frequency of allergic conjunctivitis in asthmatic children is high but
underreported. In today’s world of potential micromanagement of
health care utilization, it is incumbent on the practicing physician to
clearly delineate, report, and treat all relevant problems.
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EXHALED NITRIC OXIDE IN YOUNG,
SYMPTOMATIC PATIENTS WITH ATOPIC
ASTHMA RECEIVING NEBULIZED BUDESONIDE
THERAPY

Exhaled nitric oxide (eNO) is a noninvasive marker of airway
inflammation and is elevated in young patients with asthma.! In
asthmatic patients, eNO has been shown to decrease with anti-
inflammatory medication, such as oral or inhaled steroids.? There are
no published studies on the effect of nebulized steroids on eNO in
exclusively young asthmatic children with active symptoms. We
studied the effect of nebulized budesonide inhalation suspension
(BIS) once daily on eNO levels in 4- to 6-year-old children with
physician-diagnosed mild-moderate asthma. Few studies have ex-
amined the timing of onset of the anti-inflammatory effect of ste-
roids on eNO.? Therefore, we measured eNO early in the treatment
course after 72 hours.

Although measuring eNO in 4-year-olds has been approved with the
NIOX analyzer (Aerocrine, Solna, Sweden), it can be difficult to attain
and reproduce in children younger than 7 years. We measured eNO
using NIOX but with a specific maneuver that would attain acceptable
NO plateau levels by the American Thoracic Society guidelines.*3
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We performed a prospective, open-label study design with BIS
(0.5 mg/2 mL) once daily for 2 weeks. After written consent, a
1-week run-in with twice daily diary scoring was started to docu-
ment compliance and asthma symptoms with eNO. A 2-week active
treatment period was started with nebulized BIS (with ProNeb Ultra
with face mask) followed by a 2-week washout period. In addition,
after 3 days during active treatment with BIS, a study visit was
performed to measure early effects of BIS on eNO. Three reproduc-
ible eNO measurements were collected at each visit. Exhalation time
and pressure for the eNO measurements were adapted for this age
group to have attainable respiratory maneuvers.® The eNO measure-
ments had acceptable plateaus with the 6-second exhalation time
selected, which is dependent on age and height.>” The pressure
selected (+5-10 mm Hg) was maintained to close the velum during
eNO measurements to avoid upper airway contamination. Measure-
ments of spirometry (Koko, Louisville, Colorado) and peak flow
(Respironics, Cedar Grove, New Jersey) with collection of daily
asthma symptom scores (total symptom score 4) and rescue medi-
cation use were obtained at each visit. Asthma symptoms collected
were cough, nighttime awakenings, exercise tolerance, and shortness
of breath.

Sixteen patients were enrolled in the study (mean age, 5 years; 12
males; 14 white, 1 African American, and 1 Asian) with a mean
asthma duration of 3.5 years, and all were atopic as measured by
skin test sensitivity to perennial allergens. Inclusion criteria required
that all children have an asthma diagnosis of at least 1 year and
elevated baseline eNO levels greater than 15 ppb. No systemic
steroid use was allowed during or 60 days before the study. No other
asthma medication that would influence eNO levels was allowed
during or 30 days before initiation, including nasal, ocular, topical,
or inhaled steroids, leukotriene modifiers, or cromolyn. Rescue
medication of short-acting bronchodilator agents was allowed dur-
ing the study. Patients with signs or symptoms of upper or lower
airways infection by report or examination were excluded.

At baseline, mean eNO level was 27 = 11 ppb, and after 2 weeks
of BIS it reduced to 14 = 5 ppb (P < .005). After 3 days of BIS,
mean eNO reduced to 17 = 8 ppb (P < .005) (Figure 1). Changes
in spirometry and peak flow measurements mirrored the improve-
ment in eNO with BIS treatment. Mean forced expiratory volume in
1 second (FEV,) improved from 85% = 14% to 96% = 12% (P <
.005) after 2 weeks. Mean FEV, improved after 3 days to 92% =+
12% (P < .05). Mean peak flow improved from 143 = 40 L/min to
163 = 41 L/min (P < .05), and peak expiratory flow was also
significantly improved. After a washout period, mean eNO in-
creased back to 26 = 11 ppb (P < .005) but FEV, and peak flow did
not worsen after the washout period. Changes of the ratio of FEV,
to forced vital capacity and total symptom score 4 were not statis-
tically significant.

