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ABSTRACT: In normal upper airways, nitric oxide is generated by the paranasal
sinus epithelium and then diffuses into the nasal cavities. This study examined whe-
ther or not nasal NO concentration is affected by paranasal sinus inflammatory dis-
eases.

The influence of obstruction (nasal polyposis) and/or inflammation (allergy or
chronic sinusitis) of the paranasal sinuses on nasal NO concentration was evaluated in
nasal allergic (n=7 patients) or nonallergic (n=20) polyposis, nonallergic chronic
sinusitis (n=10) and Kartagener's syndrome (n=6) and compared with control sub-
jects (n=42). A score of alteration of the paranasal sinus (number of altered and oc-
cluded sinuses) was determined by a computed tomography scan.

The nasal NO concentration in nasal nonallergic polyposis (150�20 parts per bil-
lion (ppb)) was significantly decreased compared with both controls (223�6 ppb,
p=0.01) and polyposis with allergy (272�28 ppb, p<0.0001). In each group, the nasal
NO concentration was inversely correlated with the extent of tomodensitometric al-
teration of the paranasal sinuses. In Kartagener's syndrome, the nasal NO concentra-
tion (14�2 ppb) was drastically decreased compared with all other groups, despite the
presence of open paranasal sinuses.

Thus, the nasal NO concentration in patients with nasal polyposis appeared to be
dependent on both the allergic status and the degree of obstruction of the paranasal
sinuses.
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The discovery that mammalian cells generate nitric
oxide, a free radical gas previously considered merely as an
atmospheric pollutant, is providing important information
about many biological processes. NO is generated from
arginine by a family of enzymes, the NO synthases (NOS),
and acts as an autocrine and paracrine messenger [1, 2].
NO also plays a major role in nonspecific host defence
as a result of its antiviral and antibacterial properties. Type
II NOS, initially characterized in the rodent macrophage,
has been shown to be expressed only after induction by
pro-inflammatory cytokines or bacterial lipopolysaccha-
ride [1]. This isoform can be expressed by most cells in-
volved in inflammation and is also called inducible NOS
[3].

Recently, LUNDBERG and coworkers [4±6] have clearly
shown that most of the NO in the exhaled air of healthy
subjects originates from the upper respiratory tract, with
only a minor contribution from the lower airways. A type
II NOS, mainly expressed in the epithelium of the parana-
sal sinuses, would account for most of this NO production
[6]. Thus, NO could play a critical role in the physiology
and pathology of the upper respiratory tract because, in
addition to its role in immunity and host defence [3], NO
stimulates ciliary motility [7]. Interestingly, LUNDBERG et

al. [8] showed that patients with Kartagener's syndrome
(referred to as an immobile cilia syndrome and character-
ized by situs inversus, sinusitis and bronchiectasis) had
very low nasal NO concentrations. The present authors [9]
and others [10] have recently shown that the nasal NO
concentration in patients with allergic rhinitis is increased
about two-fold.

In the present study, the effect of obstruction and/or
inflammation of the paranasal sinuses on nasal NO concen-
tration was examined. Nasal NO levels were determined in
patients with nasal polyposis (allergic and nonallergic),
chronic sinusitis or Kartagener's syndrome and compared
with those of control subjects. The alteration to the para-
nasal sinus was established using computed tomography
(CT) scans in the same patients, to evaluate the relationship
between the number of altered and/or occluded sinuses and
the nasal NO concentration.

Subjects and methods

The procedures employed in this study were reviewed
and approved by the local Ethics Committee (ComiteÂ
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consultatif de protection des personnes). The study was
performed in the following groups: nasal polyposis (27
patients), chronic sinusitis (10), Kartagener's syndrome (6)
and control (42 nonsmoking subjects).

The diagnosis of patients with nasal polyposis was
based on the endoscopic observation of nasal polyps. The
diagnosis of patients with chronic sinusitis was based on
the clinical history, endoscopic examination and CT scan-
ning. Kartagener's syndrome was defined by the triad con-
sisting of situs inversus, sinusitis and bronchectasis. The
control group included 42 nonsmoking control subjects
who had no personal or parental history of rhinitis and no
personal symptoms of atopy (eczema, urticaria, etc.)

