epilepsy overview

"There are at least 150 underlying causes of epilepsy," says Peter Van Hazerbeke, public relations director for The Epilepsy Foundation. In 70 percent of cases, however, no known cause of epilepsy is ever found. Some of the known causes include brain injuries, infections that damage the brain, tumors, disturbances in blood circulation to the brain (such as stroke), high fevers, lead or other poisoning, and maternal injury.

Seizures and epilepsy are not the same: Seizures are a symptom of epilepsy. Epilepsy is a neurological condition that can produce brief disturbances in the brain's electrical functions. Normally, brain cells communicate with each other via electrical impulses working together to control body movements and keep organs functioning properly. When someone has epilepsy, this normal pattern may be interrupted by thousands to millions of electrical impulses that occur at the same time and are more intense than usual, producing abnormal brain electrical activity and resulting in a seizure. These bursts of electrical impulses can affect body movements, sensations or consciousness.

Epilepsy is diagnosed mainly via interpretation of a patient's medical history; the patient describes what the seizures were like and, when a patient can't recall the seizures, witnesses also may be asked to describe what they saw.

Tests may be done to rule out short-term causes of seizures, such as uncontrolled diabetes or infections. A complete neurological exam is done, including an EEG (electroencephalogram, a machine that records brain waves picked up by wires taped to the head). Other tests may include CT (computerized tomography) scanning of the brain, MRIs (magnetic resonance imaging) to check for any growths, scars, or other brain conditions that may be causing seizures, blood tests, and even tests to check heart function. If there is any family history of epilepsy, that is also considered. (For more information about medical imaging technologies, see "The Picture of Health" in this issue of FDA Consumer.)

Although there are over 30 different types of epilepsy related seizures, there are two broad groups generalized or partial depending on the part of the brain affected. Generalized seizures cause loss or alteration of consciousness, involve the entire brain, and affect the whole body. Generalized seizures include grand mal seizures, where the person falls down unconscious as the body stiffens or jerks, and petit mal or absence seizures, where there is momentary alteration of consciousness without abnormal movements. Partial seizures occur when abnormal electrical activity only involves one area of the brain. There are also two kinds of partial seizures: simple seizures, where the person remains conscious, and complex seizures, in which consciousness is lost or altered.

Most epileptic seizures last only a minute or two and are not life threatening. However, the person who experiences repeated seizures (status epilepticus) and does not regain consciousness between attacks needs immediate attention, as does anyone with prolonged (30 minutes) seizures.

One Drug Does Not Fit All 

"For someone newly diagnosed with epilepsy, they need to understand there are many different forms of epilepsy and certain types of medications seem to work best for different types of epilepsy," says Van Hazerbeke.

The need to try different medications in order to find the best combination to prevent seizures with the fewest possible side effects sometimes gives families the impression doctors are "experimenting" with their loved one's care, he notes.

"But this is the normal procedure for new patients until their seizures are stabilized," Van Hazerbeke says.

"Many times the side effects determine the drugs. Some drugs can make you gain weight, others have other side effects," says Robert J. DeLorenzo, M.D., a member of the Medical College of Virginia Hospitals/Virginia Commonwealth University's Epilepsy Institute and chairman of the neurology department and neurologist​in​chief at MCV Hospitals. "Taking care of epilepsy patients is an art, not just a science; you need to pick a medication that is clinically a good choice, with the least side effects for the patient. The new drugs are primarily add-on drugs for adding on [to current medications] to difficult cases."

Other Options for Controlling Seizures 

In July 1997 FDA approved the first medical device for hard​to​control partial seizures. Cyberonics' NeuroCybernetic Prosthesis (NCP) system or vagus nerve stimulator, approved for adult and adolescent patients, is surgically implanted on the left side of the chest with a lead running under the skin to the vagus nerve on the side of the neck.

The flat, round, thin device, which includes a battery pack and computer chip, is set by a neurologist to discharge in bursts of about 30 seconds each, every five minutes a day, 24 hours a day. The stimulation has the effect of preventing seizures in some people. People generally must continue to take medications as well.

