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                These seizures are usually benign, but they do frighten the parents of

                young children who have them. Often, parental reassurance is the only

                intervention necessary, but pediatricians can prescribe a new,

                uncomplicated treatment that may prevent recurrence. 

                Febrile convulsions (FCs), also referred to as febrile seizures, are the

                single most common type of seizure in children, affecting 2% to 4% of

                youngsters before their fifth birthday.1 An FC is defined as a seizure in

                a healthy infant or young child, between 3 months and 5 years of age,

                that is associated with febrile, usually viral, illness (rectal temperature

                >38° C), but not with intracranial infection or dehydration or a history

                of nonfebrile seizures.1 Boys are more likely to have an FC than are

                girls. Although FCs generally are benign, they tend to frighten the child

                and his or her parents. They are also likely to have stopped by the

                time a child can receive medical attention. Fortunately, pediatricians

                can, beyond examining the child for acute central nervous system

                infection, provide reassurance and—when appropriate—train parents

                to use a new drug delivery system to administer treatment that

                prevents recurrence. 

                 LEARNING OBJECTIVES

                 After reviewing this article the

                 physician should be able to: 

                      Differentiate between

                      benign and complex febrile

                      seizures. 

                      Counsel the parents about

                      possible consequences of

                      complex febrile seizures. 

                      Become familiar with rectal

                      diazepam and know the

                      indications for writing a

                      prescription for Diastat. 

                More than one type of FC 

                FCs are classified as simple or complex. A simple FC is generalized

                (tonic-clonic, clonic, or, rarely, atonic). It lasts for less than 15

                minutes, does not recur within 24 hours, and is not associated with

                abnormal neurologic findings. Most FCs are of this type. A complex FC

                is partial (focal) or generalized and lasts longer than 15 minutes,

                recurs within 24 hours, or is associated with postseizure neurologic

                deficits. The complex FC may have one or more of these features. A

                child who has a complex seizure merits referral. A seizure that lasts

                longer than 30 minutes, be it a single seizure or a series of shorter

                seizures, without full recovery of consciousness between seizures, is

                considered status epilepticus.2 FCs should not be confused with

                seizures caused by central nervous system infection or inflammation or

                by an acute systemic metabolic abnormality3—so-called seizures with

                fever that might be associated with, for example, meningitis,

                encephalitis, gastroenteritis with metabolic disturbance, cerebral

                malaria or Reye syndrome, or a severe neurologic disorder or mental

                retardation, or could be the rare reflex anoxic (that is, occurring in

                response to anoxia) seizure. 

                What causes FCs? 

                Three main variables play a role in the pathophysiology of FC: the

                presence of fever, young age, and genetic predisposition. 

                Fever is most often caused by a common childhood infection such as

                an upper respiratory infection, otitis media, gastroenteritis,

                influenza-like illness, urinary tract infection, or pneumonia. In most

                children who develop an FC, convulsions are seen within the first 24

                hours after the viral illness begins; in about one quarter, seizure is the

                first sign of infection. Three quarters of children with an FC have a

                fever above 39° C; the remaining one quarter have a fever above 40°

                C.4 A rapid increase in temperature plays a role in triggering an FC.2 

                Age. Febrile convulsions are strongly age-dependent. Occurrence

                peaks at 18 months (median age 17 to 22 months), although, on

                occasion, an infant as young as 3 months has a seizure. An FC in a

                child as old as 7 to 8 years is unusual.4,5 Onset of an FC before 1

                year is associated with increased likelihood of a complex FC and

                recurrence.6 

                Genetic disposition. FCs are sometimes associated with inheritance of

                the so-called FC trait, a tendency to convulse with fever because of a

                low seizure threshold. Most studies suggest a dominant mode of

                inheritance with reduced penetrance and variable expression and

                increased frequency of FCs when a first degree relative has FCs.4 In a

                child with FC trait, the risk of an FC is 10% for the sibling and almost

                50% for the sibling if a parent has FCs as well.4 Having a first-degree

                relative who has had nonfebrile seizures is a risk factor for a complex

                FC but not for seizure recurrence. 

                A study conducted in Japan shows that about 20% of children with

                FCs have human herpes 6 virus infection.7 This suggests that further

                research is needed on whether the presence of neurotropic viruses

                affects the genetic predisposition to FCs. 

                Who is most at risk? Risk factors for a first FC are young age, a

                family history of FCs, and a high fever that has increased rapidly.2

                Maternal alcohol intake and smoking during pregnancy have been

                associated with a two-fold increase in the risk of an FC.8 Complex FCs

                are more likely in infants younger than 16 months than in those who

                are older, and are also associated with a family history of nonfebrile

                seizures, perinatal insult, and neurologic deficit.4 A significant risk

                factor for status epilepticus, besides especially young age at onset and

                family history of nonfebrile seizures, is an initial FC of the complex

                type.2 

                Making the diagnosis 

                The child with an FC has symptoms of clonic (body-jerking), tonic-

                clonic (stiffening interrupted by jerking), or atonic (sudden loss of

                muscle tone) seizures but not of myoclonic seizures or spasms.

