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'.) Check for updates

Potential of Ethenone (Ketene) to Contribute to
Electronic Cigarette, or Vaping, Product
Use-associated Lung Injury

To the Editor:

In 2019, the United States experienced an unprecedented outbreak
of electronic cigarette (e-cigarette), or vaping, product use-
associated lung injury (EVALI) (1-4). Although reports of lipid-
laden macrophages in BAL fluid raised the possibility that EVALI
represented exogenous lipoid pneumonia (5, 6), case series that
focused on histopathology found patterns of acute lung injury,
including diffuse alveolar damage and organizing pneumonia, often
with bronchiolitis (7, 8). Thus, the available evidence to date
suggests the outbreak is characterized by an airway-centered
chemical pneumonitis rather than acute exogenous lipoid
pneumonia.

Vitamin E acetate (VEA) has been strongly linked to the
outbreak, as demonstrated by 1) the presence and high
concentrations of VEA in vaping product samples recovered
from patients with EVALIL 2) the detection of VEA in
tetrahydrocannabinoid-containing vaping products seized by law
enforcement in 2019 but not 2018, indicating temporality; and 3)
the identification of VEA in 94% of BAL fluid samples from
patients with EVALI but not in samples from healthy controls (9).

The mechanism by which VEA might cause a chemical
pneumonitis is still not understood. Vitamin E is a natural
component of lung surfactant, and experimental models of
phospholipid bilayers suggest that increasing concentrations of
vitamin E or VEA could affect the physical structure and phase
behavior of surfactant (9). Whether such effects alone sufficiently
impact surfactant function in vivo to cause a cascade of increased
surface tension, alveolar collapse, and acute lung injury is currently
unclear.

Another potential mechanism involves a toxic agent, ethenone
(C,H,0), the simplest of the ketene class of compounds. Ketenes,
including ethenone, are highly reactive compounds used as
intermediates in industrial chemical synthesis reactions. Wu and
O’Shea recently demonstrated both the theoretical basis and
experimental formation of ethenone from VEA under heated
conditions through the pyrolytic cleavage of the acetate group
(Figure 1) (10).

Early literature on ethenone creation reported its formation
from acetone at 700°C in the presence of a tungsten catalyst (11).
Several subsequent patents describe the use of other catalysts to
assist the formation of ketenes of various sizes from acetate and
other carboxylic acids, including fatty acids, at temperatures as low
as 326°C, which are reachable with electronic vaping devices that
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Figure 1. Formation of ethenone from vitamin E acetate and ketene class
structure. VEA = vitamin E acetate.

allow variable user settings (12-15). These patents employed metal
catalysts, including nickel, titanium, magnesium, iron, copper, and
the metalloid silica. Though Wu and O’Shea formed ethenone from
VEA without a catalyst (10), the presence of metals and silica in the
vaping devices of patients with EVALI could theoretically amplify
the creation of ethenone.

Though nicotine-based e-cigarette liquids and aerosols were
already known to contain various metals, some of which overlap
with the catalytic metals in ketene patents (16), whether EVALI-
associated tetrahydrocannabinoid vape cartridges contain potential
reaction catalysts was uncertain. Thus, we have been disassembling
these devices under a reflected light microscope and analyzing the
metal composition of the individual components using a portable
X-ray fluorescence unit and scanning electron microscopy with
energy dispersive X-ray spectroscopy. Our preliminary analyses
suggest conditions favorable to ethenone formation, including
evidence of high temperatures, thermal insulation, and nickel and
chromium filaments encased in charred, oil-soaked, silica ceramic
(Figure 2). Additional studies will build on the results of Wu and
O’Shea (10) to evaluate the wide-ranging conditions that could
influence ethenone formation, such as temperature, power, and
vaping device type and components.

Ethenone toxicological literature is scant and historic but still
alarming. Acute (10-minute) inhalation exposures were observed to
lead to mortality in 0.8-16 hours in small studies of multiple species
across a range of concentrations (50-1,000 ppm) (11). The only study
to use high-purity ethenone (98-99%) observed acute pulmonary
congestion and alveolar edema in monkeys exposed to concentrations
of 12 ppm and higher (11). Mice in this same study exposed at 1 ppm
for 14 days, 7 hours/day, had a 10% mortality rate (11).

