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ABSTRACT
The electronic cigarette (EC), was initially introduced as a safe alternative to conven
tional cigarette smoking While initially seemingly innocuous, over 2800 E-cigarette, or 
Vaping, product use-associated lung injury (EVALI) cases have been reported in the USA, 
with a spectrum of clinical severity ranging from mild dyspnea to overt respiratory 
failure In this report we highlight three EVALI cases whom presented with dyspnea 
and a variety of non-specific symptoms. Diagnostic imaging demonstrated bilateral 
reticular infiltrates and ground-glass opacities with lymphadenopathy. Clinically, patients 
failed to respond to empiric antibiotics but improved after initiating steroids. Consistent 
with prior case series, our patients reported exposure to EC liquids containing tetrahy
drocannabinol (THC)/cannabidiols (CBD) additives, suggesting Vitamin E acetate as the 
potentially harmful constituent. In this case series and review, we not only summarize 
prior clinical studies that have evaluated the effects of vaping on cardiopulmonary 
function as well as case reports on EVALI, but also discuss the pathophysiology of 
vaping and EVALI. It remains unclear not only why some individuals develop EVALI, 
but why the clinical and pathological presentations vary. EVALI remains a significant 
public health concern and clinicians must maintain a high index of suspicion for this 
novel phenomenon.
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1. Introduction

Electronic cigarettes (EC) produce an aerosol by heating 
liquid that contains a glycerin and propylene glycol base 
along with additives such as nicotine, flavorings, THC, 
or CBD. This process, vaping, was introduced as an 
alternative to conventional cigarette smoking and over 
the past decade popularity has increased [1]. While 
initially marketed as a safe, tobacco-cessation product, 
numerous scientific studies have suggested that a host 
of factors could predispose to the development of car
diopulmonary disease – heavy metals, flavorings, toxic 
byproducts from vaporizing – yet, the actual concentra
tions at which these substances are deposited onto the 
respiratory epithelium, alveolar-capillary interface, or 
within the blood are low, and conflicting studies suggest 
that vaping is a ‘safe alternative’ compared to tobacco 
use. More recently, however, these studies have been 
underscored by an entirely new disease entity, 
E-cigarette, or Vaping, product use-associated lung 
injury (EVALI), a heterogeneous collection of respira
tory pathology with symptoms ranging from mild dys
pnea to overt respiratory failure [2,8]. In cases of 
EVALI, Vitamin E acetate, a contaminant found exclu
sively in THC/CBD-containing compounds, has been 
suggested as the culprit [9]. Here, we present 3 cases of 
EVALI that presented to our facility and provide 

a literature review not only on the direct physiological 
effects of vaping, but expound on its potential patho
physiological mechanisms.

2. Case presentation

Three patients reported a history of vaping with THC- 
only or THC/Nicotine-containing liquids (length of 
time ranging from four months to two years) (Table 
1). All patients presented with dyspnea and a variety of 
non-specific constitutional symptoms (fever, headache, 
nausea, vomiting, and diarrhea), with a duration of 
five days to two months (Table 2). Laboratory workup 
demonstrated neutrophil-predominant leukocytosis 
and elevated inflammatory markers. Imaging demon
strated bilateral reticular infiltrates and ground-glass 
opacities with occasional lymphadenopathy (Figures 1 
and 2). Empiric antibiotics were administered for sep
sis of presumed pulmonary etiology. Workup for bac
terial, viral, and fungal etiologies were negative. One 
patient underwent bronchoscopy with bronchoalveolar 
lavage and biopsy that showed no acute pathology 
(Figure 3). Antibiotic therapy was discontinued in 
the setting of lack of clinical improvement and high- 
dose steroids initiated, leading to clinical and radiolo
gical improvement.
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3. Discussion

