EPILEPSY
Definitions 
· Seizure: A seizure represents the clinical expression of abnormal, excessive, synchronous discharges of neurons residing primarily in the cerebral cortex. 
· This abnormal paroxysmal activity is intermittent and usually self-limited, lasting seconds to a few minutes.
· A seizure is a discrete event, a symptom of brain dysfunction.

· Convulsion: It is a violent spasm (a sudden involuntary contraction of one or more muscles) or series of jerkings of the face, trunk, or extremities

· Epilepsy: A chronic disorder characterized by paroxysmal brain dysfunction due to excessive neuronal discharge, and usually associated with some alteration of consciousness.
· The names convulsive disorder, seizure disorder, and cerebral seizures are synonymous with it. 

· They all refer to recurrent paroxysmal (sudden) episodes of central nervous system dysfunction manifested by stereotyped alterations in behavior.
· An individual is considered to have epilepsy when seizures recur over a period of time without obvious precipitants. 
· If the disorder is recurrent and unprovoked, the patient has epilepsy.

· Epilepsy is not a specific disease, but rather a condition arising from a variety of pathological insults involving the cortex, such as tumors or genetic channelopathies 
· A focal seizure has a restricted regional onset followed by spread to neighboring or remote brain regions. 
· It may spread to deep subcortical regions and result in a generalized tonic-clonic seizure. 
· This is called a secondarily generalized seizure, to differentiate it from seizures that are generalized from the onset, primarily generalized seizures. 
· When the seizure is prolonged or immediately recurrent without a return of consciousness, this is status epilepticus.
· In about 60% of diagnosed epileptics, no reasonable cause for the seizure is found, and the condition is referred to as idiopathic.
· A single seizure in the presence of a significant lesion on neuroimaging or a diagnostic electroencephalogram (EEG) qualifies as epilepsy
· Most nonepileptic seizures are clonic-tonic, whereas the most common form of epilepsy is the complex partial seizure. 
Etiology

· A seizure may be an isolated event with no obvious precipitating cause that never recurs. 
· It may be triggered by a transient disruption of cortical neuronal function such as:

· A disturbed metabolic state: 
· High fever (Hyperpyrexia)
· Hypocalcemia

· Hyponatremia (Cerebral edema)
· Temporary cortical disturbance after minor head trauma (concussion), 
· Ischemia (Cerebral hypoxia)
· Use of convulsive or toxic drugs 

· Chemical/inflammatory excitation caused by infection 
· Meningitis
· Encephalitis
· Sepsis
· Bleeding 
· Intraparenchymal 
· Subarachnoid hemorrhage 
· A seizure can also be the manifestation of a chronic disturbance of neuronal function caused by a remote event such as: 
· Perinatal asphyxia 
· In-utero stroke
· The expression of a genetic syndrome
· A progressive neurologic disorder such as a tumor (Expanding brain lesions)
· A neurodegenerative 
· Neurometabolic disease. 
· Seizures may also occur as a withdrawal symptom after long-term use of alcohol, hypnotics, or tranquilizers. 
· Seizures may recur over days or weeks and disappear, never to recur (e.g. in viral meningoencephalitis), disappear for months or years (e.g. after perinatal asphyxia), and then recur, or continue unabated from the initial inciting event (e.g. in infants with brain malformations).
· Virtually any insult to the cerebral cortex can cause a seizure. 
· Most seizures are self-limited, and once the inciting process resolves, the seizures cease.

· Seizures can arise from any site in the brain but typically are localized to the neocortical gray matter and the limbic system, particularly the hippocampus and amygdala. 
· Certain seizure types arise from subcortical regions. 
· The thalami, basal ganglia, and posterior fossa structures, including the cerebellum, are considered incapable of generating seizures but participate as neuromodulatory influences or relay stations for the spread of a seizure from a cortical or limbic origin.
· The largest percentage of individuals (children and adults) with epilepsy fall into the:

1. idiopathic/cryptogenic category, followed in order by 
2. vascular, 
3. traumatic, 
4. developmental (conditions manifested by mental retardation and/or cerebral palsy presumed to be present from birth), 
5. infectious, 
6. neoplastic,  
7. degenerative causes
· In the under-14-year age group, a developmental etiology was most common.

Classification 
· Seizures are categorized as clinical (full clinical expression), subtle (minimal clinical expression), or subclinical (no clinical or outward manifestation of the electrical seizure activity).

