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Electronic cigarettes are a novel and emerging product in-
creasingly usedby the general public.However, despite their
popularity, they remain poorly studied and with likely seri-
ous health risks. EVALI, or “electronic cigarette or vaping
product use–associated lung injury,” is a recently described
entity at the forefront of current investigations. Though
EVALI has been linked to vitamin E acetate, a constituent
of THC vaping products, electronic cigarettes likely pose a
host of other pulmonary toxicities. The presentation, diag-
nostic work-up, treatment, and pathophysiology of EVALI
are herein described, as well as the general pulmonary tox-
icity profile of electronic cigarettes.
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INTRODUCTION

The first electronic cigarette was manufactured in Beijing, China,
in 2003 and shortly after, was introduced to the USA in 2006.1

Despite still being in its infancy, electronic cigarettes are now a
2.5 billion dollar a year industry.2 According to the 2018National
Youth Tobacco Survey, 4.9% of middle school students and
20.8% of high school students have used an electronic cigarette
in the last 30 days.3 Recent prevalence data also shows that
current and daily use is steadily increasing, with an alarming
78% increase in use from 2017 to 2018 among US high school
students alone.3, 4 Though once marketed as a safer alternative to
traditional cigarettes, there is growing evidence that these devices
are not without risk. There have been 1080 cases EVALI reported
to the Center of Disease Control and Prevention (CDC) as of
October 1, 2019, including 18 deaths.5 The overall pulmonary
toxicity profile of electronic cigarettes is now also being better
understood. Given the increasing evidence of harm, the use of
these products must remain cautioned.

OPERATING PRINCIPLES

Electronic cigarettes operate on a simple principle of
converting a liquid to an aerosol (or “vapor”) by the addition

of heat.6 Their use is thus termed “vaping.” They are typically
made of a metal coil wrapped in a wicking material, which is
able to draw in a liquid base. The metal coil is heated by an
electric current from a battery, which in turn is able to vaporize
the liquid base.6 Liquid base is typically composed of a solvent
of propylene glycol and vegetable glycerin, with the addition
of flavoring, nicotine, and at times, substances such as tetra-
hydrocannabinol (THC). When heated, both propylene glycol
and vegetable glycerin produce a thick, smoke-like vapor.6

Though electronic cigarettes bypass the harmful principle of
combustion that traditional cigarettes operate on, “vaping”
does result in the thermal degradation of liquid base, and
dangerous daughter compounds are still produced, including
low molecular weight carbonyl compounds (e.g., formalde-
hyde, acetaldehyde, and acetone) and tobacco-specific nitro-
samines.7, 8

EVALI—DEFINITION AND SYMPTOMS

Previously published case reports have linked electronic cig-
arette use to a broad spectrum of pulmonary disease, including
asymptomatic and incidental radiographic findings,9 lipoid
pneumonia,10 acute eosinophilic pneumonia,11 hypersensitiv-
ity pneumonitis,12 and diffuse alveolar hemorrhage.13 These
early case reports were likely the first evidence that electronic
cigarettes do carry pulmonary toxicity. More recently, a new
entity of respiratory failure due to electronic cigarette use has
been described.14 This new entity, coined EVALI, initially
bewildered clinicians in respect to its cause, though it stressed
the temporal relationship between electronic cigarette use and
lung disease. A case series describing 53 patients with con-
firmed or probable EVALI inWisconsin and Illinois put forth a
working definition of respiratory failure with symptom onset
within 90 days of electronic cigarette use, with pulmonary
infiltrates on imaging, the absence of infection, and no evi-
dence of alternate causes of respiratory failure.14

