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A B S T R A C T

Background: There are limited data assessing relationships between biomarkers of inflammation and lung
function after hospitalization for asthma exacerbations in children.
Objective: To assess the associations in asthmatic children among changes in lung function, fraction of
exhaled nitric oxide (FENO), and cysteinyl leukotrienes (CysLTs) in exhaled breath condensate (EBC) after
hospitalization for acute asthma.
Methods: Spirometry and FENOweremeasured and EBC collected for CysLTmeasurement from 40 children
during and 1, 2, and 4 weeks after hospitalization for an asthma exacerbation and during a single-study visit
for 40 healthy children.
Results: Enrollment FENO and EBC CysLT concentrations were higher in the children with asthma than in
healthy individuals (mean FENO, 31.6 vs 7 ppb; P � .0001; mean EBC CysLT, 7.9 vs 4.9 ppb; P � .03). Among
children with asthma, improvement in lung function reached a plateau within 2 weeks after hospital
discharge. The EBC CysLT concentrations were not associated with changes in lung function, use of albuterol,
or use of inhaled corticosteroids (ICSs). Among asthmatic children enrollment FENOwas not associated with
changes in lung function during follow-up. However, among children who had an elevated enrollment FENO
(�25 ppb), patients who did not use ICSs after hospital discharge had lower end-of-study lung function than
those who used ICSs. At 2 and 4 weeks after hospital discharge, FENO was higher among patients who
reported albuterol use more than twice weekly and among patients who reported no ICS use.
Conclusion: FENO measured at hospital discharge among children hospitalized with acute asthma may be
useful in identifying patients who will respond to ICS therapy.
� 2012 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
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Introduction

Asthma, a chronic inflammatory obstructive airway disease, is
the most common respiratory disease in children, affecting at least
6.5 million children and causing 7 million physician visits and
200,000 hospitalizations among children annually in the United
States.1 In addition, asthma exacerbations are a major cause of
school absenteeism and activity limitation.1 Systemic corticoste-
roids and inhaled bronchodilators are widely accepted as corner-
stones of effective treatment for acute exacerbations of asthma.2

Although recent investigations have improved our understanding
of the complex inflammatory pathways involved in acute asthma3,4

Reprints: Jason S. Debley, MD, MPH, Pulmonary Division (A-5937), Seattle Chil-
dren’s Hospital, 4800 Sand Point Way NE, Seattle, WA, 98105; E-mail: jason.
debley@seattlechildrens.org.
Disclosures: Authors have nothing to disclose.
Funding Sources: This researchwas conductedwith support from the Investigator-
Sponsored Study Program of AstraZeneca, an AstraZeneca Investigator Initiated
r
Study grant, National Heart, Lung, and Blood Institute grant K23HL077626, and NIH
Clinical and Translational Science Award grant I ULI RR025014-01.

1081-1206/12/$36.00 - see front matter � 2012 American College of Allergy, Asthma & Im
http://dx.doi.org/10.1016/j.anai.2012.06.004
nd their potential relationships to lung function,5 relatively little is
nown about the expected time course for lung function recovery
nd resolution of airway inflammation after asthma exacerbations.
pecifically, there is a paucity of data regarding how quickly lung
unction improves or returns to normal, how rapidly airway inflam-
ation resolves, and the optimal dose, delivery route, and duration
f corticosteroids with which to treat children after an acute
sthma exacerbation. Although lung function in many patients
ith asthma returns to normal between acute exacerbations, se-
ere exacerbations may be associated with a decline in lung func-
ion over time in adults and children.6 Thus, a better understanding
f airway pathophysiology and the trajectory of improvement in
ung function and airway inflammation after asthma exacerbations
n children would further inform guidelines for treatment during
he recovery phase of an asthma exacerbation.

