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• Explain the difference in GABA receptor binding between

benzodiazepines and barbiturates, and describe presenting signs
and symptoms of benzodiazepine and barbiturate toxicity

• Compare the physiologic differences between benzodiazepines and

barbiturates in the treatment of alcohol withdrawal

• Debate whether plasma and urine drug levels are of utility in

different patient care scenarios
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OF DRUGS OR
PRODUCTS
REFERENCED WILL
BE DISCLOSED

Topics of
Discussion
 Migraine Management
 Alcohol Withdrawal
 Status Epilepticus

Toxicology

Learning Objectives

Benzodiazepines

Barbiturates

The GABA Receptor
GABA

Benzodiazepines
GABA

Barbiturates

Barbiturates

Nutt D. J Clin Sleep Med. 2006 Apr 15;2(2):S7-11.
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Migraine
Epidemiology
Seventh most common chief
complaint in the ED
More than 15% of
Americans ≥18 years of age
report having a migraine or
severe headache in the last
3 months

B1

Patient Case
A 37-year old female with history of depression and migraine
headaches was brought to the emergency room following 3
consecutive grand mal seizures. When the patient’s mental status
returned she stated that over the past year her migraine headaches
have worsened for which she has been taking upwards of 20 tablets
of Fiorcet daily which she buys off of the internet.
Your initial work-up consisted of CT imaging of her head which
showed a small epidural hematoma and urine toxicology screen
which was positive for barbiturates .

Raam R et al. Emerg Med Clin North Am. 2021;39:67-85.
Acute Migraine. Centers for Disease Control and Prevention. https://www.cdc.gov/acute-pain/migraine/index.html. Accessed Dec 21, 2021.

Romero CE, et al. Arch Neurol. 2004;61(7):1111–1112. doi:10.1001/archneur.61.7.1111

Patient Case
The following day, TC became agitated and tachycardic with hallucinations, insomnia,
hyperreflexia, and intense psychomotor agitation
TC was admitted to the ICU and treated with the following:
• Phenobarbital sodium (100 mg by mouth PO 3 times a day)
• Lorazepam (2 mg intravenously every 4 hours)
• Haloperidol lactate (5 mg intravenously every 6 hours)
• Oxazepam (30 mg PO every hour)
• Olanzapine (5 mg PO 2 times a day)
• Midazolam hydrochloride (0.05 mg/kg per hour IV); hyperkinetic-delirious state with
reduced dose
On the fifth day, she was cognitively normal. Treatment with phenobarbital sodium
was continued through her hospitalization and was slowly withdrawn

Butalbital
Butalbital is an intermediate-acting (3-6 hours) barbiturate
Products
 Fiorinal (butalbital/aspirin/caffeine)
 Fiorcet (butalbital/acetaminophen/caffeine)
Therapeutic Mechanism:
Binds to the GABA receptor complex and prolongs the opening
of the chloride channels in response to GABA, thereby inhibiting
excitable cells of the nervous system and decreased
nerve firing
Loder E, et al. Headache.2003;43:904-909.
Raja MA, et al. Headache.1996;36:119-121.
Sarrecchia CS, et al. Ann Ital Med Int.1998;13:237-239.
Hoffman R. Emerg Med Clin North Am.2000;18:273-288.

Romero CE, et al. Arch Neurol. 2004;61(7):1111–1112. doi:10.1001/archneur.61.7.1111

Butalbital

Butalbital

Risk of use:
 Developing chronic headaches or rebound headache due to medication
overuse
 Withdrawal that mirrors alcohol withdrawal (often without tremor)
 Advise patient to taper off if using high doses
Withdrawal: Removal of GABAnergic inhibitory tone in the CNS causes
hypertension, tachycardia, diaphoresis, tremors, hyperthermia, and
seizures. A confused state that progresses to a hyperkinetic and
hypersympathetic delirium with hallucinosis is common.

Loder E, et al. Headache.2003;43:904-909.
Raja MA, et al. Headache.1996;36:119-121.
Sarrecchia CS, et al. Ann Ital Med Int.1998;13:237-239.
Hoffman R. Emerg Med Clin North Am.2000;18:273-288.

