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Respiratory care physicians are confronted with a new
pulmonary syndrome linked to e-cigarette consumption.
Electronic cigarettes have been known since 2003 and are
known by different names such as “e-cigs”, “vape pens”,
“e-hookahs” or “electronic nicotine delivery systems
(ENDS)”. In recent years, e-cigarettes have advanced from
the more primitive first-generation devices to the current
fourth generation devices. The modern devices feature
higher voltages and higher temperatures and therefore
produce more aerosol volume from heating liquids. Inhaling
these aerosolized liquids is also called vaping. Although the
liquid composition has many possible variations, it mostly
contains propylene glycol (PG), glycerin, flavorings with
or without nicotine. E-cigarettes from JUUL, which is the
top-selling brand in the United States (US), have a USB-
like shape and all contain nicotine in high doses. These
high nicotine levels are achieved by using specific nicotine
salts that allow inhalation of such high nicotine doses with
less irritation than with traditional tobacco cigarettes.
Other devices have also been used to inhale a number of
psychoactive drugs added to e-liquids, such as the cannabis
derivative tetrahydrocannabinol (THC), cannabinoid oils
(CBD), cocaine, heroin and amphetamines (1).
Unfortunately, the higher temperatures of the newer
e-cigarette devices, not only led to higher volume aerosols,
but also produce more by-products, such as heavy metals
including nickel, tin and lead, and also volatile organic
compounds. Moreover, the aerosol particles can lead to
the formation of other compounds by interaction of the
particles themselves, resulting in products such as acetone,
formaldehyde, nitrosonornicotine and tobacco-specific
nitrosamine. Initially, e-cigarettes were promoted as a
way of stopping or reducing traditional tobacco smoking.
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However, there have been concerns about early nicotine
addiction by youths experimenting with e-cigarettes and
recent reports of a new pulmonary syndrome with a wide
spectrum of lung pathology, which is related to e-cigarette
use (2). In some patients, this syndrome called e-cigarette
or vaping product use associated lung injury (EVALI),
has led to severe respiratory failure, or even death. As of
February 4™2020, a total of 2,758 hospitalized EVALI
cases have been reported to the Centers of Disease Control
and Prevention (CDC) in the US and 64 deaths have been
reported (www.CDC.gov). For physicians confronted with
patients with this new pulmonary syndrome called EVALI,
sometimes also reported as “vaping associated lung injury”
(VAPI), the diagnosis and optimal management present
a real challenge. Until now, no single causative agent has
been identified that clearly is responsible for EVALI.
However, current evidence suggests that vitamin E acetate
(VEA) and THC may play a major role in the development
of EVALI (3). Other components of the vaporizing devices
and liquids have been implicated to play a role in the
pathogenesis of EVALI, especially liquids from the illegal
markets and self-mixed liquids (4). As more research
emerges, the picture of the main causative agents is likely to
become more definitive, whereby it is expected to be not a
single component but more likely combinations of various
components that increase the chances of manifesting
clinically relevant symptoms of EVALI.

In this article, we summarize the treatment strategies
described in the literature and propose a flow chart as a
guide to clinicians, based on the current literature. Between
2017 and January 2020 in PubMed we found 15 case reports
describing the treatment of EVALI patients (Table 1). There
were also seven case series on EVALI patients, however, in
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case series the treatments were only described in general
for the whole group of patients. So far, there are no
randomized controlled trials that have evaluated therapy in
EVALI (4-18). Therapy therefore remains largely empiric
or symptom-guided. The authors were involved in the
treatment of such a case (4).

What is EVALI?

