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Three Patients With Acute
Pulmonary Damage Following the
Use of E-Cigarettes—A Case Series

Hendrik Suhling, Tobias Welte, Thomas Fuehner

Summary

Background: The use of e-cigarettes is on the rise around the world. Many case reports of acute lung injury due to e-cigarette
use have been published in recent months in the USA, but no comparable cases have emerged in Germany up to the present
report. The use of e-cigarettes has risen very rapidly in the USA in recent years, simultaneously with the legalization of
marijuana sale in many American states. Most of the cases described there involved the use, not only of nicotine, but of
tetrahydrocannabinol (THC, the psychoactive ingredient in marijuana) as well, though some of the patients had indeed not used

additives (e.g. THC).

Methods: We report three cases in Germany of acute pulmonary iliness that we consider to have been caused by the use of

e-cigarettes.

Results: All three patients were hospitalized for acute shortness of breath. Two displayed partial respiratory insufficiency and
bilateral pulmonary infiltrates. All three stated that they had used ordinary, commercially available e-cigarettes every day for at
least the past three months. In the first patient, a 48-year-old man, the complete blood count and bronchial lavage findings
indicated eosinophilic inflammation. The second patient, a 22-year-old man, developed multiple episodes of hemoptysis, with
computed tomography (CT) showing diffuse alveolar bleeding; his complete blood count also revealed eosinophilic inflam-
mation. The third patient, a 34-year-old man, displayed acute ground-glass lung opacities as well as fibrosing changes on CT
corresponding to pulmonary sarcoidosis. All three recovered on high-dose systemic corticosteroid treatment and were

discharged from the hospital in 2 to 12 days.

Conclusion: In the first two cases, acute pulmonary injury was very likely due to e-cigarette consumption, as all other possible
causes were ruled out. A possible link to e-cigarette use was present in the third case. We thus describe the first three sus-
pected cases of acute lung disease due to e-cigarette use in Germany. These patients do not share any common, typical clinical
picture; rather, their symptoms represent different components of the wide spectrum of interstitial lung disease. A uniform
national registry should be established to improve our understanding of the adverse effects of e-cigarettes and the resulting

acute and chronic changes in the lungs.
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liquids (“vape juices”) are heated up. They consti-

tute the most commonly used tobacco product
among young people in the USA (1). Heating the liquid
produces an aerosol that users inhale. Inhaling is known
as “vaping,” from the English verb “to vape.” The liquid/
vapor contains nicotine (not always present) and flavors,
as well as formaldehyde, acetaldehyde, acrolein, reactive
oxygen compounds, and metals such as nickel, chrome,
and lead, all of which are potentially harmful to health (2,
3). According to the industry association of the e-cigarette
industry in Germany (Verband des E-Zigarettenhandels
[VdeH) e.V.), there were some 3.5 million users nation-

E -cigarettes are battery-powered devices in which
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wide in 2017 (4). Originally, the products were advertised
as alternatives to traditional cigarettes, and later they were
also recommended as a smoking cessation aid. Especially
the UK National Health Service (NHS) is recommending
this kind of smoking cessation method (5), because it has
shown a greater effectiveness than other nicotine replace-
ment products (6).

E-cigarettes had been generally assumed to be less
harmful to health than traditional cigarettes, even
though because of their being marketed as a lifestyle
product rather than a medicinal product requring
license approval, no longer-term studies have been
conducted regarding adverse effects. In 2019,
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however, a multitude of reports appeared in the USA
about patients who had had sustained lung injury as-
sociated with the use of e-cigarettes; this became
known as “E-cigarette, or vaping, associated lung in-
jury (EVALI)” (Box) (7-12). According to the US
Centers for Disease Control and Prevention (CSC),
2711 persons received inpatient treatment, and 60
died (as per 21 January 2020) (13).

One of the largest case series describes 53 patients
from Wisconsin and Illinois seen between January
2018 and August 2019 (11). The young patients
(median age 19 years) mostly had to be treated in
_hospital (94%). Bilateral pulmonary infiltrates were
described in all patients. 84% had consumed liquids
containing tetrahydrocannabinol (THC). Because of
severe respiratory failure, 32% of patients had to be
ventilated temporarily; one patient died. Different
types of lung injury were described with the pattern of
lipoid pneumonia, toxic pneumonitis, or alveolar
hemorrhage (11).

