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ARTICLE INFO ABSTRACT

Keywords: Introduction: Recently, a rapidly increasing number of e-cigarette or vaping induced lung injury (EVALI) has been
e'Cigarette reported across the nation. Given the ongoing epidemic, it has been suggested that specific chemical substances
Vaping used as additives in e-cigarettes could be highly related to EVALL A history of vaping with positive radiographic
EZ:gLI chang?s and low suspicion for‘ active infectio.n are requilfer‘nents for diagno.sis but it still remains. a diagnosis of
Injury exclusion. The course of the disease, mechanism of lung injury and the optimal management options need to be

better understood. Here we aimed to discuss the clinical characteristics recognized in a case series of ten hos-
pitalized EVALI patients with radiological findings of lung injury and provide an up today summary of the known
literature of EVALI-induced lung injury.

Methods: A retrospective chart review was conducted on ten patients who presented to Saint Peter’s University
Hospital in New Brunswick, NJ from July 2019 to February 2020, with a mean hospital stay of five days. Ac-
cording to the CDC recommended definition of the disease, our cases met the current working definition of
confirmed or probable cases of EVALL

Results: Ten patients, with mean age 30.8 years (50 % male) and average years of vaping 1.708 with 60 %
endorsing a simultaneous history of cannabis-related products use, went under a retrospective review. 3/10 (30
%) had documented medically-managed pulmonary disease history, 8/10 (80 %) presented with the respiratory-
related chief complaint, 6/10 (60 %) presented with gastrointestinal symptoms and 7/10 (70 %) had constitu-
tional symptoms. All patients (100 %) were found to have bilateral ground-glass opacities on chest imaging. 9/10
were admitted, 6/10 (60 %) had an oxygen saturation of <95 % requiring oxygen supplementation with 4/10
managed in the intensive care unit.

Conclusion: EVALI patients with radiological findings of lung injury, although mainly present respiratory
symptoms, may very often appear with constitutional and gastrointestinal symptoms. Based on the existing
literature and our data it is argued that EVALI may be misdiagnosed and that closer monitoring is required to
determine optimal diagnostic and therapeutic management of this condition. Our data and the existing literature
suggest that laboratory and epidemiologic findings can be contributory for the diagnosis of the disease.

Electronic-cigarette or vaping induced lung injury (EVALI) was first
reported in 2019 [2], and as January 14 of 2020, 2668 hospitalized cases
of EVALI have been reported from 50 states of United States of America
(USA), with 26 deaths [6]. The majority of patients were young, under

1. Introduction

The use of electronic-cigarettes (e-cigarettes) or vaping products has
rapidly increased in the last few years, especially among adolescents and

young adults [1-4]. Although early studies have raised awareness about
the harmful effect of e-cigarettes or vaping products [5], the healthcare
industry remained largely neutral on the topic until convincing data
started surfacing in 2019.

the age of 35 years [2,6]. Although the mechanism of EVALI is still not
well understood, it has been suggested that heating can transform the
compounds and additives in vaping products into respiratory irritants
and carcinogens [7-10]. Blount et al. emphasized the effect of Vitamin E
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acetate, a substance used as a thickening agent in tetrahydrocannabinol
(THC) containing products as a potential cause of respiratory endothe-
lial injury, suggesting that it could be associated with transition of sur-
factant from gel to liquid crystalline form, leading to loss of surfactant’s
ability to maintain surface tension [11].

Although there has been a lot of emerging data on EVALL, it still
remains a diagnosis of exclusion with no confirmatory diagnostic test [1,
2,6]. Significant overlap based on symptomatology can lead to misat-
tribution and misdiagnosis [12]. Given the rapidly growing number of
cases, a detailed report of clinical characteristics recognized in EVALI
cases with radiological findings of lung injury will not only provide a
better understanding of the natural history of the disease, but also create
a strong foundation for the development of evidence-based guidelines
for the diagnosis, prognosis, and treatment of this condition. Here we
present the clinical characteristics of a series of hospitalized EVALI cases
at our institution, and discuss the importance of our data based on the
existing literature describing the unique characteristics of the disease
that would be significant for the its proper diagnostic and therapeutic
approach.

