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Abstract

Introduction E-cigarette, or vaping, product use associated lung injury (EVALI) has become a recent concern among public
health officials. Factors that contribute to the concern include an increasing number of cases over time, the severity of the illness,
and an unknown understanding of the pathophysiology and etiology of the illness.

Case Series We cared for three adolescent patients with acute respiratory failure secondary to EVALIL All three patients were
treated with high-dose steroids in addition to antimicrobials, which resulted in clinical improvement and resolution of their
respiratory failure. Pulmonary function testing was performed on these previously healthy patients both acutely and subacutely.
Additionally, we report the results from the laboratory analysis of one vaping device fluid which revealed previously unpublished
components within these products.

Discussion EVALI is a recent public health concern without a known etiology which can cause life-threatening lung injury in
patients without prior lung pathology. We hope these cases will highlight the importance of return precautions in adolescents with
vague respiratory symptoms and provide a cautionary tale to providers while they counsel patients regarding the use of these
products.
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Introduction

E-cigarette, or vaping, product use associated lung injury
(EVALI) has become a recent alarming public health
concern [1-8]. Factors that contribute to the concern in-
clude an increasing number of cases over time, the se-
verity of the illness, and an unknown understanding of
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the pathophysiology and etiology of the illness. Although
a single etiology and the mechanism of toxicity are not
known, patients tend to have a similar clinical course,
starting with initial malaise and vague gastrointestinal
symptoms, with a subsequent development of cough,
dyspnea, and fevers. The patients can develop radio-
graphic findings of bilateral pulmonary opacities [9],
and they can progress to respiratory failure in severe
cases. Herein, we report three recent cases of EVALI,
all of whom initially reported to an outpatient clinic
and were diagnosed with pneumonia, before progressive
deterioration required admission to our Pediatric
Intensive Care Unit (PICU). None of the three patients
had prior lung pathology. They were treated with high-
dose steroids, had pulmonary function testing at the day
of discharge, and quantitative analysis was completed on
one of the products. All three patients and their parents
provided verbal and written consent for this report; this
case series was deemed exempt by our Institutional
Review Board.
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Patient 1

A 15-year-old male with no significant past medical history
(no prior pulmonary diagnoses and no daily medications) pre-
sented with a five-day history of cough progressing to respi-
ratory failure. Due to increasing dyspnea, fevers, and self-
resolving diarrhea, he presented to an urgent care clinic where
he was found to be hypoxemic with an oxygen saturation
(SpO») of 86% on room air. He was subsequently taken to a
local emergency department (ED) and admitted to the hospital
due to hypoxemia, fever (39.1 °C), tachycardia (132/min), and
tachypnea (22/min). He received acetaminophen, nebulized
albuterol and ipratropium, and supplemental oxygen. Over
the following day, his support was escalated to high-flow na-
sal cannula (HFNC) due to worsening respiratory distress. He
was transferred to our PICU after receiving ceftriaxone and
azithromycin for a working diagnosis of pneumonia.

On admission to our PICU he was tachycardic (110/min),
normotensive (103/84 mmHg), and afebrile. His respiratory
rate was 13/min with Spo2 95% on HFNC 0.5 FiO, (20L/
min). A chest x-ray (CXR) revealed bilateral opacities which
had worsened since time of admission (Fig. 1). Further history
revealed he was using a tetrahydrocannabinol (THC) oil va-
porizer (“vape”) almost daily for one year. He used multiple
products from multiple sources over this time period. Five
days prior to admission, he inhaled from a vape pen and im-
mediately felt a “burning in his lungs” which he had not ex-
perienced before.

