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Objectives
 Outline general assessment and management of the 

poisoned/potentially poisoned patient
 Describe decontamination options and indications
 Discuss basic toxidrome recognition and management

 Sympathomimetic
 Sedative Hypnotic
 Opioid
 Anticholinergic
 Cholinergic



Objectives
 Explain assessment and management of patients with 

acetaminophen toxicity
 Define emergency preparedness and describe guiding 

principles in the initial management of patients with 
chemical agent exposures



Management Overview

 Emergent intervention
 Clinical evaluation
 Decontamination
 Antidote therapy
 Enhanced elimination
 Disposition



Emergent Intervention

 Airway, breathing, circulation
 Reversal of CNS depression

 Oxygen, glucose, naloxone, thiamine
 Flumazenil

 Seizure activity
 Often self-limited
 Indicates more severe toxicity
 Check glucose, oxygenation; open airway
 If needed, consider benzodiazepines, barbiturates



Emergent Intervention

 Airway, breathing, circulation (continued)

 ACLS guidelines and special considerations for CV instability
 Calcium channel blocker: calcium chloride, glucagon, 

and more
 ß-adrenergic blocker: glucagon and more
 Tricyclic antidepressant: sodium bicarbonate
 Organophosphate: atropine
 Digoxin: digoxin-specific antibodies
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Clinical Evaluation

 History
 Reported substances involved, available substances

 Ask patient, family and friends, paramedics, others

 Identify/confirm substance(s) and details
 Use resources: pill identification database, patient’s 

pharmacy, product label, MSDS/SDS, etc.
 Immediate release or modified release medication
 Product specifics (household/industrial, concentration, 

fragrance, high efficiency, etc.)

 Determine likely case scenario and worst case 
scenario
 Product(s), timing, co morbidity, etc.



Clinical Evaluation

 History for a Disaster Event
 Emergency Preparedness 

 Defined by DHS/FEMA as “a continuous cycle of planning, 
organizing, training, equipping, exercising, evaluating, and taking 
corrective action in an effort to ensure effective coordination 
during incident response.”

 Emergency Preparedness includes an all hazards vulnerability 
analysis to identify and prepare for possible events
 Advance identification of substances, provision of MSDS/SDS, 

availability of antidote therapies

 Can facilitate history but not completely replace
 Confirm substance(s), obtain timing, route of exposure, 

comorbidities, interventions prior to arrival, etc.



Clinical Evaluation

 Physical examination
 Co-morbid conditions

Trauma, compartment syndrome, 
rhabdomyolysis, pre-existing conditions

 Toxidromes
Anticholinergic, cholinergic, sedative/hypnotic 

sympathomimetic, opioid, others





Clinical Evaluation

 Anticholinergic toxidrome (from tricyclic 
antidepressants, diphenhydramine and other 
antihistamines, antipsychotics, jimson weed, etc.)
 Fever
 Tachycardia
 Flushed, dry skin
 Dilated pupils
 Agitated
 Hypoactive bowel sounds

“Hot as a hare, red as a beet, dry as a bone, blind as a bat and mad as a hatter.”



Clinical Evaluation

 Cholinergic toxidrome muscarinic effects (from 
nerve agents, organophosphate insecticides)
 Diarrhea
 Urination
 Miosis
 Bradycardia, bronchorrhea, bronchospasm
 Emesis
 Lacrimation, laryngospasm
 Salivation, sweating, secretions

“Dumbels” preferred to “Sludge” as mnemonic as it includes the “Killer Bs.”





Clinical Evaluation

 Opioid toxidrome (from morphine, hydromorphone, 
codeine, heroin, methadone, poppy seed, etc.)
 CNS depression
 Respiratory depression
 Miosis



Clinical Evaluation

 Sedative-hypnotic toxidrome (from 
benzodiazepines, barbiturates, etc.)
 Hypothermia, bradypnea
 Normal pulse or bradycardia, hypotension
 Drowsiness, dysarthria, ataxia, lethargy, coma
 Midsize or miosis, nystagmus
 Hyporeflexia



Clinical Evaluation

 Envenomation
 Loxosceles reclusa
 Latrodectus mactans
 Crotalinae species



Clinical Evaluation

 Envenomation
 Loxosceles reclusa (brown recluse) 

 Local: necrotic  lesions
 Systemic: possible “flu-like” symptoms, possible hematologic

 Latrodectus mactans (black widow)
 Local: target skin lesion
 Systemic: painful muscle cramping, hypertension, tachycardia 

Fiddle shape on dorsum

Red hourglass shape on ventral surface



Clinical Evaluation

 Envenomation
 Crotalinae species (rattlesnakes et al.)

 Local: progressive edema, erythema, ecchymosis, 
hemorrhagic blebs

 Systemic: hematologic issues (thrombocytopenia, 
coagulopathy), hypotension, etc.)