· The International Classification of Epileptic Seizures divides seizures into two basic groups based upon clinical (symptomatology) and EEG data: partial (focal) and generalized.

Partial seizures 

· Partial seizures are "those in which, in general, the first clinical and electrographic changes indicate initial activation of a system of neurons limited to part of one hemisphere." 

· A partial seizure is classified primarily on the basis of whether or not consciousness is impaired during the attack. 
· When consciousness is fully maintained, the seizure is classified as a simple partial seizure. 
· When consciousness is impaired, the seizure is classified as a complex partial seizure
· Partial seizures are further subdivided primarily on the basis of the clinical signs and symptoms and the EEG localization. Examples include: 

· Motor seizures may manifest as focal motor activity, sometimes with an anatomic spread or match of activity (Jacksonian), versive movement (turning of the eyes, head and/or trunk), vocalization, or arrest of speech. 

· Sensory seizures can be manifest by paresthesias, feelings of distortion of an extremity, vertigo, gustatory sensation, olfactory symptoms, auditory symptoms, and visual phenomena such as flashing lights. 

· Autonomic seizures may include an epigastric "rising" sensation, sweating, piloerection, and pupillary changes. 
· Simple partial seizures may also manifest higher cortical, psychic symptoms including dysphasia, feelings of familiarity ("deja-vu"), distortions of time, affective changes (particularly fear), illusions, and formed hallucinations. 

· During complex partial seizures, the patient may have a variety of repetitive semipurposeful movements that are referred to as motor automatisms. 

· These can include oral-buccal movements (chewing, swallowing, sucking), complex motor phenomena including bicycling and kicking movements, flailing of the arms, and even running, jumping, and spinning. 

· Complex partial seizures involve regions of both hemispheres, thus explaining the impaired consciousness and the more complex and often bilateral motor symptomatology.
Generalized seizures 

· Generalized seizures "are those in which the first clinical changes indicate initial involvement of both hemispheres.” 
· Generalized seizures involve both cerebral hemispheres from the outset, and this bilateral involvement is time-locked (within milliseconds) to the beginning of the behavioral changes that clinically identify the seizure

· Expression of generalized seizures requires the interaction of cerebral cortex, thalamus, and brainstem structures, including reticular formation and substantia nigra.

· They are all characterized by abrupt onset, with loss or alteration of consciousness, and variable bilaterally symmetric motor activity often associated with changes in muscle tone.

· Consciousness may be impaired and this impairment may be the initial manifestation. 
· Motor manifestations are bilateral.
· Generalized seizures can be convulsive and nonconvulsive, depending upon the presence or absence of significant motor concomitants.
· Generalized-onset seizures are further subdivided into several specific types

Tonic-clonic seizures  
· The tonic-clonic seizure (grand mal seizure) is the classic epileptic attack

· Consciousness is lost immediately and completely in conjunction with massive sustained contractions of the entire musculature.

· As air is forcibly expressed through contracted vocal cords, the characteristic "epileptic cry" results 

· The eyes deviate conjugately upward. 

· This tonic phase lasts 10 to 20 seconds and is followed by the clonic phase, which lasts about 30 seconds.
· Tonic: A prolonged muscular contraction, increasing physical or mental tone or strength.

· Clonus: A form of movement marked by contractions and relaxations of a muscle, occurring in rapid succession

· During the tonic phase, marked autonomic phenomena are evident, including pupillary dilatation, salivation, diaphoresis, and dramatic rises in blood pressure and heart rate to two or three times normal levels.

Myoclonic seizures  
· Myoclonic seizures are characterized by short duration and rapid, bilaterally symmetric muscle contractions.
· Myoclonus: One or a series of shock-like contractions of a group of muscles, of variable regularity, synchrony, and symmetry, generally due to a central nervous system lesion
Absence seizures  

· Absence seizures (petit mal seizures) manifest as momentary lapses in awareness with amnesia.

· They begin and end abruptly, rarely lasting more than a few seconds. 

· There is no warning or postictal period, and sometimes attacks are so brief that they escape detection.

Atonic and akinetic seizures  

· Atonic and akinetic seizures, astatic seizures, epileptic drop attacks-these terms are used interchangeably to encompass a variety of behavioral manifestations.

· An atonic seizure is manifested by sudden and usually complete loss of tone in the limb, neck, and trunk muscles.

