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Abbreviations
• ABG/VBG: Arterial blood gas/Venous blood gas

• APAP: Acetaminophen

• ASA: Aspirin

• BPM: Beats per minute

• BZDs: Benzodiazepines

• CBC: Complete blood count

• CK: Creatinine kinase

• CMP: Comprehensive metabolic panel

• CT: Computed tomography

• CXR: Chest x ray

• EEG: Electroencephalogram

• EKG: Electrocardiogram

• EtOH: Ethanol

• GAD: General anxiety disorder

• Hx: History

• MDD: Major depressive disorder

• MRI: Magnetic resonance imaging

• NPDS: National Poison Data System

• PD: Pharmacodynamic

• PK: Pharmacokinetic

• WNL: Within normal limits

• YOA: Years-of-age



Describe new trends in recreational drug abuse

Review the toxicities and clinical management 
of select recreational substances

Review the many roles that regional poison 
centers occupy to help serve their communities

Objectives



• Death from drug overdose remains the #1 cause of 
death for people aged 18-44 yoa

• Despite a nearly 24% decline for a 12-month period 
ending in September 2024, deaths still top 87,000

• Death increases remain in 5 states; morbidity ≠ 
mortality

Overdose Epidemiology

Ahmad FB, Cisewski JA, Rossen LM, Sutton P. Provisional drug overdose death counts. National Center for Health Statistics. 2025.



Drug Overdose Trends

NIDA. "Drug Overdose Deaths: Facts and Figures ." 
National Institute on Drug Abuse, 21 Aug. 2024, 



• Calls to United States (US) poison centers are uploaded 
every 8 minutes to the National Poison Data System 
(NPDS)

• US Poison centers recorded 2,080,659 exposure cases in 
2023

• NPDS is monitored daily for emerging outbreaks

– Diamond Shruumz detection in 2024

Poison Center Data

David D. Gummin, James B. Mowry, Michael C. Beuhler, Daniel A. Spyker, Laura J. Rivers, Ryan Feldman, Kaitlyn Brown, Nathaniel P.T. Pham, Alvin C. Bronstein & Carol 
DesLauriers (17 Dec 2024): 2023 Annual Report of the National Poison Data System® (NPDS) from America’s Poison Centers®: 41st Annual Report, Clinical Toxicology.
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% Involvement in Drug-Related Fatalities

2023 Fatalities

David D. Gummin, James B. Mowry, Michael C. Beuhler, Daniel A. Spyker, Laura J. Rivers, Ryan Feldman, Kaitlyn Brown, Nathaniel P.T. Pham, Alvin C. Bronstein & Carol 
DesLauriers (17 Dec 2024): 2023 Annual Report of the National Poison Data System® (NPDS) from America’s Poison Centers®: 41st Annual Report, Clinical Toxicology.



• History

– 23 yo M presents to the ED with a chief compliant of 
paresthesia's after abusing a substance for the past 4 
weeks. He reports worsening numbness and tingling 
in his distal extremities, with worse symptoms in his 
lower extremities compared to his upper.

• PMH

– Substance abuse, GAD, MDD

Patient Case



• Physical exam

– Unremarkable otherwise

• Vitals
– BP: 130/84

– HR 107 bpm

– RR: 17 bpm

– O2 saturation: 98% on room air

– Temperature: 98.9°F

Patient Case



• Comprehensive metabolic panel
– Within normal limits

• Complete blood count
– White blood cells: 1.95 (4-10 x 109/L)

– Red blood cells: 2.3 (4.5-6.5 x 1012/L)

– Hemoglobin: 5.9 (14-18 g/dL)

– Hematocrit: 17.6 (42-50%)

– Platelets: 125 (150-400 x 109/L)

• Urine drug screen
– Positive for THC

Patient Case



• Due to the substance that the patient was reported 
abusing, some additional labs were ordered…

– Vitamin B12: < 150 (normal 180-914 pg/mL)

– Serum homocysteine: 178.2 (normal 6-15 μ/L )

– Folic acid: > 24.8 (normal > 5.8 ng/mL)

– Serum methylmalonic acid: 1145 (normal > 0-378 nmol/L)

Patient Case



Medical
Toxicological

Patient Case

Differential?!