The diagnosis of EVALI is mainly a diagnosis of exclusion
of other diseases (1). This can be difficult in the influenza
season, as there is no single clinical, biochemical
or radiological finding that is specific for EVALI.
Furthermore, EVALI can be associated with other viral
or bacterial infections as well. Patients mostly present
with respiratory symptoms such as cough, thoracic pain,
dyspnea or hemoptysis (19). In addition, combinations
with gastrointestinal symptoms including abdominal
pain, nausea, vomiting and diarrhea are possible. Isolated
gastrointestinal symptoms are rare. Constitutional
symptoms are frequent, such as weakness, myalgias, night
sweats, fatigue, malaise, chills, weight loss, diaphoresis and
headache (2,7,10,19-25). Symptoms are unspecific so other
diagnoses may have been made previously: in a case series
of 12 patients, 58% of patients with EVALI had a previous
health-care visit and 17% received previous antibiotic
therapy (22), and as such might have been misdiagnosed
previously. Other non-specific symptoms have been
reported, such as sore throat, nasal congestion, headache,
epistaxis, odynophagia, leg pain and back pain (22). History
taking should include questions about the vaping product
(both liquids and device), vaping frequency and intensity
and concurrent smoking of traditional tobacco cigarettes.
There seems to be a higher risk in vaping THC oils and
VEA (26). In THC oils, both VEA and vitamin-A (retinoic
acid) are used to dissolve and dilute the oils along with
mineral coconut oil and triglyceride medium chain oil (27).
In other, non-THC, e-liquids, VEA is also used as a
thickening agent (27). Blount ez 4/. (28) demonstrated VEA,
coconut oil and limonene (terpene) in 94%, 2%, and 3% of
bronchoalveolar lavage (BAL) fluid of patients with EVALI
patients, respectively. VEA has been shown to act as a
carrier for drug delivery and as such could serve as a carrier
for THC in the blood and brain of users (27). Interaction
with phospholipids and surfactants of the epithelial lining
fluid, due to its oxidant/radical derivatives, may be a possible
mechanism of VEA toxicity in vaping (27,29,30). Although
e-cigarette flavors could be another causative agent, there
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are no reports on other potentially causative ingredients
besides VEA (27).

In patients with EVALI, the radiographic findings, which
are frequently encountered, isolated or combined, include
centrilobular ground-glass nodules, bilateral confluent
ground-glass opacities (GGO), with frequent subpleural
sparing and crazy-paving (31). In the literature, these GGO
have basilar and dependent predominance, but exceptions
with upper lobe and anti-dependent predominance have
been described (32,33). Additionally, small pleural or
pericardial effusions, enlarged hilar or mediastinal lymph
nodes and mild bronchial wall thickening have been
described (32).

EVALI presents radiologically as an interstitial pneumonia,
of which ten different types have been described in literature
(8-12,32,34-38). If one of these patterns is detected, one
should always specifically ask patients about e-cigarette
consumption, as cessation of e-cigarette consumption is a
very important step in management of EVALI (19).

Interstitial disease patterns

The underlying interstitial disease patterns are described
in Tuble 2 (4,8-12,34-36,38). Henry er al. (38) and Thakrar
et al. (31) wrote very useful articles reviewing the different
possible interstitial lung injuries in patients with EVALL

Which additional investigations are necessary?

The physical examination is rather unspecific (9-11,20,23).
Temperature, vital signs and pulse oximetry are
important assessments (Figure 1). Patients can present
with fever, tachypnea, tachycardia, hypoxemia (SpO,
<95% breathing room air). Respiratory symptoms can be
cough, thoracic pain, dyspnea and hemoptysis. Gastro-
intestinal complaints are mentioned either as only organ
system affected (rarely) or in combination with respiratory
symptoms. These symptoms can include abdominal
pain, nausea, vomiting and diarrhea. Many patients with
EVALLI have constitutional symptoms as well, presenting
with general weakness, myalgia, night sweats, fatigue,
malaise, chills, weight loss, diaphoresis and headache (22).
Lung auscultation can be normal or reveal crackles and
wheezing. Signs of bronchiolitis (inspiratory squeaks) should
not be missed since this may influence choice of treatment
(see below) (4). Laboratory investigations will show elevated
infection parameters such as elevated C-reactive protein
(CRP), procalcitonin and neutrophilia (26).
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Table 1 Treatment strategies in patients with EVALI

. . . X Intubation/ Systemic
General Respiratory Cardiovascular Radiological i . o
Ref. no. Age Sex O, nasal HF or NIV mechanical ECMO Cortico-  Antibiotics
symptoms symptoms symptoms pattern y .
ventilation steroids

