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Abstract

Febrile seizures are common, occurring in up to 5% of children in the United States.

Frequently perceived by caregivers as a life-threatening event, febrile seizures are a

common cause of emergency department visits. The concern for permanent neuro-

logic sequelae and future epilepsy after febrile seizures has resulted in a significant

amount of research on these topics. The development of childhood vaccines over the

past several decades has led to a significant reduction in childhood bacterial meningi-

tis. This in turn has led to a dramatic change in the evaluation and treatment of febrile

seizures. In this review, the different types of febrile seizures as well as the evaluation

and prognosis of each are discussed.
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1 INTRODUCTION

Febrile seizures are the most common seizures in children younger

than 5 years.1 They are defined as a seizure accompanied by a fever of

at least 100.4◦F (38◦C) without central nervous system infection, that

occurs in children 6 through 60 months of age.2 Frequently perceived

by parents as a life-threatening event,3 febrile seizures are a common

cause of pediatric emergency department visits. In this guided review,

we discuss the different classifications of febrile seizures and specifi-

cally address their evaluation, treatment, and prognosis. The purpose

of this article is to assist practicing emergency physicians who treat

these children.

2 EPIDEMIOLOGY

The incidence of febrile seizures is estimated to be between 2% and

5% in the United States and Western Europe.4 Some studies have

found a higher incidence of 8%–10% in Asian populations.5,6 The peak

incidence of a first febrile seizure is in the second year of life, with

90% of children experiencing their first febrile seizure by the age
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of 3 years.7,8 Febrile seizures occur most frequently in the winter

months, concurrently with febrile episodes.9 Some studies have found

a higher incidence of febrile seizures in males, and others have found

no significant difference based on gender.10

3 ETIOLOGY

Genetic factors seem to play a role in febrile seizures, with approxi-

mately one third to one half of children with febrile seizures having

a family history thereof.11,12 Viral infections, commonly influenza,

adenovirus, parainfluenza, and herpesvirus-6 (roseola infantum), are

the pathogens most often responsible for febrile seizures.13–15 Otitis

media is the most common cause of febrile seizures caused by a bac-

terial pathogen.13 Febrile seizures may occur after the administration

of certain vaccines,most commonly those containingmeasles (measles,

mumps, and rubella), combined diphtheria-tetanus toxoids-pertussis,

pneumococcal conjugate vaccine (PCV 13), and influenza vaccines.16

The rapid onset of fever was previously thought to be a precipitat-

ing cause of febrile seizures, though this is no longer thought to be

true.17 The height of the fever is the main influencing factor for febrile

seizures. Simply put, the higher the temperature, the greater the like-

lihood of a febrile seizure. One study found the risk of having a febrile
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TABLE 1 Clinical characteristics of simple and complex febrile seizures and febrile status epilepticus

Simple Complex Febrile status epilepticus

Generalized seizures without focal

features

Seizures with focal features Seizures lastingmore than 30minutes

Less than 15minutes duration Seizures lastingmore than 15minutes and those lasting

less than 15minutes stoppedwith anticonvulsant

medication

Brief serial seizures without consciousness

being regained during the interictal

periods with a total duration of more than

30minutes

No recurrencewithin 24 hours Recurrent seizures within 24 hours

No preexisting neurologic abnormality Presence of a preexisting neurologic abnormality

