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Electronic Cigarette or
Vaping Product Use-Associated
Lung Injury: A Case Report
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Electronic cigarette (e-cigarette) or vaping product use-associated lung injury (EVALI) has
emerged as a social issue as e-cigarette use is rapidly increasing worldwide and is related to
many deaths in the United States. To our knowledge, this is the first case report of EVALI in
South Korea of a 24-year-old man with acute respiratory symptoms and a history of e-cigarette
use. Chest CT revealed diffuse bilateral ground-glass opacities with subpleural sparing, air-
space consolidation, and centrilobular micronodules as typical patterns of EVALI with organiz-
ing pneumonia and diffuse alveolar damage. Infection was excluded with meticulous laborato-
ry examinations, and the patients’ illnesses were not attributed to other causes. EVALI was
diagnosed by meeting the diagnostic criteria with consistent clinico-radiologic findings through
a multidisciplinary approach. Radiologists should have good knowledge of EVALI radiologic
findings and play a cardinal role in the proper diagnosis and management of EVALI.
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INTRODUCTION

Electronic cigarette (e-cigarette) users have been rapidly increasing in the United
States, reaching 41 million in 2018, and e-cigarettes have been proposed as an alterna-
tive to conventional cigarettes (1). Electronic cigarette or vaping product use-associated
lung injury (EVALI) was first reported in the United States in 2019 as an outbreak of re-
spiratory illness associated with vaping history and has emerged as a worldwide issue
(2). EVALI is a diagnosis of exclusion: a history of vaping within 90 days from symptom
onset, abnormality on chest imaging, and exclusion of other potential causes, includ-
ing infection, malignancy, or autoimmune diseases (3). Lung biopsy is not mandatory
to diagnose EVALI in cases that meet the diagnostic criteria. In South Korea, approxi-
mately 7% of adult smokers and 10% of adolescent smokers are reported to be e-ciga-
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rette users (4). Herein, we report the first case of EVALI in South Korea.

CASE REPORT

This study was approved by the Institutional Review Board of our institution and the re-
quirement for informed consent was waived (IRB No. SCHUH 2021-02-021).

A 24-year-old male presented to the emergency department (ED) with acute dyspnea and
fever. The patient’s symptoms appeared a week earlier and became aggravated three days
prior. He had a history of arrhythmia that did not require medical treatment. He was a cur-
rent smoker (0.5 pack for 10 years) and had lived in the United States for 16 years until a year
ago. The patient’s vital signs at presentation revealed a fever of 38.2°C and oxygen saturation
of 86% in room air.

Initial chest radiography showed diffuse bilateral lung parenchymal opacification with
dense airspace consolidations in the lower lungs, which were associated with mild intersti-
tial thickening. No cardiomegaly was observed, and there was no evidence of pleural effu-
sion (Fig. 1A). Initial laboratory findings in the ED revealed leukocytosis of 12400/uL with
neutrophilia of 86.8%, elevation of inflammatory markers with a C-reactive protein level of
8.9 mg/dL, and an erythrocyte sedimentation rate of 120 mm/h. Elevation of the D-dimer lev-
el of 1204 ng/mL raised the possibility of pulmonary thromboembolism. The patient under-
went chest CT with pulmonary angiography. However, there was no evidence of pulmonary
thromboembolism. Lung window images (Fig. 1B) showed diffuse heterogeneous bilateral
ground-glass opacities (GGOs) with sparing of the subpleural lungs and no craniocaudal pre-
dominance. Airspace consolidation was observed in the periphery of both lower lobes. Diffuse,
poorly defined micronodules, and mild interlobular septal thickening were also suspected. Bi-
lateral small mediastinal and hilar lymphadenopathy were observed. The primary radiologic
diagnosis in our patient was an infection, such as miliary tuberculosis (TB) or other microbial
causes of acute pneumonia with acute respiratory distress syndrome. Differential diagnoses
included acute to subacute hypersensitivity pneumonitis, acute eosinophilic pneumonia, and
diffuse alveolar hemorrhage. The patient was admitted to the pulmonology department for
further diagnostic evaluation and treatment.

On admission, meticulous laboratory testing demonstrated no evidence of infection, in-
cluding a negative respiratory viral panel, polymerase chain reaction (PCR) for influenza,
pneumocystis, TB, urine antigen testing for Streptococcus pneumoniae and Legionella, and
sputum/blood culture.

Echocardiography revealed normal findings. Bronchoscopy with bronchoalveolar lavage
(BAL) revealed no endobronchial lesions and nonspecific findings on BAL specimen analysis
(macrophages, 32.8%; neutrophils, 62.2%); eosinophils, 4.2%; lymphocytes, 0.4%); columnar
epithelial cells, 0.4%); squamous epithelial cells, 0%).

