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Summary

“E-cigarettes” are a class of consumer devices designed to deliver drugs, primarily nicotine or mar-

ijuana oils, to the lung by vaporization. Regulation of the devices in the United States is relatively

minimal, and research on both epidemiology and potential toxicity has focused on nicotine devices.

In 2019, an outbreak of an acute respiratory illness in the United States was traced back to the con-

tamination of e-cigarette fluids with vitamin E acetate, which had been used to disguise the dilution

of marijuana oils. The outbreak, termed “e-cigarette or vaping associated lung injury” by the U.S.

Centers for Disease Control, was characterized by pulmonary infiltrates and hypoxia, which usually

required hospitalization and, often, admission to ICUs. The syndrome sickened >2,600 people,

mostly young men, and killed >50 people before it began to abate 6 months later. No current regu-

lations exist to prevent a similar event with the same or different chemical contaminants. Absent

such regulation, respiratory practitioners should be prepared to evaluate, identify, and treat future

cases of acute lung toxicity from e-cigarettes. Key words: e-cigarettes; nicotine; marijuana; acute re-
spiratory failure; EVALI; vitamin E. [Respir Care 2020;65(5):713–718. © 2020 Daedalus Enterprises]

Introduction

In the early summer of 2019, an outbreak of respiratory

disease, characterized by hypoxia and pulmonary infiltrates,

and often progressing to fulminant respiratory failure, was

identified in the United States. Over a period of �6 months,

the epidemic was first tied to e-cigarettes in general, with

suspicion eventually falling on cartridges that contained

marijuana oils rather than nicotine, and, ultimately, in

November of 2019, the U.S. Centers for Disease Control

and Prevention (CDC) identified vitamin E acetate as the

likely cause of the lung injury. During this period, >2,600

people were sickened, with the vast majority requiring hos-

pitalization, >50 people died, and at least one person

required a lung transplantation, which made the epidemic

one of the worst cases of mass poisoning in U.S. history.1,2

This epidemic seemed to take the entire public health and

medical communities by surprise; however, in hindsight, it

seems less surprising given the lack of regulation on e-ciga-

rettes and vaping devices as drug delivery devices, whether

for nicotine or other drugs. Here, we briefly reviewed the

evolution of e-cigarettes, their potential mechanisms of
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toxicity in a typical formulation, and, ultimately, the risks of

poisoning due to introduction of new or unknown

chemicals.

History of E-Cigarettes

“E-cigarette” is a generic term for drug delivery devices

that consist of a liquid-filled cartridge that contains a carrier

solution (usually propylene glycol or vegetable glycerin), a

vaporization chamber, heating element, and battery. When

users inhale, a vaporized fluid that contains the solution,

flavorings, and any additional chemicals or heating byprod-

ucts is delivered to the respiratory tract.3 Although early

variants mimicked traditional combusted tobacco ciga-

rettes, later devices come in different shapes and sizes, and

may not be readily recognizable as an e-cigarette. A typical

e-cigarette is shown in Figure 1.

The first commercial e-cigarettes were created in China,

in 2003, for nicotine administration, and, by 2006, early

versions were being sold in the United States and touted as

smoking-cessation aids.4 Initial regulatory efforts to ban

importation and sale of the devices were legally challenged,

and, ultimately, sales were permitted in the United States as

tobacco products as long as the devices are not marketed

for therapeutic effect.5 Although most regulatory and scien-

tific focus has been on nicotine e-cigarettes, their use to

deliver other drugs, primarily tetrahydrocannabinol (THC)