3.1. Vaping: to vape or not to vape

Despite the early reputation of EC as a safe smoking 
cessation aid, major scientific communities including 
the WHO and US-FDA, noted not only that the EC is 
‘not considered to be a legitimate therapy for smokers 
trying to quit and not a proven nicotine-replacement 
therapy,’ but also that there existed ‘no scientific evi
dence to confirm the product’s safety’ [10]. Borne out of 
this uncertainty, a variety of in vitro, in vivo, and clinical 
studies were conducted to evaluate the safety and 
potential toxicity profiles of EC and various EC- 
liquids on a cellular, organismal, and functional per
spective, respectively. In vitro studies utilized a variety 
of designs and focused on a few critical areas – EC- 
liquids (direct liquid, vapor condensate, and vapor), 
flavorings, toxic metals, and coil power – in two main 
model systems – direct application in cell culture or an 
air-liquid interface cell-based system. Sassano utilized 
high-throughput to evaluate large amounts of EC- 
liquids simultaneously, highlighting that not only are 
EC-liquids extremely heterogenous, but that increased 
concentrations of the base EC-liquid, resulted in 
increased cellular toxicity [11]. Furthermore, multiple 
in vitro studies have confirmed that certain flavor addi
tives, vanillin and cinnamaldehyde, were associated 
with higher toxicity [11–15].

Functional human studies have demonstrated con
flicting and controversial data regarding the physiolo
gical effects on cardiopulmonary function. Results 
demonstrated that compared to EC, a return to tobacco 
for as little as one week demonstrated not only signifi
cantly increased levels of carbon monoxide and carbox
yhemoglobin, but also significantly reduced FEV1 and 
FVC [16]. The authors furthermore highlighted signifi
cantly reduced alveolocapillary membrane damage 
when compared to traditional tobacco use, suggesting 
an increased safety profile of EC use [16].

3.2. E-cigarettes, or vaping, product 
use-associated lung injury

Multiple cases of EVALI were reported not only in 
the Unities States, with a heterogenous distribution of 
pathology – hypersensitivity pneumonitis, eosinophi
lic pneumonia, organizing pneumonia – but also in 
a variety of different countries – Japan (acute lung 
injury with prominent lipid-laden macrophages), 
Guam (diffuse alveolar hemorrhage), Australia, and 
the UK (lipoid pneumonia) [17–23]. Similar to initial 
reports, all individuals presented with similar symp
tomatology – dyspnea and fever – similar laboratory 
and imaging diagnostics – leukocytosis and bilateral 
ground-glass opacities – and demonstrated sympto
matic, functional, and radiological improvement fol
lowing steroids. In addition, all cases shared an 
underlying history of vaping and pathological find
ings of lipid-laden macrophages, though no data 
existed on the type of EC nor EC-liquid. Scattered 
reports did highlight cases that specifically identified 
antecedent vaping of THC-containing EC-liquids, 
suggesting a possible association of THC-containing 
EC-liquids and EVALI [24,25].

Of the published case series on EVALI, a set of 
common characteristics were noted: (1) History of sev
eral days of pulmonary symptoms (shortness of breath 
and cough, less commonly hemoptysis) temporally 
associated with vaping [3,26–31], (2) Exposure to EC- 
liquids containing THC oil, with frequent co-exposure 
to nicotine, however some cases have been identified in 
those who reported vaping exclusively nicotine pro
ducts [3], (3) Concomitant gastrointestinal symptoms 
[3,25,27]. Typical objective findings on presentation 
were tachypnea and hypoxia, while characteristic 
laboratory diagnostics demonstrated leukocytosis with 
neutrophil predominance, mild transaminase elevation, 
and an elevated ESR [3]. On diagnostic imaging, the 
presence of bilateral infiltrates was practically universal 

Table 1. Patient demographics, smoking, and vaping history.
Case Number 1 2 3

Age 50 33 35
Gender Female Male Male
Race White White African American
Marital status Single Single Single
Employment 

status
Unemployed Full-time Unemployed

Smoking 
history

Former smoker, about 35PY, quit 4 months ago and 
started E-cigarettes; no marijuana.

Never smoker; no 
marijuana.

Former smoker, about 0.25pack/day, quit 1.5 years ago; 
smokes marijuana daily since then.

