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BACKGROUND: In 2019, the United States experienced a nationwide outbreak of e-cigarette, or
vaping, product use-associated lung injury (EVALI). More than one-half of these patients
required admission to an ICU.

RESEARCH QUESTION: What are the recent literature and expert opinions which inform the
diagnosis and management of patients with critical illness with EVALI?

STUDY DESIGN AND METHODS: To synthesize information critical to pulmonary/critical care
specialists in the care of patients with EVALI, this study examined data available from pa-
tients hospitalized with EVALI between August 2019 and January 2020; reviewed the clinical
course and critical care experience with those patients admitted to the ICU; and compiled
opinion of national experts.

RESULTS: Of the 2,708 patients with confirmed or probable EVALI requiring hospitalization as
of January 21, 2020, a total of 1,604 (59.2%) had data available on ICU admission; of these, 705
(44.0%) were admitted to the ICU and are included in this analysis. The majority of ICU patients
required respiratory support (88.5%) and in severe cases required intubation (36.1%) or extra-
corporeal membrane oxygenation (6.7%). The majority (93.0%) of these ICU patients survived to
discharge. Review of the clinical course and expert opinion provided insight into: imaging;
considerations for bronchoscopy; medical treatment, including use of empiric antibiotics, anti-
viral agents, and corticosteroids; respiratory support, including considerations for intubation,
positioning maneuvers, and extracorporeal membrane oxygenation; and patient outcomes.

INTERPRETATION: Review of the clinical course of patients with EVALI requiring ICU
admission and compilation of expert opinion provided critical insight into pulmonary/critical
care-specific considerations for this patient population. Because a large proportion of patients
hospitalized with EVALI required ICU admission, it is important to remain prepared to care
for patients with EVALI. CHEST 2022; 162(1):256-264
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In August 2019, the Centers for Disease Control and
Prevention (CDC) along with the US Food and Drug
Administration, state and local health departments, and
public health and clinical stakeholders initiated an
investigation into a nationwide outbreak of e-cigarette,
or vaping, product use-associated lung injury
(EVALI).1-6 EVALI was subsequently found to be
strongly linked with vitamin E acetate, an oily substance
with an appearance similar to cannabis oil sometimes
used as a diluent or “cutting agent” in
tetrahydrocannabinol (THC)-containing e-cigarette, or
vaping, products.7 However, in some of the reported
EVALI cases, the evidence is not sufficient to rule out
the contribution of other chemicals of concern,
including chemicals in either THC or non-THC
products.5 Declines in the number of EVALI cases
reported to the CDC were observed every week
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following a peak in mid-September 2019, which was
likely due to multiple factors, including: rapid public
health action to increase public awareness of the risk
associated with THC-containing e-cigarette, or vaping,
products; actions by consumers to reduce this risk; and
actions by manufacturers to remove vitamin E acetate
from these products.5,8-10

Substantial guidance has been published to aid the
general medical community and first-line health care
providers in the care and treatment of patients with
EVALI.11-13 However, an opportunity remains to
provide a synthesis of information for the diagnosis and
management of patients with EVALI-related critical
illness. The current report provides information for the
diagnosis and management of patients with critical
illness with EVALI.
Study Design and Methods
Definitions

In accordance with the CDC EVALI case definitions,14 confirmed
EVALI cases met the following criteria: (1) reported using an
e-cigarette, or vaping, product (eg, e-cigarette, vape pen) to inhale
substances such as nicotine, marijuana, THC, or cannabidiol within
90 days prior to symptom onset; (2) pulmonary infiltrate, such as
opacities, on chest radiograph (CXR) or ground-glass opacities on
chest CT imaging; (3) absence of pulmonary infection on initial
examination, including, at a minimum, a negative respiratory viral
panel and a negative influenza polymerase chain reaction (PCR) or
rapid test result; (4) negative results on all other clinically indicated
respiratory infectious disease testing; and (5) no evidence in medical
history of an alternative plausible diagnosis. Probable EVALI cases
were not required to meet criteria 3 and 4; instead, if pulmonary or
respiratory infection was identified or the minimum criteria to rule
out infection was not met (eg, testing not performed) but the clinical
team believed that infection was not the sole cause of the underlying
lung injury, the case would be classified as probable.

