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Abstract

BACKGROUND: In the United States in 2019, there was an outbreak of electronic cigarette, or
vaping, product use—associated lung injury (EVALI). The manifestations of EVALI in adolescents
are not well characterized. We describe the diagnosis, evaluation, and management of EVALI in
adolescents hospitalized at a tertiary care, university-affiliated children’s hospital.

METHODS: A multidisciplinary committee developed an EVALI algorithm on the basis of
guidelines from the Centers for Disease Control and Prevention. A retrospective chart review was
conducted on patients diagnosed with EVALI. Descriptive analyses included sociodemographic
characteristics, clinical presentation, laboratory and imaging results, pulmonary function testing,
oxygen requirements, and clinic follow-up.

RESULTS: Thirteen hospitalized adolescents were diagnosed with confirmed or probable EVALI.
The majority were female (54%) with a mean age of 15.9 years. Sixty-nine percent of patients
presented with respiratory symptoms, whereas gastrointestinal symptoms were prominent in 85%
of patients. Vaping A-9-tetrahydrocannabinol was reported in 92% of patients, and vaping nicotine
was reported in 62% of patients. All had bilateral ground-glass opacities on the chest computed
tomography (CT) scan. Treatment with glucocorticoids led to clinical improvement in 11 of 12
patients. Treatment with glucocorticoids led to improvement in both forced expiratory volume in 1
second and forced vital capacity (P < .05). Four patients required home oxygen on the basis of 6-
minute walk test results.

CONCLUSIONS: Diagnosis of EVALI should be suspected on the basis of vaping history and
clinical presentation. Glucocorticoid treatment led to an improvement in symptoms and lung
function. The 6-minute walk test may help determine oxygen needs at discharge.

Among school-aged children, there has been a rapid increase in the use of electronic
cigarettes (e-cigarettes), colloguially known as vaping, in which a battery-powered coil heats
a carrier fluid producing an aerosol for inhalation.! Recent data from a national survey
revealed that the prevalence of vaping has more than doubled among eighth-, 10th-, and
12th-graders from 2017 to 2019; 25.4% of 12th-graders in 2019 reported vaping in the
previous 30 days.? Additional data from 2019 revealed that 3.9% of eighth-graders, 12.6%
of 10th-graders, and 14.0% of 12th-graders reported vaping marijuana in the previous 30
days.2 The impact of rising e-cigarette use in children merits special attention because
neurodevelopmental changes during adolescence confer particular vulnerability to substance
abuse. Inhalational injury is also a concern given case reports of adverse effects on the lung,
including increased school absence due to asthma,3 hypersensitivity pneumonitis,*
eosinophilic pneumonia,® lipoid pneumonia,® and diffuse alveolar hemorrhage.”

As of February 18, 2020, the Centers for Disease Control and Prevention (CDC) described a
total of 2807 hospitalized patients with electronic cigarette, or vaping, product use—
associated lung injury (EVALI) across 50 states and 2 US territories, of whom 15% were
<18 years of age.8 The CDC has postulated that the additive vitamin E acetate (VEA) is a
causative factor.? The severity of illnesses reported ranges from minimal or no respiratory
support to invasive mechanical ventilation and ICU admission.210-14 To our knowledge,
there are no published clinically focused case series of EVALLI in children. Our objective for
this case series is to describe our institutional experience of diagnosing, evaluating, and
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managing pediatric EVALI, with special attention to psychosocial risk, clinical presentation,
laboratory and imaging findings, pulmonary function testing (PFT), and response to therapy.

METHODS

A retrospective chart review on all reported patients with EVALI from December 2018 to
November 2019 presenting to our tertiary care, university-affiliated children’s hospital was
conducted. Patients were identified on the basis of consultations received by the medical
toxicology and/or pulmonology service for suspicion of EVALI. Cases meeting the
confirmed or probable CDC case definitions were included in the analysis.12 After several
adolescents were diagnosed with EVALLI, an EVALI steering committee of key stakeholders
was formed and included the divisions of pediatric respiratory medicine, medical toxicology,
pediatric emergency medicine, pediatric critical care, pediatric hospital medicine, and adult
pulmonology and critical care. The committee collectively reviewed the literature and
devised a clinical algorithm to standardize the inpatient management of EVALI (Fig 1). This
can be summarized as follows: A clinician suspects EVALI on the basis of clinical
symptoms, vaping history within the 90 days before admission, and radiographic or imaging
findings of bilateral ground-glass opacities. This prompts consultation of both pulmonology
and medical toxicology followed by a laboratory workup to rule out infection and other
potential causes. The results of the workup should guide the decision to start antimicrobial
agents or move directly to treatment with steroids for EVALI.