We have shown that the anti-inflammatory effect of nebulized
BIS can be monitored by eNO in young children using NIOX in a
reproducible manner. In our study of 4- to 6-year-olds with persis-
tent asthma symptoms, eNO was decreased significantly within 72
hours and continued further with 2 weeks of BIS despite no signif-
icant improvement in diary scores, thus revealing the importance of
using objective measures in asthma therapy.® Limitations were that
this was a small proof-of-concept study performed outside allergy
season.

Although there was improvement in eNO and spirometry param-
eters during BIS therapy, after the washout there was a return to
baseline levels only with eNO. This suggests the inflammatory
process mirrored by eNO is more labile than the bronchoconstriction
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Figure 1. Exhaled nitric oxide (eNO) measurements in parts per billion in each asthmatic child at baseline, after budesonide inhalation suspension (BIS) (2

separate visits), and after washout. **P < .005.

after objective control has been attained in young patients with
atopic asthma. The future study of eNO to possibly identify break-
through inflammatory control before changes in spirometry in young
patients with atopic asthma would be ideal.

MiGuUEL J. Lanz, MD
ANGELA P. BauTisTa, BA
NATALIA M. PEYROU, MS
STEFANIA PRENDES, BS

AAADRS Clinical Research Center
Coral Gables, Florida

Miami Children’s Hospital

Miami, Florida

mjlanz@pol.net

1. Moeller A, Diefenbacher C, Lehmann A, et al. Exhaled nitric oxide distinguishes
between subgroups of preschool children with respiratory symptoms. J Allergy Clin
Immunol. 2008;121:705-709.

2. Taylor DR. Nitric oxide as a clinical guide for asthma management. J Allergy Clin
Immunol. 2006;117:259-262.

3. Basu K, Nair A, Williamson PA, et al. Airway and systemic effects of soluble and
suspension formulations of nebulized budesonide in asthmatic children. Ann Allergy.
2009;103:436-441.

4. ATS/ERS recommendations for standardized procedures for the online and offline
measurements of exhaled lower respiratory nitric oxide and nasal nitric oxide. Am J
Respir Crit Care Med. 2005;171:912-930.

5. Buchvald F, Baraldi E, Carraro S, et al. Measurements of exhaled nitric oxide in
healthy subjects age 4 to 17 years. J Allergy Clin Immunol. 2005;115:1130-1136.

6. Koopman M, Arets HGM, Uiterwaal CS, et al. Comparing 6 and 10 sec exhalation
time in exhaled nitric oxide measurements in children. Pediatr Pulmonol. 2009;44:
340-344.

7. Malmberg LP, Petays T, Haahtela T, et al. Exhaled nitric oxide in healthy nonatopic
school-age children: Determinants and height-adjusted reference values. Pediatr
Pulmonol. 2006;41:635-642.

8. Beck-Ripp J, Griese M, Arenz S, Koring C, Pasqualoni B, Bufler P. Changes of
exhaled nitric oxide during steroid treatment of childhood asthma. Eur Respir J.
2002;19:1015-1019.

PATTERN OF ALLERGEN-SPECIFIC IgE
SENSITIZATION RELATIVE TO TOTAL SERUM
IgE CONCENTRATION IN YOUNG ADULTS

Many studies' have shown that total serum IgE concentrations are
associated with the likelihood of having detectable allergen specific
IgE. However, the relationship of sensitization to various allergens
(ie, perennial, seasonal, and food) relative to total serum IgE con-
centration has not been studied. Our specific question was whether
a relationship exists between increasing total IgE concentrations and
the development of sensitization to different types of allergens. To
examine this question, we analyzed the number of positive allergen
specific IgE results for 10 common allergens for each fifth percentile
of total IgE in young adults from a relatively large, geographically
based, unselected birth cohort.

The selection of the study population has been previously de-
scribed.* Briefly, participants in this study were selected by loca-
tion of residence and not by risk of allergic disease. Participants
were enrolled as infants born between 1987 and 1989. The cohort
was from the northern suburbs of Detroit, Michigan. For this study,
675 of the original 831 eligible individuals were contacted and
completed a survey between 18 and 21 years of age. Total serum and
allergen specific IgE concentrations were assayed in blood samples
from 570 participants using the Pharmacia UniCAP system (Phadia,
Portage, Michigan). Allergen specific IgE to dust mite (Dermato-
phagoides farinae), cat, dog, ragweed, Alternaria, timothy grass,
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