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E-cigarette, or vaping, product use associated lung injury (EVALI):
new scenarios for physicians and radiologists
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Abstract

A 59-year-old female ex-smoker with 40 pack year smoking
history and a 5-year current e- cigarette (EC) use history, present-
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ed with progressive dyspnea on exertion and daily cough for 2
months. A CT scan showed a consolidation area with air bron-
chogram in the middle lobe and non-calcific bilateral nodules,
which could be attributed to community-acquired pneumonia. The
patient was treated with empiric antibiotics and systemic steroids
for 10 days. Infectious, neoplastic and autoimmune pathologies
were excluded, whereas a broncho-alveolar lavage revealed an
accumulation of lipids in the cytoplasm of the alveolar
macrophages. Despite the recommendation of vaping cessation,
the patient continued to use EC. A new CT exam, carried out after
18 months, showed reversed halo sign (RHS), patchy ground-
glass opacity (GGO), pleuro-parenchymal bands, and indeed per-
ilobular pattern, suggestive of organizing pneumonia (OP). The
final diagnosis was e-cigarette, or vaping, product use Associated
Lung Injury (EVALI)- related OP.

Introduction

In recent years the increased number of hospitalizations for
acute lung injury related to electronic cigarettes (ECs), in particu-
lar in the United States, has led to a growing scientific interest
regarding “vaping” diseases [1]. Although many cases of acute
respiratory disease and respiratory failure related to the use of ECs
have been described, few cases of EC pulmonary damage with a
subacute or chronic course are discussed [2-4]. Considering the
increase in the use of ECs, the confusing effects of mild or non-
specific symptoms and the variability of chest images (which can
be similar to other respiratory diseases), we believe that a higher
percentage of the cases of e-cigarette, or vaping, product use asso-
ciated lung injury (EVALI) is not recognized and that the pathol-
ogy is still largely underestimated.

In the following case report about a five-year EC-user female
patient, the radiological findings, the broncho-alveolar lavage
(BAL), cytology and laboratory data highly indicated chronic
EVALI related to organizing pneumonia (OP).

Case Report

A 59-year-old woman, with a 40 pack-year and a current 5-year
e-cigarette smoking history was taken a high-resolution CT of the
chest (HRCT) because of a two-month history of progressive dysp-
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nea and daily cough. The HRCT revealed the presence of a large
consolidation with air bronchogram of the middle lobe and non-cal-
cific bilateral nodules, in particular a9 mm nodule in the apical seg-
ment of the right lower lobe and 7 mm in the same segment of the
left lower lobe. Mild emphysematous changes in both upper lobes
(Figure 1) were also visible. The patient was treated with ceftriax-
one (2 g daily) for a presumed diagnosis of community-acquired
pneumonia and systemic steroids for 10 days to cover a presumed
COPD exacerbation. Due to the persistence of symptoms, the
patient was admitted to our hospital. She reported to have taken a
business trip to Romania about 4 months earlier, but she did not
mention any other noteworthy pathologies. There were no signifi-
cant occupational or domestic exposures (specifically to birds or
other animals, or moulds), or hobbies of note. Upon physical
examination, the auscultation of the chest revealed a basal bilateral

Case Report

reduction of breath sound with no crackles. The heart rate and
blood pressure were normal; the oxygen saturation in the haemo-
globin was 95% under room air. Blood counts revealed an
increased white blood cell (WBC) count of 11,820 cells/mL (differ-
ential count: neutrophils 55.4%, lymphocytes 36.3%, monocytes
7.5%, eosinophils 0.4%, basophils 0.4%). The erythrocyte sedi-
mentation rate (ESR) was 17 mm/h and C-reactive protein (CRP)
was 0.4mg/dL.

The insidious onset of the disease and previous radiological data
posed considerable doubts regarding potential differential diag-
noses; therefore, further investigations were conducted. An 18 FDG-
PET showed a normal tracer uptake and serum tumor marker levels
of CA15-3, CA19-9, CA 125, CEA, CYFRA 21-1 and NSE were in
the normal range. Tests for influenza viruses, as well as urine antigen
tests for legionella pneumophila, streptococcus pneumoniae,
mycoplasma pneumoniae, and chlamydia pneumonia were negative.
A search on sputum for mycobacterium tuberculosis (direct, culture,
and PCR) and atypical mycobacteria were also negative. The
autoimmune profile and antineutrophilic cytoplasmic antibodies
were normal. A video-bronchoscopy with BAL was performed and
it showed negative microbiology (fungal, viral, and bacterial
pathogens were tested). Regarding the cytology of the BAL fluid,
differential cell count showed 2% lymphocytes, 3% neutrophils,
95% macrophages, and 0% eosinophils and revealed numerous large
alveolar macrophages with similar-anthracotic pigment in their cyto-
plasm, Oil red O staining positive (>50%) for extensive accumula-
tion of lipid material (Figure 2). A spirometry revealed an obstruc-
tive ventilatory defect with FEV 1=1.39L (61% predicted),
FVC=2.38L (88% predicted), and FEV,/FVC=58.47%. A more