Withdrawal Treatment:
 Phenobarbital with a slow taper (dose reduction of 10%
per day once condition is stabilized)
 Benzodiazepine
 Antipsychotics

Loder E, et al. Headache.2003;43:904-909.
Raja MA, et al. Headache.1996;36:119-121.
Sarrecchia CS, et al. Ann Ital Med Int.1998;13:237-239.
Hoffman R. Emerg Med Clin North Am.2000;18:273-288.
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First-line Migraine Therapies

Antidopaminergics

 Antidopaminergics

2016 American Headache Society guideline for parenteral therapies for
migraine headache stated both prochlorperazine and metoclopramide
“should be offered”
Prochlorperazine, metoclopramide
◦ Prochlorperazine was shown to be more effective for relieving migraine
headache than metoclopramide when both are dosed at 10 mg IV

 Non-Steroidal Anti-Inflammatory Drugs (NSAIDs)
 Triptans

Adverse effects
◦ Akathisia, drowsiness, dizziness, generalized weakness
◦ Reducing the rate of infusion has been shown to reduce the incidence of
akathisia

Orr SL, et al. Headache. 2016;56(6):911-40
Vinson Dr et al. J Emerg Med. 2001;20:113-9
Jones J et al. Am J Emerg Med. 1996;14(3):262-4.
Coppola M et al. Ann Emerg Med. 1995;26(5):541-6. .

Vinson Dr et al. J Emerg Med. 2001;20:113-9
Jones J et al. Am J Emerg Med. 1996;14(3):262-4.
Coppola M et al. Ann Emerg Med. 1995;26(5):541-6. .

NSAID Selection

NSAIDs
Ketorolac 10-15 mg IV/IM
Two studies have shown that 10- to 15- mg dose is as effective as
higher doses
Ketorolac IM is an option if no IV access
◦ In a recent study by Turner et al, 15 mg IM was non-inferior to 60
mg IM for relieving acute musculoskeletal pain

CV Risk

GI Risk

Oral NSAIDS are also an option but oral route of administration is
less studied than parenteral route and may lead to a delay in pain
relief
Turner NJ et al. Am J Emerg Med. 2021;50:142-7
Friedman BW. Ann Emerg Med. 2017;69(2):202-7..
Motov S et al. Ann Emerg Med. 2017;70(2):177-84.
Eidinejad L et al. Acad Emerg Med. 2021;28(7):768-75.

Triptans

Bhala N, et al. Lancet 2013;382:769-79
Solomon SD, et al. New Engl J Med 2005; 352: 1071–80

Triptans
o Used commonly in the outpatient setting as initial therapy
o Several studies demonstrated the efficacy of sumatriptan 6 mg
subcutaneously but it has not been shown to be more efficacious than
antidopaminergics
o Less studied than and similar in efficacy for relieving headache to
NSAIDs, with oral route of administration as an option
o Large percentage (~66%) of patients report recurrence of headache
within 24 hours after sumatriptan dose
o Adverse effects
◦ Chest tightness, flushing, and worsening of headaches
◦ In general, higher rate seen compared with other first-line therapies

Valium (diazepam) [package insert]. Nutley, NJ: Roche Laboratories, Inc.; January 2008.
Tizanidine (Zanaflex) tablets [package insert]. Hawthorne, NY: Acorda Therapeutics, Inc.; November 2013.

Friedman BW. Ann Emerg Med. 2017;69(2):202-7.
Orr SL, et al. Headache. 2016;56(6):911-40.
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Available Product

Oral

Oral ODT

Rizatriptan (Maxalt)
(Maxalt-MLT ODT)
Zolmitriptan (Zomig)
(Zomig-ZMT ODT)
Naratriptan (Amerge)

X

X

X

X

Almotriptan (Axert)

X

Frovatriptan (Frova)

X

Eletriptan (Relpax)

X

Sumatriptan (Imitrex)