Each patient was asked about any history of allergic
rhinitis and had skin tests to aeroallergens. Clinical symp-
toms of the upper airways were assessed the day of the
NO measurement. The presence of symptoms (nasal ob-
struction, rhinorrhoea and sneezing) on the day of the NO
measurement was noted and the intensity (0, 1, 2 or 3) of
each symptom was evaluated. Symptoms and treatments
with oral, nasal or inhaled steroids are summarized in
table 1.

Skin-prick tests were performed in all patients with 14
different aeroallergens (house dust mite (Dermatophagoi-
des pteronyssinus and farinae), cockroach, animal danders
(dog and cat), grass pollen, artemisia pollen, pellitory,
birch, ash, weeds (groups 1, 2 and 3) and alternaria). A po-
sitive control using 9% codeine phosphate and a negative
control were carried out at the same time. The skin reac-
tion was measured after 10±15 min and the test was con-
sidered positive if the induced induration was more than 4
mm greater than the negative control. Seven out of 27
patients with nasal polyposis had a history of allergic rhin-
itis and gave at least one positive skin test, whereas 20 out
of 27 patients with nasal polyposis had no typical history
of allergic rhinitis and gave a negative skin test. Skin reac-
tions were negative in all patients with chronic sinusitis
and in all control volunteers.

Each patient had a CT scan (2 mm sections every 5
mm) during the week before the NO measurement. The
status of each sinus was scored as normal (0), abnormal but
permeable (1) or occluded (2). The total score was
calculated by summing the score of the four sinuses
(maxillary, ethmoidal, sphenoidal and frontal) on each side
(right and left).

Measurement of nitric oxide

A chemiluminescence NO analyser (Cosma, Igny,
France) sampling with a constant flow of 0.7 L.min-1

was used. The sensitivity of the analyser was 1 part per
billion (ppb). The probe was connected to a polystyrene
nasal olive and gently introduced into the vestibulum of
one nostril. Patients were asked to breathe through the
mouth, without speaking or swallowing (these manoeuvres
were found to increase nasal NO concentration by closure
of the soft palate). The contralateral nostril was left open.
Plateau levels of NO were registered on a chart recorder
and were attained in <2 min. The atmospheric NO in the
room was always <5 ppb. The measurement was per-
formed in the right nostril, then in the left nostril. The
reproducibility of the measure had previously been as-
sessed by repeating it after 15 min on the same day and by
repeating it every morning from Monday±Friday (day-to-
day) in 10 control subjects. The 15-min and day-to-day
coefficients of variation were 7 and 10%, respectively [9].
The 15-min and 24-h reproducibilities of the NO mea-
surement were also assessed in seven patients with nasal
polyposis: the coefficients of variation were 9 and 13%,
respectively.

The concentrations of orally exhaled NO were also ev-
aluated. Subjects were allowed to sit and breathe normally
for 10 min before sample collection. Inspiration and ex-
piration through the nose was prevented by a nose clip.
NO-free air was inhaled directly from a reservoir (Tedlar

Table 1. ± Characteristics of control subjects and patients with nasal nonallergic and allergic polyposis, chronic sinusitis or
Kartagener's syndrome

Control Nasal polyposis
without allergy

Nasal polyposis
with allergy

Chronic
sinusitis

Kartagener's
syndrome

n 42 20 7 10 6
Age yrs 42�3 48�3 42�2 47�4 30�4
Sex M/F 22/18 13/7 5/2 7/3 3/3
Symptom score (0±3 each)

Nasal obstruction 0 2.5�0.2 2.2�0.2 2.0�0.3 2.1�0.2
Rhinorrhoea 0 1.1�0.2 1.2�0.3 1.0�0.4 1.1�0.2
Sneezing 0 0.9�0.2 1.2�0.2 1.0�0.3 0.7�0.3
Smoking 0 3 3 2 1
Asthma 0 2 5 1 0