Surgery as an option for treating epilepsy is used only in rare instances.

"Anyone that has intractable epilepsy, with seizures occurring in spite of good medications, should be evaluated," DeLorenzo says. "If they have a focal area [of the brain] that can be operated on, you can either cure the seizures or make them treatable."

Forty​one​year​old Martha Curtis is one epilepsy sufferer for whom surgery worked. Diagnosed with epilepsy at age 3, her life was a haze of multiple drugs and seizures before she decided to opt for surgery.

A professional concert violinist, Curtis recalls that she would have seizures periodically on stage: "I knew what was happening and it was horrifying. The actual difficult part was I perceived I was going to be killed [by the seizure], which was much scarier than 'oh no, I'm going to be embarrassed.' "

After experiencing four grand mal seizures in one month in 1990, Curtis decided to check out surgery as an option. She wound up having three operations.

"After the third surgery, I did real well¨ the terror was cut off. This is magic¨ I have fallen in love with uninterrupted consciousness!" she says with a laugh.

Curtis still takes two medications, Phenobarbital and Lamictal.

According to The Epilepsy Foundation, surgery to remove injured brain tissue and control seizures requires thorough evaluation, including the recording of a seizure with EEG and neuropsychological testing to determine if someone is a good candidate for surgery. Such testing can help a physician determine if there is a part of the person's brain tissue good for nothing but generating seizure activity.

The oldest drugs used in epilepsy treatment include phenobarbital, introduced in 1912, and Dilantin (phenytoin), in use since 1938. Altogether there are nearly two dozen different drugs approved for epilepsy treatment. The most recent drugs FDA has approved include Felbatol (felbamate) and Neurontin (gabapentin), approved in 1993; Lamictal (lamotrigine), approved in 1994; Topamax (topiramate), approved in 1996; and Gabitril (tiagabine), approved in 1997.

In 1997, FDA also approved Diastat, the first at​home alternative for the intravenous form of the drug diazepam, already used by emergency rooms to break a chain of seizures. Diastat is a gel form that can be administered rectally. Designed specifically for patients affected by multiple, frequent seizures, Diastat reaches the bloodstream in about two minutes. If not halted, such seizures can be fatal.

Diastat gel has helped Eric Warner, 13, of Forest Lake, Minn., tremendously, says his mother Linda.

Following a brain infection when he was 2 months old, Eric suffered with repeated episodes of long​lasting seizures. "[Eric] started using Diastat in October 1997," Warner says. "With Diastat, you wait three minutes into the seizure, and if [it continues], you give it to him and it only takes a few minutes to work."

Warner says Diastat has cut down on trips to the emergency room with Eric. He also takes Vigabatrin, still under investigational study here, that is imported from Europe (with FDA approval, she notes) as well as Tegretol (carbamazepine).

With the help of these drugs, Warner is convinced Eric will be a writer someday.

"His strength is writing," she explains. "I look at what treatment is like now since he was first diagnosed ê there is so much research going on that I am very encouraged."

"There had not been a new chemical entity approved for epilepsy since 1978 ê the early 1990s began a new era in anticonvulsant drug approvals," says Russell Katz, M.D., deputy director of FDA's division of neuropharmacological drug products. "The research, of course, started years before that. Part of [FDA's approval of these drugs] has to do with the progress of understanding and evaluating clinical trials to evaluate these drugs. FDA has been actively working with [drug] companies to improve the science of evaluating anticonvulsant drugs." Katz adds that the National Institutes of Health also have been active in this pursuit as well.

Seizure 
A nerve cell transmits signals to and from the brain in two ways by (1) altering the concentrations of salts (sodium, potassium, calcium) within the cell and (2) releasing chemicals called neurotransmitters (gamma aminobutyric acid). The change in salt concentration conducts the impulse from one end of the nerve cell to the other. At the end, a neurotransmitter is released, which carries the impulse to the next nerve cell. Neurotransmitters either slow down or stop cell-to-cell communication (called inhibitory neurotransmitters) or stimulate this process (called excitatory neurotransmitters). Normally, nerve transmission in the brain occurs in an orderly way, allowing a smooth flow of electrical activity. Improper concentration of salts within the cell and overactivity of either type of neurotransmitter can disrupt orderly nerve cell transmission and trigger seizure activity. 

