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• First models dating back to the 
1920’s

• Also referred to as “Electronic 
Nicotine Delivery Systems” (ENDS)

• Modern e-cigarette developed by 
Chinese pharmacist, Hon Lik, in 
2003

• First generation: “cigalikes”

E-cigarettes



How Does it Work?

• Initiated by inspiration or manual 
control

• Battery activates heating coil

• Vaping material is heated with 
resulting vapor aerosol
• “Dripping”
• “Dabbing”

• Aerosol is inhaled delivering nicotine, 
other drugs, and other chemicals



• First generation: “cigalikes”

• Subsequent generations
• Varied in size and shape
• Allow vaporization of oils and plant 

material

• Juuls
• Look like flash drives
• Concentrated nicotine
• Easily disguised

What does it look like?



Juuls



• Nicotine
• Variable concentrations
• All Juuls contain nicotine 

• One Juul cartridge similar to 1 pack of 20 cigarettes

• Volatile organic compounds
• Propylene glycol
• Diethylene glycol
• Glycerin

• Other chemicals associated with chronic 
illness
• Formaldehyde
• Acetaldehyde 

E-cigarette Vaping Material



• Heavy metals
• Tin
• Lead
• Nickel

• Flavoring
• Diacetyl; 2,3 propanediol; menthol; eugenol; 

cinnamaldehyde; limonene
• Variety of flavors targeting kids

• Fruits
• Chocolate
• Soft drinks
• Candy flavored

• 81% of adolescents cite flavoring as primary 
reason for use1

• Adults prefer flavoring and report associated 
increased perceived addiction2

E-cigarette Vaping Material

1. Villante AC, et al.  Use of flavored tobacco products among U.S. youth and adults; findings from the first wave of the PATH Study (2013-
2014)

2. Landry RL et al.  The role of flavors in vaping initiation and satisfaction among U.S. adults.  Addict Behav. 2019 Dec; 99: 106077



• Nicotine Toxicity
• Clinically similar to organophosphate toxicity
• Absorbed via skin, mucous membranes, and ingestion
• Accidental and intentional exposures have resulted in deaths1

• Bronchospasm and link to asthma
• Irritant
• Ultrafine particles

• Organizing pneumonia
• Case reports
• “Popcorn lung”

• Chronic?
• Carcinogenic?
• Secondhand exposure

Toxicity of Vaping

1. Maessen GC, et al.  Nicotine intoxication by e-cigarette liquids: a study of case reports and pathophysiology.  Clin Toxicol (Phila). 2019 Jul 9: 1-8.



• Types of injuries
• Flame 80%

• Chemical 33%

• Blast 27%

• Distribution of injuries
• Face 20%

• Hands 33%

• Thigh/Groin 53%

Burn/Blast Injuries

Brownson EG, et al.  Explosion Injuries from E-Cigarettes.  N Engl J Med. 2016 Oct 6; 375(14): 1400-1402.



Preventing Burn Injuries



Explosion of Adolescent Vaping
• Number of teens who currently vape DOUBLED from 2017 to 2019

• >40% of 12th graders and >20% of 8th graders have vaped

Miech R et al.  Trends in Adolescent Vaping, 2017-2019.  N Engl J Med.  2019 Oct 10; 381(15): 1490-1491



• Adolescents who never smoked were ~3.5-4.5x more likely to 
begin smoking experimentally or frequently1

Transition to Cigarette Use

1. Barrington-Trimis JL, et al.  E-cigarette Use and Subsequent Smoking Frequency Among Adolescents. Pediatrics. 2018 Dec; 142(6).  Pii: e201804486
2. https://www.drugabuse.gov/related-topics/trends-statistics/infographics/teens-e-cigarettes



30 Day Prevalence of Daily Use of Cigarettes, by Grade, 1976-2018  

Source: Johnston, L. D., Miech, R. A., O’Malley, P. M., Bachman, J. G., Schulenberg, J. E., & Patrick, M. E. (2019). Monitoring the Future national survey results on drug 

use 1975-2018: Overview, key findings on adolescent drug use. Ann Arbor: Institute for Social Research, University of Michigan. Retrieved 

from http://www.monitoringthefuture.org/pubs/monographs/mtf-overview2018.pdf - PDF

US Teen Smoking Trends – with Vaping

26.7%

1.5%

(Red = vaping by high 
school 12th graders)

http://www.monitoringthefuture.org/pubs/monographs/mtf-overview2018.pdf


• E-cigarettes frequently marketed for 
smoking cessation

• Overall, associated with LOWER
likelihood of cessation

• Increased risk of dual e-cigarette and 
combustible cigarette use

Tobacco Cessation with E-cigarettes

Kalkhoran S, et al.  E-cigarettes and smoking cessation in real-world and clinical settings: a systematic review and meta-
analysis.  Lancet Respir Med.  2016 Feb; 4(2): 116-28.