Empiric antibiotics and anti-TB treatments were started after hospitalization, but the pa-
tient presented with persistent dyspnea, fever, and hypoxia. Follow-up chest CT was per-
formed four days after hospitalization and showed some areas of mild partial improvement,
but mostly persistent diffuse bilateral GGOs and airspace consolidations. Diffuse, poorly de-

fined micronodules were better delineated and showed centrilobular distribution with sub-
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pleural sparing (Fig. 1C). Since the patient’s symptoms did not respond to treatment, we
started systemic steroid therapy following the follow-up CT scan. With the persevering ef-
forts of the clinician, the patient disclosed a vaping history of three months before the onset

Fig. 1. Electronic cigarette or vaping product use-associated lung injury with organizing pneumonia and dif-
fuse alveolar damage pattern in a 24-year-old male.

A. Initial chest radiograph shows extensive bilateral lung parenchymal opacifications with dense airspace
consolidations in the lower lungs (arrows), which are associated with mild interstitial thickening. No cardio-
megaly is seen and there is no evidence of pleural effusion.

B. On axial and coronal reformatted lung window chest CT images with pulmonary angiography, diffuse het-
erogeneous bilateral ground-glass opacities are seen with sparing of the subpleural lungs (arrowheads) and no
craniocaudal predominance. Airspace consolidations are noted in the periphery of both lower lobes, and there
are also suspicious diffuse poorly defined micronodules (arrows) and mild interlobular septal thickening.

e,

https://doi.org/10.3348/jksr.2020.0200 1583



EVALI: A Case Report —

cHﬁI-oéIAOFQIff_!-ilxl

of symptoms, and continued to use e-cigarettes during hospitalization. The final diagnosis
was electronic cigarette or vaping product use-associated lung injury (EVALI) as he met the

diagnostic criteria consisting of a recent vaping history, compatible findings on chest radiog-

Fig. 1. Electronic cigarette or vaping product use-associated lung injury with organizing pneumonia and dif-
fuse alveolar damage pattern in a 24-year-old male.

C. After four days of empirical antibiotics and anti-tuberculosis treatment, follow-up chest CT shows some
areas of mild partial improvement, but mostly persistent bilateral ground-glass opacities and airspace con-
solidations with subpleural sparing (arrowheads). Diffuse poorly defined centrilobular micronodules (ar-
rows) in both lungs are well delineated.

D. With steroid therapy for one month and cessation of vaping, follow-up chest CT demonstrates signifi-
cantly improved bilateral lung parenchymal ground-glass opacities and poorly defined centrilobular mi-
cronodules with residual diseases, along with resolution of clinical symptoms, in our patient.

-
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raphy and chest CT, exclusion of pulmonary infection, and no evidence of alternative plausi-
ble diagnoses of the patient’s illnesses. After two weeks of intravenous administration of ste-
roids followed by two weeks of oral steroid administration, a follow-up chest CT
demonstrated significant improvement of the bilateral lung parenchymal GGOs and poorly
defined centrilobular micronodules with residual diseases (Fig. 1D). The patient also showed

resolution of clinical symptoms after the administration of steroids and cessation of vaping.

DISCUSSION

E-cigarettes were invented in China in 2003 and are an alternative to conventional smok-
ing. E-cigarettes were introduced into the United States in 2007, and the number of e-ciga-
rette users (vapers) strikingly increased to 41 million in 2018, with a noticeable rise in youth
(1). EVALI was first identified in the United States in 2019 (1, 2), as with the outbreak of respi-
ratory illness in patients with a vaping history in the days and weeks before symptom onset.
As of February 2020, the Centers for Disease Control and Prevention (CDC) reported a total of
2807 cases of hospitalized patients with EVALI, with 68 deaths, more common in younger pa-
tients with a median age of 24 years (3).

E-cigarette devices consist of a battery, a reservoir containing substances, and a heating el-
ement that vaporizes the substances, which allows the users to inhale aerosolized (or vapor-
ized) substances. E-cigarettes are customizable and enable users to add numerous substanc-
es (1). Vaping substances commonly include nicotine liquids dissolved in glycerine and
propylene glycol, which are mostly mixed with flavoring aldehydes and alcohols. The exact
components of vaping substances are often unknown and may contain undesirable contami-
nants, particularly in black market mixtures. It can also be used to deliver a variety of other
recreational drugs such as tetrahydrocannabinol (THC), cannabidiol, and butane hash oils
(also known as dabs). Although the causes of the reported illnesses are under investigation,
products containing THC are most commonly reported among these patients, and one or
more causative agents may be at play (1, 2). Many chemical constituents detected in e-ciga-
rette liquids can cause acute and subacute adverse health effects. These constituents may
also undergo thermal decomposition by metallic e-cigarette heating coils to produce new
chemical compounds in aerosols (2, 3). Furthermore, the coils may also release metals such
as manganese and zinc into the aerosol, which can be toxic when inhaled (2). Alone or in
combination, these substances may result in a variety of respiratory diseases.

