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The implications of Vitamin E acetate 
in E‑cigarette, or vaping, product 
use‑associated lung injury
Brian Soto, Louis Costanzo, Anoop Puskoor, Nada Akkari, Patrick Geraghty

Abstract:
In the summer of 2019, a cluster of cases were observed with users of battery‑operated or 
superheating devices presenting with multiple symptoms, such as dyspnea, cough, fever, 
constitutional symptoms, gastrointestinal upset, and hemoptysis, that is now termed e‑cigarette, or 
vaping, product use‑associated lung injury (EVALI). The Centers for Disease Control and Prevention 
reported 2807 cases within the USA leading to at least 68 deaths as of February 18, 2020. The 
heterogeneous presentations of EVALI make diagnosis and treatment difficult; however, treatment 
focused on identifying and removal of the noxious substance and providing supportive care. Vitamin 
E acetate (VEA) is a likely cause of this lung injury, and others have reported other components 
to play a possible role, such as nicotine and vegetable glycerin/propylene glycol. EVALI is usually 
observed in adolescents, with a history of vaping product usage within 90 days typically containing 
tetrahydrocannabinol, and presenting on chest radiograph with pulmonary infiltrates or computed 
tomography scan with ground‑glass opacities. Diagnosis requires a high degree of suspicion to 
diagnose and exclusion of other possible causes of lung disease. Here, we review the current 
literature to detail the major factors contributing to EVALI and primarily discuss the potential role of 
VEA in EVALI. We will also briefly discuss other constituents other than just VEA, as a small number 
of EVALI cases are reported without the detection of VEA, but with the same clinical diagnosis.
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Electronic (e)‑cigarettes and other vaping 
devices first arrived to world marketplace 

in 2007, and since then, there is a significant 
rise in the use of noncombustible tobacco 
products.[1] Approximately 7% of former 
smokers quit tobacco smoking by switching 
to electronic nicotine delivery systems.[2] 
However, the use of these vaping products 
can also introduce young adults to nicotine 
products and over 7000 flavors and other 
chemical constituents identified within 
these delivery systems.[3,4] The undoubted 
increase in demand for vaping products led 
to a surge of cluster cases in the summer of 
2019 now identified as e‑cigarette, or vaping, 
product use‑associated lung injury (EVALI). 

EVALI became known as a constellation of 
symptoms including dyspnea, cough, fever, 
constitutional symptoms, gastrointestinal 
upset, and hemoptysis. Since February 
18, 2020, the Centers for Disease Control 
and Prevention (CDC) reported a total of 
2807 hospitalized EVALI cases or deaths 
within the US.[5] Analysis of the patient 
population in cases of EVALI found that 
67% of patients were male while the 
median age was 24 and up to 86% of 
them had some association with vaping of 
tetrahydrocannabinol (THC)‑containing 
products. Given the age distribution and 
frequency usage of e‑cigarette by the younger 
population, it is apparent why most patients 
with EVALI are adolescents and young adults. 
Overall, there is a decrease of 1.73 million 
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youths using e‑cigarettes and vaping products, but there 
was a significant increase in disposable e‑cigarette usage 
from 2019 to 2020 as these products gained popularity 
according to the National Youth Tobacco Survey.[6] Many 
unregulated THC‑vaping products are known to include 
Vitamin E acetate (VEA), as VEA is used as a thickening 
agent for the THC oil. Following the first wave of EVALI 
cases, a study showed a correlation in EVALI diagnosis 
in patients with VEA detection. In December 2019, 
The Wadsworth center working in collaboration with 
the New York State Department of Health studied 206 
e‑cigarette fluids from 61 New York state EVALI cases.[7] 
Of the fluids obtained from these known cases, 147 (71%) 
contained THC, and 59 (29%) contained nicotine, and 
101 (69%) contained VEA.[7]

In August 2019, the CDC collected 29 bronchoalveolar 
lavage fluid (BALF) samples of hospitalized EVALI 
patients and VEA was found in 100% of them.[8] In a 
2020 study, 51 BALF samples were taken from EVALI 
patients across 16 states, and 49 (94%) of the participants 
had traces of VEA, but no VEA was found in the samples 
of the control group.[9] In general, EVALI appears to be 
primarily observed in the USA and suggests that this 
type of lung injury may be specific to vaping habits and 
products within a specific country. Of note, some cases 
were reported in Canada[10] and within South America.[11] 
In this review, we will discuss the effects of inhaled 
VEA on the cellular, inflammatory, immune, functional, 
physiological, histopathological, and radiographic 
changes noted in human studies, mouse models, and 
in vitro studies.

