically occurs dur-
ing adolescence.16

 Severity of JME seems to decrease as the patient 
grows older. JME becomes less common in persons 
older than 60 years of age.
 Seizures are often precipitated by lack of ad-
equate sleep, psychological stress, alcohol usage, 
and menses, and they often occur in the morning. 
Treatment includes limiting precipitating factors and 
antiepileptic drugs (AEDs). Valproic acid has been 
considered for many years the drug of choice, al-
though other medications are continually being used 
as first-line therapy.16

Febrile Seizures
A febrile seizure occurs in the setting of a fever greater 
than 100.4°F (38°C).17 In 1980, The National Institutes 
of Health consensus statement defined a febrile seizure 
as, “an event in infancy or childhood usually occurring 
between 3 months and 5 years of age, associated with 
fever but without evidence of intracranial infection or 
defined cause.”18

 This definition of febrile seizure does not include 
those children with a history of prior afebrile seizures 
who then present with fever and concomitant seizure. 
The International League Against Epilepsy has a 
similar definition of febrile seizure, but theirs includes 
children as young as 1 month of age.128

 Febrile seizures can either be simple or complex. 
Simple febrile seizures are generalized, brief (last-
ing less than 15 minutes), and occur in children 6 
months to 5 years of age.18 Simple seizures do not 
result in long-term neurological or cognitive effects.2 
Complex febrile seizures are focal and/or pro-
longed, last longer than 15 minutes, or recur within 
a 24-hour period. Complex seizures are associated 
with an increase risk (9%) of meningitis compared to 
simple febrile seizures (3%).20 There is an increased 
risk of febrile seizures in children with a family his-
tory of febrile seizures.14

 Approximately 33% of children who experience 
a febrile seizure will experience a second febrile 
seizure, with peak incidence of febrile seizures oc-
curring at about 18 months of age. There is no strong 
evidence that giving any antipyretics in the absence 

of AEDs can prevent recurrent febrile seizures.14,124

 AEDs are not routinely recommended for the 
chronic prevention of febrile seizures.2,124

 Children with febrile seizures have only a 
1% to 2% chance of developing lifetime epilepsy, 
compared to only a 0.5% to 1% risk in other chil-
dren, unless there are 2 or more risk factors, such as 
family history of epilepsy, neurological condition 
or disorder, or complex seizure; then the risk for 
epilepsy jumps to 10%.2

 Seizure-Like Activity Versus Real Seizures

Sometimes a physician can misdiagnose a certain 
event as a seizure when the child did not have a sei-
zure at all. There are many conditions that may mimic 
seizure activity. See Table 2 for more information.

Pseudoseizures
Pseudoseizures are also known as “psychogenic non-
epileptic seizures” or “PNES.” The pseudoseizure is 
an episode of altered sensation and/or perception 
and/or motor activity, which may appear similar to 
those experienced and seen in epileptic seizures.21  
The cause of a pseudoseizure is not the consequence 
of abnormal discharges in the brain but rather a 
psychological or emotional response related to a 
conversion or dissociative disorder. Pseudoseizures 
are often a response to some psychosocial stressor. 
Sometimes a pseudoseizure can be the manifestation 
of malingering or mimicry.21

 Pseudoseizures can be deceiving to the ED 
physician as the patient may exhibit some activity or 
behavior that imitates seizure activity. To compound 
the confusion and risk of misdiagnosis and mis-
management is the fact that epileptic seizures can 
occur in 5% to 50% of persons with pseudoseizures, 
depending on the source cited.6,21

 One clinical characteristic that would sug-
gest but not rule out a pseudoseizure is the actual 
duration of the event (longer than 10 to 30 minutes 
indicates the event is more likely a pseudoseizure).6 

Table 2. Conditions That May Mimic Seizure 
Activity 2,3,9,14

l Any cause of syncope: breath-holding spells, cardiac dysrhyth-
mias

l Sleep disorders: parasomnias, sleepwalking, narcolepsy, night 
terrors

l Psychological causes: delusions, hyperventilation, ADHD, panic 
attacks, hysteria, psychotic hallucinations, daydreaming

l Autonomic alterations: meiosis, mydriosis, other autonomic 
phenomenon

l Neurological phenomenon: migraines, transient ischemic at-
tacks, hyperreflexia

l Paroxysmal disorders of movement: shuddering attacks, jitteri-
ness, spasmus mutans, dystonia, dyskinesia, pseudoseizures

l GI phenomenon: Gastroesophageal reflux, emesis
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Consciousness is also preserved in pseudoseizures, 
despite whole-body jerking movements. Bizarre 
movements, including pelvic thrusting, can also be 
suggestive of a pseudoseizure. Clinical characteris-
tics that suggest the patient may be having a genu-
ine seizure are incontinence, injuries sustained such 
as from a fall, tongue margin bite marks, or lacera-
tions of the tongue.6

 Recent literature presents eye opening as one 
way to help distinguish whether or not a true 
seizure has occurred. In a study of infants with 
paroxysmal events, utilizing retrospective video 
electroencephalograms involving 91 seizures in 69 
infants, eyes were noted to be open in 85 (93.4%) of 
the seizures.122 The study concluded that if the infant 
had their eyes closed throughout the paroxysmal 
event, the infant was likely not having a seizure. 
 A separate study looked at the retrospective data 
of 234 patients who underwent long-term video scalp 
EEG monitoring. The authors studied the symptom 
of ictal eye closure in patients with PNES and epilep-
tic seizures (ES). The authors noted that 50 of the 52 
patients with PNES consistently had their eyes closed 
during the seizure, while 152 of the 156 patients with 
ES opened their eyes in the beginning of their seizure. 
The conclusion from this study was that ictal eye clo-
sure is a highly reliable indicator for PNES, and ictal 
eye opening is a good indicator of ES.123

 Diagnosis of pseudoseizure can be confirmed 
with video EEG, which should show normal EEG ac-
tivity during the seizure-like activity. Distinguishing 
pseudoseizure from real seizure activity is important 
to avoid prescribing AEDs unnecessarily, to avoid 
or alleviate any anxiety or stigma the patient may 
have if misdiagnosed with a seizure disorder, and to 
help direct more appropriate psychiatric treatment 
towards any underlying emotional or psychological 
etiology of the pseudoseizure. 

 Laboratory Tests In The Evaluation 
 Of Pediatric Seizures

Laboratory tests may be of use in the initial evalu-
ation of the pediatric seizure patient in the ED, 
depending on the type of seizure and the age of the 
patient. Not all seizing pediatric patients require 
extensive laboratory tests. 

Afebrile Seizures And Laboratory Testing
Neonatal seizures require an initial evaluation of the 
serum electrolytes, glucose, calcium, and magne-
sium.2 If a seizing neonate, infant, or child presents to 
the ED, little doubt exists as to the usefulness and im-
mediacy of a bedside glucose test for hypoglycemia. 
Questions arise in the literature as to the reasoning for 
other laboratory tests, such as screening for electro-
lyte abnormalities in pediatric patients (older than 
the neonate). Infants less than 6 months of age have 

been shown to have increased risk of hyponatremia 
(which can cause seizures), due to an increase of free 
water intake from over-dilution of formula.2 In infants 
6 months to 1 year  of age with afebrile seizures, little 
data exists for justifying laboratory tests; however, 
one study by Scarfone et al examined the utility of 
such testing.22 This study was a retrospective consecu-
tive cohort that examined 214 patient visits by 149 
infants who presented to the ED with either afebrile 
or febrile seizures. The study reported that 67 infants 
had electrolytes tested; of these, 9 had significant ab-
normalities. Twenty-one infants had afebrile seizures 
and seized in the ED; of these, 9 also had significant 
electrolyte abnormalities.  Twenty-one infants had 
afebrile seizures and seized in the ED; of these 21, 
9  also had significant electrolyte abnormalities, as 
did hypothermic patients and neonates (less than 1 
month of age). The authors concluded that laboratory 
testing was recommended for infants who present to 
the ED with afebrile seizures, especially those infants 
with afebrile seizures who actively seize in the ED. 
Electrolyte testing was also recommended for babies 
suffering seizures who are less than 1 month of age 
and also for infants that have a temperature less than 
36.5°C (97.7°F).22 In infants less than 6 months of age, 
a temperature less than 36.5°C has been noted to be 
the best predictor of hyponatremia-induced seizures.2

Febrile Seizures And Laboratory Testing
In general, laboratory tests (such as CBC, electro-
lytes, calcium, magnesium, glucose, and phospho-
rus) should be tailored to the febrile child’s symp-
toms, seizure type, and history.126

 If a seizing febrile child has had several episodes 
of vomiting and diarrhea, it is also prudent to check 
electrolytes, just as if the child had seized without 
fever.126 In the case of simple febrile seizures, routine 
laboratory tests are usually not indicated.17

 Recommendations in the literature for complex 
febrile seizures are not as clear as those for simple 
febrile seizures.126 Because of the lack of clear guide-
lines compared to that for simple febrile seizures, 
there should be a lower threshold for laboratory 
tests in children who present with complex febrile 
seizures. A child with fever may also have a prior 
seizure disorder, and seizure medication levels may 
need to be checked. 
 When searching for a fever without a source in 
a child that has seized, it is reasonable to obtain a 
CBC, catheterized urine for urinalysis and urine cul-
ture, stool culture for bacterial or viral enteric infec-
tion, and shigellosis or nasal swabs for respiratory 
syncytial virus (RSV) or influenza if appropriate.23

 The incidence of occult bacteremia in febrile 
seizures in children less than 2 years of age is 5%, 
the same as the incidence (5%) of children with 
fever alone.23
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 When Is A Lumbar Puncture Indicated In The   
 Evaluation Of A Pediatric Seizure?

