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Exhaled nitric oxide in paediatric asthma and
cystic fibrosis

JO N Lundberg, S L Nordvall, E Weitzberg, H Kollberg, K Alving

Abstract
Nitric oxide (NO) is present in exhaled air
ofhumans. This NO is mostly produced in
the upper airways, whereas basal NO
excretion in the lower airways is low. Chil-
dren with Kartagener's syndrome have an
almost total lack ofNO in nasally derived
air, whereas adult asthmatics have in-
creased NO in orally exhaled air. NO
excretion was measured in the nasal cavity
and in orally exhaled air in 19 healthy
children, in 36 age matched subjects with
asthma, and in eight children with cystic
fibrosis. NO levels in orally exhaled air
were similar in controls and in children
with cystic fibrosis, at 4.8 (SD 1.2) v 5.8
(0.8) parts per billion (ppb), but were
increased in asthmatic children who were
untreated or were being treated only with
low doses of inhaled steroids (13.8 (2.5)
ppb). Nasal NO levels were reduced by
about 70% in children with cystic fibrosis
compared to controls and asthmatics.
Measurements of airway NO release in
different parts of the airways may be use-
fil in non-invasive diagnosis and monitor-
ing ofinflammatory airway diseases.
(Arch Dis Child 1996;75:323-326)

Keywords: Kartagener's syndrome, nitric oxide syn-
thase, chemiluminescence.

NO has also been implicated in the patho-
genesis of inflammation when produced in
excess by an inducible NO synthase (iNOS).
This NOS isoform may be expressed in many
cell types after stimulation by certain proin-
flammatory cytokines or bacterial products
such as lipopolysaccharide.9 For example,
iNOS is found in asthmatic bronchial epithe-
lium'" and adult asthmatics show enhanced
NO excretion in the lower airways, as indicated
by increased levels of NO in orally exhaled
air." Furthermore, greatly increased luminal
NO levels have been found in the colons of
patients with ulcerative colitis'2 or Crohns' dis-
ease." Glucocorticoids are known to inhibit
the expression of the iNOS, and adult asthmat-
ics on treatment with these drugs do not differ
from controls as far as exhaled NO levels are
concerned.'4 This suggests that iNOS expres-
sion is responsible for the raised NO levels seen
in asthmatic patients who are not on steroid
treatment.
We have studied NO excretion in the upper

and lower airways in asthmatic children on
regular treatment with different doses of
inhaled steroids, as well as in children and
adults with cystic fibrosis. NO concentrations
were compared with those from healthy age
matched controls. Parts of these results have
been presented in a preliminary form.5' 6
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Nitric oxide (NO) is present in exhaled air of
humans.' In healthy subjects, the major part of
NO found in exhaled air is derived from the
upper airways, with only a minor contribution
from the lower respiratory tract and the
lungs.23 Substantial NO production takes place
in the epithelium of the paranasal sinuses,
where an NO synthase, closely resembling the
inducible NO synthase, is constitutively ex-

pressed.4 Sinus derived NO enters the nasal
cavity through the sinus ostia and contributes
prominently to the levels of NO found in
nasally exhaled air.5 Normal NO concentra-
tions found in the sinuses exceed those that are

bacteriostatic to Staphylococcus aureus,6 thereby
suggesting a role for NO in airway host
defence. Furthermore, NO has also been
shown to upregulate ciliary activity.7 Children
with Kartagener's syndrome are almost totally
without NO in nasally derived air.2 The reason

for this is not clear but it is possible that less
NO passes from the sinuses to the nasal cavity,
since the sinuses are often full of mucus in
patients with this disease.8 Alternatively, the
lack of NO could reflect a deficient mucosal
NO production.