The Signs/Symptoms and Clinical Criteria/
Definition of E‑cigarette, or Vaping, Product 

Use‑associated Lung Injury

EVALI patients, during the 2019 outbreak, presented with 
1‑week symptoms of dyspnea (81%), cough (74%), pleuritic 
chest pain (36%), and hemoptysis (10%).[12] Gastrointestinal 
symptoms such as nausea (66%), vomiting (64%), 
diarrhea (44%), and abdominal pain (34%) were 
also observed. Constitutional symptoms included 
headache (34%), malaise (47%), weight loss (26%), 
subjective fevers (84%), and chills (60%); however, only 
33% had a temperature above 38°C upon presentation, 
tachycardia of over 100 beats per minute was seen in 
63%, and an oxygen saturation of <88%–94% was seen 
in 58% of the patients (53).

The distinguishing factor that separates EVALI from 
other types of acute lung injury is the exposure to 
vaping/vaping devices. All patients endorsed a history 
of vaping within the last 90 days. The vast majority 
self reported vaping a product containing THC (89%) 
or nictine (73%). Only 9% reported using a vaping 

solution with cannabidiol (CBD). Given that symptoms 
such as cough, dyspnea, and fever and the radiographic 
findings of pulmonary infiltrates and ground‑glass 
opacities (GGO) are seen in other forms of acute lung 
injury, the CDC’s recommended workup centered 
around ruling out infectious causes.[13] The recommended 
workup on whether a concurrent pulmonary infection 
may be present is recommended, but if it does not 
explain the severity of illness, it can be presumed that 
EVALI is the primary illness. The CDC categorized 
EVALI patients into confirmed cases and probable 
cases. Confirmed cases are symptomatic patients with 
a history of vaping within 90 days, chest radiograph 
with pulmonary infiltrates, or CT scan with GGO who 
are proven to not have a pulmonary infection or any 
other likely explanation to symptoms such as cardiac, 
neoplastic, or rheumatologic disease.[14] A probable 
case is when a similar patient as described above has a 
pulmonary infection, but the infection is not thought to 
be the sole cause of lung injury.

The pathophysiology of e‑cigarette, or vaping, 
product use‑associated lung injury
To date, the exact pathophysiology of EVALI is 
still unknown. While VEA was identified in most 
BALF of EVALI patients, other constituents within 
the vaping device could play a role. There may be a 
hyperactive immune response inciting sterile exogenous 
pneumonitis,[15] as all EVALI patients did not have 
a superimposed bacterial infection through testing 
and antibiotics did not help this disease.[16] One paper 
proposed two theories: the direct chemical theory and 
the two‑hit phenomenon. The first theory states that an 
e‑liquid constituent when inhaled within the aerosol 
product by vaping is cytotoxic to certain lung cells 
ultimately leading to cellular necrosis, neutrophilic 
inflammation, and an overall pro‑inflammatory 
state.[17] The latter theory states that inhalation of the 
base liquid in e‑cigarettes (such as vegetable glycerin/
propylene glycol [VG/PG], medium‑chain triglycerides 
oil, and VEA) can alter the homeostatic state of lung 
immune cells that results in extensive inflammation.[17] 
Pulmonary surfactant composed of phospholipids (90% 
being dipalmitoylphosphatidylcholine [DPPC]) is the 
foundation of preventing alveolar collapse by reducing 
surface tension during inspiration and expiration. Using 
neutron spin‑echo and artificial DPPC with VEA in a 
model system suggested that it is capable of minimizing 
the elastic properties of surfactant and thereby could 
be playing a role in EVALI by modulating the critical 
function of surfactant.[18]