• Ethanol
• Intoxication without calories

• THC/CBD
• Hash oil (dabs)
• Plant material in newer vapes

• Synthetic Cannabinoids
• Liquid form

• Opioids

• Novel Psychoactive Substances
• Stimulants
• Hallucinogens

Drugs Other Than Nicotine



• In 2016, FDA defined Electronic 
Nicotine Devices (ENDS) as tobacco 
products

• FDA Center for Tobacco Products 
regulates e-cigarettes
• Premarket review process for products 

available prior to 2016 to be completed 
by 5/12/2020

• FDA Center for Drug Evaluation and 
Research (CDER) regulates any product 
that makes a therapeutic claim

FDA Rules

https://www.fda.gov/news-events/fda-voices-perspectives-fda-leadership-and-experts/how-fda-regulating-e-cigarettes.  
Accessed 11/25/2019.

https://www.fda.gov/news-events/fda-voices-perspectives-fda-leadership-and-experts/how-fda-regulating-e-cigarettes
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Vaping Associated Pulmonary Injury (VAPI), aka 
E-cigarette, or Vaping, Associated Lung Injury (EVALI) 



https://www.cdc.gov/tobacco/basic_information/e-cigarettes/severe-lung-disease.html.  Accessed 11/25/2019

EVALI as of 11/20/2019
• 2,290 Cases Reported in 49 states

• 47 deaths in 25 states

https://www.cdc.gov/tobacco/basic_information/e-cigarettes/severe-lung-disease.html


Clinical Findings
• Symptoms1

• Initially nausea, vomiting, and abdominal pain

• Fever, fatigue

• Shortness of breath and chest pain

• Findings
• Hypoxemia, tachycardia 

• Minimal abnormal pulmonary exam findings

• Imaging: Bilateral ground glass opacities, peripheral sparing
• Hypersensitivity pneumonitis; DAH; eosinophilic, lipioid, Giant Cell Interstitial, Organizing 

Pneumonia patterns have all been described1

• Labs: Leukocytosis (87%), ↑ ESR (93%), and ↑ AST/ALT (50%)2

1. Triantafyllour GA, Tiberio PJ, Zou RH, Lamberty PE, Lynch MJ, Kreit JW, Gladwin MT, Morris A, Chiarchiaro J.  Vaping-Associated Acute Lung Injury: A Case Series.  Am J Respir Crit Care Med.  2019 Oct 1.
2. Henry TS, Kligerman SJ, Raptis CA, Mann H, Sechrist JW, Kanne JP.  Imaging Findings of Vaping-Associated Lung Injry.  AJR Am J Roentgenol. 2019 Oct 8: 1-8.
3. Siegel DA, Jatlaoui TC, Koumans EH, et al. Update: Interim Guidance for Health Care Providers Evaluating and Caring for Patients with Suspected E-cigarette, or Vaping, Product Use Associated Lung Injury — United 

States, October 2019. MMWR Morb Mortal Wkly Rep 2019;68:919–927













CDC Case Definition

September 2019, NEJM.org



Mechanism of VAPI/EVALI?



Mechanism Hypotheses
• Lipoid Pneumonia

• Lipid laden macrophages1

• Hypersensitivity Pneumonitis
• Particulate matter, variable expression

• Direct Toxic Effect2,3

• Tocopheral acetate (Vitamin E)
• 29/29 BAL fluid samples examined by CDC identified vitamin E acetate4

• Cyanide
• Chlorinated hydrocarbons
• Propylene glycol:glycerin
• Heavy metal
• Mixed agent reaction

1. Maddock SD et al.  Pulmonary Lipid-Laden Macrophages and Vaping.  N Engl J Med.  2019 Oct 10; 381(15): 1488-1489
2. Butt YM et al.  Pathology of Vaping-Associated Lung Injury.  N Engl J Med.  2019 Oct 2. [Epub ahead of print]
3. Mukhopadhyay S et al.  Lung Biopsy Findings in Severe Pulmonary Illness Associated with E-Cegarette Use (Vaping).  Am J Clin Pathol.  2019 Oct 17. [Epub ahead of print]
4. https://www.cdc.gov/tobacco/basic_information/e-cigarettes/severe-lung-disease.html.  Accessed 11/25/2019

https://www.cdc.gov/tobacco/basic_information/e-cigarettes/severe-lung-disease.html


FDA Vaping Liquid Analysis
• 689 samples connected to patients have undergone testing

• 445 (65%) contain THC
• Of THC-containing products:

• 48% contain vitamin E acetate
• 24% contain another diluent (e.g. medium chain triglycerides)

• Samples from 68 patients with CDC case numbers
• 79% linked to THC products
• Of THC-containing products:

• 76% vitamin E acetate
• 31% aliphatic esters (e.g. triglycerides)
• 6% polyethylene glycol as diluent

https://www.fda.gov/news-events/public-health-focus/lung-illnesses-associated-use-vaping-products.  Accessed 11/25/2019.

https://www.fda.gov/news-events/public-health-focus/lung-illnesses-associated-use-vaping-products




EVALI: The Cannabis Connection



What’s in that THC Oil?

