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Respiratory failure caused by lipoid pneumonia from

vaping e-cigarettes

Darsana Viswam,' Simon Trotter,” P Sherwood Burge,' Gareth | Walters'

SUMMARY

A young female vaper presented with insidious onset
cough, progressive dyspnoea on exertion, fever, night
sweats and was in respiratory failure when admitted

to hospital. Clinical examination was unremarkable.
Haematological tests revealed only thrombocytopenia,
which was long standing, and her biochemical and
inflammatory markers were normal. Chest radiograph
and high-resolution CT showed diffuse ground-glass
infiltrates with reticulation. She was initially treated with
empirical steroids and there was improvement in her
oxygenation, which facilitated further tests. Since the
bronchoscopy and high-volume lavage was unyielding,
a video-assisted thoracoscopicsurgical biopsy was done
later and was suggestive of lipoid pneumonia. The only
source of lipid was the vegetable glycerine found in
e-cigarette (EC). Despite our advice to quit vaping, she
continued to use EC with different flavours and there is
not much improvement in her clinical and spirometric
parameters.

BACKGROUND

The popularity of e-cigarettes (ECs) with
consumers has increased worldwide in recent
years; however, in the UK and elsewhere, their use
remains unregulated and little is known about toxic
inhalational or any long-term adverse respiratory
effects. We report a subacute inhalational episode
and ongoing respiratory illness in a young female
vaper, requiring a surgical lung biopsy for patho-
logical diagnosis.

CASE PRESENTATION

A 34-year-old British Asian woman was admitted
to our hospital from a general medical take in acute
type 1 respiratory failure. Prior to admission, she had
experienced 3 months of progressive breathlessness
on exertion and daily cough with white sputum. This
was accompanied by streaky haemoptysis, reduced
appetite, weight loss of 6 kg and night sweats. She was
an ex-cigarette smoker of 5 years with a 10-pack-year
history, having switched to ECs by vaping approxi-
mately 3 years before admission. She had a signifi-
cant medical history of congenital dysmorphism with
thrombocytopenia and iron deficiency anaemia under
surveillance by haematologists, closure of a ventric-
ular septal defect at age 1, gastro-oesophageal reflux
disease and hypothyroidism. There were no muscle
or joint pains, rash, dysphagia or sicca features.
Her drug prescriptions comprised omeprazole 20
mg once daily, levothyroxine 75 pg once daily and
cholecalciferol 800 U once daily. She was employed
as a retail assistant in a jewellery and fashion acces-
sories concession at Birmingham Airport, with no
exposure to aircraft exhaust, gases, vapours or dust,
and there were no work-related changes in presence
or severity of symptoms. There were no significant
inhalational exposures domestically, specifically
birds or animals, moulds, damp, hot tubs or jacuzzis,
compost, feather or down bedding, and no hobbies
of note. On admission, she was tachypnoeic, tachy-
cardic, saturating 96% on 4L/min of oxygen. She
exhibited long-standing clubbing. Her respiratory
system examination was normal with no crackles.

Figure 1

(A) Chest radiograph showing bilateral diffuse infiltrates throughout both lung fields. (B) High-resolution CT

slice from upper lobes showing diffuse ground-glass opacity and subpleural cysts bilaterally.

BM)

Viswam D, et al. BMJ Case Rep 2018. doi:10.1136/bcr-2018-224350 1


http://casereports.bmj.com/
http://crossmark.crossref.org/dialog/?doi=10.1136/bcr-2018-224350&domain=pdf&date_stamp=2018-07-06

Rare disease

INVESTIGATIONS

Laboratory tests revealed white blood count 9.83x10°/L,
neutrophils 8.08x10%/L, haemoglobin 136g/L, MCV 76 fL,
platelets 56 000 cellsymm’® and C reactive protein 23 mg/L. Her
renal and liver functions were normal. Chest radiograph on
admission revealed bilateral infiltrates predominantly affecting
mid and lower zones and high-resolution CT confirmed diffuse
ground-glass opacities throughout all pulmonary lobes, apical
subpleural cysts and interlobular septal thickening (figure 1).