Methods of directly assessing airway inflammation in patients
ith asthma (eg, bronchoalveolar lavage, bronchial biopsy, and
nalysis of induced sputum) are invasive, expensive, or impractical

esearch or diagnostic tools in children. However, 2 proposed non-

munology. Published by Elsevier Inc. All rights reserved.
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invasive biomarkers of airway inflammation in asthma, the fraction
of exhaled nitric oxide (FENO)7 and cysteinyl leukotrienes (CysLTs)
in exhaled breath condensate (EBC),8–11 have been shown to be
elevated in children with asthma and may have promise in assess-
ing and monitoring airways inflammation in the clinical setting.
Concentrations of these exhaled biomarkers of inflammation dur-
ing and after asthma exacerbations might predict trends in lung
function, airway inflammation, and asthma symptoms during the
recovery phase after acute asthma exacerbations.

The objectives of our single-center pilot study were to assess
changes in lung function and concentrations of FENO and CysLTs in
EBC in a convenience sample of children aged 6 to 18 years for 1
month after hospitalization for an acute asthma exacerbation. We
hypothesized that after hospitalization for an asthma exacerbation
lung function would reach a plateau in improvement between 2
and 4 weeks after hospital discharge and that levels of FENO and
CysLTs in EBC would decrease during the follow-up period and
would be associatedwith the degree of airflow obstruction, asthma
symptoms, use of albuterol for asthma symptoms, and use of in-
haled corticosteroids (ICSs). Finally, we hypothesized that concen-
trations of FENO and CysLTs in EBC would be higher in patients
hospitalized for an asthma exacerbation than in age-matched
healthy controls.

Methods

Study participants

Children 6 to 18 years of age with a history of physician-diag-
nosed asthma of at least 1-year duration, who met National Heart,
Lung, and Blood Institute/National Asthma Education and Preven-
tion Program guidelines for the diagnosis of asthma,2 who were
admitted to Seattle Children’s Hospital for treatment of an acute
severe asthma exacerbation,12 and who were able to perform ac-
ceptable and reproducible spirometry and FENO measurements
were enrolled in the study. In accordancewith standard treatment of
asthma at our institution, all patients with asthmawere treated with
systemic corticosteroids (0.6 mg/kg/d of dexamethasone) and bron-
chodilators during hospitalization. Daily ICSs were prescribed for use
after discharge in all patients with asthma. Inpatient and discharge
medications and treatment planswere not influenced by anymem-
bers of the study team but rather were determined by the patient’s
attending physician. The children with asthma were enrolled and
completed initial studymeasurementswithin 48 hours of initiation
of systemic corticosteroid treatment, with a mean duration of sys-
temic corticosteroid treatment before enrollment measurements
of 35.4 hours (range, 19–48 hours). Children 6 to 18 years of age
without a history of asthma, reactive airway disease, chronic cough
(daily for the month before enrollment), allergic rhinitis, atopic
dermatitis, food allergies, or an upper respiratory tract infection or
sinusitis within 3 weeks of study entry were recruited as healthy
controls. Written consent was obtained from parents of study par-
ticipants, and written assent was obtained from those 12 years or
older. The study was approved by the Seattle Children’s Hospital
Institutional Review Board.

Study visits

At enrollment pertinent medical history was reviewed (includ-
ing age of asthma diagnosis, history of hospitalization for asthma,
history of skin test positivity or positive radioallergosorbent testing
[RAST] to �1 aeroallergens, physician-diagnosed and treated ec-
zema, family history of first-degree relative with asthma, environ-
mental tobacco smoke exposure, and upper respiratory tract infec-
tion symptoms), FENO was measured, EBC was collected, and lung
function testing performed. History of skin test positivity, positive
RAST results, and physician-diagnosed and treated eczema were

confirmed by review of medical records. Follow-up visits occurred e
t 1, 2, and 4 weeks after hospital discharge, during which interval
edical history, medication use, and daily symptom diaries were

eviewed. In addition, lung function tests, FENO, and EBC collec-
ions were repeated. Between study visits, parents of asthmatic
atients completed daily symptom and medication use diaries.
iaries were reviewed to assess adherence to prescribed asthma
edications.