careful evaluation of her anamnesis revealed that the patient has
used electronic cigarettes in the last 5 years. She was advised to stop
vaping immediately and prednisolone was prescribed for her (25 mg
daily for 2 months). In addition, the patient was given an inhalation
therapy with LABA/LAMA combination for stable COPD, which
resulted in a substantial improvement in her symptoms. After one
month of therapy, an HRCT of the chest revealed ground-glass opac-
ities (GGO) diffuse to lower lobes with OP-like pattern (pleuro-

parenchymal bands, GGO and reversed halo sign), linear opacities,

and GGO in the middle lobe and lingula (Figure 3a). Unfortunately,
the patient continued to use ECs, despite the recommendation of
vaping cessation. One last chest HRCT was performed eighteen
months later, and it showed a pleuro- parenchymal band in the right
lower lobe and GGO in the left lower lobe, which were a strong indi-
cation of sequelae of OP (Figure 3b). All data finally suggested a
diagnosis of EVALI with OP dominant pattern with rare and spo-
radic small nodules of OP completely disappeared after steroid ther-
apy, no macroscopic lung fat at HRCT and with a high concentration
of lipid-laden macrophages (LLM) in BAL.

k=

Figure 1. Chest HRCT: complete consolidation/atelectasis of the
middle lobe with air bronchogram (a) non-calcific, indeterminate
nodule in left lower lobe (b); non-calcific, indeterminate nodules
in right lower lobe (c).
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Figure 2. a) Large alveolar macrophages with anthracotic-like pig-
ment in their cytoplasm (May Grunwald- Giemsa staining (400x
magnification). b) Lipid-laden macrophages stained with Oil Red
O staining (400x magnification).
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Discussion

An electronic cigarette is a device designed to simulate and
replace traditional smoking systems. It generally contains a mix-
ture of ingredients (mainly nicotine, propylene glycol, vegetable
glycerin, water, and flavoring agents), and is used to control nico-
tine addiction in order to promote its cessation.

In 2015, the use of ECs was highly concentrated in the US
(56%) and UK (12%). However, the use of electronic vaping
devices containing nicotine or tetrahydrocannabinol (THC, i.e., the
main psychoactive constituent of cannabis), has greatly increased
among young students in recent years. Its use has been associated
with a growing number of cases of “vaping” related- lung diseases,
represented by the acronym EVALI (e-cigarette or vaping product
use- associated lung injury). An FDA and CDC document has
reported a total of 2,668 hospitalized as EVALI cases between
August 2019 to January 2020. In particular, 82% of the patients
used ECs containing THC, and 14% used ECs containing exclusive-
ly nicotine [1]. The report also highlighted that the broncho- alveolar
lavage fluid of EVALI patients showed the presence of Vitamin E
acetate, which might have been used as an additive in ECs produc-
tion or as a thickener in THC products. Vitamin E acetate impairs
normal lung function [5,6].

Diagnosing EVALI is a process based on exclusion. Use of
ECs at least 90 days before symptoms appear, appropriate radio-
logical images, and the absence of pulmonary infection on initial
workup represent the CDC criteria for a “confirmed case of
EVALI”.

According to the imaging (CT-HRCT), the patterns of “vaping
related” lung injury include OP, respiratory distress syndrome
(RDS), diffuse alveolar damage (DAD), acute eosinophilic pneu-
monia, hypersensitivity pneumonitis (HP), exogenous lipoid pneu-
monia (ELP), and giant cell interstitial pneumonia [7,8]. OP is a
reaction to an irritation caused by a trigger of any kind, and is char-
acterized by patchy loose plugs and granulation tissue filling the
lung alveoli and respiratory bronchioles [9]. OP can be idiopathic,
in which case it is defined as cryptogenic organizing pneumonia
(COP) and classified among idiopathic interstitial pneumonia,
according to the 2002 ATS/ERS classification [10]. However, it
can also be the consequence of a lung injury due to infection (bac-
teria, viruses, parasites, fungi), toxicity of drug as amiodarone, beta-
blockers, carbamazepine, efc., inhalation of a pathogen (cocaine),
inhalation of toxic gas, gastroesophageal reflux, connective tissue
disorders (rheumatoid arthritis, systemic lupus erythematosus,
polymyositis/dermatomyositis, polymyalgia rheumatica), organ

Figure 3. a) Chest HRCT of lower lobes after one month of
steroid therapy showed RHS in right lower lobe, GGO areas and
linear opacities in the lower lobes, highly suggestive of OP. b)
Chest HRCT of lower lobes after 18 months showed mild focal
GGO in left lower lobe, parenchymal bands and linear opacities
in the lower lobes referred to sequelae of OP.
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transplant, or radiotherapy. In addition, OP can be histologically
associated with pulmonary lesions of another nature such as vas-
culitis, lymphoma, lung cancer, hypersensitivity pneumonitis,
eosinophilic pneumonia, acute interstitial pneumonia, non-specific
interstitial pneumonia, or usual interstitial pneumonia [11,12].
Some cases of OP related to EC use have been described recently
[13,14].

