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Effect of Atmospheric Nitric Oxide (NO) on
Measurements of Exhaled NO in Asthmatic Children

E. Baraldi, mp,* N.M. Azzolin, mp, C. Dario, mp, S. Carra’, mp, R. Ongaro, mp, P. Biban, mp, and
F. Zacchello, mD

Summary. The measurement of exhaled nitric oxide concentrations [NO] may provide a simple,
noninvasive means for measuring airway inflammation. However, several measurement condi-
tions may influence exhaled NO levels, and ambient NO may be one of these. We measured
exhaled NO levels in 47 stable asthmatic children age 5 to 17 years and in 47 healthy children,
gender and age matched. Exhaled [NO] in expired air was measured by a tidal breathing method
with a chemiluminescence analyzer, sampling at the expiratory side of the mouthpiece. NO
steady-state levels were recorded. In order to keep the soft palate closed and avoid nasal
contamination, the breathing circuit had a restrictor providing an expiratory pressure of 3—4 cm
H,O at the mouthpiece. To evaluate the effect of [NO] in ambient air, measurements were
randomly performed by breathing ambient air or NO-free air from a closed circuit.

Breathing NO-free air, exhaled [NQ] in asthmatics (mean + SEM) was 23.7 = 1.4 ppb, sig-
nificantly higher (P < 0.001) than in healthy controls (8.7 + 0.4 ppb). Exhaled NO concentrations
measured during ambient air breathing were higher (49 = 4.6 ppb, P < 0.001) than when
breathing NO-free air (23.7 + 1.4 ppb) and were significantly correlated (r = 0.89, P < 0.001) with
atmospheric concentrations of NO (range 3-430 ppb). These findings show that 1) exhaled [NO]
values of asthmatic children are significantly higher than in healthy controls, and 2) atmospheric
NO levels critically influence the measurement of exhaled [NO]. Therefore, using a tidal breath-
ing method the inhalation of NO-free air during the test is recommended. Pediatr Pulmonol.
1998; 26:30-34.  © 1998 Wiley-Liss, Inc.
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INTRODUCTION appearance of ambient inhaled NO in the lung are not
clear. One of the major factors contributing to the partial

Nitric oxide (NO) plays a role in many aspects oPressure of NO in the lungs is ventilatory exchange be-
normal pulmonary function, and is involved in airwayiween NO in the lower airways and NO in room &irA
inflammatory responses of several airway disedgesrecent paperindicated that exhaled NO concentrations
The finding of increased concentrations of exhaled NO gprrelate significantly with the inhaled ambient concen-
asthmatic3 has led to the suggestion that the measuréations of NO. It is, therefore, important that measure-
ment of exhaled NO may provide a simple noninvasiv@ents of exhaled NO are made under standardized con-
means of measuring airway inflammation and of mon#litions, considering all factors that could influence this
toring whether treatment is effecti¢¢:> NO has been measurement.
detected in exhaled air by a number of investigators in The principal aim of this study was to define the con-
humans but the amounts reported differ consider&blytibution of natural background NO on exhaled NO mea-
Conditions of measurement critically affect the NO leysurements in children, using a tidal breathing technique.
els obtained, and among these are fluctuations in ambi-
ent NO concentrationsIn urban areas, atmospheric en-
vironmental NO may rapidly change over a few hourSepartment of Pediatrics, Pulmonary Function Laboratory, University
within a day, probably in relation to traffic, and duringof Padova, School of Medicine, Padova, Italy.
the winter it can often exceed 100—200 ppb. The possible
influence of ambient NO was considered and has be’&prrespondence to: Dr. E. Baraldi, Department of Pediatrics, Uni-
debated since the first discovery of NO in exhaled air lq\S{ejrs_ity 01_‘ Pado_va, _Via_ Giustiniani 3, 35128 Padova-ltalia. E-mail:

e gi@child.pedi.unipd.it
Gustaffson et &. Other reports have excluded its influ-
encet219The reasons that may explain the apparent diReceived 4 November 1997; accepted 23 February 1998.
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We also compared NO values of asthmatics to those @faluate whether ambient NO may influence values of
healthy controls in order to confirm previous reexhaled NO, two separate measurements of exhaled NO
port$12:13in which asthmatic children presented withwere made in all asthmatic patients: children were ran-

elevated exhaled NO concentration. domized to start breathing either ambient air or NO-free
air. Measurements were performed sequentially on each
MATERIALS AND METHODS subject on the same day. Ambient NO levels were always