Human data on ethenone toxicity are even sparser. One case
report described a chemical industry worker who developed hypoxic

Figure 2. Stereozoom microscope image of dissected, cylindrical ceramic
heating element from the vaping cartridge of a patient with electronic
cigarette, or vaping, product use—associated lung injury, showing charring
from high temperatures. Scale bar, 2 mm.
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respiratory failure and diffuse ground glass opacities on chest
computed tomographic imaging, consistent with acute respiratory
distress syndrome, 12 hours after a 5-minute exposure to a reportedly
highly concentrated mixture of ethenone and crotonaldehyde (17).
Notably, the reported delay between exposure and presentation, need
for respiratory support, and relatively rapid improvement in this case
are consistent with the natural history of EVALI (3, 4).

Ethenone’s mode of action is thought to be similar to that of
the chemical warfare agent phosgene, namely, acylation of proteins
and other macromolecules leading to disruption of the blood-air
barrier, edema, and inflammation (11, 18). These animal and
human findings, along with ethenone’s poor warning properties,
align well with the clinical presentations seen in the EVALI
outbreak. Estimating dosage in EVALI cases, however, is so far
complicated by the complex user patterns of the cases and will
require a better quantitative understanding of the efficiency with
which ethenone can be formed under a range of vaping devices,
e-liquid types, and use conditions.

Understanding the mechanism by which VEA might cause
EVALI has preventive and prognostic implications (19). Acetate
moieties capable of generating ethenone may be present in other
compounds within nicotine- or cannabis-based e-liquids, especially
in the unregulated market, such as other diluents and solvents or
novel additives, including flavorings, herbal extracts, essential oils,
homeopathic remedies, and probiotics. Testing of newer vaping
devices may also help shed light on the poorly characterized
additional impacts of heat, hydrophobic conditions, and catalytic
materials on known or newly identified starting ingredients.
Furthermore, mechanistic insights could inform the understanding
of long-term health effects to patients with EVALI, including
potential DNA damage and carcinogenicity from exposures to low
concentrations of an acylating agent. Animal models, such as one
that was recently reported (20), have the potential to address these
issues and may benefit from delivery methods that allow reactive
compounds to reach deep lung tissue, such as intratracheal or
direct, nose-only delivery. We hope that this discussion will
stimulate further scientific inquiry into the mechanism of lung
damage in EVALI and, ultimately, preventive measures to address
potential harm from vaping and e-cigarette use.

Author disclosures are available with the text of this letter at
www.atsjournals.org.

Kathleen R. Attfield, Sc.D.

Wenhao Chen, Ph.D.

Kristin J. Cummings, M.D., M.P.H.*
California Department of Public Health
Richmond, California

Peyton Jacob 3rd, Ph.D.
University of California San Francisco
San Francisco, California

Donal F. O’Shea, Ph.D.
Royal College of Surgeons in Ireland
Dublin, Ireland

Jeff Wagner, Ph.D.

Ping Wang, Ph.D.

Jefferson Fowles, Ph.D.

California Department of Public Health
Richmond, California

ORCID IDs: 0000-0001-9264-5399 (K.R.A.); 0000-0002-6956-3894 (W.C.);

00
00

*C

00-0002-5422-9199 (K.J.C.); 0000-0003-0594-4193 (D.F.O.);
00-0003-4337-622X (J.W.); 0000-0001-9864-3458 (J.F.).

orresponding author (e-mail: kristin.cummings@cdph.ca.gov).

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Triantafyllou GA, Tiberio PJ, Zou RH, Lamberty PE, Lynch MJ, Kreit JW,
et al. Vaping-associated acute lung injury: a case series. Am J Respir
Crit Care Med 2019;200:1430-1431.

. Krishnasamy VP, Hallowell BD, Ko JY, Board A, Hartnett KP, Salvatore

PP, et al.; Lung Injury Response Epidemiology/Surveillance Task
Force. Update: characteristics of a nationwide outbreak of e-cigarette,
or vaping, product use-associated lung injury - United States, August
2019-January 2020. MMWR Morb Mortal Wkly Rep 2020;69:90-94.