Treatment
Nasal inhaled corticoids 0 0 0 0 1
Buccal inhaled corticoids 0 0 0 0 0
Oral corticoids 0 11 1 7 1

Nasal NO concentration ppb
Right 219�9 148�18 278�43 202�29 15�2

(125±305) (20±300) (130±240) (100±340) (10±25)
Left 226�10 152�25 267�40 177�26 14�2

(135±312) (20±310) (70±430) (70±300) (8±25)
Orally exhaled NO concentration ppb 8�1 6�1 12�2 7�1 7�1

Data are shown as mean�SEM with ranges in parenthesis. M: male; F: female; ppb: parts per billion.
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bag; Hoffmann-Plastiques, Saint-Etienne, France) contain-
ing medical air (NO concentration <1 ppb). Subjects ex-
haled through a mouthpiece and the orally exhaled air was
taken into tubes via a nonrebreathing valve and collected in
a 10-L Tedlar bag. The patients were asked to breathe
normally through the mouth in order to fill the 10-L bag
within 1 min (expiratory output of ~8±10 L.min-1). The
NO concentration in the bag containing the orally exhaled
air was measured with the chemiluminescence NO an-
alyser immediately after collection. Preliminary experi-
ments showed that NO remained stable in a Tedlar bag for
at least 15 min.

Statistical analysis

The data are expressed as mean�SEM. Comparisons of
data between different groups were made by analysis of
variance (ANOVA) and a ScheffeÂ's post hoc test used
when differences were indicated. Linear regression curves
and correlation coefficients were obtained by the least-
squares method. Values of p<0.05 for comparisons were
considered significant.

Results

In normal subjects (control group), the NO concentra-
tion was 219�9 ppb in the right nostril and 226�10 ppb in
the left nostril and there was a close correlation between
the NO concentrations in both nostrils (r=0.83, p<0.0001).
An average value was calculated from the right and left
values. As shown in figure 1, these values were not af-
fected by age (r=0.10, p=0.50; NS).

The characteristics of the patients in the different groups
are described in tables 1 and 2. The nasal NO con-
centration (mean of the right and left concentration�SEM)
in patients with chronic nonallergic sinusitis (172�30
ppb) did not differ significantly from the controls (223�6
ppb), based on ANOVA and the ScheffeÂ test (fig. 2).

The nasal NO concentration in nasal nonallergic poly-
posis (146�13 ppb, 20 patients) was significantly dec-
reased compared with that of the controls (p=0.01). The

nasal NO concentration was not significantly different in
patients given oral corticoids (157�22 ppb, n=11) com-
pared with patients without oral corticoids (135�24 ppb,
n=9). In contrast, the nasal NO concentration in polyposis
with allergy (272�28 ppb) tended to be increased com-
pared with the controls and was significantly increased in
relation to nonallergic polyposis (p<0.0001). As corticos-
teroids have been reported to influence NO levels, the
nasal NO concentration was compared in subgroups which
did not receive corticosteroid treatment: nonallergic poly-
posis (n=9) and allergic polyposis (n=6). The nasal NO
concentration in untreated allergic polyposis (270�30 ppb)
was significantly higher than in untreated nonallergic poly-
posis (135�24 ppb) (p<0.001).

In nonallergic patients with polyposis, the NO con-
centration was inversely correlated with the extent of to-
modensitometric alterations of the paranasal sinuses in-
duced by the polyps (r=-0.41, p=0.01) (fig. 3) as well as
with the number of occluded paranasal sinuses (r=-0.46,
p=0.003) (fig. 4). Although the correlation was statisti-
cally significant, a broad dispersion of the nasal NO con-
centrations was observed for a similar degree of ob-
struction of the paranasal sinuses. In two patients, the
occlusion of only one sinus (maxillary in one patient and
sphenoidal in the other patient) was associated with a
drop (compared with control patients) in nasal NO con-
centration (80 and 40 ppb, respectively), despite the
presence of three other open homolateral sinuses. Con-
versely, occlusion of the four homolateral sinuses (max-
illary, ethmoidal, sphenoidal and frontal) was associated
with a homolateral nasal NO concentration of 100 ppb in
one other patient.