2. Methods
2.1. Patient selections

Ten patients, 16-66 years old, with symptomatology similar to the
previous EVALI reported cases such as dyspnea, cough, fatigue, nausea,
and vomiting were admitted to the Saint Peter’s University Hospital in
the period July 2019 - February 2020. The data were obtained ac-
cording to our Institutional Review Board (IRB) approved protocol. The
patients that were included in this study fulfilled the Centers for Disease
Control (CDC) and prevention proposed criteria for the definition of
confirmed or possible EVALI cases and were eventually discharged with
a main diagnosis of EVALI [1,13].

The use of e-cigarettes within the last 90 days before the onset of
symptoms and radiographic imaging of opacities or ground glass
appearance are the main features of the suspected EVALI. Confirmed
cases require the absence of signs and associated symptoms and labo-
ratory findings indicating absence or low suspicion of ongoing infection.
Probable cases are defined as having the symptomatology and imaging
findings, however with laboratory studies indicating a possible ongoing
infection. In both cases, no evidence of alternative diagnosis is required
[1,13].

3. Results
3.1. Demographics

All of the patients included in this study presented in the emergency
department of Saint Peter’s University Hospital during the period of July
2019 to February 2020 and were eventually discharged with a primary
diagnosis of EVALIL. The age range was 16-66 years with a mean of 30
years. Five of the patients were males (50 %) and five of them were
females (50 %) (Table 1).

3.2. Vaping history and smoking history

All the patients reported marijuana use, however, only 60 % of the
patients verified vaping history of cannabis-related products use [THC
or Cannabichromene (CBC)] (Table 1). Urine toxicology was performed
in all the patients with six of them (60 %) being positive. From the pa-
tients reported using cannabis-related vaping products three of them
had positive THC urine test. The average years of vaping of the patients
were 1.708 (range 1 month to 3 years) (Table 1). Only one patient re-
ported a recent initiation of vaping (one month before the hospitaliza-
tion). Only two out of ten patients (20 %) were actively using tobacco
products, while three of them (30 %) were former tobacco users and five
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Table 1
Demographics, past medical history and symptomatology of EVALI patients.

Patient Demographics

N=10
30.8 + 21.7
5/10 (50 %)

Sample size

Average age

Female

Past Medical History

History of Asthma

History of Anxiety

Years of Vaping prior to admission
Concomitant Marijuana Use

Vaping of Cannabis-related products use
Symptomatology

Respiratory Symptoms on Presentation
Gastrointestinal Symptoms on Presentation
Constitutional Symptoms on Presentation

2/10 (20 %)
3/10 (30 %)
1.7 £ 0.9
10/10 (100 %)
6/10 (60 %)

8/10 (80 %)
6/10 (60 %)
6/10 (60 %)

out of ten (50 %) never used tobacco before.

3.3. Symptomatology

Eight out of ten (80 %) had respiratory complaints such as cough,
shortness of breath and pleuritic chest pain, six out of ten (60 %) pre-
sented with gastrointestinal symptoms such as nausea, vomiting,
abdominal pain, seven out of ten (70 %) of the patient had constitutional
symptoms of fever, fatigue and generalized weakness (Table 1).

3.4. Clinical course

All of the patients were hospitalized with a mean hospital stay of five
days (variation 2-8.5 days) (Table 2). Two out of ten patients had a past
medical history of asthma (Table 1) and one patient had a history of
chronic obstructive lung disease. Five patients were evaluated as an
outpatient for their complaints and treated with antibiotics without any
significant improvement prompting them to come to the emergency
department.

Four out of ten patients were admitted to the Intensive Care Unit
(ICU) of the hospital due to acute hypoxic respiratory failure (Table 2).
Specifically, three patients were admitted directly to the ICU on the day
of admission and one of the patients was initially managed on the
medicine ward, and on the fifth day of hospitalization the patient’s
respiratory status deteriorated and the patient was transferred to the
ICU.

3.5. Vital signs

At the time of presentation, 4 out of 10 patients (40 %) were febrile
with a temperature of >100.4 F (Table 2). All patients were hemody-
namically stable with a systolic blood pressure (BP) of more than 90
mmHg and half of the patients (50 %) were tachypneic with respiratory
rate (RR) > 20 breaths per minute (Table 3). Six out of ten of the patients
(60 %) were tachycardia with a heart rate of >100 beats per minute.