Certain areas of the brain are more likely than others to be involved in seizure activity. The motor cortex, which is responsible for body movement, and the temporal lobes, including the hippocampus, which is involved in memory, are particularly sensitive to biochemical changes (e.g., decreased oxygen level, metabolic imbalances, infection) that provoke abnormal brain cell activity. 
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 A seizure often has three distinct phases: aura, ictus, and postictal state. The first phase involves alterations in smell, taste, visual perception, hearing, and emotional state. This is known as an aura, which is actually a small partial seizure that is often followed by a larger event. The seizure is known as ictus. There are two major types of seizure:  and generalized. What happens to the person during the seizure depends on where in the brain the disruption of neural activity occurs. Following a seizure, the person enters into the postictal state. Drowsiness and confusion are commonly experienced during this phase. The postictal state is the period in which the brain recovers from the insult it has experienced. 

Types 

The International Classification of Epileptic Seizure identifies seizure types by the site of origin in the brain. The two main categories of seizures include partial seizures and generalized seizures. A partial seizure can evolve to a generalized seizure. There are several subtypes of each. Only the most common are described here. 

Partial Seizures 
The site of origin is a localized or discreet area in one hemisphere of the brain. The two most common types of partial seizure are simple partial and complex partial. 
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 These produce symptoms associated with the area of abnormal neural activity in the brain: motor signs, sensory symptoms, autonomic signs and symptoms (involuntary activity controlled by autonomic nervous system), and psychic symptoms (altered states of consciousness). There is no impairment of consciousness in simple partial seizures. 
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 Impairment of consciousness, characteristic of complex partial seizures (CPS), results in the inability to respond to or carry out simple commands or to execute willed movement, and a lack of awareness of one’s surroundings and events. Automatisms may occur. An automatism is a more or less coordinated, involuntary motor activity. A simple complex seizure may begin as a simple partial seizure. 

Generalized Seizures 
At the onset, seizure activity occurs simultaneously in large areas of the brain, often in both hemispheres. Seizures can be convulsive or nonconvulsive. The two most common types are tonic-clonic and absence. 

Tonic-clonic (grand mal) [image: image3.png]


There is loss of consciousness during the seizure. The tonic phase, consisting of increased muscle tone (rigidity), is followed by the clonic phase, which involves jerking of the extremities. Autonomic symptoms may also be present. 

Absence (petit mal) [image: image4.png]


This type occurs most often in children, usually beginning between the ages of 5 and 12 years and often stopping spontaneously in the teens. The loss of consciousness is so brief that the child usually does not even change position. Most absence seizures last 10 seconds or less. There is no postictal state, but the person usually lacks awareness of what occurs during the seizure. 
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 These seizures are so brief that they may go unnoticed. They involve sudden muscle contractions that occur much more rapidly than clonic activity and are often confused with tics. Myoclonic seizures occur at all ages and are associated with epileptic syndromes such as West syndrome and Lennox-Gastaut syndrome. 

Syndrome- and Situation-Related Epilepsy 
Infants and Children[image: image6.png]


 Epilepsy is one of several symptoms that occur in West syndrome and Lennox-Gastaut syndrome. West syndrome, also called infantile spasm, is a rare disorder of infancy and early childhood. It is characterized by epilepsy, hydrocephalus, congenital anomalies, and mental retardation. 

Lennox-Gastaut syndrome usually develops between the ages of 1 and 8 years old and is characterized by atonic, absence, and myoclonic seizures. Many of these children are developmentally delayed and have behavioral problems. 
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 Several medical conditions may precipitate epilepsy in adults, notably withdrawal from chronic alcohol and drug abuse, eclampsia, and stroke. 

Medications 

Medications can be divided into older medications (called first-generation anticonvulsants) and more recently developed medications (second-generation anticonvulsants). 