The lumbar puncture (LP) is a frequently performed 
procedure in the ED. This procedure has its own 
unique indications and contraindications. Contraindi-
cations to a lumbar puncture include the following:24

l Signs of increased intracranial pressure with 
altered mental status

 l Focal neurological signs
 l Coagulopathy or bleeding diathesis
 l Platelet abnormality or deficiency
 l Cardiorespiratory compromise or distress
l Local infection at the site of proposed insertion 

of the spinal needle

Indications For Lumbar Puncture
The literature primarily indicates that a lumbar 
puncture is indicated when the physician is enter-
taining the possibility of meningitis or encephalitis 
as being the cause of the seizure.23,25

Lumbar Puncture And Afebrile Seizures
 A lumbar puncture does not need to be performed 
in a well-appearing child with a first afebrile seizure, 
but it should be performed if there is a concern for 
meningitis or encephalitis (both are possible condi-
tions even in the absence of fever).23

 Routine lumbar puncture is not indicated in 
patients who are oriented, alert, and nontoxic after a 
first-time afebrile seizure. A lumbar puncture should 
be done in the setting of a neonatal seizure and 
should be considered in infants and children with 
prolonged post-ictal period, altered mental status, or 
signs of meningeal irritation.2

Lumbar Puncture And Febrile Seizures
It is clear that the physician should perform the LP 
when meningitis is suspected as the cause of the 
seizure, but what is it about the patient that causes 
the physician to think that meningitis is the possible 
cause of the fever? What evidence-based literature 
helps the physician determine if  history, signs, symp-
toms, or type of seizure would indicate the need for a 
lumbar puncture when there is fever present?
 The duration of the seizure has been shown to 
be related to the likelihood of meningitis. Approxi-
mately 1% to 2% of children with short convulsions 
and fever have meningitis as compared to 10% of 
children having meningitis if the seizures associated 
with fever are 30 minutes or longer.25

 Fever, altered mental status, and type of seizure 
may direct a physician to consider an LP.  Signs and 
symptoms may be obvious to the physician as to find-
ing the cause of both the fever and the seizure; how-
ever, meningitis can present in an insidious fashion or 
initially present innocently as a febrile seizure. 
 Meningitis is present in approximately 2% to 5% 

of children presenting with febrile seizures.23 In 13% to 
16% (one source quoted is as high as 24%) of children 
with meningitis, seizure is the initial presenting sign 
of meningitis, and in 30% to 35% of these children 
(primarily children under 18 months), the typical signs 
and symptoms of meningitis are not evident.23,24

 Classical symptoms and signs of meningitis may 
be totally absent in a child with seizure and menin-
gitis, especially in younger children. The physician 
should have a lower threshold for performing a 
LP in children under age 12 months (as opposed to 
older children) who have seized, with or without 
fever present. 
 In 1990, under the supervision of the Royal College 
of Physicians and the British Pediatric Association, a 
group using the Delphi consensus method developed 
guidelines stating that lumbar puncture should be 
strongly considered in the following settings:23 Signs 
of meningismus, a child that is systemically ill-appear-
ing, a child that has excessive drowsiness, children 
less than 18 months of age, and children less than 12 
months of age presenting with febrile seizure.23

 A more recent Delphi consensus comment-
ing on the subject of complex versus simple febrile 
seizures found that the risk of bacterial meningitis 
for children with complex febrile seizures is higher 
(9%) than the risk in children presenting with simple 
seizure and fever (3%).20 
 An overall review of the literature regarding LP 
and febrile seizures suggested that LP is indicated 
when the following criteria are present in children 
less than 18 months: history of lethargy, irritability, 
or decreased oral intake;2 mental status change; ab-
normal appearance;3 any complex seizure features; 
long post-ictal recovery of mental status; or recent 
antibiotic usage.4 Physical signs or symptoms in-
clude severe headache, bulging fontanels, Brudzin-
ski’s sign, or abnormal appearance of the child after 
the post-ictal period.17

 The AAP has recommended the following 
in children who present with febrile seizure: for 
children less than 12 months of age, an LP should 
be considered as signs and symptoms of meningitis 
may be absent; in children 12 and 18 months of age, 
an LP should be considered because the signs of 
meningitis may be less obvious in this age group; 
and in children with their first complex febrile 
seizure, an LP should be strongly considered if there 
has been recent or current antibiotic treatment.14,23

 Some literature stresses that if the child has 
returned to normal after a febrile seizure (ie, normal 
neurological examination, appears happy, nontoxic, 
etc.) in a case where meningitis is considered un-
likely, an LP is not strongly indicated.126

 Several studies that examined children with 
fever and seizures, whether simple or complex, can 
help the clinician who is seeking some evidence-
based justification for performing that LP.
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 An evidence-based and consensus-based 
guideline regarding the management of a child after 
a seizure (Armon et al) concluded that the age of 
the child with febrile seizure is related to its risk of 
meningitis. According to figures from 1980 to 1990, 
those children at highest risk for meningitis with or 
without seizure are from 1 to 11 months, (115 cases 
of meningitis per 100,000 children), followed by 28.5 
cases per 100,000 children age 1 to 5 years, and final-
ly 2.8 cases per 100,000 children 5 to 6 years of age. 
Each of these figures can be expected to be lower 
now that the Haemophilus influenzae type b (Hib) vac-
cine has been initiated as a mandatory vaccination, 
however the age of greatest risk of meningitis is still 
under 1 year of age.20 
 In a large retrospective Saudi Arabian study 
involving 200 previously healthy children 3 months 
to 5 years of age who presented with fever and 
seizures, lumbar punctures performed on 51% of the 
children found that 7 (3.5%) had meningitis and only 
3 (1.5%) had bacterial meningitis. It is important to 
note that most of the children that did have meningi-
tis had altered sensorium, and all that had meningi-
tis in this study had complex febrile seizures.26

 In another large study, this one involving 452 
children 6 months to 5 years of age with fever and 
seizure, 304 (67%) had a lumbar puncture per-
formed. In this study, 15 cases of meningitis were 
found. The children with meningitis had at least 1 
of the 3 “classic” signs of meningitis (ie, Kernig’s 
sign, stiff neck, or photophobia). Those children with 
meningitis also appeared sicker overall.27

 In another study involving 241 children 6 
months to 5 years of age with fever and seizure 
who underwent lumbar puncture, only 11 patients 
were found to have bacterial meningitis, and all 11 
with bacterial meningitis had one of the following 
criteria: a recent physician visit (within 48 hours), a 
focal seizure, a suspicious neurological finding, or a 
seizure that occurred in the ED.28

 In a separate retrospective study performed by 
Green et al, 503 patients 2 months to 15 years of age 
were diagnosed with either bacterial or aseptic men-
ingitis. Of these cases of meningitis, a total of 115 
cases (23%) had a seizure. In this study, there were 
no children with meningitis that presented with a 
single or isolated seizure.29 
 Offringa et al performed a study in the Nether-
lands that tried to determine the likelihood ratios, 
sensitivities, and specificities for the various clinical 
indicators of meningitis.31 This study looked at 309 
children 3 months to 6 years of age who had first-
time seizures associated with fever. There were 23 
cases of meningitis found. These 23 children with 
meningitis were compared to a reference group of 
69 children (chosen at random from the remaining 
286 in the study) that had seizure and fever but 
no meningitis. The study looked at several clini-

cal signs and symptoms to try and distinguish 
those children with meningitis from those without 
meningitis. ”Major” clinical signs were identified as 
petechiae, nuchal rigidity, and/or coma and were 
noted in 16 (70%) of those children with meningitis. 
In children without meningitis, none of these signs 
were noted. The authors of the study concluded 
that the likelihood ratio when any of those signs 
is present is near 100%, with the confidence inter-
val (CI) at 95% (31%-100%).The study noted that 
among the children without signs of meningeal ir-
ritation, complex seizures, or petechiae, there were 
no cases of meningitis. The authors summarized 
that it is indeed rare for the child with meningitis to 
have only a seizure as a presenting symptom.30

 A lumbar puncture and antibiotics should not be 
delayed if meningitis is suspected.
 Even if an LP is initially negative for meningitis, 
the possibility still exists that a child could develop 
meningitis later on during the course of illness. An 
LP should be performed again at a later time if there 
is a strong suspicion for meningitis.23,32 Spinal fluid 
may be normal in the very early stages of meningi-
tis.126 It is also prudent to be wary of simply blam-
ing a source for a fever on an otitis media and not 
considering the possibility or potential for occult, 
concomitant meningitis in a child that presents with 
fever and seizure. 
 In summary, when considering an LP in the 
case of a febrile seizure, the physician should listen 
carefully to the parents’ description of the event, 
examine the child thoroughly after the seizure, and 
always keep in mind the possibility of meningitis as 
the cause of the seizure.
 See Table 3 for indicators for lumbar puncture.