ung function and exhaled breath measurements

FENO was measured at an expiratory flow rate of 50 mL/s ac-
ording to American Thoracic Society guidelines using a NIOX
hemiluminescent nitric oxide analyzer (Aerocrine, Solna, Swe-
en).13 Forced expiratory volumes and flows, including forced vital
apacity (FVC), forced expiratory volume in 1 second (FEV1), FEV1:
VC ratio, and forced expiratory flowbetween 25% and 75% (FEF25%-
5%), weremeasured according to American Thoracic Society guide-
ines.14 At enrollment, spirometry was performed at least 2 hours
fter a patient’smost recent treatmentwith albuterol. At follow-up
isits albuterol was withheld for at least 4 hours before performing
pirometry. EBC was collected using the R-Tube system (Respira-
ory Research, Charlottesville, Virginia) during 20 minutes of tidal
reathing while wearing a nose clip. A 1-mL aliquot of EBC was
rocessed using an eicosanoid solid-phase extraction protocol. The
BC samples were acidified to a pH less than 4; then loaded onto a
reconditioned Oasis HLB cartridge (Waters, Milford, Massachu-
etts); then washed with 0.03% formic acid in water, 0.03% formic
cid in 10% ethanol, and hexanes; then elutedwith 0.2% formic acid
n methanol; and then stored for 3 months or less at �80�C until
ysLT measurements were performed. Immediately before CysLT
ssay, sampleswere evaporated to dryness under argon then resus-
ended with 0.2 mL of enzyme immunoassay (EIA) buffer solution
o achieve a 5-fold sample concentration factor. CysLT concentra-
ions were measured using the Cayman EIA. All samples were
nalyzed in duplicate. The lower limit of detection on the Cayman
IA standard curve is 7.8 pg/mL. Given that samples were concen-
rated 5-fold by solid-phase extraction before EIA, our estimated
ower limit of detection of CysLTs in EBC was 1.6 pg/mL.

Amylase was measured in undiluted EBC samples with an
nzChek amylase assay kit (E33651) from Invitrogen Molecular
robes (Eugene, Oregon) and found to be undetectable in all
amples.

tatistical analysis

We estimated that 40 patients and 40 healthy controls were
equired to provide more than 90% power to detect a mean differ-
nce in FENOor EBCCysLT between the groups of at least 1 SD at the
� .05 significance level. Forty patients were estimated to provide
t least 80% power to identify FENO as a significant predictor of
EV1 4 weeks after hospitalization if FENO accounted for 15% or
ore of the total variance in FEV1 (ie, r

2 � 0.15).
Unpaired t tests or the Mann-Whitney tests for nonnormally

istributeddatawereused to compare enrollment FENO, EBCCysLT
oncentration, and lung function parameters between asthmatic
nd healthy individuals. One-way analysis of variance followed by
he Tukeymultiple comparisonposttestwere used to compare lung
unction parameters during follow-up between subsets of asth-
atic patients based on the following characteristics: reported
onsistent (�5 days per week) use of ICSs during follow-up (yes/
o), enrollment FENO (normal [�25 ppb] vs elevated [�25 ppb]),
nd enrollment EBC CysLT concentration (less than median enroll-
ent CysLT vs median enrollment CysLT or greater of asthmatic
atients). FENO was compared between those children with
sthma using albuterol less than twice weekly vs those using it
wice weekly or more using the unpaired t test. The Pearson coef-
cient was used to estimate correlations between biomarkers in

xhaled breath (FENO and EBC CysLT) and lung function measures
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at enrollment and follow-up visits. FENO and lung function data
were determined to be normally distributed by the D’Agostino and
Pearson and the Kolmogorov-Smirnov tests. All analyses were con-
ducted using GraphPad Prism 5.0 (GraphPad, LaJolla, California)
and SPSS statistical software for Windows, version 11.5 (SPSS Inc,
Chicago, Illinois).