X

SubQ
X

Intranasal
X

X

X

Special notes

SubQ highest bioavailability
and fastest onset
Onset: 20-120 mins
T1/2: 2-3 hrs
Onset: 45 – 60 mins
T1/2: 3 hrs
Onset: 1-3 hrs
T1/2: 6 hrs
Onset: 30 mins – 2 hrs
T1/2: 3-4 hrs
Onset: 2-4 hrs
T1/2: 26 hrs
Onset 1-2 hrs
T1/2: 4-6 hrs
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Second-line Migraine Therapies
 Acetaminophen (975 mg PO, 1000 mg IV)
 Droperidol (2.5 mg IV or IM) or haloperidol (2.5-5 mg IV)
 Chlorpromazine (25 mg IV)
 Dexamethasone (10 mg IV)- recurrent headache
 Magnesium (2 grams IV)
 Valproic acid (500-1000mg IV) – avoid if pregnant

Relpax (eletriptan), package insert. New York: Pfizer; 2006.
Frova (frovatriptan), package insert. Chadds Ford, PA: Endo; 2005.
Axert (almotriptan), package insert. Raritan, NJ: Ortho-McNeil; 2006.
Imitrex (sumatriptan), package insert. Research Triangle Park, NC: GlaxoSmithKline; 2006.
Amerge (naratriptan), package insert. Research Triangle Park, NC: GlaxoSmithKline; 2006.
Zomig ZMT. Nasal Spray (zolmitriptan), package insert. Wilmington, DE: AstraZeneca; 2006.
Maxalt, Maxalt-MLT (rizatriptan), package insert. Whitehouse Station, NJ; Merck & Co; 2007.

Orr SL, et al. Headache. 2016;56(6):911-40.
Thomas MC et al. Ann Pharmacother. 2015;49(2):233-40.
Mattson A et al. Am J Health-Syst Pharm. 2020;77:1838-45.

Pathophysiology of AWS
• Alcohol consumption stimulates GABAA receptors

– Chronic GABAA stimulation leads to down regulation of GABA
receptors and desensitization of the GABA receptor
• Alcohol consumption inhibits the NMDA subtype of glutamate
receptors
– Chronic inhibition causes an upregulation in the NMDA
receptors
• Both mechanisms lead to CNS depression

• 80% of admitted patients with alcohol use disorder will experience AWS
• 3-5% of patients with alcohol withdrawal experience seizures or delirium tremens

Davis, K.M. et al., J Biomed Sci, 2001. 8(1):7-19
Chastain, G., J Gen Psychol, 2006. 133(4):329-35
Malcolm, R.J., J Clin Psychiatry, 2003. 64 Suppl 3: 36-40

Marik, P. et al. Alcohol, 1996. 31(4):393-6
Kosten, T.R. et al. N Engl J Med, 2003. 348(18):1786-95

Mechanism of AWS
Abrupt reduction in or cessation of alcohol intake causes an acute
reduction in GABA activity and increase in glutamatergic activity,
resulting in hyper excitability and development of AWS symptoms
Autonomic
activation

Psychomotor
agitation

Tachycardia

Agitation

Tremors

Seizures

Sweating

Delirium
Littleton, J., Alcohol Health Res World, 1998. 22(1): p. 13-24.

Alcohol Withdrawal Assessment (CIWA-Ar)
CIWA-Ar Scored 0-7 (subjective):
Nausea and vomiting
• Tactile disturbances
• Tremor
• Auditory disturbances
• Paroxysmal sweats
• Visual disturbances
• Anxiety
• Headache, fullness in head
• Agitation
• Orientation and clouding or sensorium
•

Withdrawal severity
Mild withdrawal ≤ 5
• Mild to moderate 9-19
• Severe ≥ 20
•

Oks et al. J Intensive Care Med. 2020; 35:844-50
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Alcohol Withdrawal Assessment (RASS)

Benzodiazepines for AWS
Backbone of alcohol withdrawal therapy
GABA

Mechanism:
• GABAA receptor agonist
• Increases the frequency of GABA-receptor channel opening

Glutamate

Long-acting agents (chlordiazepoxide and diazepam) offer a smoother
detoxification
Risks: excessive sedation, respiratory depression, delirium (looping effect)
Mayo-Smith, M.F. JAMA, 1997. 278(2):144-51
Muzyk, A.J.. et al. Am J Addict, 2013. 22(2):113-8
Hill, A. et al., J Subst Abuse Treat, 1993. 10(5):449
Moore, P.W. et al. J Med Toxicol, 2014. 10(2):126-32
Ntais, C. et al. Cochrane Database Syst Rev, 2005(3):CD005063