Table 3. Indicators For Lumbar Puncture 
For Evaluation Of Pediatric Febrile 
Seizure17,23,27,28,126

l Recent doctor (or health care provider) visit
l Less than 12 months of age*
l 12 months to 18 months of age*
l Altered mental status
l Prolonged post-ictal period
l Signs of increased intracranial pressure (ie, bulging fontanelle)
l Kernig’s or Brudzinski’s sign
l Increased irritability
l Petechiae
l Recurrent seizures, seizures in the ED
l Recent antibiotics

* If the child returns to normal (ie, normal neurological examination, 
appears happy, nontoxic, etc.) in a case where meningitis is con-
sidered unlikely, some literature suggests that an LP is not strongly 
indicated in the routine evaluation of a febrile seizure.126
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 Neuroimaging And The Pediatric Seizure

When Is A Brain CT Indicated For Pediatric 
Seizure?
In the evaluation of pediatric seizure, consider 
whether or not any information from an emergent 
brain CT might be of any benefit. A brain CT might 
be ordered to rule out some intracranial pathology, 
bleed, or midline shift (such as secondary to a space 
occupying mass). A brain CT can usually be easily 
ordered and performed from the ED, yet empirically 
ordering a brain CT on any child who seizes is not a 
benign undertaking. Aside from the cost involved, 
long-term morbidity from CT radiation is possible, 
and there are risks associated with conscious seda-
tion in the pediatric patient.
 The AAP recommendations regarding chil-
dren who present with first simple febrile seizures 
indicate that emergent neuroimaging need not be 
performed.33 There is a general body of opinion 
that a complex febrile seizure is not automatically 
an indication for brain CT and that clinical evalu-
ation should determine the need for a brain CT.33,34 
An example of an indication for brain CT would 
be clinical evidence of increased intracranial pres-
sure.18 However, increased intracranial pressure is 
not always clinically evident. In a study focusing on 
complex febrile seizures by Teng et al that involved a 
final cohort of 71 children, all of whom had complex 
febrile seizures, 79% appeared well, 19% appeared 
“unclear” based on general appearance, and 3% ap-
peared lethargic or inconsolable. In this study, 24% 
had focal seizures and 14% had prolonged multiple 
or isolated seizures. An LP was performed on 10 
children; none were found to have meningitis. A 
brain CT was also obtained in 10 subjects; none were 
found to have significant intracranial pathology. 
None of the 71 patients with a complex febrile sei-
zure had an intracranial abscess and none presented 
with any significant intracranial pathological condi-
tion requiring emergency attention. An MRI of the 
brain was obtained within a week after presentation 
on 36 additional subjects, and those MRIs were also 
unremarkable for any significant pathology. Teng 
concluded that emergent neuroimaging (ie, brain 
CT) was not indicated for well-appearing pediatric 
patients that presented with a first-time complex 
febrile seizure.33

Brain CT Scan And The Afebrile Pediatric 
Seizure
Brain CT performed in the ED for first-time unpro-
voked afebrile seizures is usually not indicated.2 
Sharma et al conducted a large retrospective study 
of 500 children presenting with new onset afebrile 
seizures. The study concluded that there were 2 
main criteria for high-risk for clinically significant 
abnormal neuroimaging: 1 

presence of a focal seizure if less than 33 months •	
of age 
predisposing condition•	

 Predisposing conditions considered higher risk 
for clinically significant abnormal neuroimaging 
were as follows:

l Focal seizure
l Persistent seizure activity
l VP shunt 
l Focal neurological deficits
l Evidence for increased intracranial pressure
l Signs of a neurocutaneous disorder
l Travel to an area endemic for cysticercosis
l Immunocompromising disease (HIV)
l Malignancy, sickle cell disease, or other hyper-

coaguable disorder
l Coagulopathic state or other bleeding disorder
l Closed head injury (if the head injury was as-

sociated with loss of consciousness)
l Recent visit to a physician or other health care 

worker
l Altered mental status
l Vomiting
l Close temporal relation to the seizure

 The Sharma study concluded that children with 
high risk criteria should have emergent neuroimag-
ing (brain CT) in the ED. The study also concluded 
that children who met low risk criteria and were 
well appearing could be safely discharged from the 
ED, as long as follow-up could be assured.
 If the physician is considering meningitis as the 
cause of a febrile seizure, lumbar puncture should be 
performed, although the question arises as to when a 
brain CT should be ordered prior to the lumbar punc-
ture. Several studies have suggested that pre-LP brain 
imaging with CT has little usefulness; however, brain 
CT is recommended by several articles in the setting 
of possible increased intracranial pressure, possible 
cerebral abscess, in the immunocompromised patient, 
if endocarditis is possible, or if there is evidence for 
focal neurological signs, papilledema, setting-sun 
ocular signs, or obtundation.35-40

 Cranial imaging in the evaluation of a neonate 
with a seizure may consist of appropriate usage of 
emergent brain CT, brain ultrasound (ie, to evaluate 
for trauma or bleed), or even brain MRI after admis-
sion to evaluate for congenital or genetic anomoly.2

MRI Of The Brain And Pediatric Seizure
MRI study of the brain is superior to CT scan in 
detecting epileptogenic foci in cortical and subcorti-
cal brain matter as well as finding abnormalities 
in gray and white matter development.125 Despite 
these diagnostic advantages, emergent MRI is often 
not available to the ED physician. MRI is also more 
time consuming than a brain CT and may require 
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prolonged sedation of the child, which carries its 
own risks of morbidity and death. For these reasons, 
emergent MRI of the brain is not indicated in the 
initial evaluation of the child presenting with seizure 
to the emergency department.

EEG Utilization

Two primary uses for EEG in convulsive status epilep-
ticus are to determine the presence of burst suppres-
sion pattern in children who need intensive seizure 
treatment and to confirm termination of a seizure.19,41

 Termination of the motor aspect of a seizure 
does not mean abnormal brain activity has stopped, 
and if such activity continues, the electromagnetic 
dissociation is associated with poor prognosis and 
therefore should not be missed.41 In contrast, an 
EEG performed on all children who required rescue 
therapy emergently would be impractical, as the oc-
currence of this electromagnetic dissociation is low 
in proportion to the number of pediatric seizures 
that present to the ED.41 
 Bedside video electroencephalographic monitor-
ing, usually performed after admission and not in 
the ED, can help distinguish true seizure from move-
ment that is nonepileptic.10

 There is no evidence at this time of any significant 
diagnostic benefit from performing an electroenceph-
alogram in the ED on children with febrile seizures, 
even in children with complex febrile seizures.24

 Medications Used In The Treatment 
 Of Seizures

Several medications are available for the manage-
ment of the various pediatric seizure disorders. Pe-
diatric patients presenting to the ED actively seizing 
or with a history of recent seizure activity may be 
on one or more chronic medications to control their 
seizure disorder or they may be on no medication. 
The ED physician should be aware of the various 
medications that children may be taking as well 
as the impact that these medications may have on 
therapeutic decision making for these children in the 
ED. While ED physicians should be familiar with the 
various antiepileptic medications including pheny-
toin, phenobarbital, carbamazepine, oxcarbazepine, 
valproic acid, gabapentin, lamotrigine, levetirac-
etam, tiagabine, topiramate, zonisamide, ethosux-
imide, vigabatrin, and benzodiazepines such as 
clonazepam and diazepam, this article will focus on 
those medications used most commonly in the ED 
setting. Vigabatrin is not currently FDA approved 
for use in the U.S. Other agents for seizure control in 
patients include ACTH for the management of infan-
tile spasms. The recommended therapies for seizure 
pediatric seizure disorders are shown in Table 4.42 
 Several classes of medications are available for 

the acute management of seizures in the emergency 
department including benzodiazepines, hydantoins, 
barbiturates, general anesthetics, and miscellaneous 
anticonvulsants such as valproic acid, levetiracetam, 
and carbamazepine. There is a relative paucity of 
data regarding the use of many of these agents in 
children in the emergency department for the rapid 
termination of seizure activity. Most data comes from 
usage in intensive care settings or from adult experi-
ence. Medications that may be used in the emergency 
department setting for the acute management of sei-
zures will be reviewed. Commonly used agents and 
their reported doses are shown in Table 5.

Benzodiazepines
Benzodiazepines are potent anesthetic agents that 
demonstrate a rapid antiepileptic effect and are 
commonly used as initial drug therapy for the acute 
management of seizures. Benzodiazepines terminate 

Table 4. Pediatric Seizure Disorders And 
Recommended Drug Therapy42

Seizure Disorder Drug Therapy Rating

Neonatal seizures Phenobarbital
Lorazepam
Fosphenytoin

Treatment of choice
Usually appropriate
Usually appropriate

Infantile seizures ACTH
Vigabatrin (not 
available in the 
U.S.)