Results

Forty children with asthma (mean [SD] age, 9.5 [3.4] years) and
40 healthy children (mean [SD] age, 10.8 [3.2] years)were enrolled.
Baseline characteristics of the asthmatic and healthy children are
presented in Table 1. The mean enrollment FEV1 , FEV1:FVC ratio,
and FEF25%-75% percent predicted values of the childrenwith asthma
were significantly lower than those of the controls. At enrollment
the mean FENO and EBC CysLT concentrations of the children with
asthma were significantly higher than those in the controls (Fig 1
and eFig 1), but there was a large degree of overlap in EBC CysLT
concentrations between the 2 groups. A higher proportion of the
children with asthma were boys (71% vs 45%), and more of the
controlswerewhite (87% vs 50%).Most of the childrenwith asthma
(79%) reported viral upper respiratory tract infection symptoms
during theweek before hospitalization.Most children had a history
of confirmed atopy by skin prick testing or RAST (65%), and 41% of
children had a history of physician-diagnosed and treated eczema.
Six of the children with asthma were lost to follow-up and did not
complete follow-up visits. The age, race/ethnicity, and baseline
lung function of asthmatic children completing the study were
similar to those lost to follow-up, but a larger proportion of children
lost to follow-up were atopic (history of skin test positivity or
positive RAST results to �1 aeroallergens or history of eczema) and

Table 1
Characteristics of the study participants

Characteristic

Male, No. (%)
Age at enrollment, mean (SD), y
Race/ethnicity, No. (%)
White
African American
Asian
Native American
Hispanic
Pacific Islander

Atopic by skin prick or RAST testing, No. (%)
Eczema (physician diagnosed and steroid treated), No. (%)
Family history asthma (first-degree relative), No. (%)
Environmental tobacco smoke exposure, No. (%)
History of hospitalization for asthma during the past 12 months, No. (%)
History of intensive care unit stay for asthma, No. (%)
Viral URI symptoms during week prior week before admission, No. (%)
Inhaled corticosteroid use during follow-up (budesonide equivalent dose), No. (%)
200 �g twice daily
400 �g twice daily
1 mg once daily
2 mg once daily

Systemic steroid treatment (prednisone, 2 mg/kg/d, or dexamethasone, 0.6 mg/kg/d
between hospital admission and enrollment study visit

Enrollment FENO, mean (SD), ppba

Enrollment EBC CysLT, mean (SD), pg/mLb

Enrollment FVC, mean (SD), % predicteda

Enrollment FEV1, % predicteda

Enrollment FEV1:FVC ratio, mean (SD)a

Enrollment FEF25%-75%, mean (SD), % predicteda

Abbreviations: CysLT, cysteinyl leukotriene; EBC, exhaled breath condensate; ED, e
fraction of exhaled nitric oxide; FEV1, forced expiratory volume in 1 second; FVC,
respiratory tract infection.
aP � .001 for children with asthma vs healthy controls.
bP � .03 for children with asthma vs healthy controls.
were exposed to environmental tobacco smoke (Table 1). All of the
h
a

hildren with asthma were prescribed an ICS as a daily asthma
ontroller by their managing physicians at hospital discharge, but
nly 53%of the children reported consistent use of an ICS during the
ollow-up period.

During the follow-up period, lung function in the asthma group
eached a plateau in improvement between 1 and 2 weeks after
ospital discharge (Fig 2). FEV1 percent predicted was significantly
igher at the final follow-up visit among patients that reported
onsistent use of ICSs after hospital discharge (eFig 2). No correla-
ion was found between enrollment FENO or EBC CysLT concentra-
ion and enrollment FEV1 percent predicted (FENO: r � 0.2, P � .30;
BC CysLT: r � 0.1, P � .70), or FEF25%-75% percent predicted (FENO:

Children with asthma
completing study
(n � 34)

Children with asthma not
completing study (n � 6)

Healthy controls
(n � 40)

24 (71) 3 (50) 18 (45)
9.7 (2.9) 10.3 (6.3) 10.8 (3.2)