University Hospital, Newark, NJ Alcohol Treatment Algorithm

Benzodiazepines for AWS

Resistant Alcohol Withdrawal

Lorazepam

Diazepam

Route

PO, IM, IV

IM, IV, PO, PR

PO

Starting dose (mg)

2

10-20

50-100

Onset (min)

3-30

1-20

30-60

Metabolism

Hepatic

Hepatic

Hepatic

Active metabolite

No

Yes

Yes

• > 10 mg lorazepam or > 50 mg diazepam in 1 hour
• > 40 mg lorazepam or >200 mg diazepam in 3 hours

Chlordiazepoxide

• Requires endogenous GABA however patients with chronic alcohol
use may have a GABA deficiency

• Alterations in the GABAA receptor
• Kindling effect: changes in the conformation of the GABA receptor
reduce the sensitivity of the GABA receptors to benzodiazepines

Mayo-Smith, M.F. JAMA, 1997. 278(2):144-51
Muzyk, A.J.. et al. Am J Addict, 2013. 22(2):113-8
Moore, P.W. et al. J Med Toxicol, 2014. 10(2):126-32
Hill, A. et al., J Subst Abuse Treat, 1993. 10(5):449-51
Ntais, C. et al. Cochrane Database Syst Rev, 2005(3):CD005063

Phenobarbital for AWS
GABA

Glutamate

Mechanism of action
• Dual Action to treat AWS physiologic effects
– Increases the duration of GABA-receptor channel opening
– Inhibits AMPA/kainate-type glutamate receptors
Dosing strategies
– May be given in combination with benzodiazepines or as monotherapy
—SYNERGISTIC activity with benzodiazepines
– 260 mg IV followed by 130 mg IV as needed
◦ Preferred if large doses of benzothiazines previously given or patient
somnolent
– 10 mg/kg IV loading dose over 30 minutes
◦ May administer additional 260mg or 130mg IV boluses as needed
Hendey, G.W. et al. Am J Emerg Med, 2011. 29(4):382-5
Rosenson, J. et al. J Emerg Med, 2013. 44(3): 592-598.e2

• Does not impact upregulation of glutamate

Marik, P. et al. Alcohol Alcohol, 1996. 31(4): 393-6

Phenobarbital Pharmacokinetics
• Linear relationship between dose and drug level

– Weight-based dosing based on ideal body weight in obesity

• Predictable plasma levels achieved

– May check plasma drug level (goal 10-15 mcg/mL)
– Dosing should be based on symptom control as plasma levels
may be more helpful to determine toxicity
– Target (>15 mcg/mL) if seizing
• Half-life 3-4 days
– Gradual up-titration and auto-tapering
– May be longer with liver dysfunction
Tangmose, K. et al. Dan Med Bull, 2010. 57(8):A4141
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Adjunct Agents (moderate-severe AWS)

Phenobarbital Benefits in Alcohol
Withdrawal
• Doesn’t cause delirium
• Doesn’t cause paradoxical reactions
• Compares favorably to benzodiazepines in severe withdrawal
• Evidence to support benefit in avoiding ICU admissions
• Evidence to support benefit in avoiding need for mechanical
ventilation

Ives, T.J. et al,. South Med J, 1991. 84(1):18-21
Gold, J.A. et al. Crit Care Med, 2007. 35(3):724-30
Rosenson, J. et al. J Emerg Med, 2013. 44(3):592-598.e2
Kramp, P. et al. Acta Psychiatr Scand, 1978. 58(2):174-90

Adjunct Agents (mild-moderate AWS)
Carbamazepine
Oxcarbamazepine

•Inhibit voltage-gated
sodium channels and
potentiate GABAergic
neurotransmission

Limited evidence
on their use as
monotherapy and
most studies are
underpowered

Gabapentin
Pregabalin

Valproic Acid

Inhibit voltage-gated
calcium channels

Blocks voltage-gated
sodium channels and
increases GABAergic
neurotransmission

Better data
for reducing
harmful
drinking
patterns

B1

Initiate during
AWS to reduce
drinking in the
early postwithdrawal
stages

Ketamine

Propofol

•NMDA antagonist

Dexmedetomidine

Targets underlying
mechanism of alcohol
withdrawal

GABA agonist and NMDA
antagonist
Targets underlying
mechanism of alcohol
withdrawal

