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GOALS

1. Debate the best 
channelopathies and 
discuss why the 
GABA-A channel is 
the clear favorite.

1

2. Review 
antidepressant 
toxicities

2

3. Explore 
mitochondria toxins

3

….Also known as how I came to love the GABA-A 
chloride ionophore channel
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REMEMBER THREE THINGS IN TOXICOLOGY:

1. Check a level

2. Give some benzos. Then give some more.

3. Give some bicarb

“There are very few toxicological 
problems that cannot be solved 
through the suitable (and liberal) 
application of benzodiazepines”

Suzanne White, MD

5

6



3/5/2024

4

CASE 1

A 30 yo female presents by ambulance. 
An empty bottle of phenobarbital and 
diazepam was found at the scene.

She is moderately arousable initially but 
continues to decompensate. 

You fear for her airway.

Management?
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GABA-A TOXICITY

•Nonspecific 

•CNS: drowsiness, dizziness, slurred 
speech,

•nystagmus, confusion, ataxia, coma (rare)

•Children: 17% isolated ataxia 
(benzodiazepines)

•Other: respiratory depression (rare in 
single benzo ingestions), hypotension 
with IV administration

9

10



3/5/2024

6

GABA-A 
AGONISTS -

BENZOS

•All are indirect agonists at post-synaptic GABAA 
channels

•Can’t open the channel without GABA

•BZD1 receptors
• Increase frequency of Cl channel opening

• BZD2 receptors (spinal cord) affect muscle relaxation

•All produce tolerance with cross-reactivity
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GABA-A 
AGONISTS -

BARBITURATES

•Direct increase in duration of channel opening

• GABA not needed

•4 Categories
• Ultrashort: methohexital, thiopental

• Short: pentobarbital, secobarbital

• Intermediate: butalbital

• Long-acting: phenobarbital

•CYP450 induction: drug interactions

“BARB BURNS”
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DRUG TESTING
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CHLORAL 
HYDRATE
•Commonly used by alcoholics in 
the late 19th century to induce 
sleep

•Solutions of alcohol and chloral 
hydrate often called “knockout 
drops” or “Mickey Finn”

•Hemorrhagic gastritis

•Cardiac arrhythmias

•Attributed largely to 
trichloroethanol

 [2]1

MEPROBAMATE 
(MILTOWN, EQUANIL,
MEPROSPAN)

•Active metabolite of 
carisoprodol

•Concretions/bezoars in 
overdose
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SHE DID WHAT? 
(CASE 2)

A 14 yo female overdoses on bupropion XL and is 
immediately brought to the ED. She initially presents 
with a HR of 103 BPM, BP 125/80, and a RR of 20.

Disposition?

Treatment?

Mechanism?
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SSRIS

•Paroxetine 

•Fluoxetine 

•Citalopram 

•Escitalopram 

•Sertraline

•Fluvoxamine Fluoxetine + 
olanzepine (Symbyax)

SNRI AND 
OTHERS

Buproprion

Excitation in overdose, SEIZURES, XL products

Mirtazepine

Sedation, mild symptoms in toxicity

Nefazadone, Trazadone 

Prolonged QT, orthostatic hypotension, priapism

Venlafaxine 

Seizures, QRS prolongation

Duloxetine

Mild sympathomimetic effects; generally low toxicity
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SEROTONIN 
SYNDROME

•Stimulation of post-synaptic 5HT1A and 5HT2a brain 
receptors

•Two or more serotonergic agents
• SSRI + neuroleptic

• SSRI + agent with serotonergic properties

• Change in dose

• Metabolic inhibition

•Triad:
• Mental-status changes 

• Autonomic hyperactivity

• Neuromuscular abnormalities

THE SEROTONIN 
SYNDROME
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ANTIDEPRESSANTS 
I CARE ABOUT
Bupropion
 Be wary IR vs SR vs XL

Venlafaxine

Citalopram

PATRON SAINT OF RESIDENTS 
EVERYWHERE (CASE 3)
A 19 yo college freshman with a cocaine addiction 
is admitted to a NYC hospital after an overdose of 
suspected phenelzine (an MAOI) with fever, altered 
mental status, hyperthermia, and tachycardia. She is 
noted to have rigors and does not improve with IV 
hydration.

Initial Management?

How would you treat her rigors?
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NOT ALL THAT CAUSES MIOSIS IS 
PERCOCET…(CASE 4)
A 40 yo male presents to the ED with EMS s/p ingestion of an unknown drug. His 
exam is notable for miosis, severe lethargy, tachycardia, RR of 16, HR of 120, and a 
BP of 90/40.

Differential?

Management?