                (Myoclonic seizures are a brief contracture of a single muscle or group

                of muscles; spasms are a cluster of myoclonic jerks causing either

                flexion or extension of the body.) Most often, the seizure lasts for one

                or two minutes. Annegers and colleagues observed that more than

                half of FCs lasted less than five minutes, whereas Nelson and Ellenberg

                noted that 7% of first FCs lasted more than 15 minutes.9,10 Other

                presentations of complex seizures, which, all taken together,

                constitute up to 18% to 35% of FCs, include recurrent seizures that

                occur within 24 hours. In rare cases, focal complex FCs are followed by

                Todd paralysis, which usually resolves in a few hours or, in rare cases,

                in a few days. A strong association also has been seen between

                focality and duration of the seizure, with focal seizures accounting for

                half of seizures longer than 15 minutes.11 About 4% of FCs progress

                to status epilepticus. 

                The diagnosis of FC is based on a good history and physical

                examination and determination of the source of the fever. A prime goal

                of the evaluation is to rule out underlying meningitis or encephalitis;

                for this reason, lumbar puncture is imperative for infants younger than

                6 months and recommended for infants younger than 18 months—

                unless a treating pediatrician is confident, based on the history and

                examination, that the child does not have a central nervous system

                infection and, therefore, that lumbar puncture is not needed. Usually, a

                computed tomography scan of the brain and an electroencephalogram

                are unnecessary. 

                Differentiating "seizures with fever" from FC, especially in infants

                younger than 1 year with a first episode, can be challenging. In

                addition, certain conditions can mimic FC. Syncope, associated with

                reflex anoxic seizures (anoxic seizure resulting from vagally induced

                bradycardia or asystole with reduced cerebral blood flow) that are

                triggered by fever is one—albeit rare—example. Getting a good

                description of the episode, including the sequence of events, is very

                helpful in differentiating syncope from FC. Marked agitation with fever,

                called febrile delirium, can resemble FC superficially. 

                What is the prognosis? 

                Typically, an FC is a single event and has no sequelae. In some

                instances, however, an FC recurs or is followed by development of

                epilepsy or neurologic deficit. 

                Recurrence. About 30% to 40% of children have a recurrence after a

                first FC. In the National Collaborative Perinatal Project, about one third

                of children had at least one recurrence and half of those had more

                than one.12 A complex interplay between genetic and environmental

                factors determines the occurrence of new febrile seizures. Recurrences

                are mostly benign and do not influence a child's general health and

                neurodevelopment. Risk factors for recurrence of an FC are: early age

                at onset of first FC (<15 months); epilepsy in a first-degree relative;

                an FC in a first-degree relative; day-care attendance; a first FC of the

                complex type; fever of <40° C; and frequent episodes of fever. 

                The most important factor for recurrence is age at onset of the FC;

                the younger the infant, the more likely that an FC will recur. In

                addition, each febrile episode increases the risk of recurrence by about

                18%.13 The younger the child is when the first episode occurs,

                therefore, the longer he is exposed to febrile episodes and is at risk of

                recurrence. Children in day care and kindergarten have more

                recurrences just because they are in an environment where the risk of

                infection is heightened. When an initial FC is associated with a

                low-grade fever, each subsequent degree increase in temperature

                during the febrile episode nearly doubles the risk of recurrence.14 The

                recurrence rate is also higher if more than one of these risk factors is

                present. 

                Epilepsy. About 2% to 3% of children who have an FC later have a

                nonfebrile seizure. In the British Child Health and Education Study

                (CHES) cohort, the risk of subsequent epilepsy was 1% after a simple

                FC; 4% after multiple seizures within 24 hours; 6% after seizures

                lasting more than 15 minutes; and 29% after an FC with focal

                features.15 Annegers and colleagues reported a 2.4% risk of epilepsy

                by the age of 25 after a simple FC, 6% to 8% with a single complex

                feature, 17% to 22% with two complex features, and 49% with three

                complex features.9 The risk of developing epilepsy is highest in the

                months soon after the first seizure. Nonfebrile seizures following an FC

                are more likely in children who had a developmental abnormality before

                the first FC occurred, have a first-degree relative with genetic epilepsy,

                or had an FC of the complex type.2 The risk of later epilepsy increases

                only slightly with the number of FCs. 

