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Male, 20-year-old

e-Cigarette or vaping product use-associated lung injury ¢ pulmonary embolism ¢ renal infarction e
superficial venous thrombosis

Cough e fever « hemoptysis ¢ nausea ¢ shortness of breath ¢ vomiting ¢ weight loss

Critical Care Medicine ¢ Pulmonology

Rare co-existance of disease or pathology

In 2019, the US Centers for Disease Control and Prevention (CDC) described the criteria for the diagnosis of e-
cigarette or vaping product use-associated lung injury (EVALI), which may be caused by contamination of del-
ta-9-tetrahydrocannabinoid (THC) e-liquids with vitamin E acetate. This report describes a case of a 20-year-old
man with a history of recreational drug use that included vaping, who presented with EVALI and a coagulopa-
thy associated with thrombotic events.

We present a 20-year-old patient who worked at a cannabidiol (CBD) manufacturing facility with a history of
e-cigarette use and polysubstance abuse in remission who presented with respiratory and gastrointestinal
symptoms accompanied by 50-pound weight loss over 6 months. The patient had been vaping with nicotine
and THC-containing e-cigarettes multiple times per day for 1.5 years. He met the CDC surveillance criteria for
EVALI, consisting of respiratory symptoms and infiltrates on imaging within 90 days of vaping, and was found
to have eosinophilic pneumonia secondary to THC-containing e-cigarette use. Additionally, thrombi were de-
tected in the pulmonary arteries, right saphenous vein, and right ventricle. A segmental infarct was noted in
the inferior pole of the left kidney.

We present the second case report potentially linking e-cigarette use with clinically significant thrombogenesis,
the first with both arterial and venous thromboses. This report demonstrates the importance of taking a his-
tory of e-cigarette use in patients presenting with lung injury. Although EVALI and the diagnostic criteria have
only recently been described, systemic effects, including coagulopathy, are now being reported.

Acute Lung Injury ¢ Cannabis ¢ Tobacco Use Cessation Products ¢ Venous Thromboembolism e
Volatile Organic Compounds
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Background

Since entering the US market in 2007, e-cigarettes used for
vaping have gained widespread popularity, especially among
adolescents and young adults [1]. By late 2018, over 3.6 mil-
lion adolescents had been affected by the vaping epidemic,
as e-cigarette use increased in that year alone by 77.8% and
46.2% among high school students and young adults, respec-
tively [1,2]. Marketed as a safe alternative to traditional cig-
arettes, e-cigarettes largely appeal to younger demographics
through their convenient cartridge-based delivery systems and
formerly diverse array of flavors [3].

In 2019, however, increased e-cigarette use gave rise to an
outbreak of respiratory illness, which the Centers for Disease
Control and Prevention (CDC) coined e-cigarette, or vaping,
product use-associated lung injury (EVALI) [4]. By February
2020, over 2800 cases of EVALI had been reported, with 68
confirmed deaths throughout the United States [5]. Although
the exact toxicology of e-cigarettes remains unclear, products
containing delta-9-tetrahydrocannabinol (THC) contaminat-
ed by vitamin E acetate have been primarily implicated in the
EVALI outbreak [4,6].

EVALI involves a combination of gastrointestinal, constitutional,
and pulmonary symptoms that can rapidly progress to severe
hypoxemia and respiratory failure [5,7,8]. It remains a diagno-
sis of exclusion, based on symptoms, history of recent e-cig-
arette use, vital signs, and imaging studies. While not intend-
ed for diagnostic purposes, the CDC’s surveillance criteria for
confirmed EVALI cases include the following: (1) E-cigarette use
within 90 days of symptom onset, (2) presence of pulmonary
infiltrates on imaging, and (3) negative workup for pulmonary
infections or other disease processes [7-10]. Acute eosinophilic
pneumonia, diagnosed by >25% eosinophils on bronchoalve-
olar lavage (BAL), in addition to characteristic symptoms (fe-
brile illness and hypoxemic respiratory failure), with a detailed
history and clinical evaluation, is yet another complication of
e-cigarette use, albeit rarely reported. It is not clear whether
this rarity is due to lack of documentation of eosinophilia on
BAL in recent studies or clinical rarity [11,12].