TYPICAL VS ATYPICAL ANTI-PSYCHOTICS

Typical 

•Strong antagonism at the D2 receptor 
site

•Moderate blockade at the Muscarinic 
Receptor

•Example:
• Haloperidol

Atypical

•Partial antagonism at D2 and blockade of 
5HT-2a receptors

•Alpha-1 antagonism

•Blockade of potassium currents in cardiac 
myocytes

•Examples:
• Aripiprazole
• Quetiapine
• Risperidone
• Ziprasidone
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ATYPICAL ANTI-PSYCHOTICS…CONT

•Anti-Muscarinic
• Olanzapine, Quetiapine

•Really Strong Alpha-1 antagonists
• Quetiapine

•QT prolongers
• Ziprasidone

Disorder Features Mechanism Treatments

Acute dystonia

Sustained, involuntary 
muscle contraction; 
torticollis

Imbalance of 
dopaminergic/cholinergic 
transmission Anticholinergics/BDZ

Akathisia
Restlessness; inability to sit 
still Mesocorticol D2 antagonism 

Dose reduction / 
anticholinergics

NMS
AMS, hyperthermia, 
autonominc instability D2 antagonism in the striatum

Cooling, BDZ, 
dopamine agonists

Tardive 
Dyskinesia

Late onset (months to years) 
involuntary choreiform 
movements Excess dopaminergic toxicity Stop offending agent

From Goldfranks 9th Edition: Antipsychotics
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DANTROLENE IN NMS?

WHERE DO 
PEOPLE GET 

THESE 
MEDICATIONS? 

(CASE 5)

A 17 yo male presents to the ED after overdose on an 
unknown “headache medication.” His initial HR is 122, 
BP is 100/60, RR are 18, and temp is 37.8C. He 
appears moderately lethargic but is currently 
protecting his airway and his pupils are 6mm.
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CASE 5….CONT. THE CATASTROPHIC DECLINE. 

WHILE WAITING FOR HIS ICU 
BED, THE PATIENT STARTS 

SEIZING

MANAGEMENT?
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TRICYCLIC ANTIDEPRESSANTS

Tertiary amines

•Tertiary amines

•Amitriptyline

•Clomipramine

•Doxepin

•Imipramine

•Trimipramine

Secondary amines

•Desipramine

•Nortriptyline

•Protriptyline

7 MECHANISMS OF 
TCA POISONING
1. Alpha 1 antagonism

2. Anti-muscarinic

3. Cardiac sodium channel blocker

4. Potassium efflux channel blocker

5. Anti-histamine

6. Anti-GABA channel (remember 
this from the beginning)

7. Biogenic amine reuptake 
inhibitor
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TREATMENT OF 
TCA TOXICITY
Hemodynamic stable patient 

 Defer NaHCO3 treatment unless QRS > 120msec

 Serial EKG (q2 hours for the first 6 hours)

 Cardiac Monitoring

 2 gm MgSO4 QTc > 500msec

 Replenishment of electrolytes

Hemodynamic unstable pt

 2 amps (100meQ NaHCO3) regardless of QRS

 150meq (3 amps) in 1LD5W at 1.5x maintenance

 Titrate arterial pH to 7.45-7.55 (don’t forget about 
vent settings)

 Low dose norepi gtt for poor perfusion

 2 gm MgSO4 for repeated dysrhythmias

SEIZING TCA 
PATIENT –

“CATASTROPHIC 
DECLINE”

1. GABA-agonist of choice

2. Immediate 100meq NaHCO3 with more as needed

3. Repeat EKG. 

4. Intralipid therapy (1.5ml/kg of a 20% emulsion)
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TCA UDS 
POSITIVE

•Cyclobenzaprine (Flexeril)

•Diphenhydramine (Benadryl)

•Cyproheptadine (Periactin)

•Carbamazepine (Tegretol)

•Thioridazine (Mellaril)

•Quetiapine (Seroquel)

CASE 

24 yo male presented to the ER hypoxic, tachycardic, 
and hyperthermic after being found unresponsive at 
home. He was known to have a history of 
methamphetamine abuse. 

SPO2 in the 60s. No response to naloxone. Intubated 
upon arrival. Temperature is 106F. 
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ANCILLARY 
DATA

Unresponsive male, warm to the touch. Patient was 
noted to not be rigid on exam. HR 144, BP 117/67, RR 
20bpm, temp 106F, 100% on ventilator. 

Laboratory Data: Sodium 146 mEq/L, potassium 4.7 
mEq/L, chloride 118 mEq/L, carbon dioxide 16 mEq/L, 
BUN 19 mg/dL, creatinine 2 mg/dL

AST 291 U/L,  ALT 68 U/L. EKG  HR 167 , QRS 85 , QTc 
324 .

Acetaminophen < 10 mcg/ml. Aspirin <1 mg/dl, ETOH 
< 10 mg/dl. 

Lactic acid 4.4 mmol/L. UDS +benzodiazepines, 
+methadone.  

ABG: pH 7.33, pCO2 27 HCO3 14.3. CK >8000units/L

DIFFERENTIAL?
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TOXIC HYPERTHERMIA

Uncouplers of Oxidative Phosphorylation

Anticholinergics

Metal fume Fever

Malignant Hyperthermia

Serotonin Syndrome

Neuroleptic Malignant Syndrome

Endocarditis

Others…..
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MALIGNANT 
HYPERTHERMIA

classic signs of MH include:

hyperthermia to marked degree, tachycardia, 

tachypnea, 

increased carbon dioxide production, 

increased oxygen consumption, 

acidosis, 

muscle rigidity, 

rhabdomyolysis.

THE END. 
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