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Abstract

The clinical recognition of acute lung disease caused by electronic ciga-
rette (e-cigarette) usage has continued to grow. The identified pulmo-
nary pathologies each include some degree of injury and/or inflamma-
tion. Electronic cigarettes contain chemicals that hold potential for acute 
pulmonary toxicity, including, but not limited to, nicotine, volatile or-
ganic compounds, and aldehydes. However, the development of chronic 
pulmonary diseases with more insidious symptoms has gained more rec-
ognition. Some chronic pulmonary diseases, such as sarcoidosis, have 
not yet been causally linked to electronic cigarette use. We present a case 
of a patient who developed sarcoidosis after using electronic cigarettes, 
discussing clinical outcomes and management of both the patient’s elec-
tronic cigarette addiction and sarcoidosis development.
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Introduction

The clinical understanding of acute lung disease due to elec-
tronic cigarettes (e-cigarettes) has been well established over 
the last decade. The identified pulmonary pathologies each 
include some degree of injury and/or inflammation, ranging 
from lipoid pneumonia to hypersensitivity pneumonitis to 
acute respiratory distress syndrome [1-4]. Electronic cigarettes 
contain chemicals that hold potential for acute pulmonary tox-
icity: nicotine, volatile organic compounds, and aldehydes [5]. 

In addition to these known active chemicals, their mixing with 
various contaminants likely results in new chemicals with their 
own toxicities [6]. However, the development of chronic pul-
monary disease with more insidious symptoms is gaining more 
attention given the growth of electronic cigarette usage and 
users, both in chronicity and frequency.

Sarcoidosis is a systemic inflammatory disease of unknown 
cause; and while it may affect any organ, the majority of patients 
with sarcoidosis have pulmonary involvement [7]. Diagnosing 
pulmonary involvement of sarcoidosis takes into account a pa-
tient’s symptoms, clinical imaging (hilar lymphadenopathy and 
pulmonary nodules), along with a biopsy of the suspicious pul-
monary findings. The histological finding of sarcoidosis is that 
of non-caseating granulomas, which if found, prompts an inves-
tigation of other causes of granulomatous disease [7, 8]. To date, 
sarcoidosis’ association with electronic cigarette has been asso-
ciated with exacerbations of the underlining disease [9], with no 
association as a potential causal exposure of the development of 
the systemic disease itself.

We present a case of a patient who developed sarcoidosis 
after using electronic cigarettes. In the case presentation, we 
aim to present evidence for electronic cigarette use as a po-
tential cause of the development of sarcoidosis, as well as a 
potential cause of disease progression.

Case Report

Investigations

Our patient is a 50-year-old white female with a history of mild, 
persistent asthma and tobacco dependence who presented to 
clinic to discuss new onset dyspnea in the setting of electronic 
cigarette usage. Her asthma dates back to her childhood, with 
no active issues as an adult. She only uses a rescue inhaler as 
needed (per patient, about once a month). The patient began to 
smoke combustible cigarettes at the age of 18, smoking about 
20 cigarettes a day until the age of 49, when she switched to 
electronic cigarettes as recommended by a peer. However, the 
patient found the electronic cigarette addiction more aggressive 
and expensive, going through two to three pods a day. This mo-
tivated her to seek counseling and guidance on her electronic 
cigarette addiction. During the clinic visit, electronic cigarette 
addiction management included counseling, motivational inter-
viewing, and transdermal nicotine replacement therapy [10].
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As for the patient’s dyspnea, a resting pulse oximeter 
found the patient’s oxygen saturation at 94%; with ambulation, 
the patient’s oxygen saturation levels fell to 80% after 1-min 
of walking, necessitating 2 L of nasal cannula to rebound to a 
pulse oximeter reading of 96%. Given this finding, the patient 
was discharged from the clinic with supplemental oxygen and 
sent to the emergency department for an acute workup.

In the emergency department, the patient’s laboratory data, 
including a complete blood count (CBC) and a complete meta-
bolic panel, were unremarkable. No significant elevations were 
seen in eosinophils, neutrophils, or lymphocytes in the CBC. 
The patient’s C-reactive protein was undetectable. On computed 
tomography angiography (CTA) of the chest, there was no evi-
dence of a pulmonary embolism; however, diffuse ground-glass 
opacities, scattered pulmonary nodules, and hilar (1.8 cm) and 
subcarinal (1.7 cm) lymphadenopathy were found (Fig. 1). Of 
note, in a prior CTA of the chest 3 years prior (obtained due 
to a motor vehicle accident), there were no signs of lymphad-
enopathy or ground-glass opacities. The patient was admitted to 
the hospital for further evaluation. After initiation of antibiotics 
and a 3-day hospitalization for presumed community-acquired 
pneumonia, the patient was discharged home to complete the 
course. Oxygen was still required with ambulation.