Length of 
vaping 
history

4 months 2 years One episode of vaping 2 months before admission, 
with dyspnea thereafter

Product Unknown THC Marijuana
Last day of 

vaping
Unknown One day prior to 

admission
The day before admission

Brand Unknown Changed supplier 
recently

Unknown

Table 2. All three patients were relatively young (age < 50), of mixed gender (2/3 male, 1/3 female), and mixed race (2/3 Caucasian, 1/3 African 
American). All had a prior vaping history utilizing non-THC and THC-containing products for a range of 4 months to 2 years. The onset of the 
symptoms consistently occurred following the vaping of products of unknown origin purchased illicitly. Abbreviations: PY – pack years; THC – 
tetrahydrocannabinol. 
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with CT revealing bilateral ground grass opacities with 
a predominantly basilar distribution and subpleural 
sparing [32]. Taken together, these preliminary studies 
afforded the CDC to opportunity to provide interim 
diagnostic criteria for the identification of probable and 
confirmed cases of pulmonary disease associated with 
E-cigarette use, or EVALI, as well as guidance on the 
management of such cases, with specific instruction to 
avoid purchasing illicit THC-containing products, and 
moreover to avoid THC-containing products altogether 
[3,26,29,33]. Consistent with these previous reports, all 
patients presented in this case series reported a similar 
constellation of presenting symptoms – dyspnea, pro
ductive cough, pleuritic chest discomfort, and intermit
tent fever – that was temporally associated with vaping, 
specifically of THC-containing products. Diagnostics 
demonstrated leukocytosis with associated neutrophilic 
predominance, mild transaminase elevation, and the 
absence of concomitant infection. Imaging confirmed 
the presence of bibasilar ground glass opacities. While 

one patient presented in this case series noted predo
minantly gastrointestinal symptomatology, symptoms 
were felt to be a confounding factor, as they predated 
vaping history. Nonetheless, patients with vaping his
tory may present with no symptoms at all but have 
ground-glass opacities on CT (Figure 2(i,j)).

3.3. Pathobiology of vaping-associated lung 
injury

During the evaluation of EVALI-mediated hypoxic 
respiratory failure, all patients underwent CT imaging 
which demonstrated the presence of bilateral ground 
glass opacities, and several patients underwent broncho
scopy, bronchoalveolar lavage, and lung biopsy to further 
characterize the specific type of lung-injury. 
Unfortunately, there appeared to be no single underlying 
pathology with a wide range of reported patterns of 
pneumonitis – acute eosinophilic pneumonia, eosinophi
lic pneumonitis, organizing pneumonia, lipoid pneumo
nia, diffuse alveolar hemorrhage, and hypersensitivity 
pneumonitis [17–22,34]. Despite the varied gross patho
logical descriptions, a common feature was the presence 
of ground glass opacities, lipid-laden macrophages, and 
pneumocyte vacuolization [3,27,29,34,35]. Multiple 
reports suggested that the presence of lipid-laden macro
phages within the lung is a common pathologic feature 
[3,21], suggesting pathogenic similarity to lipoid pneu
monia [3,21,36,37]. In our series, similar to others, BAL 
demonstrated scattered reactive bronchial cells with 
a background of pigmented macrophages and mixed 
inflammatory cells. While Oil Red or Sudan staining 
was not performed, macrophages were not noted to be 
vacuolated, suggesting the absence of lipid-laden macro
phages. Lingular biopsy was negative for tumor and 
granuloma. Currently, our understanding of the patho
physiology of the cellular and molecular mechanisms 
underlying EVALI continues to evolve and it we 
hypothesize that EVALI actually represents an umbrella 
term to describe a variety of pathologies that result in 
airway damage and hypoxemia.