(the psychoactive component in marijuana) has been docu-

mented since the market introduction of these devices.6

Regulatory differences among countries have led to

markedly different product profiles. European Union regula-

tions limit the nicotine concentration to 20 mg/mL, provide

safety and quality standards, and ban certain ingredients.5

The United States, by contrast, to date, has taken a hands-
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Fig. 1. Diagram of an e-cigarette. The cartridge is filled with plastic fibers soaked in nicotine solution and a humectant (usually propylene glycol).
Flavoring may also be included. The devices typically have a battery, heating element, power source, and pressure switch, all embedded in a

tube with a mouthpiece and access for cartridge insertion. From Reference 3, with permission.
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off regulatory approach to the contents, recently banning

most flavorings in non-refillable cartridges but otherwise

imposing no such requirements for safety or limits on nico-

tine concentration. This has led to the development of

much higher-yield devices in the United States, with con-

centrations as high as 50 mg/mL.7 High-yield devices, in

turn, may partially explain the explosion of use of e-ciga-

rettes in young people in the United States. Between 2017

and 2019, the number of U.S. 12th graders who were vap-

ing nicotine jumped from 11% to 25%,8 concurrent with

the increasing sales of high concentration products such

as Juul (Juul Labs, San Francisco, California).9 Mean-

while, youth vaping rates in the United Kingdom seemed

to remain stable from 2017 through 2018, at�9%.10

Research over the past decade has focused almost

exclusively on nicotine-containing e-cigarettes. Few stud-

ies have attempted to determine rates of THC or mari-

juana oil use, despite the apparent popularity of the

devices. Data from the Monitoring the Future study11

released at the height of the epidemic showed that the

numbers of 12th graders who were vaping marijuana oil

in the past 30 days had nearly tripled, from 5% in 2017 to

14% in 2019.11 Dual use seems to be common; 20% of

high school students who used nicotine e-cigarettes were

found to have also used marijuana e-cigarettes in the 2014

survey in Connecticut12; whereas a separate 2017 survey

of adult e-cigarette users found similar rates.13 Evidence

from social media, including a study of Twitter (Twitter,

San Francisco, California) posts in 2018 suggested that

marijuana was one of the most popular topics in discus-

sions of e-cigarettes.14 Together, there is evidence that,

although vaping of marijuana oils is not as common as

vaping of nicotine, it, nonetheless, is widespread and

overlaps with nicotine use.

Pulmonary Toxicity of Vaping Devices

The long-term health effects of using e-cigarettes remain

unknown, in part, due to the lack of manufacturing stand-

ards, which makes predicting pulmonary exposure for the

generic class of e-cigarette devices nearly impossible.

Nicotine devices predominantly contain propylene glycol

and/or vegetable glycerin as carrier solutions. E-cigarettes

used for other drugs may use different solutions and chemi-

cals to drive aerosolization of the active drug, none of which

have been extensively studied.

Propylene glycol is a known respiratory irritant,15 and

exposure to e-cigarette vapor has been shown to cause an

increase in air-flow resistance and a decrease in exhaled ni-

trous oxide.16 Known carcinogens identified in e-cigarette

vapor include tobacco-specific nitrosamines (in nicotine e-

cigarettes), carbonyls (formalin, acrolein, and acetalde-

hyde), volatile organic compounds, and metals.17 Not all

toxins detected in vapor are present in the solutions, rather

they are produced as a byproduct of the heating and vapori-

zation process. In most cases, these carcinogens are

detected at levels significantly lower than combusted

tobacco smoke.17 Additives, including flavorings, may

introduce additional toxicity. Flavorings seem to appeal

to youth,18 and the manufacturers market a mean of 49

flavors, with estimated thousands of different varia-

tions.19 Sweet and cinnamon flavors contain diacetyl, a

compound associated with bronchiolitis obliterans,20

whereas cherry flavors contain benzaldehyde, a known

respiratory irritant.21

Although often classified together with nicotine e-ciga-

rettes based on the similarity of the delivery devices, e-cig-

arettes that deliver marijuana oils may have dissimilar

solution profiles beyond just the active drug.22 Although

there is a regulated supply chain for nicotine that stems

from its use in pharmaceutical smoking cessation products,

marijuana and THC products remain illegal under U.S. fed-

eral law, which prevents a similar supply chain. Despite

this lack of known parity, potential long-term toxicity from

marijuana vaping products is generally assumed to look

similar to that of nicotine e-cigarettes.