Reduces benzodiazepine
requirements

Reduces benzodiazepine
requirements

Effective in resistant AWS

Effective in resistant AWS

•Data on safety and

Mechanical ventilation
needed

efficacy is limited

Centrally-acting alpha-2
agonist
Mild sedation and
anxiolysis without
suppressing breathing
Titration limited by
bradycardia and
hypotension results in
delayed onset
Doesn't treat underlying
AWS pathway and may
mask symptoms

Shah, P., et al., J Med Toxicol, 2018. 14(3): p. 229-236
Sohraby, R. et al. Ann Pharmacother, 2014. 48(4): 456-61
Wong, A., et al., Ann Pharmacother, 2015. 49(1): p. 14-9

Side bar: Gabapentin/Pregabalin PK
• Bind presynaptic, voltage-dependent calcium channels and reduce
the flow of calcium ions into the nerve terminals and nerve firing
• These agents do not interact with the GABA receptor
• Both agents require a slow titration
• Gabapentin vs. pregabalin
◦ Binding affinity and potency are six times higher for pregabalin
than gabapentin
◦ Gabapentin has saturable oral absorption, so lower more
frequency dosing preferred
◦ Pregabalin has more linear PK and non-saturable absorption
Moore, R.A. et al. Cochrane Database Syst Rev, 2014. 2014(4):CD007938.

Hammond CJ, et al. CNS Drugs. 2015;29(4):293-311. doi:10.1007/s40263-015-0240-4

Medication Overdose
Toxidrome

Inciting agents

Signs and symptoms

Treatment

Sympathomimetic

Caffeine, cocaine,
methamphetamine,
pseudoephedrine

Agitation, delirium, diaphoresis,
hypertension, hyperthermia,
mydriasis, tachycardia, tremor,
seizures

Benzodiazepines

Serotonin toxicity

Buspirone, methadone,
fentanyl, SSRIs, SNRIs,
trazodone, MAOIs, TCAs,
cocaine, triptans

Agitation, clonus, delirium,
diaphoresis, hypertension,
hyperthermia, mydriasis, tremor,
seizures

Benzodiazepines
Cyproheptadine

Barbiturates,
benzodiazepines,
zopiclone, zaleplon,
zolpidem

Ataxia, blurred vision, coma,
Flumazenil
confusion, delirium, diplopia,
(maybe)
hallucinations, nystagmus, paresthesia,
sedation, slurred speech, stupor

Sedative-hypnotic

Holstege CP, et al. Toxidromes. Crit Care Clin. 2012; 28:180-98.
Goldfrank’s toxicologic emergencies. 11th ed. New York: McGraw-Hill Education; 2019:28-32

Toxidrome

Inciting agents

Signs and symptoms

Treatment

Sympathomimetic

Caffeine, cocaine,
methamphetamine,
pseudoephedrine

Agitation, delirium, diaphoresis, hypertension,
hyperthermia, mydriasis, tachycardia, tremor,
seizures

Benzodiazepines

Serotonin toxicity

Buspirone, methadone, fentanyl,
SSRIs, SNRIs, trazodone, MAOIs,
TCAs, cocaine, triptans

Agitation, clonus, delirium, diaphoresis,
hypertension, hyperthermia, mydriasis, tremor,
seizures

Benzodiazepines
Cyproheptadine

Sedative-hypnotic

Barbiturates,
benzodiazepines,
zopiclone, zaleplon,
zolpidem

Ataxia, blurred vision, coma,
confusion, delirium, diplopia,
hallucinations, nystagmus,
paresthesia, sedation, slurred
speech, stupor

Flumazenil
(maybe)

Holstege CP, et al. Toxidromes. Crit Care Clin. 2012; 28:180-98.
Goldfrank’s toxicologic emergencies. 11th ed. New York: McGraw-Hill Education; 2019:28-32
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Benzodiazepine Toxicity