The patient’s dyspnea continued after the completion of the 
antibiotics. At a follow-up clinic visit 3 months after hospitali-
zation, a pulse oximetry evaluation now found the patient war-
ranted 2 L oxygen via nasal cannula at rest, in addition to 3 L 
with mobility. A repeat CTA of the chest performed the same 
day demonstrated persistent lymphadenopathy and ground-glass 
opacities. The patient was scheduled for an endobronchial ul-
trasound bronchoscopy with a bronchoalveolar lavage (BAL). 
From the lavage, no microbial findings were identified. A cell 
count demonstrated a white blood cell count of 123/mm3, with 
the differential at 43% lymphocytes (and an elevated cluster of 
differentiation (CD)4/CD8 ratio), 22% polymorphonuclear leu-
kocytes, 35% monocytes, and 0% eosinophils. On biopsy of the 
right hilar and subcarinal lymph nodes, non-necrotizing granu-
lomatous inflammation was found on a background of scattered 
lymphocytes and benign respiratory epithelium (Fig. 2). No ma-
lignant neoplasm was identified.

An investigation was initiated to identify a potential cause 

of the non-necrotizing granulomatous inflammation. An auto-
immune panel was sent; anti-neutrophil cytoplasmic (ANCA) 
antibody, anti-La antibody, anti-Ro antibody, anti-double-
stranded DNA antibody, anti-nuclear antibody (ANA), anti-
glomerular basement membrane antibody, anti-phospholipid 
antibody, anti-Smith and anti-ribonucleoprotein (RNP) antibod-
ies were all negative. Fungal serologies for histoplasmosis were 
negative, as was a hypersensitivity panel to common pathogens.

Diagnosis

With the extensive differential for pulmonary non-necrotizing 
granulomatous inflammation, after the laboratory data returned 
negative, the diagnosis of sarcoidosis was considered. Several 
findings made sarcoidosis likely. First, the finding of lung nod-
ularity on imaging was suspicious. Pulmonary nodules in sar-
coidosis represent aggregation of granulomas and can be found 
up in greater than 80% of patients with sarcoidosis [11]. And the 
pulmonary nodules were found alongside the mosaic attenua-
tion, seen with extensive ground-glass opacities in our patient 
(Fig. 1) [11]. Second, mediastinal and hilar lymphadenopathy is 

Figure 1. Patient’s CT scan of the chest revealing hilar lymphadenopathy, pulmonary nodules, and ground-glass opacifications. 
CT: computed tomography.

Figure 2. Histopathological slide of patient’s pulmonary lymph node 
biopsy revealing non-caseating granulomas (yellow arrow).
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well documented in sarcoidosis [11], and was present extensively 
in our patient. Finally, the high lymphocytes and elevated CD4/
CD8 ratio seen in the BAL is commonly seen in sarcoidosis [12]. 
Therefore, considering the patient’s pathological findings, cell 
count findings on BAL, and imaging, sarcoidosis was diagnosed.

Treatment

After 8 months of steroids for pulmonary sarcoidosis (starting 
at prednisone 20 mg daily and tapering to a prednisone 5 mg 
daily), as well as successfully weaning and ultimately stopping 
her electronic cigarette usage, the patient was able to come 
off of oxygen, and her dyspnea resolved. The patient felt that 
her endurance was back to baseline. Repeat imaging revealed 
a resolution of the pulmonary nodules and the ground-glass 
opacities, and a reduction in size of the mediastinal and hilar 
lymphadenopathy. Of note, pulmonary function testing was 
recommended but not performed due to scheduling conflicts. 
The patient continued to receive counseling for electronic cig-
arette abstinence while on 5 mg of prednisone.

Follow-up and outcomes

At the age of 52 years, the patient had a relapse of her elec-
tronic cigarette usage. During this relapse, the patient developed 
dyspnea over a 1-month course, again resulting in the need for 
oxygen. Upon hospitalization for worsening dyspnea, repeat im-
aging showed a return of pulmonary nodules and ground-glass 
opacities. The patient required invasive mechanical ventilation 
due to hypoxemic respiratory failure, and on hospital day 4 she 
had a cardiac arrest in the intensive care unit and passed away.