Epidemiology 

· The age-adjusted prevalence of epilepsy in developed countries is 4 to 8 per 1,000 population 
· An estimated 1 percent of children and adolescents in the United States will experience at least one afebrile seizure by age 14; prevalence studies for active epilepsy (occurrence of a seizure within the previous five years or control of seizures by medication) report 4 to 9 cases per 1,000 children.
· Of the children with epilepsy, 35 percent had a developmental disability, including mental retardation, cerebral palsy, visual impairment, or hearing impairment.
· Of all children, 3 to 5 percent will have a single febrile seizure in the first five years of life; 30 percent will have additional febrile seizures, and 3 to 6 percent of those with febrile seizures will develop afebrile seizures or epilepsy.
· There is a 3.6 percent risk of experiencing at least one seizure in an 80-year lifespan
· The highest incidence of epilepsy occurs at the extremes of life 
· The incidence in developed countries is highest in the first few months of life, particularly in the immediate postnatal period, falls significantly after the first year of life, is stable during the first decade, and then falls again in adolescence. 
· Incidence is lowest in young and middle adulthood and begins increasing in the 50s, with a dramatic increase after age 60; by age 70, the incidence exceeds that of infancy.
· Males are at higher risk for epilepsy than are females. 
· The incidence is higher in lower socioeconomic groups.
· Overall incidence figures show that partial (focal) seizures (simple and complex) are the most common seizure type in all age groups and account for more than 50 percent of all seizures in children. 
· Complex partial (focal seizures with alterations of awareness or consciousness) are the most common subtype
· Generalized seizures are more common in children than in adults, with generalized tonic-clonic, absence, and myoclonic seizures following partial seizures in frequency of occurrence.
· Typical generalized tonic-clonic and absence seizures are extremely uncommon in the first two years of life and never occur in the newborn

Pathophysiology
· Seizures result from synchronous interactions of large populations of neurons that have abnormal firing patterns
· Intracellular recordings from neurons involved in epileptogenic activity show recurring high-amplitude prolonged depolarizations with superimposed high-frequency bursts of action potentials.
Signs and symptoms

General 

· Nonspecific changes such as headache, mood alterations, lethargy, and myoclonic jerking alert some patients to an impending seizure hours before it occurs. 

· These prodromal symptoms are distinct from the aura which may precede a generalized seizure by a few seconds or minutes and which is itself a part of the attack, arising locally from a restricted region of the brain.

· In most patients, seizures occur unpredictably at any time and without any relationship to posture or ongoing activities. 
· Occasionally, however, they occur at a particular time (e.g., during sleep) or in relation to external precipitants such as lack of sleep, missed meals, emotional stress, menstruation, alcohol ingestion, or use of certain drugs. 
· Fever and nonspecific infections may also precipitate seizures in known epileptics. 
· In a few patients, seizures are provoked by specific stimuli such as flashing lights or a flickering television set (photosensitive epilepsy), music, or reading.

· The presence of lateralized or focal signs postictally suggests that seizures may have a focal origin.
History
· First event in the seizure (lateralizing or focal symptoms, aura) 
· Subsequent evolution of the seizure 
· Postictal manifestations (Todd paralysis) 
· Is there more than one seizure type? 
· Has there been a change in seizure pattern? 
· Date and circumstances of first attack 
· Subsequent precipitating or associated factors (sleep deprivation, sensory stimuli, stress) 
· Age of onset, frequency of attacks, and longest seizure-free interval
· A detailed account of the child's behavior preceding, during, and following a "spell" is critical.

· Were the seizures primarily nocturnal and, if so, what time of the night did they occur?

· Was the child taking medication (prescription and over-the-counter) or herbal substances prior to the seizure? 

· Did the seizures occur only with illness and fever?

· Did the seizures occur only when the child was relaxed and never occur when actively involved in some type of activity? (More likely nonseizure events).

Physical 

· The physician should obtain a description of the patient's color during the event and determine whether anyone checked the child's heart rate or pulse. 
· Anoxic nonepileptic seizures may be secondary to a cardiac arrhythmia. 
· If a child has a color change during a seizure, particularly a generalized motor seizure, he/she usually will become cyanotic. 
· A cardiac cause for the event should be considered if the child is described as pale. 
· A description of forceful eye or head deviation to one side can be a useful localizing feature.

Behavior during the event

· Are limb movements unilateral, bilateral, synchronous, clonic (rhythmic flexion movements or rhythmically interrupted tonus), or irregular and thrashing?