Concerning Trends Persist:
Abuse

David D. Gummin, James B. Mowry, Michael C. Beuhler, Daniel A. Spyker, Laura J. Rivers, Ryan Feldman, Kaitlyn Brown, Nathaniel P.T. Pham, Alvin C. Bronstein & Carol 
DesLauriers (17 Dec 2024): 2023 Annual Report of the National Poison Data System® (NPDS) from America’s Poison Centers®: 41st Annual Report, Clinical Toxicology.



• "Laughing gas" or "whippets"

• Used medicinally as an inhalational anesthetic; 
abused for euphoric effects

• Common propellant in supermarket-bought whipped 
cream canisters and cartridges

• Sold in a variety of different formulations; no 
common lab method for detection

Nitrous Oxide (N2O)

Long, Heather. "Inhalants." Goldfrank's Toxicologic Emergencies, 11e Eds. Lewis S. Nelson, et al. McGraw-Hill Education, 2019, https://accessemergencymedicine-
mhmedical-com.ezproxy.uky.edu/content.aspx?bookid=2569&sectionid=210260247.



Nitrous Oxide

Source: Google



• Reports to poison centers for nitrous oxide (N2O) 
exposures doubled between 2014-2023

• True abuse estimate likely not correctly 
represented; >500,000 patients 12 yoa+ 

• 51.5% of exposures reported experienced a 
"serious medical outcome"

▪ 33.1% of cases require hospital admission

Nitrous Oxide

Long, Heather. "Inhalants." Goldfrank's Toxicologic Emergencies, 11e Eds. Lewis S. Nelson, et al. McGraw-Hill Education, 2019, https://accessemergencymedicine-
mhmedical-com.ezproxy.uky.edu/content.aspx?bookid=2569&sectionid=210260247.



Nitrous Oxide Abuse

Source: Google



Nitrous Oxide Abuse

Source: Google



What symptoms are related to both 
the acute and chronic use of nitrous 
oxide?

Patient Case



• 35x more soluble in blood than O2

• Any compliant air-containing space increases in 
size

▪ Bowel perforation, tympanic membrane rupture

• Valsalva maneuver places additional strain on 
lungs

▪ Pneumothorax, laryngeal trauma

• Consider impurities in preparation or other inhalants

Pathophysiology of N2O

Long, Heather. "Inhalants." Goldfrank's Toxicologic Emergencies, 11e Eds. Lewis S. Nelson, et al. McGraw-Hill Education, 2019, https://accessemergencymedicine-
mhmedical-com.ezproxy.uky.edu/content.aspx?bookid=2569&sectionid=210260247.



• NMDA antagonism, dopaminergic agonism, and κ-
opioid receptor agonism contribute to euphoria and 
analgesia

• Chronic use associated with disabling polyneuropathy
▪ Sensorimotor neuropathy
▪ Numbness/paresthesia
▪ Weakness

• Neuropathy may take months to develop; associated 
with oxidation of cobalt in vitamin B12, 
inactivating it

Pathophysiology of N2O

Mondesert, E., Eiden, C., Peyriere, H., Formoso, A., Corti, L., Cristol, J. P., & Badiou, S. (2023). Functional vitamin B12 deficiency is a consistent feature in hospital admissions 
for neurological disorders due to the use of nitrous oxide. Clinical Toxicology, 61(9), 674–679.



Pathophysiology of N2O

Schmitt, William P et al. “Case 15-2023: A 33-Year-Old Man with Paresthesia of the Arms and Legs.” The New England journal of medicine vol. 388,20 (2023): 1893-1900.