Sakla, 25 F - Y - ARDS - - - Y - Azithromycin,

2020 (5) ceftriaxone.
Levofloxacin

Casanova, 31 F Y Y Y CO, GGO, PE Y - - - Y Azithromycin,

2020 (6) ceftriaxone

Landman, 17 M Y Y Y BL - - Y Y Y Azithromycin,

2019 (7) ceftriaxone,
piperacillin-
tazobactam,
amphotericin B

Flower, 33 M - - - RBILD - - - - - -

2017 (8)

Sommerfeld, 18 F - - - HP, ARDS - - Y - Y “Broad-spectrum”

2018 (9)

Moore, 43 M Y Y - CO, PE Y - - - - “Antibiotics”

2015 (10)

Khan, 40 F - Y Y GGO - Y - Y “Antibiotics”

2018 (11)

Agustin, 33 F - Y - CO, GGO - NIV - - Y “Antibiotics”

2018 (12)

Sharma, 35 M - Y - CO, GGO - - - Y “Antibiotics”

2019 (13)

Buus, 23 M Y Y - BL - - - Y Doxycycline

2019 (14)

Qarajeh, 47 M - Y - GGO, PE - HF - - Y Azithromycin,

2019 (15) ceftriaxone,
vancomycin,
piperacillin-
tazobactam,
levofloxacin

Abeles, 18 M Y Y - GGO - NIV - - Y Azithromycin,

2020 (16) levofloxacin

Ocampo- 20 M Y Y Y GGO Unknown Unknown  Unknown Unknown Y -

Gonzalez,

2020 (17)

Singh, 2 M Y Y Y GGO, HC - HF - - Y Azithromycin,

2020 (18) ceftriaxone

Hage, 44 F Y Y - GGO, BL - - - - Y Azithromycin

2020 (4)

EVALI, e-cigarette or vaping product use associated lung injury; HF, high flow oxygen; NIV, non-invasive ventilation; ECMO, extracorporeal membrane
oxygenation; F, female; M, male; Y, yes, applicable; ARDS, acute respiratory distress syndrome; CO, consolidation; GGO, ground-glass opacity; PE,
pulmonary emboli; BL, bronchiolitis; RBILD, respiratory bronchiolitis interstitial lung disease; HP, hypersensitivity pneumonitis; HC, honeycombing.
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Table 2 Interstitial disease patterns

Interstitial pattern Radiological findings Reference

Bronchiolitis Signs of air trapping 4,7)

Diffuse alveolar hemorrhage Diffuse GGO (12)

Bilateral patchy consolidations
Pneumonia with pleural effusion - (10)
Hypersensitivity pneumonitis Can be combined with pleural effusion 9)
Superimposed smooth interlobular septal thickening

Acute eosinophilic pneumonia GGO (39,40)
Pleural effusion

Organizing pneumonia Bilateral GGO (11)
Consolidation

Giant-cell interstitial pneumonia GGO (32)

Traction bronchiectasis

Acute lipoid pneumonia GGO (41,42)
Consolidation
Crazy paving

Respiratory bronchiolitis-associated Multiple poorly defined pulmonary nodules (8)

pneumonitis Fluffy parenchyma opacification along the terminal bronchovascular units

Acute lung injury (ALI) & acute respiratory - (2,25,32)

distress syndrome (ARDS)

GGO, ground-glass opacity.

In addition, liver transaminases (aspartate aminotransferase
and alanine aminotransferase) should be determined, as these
are elevated in 50% of patients with EVALI (26).