A chest CT (computed tomography) was obtained on
day 3 of hospitalization, and results showed diffuse cen-
tral ground glass opacities with air bronchograms most
notable in bilateral lower lobes (Fig. 1). His respiratory
failure continued to progress, and he was intubated on day
6 of hospitalization (Table 1). He had a negative infec-
tious workup including respiratory pathogen panel (influ-
enza A [includes HIN1/2009]; influenza B; parainfluenza
1, 2, 3, and 4; respiratory syncytial virus A and B; ade-
novirus; human metapneumovirus; human rhinovirus/
enterovirus; coronavirus; Chlamydia pneumoniae; and
Mpycoplasma pneumoniae), Histoplasma urine antigen
and Legionella urine antigen, urinalysis, urine culture, re-
spiratory culture, and blood cultures. A hypersensitivity
pneumonitis panel (antibodies directed at Aspergillus
fumigatus #1, A. fumigatus #2, A. fumigatus #3,
A. fumigatus #6, A. flavus, Aureobasidium pullulans, pi-
geon serum, Micropolyspora faeni, Thermoactinomyces
vulgaris #1, T. candidus, Saccharomonospora viridis,
Phoma betae [fungi/mold, IgE], pork [food, IgE], beef
[food, IgE], and Animal Feather Mix [IgE]) was also neg-
ative. The patient was started on methylprednisolone
30 mg (0.5 mg/kg) IV every 12 hours on the day of intu-
bation (day 5 of admission). His respiratory status im-
proved, and he was extubated on day 16 of hospitaliza-
tion. He was discharged with a prednisone taper, and out-
patient pulmonology evaluation revealed nearly normal
pulmonary function testing (PFTs; Table 2).

5 No CT Performed
7% PN
AN NG A ‘
Patient 1 Patient 2 Patient 3

Fig. 1 Radiographic images of the patients’ lungs early in the course of admission. Top row illustrates the chest x-ray which corresponds to the chest CT

images shown in the second row.
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Table 1  Timeline of relevant vital signs and laboratory results. Vital signs were documented at 07:00 each day. Day 0, Day of methylprednisolone
treatment initiation.

Day =5 -2 0 1 2 3 4 5 6 7 8 9 11
Patient 1 ~ Temperature (°C) 37.3 375 37.5 36.9 37 36.5 366 362 36 362 365 369 375

HR 103 50 50 48 112 69 65 51 58 56 68 58 48

RR 39 50 25 25 26 18 23 15 20 19 22 15 24

Mode of support HFNC HFNC MV MV MV MV MV MV MV MV MV  HFNC RA

FIO, 0.6 0.9 0.6 0.63 0.6 0.6 055 052  0.65 055 04 0.4 0.21

SpO; (%) 99 94 93 95 96 98 93 92 94 98 96 98 97

S/F ratio 165 1044 155 150.8 160 1633 169.1 1769 1446 1782 240 245 461.9

P/F ratio - - 140 1555 170 180 143.6 1404 1554 1727 2525 250 -

Ol - - 8.6 7.1 82 83 84 10.7 64 6.9 4.0 - -

CRP 213 20.0 7.9 5.8 2.9 13 1.0 0.8 0.8 <05 - <0.5 -
Patient 2 Temperature (°C) 36.7 36.2 36.8 36.7 365 358 371 37 375 372

HR 68 60 50 49 59 62 52 52 67 67

RR 24 38 23 17 20 26 26 17 24 21

Mode of support HFNC HFNC HFNC/MV MV MV MV  HFNC NC RA RA

FIO, 0.75 1.0 0.5 045 025 025 1.0 0.5 021 021

SpO; (%) 97 97 100 95 92 94 95 94 95 95

S/F ratio 1293 97 200 211.1 368 376 95 188 4524 4524

P/F ratio - 178 252 2733 332 292 - - - -

Ol - - 52 4.4 42 4.0 - - - -

CRP 337 13.9 7.8 3.5 1.9 1.0 - <05 - -
Patient 3 Temperature (°C) 37.6 36.2 36.7 364 362

HR 104 67 67 73 72

RR 37 29 29 24 16

Mode of support HENC HFNC NC RA RA

FIO, 1.0 0.5 1.0 021 021

SpO; (%) 96 87 98 92 94

S/F ratio 96 174 98 438.1 447.6

P/F ratio - - - - -

OI - - - - -

CRP 374 30.9 15.7 7.0 3.0

HR, Heart rate (beats/min); RR, Respiratory rate (breaths/min)

Mode of support (RA, room air; NC, nasal cannula; HFNC, high flow nasal cannula; MV, mechanical ventilation)

FIO,, Fraction of inspired oxygen; SpO,, Peripheral oxygen saturation from pulse oximeter