Symptoms of EVALI include shortness of breath, chest
pain, cough, and hemoptysis. Gastrointestinal symptoms such
as nausea, vomiting, and abdominal pain, and constitutional
symptoms such as fever and malaise, are also common. Pa-
tients frequently exhibit tachycardia, tachypnea, fever, and
hypoxemia at presentation.14 The degree of respiratory failure
is diverse, with up to one-third requiring intubation and me-
chanical ventilation.14 Demographic analysis of EVALI
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patients found that 67% are male, the median age is 24, and up
to 86% are associated with vaping of THC-containing prod-
ucts.15, 16 A recent survey by the Illinois Department of Public
Health, which compared age-matched cohorts of the general
public who vaped but did not have EVALI, to patients who did
have EVALI, found that EVALI patients had a higher odds of
reporting exclusive THC use, frequent THC use (> 5 times per
day), and obtaining products from “informal” sources, such as
off the street, from a dealer, or from a friend.17

Pulmonary symptoms can also be found in patients who use
electronic cigarettes but do not exhibit EVALI. In one cross-
sectional study in Hong Kong, symptoms of cough, phlegm,
dyspnea, and wheeze were common in electronic cigarette
users.18 Prior studies have also documented immediate ad-
verse physiologic effects similar to traditional smoking, in-
cluding increased airflow resistance and a decrease in exhaled
nitric oxide.19

DIAGNOSTIC WORK-UP

No laboratory study appears diagnostic, though patients who
present with EVALI tend to have leukocytosis with a neutro-
philic predominance and elevated inflammatory markers, in-
cluding ESR, CRP, and procalcitonin.14 Peripheral eosinophil
count is typically normal.14 When bronchoalveolar lavage
(BAL) is performed, the cell count often reveals a neutrophilic
predominance.14 There does appear to be a relationship be-
tween electronic cigarettes and acute eosinophilic pneumonia,
in which case bronchoalveolar eosinophilia can be seen.11

Papanicolaou stain on bronchial washing can show alveolar
macrophages laden with vacuoles and oil red O stain can show
lipid-laden macrophages, though the significance of these
findings is poorly understood.10, 14

The CDC, as well as the New York State Department of
Health, in conjunction with the University of Rochester Med-
ical Center, have put forth proposed diagnostic algorithms for
EVALI.20, 21 In general, first, a detailed history must be
obtained, with attention to respiratory, gastrointestinal, and
constitutional symptoms, as well as any recent vaping use in
the last 90 days. Information regarding specific brand and
flavor of vape, frequency and duration of use, and use of
THC should be obtained. Pertinent physical exam findings
of fever, tachypnea, and hypoxemia should be noted. Initial
laboratory studies should include a complete blood count, a
comprehensive metabolic panel, inflammatory markers, and a
urine toxicology screen. A chest X-ray should be performed in
all patients, with high consideration for a CT chest. Patients
should also have concomitant rule-out of infection, with blood
cultures, respiratory viral testing including Influenza, HIV
testing, and bacterial pneumonia work-up, including Strepto-
coccus and Legionella. Based on clinical discretion, it may
also be necessary to rule out mycotic infections, as well as
cardiac, rheumatologic, and oncological diseases.

In summary, in a patient with known vaping use in the last
90 days, with a suggestive history and physical exam, classic
radiographic findings, and absence of a confounding diagnosis
(namely, infection), the diagnosis of EVALI is very likely.
Once the diagnosis is established, consultation with pulmo-
nary and/or critical care medicine, infectious disease, and
toxicology is recommended, to determine if any additional
diagnostic steps should be taken.20, 21 The use of bronchosco-
py with BAL and lung biopsy has no clear established role, but
may be warranted on a case-by-case basis (Fig. 1).