Data Analysis

Data on patients hospitalized with confirmed and probable EVALI
were reported to the CDC voluntarily by all 50 states, the District of
Columbia, Puerto Rico, and the US Virgin Islands from August 2019
through January 2020 by using established data collection tools as
described in previously published articles.5,6 All data in the current
analyses were collected from patients treated prior to the onset of
the SARS-CoV-2 pandemic. Presenting symptoms, clinical course,
product use history, and medical history were obtained from patient
medical record abstraction and interviews of patients or proxies (eg,
spouses or parents) if a patient was too ill or had died.

Descriptive analyses on patient characteristics (age, sex, and race/
ethnicity) and clinical course (presentation, history, imaging,
infectious disease testing, type of first care visit, medical treatment,
respiratory support, and patient outcome) by percentages and
distributions of categorical and continuous indicators were
conducted by using SAS version 9.4 (SAS Institute, Inc.).

Compilation of Expert Opinion

To compile clinical perspective from those caring for patients with
EVALI, the CDC collaborated with national adult and pediatric
pulmonary and critical care medicine experts designated by
professional medical societies to participate in the Lung Injury
Response Clinical Working Group.11 This group met from October
to December 2019, weekly to biweekly, and developed multiple
guidance documents to address the EVALI outbreak.11-13 An
additional collaboration was formed in November 2019 with the
CDC and pulmonary and critical care experts to identify, document,
and synthesize potential best practices in the diagnosis and
management of EVALI-related critical illness.

Results
Of 2,708 patients with confirmed or probable EVALI
requiring hospitalization from August 2019 to January
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TABLE 1 ] Demographic Characteristics of Patients
With EVALI Admitted to the ICU, August
2019 to January 2020

Characteristic
ICU Patients
(N ¼ 705)

Age group (n ¼ 701), y

# 17 124 (17.7%)

18-24 219 (31.2%)

25-34 172 (24.5%)

35-44 87 (12.4%)

45-64 77 (11.0%)

$ 65 22 (3.1%)

Sex (n ¼ 700)

Female 273 (39.0%)

Male 427 (61.0%)

Race/ethnicity (n ¼ 550)

Asian, Native Hawaiian, or other
Pacific Islander

13 (2.4%)

Black, non-Hispanic 28 (5.1%)

Hispanic 76 (13.8%)

Othera 17 (3.1%)

White, non-Hispanic 416 (75.6%)

EVALI ¼ e-Cigarette, or vaping, product use-associated lung injury.
aCell details are not displayed because of small numbers (n ¼ 1-4), which
do not meet standards for maintaining confidentiality.
2020, a total of 1,604 (59.2%) had data available
regarding ICU admission; of these, 705 (44.0% [705 of
1,604]) were admitted to the ICU and are included in
this analysis. Most ICU patients were aged 18 to 34 years
(55.7%), male (61.0%), and non-Hispanic White (75.6%)
(Table 1). Table 2 outlines the presenting symptoms and
clinical course for patients with EVALI admitted to the
ICU. The majority of those admitted to the ICU
presented with GI (76.1%), respiratory (96.8%), and/or
constitutional (92.0%) symptoms. For patients with
medical history data available (either reported in the
medical record or via patient or proxy self-report), prior
anxiety and/or depression was reported for
approximately one-third of patients admitted to the ICU
(35.5% and 30.4%, respectively, with 22.8% of patients
missing anxiety medical history and 22.6% of patients
missing depression medical history), and prior
respiratory diseases (28.5%, with 18.7% of patients
missing respiratory medical history). Almost all patients
had imaging demonstrative of bilateral rather than
unilateral findings, with 97.7% of chest CT scans and
90% of CXRs revealing bilateral abnormalities.
Subpleural sparing was noted in 34.3% of patients with
data available. Almost one-half (45.0%) of patients
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underwent bronchoscopy. Most patients had negative
infectious disease test results. Advanced respiratory
support was provided to more than one-third of patients
admitted to the ICU, with 36.1% intubated and
6.7% receiving extracorporeal membrane oxygenation
(ECMO). For the minority of patients admitted to the
ICU with data available on length of ICU stay (n ¼ 130),
the median length of stay was 6 days (range, 0-74 days)
(data not shown). Of the 705 patients diagnosed with
EVALI who were admitted to the ICU, 656 (93.0%) had
survival data available. Of these 656 patients, 610
(93.0%) survived, and 46 (7.0%) died.
Diagnosis and Management