Radiological changes observed in e‑cigarette, 
or vaping, product use‑associated lung injury 
patients
As per the CDC prevention report, chest imaging and 
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radiographic findings are a criterion for diagnosing 
EVALI. [13] The most common imaging findings 
observed in studies done on patients who fulfilled 
the CDC criteria for EVALI include: (a) GGO[19‑21] 
with or without centrilobular nodules, consolidation, 
septal thickening,[19‑21] subpleural sparing,[19‑21] and 
peribronchovascular (PBV) sparing;[21] (b) diffuse 
alveolar damage/acute lung injury;[21] (c) acute 
eosinophilic‑like pneumonia;[21,22] and (d) diffuse 
alveolar hemorrhage (DAH).[21,23] Subpleural sparing was 
observed in most patients with radiographic findings.[19‑21]

The most common pattern of injury associated with 
EVALI is organizing pneumonia,[20,21,24] which is a pattern 
of lung injury that commonly manifests as diffuse or lower 
lobe predominant, bilateral, and mostly symmetrical 
GGO commonly seen with areas of subpleural and 
lobular sparing.[24] In patients with EVALI, organizing 
pneumonia can manifest in an airway‑centered pattern 
with diffuse centrilobular nodules and little‑to‑no GGO 
on a CT scan.[21,25] A retrospective study of 14 pediatric 
patients who presented to a tertiary care hospital with 
EVALI had similar results to the adult population. Chest 
radiographic findings showed GGO in 14 of 14 (100%) 
and consolidation in 9 of 14 (64%). Findings in both 
chest radiographs were bilateral in 14 of 14 (100%) and 
symmetric in 13 of 14 (93%).[20]

A large multicenter study consisting of 160 patients 
comparing various imaging patterns of EVALI revealed 
that patients with mild disease severity on CT scan had 
less PBV sparing than those with moderate disease 
severity, but this difference was not determined to 
be significant (P = 0.11).[21] PBV sparing was also 
observed in younger patients (mean age, 25.1 ± 9.2 vs. 
29.9 ± 12.4 years; P = 0.016).[21] Lymphadenopathy was 
less common in patients with milder disease albeit not 
statistically significant (P = 0.13). They also noted a 
negative correlation between vaping >6 months and 
diffuse alveolar damage patterns but noted no significant 
association between CT findings and vaping‑related 
variables (THC, nicotine, and THC plus nicotine) nor 
with demographics.[21]

Diffuse alveolar damage is the histological finding of 
acute lung injury. It is observed during the 1st week 
of alveolar injury and manifests as GGO with or 
without consolidation on imaging.[25,26] It can progress 
to organizing pneumonia as a result of fibroblast 
proliferation in response to injury.[25,26] Hypersensitivity 
pneumonitis (HP) is another pattern commonly observed 
in patients with EVALI.[21,25,27] HP is a challenging 
diagnosis to make as it can be difficult to differentiate 
from interstitial lung disease.[27] There are many proposals 
in literature aiming to simplify this diagnosis by taking 
into consideration histological, clinical, and radiological 

findings. Radiological findings include diffuse GGO 
seen on imaging. Fibrosis, seen in chronic HP. has not 
been linked to vaping with statistical significance in the 
current literature.[21,27]

Lipoid pneumonia is a pattern also associated with 
vaping.[28] It presents as GGO on imaging and can be 
observed as early as 30 min after inhalation.[29] Acute 
eosinophilic pneumonia, characterized by diffuse 
GGO on imaging,[30] is rarely reported as an adverse 
effect from using e‑cigarettes.[22,31,32] Pleural effusions 
and septal thickening are often present and could 
be mistaken for pulmonary edema.[30] DAH, a rare 
pattern seen on CT,[21,23] is characterized by centrilobular 
GGO seen on CT.[21,23] Unlike the previously described 
patterns where GGO is symmetrical, DAH can be 
asymmetric.[21]

