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Abstract

E-cigarette or vaping product useeassociated lung injury (EVALI) is a respiratory illness that has signif-
icant overlap with the symptoms of coronavirus disease 2019 (COVID-19). In the current pandemic,
diagnosis of EVALI may be delayed because of anchoring bias when patients present with symptoms
consistent with COVID-19. We present 3 cases of patients who were hospitalized with a presumed
diagnosis of COVID-19 but were later diagnosed with EVALI.
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E -cigarette or vaping product
useeassociated lung injury (EVALI) is an
increasingly recognized condition that

was declared a public health emergency in 2019
by the Centers for Disease Control and Preven-
tion.1 Patients who use e-cigarettes or vaping
products may present with respiratory symptoms
including cough, shortness of breath, and chest
pain, but constitutional symptoms (subjective fe-
ver, chills, fatigue, malaise, weight loss) and
gastrointestinal complaints are just as common,
a feature that may not be obvious or well
known.2,3 Whereas cases reached a peak in late
2019, lately cases have been reduced in large
part owing to the removal of vitamin E acetate,
which is an additive that was found in many
tetrahydrocannabinol-containing vaping prod-
ucts.1 Despite this reduction, the removal of
vitamin E acetate has not completely eliminated
EVALI.

The current coronavirus disease 2019
(COVID-19) pandemic caused by severe acute
respiratory syndrome coronavirus 2 (SARS-
CoV-2) is also a predominantly respiratory
illness that bears striking resemblance to
EVALI. It is currently dominating the health
care provider’s mindset, leading to many op-
portunities for cognitive bias, including
anchoring and availability bias. We present 3
cases of patients who were admitted to the
hospital for presumed COVID-19 and were
treated as such but were later found to have
EVALI.
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CASE 1
A 34-year-old man with depression, anxiety,
attention-deficit/hyperactivity disorder, gastro-
esophageal reflux disease, hypertension, poly-
substance abuse, and recent vaping exposure
with cannabis oil presented to the hospital
with 10 days of worsening shortness of breath,
nonproductive cough, pleuritic chest pain, fe-
vers, myalgias, abdominal pain, nausea, and
headaches. He had been evaluated 1 week
earlier in a local emergency department and
was not hypoxic at that time. Pertinent labora-
tory work showed a leukocytosis with neutro-
philia and lymphopenia (Table). A chest
radiograph showed asymmetric bilateral
patchy basilar opacities. He had 2 negative
SARS-CoV-2 nasopharyngeal test results
around that time. He was given a dose of cef-
triaxone and then completed a 5-day course of
amoxicillin/clavulanic acid (Augmentin) and
azithromycin for presumed community-
acquired pneumonia. His symptoms wors-
ened, however, and he presented 10 days after
symptom onset.

He was now hypoxic, requiring 2 L of oxy-
gen by nasal cannula. He was febrile to 38.2�C,
tachycardic with a heart rate of 110 beats/min,
and tachypneic with a respiratory rate of 30
breaths/min. Laboratory work showed a wors-
ening leukocytosis, neutrophilia, lymphopenia,
elevated C-reactive protein (CRP) concentra-
tion, and elevated D-dimer level (Table). Chest
computed tomography (CT) showed diffuse,
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TABLE. Pertinent Admission Laboratory Valuesa,b