Arterial blood gas analysis is advisable, since EVALI
patients may deteriorate very rapidly. To exclude other
diseases, blood cultures, sputum culture and Gram
staining, urine Legionella and Pneumococcus antigen should
be considered. A urine drug screen should be performed
to search for drugs, as patients may hesitate to report drug
use by inhalation using their e-cigarettes. Depending
on the clinical situation of the patient, a spirometry and
CO-diffusion capacity measurement may be considered.
Depending on the season, a nasal and throat swab for
a respiratory multiplex PCR should include testing for
influenza virus. Radiologic examination should at least
include a chest X-ray, but preferentially a chest CT-scan. In
all patients with an abnormal chest X-ray, a chest CT-scan is
indicated. In case of radiologic abnormalities, a bronchoscopy
with BAL can guide further management, to exclude
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bacterial and/or viral co-infections in patients with EVALIL.
In clinically instable patients a bronchoscopy with BAL can
be considered after intubation. Beside the microbiological
analysis of the BAL, the pathological analysis could include
the Oil Red O or Sudan black staining to search for lipid-
laden macrophages, as these have been described in a number
of patients with EVALI (2). The clinical relevance of lipid-
laden macrophages however is debated (17,43). In patients
in whom a Diffuse Alveolar Hemorrhage is suspected, a
Prussian blue iron staining should be performed (12).

As EVALI is a diagnosis of exclusion, patients have also

undergone surgical wedge resections to exclude important
other diseases (8).

How should we treat EVALI?

First of all, patients should be advised to stop vaping or
dabbing (and ideally also stop smoking traditional tobacco
cigarettes) immediately (19). Secondly, consulting an intensivist
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Flowchart for patients suggestive for EVALI

Hage and Schuurmans. Management of EVALI

 History (e.g., e-cigarette products, pulmonary/gastrointestinal/cardiovascular/constitutional symptoms)

® Physical examination (e.g., SpO,, signs of bronchiolitis)

(7l o Chest X-ray (or better: CT thorax)

¢ Laboratory investigation (e.g., CRP, PCT, full blood count, liver function tests, blood glucose, HIV serology, urine drug screen, Y
blood cultures, urine for legionella and pneumococcus antigens, arterial blood gas analysis)
e Sputum Gram stain and culture, nasopharyngeal PCR resp. viruses (Influenza depending on season)

* Consultation of critical care medicine (rapid deterioration possible, 50% ICU admission of whom 50% need intubation) J

Diagnostic

® Consider bronchoscopy with BAL (include Oil Red O or Sudan black staining to search for lipid-laden macrophages, and
Prussion blue iron staining when diffuse alveolar hemorrhage is suspected)

(empiric)

(invasive) e Consider lung biopsy
N
¢ Discontinuation of e-cigarette consumption/vaping
* Consider antibiotic treatment (e.g., ceftriaxone and azithromycin) and/or antiviral treatment (e.g., in case of Influenza)
Treatment * Consider systemic steroids (e.g., methylprednisolone 250 or 500 mg initially, followed by prednisolone 0.5-1 mg/kg)
* Adequate oxygenation (O, nasal cannula, high flow oxygen therapy, non-invasive or mechanical ventilation, ECMO)
=

there was a 50% relapse rate with e-cigarette consumption)

Discharge * Follow-up visit within 1-2 weeks (including SpO, and consider a repeat chest X-ray)
¢ Follow-up visit within 1-2 months (with pulmonary function tests including diffusion capacity, repeat chest X-ray (or CT if indicated)

(follow-up)

¢ Follow-up 24-48 hours after discharge (e.g., check SpO,, discuss risks of e-cigarette consumption/vaping, in patients with readmissions

Figure 1 Management of EVALI. EVALI, e-cigarette or vaping product use associated lung injury; CRP, C-reactive protein; PCT,

procalcitonin; CT, computed tomography; ECMO, extracorporeal membrane oxygenation.

should be considered, because patients with EVALI can show
a sudden rapid and dramatic clinical deterioration within one
or two days, needing high flow oxygen therapy, (non)-invasive
ventilation, or even extracorporeal membrane oxygenation
(ECMO) (19). In patients with EVALI, almost 50% will be
admitted to an intensive care unit, of whom another 50% will
need mechanical ventilation (19). Pharmacological treatment is
currently not supported by systematic clinical studies, but case
reports and case series are available. Most patients with EVALI
improve on high doses of systemic corticosteroid treatment
(e.g., initially intravenous methylprednisolone, followed
by 1 mg/kg prednisolone daily). One case series reported
that 82% of patients improve due to corticosteroids (19).
However, the natural course without corticosteroids is
unknown. In case of suspected primary infectious disease,
corticosteroids could be withheld, for example in patients
with fungal pneumonia. In case of co-infection with influenza
this will present a dilemma, as corticosteroid treatment in
influenza is associated with increased mortality and hospital-
acquired infection, although the evidence relates mainly
to high-dose corticosteroid treatment and the quality of
evidence is low (44). Antibiotic and/or antiviral treatment
should also be considered in EVALI patients, as EVALI can