S/F ratio, Saturation/FiO2 Ratio; P/F ratio, PaO2/FiO2 ratio
OI, Oxygenation index; Ol = (FiO, x Paw)/P,O,
CRP, C-reactive protein (mg/dL)

Patient 2

A 16-year-old male with no significant past medical history
(no prior pulmonary diagnoses and no daily medications) pre-
sented with cough and dyspnea. He reported a headache 6 days
prior to admission, for which he used a THC oil vaporizer. He
had been vaping multiple products from multiple sources dai-
ly for almost 5 months to relieve anxiety. He had an episode of
vomiting, fever (38.9 °C), and decreased appetite. He was
evaluated by his primary care physician (PCP) after he

@ Springer

developed worsening cough, chest tightness, and dyspnea,
and was empirically started on azithromycin for clinical pneu-
monia. His symptoms progressed, and he presented to a local
ED 3 days after PCP evaluation where he was found to be
afebrile, tachypneic (39/min) with SpO, 94% on room air.
CXR and chest CT both showed diffuse bilateral parenchymal
and retrocardiac ground-glass airspace disease (Fig. 1). In ad-
dition to supplemental oxygen, he received ceftriaxone and
80 mg (2 mg/kg) methylprednisolone intravenously. He was
transferred to our ED, where he was found to have progressive
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Table 2 Pulmonary function testing (PFT) for all three cases. All three cases had PFT performed on day of discharge from hospital. Post- broncho-
dilator challenge not performed for Case 2 or 3. Follow-up PFT not performed for Case 3.
Patient Age (years)/gender Height (cm) Day from discharge PFT variables Pre-bronchodilator Post-bronchodilator DLCO (% predicted)
Result ~ %Pred  Result %Pred
1 15/M 176 0 FVC (L) 4.18 88 429 91 20.2 (71)
FEV, (L) 3.23 80 3.48 87
FEV,/FVC 0.77 101 0.81
TLC (L) 593
21 FVC (L) 4.81 102 4.88 103 26.6 (94)
FEV, (L) 3.64 91 3.86 96
FEV,/FVC 0.75 112 0.79
TLC (L) 6.6
2 16/M 164 0 FVC (L) 2.70 66 ND 15.6 (62)
FEV, (L) 2.62 74
FEV,/FVC 0.97 89
TLC (L) 438
52 FVC (L) 3.85 94 ND 22.6 (90)
FEV, (L) 3.36 95
FEV,/FVC 0.87 98
TLC (L) 4.82
3 17/M 185 0 FVC (L) 4.61 83 ND 23.3 (70)
FEV, (L) 3.57 76
FEV,/FVC 0.77 92
TLC (L) 6.08 91

FVC, Forced vital capacity; FEV1, Forced expiratory volume in 1 s; %Pred, Percent predicted; DLCO, Adjusted diffusing capacity of lung for carbon
monoxide when corrected for hemoglobin in ml/min/mmHg; TLC, Total vital capacity

ND, Not done

tachypnea and hypoxemia that required escalation to HFNC,
and admission to our PICU.

His respiratory status continued to deteriorate, and he was
intubated on day 2 of hospitalization (Table 1).
Methylprednisolone (80 mg every 12 hours) and antibiotics
(7 days of ceftriaxone and vancomycin) were continued. He
had a negative respiratory pathogen panel (same as patient 1),
urinalysis, urine culture, respiratory culture, and blood cul-
tures. His clinical status and CXR findings improved, and he
was extubated on day 8 of hospitalization. He was discharged
on hospital day 12 with steroid taper. PFTs were relatively
normal (Table 2).

Patient 3

A 17-year-old male with no past medical history was ad-
mitted to our PICU for progressive respiratory distress.
The patient reported vaping daily, using a variety of prod-
ucts and devices, for almost 2 years with the majority of
his use being with a THC oil vaporizer. Eight days prior
to admission, he reported taking numerous extra puffs
from his THC vape device and immediately felt unwell.
He described a slight burning of his lungs, followed by
2 days of vomiting. As these symptoms improved, he

developed a cough and dyspnea. He was evaluated by
his PCP and started on azithromycin for bronchitis. His
symptoms progressed, and he reported to a local ED
where he was subsequently admitted for pneumonia. His
respiratory status worsened despite treatment with ceftaz-
idime, and he was transferred to our PICU on continuous
positive airway pressure (CPAP) on day 1 of admission at
the local hospital.