17 (50) 2 (33) 35 (87)
10 (29) 1 (17) 3 (8)
1 (3) 1 (17) 1 (3)
1 (3) 0 0
5 (15) 0 1 (3)

0 2 (33) 0
22 (65) 6 (100) 0
14 (41) 4 (67) 0
23 (68) 5 (83) 5 (13)
9 (26) 3 (50) 6 (15)

14 (41) 1 (17) NA
9 (26) 2 (33) NA

27 (79) 5 (83) NA
18 (53) NA NA
9 (26)
7 (21)
1 (3)
1 (3)

34 (100) 6 (100) NA

31.5 (26.7) 50.8 (45.3) 7.0 (2.4)
7.9 (7.3) 8.5 (10.2) 4.9 (3.6)

88.1 (18.7) 83.3 (19.3) 101.6 (10.0)
76.9 (20.5) 72.8 (16.3) 99.3 (10.8)
76.2 (8) 75.8 (9.6) 90.5 (5.3)
43.3 (26.7) 45.5 (25.5) 90.7 (19.7)

ency department; FEF25%-75%, forced expiratory flow between 25% and 75%; FENO,
vital capacity; NA, not applicable; RAST, radioallergosorbent testing; URI, upper

ig. 1. Concentrations of exhaled nitric oxide (FENO) in parts per billion among
)

merg
forced
ealthy controls (open circles) and children hospitalized for an acute exacerbation of
sthma (closed triangles).
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r � 0.1, P � .60; EBC CysLT: r � 0.1, P � .90) (eFig 3). EBC CysLT
concentrations decreased between enrollment and 1-week fol-
low-up visits for 8 of the children with asthma, but for all except 1
CysLT concentrations changed little between 1 and 4 weeks after
hospital discharge (eFig 4). No correlation was found between
enrollment or follow-up CysLT concentrations and lung function,
use of albuterol, or reporteduse of ICSs during the follow-upperiod,
either as an entire group or among the 8 children whose CysLT
concentration decreased between enrollment and follow-up visits
(data not shown).

FENO declined in most patients between enrollment and the
1-week follow-up visit (eFig 5). Between the 1- and 4-week fol-
low-up visits there was substantial intersubject variability in FENO
trends. In the asthma group no correlation was found between
enrollment FENO and lung function at the final follow-up visit
(FEV1: r � 0.2, P � .40; FEF25%-75%: r � 0.3, P � .20; FEV1:FVC ratio:
r � 0.2, P � .20).

We divided the childrenwith asthma into 4 categories based on
their enrollment FENO (low [�25 ppb] vs high [�25 ppb]) and
whether they reported consistent use of ICSs during the follow-up
period. For patients who had an enrollment FENO less than 25 ppb,
no difference was seen in end-of-study lung function between
children who reported consistent ICS use and those who did not.
However, patients with an enrollment FENO of 25 ppb or higher
who reported that they did not consistently use ICSs during the
follow-up period had significantly lower lung function (Table 2 and
Fig 3). They were also more likely to report daily use of albuterol
(Table 2) than those with an enrollment FENO of 25 ppb or higher
who did report consistent ICS use. No significant difference was
found among the 4 groups in the duration of systemic corticoste-
roid treatment before enrollment FENO measurement.

Fig. 2. Lung function trend (forced expiratory volume in 1 second [FEV1] percent pre
[B]) during and after hospitalization for an acute asthma exacerbation.