Data elements collected from an electronic medical record review are detailed in Table 1.
Descriptive statistics were performed by using SAS version 7.12 (SAS Institute, Inc, Cary,
NC). The Wilcoxon rank test was used to compare PFT results before and after
corticosteroid treatment by using IBM SPSS version 24 (IBM SPSS Statistics, IBM
Corporation). Some patients had PFTs obtained for the first time after steroid initiation
because of inability to perform the forced maneuver while ill; these PFTs and subsequent
PFTs for these patients were not included in the analysis of PFT data. PFTs were performed
at an American Thoracic Society—accredited pulmonary function laboratory and reviewed by
the first author for quality.1518 All data were deidentified before statistical analysis.
Institutional review board approval was obtained from the University of Texas Southwestern
Medical Center.

RESULTS

Thirteen patients were diagnosed with confirmed or probable EVALI. The mean age
was15.9 years, 54% of patients were female, and 46% of patients were Hispanic. Twelve of
13 patients sought treatment from primary care clinics, urgent care, or outside emergency
departments before diagnostic admission. One patient had 2 previous admissions to our
institution before a urine toxicology positive for A-9-tetrahydrocannabinol prompted the
team to consider the diagnosis of EVALI. EVALI admissions peaked in September 2019.

Vaping A-9-tetrahydrocannabinol was reported by 92% of patients, with 62% also vaping
nicotine. Exclusive nicotine vaping was reported by one patient; however, caregivers had
suspicion of additional substance use. A urine toxicology screening was not performed on
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this patient. Combustible cigarette use was reported by 38% of patients. Reported duration
of A-9-tetrahydrocannabinol vaping ranged from 1 month to 2 years. Only one patient
admitted knowingly obtaining products from an unregulated distributor. All others who
disclosed their sources cited friends and acquaintances. Of note, Texas prohibits retail
dispensaries of A-9-tetrahydrocannabinol-containing products.

A previous diagnosis of substance use disorder was present in 31% of patients. Presence of
stressors in at least 3 of the 5 psychosocial risk domains was found in 54% of patients. Risk
domains included home environment, academic difficulty, behavior problems, mental health,
and substance use. Two patients had stressors in all 5 domains, whereas only 2 patients had
no documented stressors. Six patients received psychiatry consultations, of whom5 received
inpatient treatment recommendations for nicotine or A-9-tetrahydrocannabinol withdrawal.
Symptoms concerning for A-9-tetrahydrocannabinol withdrawal were noted in 3 patients.
Referral to an adolescent-specific addiction treatment program was provided for 5 patients.

All patients underwent evaluation for other conditions such as asthma, typical and atypical
pneumonia, appendicitis, sepsis, and pulmonary embolism. Eighty-five percent of patients
had respiratory symptoms at presentation ranging from mild to severe. Cough, shortness of
breath, and chest pain were the most common complaints. Gastrointestinal (Gl) distress with
minimal or no respiratory symptoms characterized the presentation of 4 patients. Gl
symptoms occurred in 85% of patients, with vomiting and nausea predominating. All
patients eventually developed respiratory symptoms.

The urine drug screen was positive for A—-9-tetrahydrocannabinol metabolites in all 11
patients who received screening. Of 9 patients with a subsequent urine comprehensive
toxicology panel analyzed by liquid chromatography and mass spectroscopy, all had A-9-
tetrahydrocannabinol and/or A-9-tetrahydrocannabinol metabolites. A private laboratory
analysis of 5 A-9-tetrahydrocannabinol cartridges provided by 1 patient confirmed the
presence of A-9-tetrahydrocannabinol. A-9-tetrahydrocannabinol made up 31% of the e-
liquid solution in the patient’s most recently used cartridge. In this same cartridge, VEA was
detected and made up 38% of the solution. VEA was found in 3 of this patient’s cartridges.
This patient reported obtaining cartridges from friends and acquaintances.

Chest computed tomography (CT) scans revealed diffuse bilateral ground-glass opacities in
all patients (Figs 2—4). Notably, abnormal lung findings were first identified on abdominal
CT scans in 23% of patients who underwent a primary workup for GI symptoms. Fifteen
percent of patients with subtle chest radiograph findings had markedly abnormal lung
findings on the chest CT scan.