Table 2
Management and hospitalization course of patents with EVALL

Management and hospital course

Antibiotics initiated in ED

IV Glucocorticoids initiated in ED
Admitted to hospital

Managed in ICU

Received NPPV*

Required intubation

Deaths

Readmission in 30 days

Days of hospitalization

10/10 (100 %)
4/10 (40 %)
9/10 (90 %)
4/10 (40 %)
3/10 (30 %)
0/10 (0%)
0/10 (0%)
0/10 (0%)

5.2 +33

Absolute number (%)
Absolute number (%)
Absolute number (%)
Absolute number (%)
Absolute number (%)
Absolute number (%)
Absolute number (%)
Absolute number (%)
Mean + SD

Abbreviations: NNPV: Non-invasive Positive Pressure Ventilation; ICU: Intensive
Care Unit; IV intravenous; ED:emergency department.
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Table 3
Vitals and Investigations.

Vital signs

Temperature >100.4 °F (>38 °C) 4/10 (40 %) Absolute number
(%)

Mean =+ SD
Mean + SD
Absolute number
(%)

Absolute number
(%)

Systolic BP (mmHg)
Diastolic BP (mmHg)
RR >20 (breaths/min)

132 + 27
77 £15
5/10 (50 %)

02 on RA < 95 %, requiring supplemental
02

Investigations

WBC >11,000 cells/mm>

6/10 (60 %)

10/10 (100
%)

Absolute number
(%)

Na <135 8/10 (80 %) Absolute number
(%)

CXR Obtained 10/10 (100 Absolute number
%) (%)

CT Chest Obtained 9/10 (90 %) Absolute number

(%)
Absolute number
(%)

Bilateral, Ground Glass Opacities on
Imaging

10/10 (100
%)

Abbreviations: BP: Blood Pressure, RR: Respiratory Rate, RA: Room Air, WBC:
White Blood Cells, Na-+: Sodium, CXR: Chest x-ray, CT: Computed Tomography.

Also, six out of ten (60 %) had an oxygen saturation of <95 % requiring
oxygen supplementation via nasal cannula to maintain their oxygen
saturation >95 % (Table 3).

Four out of the ten patients demonstrated increase in oxygen de-
mands required more aggressive oxygen therapy and admission to ICU
for close monitoring. Although the oxygen saturation levels in two of
these patients maintained good at presentation, an increase in oxygen
demand and an increase in work of respiration, necessitated the use of
non-invasive positive pressure ventilation (NPPV) or BiPAP (Table 4).
Arterial Blood Gasses (ABG) that performed in these two patients before
the initiation of NPPV showed significant hypoxia but not hypercapnia
(Table 4). Specifically, in patient 1 the ABG showed pH 7.47, PCO3 38,
PO, 50, HCO3 27 and O saturation of 86 % and in patient 2 pH 7.41,
PCO3 39, PO5 77, HCO3 24 and 96 % (Table 4). Also, another patient,
patient number 3, who was admitted to ICU, had an oxygen saturation
80 % at presentation, requiring immediately placement on Bilevel

Table 4
Oxygen saturation and Arterial Blood Gases in Patients with EVALI.

Oxygen Saturation
at admission

Oxygen Sat. Before ICU transition and ABGs

Patient 1 90 % RA 95 % on NC 5 L/min; ABG: pH 7.47, PCO, 38
mmHg, PO, 50 mmHg, HCO3 27 mEq/L and
Sa0, 86%
Patient 2 98% RA 91 % NC 5 L/min; ABG: pH7.41, PCO2 39
mmHg, PO2 39,
PO2 77 mmHg, HCO3 24 mEq/L and SaO, 96%
Patient 3 80 % RA 81-80% RA followed by 94—99% BiPAP 35%
O,; ABG while on BiPAP: pH 7.38, PCO2 34
mmHg, PO2 94 mmHg, HCO3 20 mEq/L and
Sa02 95%
Patient 4 95 % RA 95 % on NC 3 L/min followed by 99 % on Venti
Mask 100 % O,
Mean + 90 + 9.0
SD
Patient 5 97% RA
Patient 6 95 % RA
Patient 7 93% RA
Patient 8 98% RA
Patient 9 98% RA
Patient 98% RA
10
Mean + 96.2 + 1.9
SD

RA: Room Air; Sat: Oxygen Saturation; BiPAP: Bilevel Positive Airway Pressure,
ICU: Intensive Care Unit; NC: Nasal Canula.
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Positive Airway Pressure (BiPAP) (Table 4). ABG was performed after
initiation of NPPV improvement of oxygen levels with pH 7.38, PCO5 34,
PO, 94, HCO3 20 and O5 Sat 95 %. Another patient, patient number 4,
that was directly admitted to ICU presented with oxygen saturation of 95
% on 3 L was placed on venti mask to maintain oxygen saturation levels
(Table 4).

