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Objectives

• Highlight mechanisms of drug-induced 
seizuresseizures

• Use a mechanistic approach to develop 
a rational treatment strategy



Why Do People Seize?

• Impaired inhibition
– GABAA antagonism
– GABAB agonism
– Adenosine antagonism– Adenosine antagonism

• Enhanced excitation
– NMDA and other excitatory amino acids

• Disordered conduction
– Sodium channel blockade

• Metabolic failure
– Oxygen, glucose, etc



Idiopathic Epilepsy vs

Drug Induced Seizures?Drug Induced Seizures?



















Drug Induced Seizures Status 
Epilepticus

Amphetamines Lidocaine CO

Anticholinergics Lithium Bupropion

Camphor Hypoglycemics Hypoglycemics

Carbamazepine Organophosphates IsoniazidCarbamazepine Organophosphates Isoniazid

CO Phenytoin Theophylline

Cocaine TCAs and others Tetramine

Cyanide Theophylline

Insulin Tramadol

Isoniazid Withdrawal
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First-Line Drugs in Idiopathic Epilepsy

Benzodiazepines

Phenytoin

Barbiturates

PropofolPropofol

? Levetiracetam

? Valproate
• Should drug-induced seizures be 

treated in the same way?



Adenosine Antagonism



Theophylline / Caffeine

• Complex mechanisms of action

– Increase in catecholamines

– Adenosine antagonism– Adenosine antagonism

– Phosphodiesterase inhibition

– Fluid and electrolyte abnormalities



Caffeine / Theophylline

• Toxic syndrome

– Nausea, vomiting, tachycardia

– Hypokalemia, hyperglycemia– Hypokalemia, hyperglycemia

– Hypotension (widened pulse pressure)

– Cardiac dysrhythmias

– Seizures
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Adenosine

• Net result:

– Prevents pre-synaptic excitatory 
neurotransmitter releaseneurotransmitter release

– Reduces post-synaptic effects of excitatory 
neurotransmitter

– Supplies critical cells with glucose, oxygen

– Vasodilation

• Removes toxic metabolic byproducts 



Exp Neurol. 1989 Feb;103(2):179-85. 



Exp Neurol. 1989 Feb;103(2):179-85. 



Methylxanthine Induced Seizures

• Implications

– Poor associated prognosis

– Adenosine antagonism allows for:– Adenosine antagonism allows for:

• Progression to status epilepticus

• Rapid metabolic failure

• Subsequent neurological injury



Methylxanthine Induced Seizures

• Treatment
– A, B, C and D (check glucose)

– Aggressive seizure control
• Midazolam, diazepam or lorazepam

– Next choices?
• Barbiturate 

– Ultra-short acting over phenobarbital

• Etomidate?, Propofol?

• Avoid phenytoin



Blake and Massey

Ann Emerg Med. 1988 Oct;17(10):1024-8





Sodium Channel Blockade





Tricyclics

• Complex drugs

– Block the re-uptake of biogenic amines

– Block alpha adrenergic receptors– Block alpha adrenergic receptors

– Block muscarinic receptors

– Block fast sodium channels

– Bind to the picrotoxin receptor

• GABA antagonism



Phenytoin and TCAs

• Once thought to be the drug of choice

– In theory

• Narrows QRS• Narrows QRS

• Narrows QT

• Terminates seizures

– In reality

• Exacerbates V-tach (Callaham)

• Doesn’t treat seizures



Toxicol Appl Pharmacol. 1976 Oct;38(1):1-6 





GABAA Antagonism
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GABAA Antagonism

• Prevent GABA binding
– Picrotoxin

– Penicillin

• Altered sensitivity
– Alcohol withdrawal 

• Reduced GABA
– Isoniazid

– Monomethylhydrazine
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Isoniazid

• Most GABA agonists require GABA

– Try a benzodiazepine

– No role for phenytoin (doesn’t work; Saad)– No role for phenytoin (doesn’t work; Saad)

– No role for phenobarbital (takes too long)

– Give pyridoxine (70 mg/kg up to 5g)

• Chin L: Toxicol Appl Pharmacol 1978;45:713-22



INH Induced Status Epilepticus

• Use intubating barbiturates
– Open Cl- channel without GABA

• Consider NMBs to prevent hyperthermia • Consider NMBs to prevent hyperthermia 
and metabolic complications

• EEG monitoring

• Consider hemodialysis

• Give pyridoxine for prolonged coma
– Brent: Arch Intern Med 1990;150:1751-3





Rum Fits



Abstinence and Alcoholic 
Epilepsy

• Reviewed 241 patients with:

– alcohol-related seizures as the cause 
for presentationfor presentation

– other symptoms of alcoholism 
complicated by seizures

• Characterized relationship between 
seizures and alcoholism

Victor and Brausch: Epilepsia 1967;8:1-20



Age of Onset of Seizures

Age             Number       Percent

>60 13 5.4

30-60 214 88.830-60 214 88.8

25-30 6 2.5

Under 25 8 3.3

Victor and Brausch: Epilepsia 1967;8:1-20
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Time From First to Last Seizure
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Ethanol and GABA

• Rats exposed to ethanol for 14 days. 

• 36Cl- uptake measured in response to 
muscimol is decreased by 26%muscimol is decreased by 26%

• 36Cl- uptake measured in response to 
ethanol is unchanged

• Suggests subsensitivity to GABA

Morrow: J Pharmacol Exp Ther 1988:246:158



Phenytoin for Withdrawal 
Seizures

• 90 patients with alcohol related seizures

• Random assignment to phenytoin (1gm) 
or placeboor placebo

• End points
– Seizure recurrence

– 12 hour seizure free period

• No benefit demonstrated with strong 
power analysis (14%)

Alldredge: Am J Med 1989;87:645



Chlordiazepoxide

Blum: J Toxicol 
1976;3:427



Synergy (BZ + PB)

Twyman: Ann Neurol 1989;25:213



N Engl J Med 1999;340:915-9.

• 186 patients with EtOH withdrawal seizures randomly 
assigned to receive 2 mg of lorazepam or placebo

• Lorazepam

– 3 of 100 patients (3 percent) had a second seizure– 3 of 100 patients (3 percent) had a second seizure

• Placebo

– 21 of 86 patients (24 percent) had a second 
seizure 

• Odds ratio for seizure with the use of placebo, 10.4; 
95 percent confidence interval, 3.6 to 30.2; P<0.001)







Problem Seizures

• Definition:

– Seizures that respond to anticonvulsants 
but the patient is still at risk but the patient is still at risk 

• Considerations:

– Hypoglycemia (various)

– Hyponatremia (XTC)

– Carbon monoxide



Summary

• Try to define the etiology

• Always start with a benzodiazepine

• Avoid phenytoin• Avoid phenytoin

• Think about antidotes

• Add barbiturates for synergy

– Think about anesthetic barbiturates

• Rapid airway protection

• Consider early NMB with EEG monitoring