The degree of respiratory support among patients varied. Nasal cannula was required by
most patients (62%), whereas 2 patients required bilevel positive airway pressure, 1 required
intubation with invasive mechanical ventilation, and 1 required veno-venous extracorporeal
membrane oxygenation (VV-ECMO). The patient who was the sickest required 2 courses of
VV-ECMO, chest tube placement for persistent air leak syndrome, and an eventual
tracheostomy.
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Oral and/or intravenous glucocorticoid treatment was provided to 12 of 13 patients (Table 2).
Of these, 11 demonstrated clinical improvement within 24 hours. One patient who remained
on room air throughout admission had minimal abnormalities on the chest CT scan
described as “subtle diffuse ground-glass pulmonary opacities” and improved with low-dose
oral steroids. Eleven patients received intravenous steroids, of whom 7 received pulse
dosing. The lone patient who did not demonstrate rapid improvement from glucocorticoid
therapy was the patient who required VV-ECMO. Sixty-nine percent of patients received
intravenous antibiotics but had no corresponding improvement.

All patients reported complete or near-complete resolution of their previous constitutional,
respiratory, and Gl symptoms before discharge; however, 31% were prescribed supplemental
oxygen with activity at discharge, as indicated by 6-minute walk test (6MWT) results. The
patient who required VV-ECMO and a tracheostomy was discharged to a rehabilitation
facility with a home ventilator and eventually weaned from ventilator support 110 days after
initial hospital admission. The patient is now decannulated.

Most patients performed PFTs (Table 3). Spirometry and 6MWT results were assessed at
least once in 92% and 77% of patients, respectively. Two out of 13 patients had an
obstructive pattern even after steroids were administered. Five patients completed the
spirometry before and after initiation of steroids (Fig 5). Four total patients had
plethysmography, diffusion capacity testing, and a 6MWT performed before and after
initiation of steroids (Figs 5 and 6). All patients who had PFTs before and after initiation of
steroids demonstrated improvement in forced expiratory volume in 1 second (FEV), forced
vital capacity (FVC), total lung capacity, and diffusion capacity of carbon monoxide
(DLCO) (Table 4). The relative improvement in FEVq ranged from 9% to 35%, with a mean
of 23%, and was significant (P =.042).

DISCUSSION

We describe a unique cohort of pediatric patients diagnosed with EVALL. As in other case
series, the nature of the lung injury was not infectious.1217 Rather, our patients
demonstrated a systemic inflammatory process evidenced by elevated inflammatory markers
and multisystem disease. The Gl tract was affected in 85% of patients, similar to other
EVALLI case series in which authors reported Gl symptoms in 77% to 92% of patients.12.17
Use of glucocorticoids was successful in abating this systemic inflammatory response, with
clinical improvement noted in most cases, similar to other case series.1217:18 However, our
patient who was the sickest required 2 runs of VV-ECMO despite steroid therapy and
underwent a tracheostomy for long-term mechanical ventilation. This patient’s extended
course is likely due to prolonged air leak syndrome, and it is unclear what factors in this
patient’s history led to such severe lung disease. Of note, this patient had several of the
known EVALLI risk factors reported by the CDC: use >5 times per day, exclusive vaping of A
-9-tetrahydrocannabinol, and use of Dank vapes.1® In addition, the patient’s most recently
used cartridges contained VEA.

The CDC has reported that the likely culprit for EVALI is VEA, although the exact
mechanism of injury is unknown. In November 2019, the CDC described that residual
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bronchoalveolar lavage (BAL) fluid from 29 patients contained VEA,20 a thickening agent
added to dilute A-9-tetrahydrocannabinol oil.21 More recently, a study revealed that of 51
BAL samples from patients with EVALI, 94% tested positive for VEA, compared with none
of the BAL samples from 99 healthy adults.® The authors suggested that the addition of
VEA to A-9-tetrahydrocannabinol e-liquids became more popular in 2019, leading to the
nationwide peak in EVALI cases in September 2019.

Our patients frequently reported buying A-9-tetrahydrocannabinol cartridges from dealers
and acquaintances, a standard practice in this state without legal dispensaries. Products
purchased from the underground economy are susceptible to adulteration. Adolescents
preferentially use refillable vaping cartridges, putting them at higher risk for unintended
exposures.22 Although the current outbreak appears to be subsiding,13 it is critical that
clinicians note the lack of regulation on e-liquid formulations and that e-cigarette cartridges
are easily modifiable with known and unknown additives.

