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Journal of the American Heart Association

SPECIAL REPORT

E-cigarette or Vaping Product
Use—Associated Lung Injury Produced
iIn an Animal Model From Electronic
Cigarette Vapor Exposure Without
Tetrahydrocannabinol or Vitamin E Qil

Michael T. Kleinman, PhD; Rebecca Johnson Arechavala “*, BS; David Herman “/, PhD; Jianru Shi, PhD;
Irene Hasen, BS; Amanda Ting, BS; Wangde Dai “*, MD; Juan Carreno, RLATG, CMAR; Jesus Chavez, AS, BS;
Lifu Zhao, MD; Robert A. Kloner “, MD, PhD

ABSTRACT: E-cigarette or vaping product use—associated lung injury was recognized in the United States in the summer of
2019 and is typified by acute respiratory distress, shortness of breath, chest pain, cough, and fever, associated with vaping.
It can mimic many of the manifestations of coronavirus disease 2019 (COVID-19). Some investigators have suggested that
E-cigarette or vaping product use—associated lung injury was due to tetrahydrocannabinol or vitamin E acetate oil mixed with
the electronic cigarette liquid. In experimental rodent studies initially designed to study the effect of electronic cigarette use
on the cardiovascular system, we observed an E-cigarette or vaping product use—associated lung injury-like condition that
occurred acutely after use of a nichrome heating element at high power, without the use of tetrahydrocannabinol, vitamin E, or
nicotine. Lung lesions included thickening of the alveolar wall with foci of inflammation, red blood cell congestion, obliteration
of alveolar spaces, and pneumonitis in some cases; bronchi showed accumulation of fibrin, inflammatory cells, and mucus
plugs. Electronic cigarette users should be cautioned about the potential danger of operating electronic cigarette units at high
settings; the possibility that certain heating elements may be deleterious; and that E-cigarette or vaping product use—associ-
ated lung injury may not be dependent upon tetrahydrocannabinol, vitamin E, or nicotine.
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electronic cigarettes (€C) are relevant to the

American Heart Association’s commitment to re-
search and harm reduction; vaping can increase blood
pressure, endothelial dysfunction, and the risk of myo-
cardial infarction and stroke. A condition, which was
dubbed “E-cigarette or vaping product use—associ-
ated lung injury” (EVALI) was recognized in the United
States in June 2019 and peaked in September 2019;
new cases continue to be reported. In March 2020
there were 2800 US cases and 68 deaths reported.

Studies of the cardiovascular consequences of

Typical victims are young males who recently have
been using eC (vaping) and present with acute respira-
tory distress including shortness of breath, chest dis-
comfort, cough, fever, and fatigue. Chest X-rays have
shown bilateral pulmonary infiltrates, computed to-
mography scans have shown “ground glass” appearing
lung infiltrates, and histology has shown pneumonitis,
bronchiolitis, and alveolar damage."* A total of 82%
of reported cases included use of tetrahydrocannabi-
nol (THC), leading the Centers for Disease Control and
Prevention to suggest that THC or cannabidiol and/or

Correspondence to: Robert A. Kloner, MD, PhD, Cardiovascular Research Institute, Huntington Medical Research Institutes, 686 S. Fair Oaks Avenue,
Pasadena, CA 91105. E-mail: robert.kloner@hmri.org or Michael T. Kleinman, PhD, Department of Community and Environmental Medicine, University of

California, Irvine, CA 92717. E-mail: mtkleinm@uci.edu
For Sources of Funding and Disclosures, see page 4.

© 2020 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use

is non-commercial and no modifications or adaptations are made.
JAHA is available at: www.ahajournals.org/journal/jaha

J Am Heart Assoc. 2020;9:e017368. DOI: 10.1161/JAHA.120.017368


mailto:﻿
https://orcid.org/0000-0002-9799-2610
https://orcid.org/0000-0002-4381-4114
https://orcid.org/0000-0003-4797-0138
https://orcid.org/0000-0002-6258-0544
mailto:﻿
mailto:robert.kloner@hmri.org
mailto:mtkleinm@uci.edu
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha

Kleinman et al

Nonstandard Abbreviations and Acronyms

eC electronic cigarette
NC nickel-chromium alloy (nichrome)
THC tetrahydrocannabinol

the vitamin E acetate oil, which is used to dilute these
additives, were possible culprits. In addition, 57% of
EVALI cases reported using nicotine. While THC and
perhaps cannabidiol, vitamin E acetate, or nicotine
may be contributing factors, we are reporting that an
experimental form of EVALI was induced in a rodent
model without these additives, under controlled labora-
tory conditions, which reproduces many of the clinical
findings in humans with EVALI. Animal use protocols
were approved by both the University of California at
Irvine’s and Huntington Medical Research Institutes’
Institutional Animal Care and Use Committees. The
data that support the findings of this study are avail-
able from the corresponding author upon reasonable
request.