Upon arrival, he was afebrile, tachypneic (37/min) with
SpO, 96% on HFNC 1.0 FiO, (20 L/min), and tachycardic
(104/min). A CXR obtained immediately after transfer
showed diffuse ground-glass lung opacities more promi-
nent in bilateral lower lobes (Fig. 1). His support was es-
calated to 30 L/min HFNC within 12 hours of admission.
He was started on intravenous methylprednisolone 80 mg
(0.6 mg/kg) every 12 hours on the day of admission and
prior to transfer. His clinical status significantly improved
over the next 48 hours along with improvement in CXR
findings, and he did not require intubation. His respiratory
support was weaned to room air by day 3 of hospitaliza-
tion. He had a negative respiratory pathogen panel (same
as patient 1) and respiratory culture, and his antibiotics
were discontinued on day 4. He was discharged home on
hospital day 4 with oral steroid taper. PFTs were relatively
normal (Table 2).
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Laboratory Analysis of Vaping Device

Patient 1 presented their used THC-vaping product for
analysis. The testing was limited due to the quantity of
remaining product. As such, we prioritized the analysis
to pesticides while also evaluating for the vitamin E
which had been found in recent cases [10]. Using pre-
viously validated methods at the Iowa State Hygienic
Laboratory, bifenazate (13 ppm), boscalid (0.14 ppm),
and tebuconazole (0.73 ppm) were detected quantitative-
ly (via liquid chromatography-tandem mass spectrometry
[LC-MS/MS]), and cannabinoids and vitamin E acetate
were detected qualitatively (via gas chromatography-
mass spectrometry). We will defer discussion of aflatox-
in and cannabinoids as these are not known to cause
acute tissue damage and their effects are well described.
Furthermore, we will defer the complex discussion on
vitamin E acetate because it was discussed in other
publications and is under investigation by the United
States Food and Drug Administration [8, 10]. The fol-
lowing pesticides were not detected at the level of
quantification (LOQ) of 0.065 ppm via LC-MS/MS:
acetamiprid, aldicarb, azoxystrobin, carbaryl, carbofuran,
chlorantraniliprole, fipronil, flonicamid, imidacloprid,
metalaxyl, methiocarb, methomyl, thiacloprid, and
thiamethoxam. Myclobutanil was not detected at the
LOQ of 0.13 ppm.

Discussion

The recent epidemic of EVALI has become a public
health concern. This manuscript is the first to provide
a detailed report of the clinical course of adolescent
patients with EVALI, their PFT results, and laboratory
analysis of a vaping product. We believe the descrip-
tions and analyses provided are helpful for healthcare
providers, including medical toxicologists, and public
health officials.

We present this case series as a representative presenta-
tion of the case series reported by Layden et al. [2], and the
radiographic findings described by Henry et al. [9]. All
three of our patients are considered a “confirmed case” as
defined by Layden et al.; and all three were treated with
glucocorticoids because an infectious source was not found
[2]. We were unable to find in the published literature an
EVALI case series in previously healthy adolescents with
associated PFTs and product analysis. We were able to
provide an in-depth and relevant description of the cases
in this report because our team consisted of multiple spe-
cialists, and it was involved throughout the evolving clin-
ical timelines for these patients.

@ Springer

Our patients were all healthy adolescents without a prior
history of known lung pathology, which demonstrates the
progressive nature of this EVALI in healthy patients. We
attempted to illustrate the progression of disease from the time
of presentation to our institution to discharge using objective
measures listed in Table 1. As oxygen saturation/fraction of
inspired oxygen (S/F ratio) has been shown to correlate with
partial pressure arterial oxygen/fraction of inspired oxygen
(PaO,/FI0,) in the evaluation for acute respiratory distress
syndrome (ARDS), we present the S/F ratio (Table 1, Fig. 2)
to illustrate the level of pulmonary injury in these patients
[11]. We also found an improvement of the S/F ratio (illustrat-
ed in Fig. 2) after initiation of high-dose methylprednisolone;
though, it is impossible to prove that this improvement was
not due to natural disease course.