DIFFERENTIAL DIAGNOSIS

There is a wide differential diagnosis for subacute diffuse pulmo-
nary infiltrates in a young woman, and initially there were few
features to suggest chronicity (the clubbing was in fact congenital
on closer questioning). Potential diagnoses were (1) interstitial
pneumoniae: respiratory bronchiolitis interstitial lung disease or
desquamative interstitial pneumonia caused by smoking, alve-
olar proteinosis, collagen vascular disease-related non-specific
interstitial pneumonia, hypersensitivity pneumonitis or idio-
pathic acute interstitial pneumonia; (2) pulmonary vasculitis; (3)
a cystic lung disease; or (4) infections such as atypical bacterial,
viral, mycobacterial or pneumocystis, though these were thought
less likely, with no clinical features of infection and normal
inflammatory markers.

Treatment and further investigations

Given her acute respiratory failure, she was treated empirically
with prednisolone 40 mg once daily, with improvement in her
oxygenation sufficient for further investigations.

Autoimmune profile, antineutrophilic cytoplasmic antibody,
HIV serology and T-spot interferon gamma release assay for
Mycobacterium tuberculosis were normal, as were specific IgG
to pigeon and budgerigar proteins, Mycoployspora faeni and
Aspergillus fumigatus. Spirometry revealed a restrictive venti-
latory defect with FEV =1.23L (50% predicted), FVC=1.37L
(48% predicted) and FEV /FVC=89%, with diffusion capacity
for carbon monoxide (TLCO)=1.9mmol/min/kPa (24%
predicted), KCO=1.15 mmol/min/kPa/L (59% predicted) and
total lung capacity (TLC)=1.62L (40% predicted). Fibre-optic
bronchoscopy and high-volume bronchoalveolar lavage (BAL)
showed a pink cloudy fluid with negative microbiology and
cytology; differential cell count showed 18% lymphocytes, 2%
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Figure 2 Cytology from the bronchoalveolar lavage showing an
occasional alveolar macrophage with foamy cytoplasm (arrowed)
consistent with phagocytosis of lipid material.

Figure 3  Low-power view showing uninvolved lung at 11 oclock but
a large central area of consolidation.

neutrophils, 68% macrophages and 2% eosinophils (figure 2).
Hypoxia during bronchoscopy and thrombocytopenia prevented
transbronchial lung biopsy. Interstitial Lung Disease board
discussion at that stage was unable to reach a consensus diag-
nosis and recommended a video-assisted thoracoscopic surgical
lung biopsy of the right upper, middle and lower lobe, which
revealed extensive accumulation of lipid-filled macrophages and
deposition of cholesterol clefts and some inflammation repre-
senting lipoid pneumonia (figures 3 and 4). A search for sources
of endogenous or exogenous inhaled lipid revealed only vege-
table glycerine, found in ECs, as the likely cause.

OUTCOME AND FOLLOW-UP

She was advised to stop vaping immediately and encouraged to
use other forms of nicotine replacement, though continued to
vape using ECs containing vegetable glycerine, although with
a different flavouring additive. After the initial improvement,
continued therapy with prednisolone 15-30 mg once daily over
18 months produced sustained improvement in her symptoms,
marginal increase in spirometric indices, but no change in gas
transfer (table 1).

DISCUSSION
Lipoid pneumonia results from an inflammatory response to
lipids present in the alveolar space. It can be endogenous in

Figure 4  Lung biopsy (original magnification x40) showing
cholesterol clefts within the airspaces, adjacent to normal-looking
bronchiole and pulmonary artery.

2

Viswam D, et al. BMJ Case Rep 2018. doi:10.1136/bcr-2018-224350



Rare disease

Table 1 Serial measures of lung function for the patient while taking 15-30 mg prednisolone
FEV,, FVC,

Date L (%) L (%) FEV,/FVC% DL, mmol/min/kPa (%) K., mmol/min/kPa/L (%) VA, L (%)
November 2017 1.38 (65) 1.54 (62) 89 2.43(32) 1.2 (62) 2.04 (59)
June 2017 1.39(58) 1.53 (55) 90 1.68 (21) 0.87 (45) 1.91 (50)
March 2016 1.41 (57) 1.61 (56) 87 2.54 (32) 1.4 (72) 1.82 (60)
December 2015 1.44 (58) 1.57 (55) 91 2.75 (35) 1.3(67) 2.11 (70)
October 2015 1.23 (50) 1.37 (48) 89 1.9 (24) 1.15 (59) 1.65 (54)
DL,,, carbon monoxide diffusing capacity; K., carbon monoxide transfer; MCV, mean corpuscular volume; VA, alveolar ventilation.

