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Abstract

Objectives. Nitric oxide (NO) is produced in the respira-
tory tract with a major contribution coming from parana-
sal sinuses and the nose. The pathophysiological role of
NO in the airways has been debated. The aims of this
study were to measure fraction of exhaled NO (FENO), a
validated marker of airway inflammation, in patients
affected by nasal polyposis with and without asthma; to
assess the importance of FENO measurement in detecting
subclinical involvement of lower airways in patients with
clinical rhinosinusal symptoms; and to clarify the impact
of endoscopic surgical removal of polyps on airway
inflammation.

Setting. The study was conducted at the O.R.L. Clinic and
Clinical Pharmacology Unit, University Hospital Agostino
Gemelli, Rome, Italy.

Study Design. Prospective study.

Subjects and Methods. Concentrations of FENO were mea-
sured with the NIOX system (Aerocrine, Stockholm,
Sweden) by using a single-breath online method, according
to the American Thoracic Society guidelines.

Results. Compared with those in healthy subjects (I5 [I1-
9] ppb, n = 15; P <.0001), FENO values were elevated in
patients with nasal polyposis (41 [21-77] ppb, n = 43).
There was no significant difference in FENO concentrations
between asthmatic and nonasthmatic patients with nasal
polyposis (P = .73). Concentrations of FENO in patients
with nasal polyposis were decreased after surgery
(64.2 [30.0-132.7] ppb vs 56.0 [26.4-73.8] ppb, respectively;
P =.03).

Conclusion. The fraction of exhaled NO is elevated in the
inflammatory process involving both the rhinosinusal district
and lower airways, supporting the one-airway disease
hypothesis.
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itric oxide (NO) is an unstable gas in vivo synthe-

sized when L-arginine is transformed into L-

citrulline by nitric oxide synthase (NOS) in all its
3 isoforms: 2 constitutive (neuronal and endothelial) and
1 induced in inflammatory disorders."? Its systemic
effects, such as smooth-muscle relaxation, neurotransmit-
ter action, and inhibition of platelet aggregation,®* are
well known; however, NO is mainly secreted in the upper
respiratory tract with a major contribution coming from
paranasal sinuses.’

Still unknown, on the other hand, is the biological signif-
icance of the airway’s NO as it has shown a variety of
effects: it has bacteriostatic and antiviral effects,”® stimu-
lates mucociliary transport (MCT) in vivo,”'® and regulates
bronchial airway patency and pulmonary vascular tone®
either as a bronchodilator'' or as a vasodilator or with a
proinflammatory action.'*'?

In rhinosinusal pathophysiology, extremely variable
results obtained by different studies have shown that nitric
oxide contributes to rhinosinusal inflammation in 3 different
ways: promoting extravasation of lymphoid cells, regulating
lymphocyte adhesion to the endothelium, and increasing
macrophage phagocytosis and natural killing cells.”"* It
also probably acts as a second messenger in glandular secre-
tion and blood flow regulation at the level of the nasal
mucosa.'

These chronic inflammatory patterns of upper airways
could also involve lower airways,'® but this involvement is
strongly underestimated.
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Table |. Patient Characteristics

Patients with Nasal Polyposis

Healthy Subjects

n

Age, y

Sex, male/female

Asthma, yes/no

ICS in asthmatic patients, yes/no®
Nasal steroids, yes/no

43 I5

53 (27-73) 51 (28-75)
31/12 11/4
20/23 0/15
13/7 0/15
43/0 0/15

Data are expressed as numbers or median with range. Abbreviation: ICS, inhaled corticosteroids.

Four patients on ICS were also treated with oral prednisone.

Recently, a growing body of evidence has led researchers
to support the existence not only of a ‘“‘unified allergic
airway””'” but also of a “nonallergic unified airway.””'®
Chronic rhinosinusitis with nasal polyposis (CRSwNP) rep-
resents a cohort of patients to investigate the unified airway
theory. In fact, compared with allergic rhinitis, there are
few data on airway dysfunction in CRSwNP, but it has been
increasingly recognized that even in the absence of an overt
asthma, bronchial inflammation is often present.'*!?-*°

The aim of this study was to evaluate exhaled NO in
patients affected by nasal polyposis with and without
asthma and to stress the importance of this test in detecting
subclinical involvement of lower airways in patients with
exclusively rhinosinusal symptoms and in monitoring the
impact of endoscopic surgical removal of polyps on lower
airway exhaled NO concentrations.