Table 2
Clinical outcomes 1 month after hospitalization based on enrollment FENO and ICS

Outcome FENO �25 ppb and consistent
ICS use during follow-up
(n � 10)

FENO �25 p
ICS use duri
(n � 8)

Daily albuterol use, No. (%) 0 1 (12.5)
Missed school, No. (%) 2 (20) 0
FEV1, mean (SD), % predicted 98.0 (10.5) 91.1 (12.8)
FEF25%-75%, mean (SD), % predicted 74.4 (16.1) 82.9 (23.6)
Duration of systemic corticosteroid

use before enrollment FENO,
mean (SD), h

33.2 (8.6) 35.8 (10.6)

Abbreviations: FEF25%-75%, forced expiratory flow between 25% and 75%; FENO, fra
corticosteroid.
aP � .03 compared with enrollment FENO of 25 ppb or higher and consistent ICS us
bAnalysis of variance P � .02; Tukey test P � .05 for comparison of FENO of 25 ppb or
group.
c
Analysis of variance P � .02; Tukey test P � .05 for comparison of FENO of 25 ppb or highe
group.
At both 2 and 4 weeks after hospitalization for an acute asthma
xacerbation, children reporting use of albuterol greater than twice
eekly had significantly higher levels of FENO (eFig 6). FENO de-
reased in nearly all the childrenwith asthma between hospitaliza-
ion and the 1-week follow-up visit. However, between 1 and 4
eeks after hospitalization there was substantially more variabil-

ty in FENO in the childrenwho did not consistently use ICSs during
he follow-up period (Fig 4). FENO was significantly higher among
hildren who did not consistently use ICSs at both 2 and 4 weeks
fter hospitalization (2 weeks: 34.5 vs 12 ppb, P � .01; 4 weeks:
4.5 vs 13.8 ppb, P � .003; Fig 5). No difference was found in
nrollment FENO between childrenwho reported consistent use of
CSs and those who did not (mean FENO, 35.2 � 8.2 ppb vs 31.9 �
.7 ppb; P � .60).

iscussion

In a group of children hospitalized for an acute asthma exacer-
ation, we found that improvement in lung function reached a
lateauwithin 2weeks after hospital discharge. No correlationwas
ound between enrollment concentrations of FENO or EBC CysLT
nd enrollment lung function. EBC CysLT concentrations changed
ittle during the 1-month period after hospitalization for an acute
sthma exacerbation for most children. Furthermore, EBC CysLT
oncentrations were not associated with changes in lung function,
se of albuterol during follow-up, or consistent use of ICSs during
ollow-up. Among childrenwith asthma, enrollment FENOwas not
ssociated with changes in lung function during follow-up. How-
ver, among childrenwith an elevated enrollment FENO (�25ppb),
hose who did not consistently use ICS had significantly lower final
ung function in the follow-up period than those who consistently
sed ICSs. Among children with a normal enrollment FENO (�25

[A] and forced expiratory flowbetween 25% and 75% [FEF25%-75%] percent predicted

ring follow-up

d inconsistent
ow-up

FENO �25 ppb and consistent
ICS use during follow-up
(n � 8)

FENO �25 ppb and inconsistent
ICS use during follow-up
(n � 8)

0 4 (50)a

1 (12.5) 3 (37.5)
105.0 (5.6) 85.3 (4.7)b

88.1 (6.2) 61.6 (7.5)c

37.1 (12.6) 35.9 (7.2)

of exhaled nitric oxide; FEV1, forced expiratory volume in 1 second; ICS, inhaled

p.
r and consistent ICS use group vs FENO of 25 ppb or higher and inconsistent ICS use
dicted
use du

pb an
ng foll

ction

e grou
highe
r and consistent ICS use group vs FENO of 25 ppb or higher and inconsistent ICS use
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ppb), no difference was found in final lung function between chil-
dren who used ICS consistently and those who did not. At 2 and 4
weeks after hospital discharge FENO was higher in children who
reported albuterol use more than twice weekly. Finally, FENO was
higher at 2- and4-week follow-upvisits among thosewho reported
that they were not taking an ICS.

Lung function improved in most of our patients after hospital-
ization for an acute asthma exacerbation, reaching a plateau in
improvement 1 to 2 weeks after hospital discharge. As expected,
the consistent use of ICS after hospital discharge was associated
with better lung function at the final study visit. However, only 53%
of patients reported consistent use of ICS after hospital discharge
despite the fact that all had been prescribed ICSs as a daily control-
ler by their discharge physician.