Patient History

Patients with EVALI may present with respiratory
symptoms (cough, shortness of breath, and chest pain),
GI symptoms (nausea, vomiting, abdominal pain, and
diarrhea), or constitutional symptoms (fever, chills, and
weight loss).11,12 Patients often report having more than
one symptom.11 In this analysis, each of these symptoms
was reported by the majority of ICU patients
(76.1% with GI symptoms, 96.8% with respiratory
symptoms, and 92.0% with constitutional symptoms).
EVALI symptoms may be similar to those associated
with respiratory infections, including COVID-1915 and
influenza.12 EVALI should be suspected in patients with
a history of using e-cigarette, or vaping, products within
the last 3 months, a pneumonia-like illness, progressive
dyspnea, and/or worsening hypoxemia.11

In obtaining a history of e-cigarette, or vaping, product
use, confidentiality is key. Maintenance of
confidentiality can be challenging in the critical care
setting.16,17 Specific details regarding e-cigarette, or
vaping, product use include the following: start of
product use, last use of product, method of use (eg,
aerosol, dabbing, dripping), duration of use, daily
frequency of puffs, and concomitant combustible
tobacco use.18 In addition, it is important to obtain
information regarding the device, such as the product
brand, the delivery system, types of substances used (eg,
THC, cannabidiol, cannabis, nicotine, modified
products, addition of substances not produced by the
manufacturer), and product source. Most patients with
EVALI reported a history of using THC-containing
products; however, some patients reported exclusive use
of nicotine-containing products.1,12 Products obtained
off the street or from other informal sources are linked
to most EVALI cases.3 In addition to details about
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TABLE 2 ] Clinical Presentation and Clinical Course of
Patients With EVALI Admitted to the ICU,
August 2019 to January 2020

Variable ICU Patients (N ¼ 705)

Presenting symptoms

GI symptoms (n ¼ 640) 487 (76.1%)

Respiratory symptoms
(n ¼ 655)

634 (96.8%)

Constitutional symptoms
(n ¼ 641)

590 (92.0%)

Medical history

Respiratory diseases
(n ¼ 573)

163 (28.5%)

Heart diseases (n ¼ 550) 72 (13.1%)

Anxiety (n ¼ 544) 193 (35.5%)

Depression (n ¼ 546) 166 (30.4%)

Other chronic diseases
(n ¼ 493)

286 (58.0%)

Imaging

CT scan performed
(n ¼ 560)

514 (91.8%)

Opacities present
(n ¼ 323)

321 (99.4%)

Location of abnormal
finding (n ¼ 307)

Bilateral 300 (97.7%)

Unilateral 7 (2.3%)

Subpleural sparing
(n ¼ 67%)

23 (34.3%)

Chest radiograph
performed (n ¼ 567)

555 (97.9%)

Opacities present
(n ¼ 325)

311 (95.7%)

Location of abnormal
finding (n ¼ 322)

Bilateral 291 (90.4%)

Unilateral 20 (6.2%)

Bronchoscopy 317 (45.0%)

Infectious disease testing

Respiratory viral panel
positive (n ¼ 373)

47 (12.6%)

Influenza positive
(n ¼ 396)

5 (1.3%)

Blood culture positive
(n ¼ 347)

11 (3.2%)

Legionella positive
(n ¼ 291)

2 (0.7%)

Streptococcus
pneumoniae positive
(n ¼ 216)

0 (0.0%)

Mycoplasma pneumoniae
positive (n ¼ 219)

13 (5.9%)

(Continued)

TABLE 2 ] (Continued)

Variable ICU Patients (N ¼ 705)

Medical treatment

Corticosteroids (n ¼ 582) 533 (91.6%)

Antibiotics (n ¼ 512) 508 (99.2%)

Antivirals (n ¼ 164) 10 (6.1%)

Advanced respiratory
support given
(n ¼ 538)

ECMO (n ¼ 417) 28 (6.7%)

Intubation (n ¼ 538) 194 (36.1%)

Bilevel pressure
ventilation/CPAP/
high-flow oxygen
(n ¼ 403)

167 (41.4%)

Patient outcome

Survival to discharge
(n ¼ 656)

610 (93.0%)