Acute Pulmonary Toxicity and E-Cigarette– or

Vaping-Associated Lung Injury

Previously, the acute effects of e-cigarettes were pri-

marily thought to be limited to respiratory irritation. A

small number of case reports had associated e-cigarettes

with lipoid pneumonia,23 eosinophilic pneumonia, 24 and

hypersensitivity pneumonitis.25 However, the bulk of

concern remained concentrated on the long-term effects

in the model of combusted tobacco smoke.

However, in 2019 the CDC detected a few, and then a

surge of cases of acute lung injury in e-cigarette users.

The patients in the initial index cases presented with re-

spiratory failure and gas exchange abnormalities, with

many admitted to the ICU. Conditions in these patients

were heterogenous, ranging from mild infiltrates and

dyspnea to organizing pneumonia and bronchiolitis oblit-

erans.26 The CDC termed the respiratory syndrome e-cig-

arette or vaping-associated lung injury (EVALI) as it

struggled to identify a cause. Analysis of early data sug-

gested a link to the use of solutions that contained mari-

juana oils. However, the majority of these patients also

used nicotine vaping devices, although some denied (or

were unaware of) use of marijuana fluids,1 which delayed

communication of a conclusion to the public.

Ultimately, EVALI was firmly tied to vitamin E acetate

(a-tocopheryl acetate), a synthetic form commonly used in

dermatologic products, for example, sunscreens. In e-ciga-

rettes, vitamin E has been used to thicken marijuana oil to

disguise its dilution (being cut) with other substances.27

Initially, the CDC detected vitamin E in submitted
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marijuana vaporizer fluid samples and eventually con-

firmed it in 48 of 51 bronchioalveolar lavage samples,

along with THC or metabolites in the majority of these

samples.28 Little is known about the pulmonary toxicity of

vitamin E; however, it has been postulated to disrupt alveo-

lar surfactant, which leads to decreased surface tension, al-

veolar collapse, and lung injury. Vitamin E may also

represent a marker for undetected heating byproducts, for

example, ketene, that cannot currently be measured in BAL

fluid.27

EVALI Presentation

As of January 2020, the CDC had reports of >2,600

cases of EVALI requiring hospitalization. The percentage

of patients hospitalized for EVALI in the United States

from August 2019 to January 2020 are depicted in Figure 2.

The case definition includes a history of vaping within

90 days, imaging showing lung injury, the absence of infec-

tion, and an absence of a plausible alternative diagnosis.

