Antiepileptic Drugs

I. Classification of seizures

a. Partial (local seizures)- can be simple or complex
i. Represent 60% of all seizures
ii. Can be simple (1 hemisphere) or complex
iii. Always originate in one hemisphere, the patient does not lose consciousness, may have altered level of consciousness, and may progress to secondary generalized seizures
iv. In general are more difficult to treat
b. Generalized seizures- originate in both seizures and cause loss of consciousness
i. Tonic- clonic seizures (aka grand mal)
1. Status epilepticus- recurrent episodes of tonic-clonic seizures without regaining consciousness between episodes
ii. Absence seizures (aka Petit mal)
1. Blank stare, loss of consciousness without convulsive movements
iii. Myoclonic and atonic seizures (less common)
1. Abnormal muscle contractions
II. Physiology of seizures

a. Abnormal neuronal discharges from seizure focus (usually in cerebral cortex) and spread to other parts of the brain and produce abnormal movements, sensations or thoughts.
b. May be due to excessive excitatory neurotransmitters mediated by glutamate:
i. Activation of glutamate’s NMDA (N-methyl-D-aspartate)-

ii. Displace Mg2+ ion-
iii. Facilitate calcium entry to neurons

iv. Potentiates excitatory glutamate neurotransmission via activating nitric oxide synthesis
v. Further activation of NMDA receptor activation and calcium influx

vi. Depolarization shift in seizure foci

vii. Abnormally long action potentials (depolarizations)

viii. Initiation of seizure

c. Suppression of inhibitory neurotransmitter (GABA) (gamma-aminobutyric acid) also involved in cause of seizure

d. Increase in calcium influx via T-type channels in thalamic neurons.

i. More of the cause of absence seizures

III. Mechanisms of Antiepileptic drugs
a. Inhibition of sodium or calcium influx responsible for neuronal depolarization

i. MOA- suppress abnormal repetitive depolarizations in seizure focus more than they suppress normal neuronal activity 

1. Includes carbamazepine, phenytoin, Topiramate

ii. MOA- block T-type calcium channels involved in initiation of generalized absence of seizures

1. Includes ethosuximide and Valproate

b. Inhibition of excitatory glutamate neurotransmission

i. MOA- inhibit glutamate neurotransmission (may affect the formation of seizure focus)

1. Includes felbamate, Topiramate, and Valproate

c. Augmentation of inhibitory GABA neurotransmission

i. MOA- enhance GABA activation of the GABA-chloride ionophore

1. Includes Benzodiazepine and barbituates

ii. MOA- Enhance activation of GABAA receptor 

1. Includes Topiramate

iii. MOA- Increase GABA release

1. Includes Gabapentin

iv. MOA- inhibits GABA degradation

1. Includes Valproate

IV. Drugs for partial seizures and generalized Tonic-Clonic seizures
a. Carbamazepine (Tegretol) (PO) © (1st line)- preferred drug in pregnant patients

i. MOA- blocks voltage-sensitive sodium channels in neurons

ii. Indications- partial seizures, generalized tonic-clonic seizures, trigeminal neuralgia and bipolar disorder (Do not use in absence seizures)
iii. Precautions- cardiac disease, hepatic disease, blood cell abnormalities can be significant, MAO inhibitors should be d/c 14 days prior to initiation to therapy

iv. ADRs-

1. CNS effects: diplopia, drowsiness, ataxia, syncope

2. Hematologic effects: blood dyscrasias, thrombocytopenia
a. Inform patient to look for signs of bleeding
3. Other: hepatitis, rash, (if rash develops d/c) stevens-johnson syndrome SJS), SIADH (elderly at increased risk), renal failure N, V, D

v. DDI- P450 enzyme inducer- increases metabolism of other drugs. Caution with phenytoin, Warfarin, thyroid drugs and OCs

vi. Monitor- CBC, platelets, LFT, BUN/Cr, carbamazepine levels (4-12 mcg/ml)

b. Phenytoin (Dilantin) (PO) (D) (1st line)
i. MOA- similar to carbamazepine
ii. Indications- partial and generalized tonic-clonic seizures, status epilepticus (Do not use in absence seizures)

iii. Precautions: hepatic disease, CI in pregnancy (teratogenic- cardiac effects) reduces folate levels

