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Objectives 

• Discuss common PICU toxicological emergencies

• Evaluation

• Treatment





Illicitly Manufactured Fentanyl (IMF)
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Drug Overdose Deaths in US

• In 2019, 70,630 drug overdose deaths

• 21.6 per 100,000 standard population 

• The rate in 2018 (20.7) was significantly lower 
than 2017 (21.7)

• The rate in 2019 (21.6) was significantly higher 
than 2018 and similar to the rate in 2017.

• In 2020: 91,799 drug overdose deaths

• 27.9 per 100,000 population

• 70,029 involved opioids

• In 2021: 107,622 deaths
• 80,816 involved opioids

https://www.cdc.gov/nchs/fastats/drug-overdoses.htm

https://www.cdc.gov/nchs/data/databriefs/db394-H.pdf

https://nida.nih.gov/research-topics/trends-statistics/overdose-

death-rates

https://www.cdc.gov/nchs/fastats/drug-overdoses.htm
https://www.cdc.gov/nchs/data/databriefs/db394-H.pdf


https://www.cdc.gov/nchs/nvss/vsrr/drug-overdose-data.htm



• July–December 2019 to July–December 2021, median monthly overdose deaths 
increased 109%, and deaths involving IMFs increased 182%

• 90% of overdose deaths involved opioids, and 83.9% involved IMFs
• Only 35% of decedents had documented opioid use history. 

• Counterfeit pill evidence was present in 24.5% of overdose deaths
• 40.9% of decedents had evidence of mental health conditions or treatment.

Tanz PMID 36520659



(CDC, 2022)



Gaw et al 2023



Gaw et al 2023



July 2016: influx of counterfeit pills resembling oxycodone, Xanax, and Norco

https://emergency.cdc.gov/han/han00395.asp



https://emergency.cdc.gov/han/han00413.asp

July 2018: Fentanyl analogs being mixed with heroin or sold as heroin



Contaminated with Fentanyl

• Illicitly manufactured pharmaceuticals
• Benzodiazepines (Alprazolam/Xanax)

• Oxycodone

• Recreational drugs
• Methamphetamine

• Heroin

• Cocaine

https://www.9news.com/video/news/health/fentanyl-overdose-deaths-spike/73-a2bf0915-0cdc-4a37-8808-dd492db2cb5e
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Joynt PMID 34030905



Source: Vital Statistics Program, Colorado 
Department of Public Health and Environment.



Colorado Child Fatality Prevention System



Isotonitazene

• Benzimidazole Derivatives

• Etonitazene

• Clonitazene

• Nitazene

• Highly potent synthetic opioid



Roberts PMID 36107790



• Retrospective ED/EMS review of patients receiving naloxone AND had + opiates, 
fentanyl or both on UDS

• 121 included, median age 38 years

• In the naloxone dose analysis: no significant difference in dosing

• fentanyl-only (median 0.8 mg, IQR 0.4-1.6; p = 0.68) 

• fentanyl + opiate (median 0.8 mg, IQR 0.4-1.2; p = 0.56) 

• opiate-only group (median 0.58 mg, IQR 0.4-1.6).



Pharmaceuticals



• 14 yo F, handfuls of OTC analgesic, began vomiting 1-2 hours after and 
told POC.  No other meds missing.  No PHMX.  POC brought in 6 hrs 
post time of likely ingestion.

• VS 37.5, HR 100, RR 20, BP 115/60, 100% RA

• Mild epigastric TTP, otherwise exam normal

• Na 140, K 3.5, Cl 105, Bicarb 21, BUN 20, Cr 0.7, Glu 100



Acetaminophen

• Analgesic and antipyretic

• Inhibition of prostaglandin synthesis and cyclooxygenases

• Acute Toxicity
• 200 mg/kg

• 7.5 grams





Treatment/Risk Stratification
• Categories of Ingestion

• Acute

• RSTI/Unknown

• NAC – 2 bag method

• Adverse Events: N/V/D, anaphylactoid (rate related, usually initial 
bolus infusion), flushing
• Less with 2 bag method

• PICU admission criteria: INR > 2, or > 1.5 with encephalopathy
• Liver consult









Others:
Opioids
Extended Release Preps



• APAP elimination half-life was 
5.2 hours prior to 
hemodialysis, 1.9-hours during 
hemodialysis and 3.6 hours 
post hemodialysis. 

• Hemodialysis removed a total 
of 20.6 g of APAP and 17.9 g of 
acetylcysteine.



Prognostic Factors

• The most commonly used indicator for the need for immediate transplantation in 
adults with APAP toxicity is the King’s College Criteria (KCC).  