Materials and Methods

Subjects

Forty-three patients with nasal polyposis and 15 healthy
subjects were enrolled in the study. Subject characteristics
are shown in Table I. Patients with nasal polyposis were
recruited at the O.R.L. Clinic, University Hospital Agostino
Gemelli, Rome, Italy, from 2007 to 2008. The study proto-
col was approved by the Ethics Committee of the Catholic
University of the Sacred Heart. Signed informed consent
was obtained from all participants. In the nasal polyposis
group, 23 patients were nonasthmatic, whereas 20 had
asthma. Thirteen patients with asthma were being treated
with inhaled corticosteroids (ICS), whereas 7 patients with
asthma were steroid naive. Four of 13 patients with asthma
on ICS were also being treated with oral prednisolone. All
patients with nasal polyposis were on equivalent doses of
nasal steroids.

Diagnosis of nasal polyposis was based on endoscopic
examination: all patients had nasal polyposis at the second
or third stage according to the Lund-Mackay classification®'
(ie, requiring surgery; Table 1); all patients underwent a
computed tomography (CT) scan preoperatively.

Diagnosis of asthma was based on clinical history, symp-
toms, physical examination, and pulmonary function tests
according to current international guidelines.**

Study Design

Two studies were undertaken: one was a cross-sectional
design, and the other was interventional.

In the first study, patients with nasal polyposis and
healthy control subjects underwent clinical examination and
measurement of fraction of exhaled nitric oxide (FENO).

A subgroup of 19 patients with nasal polyposis who were
enrolled in the cross-sectional study participated in a second
uncontrolled interventional study. They underwent FENO
measurement before (T0) and 1 month after surgery (T1).

Measurement of FENO

Concentrations of FENO were measured with the NIOX
system (Aerocrine, Stockholm, Sweden) by using a single-
breath online method, according to the American Thoracic
Society guidelines.”

Subjects were asked to inhale NO-free air and to exhale
it through the mouth into a dynamic flow restrictor. In this
way, NO coming mainly from lower airways was measured.
Before the measurement, subjects were asked to exhale to
residual volume, insert the mouthpiece, inhale to total lung
capacity through an NO filter, and then exhale into the
device for 10 seconds at a constant flow of 50 mL/s with
the aid of visual feedback on a computer screen. A negative
pressure tracing on the screen was used to confirm that sub-
jects were inhaling NO-free air. Exhalations were repeated
after a 1-minute relaxation period until the performance of 3
FENO values varied less than 10%. The FENO measure-
ments were obtained before spirometry.

Statistical Analysis

Concentrations of FENO were expressed as medians and
interquartile ranges (25th-75th percentiles). Kruskal-Wallis
tests followed by pairwise Mann-Whitney U tests were used
to compare groups. In the interventional study, the Wilcoxon
matched-pairs signed rank test was used to assess the effect
of surgery on FENO concentrations in patients with nasal
polyposis. Correlation was expressed as the Spearman coeffi-
cient. Significance was defined at a P value of less than .05.

Sample Size

In the interventional study, a sample size of 19 patients was
calculated based on a reduction of mean FENO values after
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Figure |. Difference in nitric oxide (NO) level between healthy
subjects and patients with nasal polyposis. FENO, fraction of
exhaled nitric oxide.
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Figure 2. Difference in nitric oxide (NO) level between healthy
subjects and patients with nasal polyposis with and without asthma.
FENO, fraction of exhaled nitric oxide.

surgery of 20% over pretreatment values, a standard devia-
tion of 70 ppb, a power of 90%, and a value of o of 5%.

Results

At baseline, FENO concentrations in patients with nasal
polyposis (41 [21-77] ppb, n = 43) were higher than those
in healthy controls (15 [11-19] ppb, n = 15; P < .0001)
(Figure I).

Subgroup analysis showed that both asthmatic (58.5 [18.7-
98.0] ppb, n = 20; P < .0001) and nonasthmatic patients with
nasal polyposis (38.0 [21.6-72.9] ppb, n = 23; P < .0001) had
higher FENO concentrations than did healthy subjects (15 [11-
19] ppb) (Figure 2). There was no significant difference in
FENO concentrations between asthmatic and nonasthmatic
patients with nasal polyposis (P = .73), although the former
had higher FENO absolute values (Figure 2).

Compared with healthy subjects (15 [11-19] ppb), FENO
concentrations were increased in patients with nasal

Figure 3. Difference in nitric oxide (NO) level between healthy
subjects, nonasthmatic patients (NA) with nasal polyposis, and
patients with asthma who were either steroid naive (SNA) or
under steroidal therapy (STA).
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Figure 4. Difference in nitric oxide (NO) level in patients with
nasal polyposis before and after surgery.

polyposis and asthma who were treated with ICS (71.0
[39.0-138.0] ppb, n = 13; P < .0001) but not in steroid-
naive asthmatic patients with polyposis (29.0 [12.2-41.0]
ppb, n = 7; P > .05) (Figure 3). Absolute FENO concen-
trations in asthmatic patients with nasal polyposis who were
being treated with steroids were higher than those in asth-
matic patients who were steroid naive, but this difference
was not statistically significant (P = .11).