aetiology, resulting from bronchial lipid storage disorders,
bronchial obstruction or hypercholesterolaemia, or exogenous,
caused by inhalation or aspiration of animal, vegetable or mineral
oil. Lipid pneumonia has been described in individuals who aspi-
rate liquid hydrocarbon through fire-eating, consume oil-based
laxatives or repeatedly use petroleum-based lubricants and
decongestants.! Clinical presentation comprises a spectrum from
asymptomatic chronic disease with incidental detection on chest
radiograph to severe acute cases requiring ventilatory support.
Symptoms are non-specific, usually cough and breathlessness
on exertion, sometimes with fever, night sweats and haemop-
tysis, as in the current patient. Clinical examination is often
unremarkable, at times there may be crackles or wheeze.” Chest
radiograph usually shows extensive bilateral consolidation or
ground-glass opacities, predominant in the mid and lower zones,
though lipid pneumonia can mimic lung cancers presenting as
focal consolidation.” Most lipoid pneumonia is due to aspira-
tion and has a basal distribution. The homogeneous distribution
in this case means that the lipid has been inhaled as a vapour,
where most reported cases have resulted from inhaled aerosols
of metal-working fluid in industry.* Classical high-resolution CT
features are of low attenuation areas (—40 to —150 HU) in the
consolidated area similar to surrounding fat in the chest wall.
Diagnosis is made by BAL or lung biopsy, showing lipid-laden
macrophages in BAL fluid, and histology showing foreign body
inflammation around lipid components.’ There are no defini-
tive treatments for lipoid pneumonia, beyond avoidance of the
causative agent; the role of steroids and whole lung lavage is
unproven and usually reserved for severe cases.

ECs contain a liquid solution mixture of nicotine, propylene
glycol, water, flavouring agent and often vegetable glycerin,
which is heated in a cartridge to produce aerosol (‘vapour’)
containing nicotine. The liquid is heated using a battery-op-
erated heating resistance coil housed at the base of the EC.
Vegetable glycerine (‘glycerin’ or ‘glycerol’) is a sweet-tasting,
colourless and odourless polyol that is extracted from palm, soy
or coconut oil triglycerides by hydrolysis’; when heated, it is
responsible in part for the visible ‘smoke’ element of the vapour.
There are two previously reported cases of lipoid pneumonia
due to vegetable glycerine in ECs.® © Flavouring agents are many
and include di-acetyl, a chemical contained in many flavours
(including fruits, butter, caramel and alcohol),” and responsible
for obliterative bronchiolitis in popcorn workers’ lung.® We have
been unable to ascertain the exact flavour constituents of our
patient’s ECs due to commercial sensitivity.

ECs came to market in China in 2004, and there are now
more than 500 brands worldwide. Often considered a safer
alternative to smoking, some studies have shown ECs to be
95% less hazardous than the conventional cigarettes in terms
of product-specific and related mortality, morbidity, depen-
dence, economic costs and injury.” There are 2.6 million adult
users in Great Britain,'” and Public Health England endorses

its use as a smoking cessation aid.'’ ECs are already an estab-
lished smoking cessation strategy,'> but evidence regarding their
benefit in helping smokers to quit is limited.” * Toxicological
and epidemiological research into the short-term and long-term
respiratory health of EC users is urgently needed, and we advo-
cate proper labelling of e-liquid constituent ingredients."

Learning points

» E-cigarettes contain propylene glycol, vegetable glycerine and
a number of flavouring chemical additives.

» When taking an exposure history for interstitial lung disease,
healthcare professionals should enquire about the use of
e-cigarettes containing vegetable glycerin.

» Lipoid pneumonia should be considered as a diagnosis
for presentations of interstitial lung disease in vapers, and
bronchoalveolar lavage may be helpful in determining the
pathological diagnosis.

» Further exposure to the offending agent should be avoided to
prevent clinical deterioration.
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