Urine Toxicology Screen

Benzodiazepines taken in toxic doses without other coingestants
rarely cause a significant toxidrome
Potentiates the binding of GABA: when GABA binds the Cl channel
opens and Cl ions flow through causing membrane hyperpolization
which inhibits cellular excitation
The classic presentation in patients with isolated benzodiazepine
overdose will include CNS depression with normal vital signs

Buckley NA, et al. British Medical Journal 1995; 310:219-221

Detection windows are typically 2-7
days
• Most tests detect only
benzodiazepines that are metabolized
to oxazepam glucuronide.
• Benzodiazepines such as clonazepam,
lorazepam, midazolam, and
alprazolam will not show up on many
urine drug screens
• A positive urine drug screen only
indicates exposure but does not
confirm causality for toxicity

•

Baselt R. Disposition of Toxic Drugs and Chemicals in Man. 9th ed. Seal Beach, CA: Biomedical Publications; 2011

Benzodiazepine Overdose Treatment

Iatrogenic Benzodiazepine Toxicity

Supportive care is usually sufficient with allowance of time for drug to be
metabolized

Parenteral solutions of diazepam and lorazepam are diluted in
propylene glycol and prolonged infusions can cause propylene glycol
toxicity

Flumazenil
o Flumazenil is a competitive benzodiazepine antagonist

o Seizures and cardiac dysrhythmias, particularly PSVT, can occur after flumazenil
administration
o Flumazenil can be safely administered to non-habituated users of benzodiazepine
opediatric or adult patient with accidental ingestion
oprocedural sedation
o More recent literature looking at flumazenil for iatrogenic benzodiazepine delirium
Moore PW, et al. J Med Toxicol. 2014 Jun;10(2):126-32

Propylene Glycol Toxicity
Under normal conditions, propylene glycol is rapidly converted to lactic acid, which is
cleared by the liver but in an overdose the lactic acid builds up
Identification:
o Unexplained anion gap
o Unexplained metabolic acidosis
o Hyperosmolality
o Clinical deterioration
Treatment:
o Fomepizole: inhibits alcohol dehydrogenase, the first step in metabolism of propylene
glycol to lactic acid
o Renal replacement therapy

Wilson KC, et al. Chest. 2005 Sep;128(3):1674-81
Zosel A, et al. Pharmacotherapy. 2010;30(2):219. doi:10.1592/phco.30.2.219.

Propylene Glycol Toxicity:
o Significant lactic acidosis
o Skin and soft tissue necrosis
o Hemolysis
o Cardiac dysrhythmias
o Seizure
Wilson KC, et al. Chest. 2005 Sep;128(3):1674-81
Zosel A, et al. Pharmacotherapy. 2010;30(2):219. doi:10.1592/phco.30.2.219.

Supratherapeutic Phenobarbital
Used as “physician-assisted suicide/euthenasia”
An oral dose of one gram for most barbiturates can cause
significant poisoning in an adult. Fatal cases of ingestion
have occurred with doses ranging between 2.0 and 10.0
grams; the usual lethal blood level ranges from 40 to 80
mcg/mL

Proudfoot AT, et al. J Toxicol Clin Toxicol. 2004;42(1):1-26
Mirrakhimov AE, et al. Int J Nephrol. 2017;2017:7831358. doi:10.1155/2017/7831358
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Phenobarbital Toxicity Management
ABCs and Supportive Care
Goal: reduce half-life and total body clearance
 Supportive care
 Multiple-dose activated charcoal
 Sodium bicarbonate or sodium acetate
 Alkalinize the urine to pH 7.5-8 -> Forms lipid insoluble metabolite of parent
drug
 Hypertonic sodium chloride will provide an equivalent sodium ion
concentration to that of sodium bicarbonate but will not cause serum or urine
alkalinization; therefore, it will not be effective in aspirin or phenobarbital

B1

Patient Case
HL, a 54 year old male, presents to the emergency department
agitated after receiving intranasal narcan from a police office who
found him somnolent on the sidewalk. While in the emergency
department, the team notices that he is becoming more tachycardic,
altered, and tremulous. The patient is given a dose of buprenorphine
to treat possible opioid withdrawal with minimal effect.
The team asks the nurse to perform an alcohol withdrawal
assessment for the patient and provide a numerical CIWA-Aw score.
HL is given a CIWA-Ar score of 16 (moderate withdrawal)

Proudfoot AT, et al. J Toxicol Clin Toxicol. 2004;42(1):1-26
Mirrakhimov AE, et al. Int J Nephrol. 2017;2017:7831358. doi:10.1155/2017/7831358

Assessment Question 1

Assessment Question 2

The team would like to treat the patient for alcohol withdrawal and
ask what initial therapy to begin. What would you recommend?