Patient 1 Patient 2 Patient 3

Leukocytes (3.4-9.6 � 109/L) 26.1 10.9 14.3

Neutrophils (1.56-6.45 � 109/L) 23.49 9.84 13.16

Lymphocytes (0.95-3.07 � 109/L) 0.85 0.72 0.73

Hemoglobin (13.2-16.6 g/dL) 10.3 13.5 14.5

Platelets (135-317 � 109/L) 577 355 308

CRP (�8.0 mg/L) 283.4 234.1 261.2

D-dimer (�500 ng/mL FEU) 776 389c 1046

Lactate (0.5-2.2 mmol/L) 2.1 1.4 1.1

Creatinine (0.74-1.35 mg/dL) 0.7 0.58 0.78

Sodium (135-145 mmol/L) 132 138 134

AST (8-48 U/L) 100 33 24

ALP (40-129 U/L) 181 68 71

Albumin (3.5-5.0 g/dL) 2.5 2.6 4.3

aALP, alkaline phosphatase; AST, aspartate transaminase; CRP, C-reactive protein; FEU, fibrinogen-equivalent unit.
bTo convert creatinine levels to mmol/L, multiply by 88.4; ALP and AST values to mkat/L, multiply by 0.0167; albumin levels to g/L, multiply
by 10.
cD-dimer level for patient 2 was obtained by a different assay with a normal range of 0 to 229 ng/mL D-dimer units.
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midlung-predominant, ill-defined ground-
glass opacities with interlobular septal thick-
ening (Figure 1). He was admitted to the hospi-
tal, given intravenous (IV) fluids, and
prescribed levofloxacin. The results of a
repeated SARS-CoV-2 test and respiratory path-
ogen panel (both nasopharyngeal swabs) were
negative, as was the serologic test response for
SARS-CoV-2. His respiratory status worsened,
and he was transferred to the intensive care
unit, where high-flow nasal cannula 55% frac-
tion of inspired oxygen at 45 L/min was started.
Given the lack of improvement on antibiotics,
repeated negative SARS-CoV-2 test result, and
history of vaping, he was treated for EVALI
with prednisone. He had rapid improvement
within the first day of treatment and completed
a 4-day course of prednisone 40 to 80 mg daily.
He was discharged on room air on hospital
day 5.
FIGURE 1. Computed tomography scan from
case 1 demonstrating bilateral ill-defined
ground-glass opacities with a midlung predom-
inance and interlobular septal thickening.
CASE 2
A 47-year-old man with no past medical his-
tory presented with 7 days of fevers, nonpro-
ductive cough, myalgias, malaise, nausea,
and diarrhea. He was febrile to 38.0�C and
hypoxic, requiring 3 L of oxygen by nasal can-
nula. Laboratory work showed leukocytosis
with lymphopenia along with elevated CRP
concentration, platelets, and D-dimer level
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(Table). Chest radiography showed bilateral
patchy airspace opacities. He was admitted to
the hospital, given IV fluids, and treated with
ceftriaxone and azithromycin for possible
community-acquired bacterial pneumonia.
The results of a SARS-CoV-2 polymerase chain
reaction (PCR) and a respiratory pathogen
panel obtained by nasopharyngeal swab were
negative. His respiratory status worsened,
and he required 6 L of oxygen to maintain sat-
urations. After further discussion, the patient
oi.org/10.1016/j.mayocpiqo.2021.03.002 683
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FIGURE 2. Computed tomography scan from
case 2 showing extensive bilateral ground-glass
opacities with a predominantly central
distribution.
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reported vaping with cannabis oil several times
daily in the weeks before admission. Results of
repeated SARS-CoV-2 testing by both a naso-
pharyngeal swab and sputum sample were
negative, as was the serologic test response.
The CT scan showed extensive bilateral
ground-glass opacities in a predominantly cen-
tral distribution with associated interlobular
septal thickening (Figure 2). Given significant
hypoxia and diagnostic uncertainty, he under-
went bronchoscopy. A thorough infectious
and autoimmune panel, including a fourth
SARS-CoV-2 PCR, on bronchoalveolar lavage
specimens was negative. A cell count showed
47% alveolar macrophages, 36% neutrophils,
12% lymphocytes, and pigment-laden macro-
phages. At this point, a presumptive diagnosis
of EVALI was made. He remained intubated
FIGURE 3. Computed tomography scan from
case 3 showing diffuse bilateral ground-glass
opacities with subpleural sparing.
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after bronchoscopy but was quickly extubated.
He required high-flow nasal cannula but was
able to be weaned to room air without steroid
treatment. He was discharged to home on hos-
pital day 11.