First-Generation Anticonvulsants 
Phenytoin (Dilantin®)[image: image8.png]


 This is one of the more commonly used agents and often is considered the first-line drug to treat partial and generalized tonic-clonic (grand mal) seizures and status epilepticus. 

Phenytoin is thought to work by suppressing electrical activity in brain nerve cells. It can be given orally or intravenously (IV), and a newer form of the drug, fosphenytoin (Cerebryx®), can be injected into muscle. The oral form has the benefit of once-a-day dosing. 

Phenytoin drug levels need to be monitored with liver function testing and a complete blood count (CBC). The therapeutic concentration recommended is between 10-20mg/L. Phenytoin interacts with many other medications, and its level can fluctuate when other drugs are taken. 

Side effects associated with its use include: 

· Anemia 

· Excessive hair growth (hirsuitism/hypertrichosis) 

· Imbalance 

· Lethargy 

· Overgrowth of the gums (gingival hyperplasia) 

· Peripheral weakness (neuropathy) with long-term use 

Carbamazepine (Tegretol®/Carbatrol®)[image: image9.png]


 This drug is commonly prescribed for the treatment of partial and generalized tonic-clonic (grand mal) seizures. The mechanism by which it works is not well understood. In oral form, it can be taken 2 to 3 times a day; a recent development of the drug in sustained-release form allows for twice-a-day dosing. 

Carbamazepine levels must be monitored. The recommended therapeutic level is between 8-12mg/L. Liver function tests and CBC also must be checked routinely. Carbamazepine can affect the levels of a number of other drugs in the body, and its level can fluctuate when other agents are taken. 

Side effects include drowsiness, imbalance, nausea, anemia, and low, white blood cell count (neutropenia). 
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This drug is used to treat both partial and generalized seizures. It also is used as part of the protocol after phenytoin use in status epilepticus as well as in neonatal epilepsy. It is available in oral and intravenous forms. 

Levels need to be monitored. The recommended therapeutic level is 15-40mg/L. A complete blood analysis also should be routinely conducted. Phenobarbital can cause changes in the metabolism of other drugs through its actions on liver enzymes. 

Possible side effects include drowsiness, cognitive impairment, and irritability. 

Valproate (Depakote®)[image: image11.png]


 This is prescribed for partial seizures, generalized tonic-clonic (grand mal) seizures, absence (petit mal) seizures, and myoclonic epilepsy. Its mechanism of action is thought to be related to the effect of a brain substance known as GABA (gamma-aminobutyric acid). It is available in oral form and must be taken 2 to 3 times per day for adequate dosing. 

Drug levels must be monitored, as well as liver function and blood count. The drug's suggested therapeutic window is 50-100mg/L. Side effects include liver damage (hepatotoxicity), nausea, weight gain, hair loss (alopecia), and tremor. 

Second-Generation Anticonvulsants 
Topiramate (Topamax®)[image: image12.png]


 This drug is used with other anticonvulsant drugs in the treatment of partial seizures and generalized tonic-clonic seizures in adults and children aged 2 to 16. Its precise mechanism of action is unknown, but its anticonvulsant activity may be due in part to increasing GABA (gamma-aminobutyric acid), a neurotransmitter that inhibits excitation of nerve cells in the brain. It is available in oral form, including sprinkles for children, and is taken twice daily. There are few drug interactions between topiramate and other medications or other anticonvulsants. 

Side effects include drowsiness, nausea, dizziness, and coordination problems. Children may have difficulty concentrating and may become aggressive. Acute glaucoma and visual abnormality, a potentially very serious complication, has been reported in a small number of patients. If abnormal visual symptoms occur, patients should notify a physician immediately. 

Gabapentin (Neurontin®)[image: image13.png]


 This drug is indicated for the adjunct treatment of partial seizures, with or without secondary generalization. Although it is structurally related to the substance GABA (gamma-aminobutyric acid), it does not interact with GABA receptors in the brain, and its mechanism of action is unknown. It is available in oral form and is taken 3 times daily. 

No laboratory monitoring of liver, kidney, or blood (hematologic) function is necessary. Side effects include fatigue, dizziness, and imbalance. 