iv. ADRs-
1. CNS effects: nystagmus, sedation, ataxia
2. Hematologic: Aplastic anemia
3. Other: gingival hyperplasia, Hirsutism, liver toxicity, rash, SJS, (if rash develops D/C), hyperglycemia, bradyarrythmias, reduction of folate levels with increase risk of birth defects
v. DDI- P450 enzyme inducer, highly protein bound (99%) so may displace other drugs and increase their effects, decreases Vit K levels, tube feedings decrease phenytoin absorption
vi. Monitor- CBC, LFT, phenytoin level (total= 10-20mcg/ml; free= 1-2.5 mcg/ml)
vii. Comments- dose dependent kinetics, different formulations with different bioavailabilities
c. Valproate (PO) (D) (1st line )
i. Several formulations available
1. Valproic acid (Depakene) (PO)
2. Valproate Na (Depacon INJ and Depakene syrup-PO)
3. Divalprex Na (Depakote, Depakote ER)
ii. MOA- several different MOA to control seizures (broad spectrum)- Inhibits repetitive firing of neurons and decreases seizures
1. Inhibits voltage-sensitive Na channels and T-type Ca channels
a. Can also be used for absence seizures

2. Increased GABA synthesis and decreases GABA degradation
3. Decreases glutamate synthesis
iii. Indications- partial seizures, all types of generalized seizures, bipolar disorder, migraine
iv. Precautions- hepatic disease. Contraindicated in pregnancy (teratogenic- spina bifida)
v. ADRs-
1. CNS effects: sedation, ataxia, tremor, encephalopathy
2. Hematologic: thrombocytopenia
3. Other: Hair loss (13-24%), hepatic damage, pancreatitis, N, V, GI upset, weight gain, increased appetite, rash
vi. DDI- P450 enzyme inhibitor, but may induce CYP2A6, CYP3A4 inhibitor
vii. Monitor- CBC with platelet, LFT, Valproate levels (50-100 mcg/ml)
d. Phenobarbital (PO, IV) (D) (2nd line) (controlled substance CIV)
i. MOA- short acting barbituate, enhances GABA-mediated chloride influx that causes membrane hyperpolarization
ii. Indications- partial and generalized tonic-clonic, status epilepticus; barbituate- sedative, hypnotic 
iii. Precautions- renal/hepatic impairement, tolerance and dependence can develop
iv. ADRs
1. CNS effects: CNS depression, sedation, paradoxical excitement and hyperactivity, inhibits cognitve function especially in children
2. Other: abuse potential, respiratory depression, N, V, D
v. DDIs- enzyme inducer

vi. Monitor- CBC, LFT, mental status, Phenobarbital levels (20-40 mcg/ml)
e. Primidone (Mysoline) (PO) (D) (2nd line) - metabolized to Phenobarbital, but also has actions like phenytoin. 
i. ADRs
1. CNS effects: CNS depression, sedation, paradoxical excitement and hyperactivity, inhibits cognitve function especially in children
2. Other: abuse potential, respiratory depression, N, V, D
V. Adjunct drugs for partial seizures

a. Clorazepate (Tranxene) (PO) (D) (C4) – (benzodiazepine)
b. Felbamate (Felbatol) (PO) (C)- need informed consent
i. MOA- unclear, may inhibit glutamate neurotransmission
ii. Indications- monotherapy or adjunctive for treatment of partial seizures after other drugs failed. Also used for treatment of seizures associated with Lennox- Gastaut syndrome in children- non-FDA
1. Serious seizure disorder that occurs most commonly in the preschool years and causes developmental delay
2. Resistant to most other treatments
iii. Precautions- Aplastic anemia and hepatic failure have occurred 
iv. ADRs- CNS effects, GI effects
v. DDIs- P450 inhibitor/inducer
vi. Monitor LFT, CBC
c. Gabapentin (Neurontin) (PO) (C)
i. MOA- unclear, may increase GABA release
ii. Indications- adjunct for partial seizures with or without secondary generalized seizure in patients >12 y.o., adjunct for treatment of partial seizures in pediatric patients 3-12 y.o., post-herpetic neuralgia. Non-FDA: bipolar disorder and chronic pain
iii. ADR- CNS depression, sedation, dizziness, ataxia, fatigue, nystagmus, rhinitis, N,V, D, weight gain