In the currently largest case series, from Utah/
USA, 60 patients (median age 27 years) were
described who had contracted acute lung injury in as-
sociation with using e-cigarettes. 33/60 (55%)
required treatment in intensive care and two died. In
this group, 51/60 (83%) vaped liquids containing
THC only or in combination with nicotine (12). 14/60
(23%) of the patients had asthma, which may have
been a predisposing factor.

For Germany, the German Federal Institute for
Risk Assessment (BfR) envisaged in a press release in
November 2019 “no increased risk for consumers of
e-cigarettes in Germany, provided they use products
that meet European and German rules and regu-
lations” (14).

The following is a report of three cases of patients
with acute lung injury, which has to be considered as
associated with the use of e-cigarettes.

Methods

We present the cases of three patients who were treated
at Hannover Medical School (MHH) and at the Hospi-
tal of Braunschweig City between June and September
2019. These patients were suspected of having
EVALI—defined as acute lung injury associated with
the use of e-cigarettes (Box) (11).

Results

Case 1

A male patient aged 48 was transported by ambulance
to the Hospital of Braunschweig City’s emergency de-
partment because of subacute dyspnea accompanied by
a non-productive cough and fatigue. The patient
complained of increasing symptoms over the previous
seven days. For three years he had been using
e-cigarettes on a daily basis (before that, he had smoked
tobacco cigarettes); he credibly denied mixing the vape
with other substances. He had no history of previous
lung disease nor had he had contact with pneumotoxic
substances. At admission the patient had a temperature

of 38.5°C and arterial hypoxemia (with an oxygen
saturation level of 91% on room air). Clinical
examination showed that he was in good general
health, respiratory auscultation sounds were normal.

A lung function test found a moderate diffusing
capacity for carbon monoxide (DLCO) at 49% of the
desired value, with respiratory mechanics almost nor-
mal. High-resolution computed tomography (HRCT)
of the lung showed bilateral infiltrates (CT images in
the Table). Of note in terms of laboratory chemistry
was leukocytosis with an increase in eosinophil
granulocytes (960/uL, up to 500/uL is considered
normal). Immunoserology testing (rheumatoid fac-
tors, antinuclear antibodies [ANA], anti-neutrophil
cytoplasmic antibodies [ANCA], ENA screening
[ENA, extractable nuclear antigens]) yielded normal
results. Bronchoscopy was macroscopically normal,
bronchoalveolar lavage (BAL) confirmed eosinophi-
lia (10%, 0-5% is considered normal). Because of
respiratory failure, no lung biopsy was undertaken.

Steroid treatment with prednisolone 1 mg/kg body
weight was initiated for suspected acute eosinophilic
pneumonia. The patient’s clinical condition stabilized
over the following 48 hours. After 15 days he was dis-
charged without the need for oxygen administration.
After two more weeks, he was readmitted as an inpa-
tient with severe hypoxemia, while still taking predni-
solone 20 mg/day. He reported no further exposure to
the presumed toxic substance. A differential blood
count showed eosinophils 5500/uL. The steroid dose
was increased (starting with 100 mg intravenous
prednisolone for three days, followed by 1 mg/kg
body weight) and the patient stabilized after seven
days, so that oxygen administration could be stopped.
He was discharged with the recommendation to taper
off the steroid treatment slowly (starting with 50 mg/
day and reducing by 10 mg every seven days, from 20
mg by 5 mg every two weeks).

Case 2

A 22-year-old patient with hemoptysis was referred
from another hospital. Two weeks previously, he had
found increasing amounts of blood in his expectorate.
He reported having had a dry cough for a year. He had
no history of lung disease, drug misuse, or contact with
pneumotoxic substances. The patient had initially re-
ceived antibiotic therapy with amoxicillin on an out-
patient basis. His condition had not notably improved
and he was admitted to hospital where he received 80
mg/day intravenous prednisolone for four days. He was
transferred to our institution when he did not improve.
At this point he had partial respiratory failure and
needed 2 L/mon oxygen. On auscultation, basal
crackles (rales) were heard.