Subi recorded before the test. Comparisons of exhaled NO
ubjects : )

, i concentrations between asthmatics and controls were
Asthmatic Patients performed with the subjects breathing NO-free air. The
Forty-seven children with stable asthma (12 femalesrotocol was approved by our Institutional Review

35 males, age 5 to 17 years, mean 10.2 + 0.3 yeaBoard, and informed consent was obtained from both the
attending the Pediatric Pulmonology/Allergy Out-Patiergarents and the children.

Clinic of the Children’s Hospital of Padova were in-

clude_d_ n th? study. The dlagnQS|s of asthma was b.aﬁsgtermination of Exhaled NO Levels

on clinical history and examination, pulmonary function

parameters, and pulmonary function response to inhaledExhaled NO in expired air was measured by a tidal
beta-adrenergic agents, according to international guidgreathing method (Fig. 1) using a chemiluminescence
lines4 All children had a history of mild to moderateanalyzer (CLD 700 Al-Med, Ecophysics, Switzerland)
asthma for at least 2 years. Thirty-seven children weasd modifying the experimental set-up proposed by Alv-
under continuous treatment: 29 subjects with inhaled siag et al® according to the recommendations of the Eu-
roids at low doses (200-400 mcg/day of beclomethasorean Respiratory Sociétfor measurement in chil-
dipropionate, or equivalent doses of fluticasone or budedren. The analyzer is sensitive to NO concentrations
onide), four with cromones, and four with oral theophbetween 1 and 1,000 ppb. All measurements were per-
ylline. Ten patients were not under continuous therapfprmed in the morning between/: and 1pm. Children

All patients used an inhaled bronchodilator on demandere seated wearing a nose clip and were asked to
At the time of the study, the disease was well controlldateathe at tidal volume through a mouthpiece and a two-
in all children. The presence of allergy was demonstratedhy valve to avoid rebreathing. The mouthpiece was
in 45 out of 47 children by positive skin-prick tests (dustonnected by a Teflon tube (5 mm internal diameter) to
allergy was present in 71%, grass pollen allergy in 54%e analyzer. Children were randomized to inhale ambi-
and alternaria allergy in 21%). ent air or NO-free air. To exclude the effect of NO in
ambient air, the children breathed NO-free air obtained
by passing ambient air through a purafill converter. NO-

Healthy Controls X . ) ) )
. free air was stored in a 14 L collapsible reservoir main-
_Forty-seve_n healthy children, age and gender matChtFé%ed inflated to approximately 70-80%. NO levels
with asthmatics (12 females, 35 male_s, age 61015 Yeqfure analyzed continuously by the chemiluminescence
mean 10 + 0.4 years) were recruited in two pL‘b“&nalyzer, sampling at a constant flow of 0.7 L/min. [NO]
schools of Pad_ova. Thelr parents were _asked to Compl?é%ched a steady-state level during mouth breathing after
a health questionnaire regarding respiratory or aIIergic_Z min without significant further fluctuations. NO lev-
diseases. Healthy controls had no history of airway di§js \yere recorded between the third and the sixth minute
ease, allergy, or cardiac disease and were not taking af¥,,th preathing. The subjects were asked to breathe
medication. None of the subjects of the study (asthmatigsy, 5 ¢ speaking or swallowing. The exhaled air that was

and controls) had any history or signs of respiratory tragbt withdrawn by sampling was scavenged through a

infection in the 3 weeks before the study. tube with a one-way valve to prevent contamination with
ambient air. In order to keep the soft palate clo%¢uke
Protocol breathing circuit had an internal restrictor that created a