• Acute

– Lethargy, intoxication, asphyxiation, skin discoloration

• Death not generally due to a direct N2O effect

Top 10 Reported Symptoms to Poison Centers

Headache* Tachycardia

Vomiting Other- Neurological

Nausea Numbness*

Ataxia* Confusion

Dizziness/Vertigo Other - Miscellaneous

Clinical Effects of N2O

David D. Gummin, James B. Mowry, Michael C. Beuhler, Daniel A. Spyker, Laura J. Rivers, Ryan Feldman, Kaitlyn Brown, Nathaniel P.T. Pham, Alvin C. Bronstein & Carol 
DesLauriers (17 Dec 2024): 2023 Annual Report of the National Poison Data System® (NPDS) from America’s Poison Centers®: 41st Annual Report, Clinical Toxicology.



• Chronic
– Myeloneuropathy involving posterior columns of the 

spinal cord
• Numbness, tingling of extremities
• Weakness, diminished sensation
• Bowel/urinary incontinence

• Bone marrow suppression
– Leukopenia, thrombocytopenia

• Manifestations strongly resemble B12 deficiency
– Pernicious (megaloblastic) anemia

Clinical Effects of N2O

Long, Heather. "Inhalants." Goldfrank's Toxicologic Emergencies, 11e Eds. Lewis S. Nelson, et al. McGraw-Hill Education, 2019, https://accessemergencymedicine-
mhmedical-com.ezproxy.uky.edu/content.aspx?bookid=2569&sectionid=210260247.



• Routine urine toxicology tests are unlikely to 
identify N2O

• Labs that are generally helpful
– CMP
– VBG/ABG

– Methemoglobin & Carboxyhemoglobin (?)
– CBC
– [Methylmalonic acid, homocysteine, vitamin B12]

• EKG, CXR, Head CT/MRI

Differential Diagnosis &        
Workup

Long, Heather. "Inhalants." Goldfrank's Toxicologic Emergencies, 11e Eds. Lewis S. Nelson, et al. McGraw-Hill Education, 2019, https://accessemergencymedicine-
mhmedical-com.ezproxy.uky.edu/content.aspx?bookid=2569&sectionid=210260247.



• Hx of inhalant abuse
– Volatile hydrocarbons, alkyl nitrites, toluene

• Megaloblastic anemia
– Chronic EtOH abuse, folate antagonists (phenytoin, sulfamethoxazole, 

valproate, metformin, proton pump inhibotors), B12 deficiency

• Toxic neuropathy
– Copper deficiency (zinc excess), arsenic, thallium, vinca alkaloids, n-Hexane, 

organophosphates

• When you hear hoof beats, think horses, not zebras

Differential Diagnosis &        
Workup

Long, Heather. "Inhalants." Goldfrank's Toxicologic Emergencies, 11e Eds. Lewis S. Nelson, et al. McGraw-Hill Education, 2019, https://accessemergencymedicine-
mhmedical-com.ezproxy.uky.edu/content.aspx?bookid=2569&sectionid=210260247.



• Don't reinvent the wheel – ABCs

• Consider early consultation with a poison center or 
medical toxicologist

• Be prepared to treat concurrent hemoglobinopathies, 
cardiac dysrhythmias, frostbite (?)

• Neuropathy treatment – abstinence + vitamin B12
o Vitamin B12 1mg IM daily x 7 days | 1 mg IM weekly x 4-9 weeks | 

monthly until resolution
o Methionine 3g daily + 30 mg IV folic acid

Treatment

Long, Heather. "Inhalants." Goldfrank's Toxicologic Emergencies, 11e Eds. Lewis S. Nelson, et al. McGraw-Hill Education, 2019, https://accessemergencymedicine-
mhmedical-com.ezproxy.uky.edu/content.aspx?bookid=2569&sectionid=210260247.



• Nitrous oxide abuse persists, at an increasing rate.

• Acute exposures produce sedation and euphoria.

– Headache and ataxia are the most common ADRs reported. 

– Death likely due to hypoxia or trauma related to inhalation.

• Chronic toxicity is associated with significant peripheral 
neuropathy and megaloblastic anemia.

– Treatment consists of vitamin B12, methionine, and folic acid.

Interim Summary



• History

– 28 yo M was brought into the ED by family with a 
chief compliant of altered mental status. The family 
reports the patient has been taking a substance that 
he bought from “the local herb shop” for the last year 
“to get high”. The family reports the patient has been 
taking 20 pills a day for the last year.