First line agent
Treatment of choice

Lennox-Gastaut Valproic acid
Topiramate
Lamotrigine

Treatment of choice
Usually appropriate
Usually appropriate

Febrile seizures Rectal diaz-
epam

Treatment of choice

Benign childhood    
epilepsy with 
centro-temporal 
spikes

Oxcarbazepine
Carbamazepine
Gabapentin
Lamotrigine
Levetiracetam

Treatment of choice
Treatment of choice
Usually appropriate
Usually appropriate
Usually appropriate

Absence seizures Ethosuximide
Valproic acid
Lamotrigine

Treatment of choice
Treatment of choice
Treatment of choice

Juvenile myoclo-
nic epilepsy

Valproic acid
Lamotrigine

Treatment of choice
Treatment of choice

Newly diagnosed 
epilepsy in the ED

Carbamazepine
Oxcarbazepine
Valproic acid
Levetiracetam
Topiramate
Lamotrigine

Usually appropriate
Sometimes appropriate
Sometimes appropriate
Sometimes appropriate
Sometimes appropriate
Sometimes appropriate

Status epilepticus Lorazepam
Diazepam
Fosphenytoin 
Valproic acid

Treatment of choice
Usually appropriate
First line agent
Usually appropriate

Wheless JW, Clarke DF, Carpenter D. Treatment of Pediatric Epilepsy: 
Expert Opinion, 2005. J Child Neurol 2005;20(1):S1-S56.
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seizure activity through the enhancement of gamma 
amino-butyric acid (GABA) transmission in the central 
nervous system. The potency of benzodiazepines is 
related to their affinity for binding on the benzodiaz-
epine receptor site making lorazepam most potent and 
diazepam least potent.43,44 Common adverse effects of 
benzodiazepine therapy include somnolence, transient 
cognitive impairment, respiratory depression, and 
hypotension. The most commonly utilized benzodiaz-
epines for the management of seizures include diaz-
epam, lorazepam, and midazolam. 
  Diazepam is a highly lipid soluble compound, 
allowing rapid penetration of the blood brain bar-
rier and resulting in a quick onset of action with 
seizure termination reported in a median time of 2 
minutes.45 Diazepam has a short duration of anti-
epileptic activity, 30 minutes or less, and thus the 
subsequent administration of a longer acting agent 
is often necessary to prevent seizure recurrence.46 
Diazepam is extensively metabolized by the liver 
through the cytochrome P450 isoenzyme system to 
active metabolites that are further hepatically me-
tabolized by glucuronidation before renal elimina-
tion. Diazepam may be administered by intravenous 
injection or rectal instillation for seizure termination, 
allowing for use in the community, prehospital, and 
ED settings. Drug absorption via the intramuscular 
route is erratic with a delayed onset of antiepileptic 
activity and is not generally recommended.47 
 Intravenous access is often difficult to achieve in 
a seizing child; therefore, rectal diazepam represents 
an alternative treatment option. Rectal administra-
tion allows for drug absorption over a large surface 
area that is well vascularized. Dreifuss et al con-
ducted a randomized, double blind, parallel group, 
placebo-controlled study comparing rectal diazepam 
to placebo for the home management of acute repeti-
tive seizures in children and adults over the age of 
2 years. Rectal diazepam, dosed by an age-adjusted 
weight based protocol (0.5 mg/kg for children 2 to 
5 years, 0.3 mg/kg for children 6 to 11 years, and 
0.2 mg/kg for children 12 years and older) was 
shown to be superior to placebo in reducing sei-
zure frequency and improving global assessment 
of treatment outcome in children. Pediatric patients 
received an initial dose of rectal diazepam at the 
time of seizure followed by a second dose 4 hours 
later. Adverse effects were reported in 40% of pa-
tients treated with rectal diazepam compared to 22% 
of patients treated with placebo, with somnolence 
being reported most frequently, 33% versus 11% re-
spectively. The authors did not analyze the adverse 
effects according to patient population.48 Diazepam 
rectal gel  is approved by the FDA for rectal use 
during management of intermittent seizure episodes 
in patients with seizure disorders.49 Use of rectal 
diazepam gel can be difficult in the older pediatric 
patient and may be a non preferred route of drug 

administration for both the patient and the caregiver. 
Bowel incontinence during a seizure may expel the 
drug from the rectum, thus requiring readministra-
tion of the medication.
 Lorazepam is more potent but less lipophilic than 
diazepam and rapidly terminates seizure activity in a 
median reported time of 3 minutes.45 Lorazepam has 
a prolonged antiepileptic effect, approximately 12 to 
24 hours, making it an attractive agent for prehospital 
and ED use due to the potential decreased need for 
additional antiepileptic therapy in some patients.50,51 
Lorazepam is hepatically metabolized by glucuroni-
dation and subsequently renally eliminated. Loraze-
pam may be given by intravenous or intramuscular 
injection; however, the intravenous route is generally 
preferred for a more predictable and rapid onset of 
effect. Rectal use of lorazepam has been reported, but 
further studies are warranted.50

 One prospective trial comparing lorazepam and 
diazepam for the treatment of acute seizures in the 
pediatric patient has been reported in the literature. 
Eighty-six patients presenting to the ED actively 
convulsing received either intravenous or rectal 
diazepam or lorazepam.  The authors concluded 
that lorazepam was a safe and effective therapy 
for the management of acute pediatric seizures.50 A 
comparative audit conducted by Qureshi et al found 
intravenous lorazepam and diazepam to be equally 
efficacious and safe for the management of pediatric 
convulsive status epilepticus.52 At this time, there 

Table 5. Medications Used For Acute Seizure 
Management

Medication Suggested Doses

Diazepam IV 0.3 mg/kg, maximum per dose 10mg
PR Child 2 - 5 years 0.5 mg/kg
Child 6 - 11 years 0.3 mg/kg
Child > 12 years 0.2 mg/kg, maximum per dose 

20 mg

Lorazepam IV 0.05 – 0.1 mg/kg, maximum per dose 4 mg
IM 0.05 – 0.1 mg/kg, maximum per dose 4 mg

Midazolam IV 0.15  to 0.2 mg/kg, followed by 0.5 – 5 mcg/kg/
min continuous infusion

Buc 0.2 – 0.3 mg/kg 
IN 0.2 mg/kg

Phenytoin IV 15 – 20 mg/kg

Fosphenytoin IV 15 – 20 mg PE/kg 
IM 15 – 20 mg/kg

Phenobarbital IV 20 mg/kg

Pentobarbital IV 5 – 15 mg/kg, followed by 0.5 – 5 mg/kg/h 
continuous infusion

Valproic acid IV 20 – 40 mg/kg 

Levetiracetam IV 20 – 115 mg/kg/day

Propofol IV 1 – 2 mg/kg followed by 1 – 2 mg/kg/h continu-
ous infusion titrated to burst suppression on 
the EEG
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Clinical Pathway For The Management Of Pediatric Seizures

*High risk condition (indicates CT 
brain recommended): Recent travel 
to endemic cystercercosis region, 
head injury, VP shunt, focal seizure 
less than 33 months of age, malig-
nancy, HIV, suspicion for increased 
IC pressure, neurocutaneous 
disorder, persistent seizure, sickle 
cell diagnosis, malignancy1

Neuro-surgery consult, 
admit to PICU

Admit to appropriate unit 
with pediatric neurology47

Discharge home with 
appropriate follow up and 
seizure precuations3,47

YES

AEDs3,8,13

1. phenobarbital
2. phenytoin
3. benzodiazepine 
Consider pyridoxine and 
other AEDs until seizure 
is controlled; maintain 
airway

NO

Is neonate still 
seizing?

CBC, blood cultures, AED 
medication level if appropriate, 
calcium, magnesium level, 
BMP3

If meningitis is suspected, 
give IV antibiotics; if herpes is 
suspected, give antivirals. Per-
form LP if not contraindicated.

Neonatal neuroimaging3

1. Brain CT
2. Possible cranial ultrasound
3. Consider inpatient MRI

Admit or transfer to appropri-
ate level of care (ie, NICU), 
order pediatric neurology 
consult, and continue airway 
and seizure management

Pediatric seizure patient
presents to the ED

ABC’s, IV, monitor, 
pulse oximetry, bedside 
glucose, stabilize cervi-
cal spine if trauma

Determine type of 
seizure from direct 
observation or history

Is patient a neonate?

Give anti-pyretic

If the patient is still 
seizing, give AEDs as 
appropriate until seizure 
stops; maintain airway

Consider brain CT if high 
risk criteria of recent 
travel to endemic area for 
cystercercosis, suspected 
increased intracranial 
pressure, etc1,3

Simple febrile seizure

Workup for fever with 
or without source: CBC, 
blood culture, cath 
UA, viral swabs, stool 
cultures, treat infection 
as appropriate.

**Meningitis high-risk criteria
1. Recent MD visit/antibiotics
2. Focal seizure
3. Less than 12 months of age
4. 12 to 18 months of age with 
symptoms suggestive of meningi-
tis (ie, increased ICP, petechiae, 
Kernig’s, Brudzinski’s)

If the patient is still seiz-
ing, give AEDs
1. phenobarbital
2. phenytoin
3. benzodiazepine 
Consider pyridoxine and 
other AEDs until seizure 
is controlled; maintain 
airway 3,8,13

Laboratory tests: test 
electrolytes if patient is an 
infant, has a temperature 
less than 36.5°C,  or is 
actively seizing in the ED36

Brain CT if high-risk or 
predisposing condition*

Abnormal CT?

NO

YES

Perform LP

IV antibiotics if meningitis 
is suspectedYES

YES

NO

NO

YES

Any meningitis high 
risk criteria**?13,16,17,19

NO

Does child look sick? 
(Abnormal labs or any 
signs of meningitis)

Was seizure complex?

Is there fever > 100.4°F 
rectal plus a seizure?

NO

LP contraindicated?

Negative LP?

Does the child appear well 
and have follow-up arranged?