Additionally, e-cigarettes have been found to enhance platelet
activation and thrombotic potential in animal studies, thereby
theoretically increasing the risk of cardiovascular disease and
acute clot formation [13,14]. Only one case report of pulmonary
embolism associated with EVALI has been documented [15].
Cannabis use has been associated with multiple case reports
of clinically significant arterial and venous thromboses [16-
18]. Although animal models have demonstrated no associa-
tion between cannabidiol (CBD) and increased thrombogen-
esis or platelet activation, there is no literature analyzing the
effect of THC on thrombohemostasis or platelet activity [19].
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Although increased arterial and venous thrombosis with ciga-
rette use in humans has been extensively demonstrated, there
is a lack of literature on e-cigarette use increasing thrombo-
genesis in humans [20,21]. Carbon monoxide, produced by the
combustion of tobacco, has been implicated as one of the many
harmful or potentially harmful chemical constituents that in-
creases thrombogenesis [20]. However, e-cigarettes have been
shown to produce little to no carbon monoxide [21]. Nicotine,
the main active ingredient with addictive properties in cig-
arettes and e-cigarette products, has been implicated in in-
creased thrombogenesis. Studies have demonstrated that nico-
tine modifies hemodynamics, resulting in increased shear force
on arterial endothelial cells, and additionally has an effect on
thrombohemostatic factors; however, the latter likely only plays
a minor role in increasing atherothrombotic events [22]. This
report is of a case of a 20-year-old man with a history of rec-
reational drug use that included vaping, who presented with
EVALI and a coagulopathy associated with thrombotic events.

Case Report

A 20-year-old man with current e-cigarette use and a past
medical history of polysubstance abuse, in remission, present-
ed to the emergency department (ED) with worsening short-
ness of breath, hemoptysis, subjective fevers, rigors, nausea,
and severe vomiting for 9 days. He was previously evaluated
7 days prior and was prescribed albuterol and ondansetron,
which provided inadequate relief of his symptoms. His symp-
toms progressively worsened over the next 3 days and he was
re-evaluated and started on ceftriaxone and doxycycline with
a presumptive diagnosis of pneumonia. After multiple urgent
care and family medicine clinic visits due to the patient’s poor
clinical progression, minimal improvement of his dyspnea with
home supplemental oxygen, and newly developed hemopty-
sis, the patient presented to the ED.

In the ED, the patient reported e-cigarette use with nicotine
products multiple times a day for approximately 1.5 years, av-
eraging about one 2-mL cartridge of “vape juice” daily. He also
vaped marijuana and THC-containing products occasionally 6
months prior to his presentation and had a history of polysub-
stance abuse, including heroin and methamphetamine, that
was in remission for 3 years. He denied any history of intrave-
nous drug use. In the past 6 months, he reported a 50-pound
weight loss associated with decreased appetite and early sa-
tiety which he contributed to his new job at a CBD manufac-
turing facility where he was exposed to multiple chemicals in
vaporized, aerosolized, and pulverized forms. He did not use
any occupational or industrial personal protective equipment
at this job. The patient denied any recent travel outside of the
country, but had been to Arizona in the past year. He denied
other exposures to mold or large animals.
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Figure 1. (A) Computed tomography of the chest demonstrating confluent bilateral ground-glass pulmonary opacities with septal
thickening and relative subpleural sparing in a lower lobe-predominant distribution; (B) Computed tomography angiography
of the chest demonstrating multiple bilateral pulmonary emboli (red arrows); (C) Computed tomography of the abdomen and
pelvis demonstrating a large left renal infarct (red arrows); (D) Transthoracic echocardiogram demonstrating a large mobile
mass on the free wall of the right ventricle (RV - right ventricle; LV — left ventricle; IVS — interventricular septum).

On physical exam, he was observed to be a cachectic male
patient in apparent respiratory distress. Vital signs showed
a temperature of 38.0°C, a blood pressure of 136/94, a heart
rate of 136 beats/min, a respiratory rate of 40/min, an oxy-
gen saturation of 80% on room air, and a body mass index of
17.62. The patient had slightly dry mucous membranes. He
was tachypneic with normal lung sounds bilaterally. His car-
diovascular exam revealed tachycardia. There were no other
significant physical exam findings. Due to his acute hypoxic
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respiratory failure, the patient was placed on supplemental
oxygen and admitted to the Intensive Care Unit.