ECMO ¼ extracorporeal membrane oxygenation; EVALI ¼ e-Cigarette, or
vaping, product use-associated lung injury.

chestjournal.org
e-cigarette, or vaping, product use, patient history
should include recent travel, other environmental
exposures, medications, presence of underlying disease,
and all forms of substance use. Resources are available
for clinicians and the public to define the terms used to
describe e-cigarette use, or vaping, as well as associated
products.18,19

Physical Examination

In assessing a patient with suspected EVALI, the
physical examination should include an evaluation of
vital signs, pulse oximetry, and respiratory system
assessment. Tachycardia, tachypnea, and hypoxemia
have been reported in cases of EVALI.13 According to
data reported to the CDC, 56% of patients had an
oxyhemoglobin saturation < 95%, and 55% patients had
tachycardia.11 Pulmonary findings on auscultation may
be unremarkable.

Bronchoscopy

Although bronchoscopy is not routinely recommended
in the evaluation of EVALI, indications for
bronchoscopy can be reviewed in consultation with a
pulmonologist and the decision to pursue bronchoscopy
made on a case-by-case basis.11 Among ICU patients
included in this analysis, 45.0% underwent
bronchoscopy (Table 2). The median number of days
from hospitalization or ICU admission to bronchoscopy
was 3 days (range, 0-88 days) (data not shown). Early in
259
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the outbreak, numerous hospitals performed
bronchoscopy regularly when confronted with suspected
EVALI, and CDC interim guidance recommended
considering it in the diagnostic workup. Because EVALI
is a diagnosis of exclusion, bronchoscopy has been used
by clinicians to aid in EVALI diagnosis and to rule-out
alternative diagnoses. For example, other acute
syndromes in which a patient may present with diffuse
parenchymal involvement, hypoxemia, and
constitutional symptoms include hypersensitivity
pneumonitis, eosinophilic pneumonia, diffuse alveolar
hemorrhage, and ARDS from another source (eg,
pancreatitis).20,21 EVALI is a syndrome of distinct
clinical manifestations; whereas the most typical
pulmonary manifestations include organizing
pneumonia and the broader spectrum of acute lung
injury, EVALI may also present with phenotypes
resembling hypersensitivity pneumonitis, eosinophilic
pneumonia, and others.22 When the pretest probability
of one of these alternative diagnoses is high (eg, in a
patient with hemoptysis and suspected diffuse alveolar
hemorrhage or a patient with immunosuppression and a
suspected opportunistic infection), diagnostic
bronchoscopy may aid evaluation.

Contraindications to bronchoscopy in patients with
suspected EVALI include situations in which patients
are too hypoxemic to undergo bronchoscopy or tolerate
sedation and history of recent myocardial infarction.23

In addition, some experts believe bronchoscopy induces
airway hyperreactivity that is an unacceptably high-risk
consequence of the procedure.24 The following sections
provide considerations for lung tissue examination,
cellular analysis, and identification of lipid-laden
macrophages in the context of bronchoscopy as an aid to
diagnosis.

Lung Tissue: Two series of bronchoscopic and
surgical lung biopsy specimens have been published,
both showing a constellation of airway-centric
damage and acute lung injury. These include high
rates of fibrinous pneumonitis, organizing
pneumonia, bronchiolitis obliterans, and diffuse
alveolar damage, all of which are nonspecific
findings seen in a variety of conditions.25,26 These
findings are expected given the pathophysiological
underpinnings of EVALI and do not aid physicians
trying to solidify a diagnosis of EVALI.27 Thus,
routine biopsies are not recommended in patients
with suspected EVALI because the findings do not
differentiate it from other illnesses.
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Cellular Analysis: Cellular analysis of BAL specimens
has had limited diagnostic utility in the context of
EVALI. There is no “typical” cellular differential on
cytology; BAL samples have variously yielded
neutrophil-, lymphocyte-, eosinophil-, or macrophage-
predominant cell differentials.26,28-31 The differential
among published case series shows a neutrophil
predominance, consistent with an acute inflammatory
pattern. This pattern is nonspecific to EVALI as it can
also be seen in ARDS, multifocal infectious pneumonia,
and other diagnoses.32 A lymphocyte- or eosinophil-
predominant differential is also nonspecific and not
helpful in ruling out EVALI, as cases of hypersensitivity
pneumonitis or eosinophilic pneumonia phenotypes
have been identified.20