Lamotrigine (Lamictal®)[image: image14.png]


 This drug is used for the adjunct treatment of partial seizures. Its precise mechanism of action is unknown. It is presently available in oral form and is taken twice daily. No laboratory monitoring of drug levels are necessary. 

Side effects include headache, nausea, dizziness, and skin rash. The appearance of the potentially life-threatening skin rash, particularly for patients who also are taking valproate (Depakote®), should be reported immediately to a physician. 

Tiagabine (Gabitril®)[image: image15.png]


 This drug is indicated for adjunct therapy in adults with partial seizures. Its mechanism of action may be related to its effect on the brain substance GABA (gamma-aminobutyric acid). It is available in oral form and should be given in divided doses 2 to 4 times daily. 

No laboratory monitoring of tiagabine levels are necessary. Its metabolism may be altered when taken with other anticonvulsants. Side effects include dizziness and somnolence. 

Levetiracetam (Keppra®)[image: image16.png]


 This drug is approved for use in adults as adjunct therapy for the treatment of partial seizure disorders. It is available in tablet form and as an oral solution for patients who prefer a liquid or cannot swallow tablets. Side effects can include fatigue, imbalance, and behavioral changes, which often dissipate after the first month of treatment. 

Oxcarbazepine (Trileptal®)[image: image17.png]


 This drug is indicated for monotherapy (used alone) and adjunct therapy (in addition to other medications) in adults who have partial seizures and as adjunct therapy in children aged 4 and older who have partial seizures. When used as monotherapy, Trileptal causes very few of the side effects associated with other AEDs. Side effects are usually mild or moderate and include the following: 

· Abdominal pain, nausea, vomiting 

· Dizziness 

· Double vision 

· Drowsiness, fatigue 

· Loss of coordination, abnormal gait 

Zonisamide (Zonegram™)[image: image18.png]


 This drug is approved for use in adults as adjunct therapy for partial seizures. It has however, been used fairly extensively in other countries for use in other seizure types including generalized seizures, myoclonic seizures, and absence seizures. Side effects can include dizziness, imbalance, and fatigue. Patients who are allergic to sulfonamide drugs should not use zonisamide because it is a derivative of this class of drug. 

Ethosuximide (Zarontin®)[image: image19.png]


This agent is used to treat absence (petit mal) seizures. It is thought to work by suppressing brain cell activity that is associated with lapses of consciousness. It is given orally and is available as a tablet or flavored syrup. 

Ethosuximide levels need to be monitored to ensure that the therapeutic concentration of 40 to 100 mcg/mL is maintained. Complete blood count (CBC), urinalysis, and liver function tests also should be performed routinely to monitor for possible adverse effects. 

Potential side effects produced by ethosuximide include the following: 

· Gastrointestinal—nausea and vomiting, abdominal pain, cramps, diarrhea, weight loss 

· Genitourinary—vaginal bleeding, blood in urine (microscopic hematuria) 

· Hematological—bone marrow suppression 

· Integumentary—excessive hair growth (hirsutism ), skin rash, systemic lupus erythematous (SLE) 

· Neurologica—headache, dizziness, sleep disturbances, aggression, incoordination, fatigue, inability to concentrate 
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This drug is a barbiturate that contains phenobarbitol. It is used to control generalized tonic-clonic (grand mal) seizures and partial seizures and is used in adults and children over 8 years old. 

The effective concentration of primidone in the body is 5-12 mcg/mL. This is achieved with 250 mg tablets taken 3 to 4 times daily. The dosage may be increased, but should not exceed 500 mg taken 4 times daily. 

Potential side effects include: 

· Blurred vision 

· Fatigue 

· Incoordination 

· Nausea and vomiting 

· Sexual impotence (erectile dysfunction) 

· Vertigo 

· Weight loss 

Primidone is not known to interact with other drugs. It is present in breast milk and is associated with neonatal hemorrhage and coagulation defects similar to vitamin K deficiency. Patients hypersensitive to phenobarbital should not take primidone.