The patient had been using e-cigarettes every day for
two years. Before that, he had not smoked tobacco. He
denied mixing in substances other than the commer-
cially available vaping liquids. In another hospital, drug
screening at admission had yielded negative results
(tests for cannabis, amphetamines, opiates, cocaine).
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TABLE

CT findings of acute lung injury in the coronal (top) and transverse planes, and demographic data and findings

Age, in years 43 21 34

Sex Male Male Male
Eosinophils per pL (up to 500/uL) 960 690 160

C-reactive protein (<5.0) mg/L 40.4 25 9.7
Immunology (laboratory)* Normal Normal Interleukin-2 receptor raised

CT result

Patchy opacities in both
upper fields

Diffuse ground-glass opacities
consistent with diffuse alveolar
hemorrhage

Hilar lymphadenopathy,
fibrotic areas,
diffuse ground-glass opacities

Bronchial lavage

M: 65%, N: 15%, E: 10%,
L: 2%, epithelial cells: 8%

Bloody, M: 40%, N: 50%

M: 39%, N: 3%, L: 57%

Histology, lung

Not done

Mildly fibrosed
bronchial wall

Multifocal granulomatous
inflammation,
pneumonitis,

organizing pneumonia

Intermediate care station

Treatment Sultamicillin for 5 days, Sultamicillin for 5 days, Prednisolone 0.5 mg/kg body weight
Prednisolone 1 mg/kg body weight Prednisolone 1 mg/kg body weight

Inpatient treatment, 15 12 2

days

Intermittent need for oxygen Yes, without ventilation Yes, without ventilation No

Oxygen at discharge No No No

Intensive care stay/ Yes No No

* Immunology lab: ENA-/ANA screening, rheumatoid factor, c- and p-ANCA and immunglobulin E;

ANA, antinuclear antibodies; ANCA, anti-neutrophil cytoplasmic antibodies; CT, computed tomography; ENA, extractable nuclear antigens; E, eosinophil granulocytes;
L, lymphocytes; M, makrophages; N, neutrophil granulocytes

All laboratory tests showed low inflammatory
markers when the patient was admitted to our hospital
(Table). Of note was his raised eosinophil count of
690/uL (Table). Computed tomography showed
diffuse ground-glass opacities in both lungs (CT
images are shown in the Table). Immunoserology
(theumatoid factor, ANA, ENA screening, ANCA)
was normal. The bronchoscopic findings were
normal, the BAL was hemorrhagic, and granulocytic
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inflammation was present (50% neutrophilic granulo-
cytes). No pathogens were confirmed microbiologi-
cally nor virologically. Transbronchial biopsy showed
normal lung architecture in a poor quality specimen.
The patient’s condition stabilized with steroid therapy
(he did not require any more oxygen), the hemoptysis
ceased. The patient was treated with prednisolone at a
dose of 0.5 mg/kg body weight in the end and was
able to be discharged from hospital after 12 days.
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Definition of e-cigarette,
or vaping, associated lung injury (EVALI)*

® Use of an e-cigarette (vaping) or dabbing in the 90 days
before symptom onset

® Pulmonary infiltrate, densities, or ground-glass opacities
on chest CT

® Pulmonary infection clinically ruled out

® Other disease ruled out as explanation of the radiologi-
cal changes

*According to criteria of the NEJM (11)

Case 3

A 34-year-old patient was referred to the MHH with
subacute effort dyspnea by a pneumonologist in private
practice. The patient had been an active smoker for 17
years and had switched to e-cigarettes 12 months
previously. After the switch his exercise capacity had
successively decreased. He had no history of lung
disease, drug misuse, or contact with pneumotoxic sub-
stances. The thoracic CT image he had brought with
him (externally produced) showed a mixed picture of
consolidations, alveolitic changes, and bilateral hilar
lymph node enlargement (CT images are shown in the
Table). Lung function tests yielded normal results (total
lung capacity [TLC] 83% of the desired value
FEV,/FVC 86%), only the diffusion capacity was no-
tably reduced, to 56% of the desired value. Partial
oxygen pressure (pO2) was lowered to 64 mm Hg. The
patient was in good general health, and respiratory aus-
cultation sounds were normal (vesicular breath
sounds).