The underlying mechanism of toxicity leading to EVALI remains unclear. On the basis of
our findings, lung injury may be related to airways disease. We found an improvement in
FEV; and FVC after steroid treatment, which may reflect improved airflow from decreased
airway inflammation. Airways disease as a result of nicotine-containing and nicotine-free e-
cigarette use has been previously described. Airway hyperresponsiveness, defined as airway
obstruction caused by nonspecific stimuli,23 has been shown in mice after exposure to both
nicotine-free flavored e-cigarettes?* and nicotine-containing flavored e-cigarettes.2 In
another study, adults vaped nicotine for 5 minutes, which resulted in airways disease in the
form of increased airway resistance measured via forced oscillometry.26 A recent study of
tobacco-using adults revealed that 25 puffs of a nicotine-free vape led to a decrease in the
mean forced expiratory flow between 25% and 75% of the FVC, a measure of small airways.
27 |n addition to airways disease, we found evidence of parenchymal pulmonary
inflammation from BAL results that revealed a predominance of lymphocytes and
neutrophils as well as chest CT findings of diffuse bilateral ground-glass opacities.

Although the CDC has acknowledged that VEA in A-9-tetrahydrocannabinol oil is a leading
suspect in the etiology of EVALLI, other components of the e-cigarette aerosol may
contribute to lung disease.2® Murine studies reveal that exposure to both nicotine-containing
and nicotine-free aerosol results in an increase of neutrophils, macrophages, lymphocytes,
and pro-inflammatory cytokines in bronchoalveolar fluid.25:28-30 Other e-cigarette aerosol
components, such as vegetable glycerin, propylene glycol, and flavoring agents, can cause
lung inflammation and cytotoxicity. One study of human tracheobronchial epithelial cells
revealed that exposure to e-cigarette aerosol led to necrotic cell death.3! Another study
revealed an increased level of the proinflammatory cytokine interleukin 6 when human
bronchial epithelial cells were exposed to e-liquid without nicotine.32 Leigh et al33 found
that exposing human bronchial epithelial cells to various e-cigarette flavorings led to a
significant increase in proinflammatory cytokine levels and a decrease in cell viability.
Bengalli et al3* demonstrated an increase in pro-inflammatory cytokine levels and cell death
in human alveolar and lung endothelial cells exposed to e-liquid—generated aerosols
containing cinnamon flavoring. Finally, metals found in e-liquids, including chromium,
nickel, lead, manganese, aluminum, tin, iron, and cadmium, can also lead to lung injury;
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cadmium, specifically, is a known pulmonary toxin.3® Cartridges provided by 2 of our
patients, including our sickest patient, were tested for cadmium, and results were negative.

Including 6MWT results in our EVALLI algorithm helped identify residual lung disease in
patients who had been weaned off oxygen because of clinical improvement after
glucocorticoid treatment. Four of 8 patients tested after steroid initiation (including 5
patients who did not complete a presteroid 6MWT) had abnormal desaturations with the
6MWT and were prescribed oxygen for use with activity at discharge. These patients were
otherwise clinically stable in the 24 to 48 hours before discharge and had normal
oxygenation at rest, consistent with current CDC guidance for discharge planning.36 All 4
patients who were discharged on home oxygen received follow-up in the pulmonology
clinic, where normalization of 6BMWT results led to discontinuation of home oxygen. The
6MWT is an assessment of submaximal exercise capacity, akin to activities of daily living. It
is a recommended test to assess treatment response in lung diseases® such as pulmonary
hypertension, sickle cell disease, and cystic fibrosis.3’-3% Abnormal 6MWT oxygen
saturation may reflect lung injury at the level of the alveolar epithelium, in which impaired
gas exchange manifests during exercise. Impaired gas exchange has been demonstrated in
adult tobacco smokers who vaped nicotine-free e-cigarettes and had a subsequent decrease
in transcutaneous oxygen measurements after a short session of use.2’

Our pediatric cohort demographic was more diverse than in previously described cohorts.
12,17 Half of our cohort was female, and almost half were of Hispanic origin, in contrast to
the mostly young, white, and male population described in the adult literature.12.17:40 A
study in which adult e-cigarette users with EVALI were compared with e-cigarette users
without EVALI showed that those with EVALI had higher odds of reporting ethnicity other
than white. The reason for Hispanic ethnicity as a potential EVALI risk factor in our cohort
is unknown. It may be related to underlying socioeconomic factors, but may also simply
reflect regional population demographics.