Postictal neurologic abnormality, such as Todd’s paralysis

seizure nearly doubledwith each increase in degrees Fahrenheit above

101◦F.18

4 CLINICAL MANIFESTATIONS

Febrile seizures typically occur within the first 24 hours of an illness,

often within an hour of fever onset.19 The seizure is the first sign of a

febrile illness in 25%–50% of cases.20 Febrile seizures have an average

duration of 4–7 minutes, with only 10%–15% of them lasting longer

than 10 minutes.21–23 Patients typically have a high fever, with an

average of 39.4◦C in one study.22

Signs and symptoms of febrile seizures include loss of conscious-

ness, irregular breathing, pallor or cyanosis, foaming at themouth, eyes

rolling back or fixed gaze, generalized or focal twitching, and jerking of

the extremities.24 The facial muscles are often involved.25 Atonic and

tonic spells have also been described.25 After the seizure, a postictal

period of drowsiness, fussiness, or confusion may occur lasting up to

30minutes.24 A postictal palsy (Todd’s paralysis) may occur.26

5 CLASSIFICATIONS

Febrile seizures have been classified as simple, complex, and febrile

status epilepticus based on duration, the presence of focal features,

and recurrence (Table 1).2,26 Approximately, 70% of febrile seizures

are simple, 25% are complex, and 5% are classified as febrile sta-

tus epilepticus.4,10,27–30 Febrile status epilepticus is the most common

cause of status epilepticus in children.31

6 EVALUATION

The evaluation of a child with a febrile seizure should begin with a

history and physical examination to determine the cause of the fever.

Key features of the history include a description of the seizure and its

duration, recent illnesses or antibiotic use, personal or family history

of seizures or epilepsy, recent vaccinations, and immunization status

for Haemophilus influenzae type B and Streptococcus pneumoniae.2,25,32

Physical examination should search for signs of meningitis such as

depressed sensorium, irritability, a bulging fontanelle, nuchal rigidity,

and decreased muscle tone. Unfortunately, in very young children the

signs of meningitis may be subtle or not present at all.

6.1 Laboratory studies

As with any patient presenting with seizure, a serum glucose level

should be assessed. Routine laboratory studies in patients with simple

febrile seizures are not necessary because electrolyte abnormalities

are rare.2,33,34 Further laboratory testing in patients should be indi-

vidualized and guided by history and physical examination findings.

The causes of fever in children with and without seizure are similar.

Children with simple febrile seizures do not have an increased risk of

pneumonia, urinary tract infection, bacteremia, or bacterial meningitis

compared to other febrile children.35–38

6.2 Neuroimaging

No data have been published that either support or negate the need

for neuroimaging, specifically computed tomography or magnetic

resonance imaging (MRI), in the evaluation of children with simple

febrile seizures. The American Academy of Pediatrics (AAP) recom-

mends against the performance of routine neuroimaging in patients

with simple febrile seizures.2 Similarly, a study of 71 neurologically

normal children with a first complex febrile seizure found no sig-

nificant intracranial pathology that warranted intervention, leading

the authors to conclude that neuroimaging is not indicated in this

population.39 One study has suggested the value of MRI after febrile

status epilepticus to predict future epilepsy.40 However, MRI in the

evaluation of febrile status epilepticus is not required on an emergency

basis.40 Although no published guidelines exist specifically addressing

this issue, it is probably reasonable to obtain neuroimaging on any

febrile seizure patient inwhom a postictal neurologic deficit is present.

6.3 Lumbar puncture

At the forefront of the clinical approach to a child with a febrile seizure

is the concern for bacterial meningitis. This concern is well founded

because 1 in 4 children with bacterial meningitis will present with a
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seizure.41 Any child presenting with a febrile seizure and signs and

symptoms of meningitis should undergo lumbar puncture.