CASE 3
A 20-year-old man with a known history of
vaping tetrahydrocannabinol products pre-
sented with 5 days of shortness of breath, fe-
ver, nonproductive cough, and nausea. One
day before hospital admission, he had been
evaluated as an outpatient, had a negative
SARS-CoV-2 test result by nasopharyngeal
swab, and was treated with doxycycline for
community-acquired pneumonia. Because of
continued symptoms, he presented to the
emergency department the following day. He
was febrile to 38.4�C and tachycardic with a
heart rate of 110 beats/min but was normoten-
sive and saturating well on room air. A chest
radiograph showed bilateral infrahilar and
basilar interstitial infiltrates. A CT scan of the
chest showed diffuse bilateral ground-glass
opacities with a peripheral predominance
(Figure 3). Laboratory work showed a mild
leukocytosis with a lymphopenia and an
elevated CRP concentration and D-dimer level
(Table). He was admitted to the hospital, given
IV fluids, and prescribed ceftriaxone and azi-
thromycin for community-acquired pneu-
monia. He remained persistently febrile with
elevated inflammatory markers. He had 2
additional nasopharyngeal swabs that were
negative for SARS-CoV-2, as was serology
testing. Given his lack of improvement and
significant vaping history, he was treated for
EVALI with 125 mg of methylprednisolone
for 3 days. He had prompt resolution of the fe-
vers, improvement in cough, and reduction of
inflammatory markers. He was discharged to
home on hospital day 5.

DISCUSSION
E-cigarette or vaping product useeassociated
lung injury (EVALI) is a respiratory illness
caused by the inhalation of harmful substances
associated with e-cigarettes or vaping prod-
ucts.2 The most common symptoms include
cough, chest pain, and shortness of breath,
which occur in 95% of patients.4 Constitutional
and gastrointestinal symptoms are also com-
mon, occurring in approximately 85% to
;5(3):682-687 n https://doi.org/10.1016/j.mayocpiqo.2021.03.002
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FIGURE 4. Computed tomography scan from a
patient with COVID-19 demonstrating multi-
focal peripheral ground-glass opacities with
central sparing.
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100% and 77% of patients, respectively.3,4 The
association of constitutional and gastrointes-
tinal symptoms with EVALI may be underre-
cognized. It is an acute to subacute illness that
progresses during a 1- to 2-week course; pro-
gressive hypoxemic respiratory failure due to
acute respiratory distress syndrome develops
in approximately 22% of people, necessitating
intubation and mechanical ventilation.4 As of
February 18, 2020, there have been a reported
total of 2807 hospitalizations and 68 deaths in
the United States due to EVALI.1 Treatment
largely consists of cessation of product use
and supportive care, although there has been
some success with corticosteroid use.4 Cortico-
steroids should typically not be initiated
without the input of a pulmonologist and
adequate exclusion of an infectious cause.4

Also a predominantly respiratory illness
caused by the novel SARS-CoV-2 virus,
COVID-19 is currently causing a global
pandemic with more than 28 million infections
in the United States and more than 500,000
deaths.5 The symptoms are wide-ranging and
varied. A large study of patients in Wuhan,
China, the epicenter of the pandemic, reported
fever (99%), fatigue (70%), dry cough (59%),
anorexia (40%), myalgias (35%), dyspnea
(31%), and sputum production (27%) as the
most common clinical manifestations.6 Subse-
quent studies and clinical experience have
shown that gastrointestinal symptoms are
somewhat frequent, with reports of diarrhea,
nausea, vomiting, and abdominal pain occur-
ring in up to 18%of patients.7 Similar to EVALI,
it typically begins as a mild respiratory illness
that can progress during the course of 1 to 2
weeks, with acute respiratory distress syn-
drome developing in 20% to 41% of patients;
approximately 12% require intubation in
some series.6,8 Treatment is largely supportive
as there are currently no approved pharmaco-
logic therapies, although several trials are in
progress.