RADIOGRAPHIC FINDINGS

The most commonly seen pattern on CXR and CT chest in
Layden et al.’s case series was bilateral, diffuse, ground-glass
infiltrates with basilar predominance and sub-pleural spar-
ing.14 Diffuse tree-in-bud infiltrates and bilateral nodular in-
filtrates mimicking metastatic malignancy have also been
described.14, 22 A more recent review of imaging patterns
suggests there are actually 4 discrete EVALI radiographic
patterns, including acute eosinophilic pneumonia, diffuse al-
veolar damage, organizing pneumonia, and lipoid pneumo-
nia23 (Fig. 2). There is especially substantial overlap between
EVALI and exogenous lipoid pneumonia (ELP). ELP is also
associated with bilateral ground-glass or consolidative opaci-
ties, with lower-lobe predilection.23 However, the imaging
hallmark of lipoid pneumonia, fat attenuation within opacities
in the range of −100 to − 3 Hounsfield units, is typically not
seen in EVALI.23, 24 This suggests that inflammation in the
lung tissue, which increases the attenuation of the image, plays
a large role in EVALI.24 Other radiographic presentations of
EVALI in the literature include pleural effusions,
pneumomediastinum, and pneumothoraces.14, 25

HISTOPATHOLOGY

Though the role of biopsy in EVALI remains unclear, in
patients that did undergo transbronchial or open lung biopsy
in Layden et al.’s case series, findings included nonspecific
inflammation, diffuse alveolar damage, infiltration of foamy
macrophages, and interstitial and peri-bronchial granuloma-
tous pneumonitis.14 A more recent review of lung biopsies
from 17 patients with EVALI showed patterns of acute lung
injury in all cases.26 These patterns included acute fibrinous
pneumonitis, diffuse alveolar damage, and organizing pneu-
monia.26 In this pathology series, none of the cases reviewed
showed histological evidence of ELP. The authors Butt et al.
therefore hypothesize that EVALI and ELP are separate enti-
ties.26 However, as prior case reports have linked electronic
cigarette use to ELP and did show cholesterol clefts, it is likely
that EVALI and ELP are simply two manifestations of pulmo-
nary toxicity.27 As such, the significance of lipid-laden mac-
rophages (either on BAL or on histology) is unclear and may
be a marker of exposure and not toxicity.26

Winnicka and Shenoy: EVALI and the Pulmonary Toxicity of Electronic CigarettesJGIM 2131



PATHOPHYSIOLOGY OF EVALI

As previously mentioned, the majority of EVALI cases report-
ed are associated with the vaping of THC-containing prod-
ucts.15, 16 Analysis of samples by the Food and Drug Admin-
istration (FDA) identified “vitamin E acetate,” used as a thick-
ening agent in THC products, as a likely culprit in the devel-
opment of EVALI.15 The CDC analyzed 29 EVALI-associated
BAL samples and found they all contained vitamin E acetate.
Together with the previous FDA product testing results, it has
been concluded there is a definite association between vitamin
E acetate and EVALI.15 A subsequent follow-up study also
detected vitamin E acetate in 48 of 51 BAL samples from
patients with EVALI, further providing evidence that this is a
likely culprit.28 When inhaled, vitamin E acetate is incorpo-
rated into the natural phospholipids that comprise surfactant,
increasing its permeability and decreasing its functioning.29

We postulate that this loss of normal functioning surfactant,
which would increase surface tension of alveoli, may also
cause an inflammatory cascade in lung tissue. The thermal
breakdown of vitamin E acetate is also poorly understood, and
potential harmful daughter compounds may also have a role in
EVALI.28

The largest number of EVALI hospitalizations occurred
during the week of September 15, 2019.16 Since then, cases
per week have been steadily declining. It is plausible that as
more national attention was given to EVALI, law enforcement
agencies began confiscating more illicit substances from the
streets. This would be in line with the finding that most EVALI
patients did obtain their THC-containing products from

“informal” sources. Despite the strong evidence that THC-
containing products, and specifically, the constituent “vitamin
E acetate,” are at the root of EVALI, there remains a small but
consistent number of EVALI patients who do not use any THC
products.16 Additional investigations into the pathophysiology
of EVALI are therefore still warranted.16