In patients with allergic polyposis, the NO concentration
was inversely correlated with the extent of CT scan al-
terations of the paranasal sinuses (r=-0.69, p<0.0001) (fig.
3) as well as with the number of occluded paranasal sinuses
(r=-0.66, p=0.0001) (fig. 4). The slopes of the regression
line of nasal NO as a function of paranasal sinus alteration
or occlusion did not differ between allergic and nonallergic
polyposis, whereas the intercept of these regression lines
with the y-axis differed significantly. This indicates that,
for a similar degree of sinus alteration, the nasal NO was
higher in allergic than in nonallergic patients. For instance,
in two allergic patients, the occlusion of the four ho-
molateral sinuses (maxillary, ethmoidal, sphenoidal and
frontal) was associated with homolateral nasal NO concen-
trations of 240 and 130 ppb.

In Kartagener's syndrome, the nasal NO concentration
(13�1 ppb) was dramatically decreased compared with all
other groups, despite the presence of open paranasal sin-
uses apparent on the CT scan. The nasal NO concentration
(mean�SEM) in patients with nonallergic chronic sinusitis
(172�30 ppb) did not differ significantly from that of
controls (228�6 ppb).

NO concentration was also measured in orally exhaled
air (table 1). The NO concentration did not differ between
groups, except in patients with nasal polyposis and allergy,
who showed increased levels (p<0.05 versus control).

Discussion

The three major findings of the present study were as
follows. 1) The nasal NO concentration in nonallergic
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Fig. 1. ± Absence of influence of age (yrs) on mean nitric oxide
concentration (parts per billion (ppb)) in control subjects (r=0.10, NS).
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patients with nasal polyposis was significantly decreased
compared with that of the controls and a correlation was
found between the degree of obstruction of the paranasal
sinuses and the nasal NO concentrations. 2) For a similar
degree of sinus alteration, the nasal NO concentration was
higher in allergic than in nonallergic patients with nasal
polyposis. 3) Despite the anatomical persistence of para-
nasal sinuses, the nasal NO concentration collapsed com-
pletely in patients with Kartagener's syndrome.

Air sampled from nostrils and nasal cavities is supposed
to reflect NO production in the upper airways (mainly
paranasal sinuses but also nasal mucosa) and air exhaled
during orally exhaled expiration that of NO production in
the lower airways. However, owing to communication bet-
ween the upper and lower airways through the soft palate,
NO production in the lower airways may influence the
nasal NO concentration. Several lines of evidence demon-
strate that nasal NO is produced mainly in the upper
airways. Subjects with a permanent tracheostomy exhale
only very low NO levels (2�0 ppb) when breathing
through the tracheostomy, while the same individuals show
considerably higher exhaled NO levels when breathing
through the mouth (14�2 ppb) [8]. At least 50% of the
exhaled NO has been shown to come from the nose during
mouth breathing with an open posterior nasopharynx [11±
14]. Thus, when evaluating NO excretion in the lower
airways during an exhalation, appropriate measures such as
exhaling against a resistance to close the soft palate must

be taken to separate the nasal passages from the rest of the
respiratory tract [15]. The NO concentration in the lower
airways is, thus, 20-fold lower than that in the upper air-
ways in normal subjects [15]; however, the NO con-
centration in the lower airways of asthmatic patients has
been shown to be increased [4, 10, 13]. In order to ev-
aluate precisely the degree of contamination of nasal NO
concentration by NO contained in air aspired from the
lower airways, the concentrations of orally exhaled NO
were assessed in patients breathing with a noseclip. Orally
exhaled air is indeed representative of the air aspired in the
oropharynx when sampling nasal air. The NO concentra-
tions did not differ between groups, except in patients with
nasal polyposis and allergy, who had increased levels. The
presence of asthma in five out of seven of these patients
could account for the enhanced NO levels in exhaled air, as
previously reported [4, 10, 13]. Thus, in all groups,
contamination of nasal air by NO present in the lower
airways represented no more than 5% of the nasal NO
concentration and could not account for the large dif-
ferences in nasal NO concentration between allergic and
nonallergic patients. Thus, even if the aspiration of nasal
air from a single nostril samples an admixture of lower
airways NO and diffused NO from the upper airways (both
nasal and paranasal sinuses), it mainly reflects that pro-
duced by the upper airways.