• Survival rate of adult patients who meet KCC and do not receive organ transplant 
is < 20%. 

pH < 7.30 after fluid resuscitation
OR 

Combination of:
• Cr > 3.4 mg/ml
• PT > 100 s (INR > 6.5)
• Grade III or IV encephalopathy

• Other scores used for need for transplantation include APACHE II score > 15, 
APACHE III score > 60, or combination of hypoglycemia, coagulopathy and lactic 
acidosis.





Yarema et al, Predicting Mortality



• In vitro, animal studies

• Human case reports

• Fomepizole inhibits CYP2E1

• Fomepizole binds the adenosine triphosphate (ATP) binding site of JNK 



• 19 yo F, c/o tinnitus and decreased hearing.  Discharged home,  
presented next day with continued vomiting, increased fatigue and 
diaphoresis.  

• VS 37.0, HR 129, RR 40, BP 112/89, 100% RA
• Kussmaul breathing, tachypnea, diaphoretic.

• Awake and alert, but fatigued, SOB 

• VBG: 7.2/35/-/12/8.2

• Na 132, K 3.3, Cl 104, Bicarb 11, BUN 24, Cr. 1.55



Aspirin

• Antipyretic, analgesic, anti-inflammatory

• Uncouples Oxidative Phosphorylation

• Bismuth Subsalicylate (Pepto Bismol)
• 1ml = 8.7 mg of salicylic acid

• Oil of wintergreen (methyl salicylate)
• 1 ml of 98% - 1.4 grams



Toxicity
• Ototoxicity

• Vomiting

• Respiratory alkalosis

• Metabolic acidosis

• ALI

• Seizures

• Cerebral Edema 

• Death
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Sodium Bicarbonate

• Indications: ASA level > 30 mg/dl

• Dose: D5W + 3 amps of Sodium bicarb @ 1.5 MIVF, with KCL

• Goal: urine pH 7.5-8, or serum pH 7.55, declining ASA concentrations

• Follow BMP, VBG, ASA q 1-2 hr, initially, space as tolerates

• Activated Charcoal



Indications for Hemodialysis
• CNS changes: AMS, seizures, coma

• Renal failure

• Rising level despite adequate alkalization

• CHF

• Severe acid/base abnormality of electrolyte disturbance

• Coagulopathy

• ASA > 100 mg/dl





• 17 yo F overdosed on her mood stabilizer.  Within 1 hour of ingestion 
had a brief GTC seizure at home.  EMS called and BIBA and had 
another 2 min GTC witness in ED.  Received 4 mg Ativan.  NO sedated, 
tremulous.

• VS Temp 37.8, HR 140, BP 140/80, RR 25, 94% on RA

• Mydriasis, nystagmus, extremity tremor, tachycardia, hyperreflexia



Bupropion
• Monocyclic aminoketone – cathinone (amphetamine-like)

• Active metabolite hydroxybupropion

• Therapeutic MOA - Inhibits reuptake of dopamine and NE, minimal 
effects on MAO or serotonin

• Seizures, coma – can be delayed 10-24 hours (SR prep)

• Hallucinations

• Hypotension

• QRS/QTc interval widening, dysrhythmias
• Gap junction blockade



• 30,026 cases: 60% sertraline and fluoxetine, 11.7% buproprion

• Bupropion exposure was significantly associated with death (0.23% vs 
0%; P < .001) or serious outcome (58.1% vs 19%; P < .001) 

• Seizures (27.0% vs 8.5%; P < .001) and hallucinations (28.6% vs 4.3%; 
P < .001)

• Bupropion exposure was significantly associated with the need for
• Cardiopulmonary resuscitation (0.51% vs 0.01%; P < .001)

• Intubation (4.9% vs 0.3%; P < .001)

• Vasopressors (1.1% vs 0.2%; P < .001)

• Benzodiazepines (34.2% vs 5.5%; P < .001). 



• 4,640 patients included in the final analysis 

• 68 (1.47%) experienced an adverse cardiovascular event. 

• Age (odds ratio 1.03; 95% confidence intervals 1.02-1.05)

• Single seizure (odds ratio 9.18; 95% confidence intervals 4.24-19.9)

• Complicated seizures (odds ratio 38.9; 95% confidence intervals 19.3-
78.1)

• QRS widening (odds ratio 3.01; 95% confidence intervals 1.62-5.59)

• QTc prolongation (odds ratio 1.76; 95% confidence intervals 1.00-
3.10)



• Retrospective cohort study of bupropion overdoses from 10 hospitals
• January 2010 and June 2022

• Patients with documented administration of sodium bicarbonate and QRS 
duration > 100 ms on pre-bicarbonate electrocardiogram were included.