· Are the eyes and mouth closed?

· What was the patient's response to verbal commands, pinching, or more painful stimulation?

· What was the patient's response to verbal commands, pinching, or more painful stimulation?

· What was the duration of the event?

Behavior after the event

· What was the patient's behavior after the event (postictal state)? 
· Did he or she recover immediately, or was there confusion or somnolence? 
· Was the child able to communicate verbally immediately after the event (e.g., could the patient form appropriate and full sentences; was the child oriented; could the child follow complex or simple verbal commands?) 
· An abrupt return of consciousness and subsequent loss of consciousness are more typical of a pseudoseizure.

· Were there focal findings during the postictal state, such as a hemiparesis (Todd's paralysis)? 

Investigations

Electroencephalography
· Virtually every child with recurrent seizures should have an EEG awake and while sleeping.
· It helps to distinguish epileptic causes from nonepileptic causes of episodically disturbed behavior, assists in classifying epileptic seizures and syndromes, and provides information of prognostic value.

Neuroimaging 
· When a child presents with a first seizure, the initial evaluation is directed toward uncovering a potential medical etiology

· MRI is the preferred neuroimaging study for the evaluation of a child with seizures. 

· MRI is more sensitive than CT for detecting brain malformations and dysplastic lesions, as well as subtle temporal lobe pathology, particularly in the hippocampus, a common site of seizure onset.

· A CT scan is most often used for emergency department assessment

Laboratory screening 

· The child should be evaluated for potential underlying metabolic, genetic, or neurodegenerative disorders. 
· Initial studies to consider in infants and children with unexplained seizures, particularly those with developmental delay and abnormal neurologic examination include:

· serum (and CSF) amino acid analysis

· urine for quantitative organic acids

· serum calcium, glucose, liver function tests

· serum acylcarnitine profile, ammonia, lactate and pyruvate

· chromosomal karyotype

Management

The first seizure 

· A child's first seizure may be caused by an acute illness, such as a metabolic derangement or infectious disorder, and be nonrecurrent, or may represent the beginning of epilepsy.

· The child who is neurologically normal, has no history of a prior neurologic illness, and has an unprovoked seizure with no evident acute cause has a 24 percent risk of having another seizure in the next year, and a 45 percent risk over the next 14 years, according to one large prospective study

· The one year recurrence risk increases to 37 percent in children with a prior neurologic insult (remote symptomatic), such as cerebral palsy, and increases to 70 percent in patients who have had two seizures that are separated by at least 24 hours

· Recommendations:  The decision whether to treat a child after an initial unprovoked seizure is an individualized one.

· The following recommendations were made:

· Treatment with AEDs is not indicated for the prevention of the development of epilepsy.

· Treatment with AEDs may be considered when the benefits of reducing the risk of a second seizure are greater than the risks of pharmacologic and psychosocial side effects

Basic principles of antiepileptic drug therapy 
Initiation of therapy

Choice of medication: 
· The AED chosen for initial therapy should be one that is highly effective for a particular seizure type or syndrome and that is safe and well tolerated
· The drug with which treatment is best initiated depends upon the type of seizures to be treated
· The AED should have low toxicity and few adverse effects.

· Cost-effectiveness is also desirable e.g. WHO recommends phenobarbital as the treatment of choice for partial and tonic clonic seizures in countries with restricted resources
Drug dose 

· Most AEDs should be started at about 10 to 25 percent of the planned maintenance dose

· The dose of the selected drug is gradually increased until seizures are controlled, side effects prevent further increases or serum levels reach a high or supratherapeutic range without a significant impact upon seizure frequency. 

Adding a second AED: 
· A second AED is added when seizures are resistant to the initial drug. 
· If seizures continue despite treatment at the maximal tolerated dose, a second drug is added and the dose increased depending on tolerance; the first drug is then gradually withdrawn.

· If the initial drug was partially effective, it should be continued until reasonable levels of the new AED are achieved. 
· Tapering the first drug can then be attempted if seizures are controlled
Monotherapy versus polytherapy 

· Single-drug therapy is the goal of epilepsy treatment. 
· Monotherapy is associated with better compliance, fewer adverse effects, less potential for teratogenicity, and lower cost than is polytherapy. 
· Drug interactions are avoided and pharmacokinetics are simplified.
· Children with certain generalized epilepsy syndromes occasionally require a combination of valproate and ethosuximide or lamotrigine.