YES

NO

YES

NO

NO

NO

YES

YES

YES
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is no evidence indicating lorazepam to be a more 
effective or safer drug compared to diazepam for the 
management of acute pediatric seizures.53

 Midazolam is a rapid acting, potent, hydrophilic 
benzodiazepine in its chemical form. At physiologic 
pH, midazolam becomes highly lipophilic resulting 
in quick entry into the CNS and rapid antiepileptic 
effect. Midazolam has a short duration of action so it 
may require a continuous intravenous infusion after 
a bolus injection.46 Midazolam may be administered 
via the intravenous, intramuscular, endotracheal, 
rectal, buccal, or intranasal routes.
 Intravenous midazolam has been investigated 
for use in management of childhood status epi-
lepticus and refractory status epilepticus. Hayashi 
et al conducted a retrospective multicenter study 
to evaluate the efficacy and safety of intravenous 
midazolam for the management of pediatric status 
epilepticus. Seizure control was achieved in 64.5% of 
the patients. A bolus injection of midazolam effec-
tively terminated seizures in 56.6% of the patients, 
without further need for an intravenous midazolam 
infusion in 17% of these patients. Efficacy of intra-
venous midazolam was significantly decreased if 
therapy was started more than 3 hours after seizure 
onset. Adverse effects possibly attributed to mi-
dazolam included respiratory depression in 8.1%  
of cases and cardiovascular depression in 0.6% of 
cases; these adverse effects appeared to be dosing 
related.54 Intravenous midazolam has been shown to 
be an effective therapy for management of refractory 
status epilepticus, with doses ranging from 0.15 to 
0.2 mg/kg followed by mean infusion rates varying 
from 2.1 to 14 mcg/kg/min at the time of seizure 
suppression.55-59 An audit of 17 consecutive pediatric 
patients evaluated the efficacy of high dose midazo-
lam therapy for the management of refractory status 
epilepticus in children. The midazolam protocol 
utilized in this study required an initial bolus of 0.5 
mg/kg with an infusion rate to commence at 2 mcg/
kg/min with the option for subsequent boluses 
and aggressive titration of the continuous infusion. 
Thirteen patients (76%) had seizure control within 30 
minutes of midazolam therapy initiation. A total of 
88% of patients eventually achieved seizure control. 
The midazolam infusion ranged from 2 to 32 mcg/
kg/min with a median peak infusion rate of 4 mcg/
kg/min. Two patients experienced transient hy-
potension during co-administration of phenytoin.60 
 Due to the water-soluble properties of mida-
zolam, intramuscular administration is an alterna-
tive to intravenous administration. In a prospective 
trial, Shah and Deshmukh compared the efficacy of 
intramuscular midazolam 0.2 mg/kg to intravenous 
diazepam 0.2 mg/kg in pediatric patients with and 
without intravenous access upon ED arrival. In pa-
tients who did not have intravenous access upon ED 
presentation, seizure control was obtained signifi-

cantly faster in the patients receiving intramuscular 
midazolam compared to patients who required the 
establishment of intravenous access prior to receiv-
ing intravenous diazepam (97.22 seconds versus 
250.35 seconds, respectively, p < 0.005). Time to 
seizure control in patients receiving diazepam who 
had IV access upon ED arrival was 119.44 seconds 
compared to 97.22 seconds for patients receiving 
intramuscular midazolam. Thrombophlebitis oc-
curred in 10.8% of patients receiving IV diazepam, 
but no cardiovascular or respiratory depression was 
observed with either study medication.61 Therefore, 
intramuscular midazolam may represent an alterna-
tive and effective route of drug administration to 
control pediatric seizures.
 The buccal route of administration provides an 
alternative to intravenous and rectal drug adminis-
tration. The mouth has a large, highly vascularized 
surface area allowing for rapid drug absorption. 
Buccal administration avoids first-pass metabolism 
in the liver, allowing for rapid CNS drug delivery 
and therapeutic effect.62,63 Buccal administration 
offers ease of administration and an administra-
tion route that may be more acceptable to patients 
and caregivers. A prospective study of 19 pediatric 
patients ranging in age from 1 month to 15 years 
presenting to an ED with convulsions demonstrated 
that a buccal midazolam dose of 0.3 mg/kg safely 
and effectively terminated seizures within 10 min-
utes of drug administration in 84.2% of patients. 
The patients who failed to respond to drug therapy 
were noted to be in status epilepticus. No respira-
tory or cardiovascular depression was reported in 
this study.64 Buccal midazolam has been shown to be 
as efficacious as rectal diazepam for management of 
acute pediatric seizures in multiple studies.65,66 One 
study reported buccal midazolam to be more effec-
tive than rectal diazepam for ED management of 
pediatric seizures. Buccal midazolam at a dose of 0.5 
mg/kg terminated seizures in a median of 8 minutes 
compared to rectal diazepam at a dose of 0.5 mg/kg 
with a median of 15 minutes. Seizures recurred with-
in 1 hour of drug therapy less often in the patients 
who received buccal midazolam compared to rectal 
diazepam. Respiratory depression was reported in 
5% and 6% of patients receiving buccal midazolam 
and rectal diazepam, respectively.67

 Intranasal administration is another alternative 
route of drug administration in the management of 
pediatric seizures. The nasal mucosa provides a large, 
highly vascularized surface area allowing for rapid 
drug absorption into the CNS. Small volumes of the 
drug are required to thinly line the nasal mucosal 
for optimal drug absorption, requiring concentrated 
dosages. Absorption is further enhanced if the drug 
is aerosolized.68 The impact of upper respiratory 
tract infections on efficacy of intranasal midazolam 
therapy is unknown. Increased blood flow to the na-
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sal mucosa may lead to increased drug absorption, or 
the presence of nasal secretions may serve to decrease 
drug absorption by diluting the drug and decreas-
ing drug contact with the nasal mucosa.69 Intranasal 
midazolam at a dose of 0.2 mg/kg was found to be 
as efficacious and safe as intravenous diazepam. 
Time from seizure onset to drug administration was 
faster in the patients receiving intranasal midazolam; 
however, the time to seizure control from drug ad-
ministration was faster in the intravenous diazepam 
group. The authors did not factor in the impact of 
time required to obtain intravenous access into their 
results.70 Another study by Lahat et al confirmed 
intranasal midazolam 0.2 mg/kg to be safe and ef-
ficacious compared to intravenous diazepam for the 
management of febrile pediatric seizures. Again, the 
authors noted that intravenous diazepam had a more 
rapid onset of therapeutic effect but that administra-
tion of intranasal midazolam resulted in a quicker 
termination of seizures from time of ED presentation 
without an increase in adverse effects.69 Multiple 
studies have found intranasal midazolam to be more 
efficacious then rectal diazepam, with a faster time to 
drug administration and seizure termination.71,72 Thus 
there may be a role for intranasal midazolam in the 
community and prehospital setting. Holsti et al found 
that administration of intranasal midazolam via a 
Mucosal Atomization Device (MAD) in the prehos-
pital setting reduced the likelihood of seizure occur-
rence in the ED compared to rectal diazepam. Of note, 
total seizure time was longer in patients receiving 
diazepam and fewer patients received treatment with 
diazepam during the study.73

 Further studies are warranted to investigate the 
safety and efficacy of the various routes of benzodi-
azepine administration as well as the use of a con-
tinuous midazolam infusion in pediatric patients. 

Hydantoins
Hydantoins, including phenytoin and fospheny-
toin, have been used in the management of pediat-
ric seizures for many years due to their prolonged 
antiepileptic effect and broad spectrum of activity. 
Hydantoins stabilize neuronal membranes by pro-
longing voltage dependent sodium channel refractory 
periods thereby inhibiting repetitive neuronal firing. 
Phenytoin enters the CNS rapidly with peak drug 
levels observed within 10 minutes of completion of 
an intravenous infusion.74 Phenytoin is highly protein 
bound, follows saturable, nonlinear kinetics, and 
undergoes extensive hepatic metabolism via the cy-
tochrome P450 isoenzyme system resulting in many 
drug interactions.75 Phenytoin doses of 15 to 20 mg/
kg have shown to be effective in pediatric patients.76 
Interpretation of serum phenytoin concentrations are 
challenging in the critically ill child due to variability 
in phenytoin protein binding. Free phenytoin concen-
trations provide more accurate measures of pheny-

toin levels in these patients.77 Several characteristics 
of phenytoin are undesirable. Intravenous phenytoin 
contains a propylene glycol diluent to enhance water 
solubility, with a resultant pH of 12, making the drug 
toxic to the vasculature. The propylene glycol di-
luent is associated with infusion-rate-related adverse 
events including hypotension and cardiac arrhyth-
mias. Infusion related adverse events are minimized 
by slowing the rate of infusion. Maximum infusion 
rates are 3 mg/kg/min, not to exceed 50 mg/min, in 
children.45,78 In clinical practice, slower infusion rates 
of 25 to 45 mg/min are often utilized in adults to 
enhance tolerance and minimize adverse effects.78

 Fosphenytoin is the water soluble phosphate 
ester prodrug of phenytoin that undergoes rapid 
enzymatic conversion to phenytoin. Fosphenytoin 
is supplied at a more neutral pH without a propyl-
ene glycol diluent, resulting in fewer dermal and 
cardiovascular adverse effects. Fosphenytoin may 
be administered intravenously or via the intramus-
cular route.79,80 The fosphenytoin dose is expressed 
in phenytoin equivalents (PE) and is 15 to 20 mg 
PE/kg administered at a rate not to exceed 3 mg/
kg/min, or a maximum of 150 mg/min.81 A review 
of 2 multicenter studies involving children with 
ages ranging from 1 day to 16 years found intrave-
nous and intramuscular use of fosphenytoin to be 
safe and effective. Emesis was the most commonly 
reported adverse effect, and injection site reac-
tions were reported in 6% of patients.82 Conversely, 
Takeoka et al reported difficulty in maintaining 
therapeutic drug concentration in 4 patients ranging 
in age from < 1 day to 1 year. All patients received 
treatment with phenobarbital during their care. Two 
of the 4 patients had further seizure activity in the 
presence of subtherapeutic phenytoin levels.83 Free 
phenytoin concentrations were not obtained in this 
study, making interpretation of reported phenytoin 
levels difficult in these critically ill children.77