Table 2. ± Tomodensitometric abnormalities of the patients with nasal nonallergic and allergic polyposis, chronic sinusitis
or Kartagener's syndrome

Nasal polyposis
without allergy

Nasal polyposis
with allergy Chronic sinusitis

Kartagener's
syndrome

n 20 7 10 6
Right
Abnormal sinuses 3.2�0.2 2.4�0.5 1.5�0.5 3.3�0.3
Occluded sinuses 1.4�0.3 1.4�0.5 0.8�0.3 0.8�0.3

Left
Abnormal sinuses 3.2�0.2 2.5�0.5 1.3�0.4 3.1�0.3
Occluded sinuses 1.5�0.4 1.7�0.6 0.8�0.2 0.9�0.3

Data are shown as mean�SEM.
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Fig. 2. ± Nasal nitric oxide concentration (parts per billion (ppb)) in
control subjects (C) and in patients with nasal nonallergic and allergic
polyposis, chronic sinusitis and Kartagener's syndrome. *: p<0.05
versus control; {: p<0.05 allergic versus nonallergic polyposis.
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Fig. 3. ± Correlation between the number of abnormal sinuses and the
homolateral nasal nitric oxide concentration (parts per billion (ppb)) in
patients with nasal polyposis. s : nonallergic ( ÐÐÐ ; y=246-35x); *:
allergic (± ± ± ± ; y=397-53x).
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NO is generated from arginine by a family of NOS
enzymes, and three distinct isoforms of human NOS have
been characterized to date [1, 2]. Two of these isoforms,
endothelial and neuronal NOS, are constitutively expres-
sed and changes in their activity regulate vascular tone,
platelet activation and neurotransmission. A third isoform
has been found to be expressed upon stimulation with pro-
inflammatory cytokines by most of the cell types within
the organism and has been called inducible NOS [3].
LUNDBERG et al. [6] clearly showed that epithelial cells
lining the sinuses of subjects without clinical sinus inflam-
mation expressed an NOS characterized as the inducible
isoform by in situ hybridization and immunohistochemical
techniques. These authors demonstrated dir-ectly that this
type II NOS was mainly responsible for the very high sinus
and high nasal NO concentrations produced in the normal
upper airways.

Even though the nucleotide sequences of the paranasal
sinuses NOS and the classical type II NOS would appear
identical, the regulation of their expression and/or activity
could be different. However, LUNDBERG et al.[16] also
demonstrated that the nasal NO concentration of patients
with normal upper airways was not influenced by high
systemic doses of corticosteroids. On the other hand,
glucocorticoids are well-known inhibitors of the classical
inducible type II NOS expression [17] and the topically
applied steroids are associated with reduced values of nasal
NO compared with untreated allergic rhinitis [10]. The
ability of topically applied steroids to decrease both nasal
symptoms and nasal NO levels suggests that the elevation
of NO in allergic rhinitis is unlikely to be derived from
paranasal sinuses, which should not be affected by steroids
applied in nasal sprays [10]. Altogether, these different
studies and the present one support the idea that the type II
NOS expressed in the paranasal sinus represents a per-
manent, normal, first line of host defence, whereas the
classical, inducible type II NOS is only expressed in res-
ponse to inflammatory stimuli (e.g. the nasal mucosa in
allergic rhinitis).