• 13 patients were included for final analysis. 
• Six patients developed seizures; one developed ventricular tachycardia, 

and four received vasopressors. 
• Median QRS and QTc pre-bicarbonate were 116 and 495 ms, respectively. 

The median change in QRS duration was -2.0 ms, which was not statistically 
significant (P = 0.42). 

• Did not identify an association between QRS change and bicarbonate 
dosing (P = 0.9, R-squared = 0.001). 



• 2 yo got into older brother’s ADHD meds, now sleepy and difficult to 
arouse.

• HR 50’s, BP 80/40, 90% RA, RR14
• Miosis

• Somnolent

• Bradycardic



Clonidine and Imidazolines

• Used for hypertension and ADHD, ocular and nasal vasoconstrictors
 Guanfacine, tizanidine, oxymetolazine, tetrahydrozoaline

• Central Alpha 2 receptor
• Decreases sympathetic release

• Imidazoline receptors (3)
• I-2: opioid like effects through release of beta endorphin (stimulates opioid 

receptors)

• Symptoms
• CNS depression, hypotension, bradycardia, mild hypothermia, respiratory 

depression, miosis
• Wake with minimal stimulation





Xylazine

• Veterinary tranquilizer

• Similar to alpha-2 agonists

• Primary misuse

• Adulterant in illicit opioids

Kariisa PMID 34529640



β Blockers
• β1, β2, α 1

• β1: acebutolol, atenolol, esmolol, metoprolol

• Nonselective:  Nadolol, propranolol, 

• β and α : cavedilol, labetalol

• Membrane stabilizing: acebutolol, propranolol, carvedolol

• Mostly hepatic metabolism
• Renal: atenolol, nadolol, sotalol



Calcium Channel Blockers
• Dihydropyridine 

• Nifedipine, amlodipine, nicardipine

• Non-dihydropyridine
• Verapamil (Phenylalkylamine)

• Diltiazem (Benzothiazepine)

• CYP3A4
• Also inhibit p-glycoprotein (lead to elevation of cyclosporine, digoxin)

• Norverapamil: active metabolite



Symptoms

• Cardiovascular: vasodilation/hypotension, reduced cardiac 
contractility, AV node slowing, heart block, bradycardia

• Ca Channel Blockers: hyperglycemia (decrease in insulin release)

• Beta Blockers: hypoglycemia (poor response, or young), hyperkalemia



Hyperglycemia
• CCBs inhibit calcium-mediated insulin secretion from the β-islet cells 

in the pancreas

• CCB-poisoned myocardium also becomes insulin resistant 

• The combination of inhibition of insulin secretion and impaired 
glucose utilization may explain why severe CCB toxicity often 
produces significant hyperglycemia and may be a marker for the 
severity of poisoning



Treatment for β/Ca Blockers
• IVF 

• Aggressive resuscitation

• Atropine

• Ca repletion

• Calcium: 5 -7 mg/kg bolus

• 0.6 ml/kg CaGluc

• 0.2 ml/kg CaCl

• Glucagon (β blockers)

• 3-5 mg, 50 ug/kg, 2-5 mg/hr

• Vomiting, tachyphylaxis

• Vasopressors

• EPI, NE, Milrinone

• ? Dobutamine

• Pacing

• HIE

• IL/Fat Emulsion

• ECMO



High Does Insulin Euglycemic Therapy

Proposed MOA
• Improved FFA utilization
• “forces” myocardium to be more carbohydrate dependent
• Improved glucose uptake
• Improves inotropy
• Insulin leads to vasodilation of the systemic, coronary and 

pulmonary microvasculature



High Does Insulin Euglycemic Therapy

• 0.5-1 unit/kg with 0.5 g/kg dextrose

• 0.5-1 unit/kg/hr and titrate if no improvement every 30 min (delay in 
response may be 15-60 min)

• Dextrose infusion (0.5 g/kg/hr)

• Glucose q 30 min for first 4 hrs

• Treat it like a pressor, when HDMS, wean vasopressor first

• Targeting improving in cardiac function and CO



• Median insulin bolus was 1U/kg (range, 0.5-10)

• Median starting insulin infusion was 1U/kg/h (range 0.22-10)

• Median peak infusion was 8U/kg/h (range 0.5-18)

• Adverse Effects
• Hypokalemia occurred in 29% of patients

• Hypoglycemia occurred in 31% of patients

• 50% experienced hypoglycemia when dextrose infusion concentration ≤10%

• 30% experienced hypoglycemia when dextrose infusion concentration ≥20%.