GENERAL PULMONARY TOXICITY

Though the link between vitamin E acetate and EVALI is now
seemingly clear, there is growing evidence that inhaling elec-
tronic cigarette vapor does pose general toxicity (Fig. 3).
In vitro studies have demonstrated a dose-dependent decrease
in viability of normal human bronchial epithelial cells after
exposure to electronic cigarette vapor. There appears to be
dose-dependent DNA damage, depletion of glutathione stores,
and increase in cell membrane permeability.30 Histology stud-
ies have shown that when buccal cells are exposed to the liquid
base component of electronic cigarettes, there are marked cell
alterations, including apoptosis, dyskeratosis, and epithelial
atrophy.30Mice that were exposed to electronic cigarette vapor
were also found with increased concentrations of cytokines in
subsequent BAL samples, including IL-6, MCP-1, IL-1α, and
IL-13, signifying inflammatory stress.31 Though the implica-
tion of these studies is unclear, there appears to be significant
potential for the development of lung disease with heavy
electronic cigarette use.]–>
The heating coil of electronic cigarettes is also a suspected

source of pulmonary toxicity. As the coil undergoes repeated
heating and cooling, trace metal molecules can reach the liquid
base and subsequently the lung epithelium.6 Exposure to
fumes containing metal has well-established toxicity, includ-
ing an association with respiratory tract infections and lung
cancer.32 Prior studies have noted blood levels of lead, mer-
cury, and copper that are comparable among cigarette-only
and electronic cigarette–only users.33, 34 One additional study
found evidence of aluminum, calcium, chromium, copper,
iron, lead, magnesium, tin, and zinc molecules in electronic
cigarette aerosols.35 In addition, the wicks of electronic ciga-
rettes are commonly made of silica, nanoparticles of which
have been isolated from vapor plumes. Silica has a well-
established role in respiratory dysfunction.6

Suggested Diagnostic Criteria of EVALI

Suggestive symptoms (fever, cough, dyspnea, GI symptoms)

Vaping history in past 90 days

Suggestive laboratory work (leukocytosis, transaminitis, elevated ESR/CRP)

Suggestive imaging

Exclusion of infection - everyone

Exclusion of cardiac, rheumatologic, and oncologic causes – case by case

Bronchoscopy with BAL – case by case

Lung biopsy – case by case

Figure 1 Suggested diagnostic criteria of EVALI.

Radiographic Features of EVALI

Diffuse, bilateral, ground-glass infiltrates

Basilar predominance

Sub-pleural sparing

Imaging in-line with AEP, DAD, OP, or ELP

Figure 2 Radiographic feature of EVALI. AEP, acute eosinophilic
pneumonia; DAD, diffuse alveolar damage; OP, organizing pneu-

monia; ELP, exogenous lipoid pneumonia.
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Electronic cigarettes also frequently have flavorings added to
the liquid base for an enhanced user experience. These flavor-
ings can mimic traditional substances like fruit, chocolate, and
mint, with over 8000 flavors now available on the commercial
market.6 The inhalational toxicity profile of flavorings is poorly
understood. In one study, the vapor of cherry-flavored electron-
ic cigarettes was found to contain benzaldehyde, which is also
found in cigarette smoke.36 Benzaldehyde is a known respira-
tory irritant and can cause inflammation and edema of the
airways. Diacetyl, a chemical constituent of butter flavoring
used in microwave popcorn and associated with severe bron-
chiolitis obliterans known as “popcorn lung,” is also commonly
found in electronic cigarette flavorings.37 Diacetyl is known to
downregulate expression of cilia-related genes and decrease the
number of overall ciliated cells.38 A recent study detected
diacetyl in 39 of 51 electronic cigarette brands tested, including
in such flavors as watermelon, peach, and pomegranate.37