Histopathological changes seen in patients 
with  e‑cigarette, or vaping, product use‑associated 
lung injury
The pathology of EVALI based on imaging and clinical 
findings is poorly understood.[33] Nonspecific histological 
patterns consistent with acute to subacute lung injury were 
noted throughout the literature.[22,34,35] Studies exploring 
histopathological patterns seen in patients with EVALI 
or probable diagnosis of EVALI demonstrated patterns of 
acute lung injury, including acute fibrinous pneumonitis, 
interstitial edema, diffuse alveolar damage, or organizing 
pneumonia among patients.[22,34,36] Airway‑centered 
accumulation of foamy macrophages and pneumocyte 
vacuolization was commonly observed.[34] However, 
there is no evidence of lipoid pneumonia associated 
with EVALI.[34,36,37] There are a few reported cases of 
lipoid pneumonia associated with vaping, with BALF 
cells staining positive for oil red O.[28,38,39] The significance 
of this finding remains unclear, and it is suggested to 
interpret this finding with caution, as it may simply 
be a marker of exposure[34] or a finding associated with 
aspiration, obstruction, or infection[34,37,40,41] and not 
necessarily associated with toxicity.[34]

Vitamin E Acetate and Pulmonary Toxicity

VEA is a viscous lipid oil that is added to several vaping 
mixtures, including THC and cannabidiol oil mixtures.[42] 
Unlike VEA, the synthetic O‑acetylated analog of Vitamin 
E has been thoroughly studied for its antioxidant and 
anti‑aging properties following oral ingested or dermal 
topical use.[43] However, we know little about inhaled 
VEA and also the effects of high‑temperature pyrolysis 
conditions on its chemical stability and reactivity.

The effects of pyrolysis on VEA are important as 
temperatures in vaping devices are equivalent to a 
laboratory pyrolysis apparatus, ranging between 110°C 
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and 1000°C. Thereby, the original contents within a vaping 
device may significantly change chemistry through this 
heating. The pyrolysis of VEA produces toxic ketene gas, 
carcinogen alkenes, and benzene,[44] similar to phenyl 
acetate[45] that shares a similar structural‑functional 
group to VEA. Ketenes are highly pulmonary toxic at 
high concentrations but only induce minor irritation 
and central nervous system impairment when exposed 
to animals at low concentrations.[46] Severe damage to 
alveolar cells is observed 24 h after exposure and the 
minimum lethal in‑air concentration of ketene was 
reported to be 200 ppm, and caused death after a single 
10‑min exposure in primates.[47] More recent guidelines 
suggest that the lethal 10‑min exposure value for ketene 
is 0.24 ppm.[48] The formation of ketene from VEA is 
believed to be feasible at temperatures above 500°C or 
“dry puff” conditions, where ketene lung concentrations 
could become severe (30‑ppm).[49] The term “dry puff” is 
used when the volume of the vaping liquid within the 
device are low and concentrated; thereby, not allowing 
sufficient heating and cooling of the coil.[50] These 
components can then become overheated and produce 
exaggerated heating temperatures that could generate 
ketenes from VEA. Interestingly, THC is highly viscous 
and requires more heat to aerosolize compared to other 
solvents and ingredients used in vaping products.[51] 
Thereby, VEA in THC would be undergoing greater 
heating than other vaping practices, especially when 
using customized counterfeit vaping devices that could 
be heating vaping components to high temperatures.[52] 
A recent rodent model of vaping utilizing a combination 
of nickel and chromium heating element at high power 
without THC, Vitamin E oil, or nicotine demonstrated 
lung lesions, including alveolar wall thickening with 
inflammation, red blood cell congestion, obliteration of 
alveolar spaces, pneumonitis, accumulation of bronchial 
fibrin, inflammatory cells, and mucus plugs.[53]

The impact of Vitamin E acetate on surfactant
Vitamin E is a linactant and a potent modulator 
of lateral phase separation that reduces the line 
tension at the two‑dimensional phase boundaries, 
leading to increased surface viscosity of pulmonary 
surfactant. Unlike Vitamin E, inhaled VEA does not 
readily undergo esterase‑mediated hydrolysis[54,55] but 
remains unhydrolyzed in the lung of vaping users. 
In theory, VEA may induce liquid crystalline phase 
in pulmonary surfactants, and influence respiratory 
compression‑expansion cycling.[56]