Endobronchially, no abnormalities were found, 7%
of lymphocytes and 92% alveolar macrophages were
confirmed in the BAL. No pathogens were found on
microbiology and virology testing. Histologically the
picture was mixed, with multifocal granulomatous in-
flammation that was consistent with sarcoidosis, but
additionally, changes were seen that resembled toxic
pneumonitis and areas with organizing pneumonia.
Treatment with oral steroids (0.5 mg/kg body weight)
was initiated, and the patient notably clinically im-
proved within a few days. Subsequently the patient
had no symptoms and was not limited in terms of
exercise capacity.

Discussion

In the first two cases, known causes of acute lung injury
can be ruled out with a high probability. In the third pa-
tient, radiology and histology found changes that are
consistent with sarcoidosis, but he also had signs of
toxic pneumonitis and areas of cryptogenic associated
pneumonia, which are not typical of sarcoidosis.
EVALI was therefore suspected. This suspicion was
supported by the patient’s rapid clinical recovery on

steroid treatment. No indications of an association
between sarcoidosis and e-cigarette consumption exist
to date, and we therefore think that an association be-
tween the patient’s self reported e-cigarette use and the
acute symptoms is possible. In the cases described in
this article, interstitial changes were particularly no-
table. In 10% of patients with interstitial lung changes,
the disease cannot be precisely classified (unclassified
interstitial lung disease [ILD]) (15). The estimated
prevalence and incidence of interstitial lung disease is
60-80/100 000 population (16). A direct association
between e-cigarette use and lung disease seems clini-
cally suggestive, but we cannot prove it.

In addition to the liquids intended for this purpose
by the manufacturers, it is possible to vaporize other
substances in e-cigarettes—for example, THC-
containing oils. In the largest and most recently
published case series from the US, 80% of the young
patients had vaped THC-containing liquids (with or
without nicotine), 17% had used exclusively nicotine
containing liquids, and the remaining ones had used
other additives (11). THC-containing liquids are
under suspicion of causing acute lung injury. They
had been suspected as the cause of pneumonitis or or-
ganizing pneumonia in earlier case reports (17, 18). In
the meantime, vitamin E acetate has been identified as
the trigger for most of the changes (19). But there
were also patients who had developed lung injury
without this additive (11). In two of the cases de-
scribed in this article, patients were not tested for
THC because of the clinical assessment. One patient
had been tested externally, but the result was
negative. We therefore assume that the lung injury
developed without intake of THC.

The liquids contained in e-cigarettes are a mixture
of different chemical substances, which contain for
example volatile substances such as propylene glycol
and glycerin. These can also cause lung injury (20,
21). Added flavorings such as menthol or linalool are
also considered dangerous; diacetyl and 2,3-
pentanedione, which have been confirmed in vapor in
substantial concentrations, are pneumotoxic (22-25).
Several case reports exist of acute lung injury in as-
sociation with nicotine-containing liquids—for
example, the occurrence of diffuse alveolar hemor-
rhage (cf Case 1), lipoid pneumonia, and interstitial
pneumonia or acute eosinophil pneumonia (cf Case
2), bronchiolitis, exogenous allergic alveolitis, or
cobalt-associated giant cell pneumonitis (7, 26-30).
Potentially the heating elements in e-cigarettes could
constitute an additional burden, owing to manganese
and zinc (31). Individual manufacturers do not pro-
vide any details about the precise composition of the
aerosol that forms when the recommended liquids are
vaped. The extent to which toxic lung injury develops
or to which existing hypersensitivity plays a part re-
mains unknown, and the same goes for a possible
dose-response effect. Today we cannot gauge what
the long-term sequelae of e-cigarette use might be
(32).