The patient has required 18 mg of lorazepam in the first hour and is
becoming more altered. What would you recommend for treatment entering
the second hour?

A.
B.
C.
D.

Lorazepam 4 mg IV scheduled every 2 hours
Lorazepam 2-4 mg IV as needed based on CIWA-Ar score
Chlordiazepoxide 100 mg oral scheduled every 6 hours
Diazepam 20 mg IM as needed based on CIWA-Ar score

A. Stop the lorazepam and start 10 mg IV diazepam scheduled every 2 hours
B. Stop the lorazepam and give phenobarbital 260 mg IV
C. Stop the lorazepam and give phenobarbital 10 mg/kg IV
D. Continue the lorazepam but switch to scheduled dosing of 4 mg every
hour

Epilepsy
The International League Against Epilepsy (ILAE) defines epilepsy as a
disease of the brain by any of the following conditions (Fisher et al)
◦ At least two unprovoked (or reflex) seizures occurring > 24 hours
apart
◦ One unprovoked (or reflex) seizure and a probability of further
seizures similar to the general recurrence risk (at least 60%) after
two unprovoked seizures, occurring over the next 10 years
◦ Diagnosis of an epilepsy syndrome
Of note, the term unprovoked implies absence of a temporary or
reversible factor lowering the threshold and producing a seizure at
that point in time
Fisher RS, et al. Epilepsia. 2014;55(4):475-82.
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Emergent Therapy

Emergent Therapy

Lorazepam IV has long been considered the first-line benzodiazepine for
emergent treatment of status epilepticus

Lorazepam
◦ Dose 0.1 mg/kg IV (max 4 mg) and may repeat in 5-10 min

RAMPART
◦ Double-blind randomized, non-inferiority trial comparing IM midazolam
with IV lorazepam in children and adults with SE in the pre-hospital
setting
◦ Primary outcome of absence of seizures at arrival to the ED without
need for rescue therapy was 73.4% in the midazolam group vs. 63.4% in
the lorazepam group (absolute difference of 10% (95% CI 4.0 to 16.1%,
p<0.001 for non-inferiority and superiority)

Midazolam
◦ 0.2 mg/kg IM (up to 10 mg)
◦ Midazolam can also be given intranasally (IN) at a dose of 0.2
mg/kg but is less well-studied in SE, and IM is preferred
Diazepam
◦ 0.15 mg/kg IV (max 10 mg) and may repeat in 5 min

Silbergleit R, et al. N Engl J Med. 2012; 366:591-600.

Brophy GM. Neurocrit Care. 2012;17(1):3-23.

Urgent Therapy - ESETT

Levetiracetam

Randomized, blinded trial in which levetiracetam 60 mg/kg (max 4,500 mg),
fosphenytoin 20 mg/kg (max 1500 mg PE), or valproic acid 40 mg/kg (max 3000
mg) to 384 adults and children with SE refractory to benzodiazepines
Incidence of the primary outcome of absence of clinically apparent seizures and
improving responsiveness at 60 minutes after the start of the trial drug infusion
was:
◦ Levetiracetam 47%
◦ Fosphenytoin 45%,
◦ Valproic acid 46%

Dose: 40-60mg/kg IV (maximum 4,500 mg IV)
Levetiracetam has emerged as one of the first-line urgent therapies due to
ESETT results, minimal drug interactions, mild adverse effect profile, and
tolerability
Practical considerations
◦ Preparation
◦ Administration

There were no significant differences in rates of safety outcomes (lifethreatening hypotension within 60 min, cardiac arrhythmia within 60
min, or death)

Adverse effects: dizziness
Pearl: May be given via IV Push

Kapur J, et al. N Engl J Med. 2019;381(22):2103-13.