Only a few studies have assessed EBC CysLT concentrations
during acute asthma exacerbations11 or after allergen challenge.15

There is also a paucity of data reportingmeasurements of FENO and
lung function in children during hospitalization for acute asth-
ma.16–18 Our finding of no correlation between enrollment lung
function and enrollment FENO is consistent with data reported by
Baptist et al.16 The mean FENO concentrations in their patients
before discharge from the hospital were slightly higher than those
in our patients (38.4 vs 31.5 ppb), and themean enrollment FEV1 in
their patients was also lower (64.4% vs 76.9% predicted). These
differences could be explained by their cohort having either more
severe asthma or being more acutely ill at the time of enrollment
lung function measurements. Our finding of a lack of correlation
between FENO and lung function measurements is also consistent
with many studies in clinically stable patients with asthma that

Fig. 3. Lung function 1month after hospitalization for an acute exacerbation of asthm
between 25% and 75%; ICS, inhaled corticosteroid; low FENO, concentration of exha
oxide of 25 ppb or greater. Asterisk indicates analysis of variance P � .02; Tukey tes
Fig. 4. Exhaled nitric oxide (FENO) concentrations during and after hospitalization for an
inhaled corticosteroids (ICSs) and among children who did not use ICSs during follow-up
howed that FENO is not correlatedwith, or onlyweakly correlated
ith, lung function.19–22

The concentration of CysLTs in EBC has been shown to be higher
n patients with asthma compared with healthy adults and chil-
ren.8,9,11,23–25 However, there is considerable range in the concen-
ration of CysLTs in EBC obtained from both asthmatic and healthy
ndividuals, and EBC CysLT concentrations are often below the
etection limit of EIAs or liquid chromatography26 in many asth-
atic and/or healthy children.9,10,27,28 This finding may be in part
ue to differences in EBC sample processing and storage. We pre-
iously reported that concentration of samples using a solid-phase
xtractionmethod significantly improves the detection of CysLTs in
BC.23Weused thismethod to process EBC samples in this study for
ysLTmeasurement. Our finding that the groupmean for EBCCysLT
oncentrations was higher among our asthmatic compared with
ur healthy children is consistentwith past observations.However,
ith the exception of 8 asthmatic children in whom EBC CysLT
oncentrations decreased after hospitalization, for most children
ysLT concentrations changed little during the follow-up period.
russino et al15 reported that EBC CysLT concentrations increased
fter allergen challenge in asthmatic adults.15 In most of our pa-
ients, viral respiratory tract infection was the presumed trigger of
heir acute exacerbation. Our patients without viral respiratory
ract symptoms did not have a known or suspected allergic trigger
f their acute exacerbation. Furthermore, EBCCysLT concentrations
id not correlate with enrollment or follow-up lung function or
ith symptoms or medication use during follow-up. Thus, until
ore sensitive, less variable, and more practical methods of mea-

1 indicates forced expiratory volume in 1 second; FEF25%-75%, forced expiratory flow
tric oxide less than 25 parts per billion; high FENO, concentration of exhaled nitric
.05 for comparison of high FENO with ICS group vs low FENO without ICS group.
a. FEV
acute exacerbation of asthma among children who reported consistent use (A) of
(B).
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suring CysLTs in EBC are readily available, the clinical utility of this
biomarker is likely to be limited.

Although FENO concentration at the time of the acute asthma
exacerbation was not associated with lung function during the
study follow-up period, among the children with asthma who had
elevated enrollment FENO (�25 ppb), the consistent use of ICSs
resulted in significantly higher lung function at the end of the
1-month study period. Interestingly, among childrenwith a normal
enrollment FENO (�25 ppb), no difference was found in final lung
function independent of ICS use during the follow-up period. These
results are consistentwith observations in adults and childrenwith
stable asthma that show that elevated FENO is predictive of a
positive response to treatment with ICSs.29–31 Of note, during the
follow-up period FENO was significantly higher among children
who did not consistently use ICSs, suggesting that FENO may also
have utility as a marker of adherence with prescribed ICSs. Given
that adherence with ICS therapy among asthmatic patients is
frequently suboptimal, an objective biomarker, such as FENO,
that can predict steroid responsiveness and identify those who
are not consistently taking ICSs may be a useful tool to assist
clinicians in identifying at risk patients and targeting efforts to
improve adherence.