• Physical exam

– Altered, confused (GCS 12), agitated, diaphoretic, 
“high” per family

Patient Case #2



• Vitals

– BP: 150/68

– HR: 111 bpm

– RR: 22

– O2 saturation: 96% on room air

– Temperature 100.9oF

• CMP and CBC WNL

• EKG intervals: QRS 97 ms, QTc 470 ms

Patient Case #2



Differential?!

Patient Case #2



Concerning Trends Persist: 
Withdrawal

David D. Gummin, James B. Mowry, Michael C. Beuhler, Daniel A. Spyker, Laura J. Rivers, Ryan Feldman, Kaitlyn Brown, Nathaniel P.T. Pham, Alvin C. Bronstein & Carol 
DesLauriers (17 Dec 2024): 2023 Annual Report of the National Poison Data System® (NPDS) from America’s Poison Centers®: 41st Annual Report, Clinical Toxicology.



• Developed in Russia in the 1960s for use as an 
antianxiety medication and possible cognitive 
enhancer

• Structurally similar to baclofen; GABA-B agonist

• Used in the United States for a variety of 
indications: anxiety, sleep, relaxation

• Available in a myriad of stores and online platforms; 
unregulated

Phenibut

Graves JM, Dilley J, Kubsad S, Liebelt E. Notes from the Field: Phenibut Exposures Reported to Poison Centers — United States, 2009–2019. MMWR Morb Mortal Wkly Rep 
2020;69:1227–1228.



Net Results:
1. Hyperpolarization of 
post-synaptic neuron

2. Inhibition of 
neurotransmitter 
release from the pre-
synaptic neuron

Inhibitory 
Neuron

Excitatory 
Neuron

Phenibut Pharmacology

Lapin, I. “Phenibut (beta-
phenyl-GABA): a 
tranquilizer and nootropic 
drug.” CNS drug reviews 
vol. 7,4 (2001): 471-81.



• Additional mechanisms of action may include 
enhanced dopaminergic neurotransmission, and 
GABA-A agonism

• Reference dosing range is 250-500mg TID

• Considered a supplement in US markets with wide 
availability

• Acute doses of 1-1.5 g potentially toxic; chronic use 
of 1 g+ daily may lead to severe withdrawal 

Phenibut Pharmacology

Lapin, I. “Phenibut (beta-phenyl-GABA): a tranquilizer and nootropic 
drug.” CNS drug reviews vol. 7,4 (2001): 471-81.



Phenibut Supplement 
Variations

Pieter A. Cohen, Ross R. Ellison, John C. Travis, Slava V. Gaufberg & Roy Gerona (2022) Quantity of phenibut in dietary supplements before and 
after FDA warnings, Clinical Toxicology, 60:4, 486-488



• Ingestions largely mimic baclofen exposure
– Headache, N/V, dizziness, hyporeflexia

– Lethargy, bradycardia, hypotension

– Coma, seizures, agitated delirium, paradoxical "excited" 
state

• Observational studies identify seizures in 17% 
cases; delirium in 35% | pupillary responses mixed

• Baclofen is a known brain-death mimic in large 
overdoses, potential crossover with phenibut?

Phenibut Toxicology:    
Overdose

Lapin, I. “Phenibut (beta-phenyl-GABA): a tranquilizer and nootropic 
drug.” CNS drug reviews vol. 7,4 (2001): 471-81.



• Removal of inhibitory "tone" promotes "excitation"

• In heavy users, withdrawal syndrome may develop 
rapidly after an acute exposure

• Large systematic review of published cases:

o Median time from cessation to withdrawal: 2 days w/ 
mean daily dose 2.43 g

o 88% required admission; 50% required ICU level 
treatment

Phenibut Toxicology:       
Withdrawal

Lapin, I. “Phenibut (beta-phenyl-GABA): a tranquilizer and nootropic 
drug.” CNS drug reviews vol. 7,4 (2001): 471-81.