Side bar: Brivaracetam (Briviact®)
Levetiracetam

Phenytoin vs Fosphenytoin

Brivaracetam

SV2A binding affinity

+

+++

Voltage-gated calcium channels

Inhibition

No inhibition

AMPA receptor

Inhibition

No Inhibition

Half-life

7 hours

9 hours

Metabolism

Hydrolysis and CYP2C19

Hydrolysis

o
o
o
o

Glauser T, et al. Epilepsy Curr. 2016;16(1):48-61.

Dosing

IV infusion

IV bolus

Renal Impairment

Dose reduction

No dose reduction

Higher brain permeability than levetiracetam (more lipophilic, rapid action)
Faster receptor binding
Greater selectivity and affinity to SV2A receptors
Less behavioral affects (AMPA receptor)
BRIVIACT® (brivaracetam): US prescribing information. Smyrna, GA: UCB, Inc

Phenytoin

Fosphenytoin
Phosphate ester prodrug -> rapidly converted in plasma to Phenytoin
• Phosphate group increases solubility
• Faster administration
• Less infusion site reactions
• May be given IM (onset 30 mins)
Fischer JH, et al. Clin Pharmacokinet. 2003;42(1):33-58
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Valproic Acid

Fosphenytoin
Dose: 20 mg PE/kg IV
Consider obesity
Practical considerations
◦ Altered protein binding with low albumin in critically ill patients
and in pregnancy
◦ Max infusion rate of 150 mg PE/min
◦ Compatible with saline, dextrose, and lactated Ringer’s
◦ May be considered hazardous
Adverse effects: hypotension, arrhythmias

Dose: 20-40 mg/kg IV (maximum 3000 mg IV)
Administration up to 10 mg/kg/min IV
Practical considerations
◦ Drug interactions
◦ Altered protein binding with low albumin in critically ill
◦ Avoid in patients who are pregnant or of childbearing potential due to risk of
teratogenicity
◦ May be considered hazardous
Adverse effect: dizziness, thrombocytopenia, hyperammonemia, liver toxicity
Pearls: Effective for substance induced seizure (bupropion)

Brophy GM. Neurocrit Care. 2012;17(1):3-23.
Glauser T, et al. Epilepsy Curr. 2016;16(1):48-61.
Gibbs H et al. Am J Health-Syst Pharm. 2015; 72:121-6.

Brophy GM. Neurocrit Care. 2012;17(1):3-23.

ESETT

Refractory SE

A major takeaway point is each of the therapies was <50%
effective and ~20% of patients required intubation within
60 min, which highlights the need for escalation of care if
emergent and urgent therapies are not successful

PHENOBARBITAL

PENTOBARBITAL

o Dose: 15-20 mg/kg IV
o Load dose: 5 mg/kg (max load 15 mg/kg)
o Administration at a rate of 50
o Infusion 1-10 mg/kg/hr
mg/min
o Administration at a rate of 50 mg/min
o Adverse effects
o Adverse events
o Hypotension
o Hypotension, high risk of ileus
o Respiratory depression
Pentobarbital Advantages
o Sedation
o Faster brain penetration
o Half-life (1-4 hours) compared to phenobarbital (days)
o More potent at directly activated GABAA receptor
Abou Khaled KJ, Hirsch LJ. Neurol Clin. 2008 May;26(2):385-40

Kapur J, et al. N Engl J Med. 2019;381(22):2103-13.

AED Drug Level Monitoring
Clinical Scenario

Rationale

Suspected noncompliance

Determine cause of seizures

Suspected drug toxicity

Guide dose decrease and treatment

Increasing dose

Nonlinear kinetics (phenytoin)

Renal failure/acute kidney injury

Increase plasma levels

Pregnancy

Decreased protein binding leading to higher free drug
levels

o Therapeutic ranges are well established for some older AEDs, such
as phenytoin, carbamazepine, and valproic acid
o Evidence of benefit from therapeutic drug monitoring for newer
AEDs, such as levetiracetam, is lacking
Sourbon J, et al. Seizure. 2018;62;131-5

Benzos, Barbs,
and Beyond
JENNY KOEHL,
PHARMD, BCPS

Stepanova D, et al. Epilepsy Behav. 2015 Jan;42:7-9..
Patsalos PN, et al. Ther Drug Monit. 2018;40(5):526-48
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