From a clinical standpoint, OP can manifest itself with nonspe-
cific symptoms, such as flulike illness, cough, dyspnea, fever,
chest pain, sputum and hemoptysis. Bilateral patchy GGO, consol-
idations, or both, with peripheral or perilobular patterns represent
typical CT/HRCT findings of OP. Most patients respond rapidly to
corticosteroid therapy. Furthermore, the classification of OP as
cryptogenic rather than secondary is clinically important, as the
management of secondary OP also requires treatment of the under-
lying disease (eg, infection and connective tissue disease) and the
avoidance of the potential offending agent (eg, medication and
radiation injury) [15]. Previous reports and clinical experience sug-
gested that secondary OP could be associated with a worse prog-
nosis and less responsive to steroid treatment when compared with
COP. Although in rare cases, the disease might also present a rap-
idly progressive respiratory failure picture and frequent relapses.

In our reported case, three elements suggested a direct relation-
ship between pneumonia and the chronic irritating stimulus caused
by the oily irritants in ECs: the inflammatory response (which per-
sisted over time), the radiological findings (classically referable to
OP in evolution), and the absence of typical macroscopic radiolog-
ical evidence of lipoid pneumonia, despite the presence of LLM in
BAL cytology samples.

Recently, there has been an increased interest related to the
potential role of LLM in the detection of vaping-associated pul-
monary injury (VAPI); particularly, Shields et al. have demonstrat-
ed the presence of LLM in 96% of healthy smokers and 58% of EC
users, and almost subjects who have never smoked [16]. This evi-
dence suggests that LLM in BAL has poor specificity and cannot
be considered as a laboratory marker for EVALI [17]. The study
also showed that EC users, positive to LLM, had high levels of
cytokines IL 4 and IL10, which were absent in the airways of
healthy smokers. These findings suggest that the increase of those
cytokines in EC users could be the result of a compensatory
response to impaired pulmonary hemostasis or glandular hyper-
secretion, characteristic to EC exposure. More specifically, IL-4 is
an important pro-inflammatory modulator that stimulates the type
2 inflammatory response of T helper cells and is directly involved in
the hypersecretion of mucus [18]. IL10 has well-documented
immunosuppressive properties through inhibition of the Th1-medi-
ated immune response. Some studies also report the production of
IL-10 by airway macrophages [19]. It is probable that the exposure
to EC, which promotes an inflammatory process on one hand, stim-
ulates a greater expression of anti-inflammatory factors to balance
its effects on the other hand.

In our case, the patient had been a heavy cigarette smoker for
40 years and has recently used EC for about 5 years. Precisely, she
reported to have been using an OVALE brand mod box device,
with a mixture of liquids consisting of nicotine (at the concentra-
tion of 20 mg/mL), propylene glycol and vegetable glycerin (50-
50) and, or, tobacco flavor every day for about 8 hours a day.
Therefore, it is certain that the increase in LLM component and the
evidence of anthracotic pigments in alveolar macrophages is partly
due to her history of exposure to cigarette smoke [20]. However,
the clinical and radiological manifestations (OP-like consolidation,
nodules, and GGO) appeared only after prolonged exposure to EC,
in absence of microbiological or autoimmune features that could
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have justified the appearance of the symptoms. Moreover, the
improvement after treatment with systemic steroids seems to con-
firm the diagnosis of dominant EVALI-related OP-pattern. Many
case reports have shown improvement with the use of corticos-
teroids, given their anti-inflammatory nature, but further research
is needed to determine the ideal dosage and duration of treatment.

Conclusions

Despite the growing scientific interest in recent years about the
use of ECs, there are still doubts about the role of alveolar
macrophages in the genesis of respiratory disorders and the long-
term damages caused by ECs. In patients who have had a pro-
longed use of ECs, a diagnosis of EVALI must always be suspect-
ed in cases of non-resolving radiological findings (like consolida-
tions without macroscopic fat, which would make the diagnosis of
lipoid pneumonia easy) after prolonged antibiotic therapy, or when
GGO, nodules, or OP pattern are evident on HRCT exams.
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