3.6. Investigations

Imaging studies in all the patients were significant for radiological
findings of lung disease. Computed Tomography (CT) was performed in
nine of ten patients (90 %), showing opacities or infiltrates similar to
previously reported EVALI cases (Table 3, Fig. 1). One of the patients
had only a Chest X-ray showing characteristic peribronchial thickening
and right and left sided opacities. One of the patients demonstrated
emphysematous changes possibly related to chronic underlying lung
disease. This patient is a former smoker with a reported history of 4-
pack-years that quitted 30 years ago. Imaging on the presentation is
shown below in Fig. 1.

All the patients were found to have leukocytosis with a white blood
cell (WBC) count of >11,000. Also, all the patients were found to have
leukocytosis with lymphocyte count. Nine out of the ten patients that
were tested for legionella urine antigen and all of them were found to be
negative. More than half of the patients (60 %) were tested for pneu-
mococcal urine antigen, and all of them found to be negative. The res-
piratory viral panel screening for influenza A (subtype H1 and H3),
influenza B, respiratory syncytial virus A and B, adenovirus, human
metapneumovirus, parainfluenza 1, 2, 3 and 4, and rhinovirus, was
negative in seven patients; however, two cases were positive for rhino-
virus. Although rhinovirus was positive in these patients, the clinical
course and symptoms were not suggestive for rhinovirus infections. HIV
test was offered and performed in seven out of ten patients (70 %) and
was found to be non-reactive in all of them. Procalcitonin levels were
assessed in most of the cases (80 %). In seven out of eight patients the
procalcitonin was assessed was found to be normal (<0.5 ng/mL) with
values in ng/mL: 0.9, 0.17, 0.36, < 0.05, 0.47, 0.29, 0.11, indicating a
low probability for ongoing bacterial infection. One of the patient’s
presented with elevated procalcitonin 1.22 ng/mL that decreased to the
normal value 0.05 ng/mL within 3 days (<0.5 consider normal, ng/mL).

Additional laboratory investigations were performed in individual
cases, such as C-Reactive Protein (CRP), Erythrocyte Sedimentation Rate
(ESR) and mononucleosis test, and quantiferon test. CRP was evaluated
in two cases. In one of the cases the CRP was slightly elevated (31.27
mg/dl) while in the other case CRP was significantly increased (> 300
mg/dl). Normal value for CRP is considered < 10 mg/dl. ESR was
assessed in two patients, and in both cases was found to be elevated (83
mg/dl and 88 mg/dl, respectively). Mononucleosis rapid test was per-
formed in two cases and in both was negative. Also, the quantiferon TB
gold test was performed in two cases and found to be negative. None of
the reported patients underwent bronchoalveolar lavage.

3.7. Management

All the patients (100 %) were treated empirically with intravenous
antibiotics for community-acquired and atypical pneumonia and 50 %
were treated with a minimum of 5 days of systemic glucocorticoids,
including intravenous steroid therapy followed by a tapering course of
oral steroids (Table 2). All the ICU patients were treated with Hi-Flow
Nasal Cannula for oxygen support, while two of them required further
support with BiPAP (Table 2). None of the patients were intubated
(Table 2). No deaths have been recorded. Follow up data are presented
in Table 5, demonstrated that all the treated patients were not read-
mitted to the hospital. Laboratory findings for WBC counting were
normal and imaging findings were found stable or improved.
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Fig. 1. Imaging findings of patients with probable or certain EVALI. A. Computer tomography (CT) images showing ground glass opacities. B. Chest-x-ray with right

and left side opacities.

4. Discussion

The increase in the prevalence of e-cigarette use in the last two years
and the recent epidemic of EVALI necessitates a careful study of the
characteristics and the pathophysiology of this syndrome [6,13,14].
Here, we present data from a series of ten cases that recognize clinical
characteristics in hospitalized EVALI patients with radiological findings
of lung injury.