Methods
SUBJECTS
Controls were 19 healthy children, 5-15 years
old, without any history of allergy or respira-
tory tract disease.
Asthma patients were 36 children also aged
5-15 years. These children were regular
attenders at the allergy clinic of St Gorans
Children's Hospital and were on antiasthmatic
drug treatment: 12 were taking low doses
(0-100 ptg daily) of inhalant glucocorticoids
(budesonide, Pulmicort Turbuhaler, Draco,
Sweden), 16 were on moderate daily doses
(200-400 ,ug), and eight were on high daily
doses (600-800 fg).
During a short interview, which was a part of

the examination, the severity of the children's
asthma was evaluated according to the sugges-
tions of the Swedish Paediatric Association.
Exercise induced asthma was also graded arbi-
trarily as none, mild (two episodes per month),
moderate, or severe (more than three episodes
per week). Nasal stuffiness was interpreted as a
sign of a perennial rhinitis.

Cystic fibrosis patients were eight children,
aged 4-14 years, none of whom were on
steroids, and only one was chronically colo-
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nised with Pseudomonas aeruginosa. In addition,
three older patients with cystic fibrosis (20, 23,
and 27 years old) were studied. The two oldest
were chronically colonised with P aeruginosa
and both were on inhaled steroids daily (400
and 1600 g'g respectively). All cystic fibrosis
patients except the oldest were chronically
colonised with S aureus. They had all been
diagnosed with cystic fibrosis on the basis of
typical clinical symptoms and pathologically
raised concentrations ofNaCl in sweat (double
tests).

ORALLY EXHALED NO
The subjects breathed normal tidal volumes
through the mouth while wearing a nose clip.
Exhaled air was extracted into Teflon tubing
and NO was measured with a chemilumines-
cence NO/NOx analyser (CLD 700, Eco Phys-
ics, Diirnten, Switzerland, detection limit 1
part per billion, ppb) as described earlier."
Steady state levels ofNO were registered on a
chart recorder.

NASALLY EXHALED NO
The subjects used a face mask and breathed
normal tidal volumes through the nose with
the mouth closed. Exhaled NO levels were
measured as described above.

DIRECT NASAL SAMPLING
NO was also measured in air sampled directly
from one nostril (0.7 1/min). A nasal olive was
connected directly to the sampling tube of the
NO analyser and introduced into one nostril.
The subjects were asked to breathe through the
mouth while the contralateral nostril was left
open. Thus air was forced from one side of the
nose to the other via the nasopharynx. Plateau
levels of NO were registered on a chart
recorder.
Ambient NO levels were below 3 ppb during

all experiments.

Results
ORALLY EXHALED NO
Asthmatic children treated with no or low
doses of topical steroids and those treated with
moderately high doses showed increased NO
concentrations (13.8 (SD 2.5) ppb and 9.2
(1.9) ppb, respectively) compared to controls
(4.8 (1.1) ppb) (fig 1A). Asthmatics treated
with the highest doses of steroids did not differ
significantly from controls (fig 1A). No differ-
ence was found between asthmatics with
perennial allergic rhinitis and those without
rhinitis (10.3 (1.6) ppb and 13.5 (3.5) ppb,
respectively; p>0.05).

Orally exhaled NO concentrations did not
differ significantly between controls and chil-
dren with cystic fibrosis (5.8 (0.8) ppb) (fig
2A). NO concentrations in the older cystic
fibrosis patients were 2-7 ppb.

NASALLY EXHALED NO
NO values in nasally exhaled air did not differ
significantly between controls and asthmatics,
at 21 (9.1) v 27 (2.6) ppb, p>0.05, but a
tendency toward higher concentrations was
seen in patients who used no or low doses of
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Figure 1 NO concentrations in orally or nasally exhaled
air or in air sampled directly from one nostril in healthy
children and in age matched asthmatic children treated
with inhaled glucocorticoids. *p<O. 05 and 7p<O. 001 v
controls (Kruskal-Wallis with Dunn's multiple
comparisons).

inhaled steroids (fig 1B). Concomitant allergic
rhinitis did not influence nasally exhaled NO
concentrations in the asthmatic children: 26
(3.6) ppb in asthmatics without rhinitis, n =
16, and 29 (4) ppb in the patients with rhinitis,
n = 20, p>0.05. In contrast, children with
cystic fibrosis had lower nasally exhaled NO
concentrations than controls (fig 2B). NO con-
centrations in the three older cystic fibrosis
patients were similar to those seen in children
with cystic fibrosis (9-15 ppb).