Introduction of the Haemophilus influenzae type B and Streptococcus

pneumoniae vaccines has led to a dramatic reduction in childhood bac-

terial meningitis.42 The most recent AAP guideline on the topic does

not recommend the routine performance of a lumbar puncture on all

children with a simple febrile seizure.2 Rather, the guideline presents

lumbar puncture as an option in children between 6 and 12 months of

age whose immunization status for Haemophilus influenzae type B and

Streptococcus pneumoniae is incomplete or unknown.2 This recommen-

dationwas backed by studies in the postvaccine era that demonstrated

a near non-existent risk of bacterial meningitis in well-appearing chil-

dren after a simple febrile seizure.35,38,43 The guideline further states

that lumbar puncture is an option in those children being treated with

antibiotics at the time of the seizure, because antibiotic treatment can

mask signs and symptoms of meningitis.2

Traditionally, complex febrile seizures have been cited as a risk fac-

tor for bacterial meningitis.44,45 Lumbar puncture performed in the

evaluation of complex febrile seizure varies by practitioner,46 and no

national practice guidelines have been established. One recent large

study of physician practice patterns when evaluating children with

complex febrile seizures found that approximately one quarter of the

patients underwent lumbar puncture in the ED.47 The authors also

noted that the proportion of patients evaluated with lumbar puncture

decreased from 31.4% to 17.8% over the course of the 8-year study.47

Several studies have documented a very low incidence of bacterial

meningitis in otherwise well-appearing children with a complex febrile

seizure.43,47–50 Two guidelines published in the postvaccine era have

suggested performing a lumbar puncture on children with a complex

febrile seizure only if they are under 12 months of age.51,52 Another

recently published guideline suggests performing a lumbar puncture

after complex febrile seizure only if the child’s clinical examination is

suggestive of meningitis.53

Children with febrile status epilepticus are at higher risk for menin-

gitis compared to those with simple and complex febrile seizures.

Studies have documented rates of bacterialmeningitis of 12%and 17%

with febrile status epilepticus.54,55 Two recently published guidelines

recommend performing a lumbar puncture on all children with febrile

status epilepticus.25,32 Indications for lumbar puncture after a febrile

seizure are listed in Table 2

7 MANAGEMENT

Most febrile seizures will resolve spontaneously before presentation

to the ED. For those that have not resolved, international consensus is

that ananticonvulsant drug shouldbeadministered for any tonic-clonic

seizure that has been ongoing formore than 5minutes.56 Treatment of

febrile status epilepticus is the same as for non-febrile status epilepti-

cus. In the United States, rectal diazepam is the most commonly used

medication for out of hospital treatment of pediatric seizures.30 A

2018 Cochrane systematic review found that intravenous lorazepam

and diazepam have similar rates of seizure cessation with a low risk

TABLE 2 Indications for lumbar puncture after a febrile seizure

∙ Any child with physical examination findings suggestive of

meningitis
∙ Simple febrile seizures

◦ Children between 6 and 12months old if immunization status is

unknown or incomplete

◦ Children on antibiotics
∙ Complex febrile seizures if under 12months old
∙ All childrenwith febrile status epilepticus

TABLE 3 Medications used to treat febrile status epilepticus25,58

First-linemedications (may repeat

dosing after 5minutes) Second-linemedications

Lorazepam 0.1mg/kg IV.Maximum

dose 4mg.

Levetiracetam 60mg/kg IV.

Maximum dose 4500mg.

Diazepam 0.2mg/kg IV.Maximum

dose 10mg.

Fosphenytoin 20mg phenytoin

equivalents IV.Maximum dose

1500mg.

If IV access not available: Valproate 20–40mg/kg IV.

Midazolam 0.3-0.5mg/kg buccally,

OR 0.2mg/kg intranasally, OR

0.1–0.2mg/kg IM.Maximum dose

10mg.

Phenobarbital 20mg/kg IV.

Maximum dose 1 gram.

Diazepam 0.5mg/kg buccally, OR

0.2mg/kg intranasally, OR

0.5mg/kg rectally. Maximum dose

20mg.

Abbreviation: IV, intravenous.

of adverse events.56 In the absence of intravenous access, midazo-

lam, given buccally, intranasally, or intramuscularly, or diazepam, given

buccally, intranasally, or rectally, are reasonable alternatives.56

Febrile status epilepticus rarely stops spontaneously and often

requires more than 1 antiepileptic medication.57 Repeat doses of ben-

zodiazepines can be administered after 5 minutes. Second-line anti-

seizure medications such as levetiracetam, fosphenytoin, valproate, or

phenobarbital may be necessary58 (Table 3).