The basic goals of our studies were to compare
the effects of eC vapor (with and without nicotine),
versus tobacco smoke, versus air on rat cardiovas-
cular physiology and pathology. Prior to September
2019, we were studying eC vapor generated from
propylene glycol/vegetable glycerin (50% each) plus
tobacco flavor (classic tobacco flavoring, “single
shot,” which is the lowest dose available, from Vapor
Fi.com), plus nicotine, using a stainless-steel atom-
izer (SS) heating element. None of these rats (>30
experiments) developed respiratory distress. The eC
device we were using went off market and a substi-
tute device was offered as an alternative. The new
device was physically compatible with our exposure
system, but the heating element changed from SS
to a nickel-chromium alloy (NC). Heating elements in
commercially available eC are usually made of stain-
less steel, nickel-chromium or nichrome, Kanthal
nickel, or titanium. We resumed our experiments
using the same eC liquid (propylene glycol/vegeta-
ble glycerin) plus tobacco flavoring, in the no-nicotine
group, during the months of September to November
2019. Eighteen rats received a single, nose-only,
acute eC exposure for 2 hours (NC heating element,
60 or 70 W); five rats received one exposure of eC
vapor using the older SS heating element for 2 hours
(60 or 70 W); seven rats received a single, nose-only,
2-hour exposure to air (Table). None of the air-ex-
posed rats developed respiratory distress. None of
the 5 rats exposed using SS heating elements de-
veloped respiratory distress, whereas 14 of 18 rats
exposed using NC heating units developed clinical
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acute respiratory distress (all of these rats had been
exposed to the 70-W power setting; P<0.05 Fisher’s
exact test), characterized by labored mouth breath-
ing (highly unusual in rats, which are obligatory nose
breathers), lack of activity, and audible wheezing.
One rat became moribund and had to be euthanized
as per the veterinary staff.

Histology was performed for 19 rats euthanized
after the first few days of exposure. Histology was
available in 5 rats exposed to air, in 9 eC rats ex-
posed using NC heating element (7 rats at 70 W and
2 at 60 W), and 5 eC rats exposed using the SS heat-
ing element (3 at 70 and 2 at 60 W). Semiquantitative
histologic analysis was performed using a scoring
system derived in part from a previous study.® A
score of 0=no lesion; 1<10% of the lung and bronchi
involved; 2=11% to 25% involvement; 3=26% to 50%
involvement; 4=51% to 75% involvement; and 5=76%
to 100% involvement. An estimate of the extent of
the lung and bronchial lesion involvement in hema-
toxylin and eosin—-stained sections was assessed in
a blinded fashion. Histology of the 5 rats exposed
to air showed normal bronchial and alveolar struc-
ture (Score=0; Figure—Panels A and B). Two of 7
rats exposed to the NC heating unit at 70 W showed
pneumonitis, with scores of 5 and 4 (Figure—Panels
C through F); 4 showed multiple foci of pulmonary in-
flammatory cells, with a score of 1 (Figure—Panel G).
Histology of the moribund rat exposed to eC using
NC/70 had a score of 2 with accumulation of fibrin
and inflammatory cells in the lumen of the trachea.
One of 2 rats in the NC heating unit and 60-W group
showed small foci of inflammation with a score of 1;
the other NC/60 rat appeared normal (score=0). Two
of 2 rats in the SS/60-W group showed normal his-
tology (score=0); 2 of 3 rats in the SS/70-W group
showed normal histology (score=0; Figure—Panel
H); one showed a small area of inflammation with a
score of 1.

An EVALI-like condition can be induced in an ani-
mal model after exposure to tobacco-flavored propyl-
ene glycol/vegetable glycerin, operated at high power
setting and heated with a nichrome heating coil, with-
out the addition of THC, vitamin E acetate, or nicotine.
Chemical composition of vapor, reactive oxygen spe-
cies,® and particle size may all play a role. Vaporization
of propylene glycol/vegetable glycerin at a higher tem-
perature may also have contributed, but was not mea-
sured in our study.

We are reporting these initial findings now, even
though our studies are continuing, because of their
public health significance in light of the life-threaten-
ing potential of the EVALI epidemic as well as con-
cern over vaping in the coronavirus disease 2019
(COVID-19) era. eC users should be cautioned about
the potential danger of operating units at higher than
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Figure. Hematoxylin and eosin staining of respiratory system sections of rats.

A, Bronchus and alveoli from control air rat, showing intact epithelial cells and thin alveolar walls (original
magnification x10). B, Alveoli of another air-exposed control rat. Note the thin alveolar walls and minimal
cellularity in the interstitial areas (original magnification x10). C, Alveolar region of an eC-exposed rat
using the NC/70-W heating element. Obliteration of alveolar spaces, thickened alveolar walls, infiltration
of inflammatory cells, red cell congestion (original magnification x10). D, Bronchus from rat shown in
(C). Lumen of bronchus shows mucus plug with inflammatory cells (arrow). Bronchial epithelium shows
wavy or folded pattern that may suggest bronchospasm (original magnification x10). E, eC NC/70-W
rat showing very thickened alveolar septum and prominent inflammatory cellular infiltration (original
magnification x10). F, eC NC/70-W from another rat showing infiltration of inflammatory cells in the alveoli,
including neutrophils (original magnification x50). G, Another eC NC/70-W rat showing perivascular
inflammation in the adventitia (original magnification x10). H, Alveolar region of an eC exposed rat using
the SS heating element. Alveoli appear normal (original magnification x10). NC indicates nickel-chromium
alloy (nichrome); and SS, stainless steel atomizer.

J Am Heart Assoc. 2020;9:e017368. DOI: 10.1161/JAHA.120.017368 3



Kleinman et al

Table. Groups Studied

NC Heating SS Heating
Group Air (n=7) Element (n=18) Element (n=5)
60-W N/A 2 2
70-W N/A 16 3

N=number of rats in each group. NC indicates nickel-chromium alloy
(nichrome); and SS, stainless steel atomizer.

recommended settings and be aware that adverse
effects can occur without THGC, vitamin E, or nicotine.
A limitation of this study is that we did not assess
the effects of eC without flavoring; however, the fact
that the e-liquid and flavoring was the same for both
heating elements, but the EVALI-like syndrome only
occurred in the NC group, makes it unlikely that the
tobacco flavoring used in the eC was the sole culprit.
However, this does not rule out that possibility that
other flavorings that we did not test could contribute
to lung injury.
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