After a screening visit, each child performed a spiron{oW resistance and provided a positive pressure of 3—4

etry, and a NO measurement was taken. In order §§ H,O at.the mouthpiece. Before entering the analyzer,
exhaled air was passed through a water vapor trap. The

accuracy of our method of measuring exhaled NO has

Abbreviations been previously reported in 22 healthy childfériThe

FEV, Forced expiratory volume in 1 second chemiluminescence analyzer operates over a wide range

FVC  Forced vital capacity of ambient temperatures (5—-33°C) and humidity (0—95%)

',{I\‘gs :\’I‘i?r‘i’g'g)'(? d’;‘o synthase without an adverse effect on measurement accuracy. Be-

ppb  Parts per billion fore each s’_[udy, the_ _chemll_umln_escerjce analyzer was
calibrated with a certified calibration mixture (300 ppb)
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L predicted reference valué%.The spirometer was regu-
o larly calibrated with a certified volume syringe.

COMPRESSOR NO ANALYZER

REXE NO Filter Vabor trap

One-way valve

Statistical Analysis

All exhaled NO concentrations are reported in ppb.
The results are shown as mean + SEM. For comparison
of NO measurements between children with asthma and
healthy children, a Mann-Whitney rank sum tests was

Filter

Paluies A N ) [¢2) — used. The relation between exhaled NO concentrations
— ’ l breathing ambient air or NO-free air was evaluated by the
. linear correlation coefficient. #-value of less than 0.05
|n| was considered significant.
Flg. 1. Schematic illustration of the experimental set-up to mea- RESULTS

sure exhaled NO. One hundred and forty-one measurements of exhaled

NO were performed between September 1996 and April
of NO in nitrogen (SIAD, Bergamo, Italy) with guaran-1997. All children completed the protocol easily. Inhal-
teed stability. The mixtures are prepared by a gravimetiigg NO-free air before the measurement, the mean value
method using NO which has a purity of >99.9% certifiedf orally mixed exhaled NO in 47 asthmatic children was
both by wet analysis and gaschromatographic analys»)®.7 + 1.4 ppb (range 8-60 ppb); exhaled NO concen-
The mixtures are contained in aluminum cylinders whosgations were significantly higher compared to healthy
internal surfaces are treated to reduce porosity and igbntrols (8.7 + 0.4 ppb, range 3.5-15 ppB)< 0.001).
prove stability. Total NOx within the cylinder did notBreathing ambient air with different concentrations of
exceed by more than 10 ppb the value of NO itself. atmospheric NO, the mean value of exhaled NO in the
same asthmatic children was 49 + 4.6 ppb (range 14—200
ppb), which was significantly higher in comparison to the
value found breathing NO-free air (23.7 + 1.4 pjbg

Spirometric parameters were measured with a 100.001). The ambient background level of NO measured
bell spirometer (Biomedin, Padova, Italy), and the best gfore the tests during the study period ranged from 3—
three maneuvers was recorded as a percentage (%Y8® ppb. We observed a significant correlation =r

0.89,P < 0.001) between exhaled NO values and inhaled

Spirometry

500 ambient concentrations of NO. Figure 2 shows the rela-
tionship between inhaled ambient and exhaled NO values
450 1 in 47 asthmatic children. This demonstrates that ambient

[NO] has an important influence on the measurements of
orally exhaled NO.

Spirometric measurements in asthmatic children were
in the normal range (mean FE®2.3 + 1.4% pred, FVC
100 + 1.3% pred). Control subjects also had normal lung
function values (mean FEW2.6 + 2% pred, FVC 93.3
+ 1.6% pred). There was no significant correlati®h=
ns) between exhaled NO and FE®r FVC in asthmatic
or control children.