• Symptoms: initial insomnia, irritability, diaphoresis

• Withdrawal course very similar to baclofen and other 
sedative-hypnotics and/or ethanol

– Clonus, rigidity, AMS, hallucinations, seizures

– Hyperthermia, brady/tachycardia, rhabdomyolysis

– Respiratory depression, death (?)

• Be wary of co-dependency on other substances (up 
to 45%!)

Phenibut Toxicology:       
Withdrawal

Lapin, I. “Phenibut (beta-phenyl-GABA): a tranquilizer and nootropic 
drug.” CNS drug reviews vol. 7,4 (2001): 471-81.



• Overdose may resemble sedative/hypnotic 
ingestions & ethanol

• Withdrawal differential is broad: 
sedative/hypnotic withdrawal, EtOH withdrawal, 
serotonin syndrome, sympathomimetics, NMS, 
infection

• Labs/exams often forgotten: CK, APAP/ASA, 
[EtOH], EKG, EEG (?)

Differential Diagnosis &        
Workup

Haroz, Rachel, and Brenna M. Farmer. "γ-Hydroxybutyric Acid (γ-Hydroxybutyrate)." Goldfrank's Toxicologic Emergencies, 11e Eds. Lewis S. Nelson, et al. McGraw-Hill Education, 2019



• Acute ingestions best managed with aggressive 
supportive care

o ABCs

o Support "appropriate" hemodynamics with short-acting agents

• Seizures – BZDs | Other GABA-A agonists

o Succinylcholine > rocuronium if possible

• Adequate hydration if concerned for rhabdomyolysis | 
brain death mimic!

Phenibut Management:    
Overdose

Haroz, Rachel, and Brenna M. Farmer. "γ-Hydroxybutyric Acid (γ-Hydroxybutyrate)." Goldfrank's Toxicologic Emergencies, 11e Eds. Lewis S. Nelson, et al. McGraw-Hill Education, 2019



Drawing on knowledge of other 
withdrawal states, what options 
do you think are available to use 

to manage this withdrawal 
state?

Patient Case #2



• No standard for withdrawal assessment exists
o CIWA/CIWA-AR employed most (28%)

• Initial stabilization with BZDs appropriate

• Transition to an oral baclofen regimen is most 
commonly reported, though regimens vary

• No standardized approach

Phenibut Management:    
Withdrawal

Haroz, Rachel, and Brenna M. Farmer. "γ-Hydroxybutyric Acid (γ-Hydroxybutyrate)." Goldfrank's Toxicologic Emergencies, 11e Eds. Lewis S. Nelson, et al. McGraw-Hill Education, 2019



Cases (n) = 25

Phenibut Management:    
Withdrawal

Ryan Feldman, Brian Autry, Joanna Dukes, Thomas Lofy, Gina Marchetti, Amber Patt, Nicole Batterman & Jillian Theobald (2023) A systematic review of phenibut withdrawal 
focusing on complications, therapeutic approaches, and single substance versus polysubstance withdrawal, Clinical Toxicology, 61:11, 941-951



• Baclofen attractive given PK/PD similarities

• Median daily dose 30 mg | median max dose 60 mg | durations 7-14 days

Phenibut Management:    
Withdrawal

Ryan Feldman, Brian Autry, Joanna Dukes, Thomas Lofy, Gina Marchetti, Amber Patt, Nicole Batterman & Jillian Theobald (2023) A systematic review of phenibut withdrawal 
focusing on complications, therapeutic approaches, and single substance versus polysubstance withdrawal, Clinical Toxicology, 61:11, 941-951



• 1-800-222-1222 | Available 24/7/365

• Not limited to lay people, can facilitate appropriate 
triage and management of poisoned patients in 
healthcare facilities

• May forward calls to a medical or clinical toxicologist 
for advanced recommendations

• Calls help inform current epidemiological trends!

Poison Center’s Role



• Though headway in drug overdose has been made, work 
remains, with new drugs of abuse emerging.

• Nitrous oxide and phenibut are largely unregulated 
products, available for purchase from a multitude of 
locations.

• Care is largely supportive. Specific antidotes are 
available in some cases.

• The poison center is a free resource that can be utilized 
if questions arise.

Summary
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