be associated with bacterial or viral pneumonia. The cause of
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this association could be the alteration of the innate immunity
and airway cytokines, which can be modified by e-cigarette
inhalation, increasing the virulence of colonizing bacteria (45).
Cytotoxicity has been demonstrated to airway cells iz vitro,
after acute exposure to e-cigarette vapor, and also has been
shown to decrease the function of macrophages and neutrophil
antimicrobial function (45). Moreover, inhalation of e-cigarette
vapor leads to increased markers of inflammation in BAL
and serum (45). The initial antibiotic treatment should be
dependent on the local or national antibiotic guidelines, in the
current medical literature only empiric treatments have been
mentioned. Most patients received combined ceftriaxone and
azithromycin (Table 1). However, in case series, alternative
treatments, predominantly given in combination with other
antibiotics, were vancomycin, piperacillin-tazobactam
and levofloxacin. Interestingly, it has been postulated that
vaping increases susceptibility to pneumococcal infection
by increasing oxidative stress due to the redox-active metals
in the vapor, leading to increased platelet-activating factor
receptor (PAFR) expression (46). Unfortunately, it is currently
unknown whether pneumococcal infections are the main co-
infection in EVALI patients, and whether pneumococcal
vaccination would be indicated in vaping patients.
Pneumococcal adhesion to airway cells was attenuated by
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the antioxidant N-acetyl cysteine iz vitro, but clinical data in
EVALI patients from case reports and case series supporting
the use of N-acetyl cysteine is not available (46). Vaping
has been shown to increase the risk of thrombogenesis in
mice. So far there are no case reports showing pulmonary
embolism or deep venous thrombosis in EVALI
patients (47). Therefore, routine therapeutic anticoagulation is
not indicated.

Patients with suspected influenza should be treated with
prompt antiviral treatment, especially in case of severe or
progressive illness, high risk for influenza complications,
and in hospitalized patients (CDC recommendation).

In EVALI patients with clinical and/or radiological
suspicion of bronchiolitis, the therapy should include a
macrolide based on its immunomodulatory effects. In case
of bronchospasm, nebulized ipratropium and salbutamol or
albuterol should be considered as part of the symptomatic
treatment to improve the clinical situation (4,10).

Although EVALI can present with severe signs and
symptoms, some patients might be treated as outpatients
initially. According to the CDC, patients with normal
oxygen saturation (SpO, >95%), without respiratory
distress or comorbidities that might compromise pulmonary
function, could be treated as out-patients, if they have
reliable access to health care and have strong social
support systems. A follow-up in these outpatients within
24-48 hours after initial evaluation is mandatory (26).

Patients with preexisting lung and/or cardiovascular
disease and in case of pregnancy hospitalization should be
considered. In older patients, the risk of respiratory failure
leading to intubation with mechanical ventilation is higher. In
the registry of the CDC, a total of 2,409 patients with EVALI
had been documented by November 2019 of which 95%
required hospitalization (48). The increased awareness among
physicians will probably increase the number of patients with
EVALL, and probably also more patients with relatively mild
disease may be detected. Diagnosis of EVALI in patients with
mild disease may have been previously easily missed and/
or misdiagnosed due to the novelty of this diagnosis. The
CDC recently changed the inclusion criteria for the registry
from including all patients with EVALI to patients requiring
hospitalization and those leading to death due to EVALL

Pathogenetical mechanisms possibly influencing
treatment

After exposure to e-cigarette vapor, in cultured lung cells,
one in vitro study showed changes in bacterial phenotype
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associated with increased virulence (49).