Barbiturates
Barbiturates, including phenobarbital and pentobar-
bital, have been used in the management of pediatric 
seizures for several decades. Barbiturates exert anti-
epileptic effects by enhancing GABA effects.74,84 Phe-
nobarbital is a long-acting barbiturate with a half-life 
of up to 5 days in adults and 1.5 days in children.85 
Phenobarbital is 40% to 60% protein bound and is 
hepatically metabolized via the cytochrome P450 
isoenzyme system, and thus is subject to many drug 
interactions, including many antiepileptic drugs.75,84 
Phenobarbital may be administered at a dose of 20 
mg/kg and infused at a rate of 1 mg/kg/min, not 
to exceed a rate of 30 mg/min to obtain therapeutic 
serum concentrations ranging from 15 to 40 mcg/
mL. Subsequent doses of 5 to 20 mg/kg may be 
administered if seizure control is not obtained.46,85 
Phenobarbital is associated with several side effects 
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including sedation and respiratory depression, and 
its use may require intubation for respiratory sup-
port. One group of researchers found incremental 
phenobarbital doses of 10 mg/kg every 30 minutes 
to effectively obtain high phenobarbital serum con-
centrations to control refractory status epilepticus 
and avoid the need for intubation.86 A case series of 
3 patients received very high doses of phenobarbi-
tal for management of refractory status epilepticus, 
ranging from 70 to 80 mg/kg/day with serum con-
centrations ranging from 154 to levels exceeding 232 
mcg/mL. All patients were receiving multiple anti-
epileptic medications and all patients experienced 
hypotension requiring vasopressor therapy.87 Painter 
et al conducted a randomized single blind study to 
compare the efficacy of phenobarbital and phenytoin 
in the treatment of neonatal seizures. Fifty-nine neo-
nates received intravenous doses of phenobarbital or 
phenytoin to achieve free drug concentrations of 25 
mcg/ml and 3 mcg/ml respectively. Therapy failed 
in 57% of neonates receiving phenobarbital and 52% 
of neonates receiving phenytoin. No respiratory or 
cardiovascular depression was reported. The study 
authors concluded that phenobarbital and phenytoin 
were equally and incompletely effective in control-
ling neonatal seizures. Due to the negative side 
effects associated with phenobarbital, use of pheno-
barbital for pediatric seizure control seems to have 
declined in favor of using newer agents.84 
 Pentobarbital is a potent barbiturate with a rapid 
onset of antiepileptic effect that is administered as 
a continuous infusion for the effective management 
of refractory status epilepticus. Pentobarbital is 
commonly administered at a loading dose of 5 to 15 
mg/kg followed by a continuous infusion ranging 
from 0.5 to 5 mg/kg/h for 12  to 24 hours to main-
tain a burst suppression pattern on EEG, although 
no consensus exists on the most appropriate dura-
tion of infusion.46,88 Despite a reported half-life of 
15 to 50 hours, gradual tapering of the infusion is 
performed to prevent seizure recurrence. Pentobar-
bital infusions are associated with multiple adverse 
effects including respiratory depression requiring 
mechanical ventilation, hypotension, cardiovascular 
toxicity, infection, and delayed recovery.55,88-92 In a 
review comparing the use of midazolam and pento-
barbital for refractory status epilepticus, both drugs 
were found to effectively terminate seizure activity; 
however, midazolam therapy was associated with 
fewer adverse effects.89 Further investigation of pen-
tobarbital infusion for the management of refractory 
status epilepticus in pediatric patients is warranted. 

Valproic Acid
Valproic acid is a broad spectrum antiepileptic used 
for a variety of seizure disorders in children. Valp-
roic acid is available in various oral dosing forms. In 
1996, the FDA approved an intravenous formulation 

of the drug for use in children over the age of 10 
years when oral medications cannot be administered 
for seizure management. Valproic acid is highly 
protein bound and is extensively metabolized by the 
liver via the cytochrome P450 isoenzyme system, 
leading to several drug interactions. Valproic acid 
has a narrow therapeutic index with desired serum 
concentrations ranging from 50 to 100 mg/L.93,94 
Intravenous use of valproic acid for management of 
status epilepticus is off-label. In a clinical series of 18 
patients reported by Morton et al, intravenous valp-
roic acid was found to be safe at doses ranging from 
7.5 to 41.5 mg/kg, with infusion rates ranging from 
1.5 to 11 mg/kg/minute. One patient experienced 
burning at the injection site during infusion of 660 
mg at a rate of 6 mg/kg/minute. He subsequently 
received 3 more doses, ranging from 165 to 330 mg 
at 6 mg/kg/min without consequence.95 In another 
study, intravenous valproic acid was administered 
to 41 children ranging in age from 0 to 16 years of 
age at a dose of 20 to 40 mg/kg over 1 to 5 minutes 
followed by a continuous infusion of 5 mg/kg/h. A 
second bolus dose of 20 to 40 mg/kg was repeated if 
no response was seen after 10 to 15 minutes. Over-
all success rate was 78%, with 65.9% of children 
responding within 2 to 6 minutes after the initial 
dose. The highest success rate was seen with doses 
ranging from 30 to 40 mg/kg. No adverse effects 
were attributed to valproic acid.96 Intravenous 
valproic acid has been found to be safe and effective 
in the management of pediatric status epilepticus 
and acute repetitive seizures in patients with pre-
sumed subtherapeutic valproic acid levels upon ED 
presentation and valproic acid naïve patients. Doses 
of 10 mg/kg were administered to children with 
suspected subtherapeutic drug levels while valproic 
acid naïve patients received 25 mg/kg. In patients 
with status epilepticus, seizure control was achieved 
within 20 minutes of completing the valproic acid in-
fusion and mental status was noted to be at baseline 
within 1 hour of seizure cessation. One patient with 
acute repetitive seizures failed to respond to valp-
roic acid within 20 minutes of infusion completion 
and ultimately required phenytoin to control her 
seizures. No cardiorespiratory depression was seen, 
and only 1 patient complained of a transient tremor 
after the infusion.97 Thus, intravenous valproic acid 
may be an appropriate ED treatment for seizing pa-
tients with subtherapeutic valproic acid levels. Intra-
venous valproic acid followed by oral valproic acid 
ED administration was well tolerated in 42 adult 
and pediatric patients in an epilepsy monitoring unit 
prior to discharge. Four patients complained of nau-
sea and 2 patients receiving additional antiepileptic 
therapy complained of dizziness during the observa-
tion period. All patients were reported to have im-
proved seizure frequencies 1 week after discharge, 
although 5 patients had seizures within that time 
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frame.98 Results from this study may prove valuable 
in the ED setting as patients may receive prolonged 
protection from recurrent seizures with administra-
tion of an extended release valproate product prior 
to ED discharge. A continuous infusion of valproic 
acid following a rapid intravenous infusion loading 
dose was shown to be effective in 65% of pediatric 
patients with seizures. Patients received a loading 
dose of valproic acid ranging from 20 to 40 mg/kg 
over 1 hour followed by a continuous infusion at 1 
to 1.5 mg/kg/h.99 This may represent a therapeutic 
option for the hospitalized patient who is unable 
to tolerate oral medication after seizure control has 
been achieved. Intravenous valproic acid is not with-
out adverse effects. Reported adverse effects include 
postural tremor, encephalopathy, hyperammone-
mia, alopecia, nausea and vomiting, weight gain, 
hepatotoxicity, pancreatitis, and thrombocytopenia. 
Hepatotoxicity occurs with much more frequency in 
children under the age of 2.94 A fatal case of pan-
creatitis associated with valproic acid therapy was 
reported in a 4-year-old child.100 Severe hypoten-
sion was reported in an 11-year-old girl receiving 30 
mg/kg of valproic acid 39 minutes into her 1 hour 
infusion. She ultimately required the initiation of 
vasopressor therapy for 14 hours and phenytoin for 
seizure control.101 Several factors may have contrib-
uted to this patient’s hypotension including infec-
tion, supratherapeutic levels of valproic acid during 
the infusion, and previous treatment with benzodi-
azepines. Therefore, close monitoring of pediatric 
patients receiving valproic acid therapy for chronic 
conditions is recommended.
 Intravenous valproic acid therapy has been 
compared to other therapies for the management of 
status epilepticus. Intravenous valproic acid 20 mg/
kg was compared to intravenous phenytoin 20 mg/
kg for the management of status epilepticus refrac-
tory to diazepam therapy in patients greater than 2 

years of age in a randomized trial. Intravenous valp-
roic acid was found to be as effective as intravenous 
phenytoin in the management of status epilepticus 
in these patients. There was a significant difference 
in the efficacy of valproic acid based on duration of 
status epilepticus. One hundred percent of patients 
responded to valproic acid if status epilepticus had 
been occurring for less than 2 hours compared to 
70% of patients if status epilepticus had occurred for 
more than 2 hours. Mild elevations in liver enzymes 
were reported in 8% of patients receiving intravenous 
valproic acid while no patients experienced hypoten-
sion. Twelve percent of patients receiving intravenous 
phenytoin developed hypotension and 4% developed 
respiratory depression. This study identified the 
possible role of intravenous valproic acid early in the 
management of status epilepticus.102 In an open label, 
randomized, controlled trial involving 40 children, in-
travenous valproic acid was compared to a diazepam 
infusion in the management of pediatric refractory 
status epilepticus. The trial included children ranging 
in age from 5 months to 12 years. Patients had failed 
previous therapy consisting of diazepam injection 
and 2 doses of phenytoin. Patients were randomized 
to receive treatment with 30 mg/kg of intravenous 
valproic acid followed by a continuous infusion at 5 
mg/kg/h or diazepam initiated at a rate of 10 mcg/
kg/min and titrated every 5 minutes to achieve 
seizure control. Intravenous valproate was found 
to be equally effective when compared to diazepam 
infusions, as seizure control was achieved in 80% and 
85% of patients, respectively. Intravenous valproic 
acid achieved seizure control significantly faster than 
diazepam, with a mean of 8 minutes compared to 
26 minutes, respectively. Significantly fewer patients 
receiving valproic acid required admission to the pe-
diatric intensive care unit, and no patients receiving 
valproic acid required mechanical ventilation, while 
60% of patients receiving diazepam did. No child in 