VEA is also known to get incorporated into lipid drops 
and intra‑alveolar lipid‑laden macrophages (LLMs) 
are observed in EVALI patients with diagnosed acute 
lipoid pneumonia.[38] A similar macrophage phenotype 
was observed in a mouse model of VEA inhalation, 
where animals were exposed to 77.3–167.5 μg/g VEA 

daily for 2 weeks.[57] A recent study looking at LLM in 
tobacco smokers, e‑cigarette users, and nonsmokers/
vapers, found LLM in half of the healthy e‑cigarette 
users and almost all healthy smokers.[58] Another 
animal study found that one inhalation dose of VEA 
to lipopolysaccharide‑treated rats greatly attenuated 
the inflammation.[55] Since VEA has multiple functions, 
VEA is suggested to influence similar signaling such as 
the diacylglycerol kinase and protein kinase C signaling 
pathway,[59] xenobiotic‑sensing pregnane X receptor 
signaling,[60] and modulate lateral phase separation.[61] 
A recent study did observe sex as a confounding factor 
in e‑cigarette users, with females having lower levels of 
plasmalogens that are glycerophospholipids secreted by 
alveoli cells and required for normal surfactant formation 
and function.[62]

Comparison of exogenous lipoid pneumonia to 
participants who inhaled Vitamin E acetate
Exogenous lipoid pneumonia is an uncommon condition 
which is known to affect patients who ingest mineral 
oils largely present in laxatives or various aerosolized 
industrial products. It usually presents with nonspecific 
respiratory tract symptoms. When ingested, these oils 
cause a foreign body reaction which can ultimately cause 
fibrosis of the lung.[63] This diagnosis is usually one of the 
exclusions and can be confirmed by presenting with LLMs 
when stained in oil red O in various respiratory samples 
but not limited to sputum or BALF.[64] Radiographic 
analysis observes airspace consolidations, ground‑glass 
attenuation, airspace nodules, and a “crazy‑paving” 
pattern.[64] This is unfortunately nonspecific and can 
include differential diagnosis such as carcinoma.

The lungs struggle to extract long‑chain hydrocarbons 
from the airspaces. Most commonly, exogenous lipid 
pneumonia is a product of the aspiration of oils described 
by phagocytosis of oils by macrophages and subacute 
inflammation, ultimately leading to fibrotic lung lesions 
and gas exchange abnormalities as stated above.[64,65] 
In one study, paraffin oil was shown to cause alveolar 
type II (ATII) cell injury consisting of destruction of 
microvilli and cytoplasmic vacuolization.[66] The type of 
damage induced by oils is largely based on its chemical 
component and droplet size.[64‑66] In typical exogenous 
lipoid pneumonia, aspiration is commonly by large oil 
globules into a focal lung region, while aerosolized VEA 
and other oils produce small droplets allowing them to 
reach distal airways into alveoli evenly throughout the 
lung. This unique exposure differs significantly from 
previous reports of lipoid pneumonia and would expect 
different patterns of toxicity.[26]

A retrospective study of 17 cases of EVALI showed the 
presence of LLMs in peribronchiolar airspace along with 
vacuolization of the cytoplasm of hyperplastic type 2 
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pneumocytes in every sample.[34] Although some did show 
cholesterol clefts, no sample showed the accumulation of 
large fat droplets seen in exogenous lipoid pneumonia. 
In true lipoid pneumonia, this would be predominant as 
water‑insoluble oil droplets have exorbitant interfacial 
tension that can make fat droplets coalescence and form 
larger oil droplets.[67] At the same time, CT findings 
did show bilateral GGO in which six showed a distinct 
bronchocentric distribution.[34] In a retrospective study 
of 3 EVALI cases, a radiologic characteristic of both 
lipid pneumonia and EVALI appears to have areas 
of low attenuation (−30 to − 50 Hounsfield units) on 
computed tomography, proposing fatty infiltration 
within the airways and parenchyma.[68] Currently, the 
role of lipids in the pathogenesis of EVALI is unclear and 
this may represent a form of airway‑centered chemical 
pneumonitis due to multiple inhaled toxic substances 
rather than exogenous lipoid pneumonia.[34]