Lipid-Laden Macrophages: Oil-Red-O (ORO) staining
is a method in which macrophages are stained to
evaluate for lipid deposition, a finding commonly seen
in lipoid pneumonia. Historically, its clinical use has
been limited secondary to poor specificity, as “lipid-
laden macrophages” may be witnessed in a host of
conditions, including amiodarone toxicity, ARDS, and
others.33 However, early in the EVALI outbreak, a
number of reports described lipid-laden macrophages in
EVALI cases, leading to initial consideration of EVALI
as an exogenous lipoid pneumonia.31,34,35 Lipid-laden
macrophages do appear with high frequency,25,26,28-30

suggesting a high sensitivity despite very poor specificity;
physicians encountering a positive ORO stain must
decipher whether the findings represent EVALI
vs alternative causes that yield lipid-laden macrophages.
Data suggest, for example, that this finding may
represent an endogenous response to e-cigarette, or
vaping, product constituents.9,26,27 If bronchoscopy with
BAL is pursued for separate reasons, ORO staining of
BAL cells could be ordered for patients with suspected
EVALI.
Pulmonary Imaging

A CXR should be obtained for all patients with a history
of e-cigarette, or vaping, product use, who have
respiratory or GI symptoms, particularly when chest
pain, dyspnea, or decreased oxyhemoglobin saturation
are present.11 Bilateral opacities are the most common
CXR findings in this analysis. In a published description
of 53 patients from Illinois and Wisconsin, 91% of
patients had an abnormal CXR30; in this analysis, close
to 96% of ICU patients had an abnormal CXR. However,
a normal CXR does not conclusively rule out EVALI.
[ 1 6 2 # 1 CHE S T J U L Y 2 0 2 2 ]



CT imaging of the chest might be obtained when the
CXR is normal.11,12 In the case series from Illinois and
Wisconsin, chest CT imaging was abnormal 100% of the
time.27 In this national analysis, 99.4% of chest CT scans
revealed opacities, and among cases with data available
for location of abnormal findings, 97.7% of findings
were bilateral. Among the relatively few patients with
data available regarding the presence of subpleural
sparing (n ¼ 67), subpleural sparing was reported in
34.3%. In cases in which abnormalities on CXR are
sufficient for diagnosis, a chest CT scan should be
considered on a case-by-case basis.11 Chest CT imaging
may be used to evaluate for alternate or coexisting
etiologies, such as infection or pulmonary embolism,
worsening disease, or for complications such as
pneumothorax. A contrast or noncontrast chest CT scan
may be indicated depending on what alternative
etiologies or potential findings are being considered.

Pneumomediastinum, pleural effusions, and
pneumothorax have been seen in a minority of patients;
a published description of 34 cases reported a variety of
imaging patterns that correlated with pathologic
investigations, including acute eosinophilic pneumonia,
diffuse alveolar damage, organizing pneumonia, and
lipoid pneumonia, but noted that most of the patterns
identified had basilar-predominant consolidation and
ground-glass opacity, often with areas of lobular or
subpleural sparing.20 In one case series from Utah of 60
patients with EVALI, pneumothorax or
pneumomediastinum was identified in 18%.28
Other Diagnostic Testing

When evaluating a patient with suspected EVALI, the
principal alternative diagnosis to consider is an
infectious agent presenting with diffuse lung
involvement. Fever is a common presenting symptom in
patients with suspected EVALI.4,36,37 Most infectious
etiologies can be diagnosed by means other than
bronchoscopy as the sensitivity of nasopharyngeal PCR
viral testing for many viruses approaches 100%.38,39

Atypical pneumonias such as mycoplasma or chlamydia
may present in a similar manner (eg, diffuse infiltrates,
hypoxemia) and may be detected via PCR-based assays
of nasal swabs or sputum.39 Other infectious agents to
consider are fungal organisms such as Pneumocystis
jirovecii and endemic mycoses.40,41 These should be
considered in the appropriate context, including
immunosuppression in the case of Pneumocystis
jirovecii, and appropriate geographic location or travel
history in the case of endemic mycoses.
chestjournal.org
It may be difficult to differentiate EVALI from COVID-
19,15 influenza, or other infections, and EVALI may
occur in the presence of infection. In this analysis,
12.6% of patients had a positive respiratory viral panel,
5.9% were Mycoplasma pneumoniae positive, 1.3% were
influenza positive, 3.2% had positive blood culture
findings, and 0.7% were positive for Legionella
pneumophila. In addition to these infectious etiologies,
case series of patients with EVALI have identified
evidence of concomitant infections with Candida
albicans, rhinovirus, and nontuberculous
mycobacteria.37,42-44 Additional testing for infections
should be based on individual patient factors, clinical
evaluation, and geographic risk factors. In addition, HIV
testing can be considered, particularly when the
differential includes opportunistic infections.