· A second AED may also be considered in children with several different seizure types when monotherapy is not effective

Drug-drug interactions 

· Many commonly used drugs can alter the metabolism of AEDs and vice versa 

· Hepatic enzyme inducers will lower the levels of drugs metabolized in the liver, and liver enzyme inhibitors will slow the metabolism of the same drugs.

· Cimetidine, propoxyphene, erythromycin, fluoxetine, and clarithromycin are examples of enzyme inhibitors used in children that may elevate the serum levels of some AEDs.
Laboratory monitoring and adverse effects of AEDs 

· Routine laboratory screening of hematologic and hepatic function is commonly done in children receiving AEDs.

· Valproic acid: Valproate is associated with a relatively high incidence of minor and usually insignificant elevations of one or more liver enzymes and serum ammonia.
· Carbamazepine: Leukopenia

· Topiramate and zonisamide: These AEDs are partial carbonic anhydrase inhibitors and may cause a mild to moderate chronic metabolic acidosis in up to two-thirds of children and can also cause nephrolithiasis

Transmucosal AED administration
· Rectal therapy

· Buccal therapy — Buccal midazolam
Discontinuance of medication/Duration of treatment: 
· Withdrawal of antiepileptic drug (AED) therapy should be considered in most children after two years without seizures regardless of the etiology of the seizures.
· For patients with recurrent seizures, drug treatment is prescribed with the goal of preventing further attacks and is usually continued until there have been no seizures for at least 3 years.
· Dose reduction should be gradual over a period of weeks or months, and drugs should be withdrawn one at a time.
· If seizures recur, treatment is reinstituted with the same drugs used previously.

The ketogenic diet 

· The traditional ketogenic diet consists of four parts fat to one part protein and carbohydrate 
· The high fat content and extremely low carbohydrate content produces a persistent ketosis, which appears to have a direct antiseizure effect, probably mediated through several mechanisms
Epilepsy surgery 

· Surgical interventions should be considered, regardless of age, in children who have persistent, frequent seizures that are having an adverse impact upon their lives or are interfering with their cognitive and psychosocial development

· Surgical approaches can be divided into relatively less invasive procedures, such as vagus nerve stimulation, and surgeries such as focal resections, lobar or multilobar resections, corpus callosotomy, hemispherectomy, and multiple subpial transection
Prevention
· Epileptic patients should be advised to avoid situations that could be dangerous or life-threatening if further seizures should occur.
Status epilepticus is a medical emergency. 
· An adequate airway should be established immediately if there is respiratory compromise, and supportive therapy (e.g. oxygen, mechanical ventilation) should be instituted as needed. 

· A secure intravenous catheter should be placed for sampling of blood and administration of medications. 

· Monitoring: Cardiac monitoring, frequent measurement of blood pressure, and pulse oximetry should be instituted. 
· Ongoing monitoring of vital signs should be initiated.

· Initial management includes maintenance of the airway and 50% dextrose (25-50 mL) intravenously in case hypoglycemia is responsible. 

· If seizures continue, 10 mg of diazepam is given intravenously over the course of 2 minutes, and the dose is repeated after 10 minutes if necessary. 

· Alternatively, a 4-mg intravenous bolus of lorazepam, repeated once after 10 minutes if necessary, is given in place of diazepam.

· Regardless of the response to diazepam or lorazepam, phenytoin (18-20 mg/kg) is given intravenously at a rate of 50 mg/min; this provides initiation of long-term seizure control. 

· The drug is best injected directly but can also be given in saline; it precipitates, however, if injected into glucose-containing solutions. 

· Because arrhythmias may develop during rapid administration of phenytoin, electrocardiographic monitoring is prudent.

· Hypotension may complicate phenytoin administration, especially if diazepam has also been given.

· If seizures continue, phenobarbital is then given in a loading dose of 10-20 mg/kg intravenously by slow or intermittent injection (50 mg/min). 

· Respiratory depression and hypotension are common complications and should be anticipated; they may occur also with diazepam alone, though less commonly.

· Alternatively, intravenous midazolam may provide control of refractory status epilepticus; the suggested loading dose is 0.2 mg/kg, followed by 0.05-0.2 mg/kg/h.

· After status epilepticus is controlled, an oral drug program for the long-term management of seizures is started, and investigations into the cause of the disorder are pursued.