The cellular and molecular changes in inhaled 
Vitamin E acetate
In one animal study, twice‑daily exposure to 1 h of 
aerosolized VEA for 6 or 15 days resulted in increased 
extravascular lung water (EVLW), protein in BALF (a 
marker of lung injury), and increased plasma surfactant 
protein (SP)‑D when inhaling aerosolized VEA compared 
to aerosolized JUUL product (Juul Labs, Inc., an American 
electronic cigarette company) or control.[69] SP‑D is an 
indicator for alveolar epithelial injury and prognostic 
marker in ARDS.[70,71] An increase in EVLW is a readout 
of hydrostatic pulmonary edema and acute respiratory 
distress syndrome, which was seen in many EVALI 
patients.[72] A concentration‑dependent surface pressure 
was also observed in serum albumin, which can surpass 
the respreading pressures of collapsed monolayer 
in vitro and ultimately play into the pathophysiology of 
EVALI.[73] The increase in protein can lead to inactivation 
of lung surfactant and cause alveolar collapse from 
overwhelming surface tension.

When comparing aerosolized VEA to VG/PG in mice, 
increased levels of airspace neutrophils, large vacuolated 
macrophages, and neutrophil chemoattractants MCP‑3 
and interleukin 8 (IL‑8) were observed.[69] Histologically 
these animals exposed to aerosolized VEA versus 
JUUL showed monocytic and neutrophilic alveolar 
and interstitial inflammation in a bronchiolocentric 
pattern with increased LLMs in the airspaces.[69] Another 
mouse study observed an overall increase in BALF 
albumin, increased number of leukocytes, and LLMs 
in aerosolized VEA compared to PG/VG.[57] Tissue 
pathology demonstrated LLMs in the cytoplasm of 
the cells lining the alveoli. Aerosolized VEA induced 
cellular toxicity to human ATII cells but not in ATII 
cells exposed to JUUL aerosol.[69] A recent publication 
analyzed the byproducts of aerosolized VEA condensate 

by mass spectrometry and observed that VEA did not 
pyrolyze to Vitamin E plus ketene during vaping and 
that intact VEA vapor is toxic.[74] They did observe that 
airspace cells actively hydrolyzed the VEA to release 
α‑tocopherol, increased plasma malonaldehyde, and 
detected the oxidized form of Vitamin E in lung cells. 
This study also observed not only lung inflammation 
in mice exposed to prolonged VEA but also systemic 
inflammation and greater lung injury upon influenza 
infection.[74]

Functional, physiological, and epigenetic changes 
observed in vaporized Vitamin E acetate
Patients with vaping‑associated lung diseases can present 
with acute eosinophilic pneumonia,[31] DAH,[75] lipoid 
pneumonia,[28,76] and respiratory‑bronchiolitis interstitial 
lung disease. Several respiratory and systemic symptoms 
are observed with EVALI that could be linked to VEA, 
including shortness of breath (85%), cough (85%), chest 
pain (52%), pleuritic chest pain (36%), hemoptysis (8%), 
fever (84%), and chills (60%).[77] All EVALI case patients 
had bilateral infiltrates on chest imaging, and 77% had 
gastrointestinal symptoms.[77] The majority of EVALI 
patients (83%) have a chest radiograph with diffuse hazy 
or consolidative opacities.[21,77,78] Bilateral opacities are 
observed frequently in EVALI patients with one study 
observing them in 100% of 98 patients, either on the 
chest radiograph or chest CT.[77] Immune cell profiling in 
EVALI patients gives variable findings, with increased 
neutrophil numbers frequently observed (58%, ranging 
from 10% to 91%), eosinophils are observed in isolated 
cases, and LLMs are a common feature.[31,77]

The question of whether VEA and other byproducts of 
it could cause epigenetic changes within ATII cells is of 
interest. There were noted to be 752 differential genes 
at a false discovery rate <0.1 between VEA exposed 
and control ATII cells. Pathway analysis divulged a 
significant increase in IL‑17, MAPK, and tumor necrosis 
factor signaling pathways, as well at genes associated to 
osteoclast differentiation.[69] Figure 1 shows an overview 
of the major confounding factors for EVALI.