The symptomatology of EVALI has been addressed by previous
clinical studies, identifying both respiratory and non-respiratory symp-
toms related to the disease. The most common respiratory symptoms
include dyspnea, cough, and chest pain, and in most cases accompanied
by non-specific, constitutional symptoms, such as fever, chills, fatigue,
and malaise [1,6,13,16]. In line with previous studies, the majority of
our patients (80 %) presented with respiratory symptoms, such as cough
and shortness of breath (Table 2). Gastrointestinal symptoms, such as
vomiting, diarrhea, and abdominal pain, were also very common in
patients included in this study. There is strong evidence that patients
with EVALI can often present with gastrointestinal complaints [1,6,13,
16], however the etiopathogenesis leading to these symptoms is not well
understood. Also, fever and oxygen desaturation, may or may not be part
of the initial presentation, and most of the auscultatory findings are
considered non- specific [1,13]. Overall, given that symptoms are often
non-specific, the diagnosis is usually challenging and a significant
number of cases are misdiagnosed with pneumonia [1,13].

Our knowledge on the pathophysiology of EVALI is still growing. The
most well-supported theory is that e-cigarette irritants lead to a native
immunity reaction producing a sterile exogenous pneumonitis [15].
Recent histologic evaluation of series of EVALI patients showed
non-specific inflammatory changes suggesting acute lung injury, such as
fibrinous changes, diffuse damage of alveolar architecture, and bron-
chiolitis. A broad spectrum of substances found in e-cigarette products
such as oils, additives, or even heavy metals, could potentially be
involved in EVALI [9,11,15-17]. Some of them include substances that
can be found in both nicotine and non-nicotine e-cigarettes, including
additives such as glycerol [9,16] and propylene glycol or even com-
pounds found in the metallic coil of the apparatus [17]. Although the
toxicity of these substances might be minimal under normal conditions,
rapid heating may induce their chemical transformation into toxic
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byproducts and promote their massive release in aerosol [9,16,17]. After
vitamin E acetate was identified in bronchoalveolar lavage (BAL) fluid
specimens of patients with EVALI, theoretical and experimental studies
have focused on the exploration of the role of vitamin E in EVALI [11].

Results of hematologic tests may also vary and could be non-specific
for diagnosis of EVALI Similar to other studies, common findings in our
patients included leukocytosis with neutrophilia. Previous studies also
reported an increase in inflammatory markers such as ESR and CRP [1,
13]. Inflammatory markers ESR and CRP were assessed in three of our
patients, demonstrating relative elevations. However, given the absence
of sufficient data and standardized guidelines, the diagnostic and
prognostic utility of these markers is controversial.

Radiologic findings are closely associated with the severity and the
progression of the disease [1,13,18-21]. In most of the cases, chest x-ray
demonstrates bilateral infiltrates and CT of the chest, often shows
extensive bilateral ground-glass opacities [1,18-21]. Pleural effusions,
pneumomediastinum, and tree in bud opacities have also been described
in previous case reports [13,13,18]. The imaging studies of our patients
showed ground-glass opacities similar to those previously reported in
other EVALI cases (Fig. 1). However, we should highlight that variation
exists and multiple patterns may be seen.

Bronchoalveolar lavage (BAL) could have some applicability in cases
where the suspicion of EVALI is high but clinical and imaging findings
are not sufficient for diagnosis. In particular, bronchoscopy may be
considered in cases of atypical radiologic findings suggesting alternative
pathology, such as vasculitis, or in immunocompromised patients, but it
is not strongly recommended for each patient with suspected EVALI [1,
13]. BAL has been performed in previous cases, typically showing eo-
sinophils and neutrophils or lipid-laden macrophages with oil red O
stain, indicating lipoid pneumonitis and/or eosinophils, but findings
may vary [2,3,6,10]. Although positive findings might have some
specificity, and applicability, the necessity and the sensitivity are still
questionable. Recent studies showed that vitamin E, a known compo-
nent of many THC and CBC products, could be a marker for EVALI given
the high prevalence in BAL fluids derived from patients with EVALI [11].
In the presented study, BAL was not performed given the sufficient
exclusion of infectious causes and high suspicion for EVALI. We could
speculate that the low positivity of urinary THC products in our cases
may be due to the low frequency of use of cannabis-related-products or
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Table 5
Race and Follow-up data of Patients with EVALL