Pitfalls In The Evaluation, Treatment, And Disposition Of Pediatric Seizures

1. Ruling out meningitis with a normal LP. A 
child can have an initial negative LP and still 
develop meningitis later.23,126

2. Attributing seizure due to meningitis to simple 
febrile seizure, even with a history of febrile 
seizures in the past. A child can still present 
for the first time with meningitis. A history of 
prior febrile seizure should not defer the physi-
cian from performing an LP if meningitis is still 
suspected as the cause of the fever and possibly 
the seizure itself.26

3. Soley attributing the source of fever to otitis 
media with meningitis overlooked or not con-
sidered as a result.

4. Failure to stop the seizure and failure to con-

firm seizure cessation clinically or by utiliza-
tion of EEG.

5. Failing to recognize that a first-time seizure 
may not be the first. Epilepsy can be defined by 
2 unprovoked seizures or 1 unprovoked seizure 
and an abnormal EEG.14,121

6. Underestimating how challenging controlling 
a seizure can be. Benzodiazepines, phenobar-
bital, and other medications used to control 
seizures can suppress a patient’s (especially 
a baby’s) respiratory drive. The ED physician 
should remain vigilant regarding a baby’s or 
child’s respiratory status, watching for the 
potential for respiratory failure and need for 
airway protection and ventilation intubation.
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the valproic acid group developed hypotension, while 
this occurred in 50% of the diazepam group.103 Based 
on these findings, valproic acid may be an alternative 
therapy to diazepam infusions for the management 
of refractory status epilepticus in children. Further 
studies should be conducted to evaluate the role of in-
travenous valproic acid in the management of status 
epilepticus, including refractory status epilepticus. 
The need for a continuous infusion of valproic acid 
after a bolus dose should also be evaluated.

Levetiracetam
Levetiracetam is a new antiepileptic medication 
indicated as an adjunct therapy for various seizures 
disorders. Levetiracetam may be used in children as 
young as 4 years of age for some indications. Recently 
an intravenous formulation of levatiracetam was 
approved for use in patients older than 16 years.104 
Unlike other antiepileptic drugs discussed in this 
article, levetiracetam undergoes minimal hepatic 
metabolism, with 66% of the drug eliminated in the 
urine unchanged; therefore, levetiracetam is not 
known to interact with other antiepileptic medica-
tions. Chronic levetiracetam therapy appears to be 
well tolerated in children, including those under 
the age of 4, although behavior disturbances includ-
ing aggression, hyperactivity, anxiety, and obsessive 
behavior have been reported.105,106 There is a paucity 
of data regarding the use of intravenous levetiracetam 
in children. A retrospective review of 10 children 
ranging in age from 3 weeks to 19 years reported the 
use of intravenous levetiracetam for multiple seizure 
types with daily doses ranging from 20 mg/kg to 115 
mg/kg for 1 to 16 days. Intravenous levetiracetam ef-
fectively terminated seizures in 2 patients with acute 
repetitive seizures. In 2 patients with status epilep-
ticus unresponsive to phenytoin and phenobarbital, 
intravenous levetiracetam effectively terminated the 
seizure in 1 patient while there was a partial decrease 
in seizure frequency in the other patient. No adverse 
effects were reported.107 A case report of a 10-year-old 
liver transplant patient responding to treatment with 
oral levetiracetam for the management of nonconvul-
sive status epilepticus despite therapeutic phenytoin 
levels was also reported. The patient received oral 
levetiracetam 20 mg/kg/day in 2 divided doses due 
to elevated liver function tests. The patient regained 
consciousness 1 day after levetiracetam therapy and 
an EEG 48 hours after initiating levetiracetam therapy 
demonstrated seizure resolution.108 Further stud-
ies regarding the use of levetiracetam in children, 
including the use of the intravenous injection, are 
warranted. At this time, routine use of intravenous 
levetiracetam in children cannot be endorsed.

Propofol
Propofol is a potent intravenous hypnotic and 
anesthetic agent used in the induction and mainte-

nance of anesthesia. Propofol has also been shown 
to have antiepileptic effects. Propofol is highly 
lipid soluble with a rapid onset of action and short 
duration of therapy, making it an attractive op-
tion for refractory seizure management. Common 
adverse effects of propofol include hypotension, 
bradycardia, and apnea which are infusion-rate 
related.46 Very little literature exists on the use of 
propofol infusions for pediatric seizure manage-
ment. A case report documented the successful 
use of a propofol infusion in the management 
of prolonged, refractory seizures in a 9-month-
old child. The patient received a bolus injection 
of propofol at a dose of 3 mg/kg followed by a 
continuous infusion titrated to a rate of 100 mcg/
kg/min. The patient required mechanical intuba-
tion, vasopressor support, and intensive hemo-
dynamic monitoring.109 A retrospective review 
was conducted involving 33 patients treated for 
refractory convulsive status epilepticus. Propofol 
was administered during 22 seizure episodes. Sei-
zure control was achieved in 64% of the episodes 
with a mean duration of therapy of 57 hours. Two 
patients successfully treated with propofol subse-
quently died secondary to complications associat-
ed with bacterial meningitis. Cessation of propofol 
was required in 4 cases due to adverse effects. One 
patient developed rhabdomyolysis and 3 patients 
developed hypertriglyceridemia, all of which 
resolved upon discontinuation of propofol thera-
py.110 In a systematic review, researchers compared 
the efficacy of midazolam, propofol, and pento-
barbital in the control of refractory status epilepti-
cus in adults. Pentobarbital was found to be more 
effective, although its use was associated with a 
more frequent occurrence of hypotension than the 
other 2 therapies.111 The main concern with using 
propofol in pediatric patients is the risk of devel-
oping the propofol infusion syndrome. The propo-
fol infusion syndrome occurs at an unknown rate 
in both children and adults. Clinically it manifests 
as metabolic acidosis, rhabdomyolysis, renal 
failure, arrhythmias, heart failure, hepatomegaly, 
hyperkalemia, and hypertriglyceridemia.112-114 
Children seem to be at increased risk of developing 
the syndrome due to depleted glycogen stores and 
dependence on fat metabolism.115 Clinical symptoms 
include muscle weakness, myoglobinuria, and renal 
failure and death has been reported in both children 
and adults.116,117 In order to prevent the possible 
development of propofol infusion syndrome, the 
use of propofol for more than 48 hours at doses of 4 
to 5 mg/kg/h should be avoided.112 The exact role 
of propofol in the management of pediatric seizures 
remains to be established. Further studies are war-
ranted and physicians should weigh the benefit of 
treatment versus the risk.
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 Management Of Seizures In 
 The Emergency Department

Given the review of the etiology, differential diag-
nosis, and various tests available, including medica-
tions sometimes utilized, it is possible to approach 
the management of pediatric seizures in a system-
atic, cost-effective, and practical approach. Treat-
ment approach remains controversial in regards to 
neonatal seizures.12 Evidence exists that treatment of 
prolonged or repetitive seizures and short-term sei-
zure recurrence is indicated to help prevent lasting 
cortical brain damage.118

 Focus in the literature is on treating seizures last-
ing longer than 5 to 10 minutes, as it has been shown 
that those seizures are more likely to result in status 
epilepiticus.25,119 Status epilepticus (a seizure lasting 
longer than 30 minutes) is an emergency. These sei-
zures need to be stopped, and the etiology needs to be 
addressed so as to avoid neurological damage.   
 In treating a seizing pediatric patient, as with 
adult seizures, it is important to treat the ABC’s first. 
Cardiac and pulse oximetry monitoring should be in 
place. A rapid bedside glucose check should be per-
formed as IV access is obtained. If no IV access is pos-
sible, IO or other methods of AED delivery as well as 
other resuscitative medications should be considered 
early. In the overall assessment process, the physician 
should ask, “Is this really a seizure?”
 By observation of the child’s movements during 
the event, or if the event had stopped prior to arrival 
in the ED, by listening to a witness’ account of the 
seizure, the physician can run through the differ-
ential of possible seizures or seizure-like activity. If 
the event is a seizure, then it should be determined 
if the seizure is provoked or not, as the attention 
can then be placed on treating the provoking cause 
or etiology in the immediate setting (ie, hypoglyce-
mia, fever, electrolyte imbalance, etc) if possible.7,14 
If the seizure is prolonged (ie, longer than 5 to 10 
minutes), then it is more likely to proceed to status 
epilepticus, and consideration of medications or 
AEDs should be made. Determination is made if LP, 
CT, or other laboratory tests are necessary, according 
to the discussions of each topic in this article.
 Please see the clinical pathway for a practical 
approach to the new onset seizure.1,2,9,10,14,17,20,23,24,118,120