Lipoid pneumonia has been well documented in 
the literature, first formally described by Laughlen 
[38]. In this landmark work, Laughen described ‘an 
unusual microscopic picture in autopsy sections from 
cases of pneumonia, that were found in all lobes of 
the lung except the left upper lobe’ [38]. Of the 
examined specimens, alveoli contained ‘almost exclu
sively, large vacuolated mononuclear cells, that con
tained so many droplets that they were distorted in 
shape and considerably swollen’. The droplets were 
noted to be exclusively of oil with the ‘oil containing 
cells appearing healthy, even those loaded with dro
plets’. Retrospective analysis noted that all patients 
had received various lipophilic compounds via naso
pharyngeal administration – paraffin or menthol/aba
lone (a ‘customary practice to treat nose and throat 

Figure 1. Chest X ray. Chest radiographs depicting 
a spectrum of EVALI. (a) and (b) Chest radiographs of case 
1. (a) (Day 1 of admission, pre-treatment), revealed bi-basilar 
haziness whereas (b) (steroid day 2), demonstrated mild 
improvement of left lower lobe infiltrates. (c–e) Chest radio
graphs of case 2. (c, d) (Day 1 of admission, pre-treatment), 
revealed minimal infiltrates bilaterally. Punctate density of 
the left upper chest is suggestive of a calcified granuloma 
(c), with lateral view (d) showing minimal infiltrate. (e) 
(steroid day 3), demonstrates clinical improvement in bilat
eral infiltrates. (f) Chest radiograph of case 3. (f) (Day 1 of 
admission, pre-treatment), revealed patchy infiltrates 
bilaterally.
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infections’) – that was temporally associated with the 
development of fever and hypoxia, quite similar to 
EVALI patients who inhale a lipid-rich aerosol base 
composed of vegetable glycerin and propylene glycol 
[38]. He complimented his observation with direct 
application of menthol/aboline to live rabbits and 
subsequently observed the ‘presence of vacuolated 
mononuclear cells of the same type and character as 
the clinical cases’ as well as the presence of ‘red blood 
corpuscles’ [38]. Later studies also highlighted the 
complicated clinical presentation in lipoid pneumo
nia noting the presence not only of lipid-laden 
macrophages, but also the presence of alveolar 
hemorrhage [39,40]. For such cases of lipoid pneu
monia, steroids appear to be a well-documented 
treatment modality [41].

We hypothesize that the presence of lipid-laden 
macrophages is not pathognomonic for EVALI, but 
rather reflects the vaporization and subsequent inha
lation of a liquid aerosol that is primarily composed 
of a lipophilic base. Indeed, a radiologic hallmark of 
both lipoid pneumonia as well as EVALI appears to 
be areas of low attenuation (−30 to −150 Hounsfield 
Units (HU)) on computed tomography, suggesting 
fatty infiltration within the airways and parenchyma 
[21,37,39,42]. The vaporization of such lipophilic 
bases, as well as their associated byproducts generated 
from their pyrolysis, in addition to multiple other 
potentially toxic compounds – flavorings, heavy 
metals – may result in bronchiole plugging, inciting 
an inflammatory response or exerting local changes 
with respect to surfactant homeostasis [43–46].

Figure 2. CT scans: computerized tomography of chest, showing a spectrum of EVALI in axial and coronal views. (a, b) Chest CT 
images of case 1 on admission, pre-treatment. (a) revealed bilateral ground glass opacities and interstitial infiltrates. (b) revealed 
prominent right hilar lymph nodes and an enlarged intrathoracic node. (c–f) Chest CT images of case 2. (c, d) (on admission, pre- 
treatment) demonstrating bilateral ground glass infiltrates. (e, f) (steroid day 4) showing significant improvement of lung 
infiltrates bilaterally. (g, h) Chest CT images of case 3 on admission, pre-treatment. (g) demonstrating diffuse patchy ground- 
glass opacities bilaterally. (h) showing mediastinal lymphadenopathy and interstitial infiltrates bilaterally. (i, j) Chest CT images 
of an asymptomatic patient with vaping history. CT images showed mild diffuse ground-glass opacities bilaterally.