Aside from clinical history, objective mea-
sures to help differentiate EVALI and COVID-
19 include chest imaging and bronchoscopy.
Chest radiography in patients with EVALI
can reveal diffuse hazy opacities that are
most pronounced centrally9-11; CT imaging
can show diffuse ground-glass opacities with
a central predominance, although all lobes
can be affected.9-11 Additional characteristic
Mayo Clin Proc Inn Qual Out n June 2021;5(3):682-687 n https://d
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findings include subpleural sparing, some
areas of lobular sparing, and centrilobular
nodules.9-11 Consolidation, if present, is often
mild.9-11 The classic finding on bronchoscopy
is the presence of lipid-laden macrophages
with negative test results for infectious organ-
isms.4 Chest imaging findings in COVID-19
are characterized by ground-glass opacities
with a peripheral (as opposed to the central
distribution of EVALI) and lower lobe pre-
dominance (Figure 4).10,12 Multiple areas of
bilateral lobular and subsegmental consolida-
tion can also be seen, particularly in patients
with severe infection requiring intensive care
unit admission.10,12 Pleural effusion and
lymphadenopathy are uncommon.10,12 In
addition, a central distribution of infiltrate
(although common in EVALI) is less common
in COVID-19, and its finding should prompt
consideration of an alternative diagnosis.10,12

If it is needed for diagnostic purposes, reverse
transcriptaseePCR detection of SARS-CoV-2
can be performed on bronchoalveolar lavage
fluid; some studies suggest that this as the
highest yield specimen.13 Bronchoscopy is
not needed for a definitive diagnosis of
COVID-19 as a diagnosis can be made by
nucleic acid amplification testing of nasopha-
ryngeal swabs or expectorated sputum.
CONCLUSION
We presented 3 cases of a febrile respiratory
illness initially thought to be due to COVID-19.
The symptoms of COVID-19 are nonspecific
and can be seen in a variety of other infectious
oi.org/10.1016/j.mayocpiqo.2021.03.002 685
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and noninfectious conditions. There is substan-
tial overlap in the presenting signs and symptoms
of EVALI and COVID-19, and constitutional
symptoms are as common a feature of EVALI as
they are of COVID-19.3,4,6-8 This highlights the
importance of a thorough history. All patients
presenting with these symptoms should be asked
about substance use. Whereas EVALI is a diag-
nosis of exclusion, identification of vaping or e-
cigarette use in the history alters the differential
diagnosis and subsequent evaluation in treat-
ment. Aside from history, use of chest CT is
also important to differentiate these 2 entities.
However, whereas CT imaging can be useful, it
is not recommended as a first-line diagnostic
test.14 In addition to an accurate history, for
COVID-19, the “gold standard” of diagnosis re-
mains the nucleic acid amplification test, the
sensitivity and specificity of which are high in
ideal conditions.15,16 However, the test perfor-
mance is dependent on both specimen quality
and duration of illness at time of testing, with
false-negative rates ranging from less than 5%
to 40%, depending on the specimen source.15,16

Even when diagnostic uncertainty exists, the use
of CT should not be pursuedwithout first weigh-
ing the potential risks of exposure to other med-
ical personnel with potential benefits of the CT
scan itself. This report highlights the importance
of an accurate history as well as the risk of diag-
nostic error and bias in the setting of a global
pandemic. Given the similar signs and symp-
toms, most clinicians will consider COVID-19
first, rather than another cause. This is appro-
priate during a pandemic, but it is also imperative
to consider alternative diagnoses if the result of
repeated testing is negative. Clinicians must be
cognizant of the potential for cognitive bias,
including anchoring and availability bias.
Anchoring occurs when clinicians put significant
emphasis on features of a patient’s initial presen-
tation that may lead to dismissal of information
learned later in the clinical course.17 Availability
bias refers to a clinician’s judgment of how likely
a diagnosis is on the basis of how easily an
example of that diagnosis is mentally gener-
ated.17 Recent or emotional events are often
deemed more probable to recur again because
of the clarity with which they are recalled.17

This is especially true during the COVID-19
pandemic. Whereas COVID-19 is a condition
that shouldbe at the top of a differential diagnosis
of a febrile respiratory illness, a thorough history
Mayo Clin Proc Inn Qual Out n June 2021
is imperative to identify risk factors and features
for other diagnoses so prompt diagnostic and
therapeutic interventions can be performed and
anchoring and availability biases avoided.
Abbreviations and Acronyms: COVID-19 = coronavirus
disease 2019; CRP = C-reactive protein; CT = computed
tomography; EVALI = e-cigarette or vaping product
useeassociated lung injury; IV = intravenous; PCR = poly-
merase chain reaction; SARS-CoV-2 = severe acute respi-
ratory syndrome coronavirus 2
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