Initial laboratory studies were significant for an elevated white
blood cell count of 24.3 K/uL with an elevated absolute eosin-
ophil count of 1.2 K/uL, a hemoglobin of 14.9 g/dL, a platelet
count of 247 K/pL, a creatinine level of 0.7 mg/dL, an interna-
tional normalized ratio of 1.4, a mild transaminitis, an elevat-
ed lactate dehydrogenase level of 609, and an elevated lactate
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level of 3.3. Antiphospholipid syndrome (APS) and systemic lu-
pus erythematosus workup were unremarkable. Extensive in-
fection workup was unremarkable, including a negative workup
for human immunodeficiency virus, hepatitis B virus, hepati-
tis C virus, and tuberculosis. Urine toxicology was positive for
THC, but was otherwise unremarkable. Blood cultures were
negative for bacterial or fungal growth.

Chest X-ray showed diffuse bilateral lung opacities, which were
greatest at the lung bases and most prominent on the right. A
computed tomography (CT) of the chest showed confluent bi-
lateral ground-glass pulmonary opacities with septal thickening
and relative subpleural sparing in a lower lobe-predominant
distribution (Figure 1A). A CT angiography showed multiple bi-
lateral pulmonary emboli (Figure 1B). CT scan of the abdomen
and pelvis also showed a wedge-shaped hypoattenuation of
the inferior pole of the left kidney, which was concerning as
it might indicate a segmental infarct (Figure 1C). A transtho-
racic echocardiogram was remarkable for a 2.0x1.3 cm mobile
mass on the free wall of the right ventricle and a 0.8x0.5 cm
mobile mass attached to the chordae. These were believed to
be thrombi, but no patent foramen ovale or ventricular septal
defect was identified (Figure 1D). Lower-extremity Doppler ul-
trasound demonstrated a superficial venous thrombus in the
right saphenous vein, but no deep venous thromboses.

The patient was started on broad-spectrum antibiotics and
solumedrol for possible pneumonia. Bronchoscopy with BAL
showed 39% eosinophils and 50-60% lipid-laden macro-
phages when stained with oil red O dye. No lung biopsy was
performed, and we were unable to obtain a histological slide
showing BAL. Lavage culture was negative for infection. He
was also started on a heparin drip for his multiple arterial and
venous thromboses.

Based on his presentation of acute hypoxemic respiratory fail-
ure in the setting of failed outpatient antibiotic therapy for
pneumonia and a history of heavy e-cigarette use, we suspect-
ed that the patient’s symptoms were due to e-cigarette-related
acute lung injury. This patient effectively met the CDC’s surveil-
lance criteria for EVALI, as he had a history of vaping within 90
days of symptom onset, pulmonary infiltrates on both chest
X-ray and CT scan, and a negative workup for both infection
and autoimmune disease [14,15]. In addition, we suspected
that the most likely etiology of his arterial and venous emboli
was activation of the coagulation system caused by a profound
inflammatory state secondary to e-cigarette-related products.

Subsequently, the patient’s antibiotics were discontinued, and
he was transitioned to a 10-day course of prednisone. Heparin
was transitioned to therapeutic enoxaparin and later switched
to apixaban prior to discharge. The patient was discharged,
with follow-up for thrombosis, pulmonology, and hematology/

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€929915-4

Harada HA. et al:
EVALI and thrombotic coagulopathy
© Am J Case Rep, 2021; 22: €929915

oncology, to primary care clinics with plans for anticoagula-
tion for a minimum of 3 months. Genetic workup for addition-
al thrombophilias and hypercoagulability workup in the out-
patient setting were unremarkable. Hematology and oncology
consultants suggested that hypereosinophilic syndrome and
malignancy were inconsistent with his presentation. His fol-
low-up echocardiogram 5 months later showed complete res-
olution of the right ventricular thrombi. As a result, the pa-
tient’s apixaban was discontinued and he was encouraged to
continue with his cessation of e-cigarette use. The patient’s
written informed consent for publication of case details and
images was obtained.

Discussion

Our case not only illustrates the adverse pulmonary effects of
THC-containing e-cigarettes due to vitamin E acetate, but also
warns of the thrombogenic potential associated with EVALI [6].
E-cigarette use has become a significant public health concern
in the adolescent and young adult populations, especially since
the identification and surge of EVALI cases in 2019 [11]. Though
considered generally safe for oral intake, vegetable glycerin
and propylene glycol, 2 chemicals commonly found in “e-lig-
uids”, can form toxic aldehydes when heated; these, in turn,
can impair the function of alveolar macrophages, disrupt sur-
factant homeostasis, increase oxidative stress, and promote
aberrant platelet activation [1,23]. Additionally, many flavoring
agents found in “e-liquids”, such as diacetyl, appear to exert cy-
totoxic effects, forming toxic carbonyls when aerosolized [23].
By tinkering with pulmonary gene expression, inhaled diacetyl
appears to alter the cytoskeletal and ciliary structure of bron-
chial epithelial cells, inducing airway injury and promoting a
fibroproliferative response that can lead to bronchiolitis oblit-
erans or “popcorn lung” [23,24]. Because our patient present-
ed prior to the FDA ban on flavorings in “e-liquids”, his “vape
juice” most likely contained an assortment of flavoring agents
and additives, in conjunction with propylene glycol and veg-
etable glycerin [23]. Frequent inhalation of these substances
likely predisposed our patient to acute lung injury.