In animal experimental studies, e-cigarettes lead to
increased production of proinflammatory cytokines,
increasing the risk of bacterial (S. pneumoniae) or viral
(HINT influenza) infection (50-52). This finding would
favor the use of antibiotic treatment, including at least a
beta-lactam or cephalosporine, as well as antiviral treatment
if symptoms are suggestive of viral infection.

"Two possible causative agents leading to immunosuppression
linked to e-cigarette use are PG and glycerol (GLY) (53). These
substances are used because of their hygroscopic properties for
flavors in e-liquids, and may have a direct and indirect effect on
the airways. Direct effect, due to the hygroscopic properties of
PG and GLY, could lead to dehydration of the airway surface
liquid, resulting in decreased mucocilliary clearance, airway
obstruction and inflammation.

For e-cigarettes containing nicotine animal experiments
have shown increased airway hyperreactivity and an
impaired ciliary beat frequency. The main cytokines
involved were IL-6 and IL-8 (54).

An indirect effect may be the release of proinflammatory
cytokines, with subsequent microvascular leakage (55,56).
The observed respiratory insufficiency in EVALI patients
might also be explained by this molecular mechanism, in
which the above-described effects could interfere with
alveolar surfactant, resulting in additional collapse of the
small airways (57,58).

Although still speculative and not proven in clinical
studies yet, this paradigm of epithelial dysfunction with
impaired respiratory fluid regulation (due to capillary
leakage and decreased surfactant) might link the described
molecular reactions to the radiological findings in patients
with EVALI, especially in case of acute lung injury (ALI)/
acute respiratory distress syndrome (ARDS).

The cascade starting with the release of proinflammatory
cytokines would justify the high doses of corticosteroids in
patients with EVALL

Follow-up after hospitalization

There is no uniform protocol that should be followed
after hospital discharge. The CDC recommend a follow-
up visit within 1-2 weeks, including pulse-oximetry,
and a chest X-ray follow-up examination. An additional
follow-up visit should include spirometry, CO-diffusion
capacity and chest X-ray after 1-2 months. In the study of
Blagev et al. reporting on 26 patients who were followed
up within 2 weeks, it was noted that, despite clinical and
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radiographic improvement in all patients, 67% of patients
had residual abnormalities on chest radiographs and 67%
had abnormalities in the pulmonary function tests (24). At
each follow-up visit patients should be advised to refrain
from e-cigarette consumption.

Prognosis and case fatality rate

The prognosis is relatively good, even in severe disease,
although fatalities have been described (see above). The
mean duration of hospitalization overall was 6.7 days;
in the age group of >51 years it was 14.8 days (19). Of
the patients with readmissions to the hospital within
2 weeks after treatment for EVALIL, 50% had relapsed with
e-cigarette consumption.

Long-term complications, risk of recurrence and
modifying factors such as genetic vulnerability are currently
not known. The Lung Injury Response Clinical Working
Group observed relapses both during corticosteroid
tapering and with resumption of e-cigarettes use (personal
communication) (19). After prolonged corticosteroid
treatment, some patients might need endocrinological
follow-up to monitor adrenal function. The post-treatment/
discharge monitoring of patients with EVALI will probably
reveal interesting long-term information but has yet to be
established.

Conclusions

EVALI is a relatively new syndrome associated with
e-cigarette consumption, with a wide variety of pulmonary,
gastrointestinal and constitutional symptoms. Increased
awareness among physicians is needed to adequately
diagnose patients with EVALI and in order to start
treatment as soon as possible. Immediate and complete
cessation of vaping, high doses of systemic corticosteroids,
appropriate antibacterial and antiviral management and
identification of patients with bronchiolitis in order to
treat them with macrolides, are crucial in an early stage of
EVALL This may pose a challenge due to the widespread
use of e-cigarettes and some common symptoms shared
with viral pulmonary infections, such as influenza infection.
In addition, it is not common practice yet to ask about
vaping in routine history taking by clinicians despite the
importance of this task in recognizing potential EVALI
patients. A multidiscipline approach with pulmonology,
radiology, intensive care medicine, microbiology, pathology,
toxicology, psychology and sometimes also thoracic surgery

© Journal of Thoracic Disease. All rights reserved.
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is needed in the work-up of suspected EVALI cases.
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