. Zou RH, Tiberio PJ, Triantafyllou GA, Lamberty PE, Lynch MJ, Kreit JW,

et al. Clinical characterization of e-cigarette, or vaping, product use-
associated lung injury in 36 patients in Pittsburgh, Pennsylvania. Am J
Respir Crit Care Med 2020;201:1303-1306.

. Heinzerling A, Armatas C, Karmarkar E, Attfield K, Guo W, Wang Y, et al.

Severe lung injury associated with use of e-cigarette, or vaping,
products-California, 2019. JAMA Intern Med 2020;180:861-869.

. Davidson K, Brancato A, Heetderks P, Mansour W, Matheis E, Nario M,

et al. Outbreak of electronic-cigarette-associated acute lipoid
pneumonia - North Carolina, July-August 2019. MMWR Morb Mortal
Wkly Rep 2019;68:784-786.

. Alzghoul BN, Innabi A, Mukhtar F, Jantz MA. Rapid resolution of severe

vaping-induced acute lipoid pneumonia after corticosteroid treatment.
Am J Respir Crit Care Med 2020;202:e32-e33.

. Butt YM, Smith ML, Tazelaar HD, Vaszar LT, Swanson KL, Cecchini MJ,

et al. Pathology of vaping-associated lung injury. N Engl J Med 2019;
381:1780-1781.

. Mukhopadhyay S, Mehrad M, Dammert P, Arrossi AV, Sarda R, Brenner

DS, et al. Lung biopsy findings in severe pulmonary illness associated
with e-cigarette use (vaping). Am J Clin Pathol 2020;153:30-39.

. Blount BC, Karwowski MP, Shields PG, Morel-Espinosa M, Valentin-

Blasini L, Gardner M, et al.; Lung Injury Response Laboratory Working
Group. Vitamin E acetate in bronchoalveolar-lavage fluid associated
with EVALI. N Engl J Med 2020;382:697-705.

Wu D, O’Shea, DF. Potential for release of pulmonary toxic ketene from
vaping pyrolysis of vitamin E acetate. Proc Natl Acad Sci U S A 2020;
117:6349-6355.

National Research Council. Acute exposure guideline levels for
selected airborne chemicals: volume 16. Washington, DC: National
Academies Press; 2014 [accessed 2020 Feb 20]. Available from:
https://www.ncbi.nim.nih.gov/books/NBK224928/.

US patent No. 5475144. Catalyst and process for synthesis of ketenes
from carboxylic acids. 1995 [2020 Aug 10]. Available from: https://
patents.google.com/patent/US5475144A/en.

US Patent No. 2483883. Catalytic production of ketene from acetic
acid. 1949 [2020 Aug 10]. Available from: https://patents.google.
com/patent/US2483883A/en.

Chen W, Wang P, Ito K, Fowles J, Shusterman D, Jaques PA, et al.
Measurement of heating coil temperature for e-cigarettes with a
“top-coil” clearomizer. PLoS One 2018;13:e0195925.

Dibaji SAR, Guha S, Arab A, Murray BT, Myers MR. Accuracy of
commercial electronic nicotine delivery systems (ENDS) temperature
control technology. PLoS One 2018;13:0206937.

Fowles J, Barreau T, Wu N. Cancer and non-cancer risk concerns from
metals in electronic cigarette liquids and aerosols. Int J Environ Res
Public Health 2020;17:2146.

Huang JF, Zhu DM, Ma JF, Zhong M. Acute respiratory distress
syndrome due to exposure to high-concentration mixture of ethenone
and crotonaldehyde. Toxicol Ind Health 2015;31:585-587.

Hardison LS Jr, Wright E, Pizon AF. Phosgene exposure: a case of
accidental industrial exposure. J Med Toxicol 2014;10:51-56.

Crotty Alexander LE, Ware LB, Calfee CS, Callahan SJ, Eissenberg T,
Farver C, et al. E-cigarette or vaping product use-associated lung
injury: developing a research agenda. An NIH workshop report. Am J
Respir Crit Care Med 2020;202:795-802.