The adverse effects of the patient’s e-cigarette use were pos-
sibly confounded by his occupational exposure to aerosolized
CBD or vaporized solvents such as ethanol or toluene. Cannabis
manufacturing facilities can additionally expose workers to or-
ganic dusts including endotoxins, fungi, and bacteria, as well
as volatile organic compounds, such as diacetyl, ethanol, and
toluene [25-27]. In mouse models, chronic exposure to etha-
nol vapors has been shown to increase pulmonary inflamma-
tory cell infiltration (not associated with significant lung injury,
however), but there was no mention of augmenting thrombo-
genesis [28]. There has been one case report of inhalation of
toluene causing acute lung injury in a factory worker; however,
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this study did not document BAL results, and larger studies of
toluene toxicity fail to demonstrate other pulmonary or throm-
bogenic adverse effects of toluene [29,30]. While our patient
had no evidence of infection, his occupational hazards might
have promoted respiratory inflammation and irritation.

One explanation for the patient’s weight loss in the context
of gastrointestinal symptoms and concurrent e-cigarette use
containing THC could be cannabinoid hyperemesis syndrome.
One of many proposed mechanisms of cannabinoid hyper-
emesis syndrome hypothesizes that THC accumulates in ce-
rebral fat, which may lead to toxicity and emesis in sensitive
patients [31]. Gastrointestinal adverse effects of nicotine in-
clude increased risk of gastric ulceration and occasionally di-
arrhea and nausea [32]. Although he did not have signs or
symptoms suggestive of gastric ulceration, nicotine may have
played a minor role in his nausea and vomiting. Although a vi-
ral syndrome could not be definitively ruled out as the cause
of the patient’s respiratory and gastrointestinal symptoms, his
6-month history of weight loss was not consistent with that of
a viral syndrome. Chronic eosinophilic pneumonia is addition-
ally a possibility given the patient’s chronic exposure to e-cig-
arettes and chemicals in his workplace and profound weight
loss over 6 months. Chronic eosinophilic pneumonia has an
insidious onset with weight loss, fever, cough, and dyspnea. A
BAL of greater than 40% eosinophils is demonstrated in over
80% of these patients and peripheral eosinophilia is demon-
strated in 88-95% of these patients [33-35]. Although his BAL
eosinophil count was 39%, it is very likely that the constella-
tion of his symptoms could be due to chronic eosinophilic syn-
drome elicited by e-cigarettes, as he had complete resolution
of symptoms without the need for steroids on outpatient fol-
low-up. Lastly, dehydration from gastrointestinal losses could
have played a role in thrombogenesis in our patient, as multi-
ple studies have linked dehydration and hypernatremia with
increased thrombogenesis [36-39]. Hypernatremia has been
shown to stimulate production of multiple proinflammatory
signaling molecules and thrombogenic molecules by endothe-
lial cells, most notably von Willebrand factor, a key initiator of
the clotting cascade [38,39]

The addition of THC to e-cigarettes has proven particularly det-
rimental to users’ pulmonary function. About 83% of EVALI cas-
es thus far have been linked to THC or CBD-containing prod-
ucts, and vitamin E acetate has been identified as a potential
culprit in THC-related toxicity [4,6]. Vitamin E acetate, often
used as a thickening agent in e-liquids containing THC, has
been detected in a preponderance of BAL samples from EVALI
patients, implicating its role in the development of respiratory
distress. Tocopherols, such as vitamin E acetate, stimulate the
transition of phosphatidylcholines from a gel to a liquid crys-
talline phase. By altering the properties of surfactants’ compo-
nents, vitamin E acetate can destabilize the pulmonary surface
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tension that is required for respiration [40,41]. Additionally,
heating vitamin E acetate can generate ketene, an extremely
reactive gas that can cause severe pulmonary toxicity at high
concentrations [42]. This combination of ketene formation and
surfactant dysfunction likely contributed to our patient’s acute
hypoxemic respiratory failure, as he reported regular use of
THC-containing e-cigarette products.