Multiple other laboratory test results have been reported
as abnormal in patients with EVALI. However, these
tests are not diagnostic and generally nonspecific. In a
report of 53 early cases from Illinois and Wisconsin,
87% had elevated WBC (median WBC, 15,900/mm3),
93% had an elevated erythrocyte sedimentation rate, and
50% of patients had elevated liver transaminase levels.30

These laboratory abnormalities are similar to those seen
in other published case series.28,36 Furthermore,
neutrophil predominance is common, while eosinophilia
is rarely seen.36 Although elevated procalcitonin levels
have been speculated to help rule out EVALI, elevation
may be highly variable. In a case series by Aberegg
et al,45 for example, the median procalcitonin level was
0.3 ng/mL with an interquartile range of 0.1 to 0.7 ng/
mL. The complete clinical presentation of patients,
rather than any single laboratory test, is of greatest
diagnostic utility.

Level of Care

Although the CDC has previously reported that 96% of
patients with EVALI were hospitalized,11 there may be
underreporting of less fulminant cases, and thus both
ambulatory and inpatient providers are encouraged to
consider the diagnosis. Outpatient management can be
considered for patients with normal oxyhemoglobin
saturation (> 95% on room air), without significant
comorbidity, and with strong social support and reliable
access to health care. These last two points are critical as
very close follow-up, within 24 to 48 h, is recommended
based on observations that many patients deteriorated
substantially over a short time course and subsequently
required hospitalization and even intensive care.13

Hospitalization is advised for any patient with suspected
261
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EVALI who has a new supplemental oxygen
requirement, labored breathing, or significant
comorbidity, or if the patient lacks the means for timely
follow-up. Once hospitalized, decisions about caring for
the patient on a general ward compared with an ICU
may be determined according to local resources and
staffing. Given the high rate of respiratory failure with
presentations indistinguishable from ARDS,30 ICU
admission may be advisable for patients with severe
tachypnea, oxygen requirements > 4 L by nasal cannula,
any assisted ventilatory requirement (high-flow nasal
cannula, noninvasive ventilation, or invasive
ventilation), or the development of nonpulmonary
organ failure, including encephalopathy, shock, severe
liver injury, or renal failure.

Pharmacotherapy

Antimicrobials: In this study, almost all (99.2%) ICU
patients received antibiotics, and 6.1% received antiviral
agents. Because the disease course can mimic bacterial or
viral pneumonia in previously healthy patients, early
initiation of coverage for community-acquired
pneumonia should be considered, and antiviral therapy
such as for viral pneumonia if caused by influenza
should be considered in the appropriate season.11 If the
patient has risk factors for hospital-associated
pneumonia and appears critically ill, empiric
antimicrobial therapy should be adjusted to cover
common nosocomial pathogens in accordance with
society guidelines.46

Corticosteroids: In the current study, almost all (91.6%)
ICU patients received corticosteroids. An earlier analysis
of observational data found that 82% of patients with
suspected EVALI who were treated with corticosteroids
improved,11 although corticosteroid treatment in EVALI
has not been prospectively evaluated.47 Two
histopathologic series of patients with EVALI
undergoing biopsy noted that a majority met pathologic
criteria for diffuse alveolar damage with a
bronchiolocentric distribution,25,26 consistent with
ARDS. Corticosteroids have produced inconsistent
findings for unspecified ARDS cases,48-50 whereas
corticosteroids have been found to be beneficial in
ARDS due to COVID-19 specifically.51,52 Although
clinical trials have not been conducted to compare
different corticosteroid dosing regimens, commonly
reported doses for hospitalized patients requiring
supplemental oxygen are between 40 and 60 mg of
prednisone daily for durations ranging from a few days
to 2 weeks.45 If corticosteroids are being used, clinicians
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are encouraged to carefully consider all infections prior
to starting therapy.
Respiratory Support