1188 American Journal of Respiratory and Critical Care Medicine Volume 202 Number 8 | October 15 2020


http://www.atsjournals.org/doi/suppl/10.1164/rccm.202003-0654LE/suppl_file/disclosures.pdf
http://www.atsjournals.org
http://orcid.org/0000-0001-9264-5399
http://orcid.org/0000-0002-6956-3894
http://orcid.org/0000-0002-5422-9199
http://orcid.org/0000-0003-0594-4193
http://orcid.org/0000-0003-4337-622X
http://orcid.org/0000-0001-9864-3458
mailto:kristin.cummings@cdph.ca.gov
https://www.ncbi.nlm.nih.gov/books/NBK224928/
https://patents.google.com/patent/US5475144A/en
https://patents.google.com/patent/US5475144A/en
https://patents.google.com/patent/US2483883A/en
https://patents.google.com/patent/US2483883A/en

20. Bhat TA, Kalathil SG, Bogner PN, Blount BC, Goniewicz ML, Thanavala
YM. An animal model of inhaled vitamin E acetate and EVALI-like
lung injury. N Engl J Med 2020;382:1175-1177.

Copyright © 2020 by the American Thoracic Society

In Patients with ARDS, Optimal PEEP Should Not Be

Determined Using the Intersection of Relative Collapse
and Relative Overdistention

To the Editor:

With great interest, we read the article by van der Zee and colleagues
suggesting an individualized approach for setting the correct
amount of positive end-expiratory pressure (PEEP) in ventilated
patients with coronavirus disease (COVID-19) (1). In their
cohort of 15 mechanically ventilated patients with COVID-19,
they used electrical impedance tomography to study the relative
overdistention and relative collapse curves. The authors state that
optimal PEEP for these patients is at the intersection of these
curves and close to the values suggested in the high PEEP/Fio,
table. This intersection has indeed been used to set optimal PEEP
but only for mechanical ventilation during surgery (2).

Using the intersection of relative collapse and relative
overdistention suggests that both phenomena are equally
harmful for patients with acute respiratory distress syndrome.
Unfortunately, there is no evidence in the literature that supports
this assumption. In fact, several studies and reviews suggest the
opposite: overdistention may be more harmful (3-5).

We fully agree with the authors that an individualized approach
for mechanical ventilation for patients with COVID-19 (or any form
of acute respiratory distress syndrome for that matter) is very
important. But instead of recruitment of the lung with high PEEP,
prone positioning with lower PEEP levels could be considered to
improve oxygenation and to recruit parts of the lung. In 14 patients
admitted to our ICU, we have shown that using more PEEP often
leads to reduction in lung compliance and increase in dead space
ventilation, which suggests overdistention of alveoli (6).

In conclusion, although atelectrauma decreases with higher
levels of PEEP, hyperinflation increases, which is potentially even
more harmful. Therefore, using the intersection of the relative
overdistention and relative collapse with electrical impedance
tomography in patients with COVID-19 is not the technique to
determine optimal PEEP for the individual patient. What van
der Zee and colleagues do very elegantly show us with their
research, however, is that there is always a tradeoff with higher levels
of PEEP.

8This article is open access and distributed under the terms of the Creative
Commons Attribution Non-Commercial No Derivatives License 4.0 (http://
creativecommons.org/licenses/by-nc-nd/4.0/). For commercial usage and
reprints, please contact Diane Gern (dgern@thoracic.org).
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Reply to van den Berg and van der Hoeven 8
From the Authors:

We thank van den Berg and van der Hoeven for the opportunity to
further discuss our research letter in which positive end-expiratory
pressure (PEEP) was titrated at the level of lowest relative alveolar
overdistention and collapse based on electrical impedance
tomography (EIT) (1). In their comment, the authors argue that
PEEP should not be set at the minimum level of both alveolar
overdistention and collapse, as alveolar overdistention is potentially
more harmful.

8This article is open access and distributed under the terms of the Creative
Commons Attribution Non-Commercial No Derivatives License 4.0 (http://
creativecommons.org/licenses/by-nc-nd/4.0/). For commercial usage and
reprints, please contact Diane Gern (dgern@thoracic.org).
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