What is the main source of nasal NO in diseased pa-
ranasal sinuses? A significant correlation (r=-0.41, p=0.01)

was found between the degree of obstruction of the para-
nasal sinuses by polyps and nasal NO concentration, sug-
gesting that the sinuses contribute to nasal NO. However,
figure 2 shows a large dispersion of the nasal NO con-
centration for a similar degree of obstruction of the para-
nasal sinuses, suggesting that sites of production other than
the sinuses also contribute to the nasal NO. Several recent
publications may help in understanding these results.
Firstly, the normal, noninflamed nasal mucosa can itself
express NOS [18] . Secondly, it has recently been shown
that the epithelium of the polyps, which originate from the
sinus, express the inducible type III NOS [19]. Conse-
quently, the polyps can also generate NO and may them-
selves contribute to NO production. Thirdly, nasal steroids
reduce nasal NO in allergic rhinitis [10], suggesting that
inflammatory nasal mucosa can express a classic inducible
and steroid-repressible NOS II. Indeed, for a similar degree
of paranasal sinus alteration, allergic patients demonstrated
higher levels of nasal NO than nonallergic patients. Thus,
although the obstruction of the paranasal sinuses by the
polyps statistically decreases the nasal NO concentration,
other factors, such as allergy, strongly influence nasal NO
concentration.

The nasal NO concentration was very low in all patients
with Kartagener's syndrome, as reported previously [8]. In
addition, the present study demonstrates that this occurred
despite open paranasal sinuses in all of the patients with
Kartagener's syndrome. This contrasts with the absence of
a significant decrease (23%) in NO concentration in
patients with chronic sinusitis. However, as the degree of
paranasal sinus alteration was less in chronic sinusitis than
in the other three groups, it cannot definitively be con-
cluded that chronic sinusitis does not alter nasal NO levels.
Furthermore, a significant decrease in nasal NO (59%) has
previously been reported in another group of patients with
chronic sinusitis [ 20]. In this latter study, extensive alter-
ations to the paranasal sinuses could be responsible for the
significant decrease in nasal NO levels. In any case, the
decrease in nasal NO levels in chronic sinusitis was less
pronounced than the dramatic drop found in Kartagener's
syndrome and nasal NO concentration could thus represent
a fourth criterion for the diagnosis of Kartagener's syn-
drome. These observations also suggest that a specific ab-
normality of NO synthase activity characterizes Kartage-
ner's syndrome, and this could represent a unique example
of an NOS defect in humans [3]. This observation should
stimulate future work in this field.

The sharp decrease in nitric oxide production in patients
with Kartagener's syndrome or in certain patients with
polyps could have important pathophysiological conse-
quences. Nitric oxide plays an important role in immunity
and host defence [3, 21] and stimulates ciliary motility [7].
RUNNER and coworkers [22, 23] have demonstrated the
physiological importance of nitric oxide on the mucocili-
ary activity in the human nose and correlated decreased
nasal nitric oxide to impaired mucociliary function in the
upper airways. The drop in nasal nitric oxide concentration
in certain patients could involve a decreased production
and/or an increased breakdown of nitric oxide by in-
flammation-derived reactive oxygen species [24]. Indeed,
phagocytic cells (polymorphonuclear and monocyte-mac-
rophage cells) generate high levels of superoxide anion
through the activation of nicotinamide adenine dinuc-
leotide phosphate (reduced) oxidase [25]. As superoxide
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homolateral nasal nitric oxide concentration (parts per billion (ppb)) in
patients with nasal polyposis (r=0.38, p=0.02). s: nonallergic ( ÐÐ;
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anion is recognized to be one of the major inactivators of
nitric oxide, it can be speculated that inflammation could
contribute to decrease nitric oxide levels. Conversely, the
increased release of nitric oxide in allergic patients could
increase airway blood flow and cause hyperaemia, induce
airway oedema by plasma exudation and modulate sensory
nerve endings [26, 27]. Consequently, increased nitric ox-
ide could not only contribute to nasal congestion, rhino-
rrhoea and sneezing, but also worsen retention of mucus
and infection by decreasing sinus permeability. In any case,
further work is required to clarify the precise role of nitric
oxide in paranasal sinus pathology.
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