Methylene Blue

• Inhibits NO directly and NO production

• Roll in primary vasodilatory shock from dihydropyridines?



Methylene Blue
• Porcine model – MB not superior to NE in 15 animals poisoned with amlodipine 

(32495116)

• Rat model – MB significantly higher MAP, but did not change mortality risk 
(25441767)

• Case reports of successful improvements in BP (PMID: 27196698, 26310944, 
21546119)

• Retrospective review, HDI vs VP for CCB.
• 18 poisoned with amlodipine, 15 with non-DHPs (verapamil n = 10, diltiazem n = 5).
• Median maximum concomitant vasopressors in the amlodipine group was 3 (IQR: 2-5; range 

0-6) and 2 in the non-DHP group (IQR: 1-3; range 0-5; p = 0.04).
• Median maximum epinephrine dosing was higher in the amlodipine group (0.31 mcg/kg/min) 

compared to non-DHPs (0.09 mcg/kg/min; p = 0.03). 
• Use of rescue methylene blue was more common in the amlodipine group (7/18 [39%]) than 

in the non-DHP group (0; p = 0.009).



Household Products



• 3 yo found outside in the shed holding a beverage container, coughing 
and vomiting, becoming somnolent.

• 37.9, 140’s, 110/70, 88% RA, 40
• Coughing, tachypenic

• Tired appearing

• Smells like fuel



Hydrocarbons
• Aliphatic

• gasoline

• Aromatic
• Essential oils

• Systemic toxicity
• Pneumonitis

• Inflammatory cascade
• Disrupt surfactant

• Properties
• Volatility
• Viscosity
• Surface Tension



Management/Treatment

• CXR, 6 hr observation

• ? Steroids and antibiotics

• Surfactant



• Increased rate of change of arterial oxygen saturation

• Mixed venous oxygen saturation and PO2

• Differences in mortality

• The rate of change in systemic vascular resistance between 15 mins 
and 6 hrs also differed noticeably but not significantly (p = .053)

• Static respiratory system compliance at each of the five test pressures 
and static respiratory system compliance slopes did not differ at 
either 3 or 6 hrs



Surfactant

• Early administration (Richards)

• Worsening illness (Sommer, Mastropietro)

• On ECMO (here in PICU)

• Proposed criteria
• Oxygenation index (OI) >7

• ARDS criteria

• Various PEEP, PIP, MAP thresholds Richards PMID: 25285387
Sommer PMID: 30236893
Mastropietro PMID: 21624880



• 3 yo found in garage with an automotive product.  Vomiting, ataxic 
and altered.

• VS T37, HR 140, RR 20, BP 90/50, 95% RA

• Intoxicated, vomiting, lungs CTA, RRR with normal perfusion, abd soft, 
ataxia noted.



Alcohols/Glycols
• Methanol

– Windshield wiper fluid, fuels for stoves, paint removers

• Absorption in 30-90 minutes

• Metabolism slow
– 8-24 hours

– CNS depression, anion gap metabolic acidosis (formate)

– Optic and renal toxicity



Alcohols/Glycols

• Ethylene Glycol
- Antifreeze

• Absorption in 1-4 hours

• Rapid metabolism, toxicity appears rapidly (half life 3 
hours)

• Alcohol-like intoxication without odor of alcohol
– CNS depression (odorless alcohol like intoxication), anion gap 

metabolic acidosis (glycolic and oxalic acids)
– Renal toxicity



Alcohols/Glycols

• Intoxication

• Initial Osmolar Gap -> AGMA

Time from Ingestion

Anion Gap

Osmol Gap
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Fomepizole

• Competitive inhibitor of alcohol dehydrogenase (the first enzyme in the 
metabolism of alcohols)

• Indications: ethylene glycol, methanol, severe acidosis

• Dosing 15 mg/kg IV bolus, 10 mg/kg IV BID x 48 hours, then 15 
mg/kg

• Adverse Effect: check a BAL!!!

• Dialysis for acidosis, end organ failure



• 2 Clinical trials

• Fomepizole for EG
• Decreased toxic metabolite concentrations

• Resolution of acidosis

• Decreased renal injury

• Fomepizole for Methanol
• Decreased toxic metabolite concentrations 

• Resolution of acidosis

• No residual blindness



• Questions?

• George.wang@childrenscolorado.org

• Rocky Mountain Poison and Drug Safety: 1-800-222-1222

mailto:George.wang@childrenscolorado.org
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