8 PREVENTION

Prevention of febrile seizures with antiseizure medication has been

extensively studied. A 2017 Cochrane review found that continu-

ous treatment with phenobarbital and intermittent treatment with

diazepam prophylactically was effective at reducing the recurrence

of febrile seizures.59 However, there were adverse effects in up to

30% of cases, leading the authors to advise against the use of these

medications.59 Similarly, the AAP advises against the use of contin-

uous and intermittent prophylactic antiseizure medication for febrile

seizures.60

Because fever is the cause of febrile seizures, it would seem

intuitive that antipyretic agents would be of value in preventing recur-

rence. However, several studies evaluating the value of prophylactic
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TABLE 4 Risk factors for recurrence of febrile seizures68,71–73

Age younger than 18months

Occurrence of the febrile seizure within 1 hour of fever onset

Occurrence of the febrile seizure with a relatively low-grade fever

A history of febrile seizures in a first-degree relative

TABLE 5 Risk factors for epilepsy after a febrile seizure68,74–79

Complex febrile seizure

Occurrence of the febrile seizure within 1 hour of fever onset

Age older than 3 years at the time of the first febrile seizure

Preexisting neurodevelopmental abnormality

Family history of epilepsy

antipyretics given to prevent febrile seizures have failed to support

this concept.61–65 The AAP has concluded that “although antipyret-

ics may improve the comfort of the child, they will not prevent febrile

seizures.”60

9 PROGNOSIS

9.1 Neurologic sequelae

A key concern among parents of children with febrile seizures is the

possibility of long-term neurologic sequelae. In general, population-

based studies have not demonstrated an obvious association between

simple and complex febrile seizures or status epilepticus and the later

development of neurologic or cognitive defects.66–69

9.2 Risk of recurrence

Recurrence of febrile seizures has been extensively studied. Approx-

imately, one third of children who experience 1 febrile seizure will

have another episode during their childhood.70 Age at the time of

the first febrile seizure appears to be the most important factor for

febrile seizure recurrence. One study found a recurrence rate of 50%

in patients whowere younger than 1 year at the time of the first febrile

seizure and a recurrence rate of 20% in patients who were older than

3 years at the time of the first febrile seizure.71 Other identified risk

factors for recurrence of febrile seizures are listed in Table 4.

9.3 Risk of epilepsy

The risk of future epilepsy after a febrile seizure is dependent on

the type of febrile seizure, among other factors (Table 5).68,74–79

From 1% to 2% of children with simple febrile seizures will go on to

develop epilepsy, compared with approximately 0.5% of children with-

out febrile seizures.77,80 Children with complex febrile seizures are at

higher risk, with 6%–8% later diagnosedwith epilepsy.74,80

10 INDICATIONS FOR ADMISSION

The majority of children with febrile seizures will not require hos-

pital admission.25 Most can be safely discharged after a period of

observation if they have returned to their neurologic baseline. There

is no evidence that hospitalization of children after a febrile seizure

merely to reassureparents is of anybenefit.51 All childrenwhoundergo

lumbar puncture in the ED evaluation of a febrile seizure should be

admitted.

11 FUTURE CONSIDERATIONS

Several relatively small studies have evaluated the intermittent and

chronic use of the antiseizure medications valproate and levetirac-

etam, as well as pyridoxine, melatonin, and zinc sulfate to prevent

febrile seizures.81–86 Although these studies demonstrated some

marginal success at febrile seizure prevention, a 2021 Cochrane sys-

tematic review concluded there is currently insufficient evidence to

support the use of these agents for this purpose.87 Clearly, more

research is needed in this area.

Recent studies have revealed the role of elevated cytokines in

the serum and cerebrospinal fluid with febrile seizures.88 Ideally,

a therapeutic agent for specific cytokines could be developed to

prevent febrile seizures. Also discovered recently was a relation-

ship between iron deficiency anemia and vitamin D deficiency and

febrile seizures.88–91 Treatment of these deficiencies may play a role

in the future prevention of febrile seizures. Finally, a clinical trial

funded by the National Institute of Neurological Disorders and Stroke

is currently underway evaluating the utility of serum von Wille-

brand factor and copeptin levels as a biomarker of febrile seizure.

This information would be of significant value when trying to dis-

cern a febrile seizure from a non-ictal event such as fever with

shivering.

12 CONCLUSIONS

Febrile seizures are themost common type of seizure in preschool-age

children and are often perceived as life-threatening events by par-

ents. Introductionof theHaemophilus influenza typeBand Streptococcus

pneumoniae vaccines has dramatically changed the extent of evalua-

tion necessary in childrenwith febrile seizures. Classification of febrile

seizures by their duration and other characteristics is key to guide their

management and prognosis.
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