EVALI is characterized by a constellation of respiratory, consti-
tutional, and gastrointestinal symptoms, which can ultimately
progress to respiratory failure, necessitating mechanical ven-
tilation. Lab findings include increased inflammatory mark-
ers, mild transaminitis, and leukocytosis. The histopathology
of EVALI is diverse, ranging from acute eosinophilic and or-
ganizing pneumonia to diffuse alveolar damage and acute fi-
brinous pneumonitis [1]. Foamy macrophages and vacuolat-
ed pneumocytes, although nonspecific, have been consistently
identified in EVALI patients, regardless of histopathologic pat-
tern. Although several reports have attributed this to exoge-
nous lipoid pneumonia, the histological and radiological ev-
idence for this has been lacking, pointing instead towards a
chemical pneumonitis [4]. Our patient’s bronchoscopy was
consistent with this finding, as his BAL showed 50-60% lip-
id-laden macrophages. Meanwhile, the patient’s eosinophilia,
both peripherally and on BAL (39% eosinophils), is consistent
with a histopathological pattern of acute eosinophilic pneu-
monia [38-40]. Finally, the CT scan of his chest revealed con-
fluent ground-glass opacities, a common imaging finding in
EVALI and acute eosinophilic pneumonia.

This patient’s presentation was particularly unique due to the
arteriovenous thromboses complicating his disease course from
the outset. Inpatient and outpatient coagulopathy workups
were unremarkable for our patient. To our recollection, there
is only one other case report documenting pulmonary throm-
boembolism associated with e-cigarette use, which was de-
tected upon re-admission after an episode of EVALI with ap-
propriate inpatient venous thromboembolism prophylaxis [15].
However, our case is unique because both arterial and venous
thromboses were identified early in the patient’s hospital ad-
mission, making prolonged supine positioning less likely a risk
factor in developing venous thromboembolism. Although data
remain limited, e-cigarettes have been linked to platelet activa-
tion and thrombus formation in animal models. Even brief ex-
posure to nicotine-containing e-cigarettes has been shown to
increase arterial stiffness and carotid artery occlusion in animal
studies, suggesting a prothrombotic effect [13]. Upregulation
of platelet aggregation and adhesion has also been observed
in animal studies following e-cigarette use, resulting in a hy-
percoagulable state overall [13,46]. Additionally, inflammation
itself is a known stimulus of thrombogenesis, as it promotes
the activation of endothelial cells and platelets, resulting in
upregulation of the coagulation cascade [47]. As evidenced
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by his leukocytosis and meeting 4 out of 4 systemic inflam-
matory response syndrome criteria, the patient was likely in
a heightened proinflammatory state secondary to his acute
eosinophilic pneumonia; this, in conjunction with theoretical
vape-induced platelet aggregation and coagulation, likely gave
way to our patient’s systemic thromboses [48].

Complications notwithstanding, the management of EVALI and
acute eosinophilic pneumonia involves both pharmacological
therapy and supportive care. Because EVALI is a diagnosis of
exclusion, many patients receive empiric antibiotic therapy un-
til infectious agents can be more definitively excluded. Steroids
represent the mainstay of care, for both EVALI and acute eo-
sinophilic pneumonia, and their dosing and duration depend
primarily on the severity of patients’ symptoms. Additionally,
supplemental oxygen and mechanical ventilation may be nec-
essary for patients undergoing respiratory decompensation
[49]. Our patient’s respiratory symptoms resolved on a 10-
day course of prednisone, coupled with supportive care dur-
ing his hospital stay. A 5-month course of anticoagulation was
also administered to protect against further thrombogenesis.
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Conclusions

We report a case of EVALI with a pattern of acute eosinophilic
pneumonia, complicated by multiple arteriovenous thrombo-
ses presumed secondary to widespread inflammation. To the
best of our knowledge, only one case of post-EVALI thrombo-
genesis has been recorded and our case is the first to dem-
onstrate both arterial and venous thromboses. Given the in-
creasing prevalence and limited regulation of e-cigarettes, this
report further demonstrates the importance of taking a his-
tory of e-cigarette use in patients presenting with lung injury.
Although EVALI and the diagnostic criteria have only recent-
ly been described, systemic effects that include coagulopathy
are now being reported.
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