Ambient NO (ppb)
] 8 & 8
o [=3 o o
; 1

n
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DISCUSSION

100

The major finding in this study was that natural back-
ground NO affects the measurement of orally exhaled

50 +

. L ° , o ‘ . NO concentrations. Based on this observation we recom-

0 50 00 150 200 %0 mend that the inhalation of NO-free air is of utmost
Exhaled NO (pp) importance in standardizing measurements of exhaled
Fig. 2. Relationship between ambient NO and orally exhaled NO NO when a tidal breathing method is used. In northeast

values in 47 asthmatic children (r = 0.89, P < 0.001). Italy, ambient NO levels present wide fluctuations during
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the year, varying from 2—3 ppb during the summer to upvel of NO makes the exhaled NO concentrations diffi-
to 300 ppb during the winter. Similar NO atmosphericult to interpret.
values have been reported in Finlrahd probably are  The second finding of the present study was that, con-
present in many industrialized urban areas. In order $tstent with previous observatiofs$;”-*? exhaled NO
evaluate whether ambient NO may influence values td#vels in asthmatic children were significantly higher
exhaled NO concentrations, we performed sequentiatlyan those of healthy age and gender matched controls.
two separate measurements of exhaled NO levels, breals- previously reported® 1> we found no relationship
ing either ambient air or NO-free air. Orally mixed exbetween the degree of airway obstruction, as measured
haled NO concentrations were higher when breathitny percentage of predicted FEVand the levels of ex-
ambient air and significantly correlated with the inhaletlaled NO, however, the asthmatic children included in
ambient concentrations of NO, as shown in Figure this study had normal values of FE\nd FVC.
This observation proves that when breathing ambient air,In 1993, Alving et aF reported increased NO levels in
measured exhaled NO levels are dependent on the atreghaled air of asthmatics. Current understanding sug-
spheric concentration of NO in inspired air. Our findinggests that an upregulated expression of iINOS in bronchi-
are in accordance with recent data of Dotsch et aho, al epithelium of asthmatic patieftsis the most likely
in a large number of subjects, found a clear impact efplanation of this phenomenon. Glucocorticoids are
ambient NO on orally exhaled NO concentrations. Thignown to inhibit the expression of INOS and this has
stresses the impact of measurement conditions on theen confirmed by studies in which both systetfie: >
results and confirms the need to perform measuremeantsl inhaled steroid treatm@atcan significantly reduce
in a carefully standardized manner. Hyde et’allevel- exhaled NO concentrations in a few days. In asthmatic
oped equations to calculate NO production by the lowehildren treated with different doses of inhaled steroids a
airways, taking into account the transport of NO into thdose dependency of exhaled NO has been reported, and
perfusing blood as well as into the expired air. Thesmly those treated with the highest doses presented [NO]
equations are valid when NO concentrations in room aielues similar to those of healthy contr§l®atients in
are negligible or the subject inhales NO-free air, but theyur study were treated with low doses of inhaled steroids
require a more complex solution when the partial preand this may explain why they still presented increased
sure of NO in the inspired air (i.e., NO in ambient air) i#alues of NO with respect to controls.
significantly above zero. The threshold above which In conclusion, our study provides evidence that atmo-
measurements of exhaled NO may be affected by engpheric NO may critically affect measured exhaled NO
ronmental NO is not known at this time. From severaloncentrations, and we suggest the inhalation of NO-free
studies in healthy controls it can be deduced that valuais during the tidal breathing test. In addition, we have
of 7-8 ppb represent the normal concentrations of egenfirmed previous observations that exhaled NO levels
haled NO in human&©17:18|t is, therefore, likely that are significantly higher in children with asthma than in
ambient NO concentrations less than 8-10 ppb may rwalthy controls.
significantly influence exhaled NO, but this still needs to
be demonstrated. Acknowledaments
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