Deutsches Arzteblatt International | Dtsch Arztebl Int 2020; 117: 177-82



It has been assumed that e-cigarettes are less
harmful than tobacco smoke (the “harm reduction”
hypothesis) and are being advertised as a smoking
cessation aid by the manufacturers (industry associ-
ation of the e-cigarette industry in Germany, VdeH)
(6, 33). The importance of e-cigarettes is being dis-
cussed in smoking cessation programs, such as the
UK Stop Smoking Service (SSS). In one study of the
SSS, the proportion of nicotine abstaining patients
was 8% after one year (34). A randomized controlled
trial of smoking cessation using e-cigarettes com-
pared with traditional nicotine substitutes showed that
the cessation rate after one year was higher, at 18% vs
9.9%, if tobacco cigarettes were swapped for
e-cigarettes (6). Overall, the assumption that
e-cigarettes provide a good option for smoking ces-
sation seems more than questionable though (35).

Even though in the patients described in this
article, the suspicion of EVALI seems probable,
because the changes identified are similar to those de-
scribed in the US cases and no other causes for the
changes were found, we cannot prove that the cases of
lung injury were associated with e-cigarette use. The
clustering of cases in the US should, however, prompt
increased attention and awareness in Germany too. It
is not clear to date whether a comparable problem
does not exist in Germany or whether it remains un-
noticed. The assumption that only certain liquids that
aren’t commercially available in Europe are respon-
sible for the acute lung injury has not been confirmed;
furthermore there is a sizeable black market in
Germany for e-cigarettes and similar products. This is
highlighted by an example from Bremerhaven, where
eight cases were reported as requiring hospital admis-
sion after consuming illegal additives to e-cigarettes
or e-shisha (36). The Centers for Disease Control and
Prevention (CDC) recommended on 31 August 2019
that all patients who had used e-cigarettes in the
preceding 90 days should be questioned for re-
spiratory complaints (37). A relevant medical history
should be taken and documented in every medical
consultation in Germany too.

As a matter of course, extensive differential diag-
nostic evaluation should be undertaken in suspected
EVALI, and all patients should be advised to
completely stop using e-cigarettes or traditional ciga-
rettes.

In most of the cases, steroids were used for treat-
ment. In our patients these yielded rapid improve-
ment. In the largest case series, of patients from Utah/
USA, 57/60 patients (95%) were given cortisone
treatment (12). In 10% (6/60) of cases, patients re-
lapsed, 3/6 had again had exposure to the assumed
toxic substance. In our Case 1, the patient assured us
that he hadn’t used the e-cigarette again. Supportive
therapy depends on circumstances (bacterial superin-
fection or similar) (11).

Effectively, the described cases should be consid-
ered suspected cases of acute lung injury in the
context of e-cigarette use. In the context of the wide-
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spread use of these products, it is currently to be con-
sidered a rare adverse effect. In Germany, cases of
poisoning are notifiable by law. The provision is for
physicians to report poisonings—including suspected
cases—to the poisons documentation and assessment
unit in the BfR. In our view, it would make sense as a
next step to initiate a national registry, which collects
all suspected cases, in order to analyze information on
the frequency, associations with the toxic substance
(dose-response effect), predisposing factors (for
example, pre-existing disorders such as asthma [12]),
possible causes and the kind of injury, as well as pre-
ventive and therapeutic measures in an expert manner.
This could conceivably be done by structured reports
to the poisons emergency call center in the first in-
stance and further supervision of cases by the BfR, if
needed in cooperation with the local public health
authorities.

Summary

We described the cases of three patients whose acute
lung injury with signs of respiratory failure may have
been associated with the use of e-cigarettes. We did not
find any other causes for the changes. All patients im-
proved after treatment with high-dose prednisolone and
after giving up vaping.

Key messages

® We presented two probable suspected cases and one poss-
ible suspected case of acute lung injury after e-cigarette use.

® The described cases had greatly heterogeneous clinical find-
ings; there was no pathognomonic injury pattern.

® The fact that the products are not standardized and a multi-
tude of toxic substances develops during vaping could ex-
plain different patterns of injury.

® |n order to uncover associations between e-cigarette use and
(acute) lung injury, a national registry should be initiated.

® E-cigarette use should become part of standard medical his-
tory taking.
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