Elliptical pupil and heat sensing pit



Clinical Evaluation

 Analytical information
 Can suggest, confirm, evaluate for other toxicity, and/or 

evaluate for comorbidities
 Metabolic panel

 Anion gap, electrolyte patterns
 Metabolic acidosis with elevated anion gap: “mudpiles” 

(Methanol, uremia, DKA/AKA, paraldehyde, INH/iron, lactic 
acid, ethylene glycol, salicylates)

 Complete blood count
 Bone marrow suppression, blood cell destruction



Clinical Evaluation

 Analytical information
 Serum osmolality

 Calculated osmolality = 2 (Na) + BUN/2.8 + glu/18
 Osmolar gap = measured – calculated serum osm
 Basic metabolic panel, alcohol and measured osm on same sample
 Consider ethanol or toxic alcohol (methanol, ethylene glycol, 

isopropyl alcohol) if elevated osm gap
 CPK

 If elevated, consider serotonin syndrome, prolonged immobile 
period, etc.

 Urine pregnancy 



Clinical Evaluation

 Analytical information (continued)

 Urine drug screen
 Typically a limited drug of abuse screen, not 

comprehensive
 Specific drug concentrations

 Acetaminophen, salicylate
 Electrocardiogram
 Chest radiograph
 Abdominal radiograph
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Decontamination

 Dermal
 Gastrointestinal
 Inhalational
 Ocular



Decontamination

 Gastrointestinal
 Syrup of ipecac
 Gastric aspiration and lavage
 Single-dose activated charcoal
 Cathartics
 Whole bowel irrigation

Caravati EM, Megarbane B. Update of position papers on gastrointestinal decontamination.
Clinical Toxicology 2013; 51: 127. 



Decontamination

 Gastric aspiration and lavage
 Physical emptying of stomach contents

 24 French tube minimum
 Consider if within one hour of a life-threatening ingestion 

of a toxic substance
 Contraindications

 Unprotected airway
 Hydrocarbon or corrosive ingestion



Decontamination

 Single-dose activated charcoal
 Prevent systemic absorption by adsorption of toxin

 Lipophilic and nonpolar substance
 Direct contact required
 Equilibrium after 30 minutes

 Optimal dose unknown
 Children: 1 g/kg po
 Adults: 25 - 100 g  po



Decontamination

 Single-dose activated charcoal (continued)

 Indications controversial
 Contraindications

Unprotected airway
Hydrocarbon or corrosive ingestion

 Adverse effects or complications
 Aspiration









Decontamination

 Whole bowel irrigation
 Decrease systemic absorption by elimination of 

contents of entire gastrointestinal tract
 Administration of polyethylene glycol-electrolyte 

solution (PEG-ES) via nasogastric tube until clear 
rectal effluent
9 m to 6 years: 500 mL/h
6-12 years: 1000 mL/h
Over 12 years: 1500 mL/h  - 2000 mL/h



Decontamination

 Whole bowel irrigation (continued)

 No clinical studies of the utility in overdose patients
 Case reports/series suggest outcome improvement 

for some indications:
Modified-release pharmaceuticals
 Latex packets of illicit substances 
Toxins not adsorbed by charcoal (iron, lead, etc.)
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Antidote Therapy

 An “antidote” is anything taken or given to 
counteract the effects of a poison
 Toxicokinetic effect (change ADME)
 Toxicodynamic effect
 May not be a specific antidote for a poison
 Often more than one for a poison
 Some very common in EM practice



Antidote Therapy

 Naloxone
 Opioid antagonist
 Intravenous, subcutaneous, endotracheal
 Ampoules of 0.02mg, 0.4mg, 1mg, 2mg, 10 mg/mL

 Specify the dose not how many “amps”

 Wide dose range 0.01mg to 10mg
 Titrate, redose to desired clinical effect
 Consider if opioid naïve or tolerant patient
 Consider substance involved
 High-dose administration for valproic acid, clonidine, 

propoxyphene, others



Antidote Therapy

 Glucagon
 Positive inotropic and chronotropic effects
 Indications 

ß-adrenergic blocker toxicity
Calcium channel blocker toxicity



Antidote Therapy

 Glucagon (continued)

 Dose
2 - 4 to 10 mg slow IVP then 1 - 10 mg/h

 Adverse effects and complications
Nausea/vomiting
Hyperglycemia
Phenol toxicity



Antidote Therapy
 N-acetylcysteine (NAC)

 Sulfhydryl group donor
 Substitutes for natural sulfhydryl group donor, glutathione

 Indications:
 Acute acetaminophen overdose
 Hepatic injury secondary to acetaminophen, carbon 

tetrachloride, others



Acetaminophen (APAP)
 Over-the-counter analgesic, antipyretic medication
 Component of many combination preparations 

(over-the-counter and prescription)
 Acute single toxic dose

 Adult 6 - 7 grams
 Children 150 - 200 mg/kg

 Chronic toxic daily dose
 Adults 4 - 6 grams/day
 Children 60 - 150 mg/kg/day



Acetaminophen (APAP)

 Additional concerns
 Underlying hepatic disease
 Medications that induce P450 enzymes
 Malnourished