                Studies involving surgical series and quantitative neuroimaging studies

                have shown an association between complex FCs and mesial temporal

                (hippocampus and amygdala) sclerosis (MTS) and temporal lobe

                epilepsy (TLE).14–20 It is unclear, however, whether there is a causal

                relationship between FC and MTS, or if MTS is both a cause and the

                consequence of FCs, with the intervention of environmental and

                genetic factors.14,19 Berg and colleagues challenged the available

                data, demonstrating no association between FC and TLE or MTS at the

                time of diagnosis in a group of children with newly diagnosed

                epilepsy.21 

                Neurologic deficits. Status epilepticus, motor coordination deficits,

                mental retardation, and learning and behavior problems have been

                associated with FCs. These complications are extremely uncommon

                and occur only in children who have had complex FCs. 

                Goals of treatment 

                Treatment of FCs focuses on three goals: Acute management,

                prevention of recurrent FCs, and management of neurologic sequelae

                and late nonprovoked epilepsy, mainly TLE. 

                Acute management starts with basic measures to ensure an

                adequate airway and satisfactory perfusion and circulation. 

                To control ongoing convulsions, benzodiazepines (BZDs) are

                administered. Antipyretic treatment does not reduce the likelihood that

                the child will have another seizure but will make the child more

                comfortable. Although intravenous BZDs are the agents of choice for

                acute management, rectal diazepam (R-DZP) is rapidly replacing them,

                especially for use at home and en route to the hospital. R-DZP, a

                nonsterile diazepam gel, is purchased in a prefilled, unit-dose, rectal

                delivery system formulated for different age groups. The dose of rectal

                diazepam is calculated in mg/kg of body weight and adjusted for the

                patient's age and weight range (Table 1). R-DZP is well absorbed from

                the rectum, takes about five to 15 minutes to reach a therapeutic

                level, and reaches a peak plasma concentration in 90 minutes. The

                absolute bioavailability of R-DZP relative to IV DZP is 90%, and the

                volume of distribution is about 1 L/kg. The mean elimination half-life of

                diazepam and its major active metabolite, desmethyldiazepam,

                following administration of a 15 g dose is, according to the Diastat

                package insert, about 46 and 71 hours, respectively. Both diazepam

                and desmethyldiazepam bind extensively to plasma proteins. 

                 TABLE 1

                 What is the right dosage of diazepam rectal gel?

                           Weight 

                     kg 

                                   lb 

                                                 Dosage (mg)

                 2–5 yr (0.5 mg/kg)

                    6–11 

                                 13–25 

                                                      5

                   12–22 

                                 26–49 

                                                      10

                   23–33 

                                 50–74 

                                                      15

                   34–44 

                                 75–98 

                                                      20

                 6–11 yr (0.3 mg/kg) 

                   10–18 

                                 22–41 

                                                      5

                   19–37 

                                 42–82 

                                                      10

                   38–55 

                                 83–122 

                                                      15

                   56–74 

                                123–164 

                                                      20

                 Note: These dosages provide the child with 90% to 180% of the

                 calculated recommended dose. Diazepam rectal gel, sold in two-dose

                 packages, is available in fixed, unit doses of 2.5 mg, 5 mg, and 10 mg

                 (and as 15 mg and 20 mg doses for adults). Calculate the prescribed

                 dose by rounding upward to the next available dose. When a child

                 requires a 15 mg dose you must write two prescriptions: one for a 5 mg

                 twin pack and one for a 10 mg twin pack.

                 Adapted from Diastat package insert prescribing information.

                R-DZP is safe and simple—and appropriate, we believe—to use for 1)

                the child who has complex FC (Table 2) and 2) the child who has

                recurrent simple FC in the presence of parental anxiety. Parents and

                caregivers can administer it by following the illustrated, step-by-step

                directions provided with the applicator. Nevertheless, it is helpful if a

                health-care provider in the office or emergency department

                demonstrates delivery. Furthermore, the prescribing physician should

                be confident that the caregiver is able to identify the early signs of a

                seizure, administer rectal treatment, monitor clinical response, and

                recognize when the child needs immediate medical attention. 

                 TABLE 2

                 Preventing recurrence of febrile convulsions

                 Drug 

                             Indication

                                       Dose 

                                              Side effects 

                                                               Contraindication 

                 Intermittent prophylaxis 

                 Diazepam,

                 oral 

                             Frequent

                             FC

                             Complex

                             FC 

                                       0.3

                                       mg/kg

                                       q8h

                                       (for

                                       2–3 d

                                       during

                                       febrile

                                       illness) 

                                              Lethargy, ataxia

                                              Irritability

                                                               Known

                                                               hypersensitivity

                 Diazepam,

                 rectal gel 

                             Complex

                             FC 

                                       2–5 yr:

                                       0.5

                                       mg/kg

                                       6–11

                                       yr: 0.3

                                       mg/kg

                                              Somnolence

                 Continuous prophylaxis 

                 Phenobarbital

                             Selected

                             cases of

                             complex

                             FC

                                       2–3

                                       mg/kg

                                       q12h 

                                              Hyperactivity,

                                              irritability 

                                                               Known

                                                               hypersensitivity

                 Valproic acid

                 or

                 Valproate

                 sodium

                             Selected

                             cases of

                             complex

                             FC 

                                       10–20

                                       mg/kg

                                       q8h

                                       10–20

                                       mg/kg

                                       q12h

                                              Thrombocytopenia,

                                              hepatotoxicity,

                                              weight gain, GI

                                              problems,

                                              pancreatitis

                                                               Hepatic

                                                               disease/dysfunction

                                                               Metabolic disorder

                R-DZP can clearly reduce parents' anxiety and stress and empower

                them with an effective form of intervention that can diminish the

                possibility of status epilepticus or central nervous system damage.22

                R-DZP also is cost-effective because it reduces the need for visits to

                the emergency department—although parents should be advised to

                contact their child's pediatrician for guidance after administering

                R-DZP. To make the agent as economical as possible for families, the

                prescribing physician should direct the pharmacist to "dispense two

                twin packs," permitting parents to get four doses for one copayment.

                Parents should be advised to be aware of the expiration date of the

                packets they keep on hand. 

                Even though rectal diazepam is, we believe, something of a "wonder

                drug" for controlling seizures, it does have disadvantages: short

                duration of action, an association with excessive drowsiness (as many

                as 23% of patients experienced this adverse effect in some clinical

                trials), lethargy (which carries the risk of masking evolving CNS

                infection), and a route of administration that, in the United States, is

                not well accepted by older children and their parents. Dizziness,

                headache, nervousness, loss of coordination, ataxia, euphoria,

                vasodilation, rhinitis, asthma, diarrhea, abdominal pain, and rash also

                have been seen with rectal diazepam, as reported in the Diastat

                package insert, but only in 2% to 5% of patients. 

                Parents treating a seizure at home should administer a prescribed

                unit-dose of diazepam rectally. If the child is still seizing five minutes

                later, the parent should take him (or her) to a hospital. At the

                hospital, IV DZP or lorazepam is administered in small consecutive

                doses. If seizures still are not controlled, IV phenytoin/fosphenytoin or

                phenobarbital can be given. Rectal lidocaine and thiopental are also

                useful in some refractory cases. 

                Preventing recurrence and late sequelae. Possible therapeutic

                interventions in the child who has had one or more simple FCs are to

                administer anticonvulsant therapy regularly (continuous therapy),

                administer anticonvulsant therapy at the time of a fever (intermittent

                therapy), or administer no anticonvulsant therapy. A practice guideline

                issued by the American Academy of Pediatrics in 1999 that addresses

                the child who has had one or more simple FCs recommends "neither

                continuous nor intermittent anticonvulsant therapy."23 We believe

                that it is permissible to deviate from these guidelines in a child who has

                complex FC or recurrent simple FC associated with parental anxiety. 

                Short-term intermittent prophylaxis with anticonvulsants administered

                during the febrile episode has been shown to reduce the recurrence

                rate of FCs by about one third.4 In particular, some studies show that

                rectal DZP administered during a fever can prevent some

                recurrences.23 For frequent FCs, oral diazepam at the time the child

                develops fever may be effective. Rectal diazepam is the drug of choice

                for prolonged FC. 

                Because the duration of a complex seizure episode is strongly

                associated with the subsequent risk of developing MTS and TLE, it

                seems reasonable to expect a decline in the risk of TLE if the complex

                FC is terminated at an early stage by administering rectal diazepam.

                We believe that as long as complex FCs are considered a possible

                cause of MTS, these seizures should be treated aggressively to avoid

                hippocampal damage and epilepsy in the future. Although outcome

                data on aggressive management of complex seizures are not yet

                available, we expect that good results soon will be reported as more

                neurologists and pediatricians prescribe rectal diazepam to the parents

                of children who have had complex seizures and explain its benefits. 

                Continuous prophylaxis with phenobarbital or valproate is indicated

                only in some highly selected cases of complex FC. Table 2 summarizes

                how various drugs can be used to prevent recurrence of FC. 

                Summing it up 

                Pediatricians can manage the simple type of FC, which accounts for

                most of these seizures. Counsel parents on controlling fever, and

                demonstrate how to administer rectal diazepam, when appropriate.

                Have available in the office pamphlets and posters on how to manage

                FC.* Studies show that educational interventions aimed at reducing

                parental fear and helping parents to care for their children during

                febrile illnesses may be more efficacious and rewarding than

                administering antipyretics and that these interventions will reduce

                parental concerns over time.24,25 Given their less benign outcome,

                complex FCs should be referred to a pediatric neurologist. 

                *These are available from representatives of Xcel, the maker of

                Diastat. 
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