Figure 3. Histopathology. (a) Cytology from bronchoalveolar lavage fluid of case 1. The hollow arrows point to few non- 
vacuolated foamy macrophages, without droplet deposition. The black arrow points to one bronchial cell. (b) Pathology from 
lung biopsy of case 1. Minimal tissue. There is no alveolar damage observed.
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3.4. Pathobiological mechanisms of 
vaping-induced lung injury: a focus on surfactant 
biology

While the pathophysiological process of EVALI has yet 
to be identified, mounting evidence suggests vitamin 
E acetate additives in illicitly prepared and distributed 
EC-cartridges. Several reports describe analyses of BAL 
fluid and vaping products that support a possible role 
for vitamin E acetate in EVALI [28,47–49]. The 
Minnesota DOH performed chemical analyses of EC- 
products obtained from EVALI patients and found that 
among the toxicants assayed for, vitamin E acetate was 
most commonly identified and furthermore was not 
present in THC-containing liquids confiscated 
one year prior to the EVALI outbreak [47]. Consistent 
with this finding, a laboratory associated with the 
New York State DOH reported that of a group of 
individuals identified with EVALI who used THC- 
containing EC-products and developed pulmonary ill
nesses, all used a product that ultimately tested positive 
for vitamin E acetate [49]. Furthermore, Anresco 
Laboratories highlighted that THC-containing EC- 
liquids obtained from reputable and regulated 
California-based manufacturers contained no vitamin 
E acetate, but that a high concentration of vitamin 
E acetate was found in illicit samples [50]. In 
a comparative analysis of BAL fluid from 51 EVALI 
patients juxtaposed with samples obtained from 
a healthy comparator group (comprised of nonusers, 
exclusive cigarette smokers and exclusive users of nico
tine-containing e-cigarette products), vitamin E acetate 
was detected in 94% of BAL fluid samples of patients 
with EVALI, whereas the contaminant was not once 
demonstrated in the convenience sample [9,48]. Indeed 
at least one state has already banned vitamin E acetate as 
a constituent of EC-liquids, although it appears to be 
exclusively found in illicitly manufactured THC- 
containing EC-liquids [50,51].

4. Conclusion

While initially touted as safe, in vitro, in vivo, and 
human studies from a molecular, cellular, and func
tional perspective have called into question the safety 
profile of EC and their respective EC-liquids. 
Compared to traditional cigarette use, vaping of appro
priately manufactured and unadulterated liquids 
appears to be associated with less deleterious effects 
on respiratory parameters such as FEV1, FVC, carbon 
monoxide, and carboxyhemoglobin. Vaping does how
ever, carry a significantly increased risk compared to 
healthy non-smokers/non-vapers. While it appears that 
these effects are mediated by a repertoire of potential 
toxins and toxicities that affect the alveolar-capillary 
membrane, the bronchi/bronchioles, immune 
responses, as well as surfactant homeostasis, the exact 

etiology and mechanism of EVALI remains unclear. 
Moreover, EVALI itself likely represents a spectrum of 
clinical disease ranging from asymptomatic to severe 
respiratory failure, much as it represents a diverse 
umbrella of histopathological findings. Indeed, the 
asymptomatic EVALI may manifest merely as the pre
sence of ground-glass opacities on chest imaging with
out associated symptomatology or abrogation of 
pulmonary function tests. It appears that the EVALI 
epidemic stems from the presence of illicit EC-liquids 
containing vitamin E acetate, however numerous 
reports, prior to the introduction of THC-containing 
EC-liquids or the presence of vitamin E acetate, high
lighted early EVALI cases, suggesting that in addition to 
the potential vaping-associated toxicities, there may 
exist patient specific predisposing factors [17–23,52– 
54]. This may help to explain the presence of EVALI 
in early reports as well as the few EVALI cases without 
evidence of vitamin E acetate on lipidomic analysis.

EVALI represents a spectrum of clinical disease ran
ging from asymptomatic to acute respiratory failure. 
Recognition remains challenging not only due to the 
presence of asymptomatic cases, but that EVALI remains 
a clinical diagnosis that is predicated on the absence of an 
underlying infectious or rheumatological pathology and 
an associated temporal relationship between vaping and 
the onset of symptoms. Diagnostic criteria for the iden
tification of presumed cases of EVALI have been released 
and cessation of EC use and initiation of steroid therapy, 
appear to be cornerstones of management.
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