DIRECT NASAL SAMPLING
Nasal NO concentrations were similar in
controls and asthmatics, at 239 (20) v 254 (17)
ppb, but were approximately 70% lower in the
cystic fibrosis children (72 (18) ppb, p<0.001,
fig 2C. The NO concentrations in asthmatics
treated with low doses of steroids and those
treated with higher doses were similar (fig 1 C).
NO levels did not differ between asthmatics
with rhinitis and those without, at 252 (20) v
256 (26) ppb, p>0.05. In the older cystic fibro-
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Figure 2 NO concentrations in orally or nasally exhaled
air or in air sampled directlyfrom one nostril in healthy
children and in children with cystic fibrosis. tP<0. 001 v
controls (Mann-Whitney U test).

sis patients nasal NO concentrations were
40-105 ppb.

Age, sex, severity of asthma, and presence of
exercise induced asthma did not correlate with
NO levels for the three different NO
measurement techniques used in this study
(not shown).

Discussion
Our study shows that orally exhaled NO
concentrations are increased in asthmatic chil-
dren compared to healthy controls. In the asth-
matic children there was an inverse correlation
between orally exhaled NO concentrations and
the daily doses of inhaled steroids used. Nasal
NO levels, on the other hand, were similar in
controls and asthmatics, with or without
perennial allergic rhinitis, and did not correlate
with doses of inhaled steroids. We also show
that nasal NO concentrations are markedly
reduced in children with cystic fibrosis, while
orally exhaled NO values in these patients did
not differ from those found in healthy controls.
The same tendency was also seen in the small
group of older patients with cystic fibrosis.

Asthmatic bronchial epithelium has been
shown to express an inducible NOS which may
explain the rise in orally exhaled NO concen-
trations previously found in adult asthmatics"
and also observed in the asthmatic children in
this study. The fact that asthmatic children on
treatment with higher doses of inhaled gluco-
corticoids had lower NO concentrations in
orally exhaled samples further supports this
notion, since the inducible NOS is known to be
downregulated by these drugs.9
NO concentrations in air sampled from the

nose were not significantly different in controls
and asthmatics with mild or severe allergic
rhinitis. This was somewhat surprising. One
would expect expression of iNOS and subse-
quent production ofNO in inflamed tissue not
only in the lower airways but also in the nasal
airways in asthmatic patients with rhinitis.
However, the major part of the NO normally
found in the nasal cavity is not produced in the
nasal mucosa but in the paranasal sinuses, as
recently described.4 An inducible-like highly
productive NOS is constitutively expressed in
the sinuses, and the formed NO enters the
nasal cavity through the sinus ostia.4 It is
apparent that NO excretion in the paranasal
sinuses is not affected in asthmatic children,
since nasal NO concentrations did not differ
from those seen in controls. Furthermore,
treatmnent with corticosteroids did not seem to
influence nasal NO concentrations in asth-
matic children. These findings indicate that
there is a fundamental difference between the
regulation of the iNOS expressed in the lower
airways of asthmatics and the regulation of the
inducible-like NOS normally found in the
mucosa of the paranasal sinuses. Thus sinus
NOS is also constitutively expressed in healthy
subjects and is not downregulated by glucocor-
ticoid treatment."4
The exchange of air between the sinuses and