• Nicotine e-liquid dissolved in propylene glycol, 
glycerol

• Medical marijuana concentrates – probably PG

• Solvent could be anything:
• Butane, propane

• Vitamin E Oil*

• Most likely something which breaks into toxic 
components through pyrolysis, or shouldn’t be 
inhaled

• To Be Continued…..

*Found in 100% bronchoscopy specimens in one study (Blount, et al 2019)

Bell C, J Med Toxicol 2015



Treatment
• Supplemental oxygen, supportive care

• Mechanical ventilation

• VV-ECMO has been necessary in some cases

• Steroids
• No specific dose or duration recommended

Siegel DA, Jatlaoui TC, Koumans EH, et al. Update: Interim Guidance for Health Care Providers Evaluating and Caring for Patients with Suspected E-cigarette, or Vaping, Product Use Associated Lung Injury — United States, 
October 2019. MMWR Morb Mortal Wkly Rep 2019;68:919–927



Poison Center Role in EVALI
• American Association of Poison Control Centers

• Emergency Coding Guidance issued nationwide on 8/22/19 (94 cases 
reported at that time)

• 622 cases of suspected EVALI reported to poison centers

• Pennsylvania Poison Centers
• 73 EVALI cases reported to the PA DOH and CDC (7/19/19-10/31/19)

• New Jersey Poison Information and Education System
• Established provider hotline for EVALI with NJDOH and CDC

• Approximately 40 EVALI cases identified



PA Poison Center Cases (78 total)
• Age range: 15-57 years (median 21)

• 23% were < 18 years old

• 69.2% were male

• 91% were hospitalized (74% floor; 18% ICU)
• 18% endotracheally intubated

• 5.1% required VV-ECMO

• Urine drug testing
• 26.9% + for THC

• 5.1% negative for THC

• 68% without urine drug screen results reported

*Special thank you to Justin Sing, Pok H Tang, Quan Nham, Jeanette Trella, and Kevin C. Osterhoudt of the Poison Control Center of Philadelphia for compiling and analyzing the data.





What is a Poison Center?

• National 24/7 phone resource available to lay public, 
first responders, and health care providers

• 1(800)222-1222
• Serves residents of all 50 States, American 

Samoa, District of Columbia, Federated States of 
Micronesia, Guam, Puerto Rico, and the US 
Virgin Islands

• Phones are answered by nationally certified nurse 
and pharmacist specialists in poison information

• Continuous availability of a physician toxicologist for 
consultation



Expert Consultation

• Medications/Drugs
• Prescription, over the counter, and illicit

• Environmental toxins
• Plants, mushrooms, lead, carbon monoxide

• Evenomation
• Snakes, exotic venomous pets

• Chemical Exposures
• Benzene, hydraulic fracturing materials, formaldehyde, 

organophosphates

• Occupational Exposures
• Hydrogen sulfide, aniline dyes, cyanide

• Radiation Exposures



Data Collection

• Every poison center contact is carefully 
documented

• Each center maintains a local database 
of cases

• Poison Centers are DHHS-designated 
HIPAA exempt public health authorities

• Data can be shared in aggregate, 
deidentified format for reporting 
purposes

• Each center represents a part of a 
national early warning and public 
health network (NPDS)



National Poison Data System (NPDS)

• Established as a near real time surveillance system
• Each center uploads de-identified case information every 8 minutes

• Uniform data fields allow for compilation and review of national trends

• NPDS utilized by CDC, FDA, Department of Homeland Security as an early warning 
system for natural or manmade toxic threats

• NPDS annual report summarizing toxin exposures throughout the country used for 
epidemiologic investigation

• Tailored reports available upon request and approval by the American Association of 
Poison Control Centers



Poison Centers in Public Health

• Since March 15, 2003, CDC and the American Association of Poison 
Control Centers (AAPCC) have collaborated to facilitate the early 
detection of chemical exposures of public health importance1

• “Poison center data can be used during a disaster to detect 
outbreaks, monitor trends, track particular exposures, and 
characterize the epidemiology of the event.”2

1. MMWR. Carbon Monoxide Poisoning After Hurricane Katrina --- Alabama, Louisiana, and Mississippi, August--September 2005.  October 7, 2005 / 54(39);996-998
2. Wolkin A, et al. Using Poison Center Data for Postdisaster Surveillance. Prehosp Disaster Me. 2014 Oct; 29(5): 521-524.



U.S. Department of Health and Human 
Services (2019, May). Pain Management Best 
Practices Inter-Agency Task Force 
Report: Updates, Gaps, Inconsistencies, and 
Recommendations. Retrieved from U. S. 
Department of Health and Human 
Services website: 
https://www.hhs.gov/ash/advisory-
committees/pain/reports/index.html



Questions?