Another unique finding among our patients was the large percentage of patients with a
history of psychosocial stressors, including substance use and mood disorders. Data from the
Canadian Community Health Survey have revealed adverse mental health to be associated
with e-cigarette use in adolescents and adults.*! Additionally, a recent survey of students at 2
Midwestern universities suggested that e-cigarette users were more likely to engage in illicit
drug use; to have a history of posttraumatic stress disorder, attention-deficit/hyperactivity
disorder, or anxiety; to have poorer self-esteem; and to have depressive symptoms.*2 A
detailed psychosocial screening was an important part of the evaluation of EVALI and
should be linked with appropriate outpatient referrals, including for chemical dependency
management.

Our study highlights the severity of EVALLI in adolescents and teenagers, but certain
limitations should be noted. Our case series captured a single-center population. However,
given that the underground product marketplace was likely not homogenous and potentially
included out-of-state sources, our findings may still be generalizable to cases in other
regions. The evolving nature of our understanding of this disease influenced our
management and might have inherently impacted outcomes. We tended toward higher
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steroid dosages compared with other case series, and this decision was based on expert
consensus at our institution. Variation in severity of illness impacted our ability to perform
BAL studies; however, bronchoscopy and BAL analysis may not be useful tools and may
increase respiratory morbidity post procedure.43

We lacked sufficient data to draw conclusions on brands or brand changes in correlation with
symptom onset or severity. Samples of vaping devices were not consistently available for
testing to determine potential chemical exposures. Patient effort during PFTs may have been
suboptimal in some patients and may have led to an underestimation of lung function,
including oxygen saturation during the 6MWT. To minimize this possibility, all PFT results
were reviewed for adequate quality before inclusion in the data analysis. Finally, we have
incomplete outpatient follow-up of our patients, including several who experienced financial
or insurance barriers to return visits.

CONCLUSIONS

In our cohort of adolescents diagnosed with EVALLI, we found that the clinical severity was
variable, with some patients requiring no supplemental oxygen to one patient requiring
invasive mechanical ventilation and extracorporeal membrane oxygenation. Glucocorticoids
were a successful treatment modality, whereas antibiotics did not appear to result in
improvement. Lung function improved after glucocorticoid administration, and the 6MWT
was useful in identifying patients who could benefit from oxygen with activity at discharge.
The mechanism of lung injury remains unclear, but exposure to A-9-tetrahydrocannabinol
adulterated with VEA appears likely. All patients who followed-up in the pulmonary clinic
reported cessation of e-cigarette use, so it remains to be seen whether the improvement in
pulmonary function seen in our patients will also persist in adolescents who choose to
resume e-cigarette use. The long-term effects of the other components of e-cigarette liquid
on the lung remain unknown and is an area for future study.
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ABBREVIATIONS
6MWT 6-minute walk test
BAL bronchoalveolar lavage
CDC Centers for Disease Control and Prevention
CT computed tomography
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DLCO diffusion capacity of carbon monoxide
E-cigarette electronic cigarette
EVALI electronic cigarette, or vaping, product use—associated lung
injury
FEV4 forced expiratory volume in 1 second
FvC forced vital capacity
Gl gastrointestinal
PFT pulmonary function testing
VEA vitamin E acetate
VV-ECMO veno-venous extracorporeal membrane oxygenation
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WHAT’S KNOWN ON THIS SUBJECT:

The prevalence of electronic cigarette use has more than doubled among eighth- to 12th-

graders over the past 2 years. An outbreak of electronic cigarette, or vaping, product use—
associated lung injury (EVALI) linked to vaping A-9-tetrahydrocannabinol occurred this

fall, and adolescents were among those affected.

Pediatrics. Author manuscript; available in PMC 2021 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Rao et al.