Age Race Readmission
(years)/

Sex

“Laboratory and imaging follow-up

WBC: 11.9 > 10.6

Absolute lymphocyte count: 0.83
Imaging follow-up: N/A

WBC: 17.1 > 18.4 > 22.6 > 11.8 >
14.4

Absolute lymphocyte count: 0.72 >
0.68 > 0.73

Imaging follow-up: N/A

WBC: 11.6 > 12.3 > 11.4

Absolute lymphocyte count: 0.46 >
0.86 > 0.46

Imaging follow-up: N/A

WBC: 11.6 > 12.3 > 11.4

Absolute lymphocyte count: 0.46 >
0.86 > 0.46

Imaging follow-up: N/A

WBC: 12 > 12.9 > 15.4 > 13.6 > 13
>20.1>123>11.2>11.4 > 125
Absolute lymphocyte count: 1.40 >
1.23 > 0.52 > 1.60

Imaging follow-up: CXR three and
four days after admission showed an
increase in opacities

WBC: 12.5 >9.8 >9.5>7.0>7.9
Absolute lymphocyte count: 1.63 >
0.98 > 067

Imaging follow-up: CXR two days
after admission showed increased
infiltrates, and six days after showed
stable findings

WBC: 16.4 > 15.8 > 20.8 > 11.4 >
20.7 >13.3 >15.5>17.1 > 15.9 >
18.4 > 15.5

Absolute lymphocyte count: 1.60 >
1.25 > 2.50 > 2.64

Imaging follow-up: N/A

WBC 11.1 > 10.1

Absolute lymphocyte count: 0.78 >
0.30

Imaging follow-up: N/A

WBC: 11.5 > 10.7 > 8.4 > 6.5
Absolute lymphocyte count: 0.35 >
0.54 > 0.76 > 0.70

Imaging follow-up: CXR two days
after admission showed stable
opacities

WBC: 20 > 20.4 > 17.5 > 14.7
Absolute lymphocyte count: 1.2 >
1.63 > 0.88 > 1.76

Imaging follow-up: CXR four days
after admission showed stable
opacities

African

22/M
/ American

NO

18/M White NO

76/F White NO

17/M White NO

32/M White NO

21/F White NO

66/F White NO

20/F Hispanic NO

20/F White NO

16/M White NO

“ White Blood Cells (WBC) trend (cells x 10%/mm®)/Absolute lymphocyte
count trend (cells x 10%/mm?®)/imaging follow-up; CXR: Chest x-ray.

use of undetectable in urine toxicology CDC products.

Clinicians should be aware of the clinical features of EVALI and
obtain detailed and proper e-cigarette/vaping history in all patients and
especially the high-risk groups. Although significant elements of e-
cigarette/vaping history have been suggested [2], incorporation of a
routine screening for vaping in every inpatient and outpatient encounter
should be performed. Until now there is no standardized approach to
vaping history. Given the absence of specific inclusion criteria, EVALI
remains a diagnosis of exclusion. The criteria as were previously
described by Layden et al., require the use of an e-cigarette or dabbing in
90 days before onset followed by radiographic evidence of the disease
such as opacities in the chest x-ray or ground-glass opacities on chest CT
[1]. Confirmation of the case requires the exclusion of underlying
infective causes after extensive workup. According to the same criteria,
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even if the infection is identified but the clinical picture and disease
progression imply that this is not the sole cause of the respiratory dis-
ease, the case should be characterized as probable EVALI [1,13].
Absence also of other plausible diagnoses that could explain the clinical
picture, such as cardiac, rheumatologic or neoplastic disease, is neces-
sary for either confirmed or probable cases [1,13].

Although the nature of EVALI is a better understanding due to the
knowledge to date, significant variations have been noticed in the course
of the disease and several case reports have shown that the severity and
the clinical picture may vary from patient to patient [1,2,13,22]. Despite
the fact that, variations of the severity exist the average number of days
of hospitalization of the current study is 5.2, similar to that reported by
other case series and extended epidemiologic studies. Specifically,
Layden et al. reported an average of 6 days, while Siegel reported an
average of 6.7 days [1,2]. Layden et al., 32 % of patients were intubated
at some point during hospitalization [1]. Siegel et al., in a larger patient
sample of 338 patients showed that 22 % of them required intubation
and mechanical ventilation. In our study, although a higher percentage
of patients were found hypoxemic (60 %) compared to other studies
(Layden et al., 31 % Siegel et al., 57 %), only three out of ten (30 %) of
the presented patients required Non-invasive Positive Pressure Venti-
lation (NPPV) and none of them were intubated. Although limitations
could apply due to the small number of patients in our study, the dif-
ferences in requirements for aggressive airway management compared
to other studies could indicate other compounding factors, such as
coexisting comorbidities and age [2]. Specifically, in the present study
none of the patients had reported cardiovascular disease and two out of
the ten had asthma, one patient had chronic obstructive airway disease.
This is in line with other studies in literature supporting that age and
number of coexisting chronic cardiopulmonary conditions are highly
associated with the severity of EVALI [2].