the nose may theoretically be altered in
asthmatics with allergic rhinitis due to swelling
ofthe sinus ostia. This would result in a smaller
contribution ofNO from the sinuses to the NO
found in the nasal cavity. However, this did not
seem to occur in the asthmatic children in this
study, since nasal NO values were not altered,
even in those with severe rhinitis. In patients
with cystic fibrosis, however, nasal NO values
were markedly decreased compared to con-
trols. In this case, the low nasal NO values
might be explained by an impeded passage of
NO from the sinuses to the nasal cavity. Thus
chronically mucus filled sinuses are the rule
rather than the exception in patients with cystic
fibrosis. Alternative explanations could be
either that the chronic airway inflammation
found in cystic fibrosis patients results in dam-
age to NO producing cells in the sinuses and
the nasal airway mucosa, or that the altered
intracellular milieu found in airway epithelial
cells in cystic fibrosis patients affects NOS
expression and activity.

Orally exhaled NO values were not altered in
cystic fibrosis patients in this study. One might
have expected higher NO excretion in the
lower airways in these patients, since they suf-
fer from chronic bronchial inflammation which
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would result in increased release of NO in the
lower airways, as indeed occurs in asthmatics.
However, none of the patients had severe
ongoing lower respiratory tract infection at the
time of the study. Furthermore, two of the
cystic fibrosis patients were treated with
inhaled glucocorticoids which are known to
inhibit the expression of iNOS in inflamed tis-
sues. Also, the thick and viscous mucus which
is characteristic of the inflamed airways in
cystic fibrosis may prevent diffusion of NO
from the production site in the mucosa to
luminal air.
We have earlier suggested a role for NO in

airway host defence.4 This gas has both bacte-
riostatic' and antiviral'8 properties and the
concentrations normally found in healthy
human paranasal sinuses greatly exceed those
that inhibit the growth of, for example, S
aureus.6 Furthermore, NO may also upregulate
ciliary motility.' It is tempting to speculate that
the decreased release of NO to the airways of
patients with cystic fibrosis and Kartagener's
syndrome2 further increases their susceptibility
to airway infections. It is an intriguing
possibility that stimulation of airway NO
production might be useful in preventing
airway infection in these patients. One possible
method of achieving such stimulation has been
presented: a recent study shows that nasal NO
levels may be increased by administration of
L-arginine in vivo."
Measurements of exhaled NO may be used

to estimate superficial mucosal NO production
in the respiratory tract. Such measurements
may be helpful in further understanding the
physiological and pathophysiological roles of
NO in the airways. Moreover, exhaled NO may
be clinically useful in diagnosing and monitor-
ing certain airway diseases. Both an increase
and a decrease in airway release ofNO may be
taken as a marker of disease. However, as
shown in this study, it is important to separate
the upper from the lower airways in order to
detect altered airway NO release at different
levels of the respiratory tract. Thus a sample of
nasal air may reveal diseases such as cystic
fibrosis or Kartagener's syndrome,2 whereas
orally exhaled NO measurements may be used
to diagnose and monitor asthma." 1419 It is
likely that the direct nasal sampling method
used in this study reflects isolated NO
excretion in the nasal airways, whereas samples
taken during continuous nasal breathing reflect
total NO airway excretion, including secretion
by the lower airways. Orally exhaled NO
concentrations may be a better reflection of
NO release in the lower airways, but contami-
nation from the upper airways-including the
nose-may occur even if the subject is breath-
ing only through the mouth.2 The high NO
excretion in the nasal airways may easily over-
whelm changes in lower airway excretion of

NO unless the contribution of nasal NO is
minimised. For example, in this study and in
an earlier study in adult asthmatics," there was
no significant difference between nasally ex-
haled NO levels in asthmatics and controls.
We conclude that NO concentrations are

increased in orally exhaled air in asthmatic
children and are decreased in the nasal airways
of children with cystic fibrosis. Measurements
of airway NO release in different parts of the
airways may be useful in diagnosing and moni-
toring inflammatory airway diseases such as
asthma, Kartagener's syndrome, and cystic
fibrosis. These measurements are non-invasive,
objective, and very easy to perform, which
make them especially suitable in children.
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