Of note, there was a strong suspicion that the electronic 
cigarette use resulted in the patient’s sarcoidosis trajectory. 
The patient developed sarcoidosis findings and symptoms 10 
months after initiating electronic cigarette usage. The patient’s 
sarcoidosis symptoms and imaging findings both seem to have 
been mitigated and resolved, respectively, with abstinence from 
electronic cigarette usage in tandem with prednisone (main ther-
apy for sarcoidosis). She developed a recurrence of symptom 
and imaging findings of sarcoidosis after relapse of electronic 
cigarette usage. Therefore, the patient’s sarcoidosis may have 
been caused and influenced by electronic cigarette usage.

Discussion

Sarcoidosis is a multisystem inflammatory disease with a wide 
range of clinical manifestations, characterized by the formation 
of non-caseating granulomas. Sarcoidosis is thought to represent 
an abnormal immune response to an antigen exposure, with both 
genetic and environmental factors playing a role in the onset of 
disease as well as clinical expression. In our case presentation, 
we describe the clinical course of incident sarcoidosis develop-
ing after electronic cigarette initiation, resolution of symptoms 
with abstinence of electronic cigarette usage, and return of 
symptoms with relapse of electronic cigarette usage.

The triggering antigen or antigens for the pathogenesis of 
sarcoidosis is likely to vary according to environment (geo-
graphic location) and individual (race, genetics, ethnicity) fac-
tors [13]. With such insight, electronic cigarettes may result in 
an aberrant immune reaction that may result in sarcoidosis. The 
chemicals involved in electronic cigarettes may have significant 
antigenic properties. For example, isocyanates may combine 
with host proteins to form haptens, which in turn are antigenic, 
with such a property being described to play a role in sarcoidosis 
pathogenesis [14]. Various aerosolized chemical substances in 
electronic cigarettes can react with human proteins and induce 
an exaggerated immune response in susceptible persons, a phe-
nomenon that has been well-characterized in dust and smoke 
aerosols [15]. Further, the chemicals of electronic cigarettes may 
react to create other novel chemicals that may in turn trigger an 
exaggerated immune response.

It should also be noted that electronic cigarettes hold poten-
tial for the growth of microbial antigens, specifically mycobacte-
ria. Metalworking fluids, a known component of electronic ciga-
rettes, may contain carbon and water and have been identified to 
sustain growth of microbes, specifically mycobacteria [16]. Such 
bacteria are well known to grow in high temperatures and within 
aerosols of water droplets, making it plausible that they may be 
in electronic cigarette aerosols. Further, mycobacteria are often 
discussed as potential causes of sarcoidosis [16]. This is suspect-
ed because mycobacteria are slow-growing microbes with low 
pathogenic potential and significant capability to elicit a type IV 
immune response [16]. Therefore, both the chemicals and po-
tential microbes that have been identified in electronic cigarettes 
hold anergic capabilities that may result in sarcoidosis.

The patient’s pulmonary sarcoidosis was managed with 
standard glucocorticoid therapy. However, the patient in par-
allel was also weaned off electronic cigarettes. When she re-
lapsed to electronic cigarette usage, she saw an aggressive 
return of her sarcoidosis, necessitating hospitalization and 
critical care resources, and ultimately resulting in respiratory 
failure and death. Therefore, for patients who are using elec-
tronic cigarettes and are identified to have a non-caseating 
granulomatous disease, such as sarcoidosis, disease manage-
ment should also include abstinence from electronic cigarettes.

In conclusion, our case demonstrates the potential de-
velopment of incidental sarcoidosis in an adult female due to 
electronic cigarette usage. Her disease severity paralleled her 
electronic cigarette usage, with resolution of sarcoid-related 
symptoms and signs during her abstinent period, and a return 
of aggressive clinical manifestations during her relapse to elec-
tronic cigarette use. More information is needed to understand 
the composition of the aerosols generated by electronic ciga-
rettes, their antigenic potential, and their plausibility in result-
ing in granulomatous diseases, such as sarcoidosis. Our case 
should prompt caution with electronic cigarette usage given 
they are a potential etiology for pulmonary diseases resulting 
from aberrant and/or exaggerated immune responses.

Learning points

Electronic cigarettes and their impact on pulmonary health 
continue to be explored, with ongoing investigations into the 
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pathogenesis of certain diseases impacted by electronic ciga-
rette usage. Assuring a documentation of the usage of electronic 
cigarettes and its potential correlation, association, and/or cau-
sation of an established pulmonary illness should be on the 
minds of all healthcare professionals. In the case of our patient, 
such insight was necessary for the treatment of her sarcoidosis, 
while her relapse in the usage of the electronic cigarette result-
ing in worsening of her pulmonary symptoms and disease.
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