Page 13

WHAT THIS STUDY ADDS:

Many teenagers affected by EVALI were female, were Hispanic, and had multiple
psychosocial stressors. Lung function deficits due to EVALI appear reversible with
steroids. Six-minute walk test results may help identify adolescents who would benefit
from home oxygen.
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History of e-cigarette use within past 90 days*
and/or chest CT scan findings: bilateral diffuse ground -glass opacities (CXR is less sensitive); findings often out of proportion to examinatio

3

Suspicion of EVALI

3
[ Consult pulmonology and medical toxicology ]

[

Child admitted with respiratory distress, dyspnea, cough, chest pain, or GI symptoms (nausea, vomiting, diarrhea, abdominal pain)
CXR n

Complete blood cell count with differential

Sputum culture (can order induced sputum in children aged >13 years old or endotracheal tube culture if intubated
Respiratory viral panel

HIV

Blood culture

High-resolution chest CT scan without contrast or CT angiography of the chest if pulmonary embolus is suspected
(eg, teenager ison oral contraception)

Electrolytes, liver function tests, serum urea nitrogen, creatinine

Er C P
Urine drug screen ially important if vapi 3 months, as elicited on history)
Consider flexible with BAL, viral and bacterial culture, fungal culture, cytology

Consider theumatologic workup
PFTs: spirometry, lung volumes (TLC), DLCO
6MWT when patient is stable

4

[ Concern for infection (may require discussion with subspecialists) ]

5
.4
Respiratory symptoms improvingas 3)
expected (team discussion) 4)
5)
Yes
6,
[ )
Continue standard of care
Q 7

Treatment with systemic glicocorticoids”

PFTs before and after steroidsif possible: spirometry, TLC, DLCO, 6MWT when
patient is stable

Consult psychiatry if concerns for chemical dependency

Consult child life and social work

Glucocorticoid treatment considerations”

High dose (1 g IVdaily for 3 doses): moderate-severe discase

on CT scan, patientsin the ICU, lack of improvement with lower dose
Moderate dose (500 mg IV daily for 3 doses): moderate disease on

CT scan, mild ianot improving, mildPFT ities, lack

Discharge with steroid taper per (longer taper if

are seen on transbronchial biopsy specimen, if biopsy was done)

Discharge with primary care visit within 1-2 days and pulmonology clinic
appointment within 2 weeks

Consider referral to teenager recovery program (addiction treatment program)

of imp: with lower dose

Low dose (60-300 mg/day IV for 3-5 days): mild disease on CT scan,
mild or no hypoxemia, normal PFT and/or normal 6 MW results,
concern for coinfection

Oral dose: (30-40 mg twice daily for 5 days) mild disease on CT scan,

no hypoxemia, normal PFT results, minimal respiratory symptoms,
concern for coinfection, systemic hypertension

FIGURE 1.
Clinical algorithm for pediatric patients hospitalized for suspected EVALI. The algorithm

includes CDC-based diagnostic criteria, recommended consultations, laboratory workup and
imaging, and recommended treatment and follow-up.  May need to speak with peers and
family, especially for patients who are intubated. ° glucocorticoid dosage considerations.
CXR, chest radiograph; IV, intravenously; TLC, total lung capacity.
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FIGURE 2.
Fifteen-year-old boy with daily A-9-tetrahydrocannabinol vaping. A and B, Axial chest CT

images reveal ground-glass opacities involving all lobes with a central, mid, and peripheral
distribution (white arrowheads) and subpleural sparing throughout all lobes (black arrows).
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FIGURE 3.
Seventeen-year-old boy with A-9-tetrahydrocannabinol vaping for one year who reported

use of cartridges from an unregulated distributor. A and B, Axial chest CT images reveal
ground-glass opacities throughout all lobes (white arrowheads).
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FIGURE 4.
Sixteen-year-old girl with daily nicotine and A-9-tetrahydrocannabinol vaping. A and B,

Chest CT images in the axial and coronal planes reveal diffuse ground-glass opacities (white
arrowheads), a consolidative opacity (large white arrows), interlobular septal thickening
(small white arrow), and crazy paving (black arrowhead) in the left lower lobe.
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Before glucocorticoids O After glucocorticoids

1
x
FEV1&b FvCab TLC® DLCO¢
FIGURE 5.

Pulmonary function response to glucocorticoid treatment. The figure reveals the change in
PFT results in response to steroid treatment. Preglucocorticoid values were obtained within
24 hours of steroid initiation. Postglucocorticoid values were obtained at the first repeat
testing during hospitalization or at the clinic follow-up. 2 7= 5.2 P< .05.¢ n=4. TLC, total

lung capacity.
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’84 85/ / 85 =
1 1 1
R
11
o B 7

6MWT response to glucocorticoid treatment. The figure reveals the mean oxygen saturation
during the BMWT by patient, with testing completed both before and after initiation of
glucocorticoid treatment. @ Before or within 24 hours of initiation of glucocorticoid
treatment. P More than 24 hours after initiation of glucocorticoid treatment and completed
during hospitalization. Spo,, pulse oxygen saturation.
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