There are several limitations to our study. First, individuals did
not complete enrollment lung function,measurement of FENO, and
collection of EBC immediately on hospital admission for acute
asthmabut rather completed initialmeasurementswithin 48hours
of initiation of systemic corticosteroid treatment. Because FENO
decreases within days of initiation of systemic corticosteroids, we
suspect that enrollment FENO concentrations in our patients were
lower than what their FENO concentrations would have been if
measured at hospital admission or before initiation of systemic
steroids. However, we believe the timing of FENOmeasurement in
this study design is more consistent with what could be accom-
plished in actual clinical situations.

Because patients were recruited during hospitalization for an
acute asthma exacerbation, we did not have baseline lung function
measurements before hospitalization, so we were unable to deter-
mine whether patients truly returned to their baseline lung func-
tion. In addition, because we did not perform postbronchodilator
spirometry or methacholine challenge in our patients we were
unable to assess associations between FENO concentrations and
bronchodilator responsiveness or airwayhyperreactivity. Although
most of our children with asthma reported upper respiratory tract
infection symptoms in the week preceding hospitalization, we did
not perform an objective confirmation of viral infection. Finally,
although matched for age, our healthy control group was not well
matched to our asthma group with regard to sex or ethnicity,
variables that may influence levels of exhaled biomarkers.

In conclusion, we have shown that in children hospitalizedwith

Fig. 5. Exhaled nitric oxide (FENO) concentrations at 2 weeks (A) and 4 weeks (B) af
not use inhaled corticosteroids during follow-up; (�) ICS, patients who consistently
acute asthma exacerbations lung function improvement plateaus
[

etween 1 and 2 weeks after hospitalization and concentrations of
ysLT in EBC do not correlate with lung function during or after
ospitalization. However, in patients with elevated FENO during
ospitalization for acute asthma, those who reported consistent
se of ICSs after hospitalization had significantly better lung func-
ion and used less albuterol 1 month after hospital discharge than
hose who did not use ICSs. Our findings suggest that FENO mea-
urement at hospital discharge in children hospitalized for acute
sthmamay be helpful in predicting subsequent response tomain-
enance ICS.

upplementary data

Supplementary data associatedwith this article can be found, in
he online version, at doi.10.1016/j.anai.2012.06.004.
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densate among healthy controls (open circles) and children hospitalized for an acute

with asthma 1 month after hospitalization for an acute exacerbation of asthma. ICS
indicates inhaled corticosteroid.
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Fig. 4. Concentrations of cysteinyl leukotrienes (CysLTs) in exhaled breath con-
ensate (EBC) during and after hospitalization for an acute exacerbation of asthma.
eFig. 1. Concentrations of cysteinyl leukotrienes (CysLTs) in exhaled breath con-
exacerbation of asthma (closed triangles).

eFig. 2. Forced expiratory volume in 1 second (FEV1) percent predicted in children
eFig. 3. Correlation between enrollment fraction of exhaled nitric oxide (FENO) and enroll
[A] and forced expiratory flow between 25% and 75% [FEF ] percent predicted [B]) am
[C] and FEF25%-75% percent predicted [D]) among children with asthma.
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eFig. 5. Concentrations of fraction of exhaled nitric oxide (FENO) during and after
hospitalization for an acute exacerbation of asthma.
eFig. 6. Enrollment concentration of fraction of exhaled nitric oxide (FENO) and subsequent use of albuterol 2 weeks (A) and 4 weeks (B) after hospitalization for an acute
exacerbation of asthma.
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