Patients have tended to be male (66%) and younger, with a

mean age of 24 years.1 Primary presenting concerns are

nonspecific respiratory symptoms, including cough, dysp-

nea, or chest pain. Symptoms seem to develop over a period

of days to weeks, and may include constitutional symp-

toms, such as fatigue, fever, weight loss, or gastrointestinal

symptoms.29

More than half of the patients with EVALI were tachy-

cardic and had room air oxygen saturation > 95%. A lung

examination is largely non-specific and does not correlate

with the severity of disease.30 Abnormal imaging is the

norm, with bilateral opacities in all patients and ground-

glass opacities seeming to be characteristic.26 Pathology

samples are consistent with acute lung injury, including

diffuse alveolar damage, pneumonitis, and organizing

pneumonia but without a predominant form.31 Leukocytosis

is common, as is some transaminitis.26

Alternative diagnoses should be ruled out by obtaining

basic blood work (complete blood cell count, hepatic func-

tion panel, respiratory virus panel, serum inflammatory

markers). Bronchoscopy with bronchoalveolar lavage is

useful to exclude infectious or inflammatory causes of re-

spiratory failure but not required for diagnosis. Urine toxi-

cology, including for THC, may be useful in narrowing the

diagnosis.29

EVALI Treatment

The CDC has provided treatment guidance for patients

with EVALI that emphasizes the role of general supportive

care.2,29,30 Patients suspected of having EVALI should be

hospitalized if their oxygen saturation is <95% on room

air; the vast majority of these patients required in-patient

admission.2 Antibiotics, antivirals, and steroids are recom-

mended on a case-by-case basis.29 Steroids have been used

in most case series, with treating physicians attributing

improvement to the drugs.26 There are no current recom-

mendations on dose, duration, or intravenous versus oral

preparations. Intubation, or even extracorporeal membrane

oxygenation,32 may be required. Discharge only after clini-

cal stability is assured, and prompt out-patient follow-up is

recommended.2

EVALI Outcomes

Cases of EVALI peaked in September 2019 and began

to rapidly decline, with few cases detected by January

2020.1 In total, there were >50 deaths, with an approxi-

mate mortality rate of 2% for hospitalized patients.33

Nearly half of admitted patients required ICU admission

and 20% may proceed to endotracheal intubation.30 There
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Fig. 2. Patient-reported product sources by age group among patients hospitalized with e-cigarette or vaping-associated lung injury (EVALI) A:

tetrahydrocannabinol (THC) sources; and B: nicotine sources. From Reference 36, with permission.
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are case reports of patients who required extracorporeal

membrane oxygenation32 and at least one patient required

lung transplantation.34

Discussion

The current epidemic of e-cigarette–associated acute

lung injury can best be understood as a mass poisoning that

resulted from the contamination of a consumer product, in

this case, e-cigarette fluids. Due to high-quality regulation

of food and drug products, mass poisonings from consumer

products are rare in the United States. However, in 1937,

>100 people died when diethylene glycol was used by the

Massengill Corporation to create a sulfa drug antibiotic sy-

rup known as elixir sulfanilamide. The modern FDA was

founded as a reaction to the Massengill episode, with new

laws that required proof of safety of drugs before their

release and created a regulatory structure that would pre-

vent future and similarly deadly events.35 Although the

risks, morbidity and mortality of combustible tobacco are

well understood today, e-cigarettes and vaping devices rep-

resent a class of drugs and devices that do not fit neatly into

any pattern recognizable for the average American. Many

Americans may assume that, when they purchase a vaping

device or liquids, there is some assurance that the products

are safe. In reality, no significant federal regulations exist

that limit the chemicals used in e-cigarettes, determine how

manufacturers test their products, or even require the manu-

facturers to assure the safety of their supply chains.

Vaping of marijuana oils may be less common than vap-

ing of nicotine, but it has been noted since the first itera-

tions of e-cigarettes appeared on the market,3 and as many

as 15% of teenagers actively vape marijuana oils. The vary-

ing status of marijuana in many states (ranging from illegal

to medically regulated to entirely legal), despite federal

laws against its use and distribution, may make contamina-

tion more likely given the black market nature of the

national supply chains, and, given the ubiquity of vaping

devices, particularly among youth, we may see additional

drugs being administered through vaping devices.

The rapid end to the EVALI epidemic is presumably

linked to both behavioral changes on the part of users of e-

cigarettes (avoiding certain products) but, potentially, also,

the washout of products that contain vitamin E from the

market. This, however, does not preclude another similar

event from a different contaminant. Although the contami-

nation of marijuana vaping products has been a catastrophic

event, a similar error that affects the supply chain for nico-

tine e-cigarettes could be markedly worse.

Summary

At the end of the day, acute lung injury as a result of vapor-

ized drugs may represent a new normal, at least until state

and federal regulations change. Respiratory practitioners who

see a patient with new, acute respiratory symptoms will need

to be vigilant about asking about e-cigarettes and vaping, and

should be prepared to inquire explicitly about vaping solu-

tions, their contents, and where they were acquired.
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