Acetaminophen (APAP)

 Rumack nomogram
 For single, acute 

ingestions only



Acetaminophen (APAP)

 Metabolism
 Glucuronidation, sulfonation
 Excreted unchanged
 Cytochrome P450 (NAPQI production)

 Antidote therapy has toxicokinetic effect



NAC therapy 
substitutes for 
and 
replenishes 
glutathione to 
restore 
metabolism

antidote



Antidote Therapy

 N-acetylcysteine (NAC)
 Glutathione substitute
 Increase glutathione synthesis
 Early indication 

 Potential for hepatotoxicity after acetaminophen (per 
nomogram if applicable)

 Administer first dose </= 8 hours s/p ingestion for optimal 
benefit

 Late indication
 Acetaminophen-related hepatic failure
 Never too late for NAC



Antidote Therapy

 NAC (continued)

 Oral administration
140 mg/kg load dose
70 mg/kg q4h x 17 maintenance doses
Abbreviated therapy appropriate for many



Antidote Therapy

 NAC (continued)

 IV formulation
 Indications include APAP toxicity with:

 Refractory emesis
 Delayed presentation
 Pregnancy
 Contraindication to oral administration
 Hepatic failure

 Dose: 300mg/kg total over 21 hours
 Extended therapy appropriate for many



Antidote Therapy

 Fomepizole
 Alcohol dehydrogenase inhibitor
 Indications

Ethylene glycol toxicity 
Methanol toxicity



Ethylene Glycol Metabolism
Ethylene glycol

Glycoaldehyde

Glycolic acid

Glyoxylic acid

Oxalic acid

Urinary excretion

| ADH

| Aldehyde dehydrogenase

|

|

|



Methanol Metabolism
Methanol

Formaldehyde

Formic acid

CO2 and H2O

| ADH

| Aldehyde dehydrogenase

|



Antidote Therapy

 Fomepizole (continued)

 IV administration
15 mg/kg load
10 mg/kg q12h x 4 days then 15 mg/kg q12h

 Alternative/replacement for ethanol therapy
 No CNS depressant effect



Antidote Therapy



Antidote Therapy

 Sodium bicarbonate
 Na channel blockade toxicity
 Correction of acidosis, reassess
 Serum alkalinization

 QRS > 0.120 seconds with P >110 bpm
 Hypotension
 Arrhythmia



Antidote Therapy

 Serum alkalization
 Arterial line
 IVP sodium bicarbonate to goal pH 7.50 - 7.55
 Recheck pH 15-20 minutes after IVP 

bicarbonate, redose if needed
 IVF with sodium bicarbonate to maintain 

alkaline pH



Antidote Therapy

 Serum alkalinization (continued)

 Endpoints
Hypernatremia
Normalization of QRS and hemodynamic stability

 Continue to monitor for 24 hours after alkalization 
discontinued



Antidote Therapy

 Antivenom
 Loxosceles reclusa: brown recluse spider, none
 Latrodectus mactans: black widow spider, 

equine-based, rarely indicated
 Crotalinae species: ovine-based, polyvalent 

immune Fab (CroFab), indicated for systemic 
hematologic issues and significant local wounds



Management Overview

 Emergent intervention
 Clinical evaluation
 Decontamination
 Antidote therapy
 Enhanced elimination
 Disposition



Enhanced Elimination

 Urine alkalinization
 Multiple-dose activated charcoal
 Hemodialysis



Enhanced Elimination

 Urine alkalinization
 Drug characteristics

Significant renal elimination of active drug
Weak acid

 Salicylates, phenobarbital



Enhanced Elimination

 Urine alkalinization
 Goal urine pH 7.5 - 8.0
 Add 100 mEq of sodium bicarbonate to one 

liter of D5W and give @ maintenance rate



Enhanced Elimination 

 Multiple-dose activated charcoal
 Decreases toxicity by enhancing elimination 

of drugs already absorbed (intestinal dialysis)
 Drug characteristics 

Small volume of distribution
 Low pKa
 Low protein binding



Enhanced Elimination

 Multiple-dose activated charcoal (continued)

 Dose (aqueous charcoal)
50 - 100 g load
50 g every 4 h  (12.5 g/h)

 Contraindications
 Intestinal obstruction or perforation



Enhanced Elimination

 Hemodialysis
 Drug characteristics

Water solubility
 Low molecular weight
 Low protein binding

 Alcohols, salicylates, lithium, theophylline
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Disposition

 ED observation
 Duration TBD

 Admission
 Location

 Referral hospital, intensive care, monitored 
bed, floor, etc.

 Duration TBD



Disposition

 Medical clearance
 Medical clearance does not equal asymptomatic
 Asymptomatic does not equal medical clearance

 Psychiatric evaluation/clearance is a 
separate issue 



Toxicologic Emergencies

Christina Hantsch Bardsley, MD, FACEP, FACMT, FAACT
Professor, Department of Emergency Medicine

Director, Division of Toxicology
Loyola University Chicago Stritch School of Medicine