Vaping and Pulmonary Toxicity: More Than 
One Constituent

Despite VEA being the major component in vaping 
products linked to EVALI, there are cases where no 
VEA was detected, but similar clinical manifestations 
were present. Essentially, the components of vaping 
equipment consist of a heating coil including varied 
metals including nickel, chromium, and lead,[27] an 
atomizer, a humectant such as polyethylene glycol, VG 
or glycerol, nicotine, tobacco‑specific nitrosamines,[79] 
and flavoring such as vanillin, diacetyl, ethyl maltol, or 
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menthol. It is important to note that the heating process 
of these liquids to aerosol can create volatile organic 
compounds such as acrylamide,[80] phenolic compounds 
such as catechol and hydroquinone,[81] and polyaromatic 
hydrocarbons that can further play a part in pulmonary 
toxicity. One study comparing e‑cigarette vapor to 
a conventional cigarette in calf lungs suggested that 
nicotine did not affect surfactant interfacial properties 
and only marginally affected its lateral structure.[82] 
However, another study showed a decrease in SP‑A in 
premature bovine lung epithelia after having the highest 
recorded mean of 49.8 μg/ml administered through 
nicotine patches to maternal sheep.[82] Furthermore, 
e‑liquids contain nicotine salt rather than nicotine 
freebase (observed in conventional cigarettes) and its 
effects on alveoli, surfactant, and airways along with 
other organs are poorly understood.[83]

Vaping products also have a wide variety of chemicals 
added to enhance the flavor, but these additives 
could partake in pulmonary toxicity given that most 
safety studies are through oral ingestion. Notably, 
diacetyl (2,3‑butanedione), a widely used volatile 

alpha‑diketone flavoring agent with a butter‑like taste, 
is notable for its toxicity in aerosolized form. In 2002 and 
2006, diacetyl was found to be the culprit of bronchiolitis 
obliterans (nicknamed “popcorn lung”) linked to its direct 
effect on the bronchial epithelium leading to disorganized 
fibrotic repair in workers at a microwave‑popcorn plant.[84] 
Diacetyl was detected in high concentrations in 39 of 51 
electronic cigarettes sold by leading e‑cigarette brands.[85] 
A more recent study was performed involving human 
donor respiratory epithelial cells exposed to 1100 ppm 
of diacetyl vapor. Proteomic analysis identified the 
presence of 11 novel proteins in both apical and basolateral 
supernatants collected including FBLN3, DDB1, ECM1, 
GDF15, and CXCL16.[86] E‑cigarette flavorings prompt 
atypical activation of the lung epithelial cells and 
β‑defensins, impaired macrophage activity, and increased 
levels of MUC5AC and NETosis.[87]

Conclusion

Even with the decline of EVALI after eliminating the use 
of VEA in e‑cigarette products, there are still documented 
cases which did not contain VEA. Additional research is 

Figure 1: Overview of primary confounding factors of EVALI. Created with BioRender.com. EVALI: e‑cigarette, or vaping, product use‑associated lung injury
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needed to determine the long‑term outcomes of EVALI. 
Vaping products are a rapidly expanding industry, 
with increasing accessibility to younger populations. 
In 2020, 19.6% of high school students (3.02 million) 
and 4.7% of middle school students (550,000) reported 
current e‑cigarette use within the USA. The use of 
vaping products, especially unregulated products, must 
continue to be of concern to clinicians. This undoubtedly 
remains an emerging field, though due to rising use, 
clinicians must remain up‑to‑date on this still new yet 
highly concerning topic having the potential to cause 
serious disease in the future.
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