As it was expected, the oxygen saturation levels at the admission
were lower in the patients that were finally admitted to ICU compared to
the patients that treated in the medical ward (Table 4). Further inves-
tigation of the association between oxygen saturation or arterial PO,
levels at the admission and need for immediately NPPV and ICU transfer
could be useful in the development of an evidence-based approach for
the management of patients with EVALI.

Even though rehospitalization of patients previously treated for
EVALI have been reported, in our study none of the patients was read-
mitted to the hospital in a period of 3 months after hospitalization.
According to recent epidemiologic studies coexistence of multiple
chronic medical conditions may significantly increase the risk for
rehospitalization of patients with EVALI [22]. As in the previous report,
only a small percentage of patients in our sample group had chronic
cardiopulmonary disease (20 %). In general, our patients appear to have
relatively mild disease. We may assume that because our patients are
young (<30 years old) the disease was mild. Investigation of the effect of
age on severity of EVALI requires a larger sample that includes a wide
range of ages.

There is a rapid increase in the number of deaths related to EVALL
Specifically, Layden et al. showed that 2 % of the patients did not
completely recover and died due to EVALI [1].However, the existing
data show that the mortality rates of EVALI is relatively low [1,2].

The therapeutic approach and management of EVALI is not clear yet.
Since the knowledge is limited regarding the optimal treatment in the
early and late stages of the disease, in most of the cases, antibiotic
therapy is administered empirically, until underlying pneumonia is
excluded. The use of steroids for treatment of EVALI remains contro-
versial and although previous studies recommend the use of high doses
of steroids [1,7,23], there is not enough evidence to clarify if there is a
dose-dependent steroid effect. Also, based on the recent data the extent
of the steroid treatment varies and could be related to the severity of the
disease. In our study, half of the patients (50 %) received steroid treat-
ment. All of the patients that presented with higher severity requiring
transfer to ICU and NIPPV were treated with steroids. Generally, no clear
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guidelines exist for the management of EVALIL, but considering that the
pathophysiology of the disease includes immune reaction to e-cigarette
irritants and the development of inflammation, steroid use is a reason-
able approach.

Given the ongoing SARS-Cov-2 epidemic, a disease with clinical
symptomatology that presents similarities with EVALI, an expected
question is what are the unique clinical and laboratory findings that
would help us differentiate the two diseases. According to previous re-
ports, leukocytosis, favor the diagnosis of EVALI given lymphopenia is a
common finding in COVID-19. Vaping history remains key in making the
diagnosis. [24,25] Also, patients with EVALI were found to improve
within corticosteroids compared to COVID-19 [26].

4.1. Limitations of the study and further investigations

We acknowledge that a number of limitations apply to our study due
to the small sample size. Further investigations including a larger
number of patients could increase the power of the study and provide
stronger evidence for our conclusions and suggestions. Given the ma-
jority of the patients defined themselves as non-Hispanic whites
(Table 5), investigation of the race effect on EVALI presentation, pro-
gression and mortality requires a larger and more variable sample.

5. Conclusion

Our ten-case series data recognized that clinical characteristics in
hospitalized EVALI patients with radiological findings of lung injury,
may include both respiratory and gastrointestinal or constitutional
symptoms and based on the current literature may be misdiagnosed. In
an era of new diseases affecting the respiratory system such as COVID-
19, the clinician should be aware of the unique imaging and labora-
tory findings associated with EVALL The reinforcement and standardi-
zation of the importance of e-cigarette and vaping history in both
outpatient and inpatient settings are highly recommended, especially in
high-risk groups like young adults. Based on our data and the existing
literature, the presence of lymphocytosis and the epidemiologic data,
such as the age of the patient could be contributory in the diagnosis of
the disease. Future studies focusing on the comparison of clinical, lab-
oratory and imaging findings of EVALI patients with patients presenting
with similar respiratory conditions, with similar clinical manifestations,
such as COVID-19, will contribute significantly in the development of
standardized approach for EVALI diagnosis and treatment.
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