Discussion on Pesticide Components

There were three unfamiliar pesticides found on laboratory
analysis which we believe are worth discussion: bifenazate,
boscalid, and tebuconazole. Bifenazate is a carbazate miticide
with a low likelihood of acute toxicity by any route of expo-
sure [12]. The mechanism of action is still under investigation,
but it appears it specifically inhibits the mitochondria of mites
[13]. Boscalid is a commonly used fungicide that is consid-
ered nontoxic to terrestrial animals [12]; though, a basic sci-
ence investigation suggested it can contribute to
neurodevelopmental toxicity via oxidative stress [14].

Tebuconazole is an antifungal agent which might be rele-
vant to the above cases. During the registered use of this
product, it does not behave as a pulmonary toxicant. When
heated to over 150 °C, tebuconazole decomposes to hydrogen
chloride and multiple nitrogen oxide products (including ni-
trogen dioxide) [15—18]. Hydrogen chloride in this setting can
produce chlorine gas which should not have delayed pulmo-
nary effects but may explain a fleeting “burning” sensation
our patient described; though, the product fluid was found to
have a lower concentration than is considered a harmful hy-
drogen chloride concentration in the occupational setting.
Nitrogen dioxide is a classic pulmonary toxicant known to
produce delayed pulmonary effects including non-cardiac pul-
monary edema and ARDS. In acute exposure, it is known to
cause fever, anorexia, and lipid peroxidation seen on broncho-
alveolar lavage [17]. This can contribute to lipoid pneumonia
which has been reported by others [1]. Another nitrogen oxide
is nitric oxide which plays an important role in gastrointestinal
motility and dysmotility [19]. We propose that pyrolysis and
inhalation of tebuconazole might have contributed to the ini-
tial burning sensation from chlorine gas, early gastrointestinal
symptoms from nitric oxide, and delayed ARDS from nitro-
gen dioxide. The contribution of tebuconazole to EVALI re-
mains to be determined through further work.
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Fig. 2 Oxygen saturation/FiO2 (S/F) ratio trend across hospitalization. Trends illustrate time to improvement improved with earlier commencement of corticosteroids.
Red-dotted line represents cut off for diagnosis for ARDS. Day 0, Day of methylprednisolone treatment initiation. Saturations were documented at 07:00 each day.

The above analysis should not be considered exhaustive
due to the volume of sample which limited the number of
possible analyses. Some states require regular testing for
tebuconazole, and forbid the presence of tebuconazole, in reg-
ulated THC products [20, 21]. However, the manufacture
source of the product we tested is unconfirmed. We provide
these results as empiric data from a singular case and recog-
nize that additional coordinated investigation into these prod-
ucts and the associated illnesses are needed to determine an
etiology.

At this point, no one can definitively state whether EVALI
will cause chronic, or delayed, lung pathology. All three pa-
tients had PFTs performed acutely, and two had repeat PFTs
1-2 months after injury. These results did not reveal clinically
significant pathology in our three EVALI cases. Though we
cannot speculate what may happen in the future, we hope the
youth and prior healthy state of our patients is protective
against delayed pulmonary effects.

Importantly, all three of our patients were regular users of
THC-vaping devices and initially presented to an outpatient
clinic. At each visit, influenza testing was negative, and the
patient was given a prescription for antibiotics. It is unclear if
these patients were asked about risk behaviors, specifically
vaping, during those encounters. It is also unknown if these
patients were evaluated in the presence of their caregivers or
alone. Given the popularity among adolescents and adults for
these products, along with the increasing incidence of EVALI,
we feel it is imperative for all providers to consider vaping as
part of the differential diagnosis for any patient who presents

with malaise, cough, and dyspnea, particularly if gastrointes-
tinal symptomatology and hypoxemia is also associated with
acute illness.

Conclusion

We hope this case series increases the awareness of healthcare
providers to the initial clinical presentation, uncommon radio-
graphic findings of the chest, and clinical course of patients
with EVALI who survive to discharge from the hospital. We
also hope this report can be used as a cautionary tale for
providers while they (a) counsel their patients regarding these
products, and (b) evaluate adolescents with vague respiratory
symptoms more carefully until further understanding of their
illnesses can be ascertained.
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