In this study, more than one-third of ICU patients
(36.1%) required intubation. Initial ventilator
management for patients with EVALI should adhere to
the principles of ARDS ventilation: adequate
oxygenation (oxyhemoglobin saturation > 90%) with
the least necessary FIO2; limit tidal volume and plateau
pressures in an effort to avoid ventilator-induced lung
injury; and seek to achieve ventilator synchrony to
decrease oxygen consumption.53 Less certainty exists
regarding recommendations for titrating positive end-
expiratory pressure (PEEP) for patients with suspected
EVALI. Considerations for PEEP titration include: the
degree and diffuseness of the consolidated lung, with
more diffuse consolidation potentially favoring a higher
PEEP strategy54; how lung compliance changes with the
addition of PEEP55; and whether the patient has
evidence of barotrauma at the outset of ventilation.
General recommendations are to minimize mean airway
pressure in the presence of pneumothorax and persistent
air leak. Whether mean airway pressure must be limited
in cases of isolated pneumomediastinum or pulmonary
interstitial emphysema is unclear, but limiting PEEP to
provide expansion could be considered.

For patients with a PaO2:FIO2 ratio < 150 despite
adequate sedation and ventilation in accordance with
best ARDS practices,54 prone positioning should be
considered, which has been shown to reduce mortality.56

For patients who remain difficult to oxygenate, or who
have difficulty achieving ventilator synchrony,
neuromuscular blockade can be added. However, as
shown in the Reevaluation of Systemic Early
Neuromuscular Blockade (ROSE)-Prevention and Early
Treatment of Acute Lung Injury (PETAL) trial, early
institution of neuromuscular blockade did not reduce
mortality compared with a lighter sedation strategy
without obligatory neuromuscular blockade.57

When confronted with severe ARDS not responding
favorably to traditional ARDS ventilation strategies or
when significant barotrauma precludes the ability to
deliver adequate PEEP, early consideration for
venovenous ECMO should be considered. In the current
analysis, 6.7% of ICU patients underwent ECMO. Early
decisions of ECMO candidacy and prompt initiation
allow for operative planning and the safest possible
transition.58 In the event that the patient’s lungs are
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unrecoverable from damage by EVALI or manifest a
rapidly fibrotic ARDS subtype, lung transplantation is a
consideration.

In this study, 41.4% of ICU patients received
noninvasive ventilation and/or high-flow nasal cannula.
Less severe cases of EVALI may respond well to
noninvasive forms of supplemental oxygen; typical
practice is to administer oxygen via high-flow nasal
cannula in patients requiring oxygen that exceeds a
4 L/min flow rate and/or for patients with a very high
respiratory rate (> 26 breaths/min), particularly when
patients do not have CO2 retention or obstructive lung
disease.58 Noninvasive ventilation can also be
considered, and is often selected, if the patient has a
component of cardiogenic pulmonary edema, CO2

retention, or airflow obstruction.59

Limitations
This analysis was subject to several limitations: (1)
considerable missing data among several clinical
variables, including ICU admission and specific
diagnoses within category of underlying medical
condition, may limit the generalizability of these
findings; (2) EVALI definition is intentionally sensitive
to capture all potential cases, and thus possible
misdiagnosis may occur; and (3) data collection tools
and state-specific data management systems evolved
throughout the outbreak, leading to variations in
variable reporting and completeness between the start
and end period of data collection. At the beginning of
the EVALI response, data were collected in a system
previously used for collecting limited line list data
during multistate foodborne outbreaks, and they were
then transitioned into a larger system and migrated into
a secure online platform. In addition, as public health
knowledge of factors influencing EVALI risk changed
over the course of the outbreak, the case report form
changed as well. As state-level responses evolved, some
states built their own data collection systems around
earlier or later versions of the case report form. Each of
these factors affected reporting, data collection, and
variation in data across states and over the course of the
outbreak.

Conclusions
Since the identification of the primary cause of EVALI,
the number of hospitalized EVALI cases has decreased
considerably in the United States. However, pulmonary
and critical care specialists continue to face challenges
related to patient use of e-cigarette, or vaping, products,
chestjournal.org
and it is critically important that these specialists and all
clinicians remain prepared to address EVALI and its
potential complications.
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