 Disposition

Disposition of pediatric seizure patients is based on 
the patients age, the etiology of the seizure, control 
of the seizure, and related conditions requiring fur-
ther testing or observation.
 Admission is usually indicated for first-time 
neonatal seizure, also for pediatric patients with 
uncontrolled seizure, meningitis, encephalitis, 
neurosurgical complications, and poor guarantee 

for  follow-up. Simple febrile seizures usually do 
not require admission if the child appears well and 
no serious infection exists. Complex febrile seizures 
carry a higher risk for meningitis than simple febrile 
seizures, so there should be a lower threshold for 
performing an LP and admitting children with 
complex seizures.20,120,126 IV antibiotics and LP should 
not be delayed if meningitis is suspected. If the child 
with first-time afebrile seizure looks well and has no 
abnormal laboratory tests, they can go home for out-
patient brain MRI and EEG, if follow up is arranged. 
If a child has 2 or more unprovoked seizures or 1 
unprovoked seizure with an abnormal EEG, then a 
definition of epilepsy can be made and appropriate 
AEDs can be entertained in consultation with the 
pediatric neurologist.14

 Common sense seizure precautions should be 
stressed to the parent of the child being discharged 
from the ED after a first-time seizure. 

 Summary

With the discussions of the various etiologies of sei-
zures, special seizure conditions, indications for LP, 
CT, laboratory tests, it is the hoped that this article 
will have some helpful and practical impact on the 
ED physician’s management of pediatric seizures.

 Case Conclusion

The 11-month-old boy that arrived seizing presents sev-
eral challenges: first, you need to be sure that the child is 
breathing and oxygenating adequately. Next, you need to 
establish an IV line. 
 Soon after, the boy stops seizing and is breathing 
easily but remains lethargic. You note on your secondary 
assessment that he has no signs of trauma and a fever of 
104°F. You administer rectal acetaminophen. You obtain 
appropriate laboratory work, such as a bedside glucose 
and serum electrolytes. In this case, you also obtain 
a CBC and urine analysis as well as blood and urine 
culture, as there is no obvious source for his fever. As this 
lethargic boy is less than 12 months of age, the appropri-
ate IV antibiotics are initiated without delay. You even 
remember to give a dose of dexamethasone with your 
antibiotics, especially important as the child’s immuniza-
tions against H. Influenza are not up to date.127 You then 
perform the lumbar puncture, which comes back positive 
for 100 wbcs, with a predominance of lymphocytes and 
has a negative gram stain. 
 You are relieved. You have not only treated a febrile 
seizure, you have also diagnosed the boy’s meningitis 
in a timely manner. You managed this case as if it were 
a serious, bacterial meningitis causing his seizure, but 
fortunately it was only viral meningitis. The boy is admit-
ted and does well. Eventually, his spinal fluid cultures are 
negative, and he goes home without further complications.
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 CME Questions

1. Indications for lumbar puncture in the febrile 
seizure patient include all EXCEPT the follow-
ing:
a. Age less than 12 months
b. positive Kernig’s sign
c.  recent head injury
d.  persistently obtunded 2-year-old after a   
 febrile seizure

2. An 18-year-old college student presents to the 
ED after a first-time generalized tonic-clonic 
seizure, a seizure in which he never did lose 
consciousness. All of the following is true  
EXCEPT:
a. The patient should try to get some sleep,  
 alleviate stress, and avoid caffeine and other  
 stimulants. 

b.  The patient may have fewer seizures over  
 time as he grows older.
c. The patient would best benefit from valproic  
 acid if AED therapy is needed.
d. The  patient should immediately be   
 admitted for MRI of the brain. 

3. Patients with pseudoseizures cannot benefit 
from anti-seizure medications.
a.  True
b.  False

4. Brain CT would least likely be indicated for 
which of the following children: 
a. A patient with a head injury where there  
 was no loss of consciousness but who has a   
 first-time seizure as an immediate   
 consequence of  the head injury
b. A child who looks well and takes anti-  
 epileptic drugs presents with a second   
 afebrile seizure in 2 days
c. A child who presents with a first-time febrile 
 seizure but has just returned from a   
 6-month stay in an endemic area for   
 neurocystercosis
d. A child who had a complex febrile seizure  
 and has a prolonged postictal period

5. A child who presents with a febrile seizure 
and has been diagnosed with similar febrile 
seizures in the past would preclude the physi-
cian from performing a lumbar puncture for 
any reason.
a.  True
b.  False

6. Which of the following would be an indication 
for electrolyte panel testing (excluding glucose, 
which is acceptable testing for each) in the 
emergency department?
A. The neonate with first-time seizure, who  
 now appears well
B. A 1-year-old quiet child, post first-time   
 seizure, with a rectal temperature of 36.4°C  
 (97.5°F) 
C.  A 2-year-old with simple febrile seizure,   
 who appears well   
D. A 4-month-old well-appearing child with  
 recent gastroenteritis, now taking fluids   
 orally but who had first-time afebrile seizure

7. A 2-day-old neonate is in status epilepticus, 
refractory to all usual medications given. You 
suspect his seizures are due to a rare autosomal 
recessive disorder. You are finally able to stop 
the seizures with:
a. Physostigmine  b.    Pyridimine
c. Pyridostigmine  d.    Pyridoxine
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EVIDENCE-BASED CLINICAL RECOMMENDATIONS FOR PRACTICE

An evidence-based review of the evaluation and management of pediatric seizures in the emergency department is presented in this issue of Pediatric 
Emergency Medicine Practice. Here, we outline key recommendations for practice based on valid research evidence within the journal issue. For a more 
detailed and systematic look at the latest evidence on pediatric seizures as well as other considerations such as diagnostic studies, clinical pathways, and 
special circumstances not noted here, see the full text article.

An Evidence-Based Approach To Pediatric Seizures In The Emergency Department
Berg, C, Schumann, H. February 2009, Volume 6; Number 2

Key Points References Comments
Pediatric seizures are a common occurrence and a 
frequent presentation to the emergency department. It 
is estimated that at least 4% to 6% of all children will 
have a seizure by the time they are 16 years of age.

1

By using a practical and pragmatic approach, the physician can 
reduce the number of laboratory tests, painful phlebotomies, and 
uncomfortable lumbar punctures.

 Laboratory tests may be of use in the initial evalu-
ation of the pediatric seizure patient in the ED, 
depending on the type of seizure and the age of the 
patient.  

 2,126

Afebrile neonatal seizures require an initial evaluation of se-
rum electrolytes, glucose, calcium, and magnesium. For febrile 
seizures, laboratory tests (such as CBC, electrolytes, calcium, 
magnesium, glucose, and phosphorus) should be tailored to the 
child’s symptoms, seizure type, and history.

The literature primarily indicates that a lumbar punc-
ture is indicated when meningitis or encephalitis may 
be the cause of the seizure.  23-25

Contraindications to a LP include: signs of increased intracrani-
al pressure with altered mental status, focal neurological signs, 
coagulopathy or bleeding diathesis, platelet abnormality or 
deficiency, cardiorespiratory compromise or distress, and local 
infection at the site of proposed insertion of the spinal needle.

 Several medications are available for the manage-
ment of various pediatric seizure disorders.

52, 61,87,97

Lorazepam and diazepam are equally efficacious and safe for 
the management of pediatric convulsive status epilepticus. IM 
midazolam may represent an alternative and effective route of 
drug administration. Phenobarbital and phenytoin have been 
used historically but a study concluded that they were ineffec-
tive in controlling neonatal seizures. IV valproic acid may be 
an appropriate ED treatment for seizing patients with subthera-
peutic valproic acid levels.

Treatment approach remains controversial in regards 
to neonatal seizures. Evidence exists that treatment 
of prolonged or repetitive seizures and short-term 
seizure recurrence is indicated to help prevent lasting 
cortical brain damage.

118

In treating a seizing pediatric patient, treat the ABC’s first. 
Also place cardiac and pulse oximetry monitoring and deliver 
AEDs via IV, IO, or other methods.

Focus in the literature is on treating seizures lasting 
longer than 5 to 10 minutes, as these seizures are 
more likely to result in status epilepticus. 25,119

Status epilepticus (a seizure lasting longer than 30 minutes) is 
an emergency. These seizures need to be stopped, and the etiol-
ogy needs to be addressed, so as to avoid neurological damage.

Admission is usually indicated for a first-time neo-
natal seizure, also for pediatric patients with uncon-
trolled seizure, meningitis, encephalitis, neurosurgical 
complications, and poor guarantee for  follow-up. 
Simple febrile seizures usually do not require admis-
sion if the child appears well and no serious infection 
exists. 

20,120,126

Complex febrile seizures carry a higher risk for meningitis 
than simple febrile seizures, so there should be a lower thresh-
old for performing an LP and admitting children with complex 
seizures 

* See reverse side for reference citations.
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