iv. DDI- not significant
d. Lamotrigine (Lamictal) (PO) (C)
i. MOA- inhibits glutamate release and inhibits voltage sensitive sodium channels
ii. Indications- monotherapy or adjunctive for treatment of partial seizures in adults. Non-FDA- Tx of seizures associated with Lennox-Gastaut syndrome in children in children and adults
iii. Precautions- caution in renal, hepatic, and cardiac disease; life threatening skin rashes have occurred
iv. ADRs- CNS effects, sedation, dizziness, ataxia, diplopia, blurred vision, folate deficiency, weight gain, if rash develops D/C

v. DDI- not significant
vi. Monitor- drug level (2-20 mcg/ml
e. Topiramate (Topamax) (PO) (C)
i. MOA- several; block Na channels in neurons, enhance GABA activity and blocking glutamate activity
ii. Indications- adjunctive treatment of partial seizures and generalized tonic-clonic seizures in patient’s 2-15 y.o. TX of seizures associated with Lennox-Gastaut syndrome in children over 2 years old. Non-FDA indications include bipolar disorder, infantile spasms, neuropathic pain, migraine and cluster headaches
1. FDA for migraines

iii. Precautions- hepatic and renal disease, angle closure glaucoma has occurred
iv. ADRs- CNS effects, dizziness, sedation, confusion, ataxia, anorexia
v. DDI- CYP2C9 inhibitor; CYPA4 inducer
f. Levetiracetam (Keppra) (PO) ©

i. MOA- unknown

ii. Indications- adjunctive treatment of partial seizures in adults

iii. ADRs- CNS effects including behavioral and psychotic symptoms, ataxia, diplopia

iv. DDI- not significant

g. Zonisamide (Zonegram) (PO) (C)

i. MOA- unclear, may inhibit sodium and calcium influx, does not affect GABA activity

ii. Indications- adjunctive treatment of partial seizures in patients over 16 y.o.

iii. Precautions- severe sulfonamide like adverse reactions like Steven-Johnson syndrome have occurred (D/C if rash develops), Do not use in sulfa allergic patients, caution in renal disease
iv. ADRs- CNS effects, rash, diplopia, nystagmus, GI effect (anorexia), DDI- CYP3A4 substrate

v. Monitor- renal function

h. Oxcabazepine (Trileptal) (PO) (C)

i. MOA- inhibits sodium influx in neurons

ii. Indications- monotherapy or adjunct in partial seizures in adults and as an adjunct to partial seizures in children 4-16 years old

iii. Precautions- can cause clinically significant hyponatremia, significant decrease in effectiveness of oral contraceptives

iv. ADRs- CNS effects, diplopia, nystagmus GI effects

v. DDI- CYP2C9 inhibitor, CYP3A4 inducer

vi. Monitor- electrolytes

i. Tiagabine (Gabitril) (PO)

i. MOA- enhances GABA activity

ii. Indications: adjunct for partial seizures in adults and children > 12 y.o.

iii. Precautions- can cause nonconvulsive status epilepticus

iv. ADRs- CNS effects, stupor, muscle weakness

v. DDIs- CYP3A4 substrate

VI. Drugs for generalized absence, myoclonic or atonic seizures
a. Ethosuximide (Zarontin) (PO) (in syrup also) (D)- DOC for absence in children
i. MOA- inhibits T-type Ca channels in thalamic neurons

ii. Indications- absence seizures in children, not very effective in adult population

iii. ADRs- CNS effects, GI distress
iv. DDI- Valproate inhibits, no other significant interactions

b. Conazepam (Klonopin) and other benzodiazepines- MOA- augments GABA- good choice for absence seizures in adults
c. Valproate and lamotrigine
i. Other drug for adult absence seizures
VII. Drugs for Status Epilepticus
a. Benzodiazepines
i. Lorazepam (Ativan) (IV/IM) (PO) Preferred drug- shorter acting, less hangover effect
ii. Phenytoin (Dilantin) (IV)
1. Insoluble in most diluents, stability issues, specific administration guidelines

2. Loading dose, maintenance dose

iii. Fosphenytoin (Cerebyx) (IV)
1. Prodrug of phenytoin

2. Better solubility

3. Expensive