Though there have been no reported cases of bronchiolitis
obliterans due to electronic cigarette use, given the known
toxicity of inhaling diacetyl, the risk likely exists.
Propylene glycol and vegetable glycerin, the solvent of

liquid base, do not remain without caution as well. At high
temperatures, they both undergo decomposition to low molec-
ular weight carbonyl compounds, including formaldehyde and
acetaldehyde, which are common toxicants found in cigarette
smoke.6, 8 Formaldehyde causes mucous membrane irritation,
bronchitis, pneumonia, and pulmonary edema.39 The lipid
content of vegetable glycerin may also have a role in the
development of exogenous lipoid pneumonia.10, 27 Though
vegetable glycerin is a sugar alcohol, it is made by heating
triglyceride-rich vegetable fat such palm, soy, and coconut oil,
and therefore can contain trace amounts of residual triglycer-
ides. The addition of cannabis-derived oils to liquid base is
usually the implicated lipid source that leads to the develop-
ment of lipoid pneumonia; however, sometimes the solvent
itself is the only obvious source of lipid.10

TREATMENT

In the case series of patients in Illinois and Wisconsin, most of
the patients received systemic glucocorticoids (92%), with
documentation that this leads to improvement in respiratory
status in 65% of cases.14 A case series of 5 patients with ELP
associated with vaping also improved with a course of gluco-
corticoids.40 This suggests an inflammatory pathway in the
development of both EVALI and ELP. Overall, guidelines
recommend steroid dose and duration per clinical guidance.20,
21 Currently though, there are no formal treatment guidelines
to guide clinicians, and more studies are needed to determine
the optimal duration and dosing of steroids.

USE OF ELECTRONIC CIGARETTES IN SMOKING
CESSATION

The use of electronic cigarettes as a cessation tool to stop
smoking traditional cigarettes has had considerable attention
over the last 10 years. However, prior studies have had mixed
results. Studies have shown that electronic cigarettes both can
be a successful tool in smoking cessation41, 42 and have no
effect.43 Notably, these studies were all done before the entity
of EVALI was discovered, as well as in the infancy of research
into the toxicity profile of electronic cigarettes. Also
concerning is that in prior studies, there are a large number
of patients that though did abstain from traditional cigarettes,
became habitual electronic cigarette users.41, 42 We therefore
agree with the current CDC recommendation that all patients
should abstain from all electronic cigarette products and that
using electronic cigarettes as a cessation tool is not warranted.

CONCLUSION

At present, there is substantial evidence that electronic ciga-
rettes (with and without THC use) can lead to lung disease,

Product constituent Mechanism of Lung Injury

General electronic cigarette vapor -asthma, cough

-histological damage

-DNA damage

-inflammatory changes

-oxidative damage

Vitamin E acetate (contaminant) -implicated in EVALI

Heating coil -heavy metal toxicity

Wicking material -silica content, silicosis

Flavoring -thermal degradation

-benzaldehyde

-diacetyl

Propylene glycol, vegetable glycerin -thermal degradation

-formaldehyde

-acetaldehyde

-lipid content

Figure 3 Mechanisms of lung injury of electronic cigarettes.
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including EVALI. There is also substantial evidence that elec-
tronic cigarette use may lead to oxidative and inflammatory
damage to the lungs. Electronic cigarette vapor is also known
to contain heavy metals, dangerous low molecular weight
carbonyl compounds, and dangerous flavoring chemicals.
Traditional cigarette smoke contains over 7000 chemicals,
with over 70 of them known to be carcinogens, but current
research suggests that the toxicity profile of electronic ciga-
rettes and traditional cigarettes is actually quite similar.44 The
caveat is that certainly comprehensive and definitive research
is still lacking. The regulatory climate regarding electronic
cigarettes is also rapidly changing, largely owning to the
increasing research done in this field. This is most recently
reflected in the partial ban of flavored electronic cigarettes by
the federal government.45

Electronic cigarettes are a fast-growing industry, becoming
more popular and more accessible to both youth and adults.
Though EVALI is seemingly linked to vitamin E acetate in
THC-containing vaping products, and the incidence of cases is
now declining, the use of electronic cigarettes must continue to
be cautioned by clinicians. This certainly remains an emerging
field, though due to rising popularity, clinicians must remain at
the forefront of this topic.
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