Until now, EVALI is a diagnosis of exclusion in cases with a history of vaping within 90 days
of symptom onset, abnormality on chest imaging, and exclusion of other potential causes ex-
plaining patients’ symptoms, including infection, malignancy, or autoimmune diseases (3).
Clinical symptoms are nonspecific, and patients are mostly thought to have an acute viral in-
fection with respiratory, constitutional, and gastrointestinal symptoms (2).

Radiologists play a significant role in the diagnosis of EVALI and are integral in the follow-
up of patients for evaluation of improvement, worsening, and superimposed complications.
Imaging patterns of lung injury in EVALI include organizing pneumonia (OP), diffuse alveo-
lar damage (DAD), acute eosinophilic pneumonia (AEP), diffuse alveolar hemorrhage (DAH),
exogenous lipoid pneumonia (ELP), and hypersensitivity pneumonitis (HP), along with path-
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ological findings (1). OP and DAD are common patterns of acute lung injury (1). OP shows
diffuse bilateral GGOs, usually with conspicuous subpleural sparing, septal thickening, and
mild consolidation. Centrilobular nodules are a common and relatively minor finding, re-
flecting the bronchiolocentric distribution of injury, including airway-centered OP, DAH, or
HP (5). DAD often presents with severe pulmonary injury, frequently requiring ventilatory
support. During the acute exudative phase of DAD, chest imaging shows lower lobe predomi-
nant consolidation and GGO, progressing to the organizing phase with reticulation, increased
bronchiectasis, and volume loss (6). Pathologically, AEP is a combination of DAD with inter-
stitial and alveolar eosinophils. Eosinophilic degranulation causes permeability edema, seen
in patients who have started smoking or have changed smoking habits (7). AEP shows an im-
aging appearance similar to that of DAD and OP, usually superimposed findings of fluid over-
load, such as septal thickening and small amount of pleural effusions (7). Patients with DAH
often present with cough, fever, and dyspnea. Hemoptysis is common, but may be absent in
one-third of cases (1, 2). Pulmonary hemorrhage appears as focal or diffuse consolidation
and GGO sparing of the peripheral lung. Centrilobular nodules represent aspirated or re-
tained blood in the distal bronchioles (1). Less common imaging patterns include ELP and
HP (1). ELP shows GGO and consolidation with lower lobe predominance, septal thickening,
and areas of fat attenuation (less than -30 HU) within consolidation or nodules on CT (8).
Findings in patients with acute HP, with clinical symptoms within a few hours of exposure,
include upper lung predominant, poorly defined centrilobular nodules, GGO, and consolida-
tion in the mid to lower lungs. Patients with subacute to chronic HP, with clinical symptoms
over weeks to months from prolonged exposure, show similar findings of acute HP, mostly
associated with mosaic attenuation representing air trapping due to small airway injury (9).

In our patient with a diagnosis of EVALI, an initial chest radiograph and CT demonstrated
extensive heterogeneous bilateral GGOs with sparing of the subpleural lungs. Airspace con-
solidations were observed in the periphery of both lower lobes, and we also suspected dif-
fuse, poorly defined micronodules with centrilobular distribution (Fig. 1A, B). Follow-up
chest CT after four days of empirical antibiotics and anti-TB treatment showed some area of
mild partial improvement, but mostly persistent bilateral GGOs and airspace consolidations
with more prominent poorly defined centrilobular micronodules (Fig. 1C) with persistent
clinical symptoms. We believe that our case represents overlapping of OP and the early exu-
dative phase of DAD patterns of acute lung injury on chest imaging. Poorly defined centrilob-
ular nodules on chest CT are also reminiscent of a bronchiolocentric injury pattern of OP or
an acute HP pattern. Follow-up chest CT following a month of steroid therapy and vaping
cessation demonstrated significant improvement of bilateral lung parenchymal abnormali-
ties (Fig. 1D), with resolution of clinical symptoms. The clinical course of patients with EVALI
varied. Most patients show improvement following cessation of vaping and initiation of cor-
ticosteroids, as in our case. However, some patients show a progressive course with respira-
tory failure, even causing death (10). In South Korea, the Ministry of Health and Welfare and
the CDC recommended stopping e-cigarette use since September 2019. Two cases of suspect-
ed EVALI were officially reported to the Korean CDC. Only one case met the diagnostic crite-
ria after the expert review. To our knowledge, this is the first case report of EVALI with con-
sistent clinical features and imaging findings.
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In conclusion, electronic cigarettes have been proven to be associated with unexpected
detrimental health effects, which can be serious and sometimes fatal. EVALI is defined as an
acute lung injury with various histopathological and imaging patterns, including OP and
DAD. Chest radiography and CT have considerable value in the diagnosis of EVALI. With our
first case report and review, radiologists can be aware of the clinical manifestations and vari-
ous imaging findings of EVALI and can suggest the diagnosis in the proper clinical context.
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