In the interventional study, FENO concentrations in
patients with nasal polyposis were decreased after surgery
(64.2 [30.0-132.7] ppb vs 56.0 [26.4-73.8] ppb, respectively;
P =.03) (Figure 4).

Discussion

Three forms of NO synthase have been described in
humans. Two are constitutive calcium-activated isoforms:
neuronal NOS (nNOS) and endothelial NOS (eNOS). These
are expressed in neurons and vascular endothelium, respec-
tively. The third one, inducible NOS (iNOS), is induced by
infectious or inflammatory agents.**
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From a physiopathologic point of view, the more interest-
ing form is iNOS, which is not influenced by calcium ion
concentration; its genetic expression is upregulated by cyto-
kines and bacterial lipopolysaccharide and is downregulated
by corticosteroids.>> Moreover, it was demonstrated by differ-
ent authors that paranasal sinus epithelium represents the site
of highest iNOS expression, whereas only very weak iNOS
activity is found in the epithelium of the nasal cavity.>**’

Nitric oxide levels tested in humans either from the
mouth or from nose breathing have not been homogeneous.
In 1997, Lindberg et al*® described a nasal NO production
decrease of more than 50% in patients affected by chronic
rhinosinusitis in comparison with healthy subjects; in 1999,
Arnal et al*® did not find any significant difference in the
level of exhaled NO between healthy subjects and patients
with chronic sinusitis. Some authors have shown that in
patients affected by chronic rhinosinusitis with nasal poly-
posis, polyps themselves could represent a significant site of
iNOS expression.*® Kharitonov et al*' highlighted that the
amount of NO in exhaled air in patients with acute upper
respiratory tract infection is significantly higher than the
amount in healthy subjects.

In 2003, Passali et al®?> assumed that these differences
could be linked to sinusal ostia patency: when the ostium is
partially closed, the NO flow from the sinus decreases and,
consequently, nasal NO concentration decreases. According
to these authors, this is why decreased NO levels can be
found in patients with acute and chronic rhinosinusitis; in
contrast, in all these pathologies, iNOS epithelial expression
remains high since the inflammatory process goes on. In
fact, although iNOS activity is stimulated by inflammatory
noxae in paranasal sinuses, nasal NO levels are reduced due
to the reduced ostia patency.*?

In the present study, we found higher FENO values in
patients with nasal polyposis with or without asthma.

Measurement of FENO, a well-established and validated
noninvasive technique for assessing airway inflammation in
patients with asthma,* is useful in clinical practice.>*

Similar FENO concentrations in patients with nasal poly-
posis with and without asthma suggest the existence of per-
sistent lower airway inflammation in chronic rhinosinusitis
syndrome with nasal polyposis, which is incompletely
described by classifying patients simply as ‘‘asthmatic’ and
“nonasthmatic.”

Nitric oxide can play a role in host defense against infec-
tions due to its bacteriostatic and antiviral effects; moreover,
NO is involved in several pathophysiological mechanisms,
leading to the perpetuation of the inflammatory response in
the upper and lower airways.>*>'*? For this reason, control-
ling lower airway inflammation could be useful to cure rhi-
nosinusal disease.'’

Our data suggest that in the subgroup of nonasthmatic
patients with nasal polyposis, upper airway disease is asso-
ciated with bronchial inflammation as reflected by elevated
FENO levels. However, the relationships between nasal
polyposis and lower airway inflammation have to be
clarified.

Very often, bronchial involvement in nasal polyposis is not
considered by ear, nose, and throat (ENT) specialists; very
rarely investigated and can also be ignored by the patients
themselves. This is one of the main difficulties in defining,
classifying, and diagnosing rhino-sinuso-bronchial syndrome.

Recently, Williamson et al,>> on the basis of FENO and
pulmonary function tests (spirometry and methacholine
bronchial challenge), showed that lower airway dysfunction
is common in patients with chronic rhinosinusitis syndrome
with nasal polyposis and does not correlate to the severity
of nasal disease but to a systemic eosinophilic inflamma-
tion. In line with our study, these authors conclude that
asymptomatic patients with chronic sinusitis and nasal poly-
posis should be screened for asthma.

In the present study, elevated FENO concentrations in
asthmatic patients who were being treated with corticoster-
oids (CS) could be explained by a more severe disease in
this group of patients as reflected by a more severe disease
in the asthmatic patients who were on CS, as reflected by
patient-reported outcomes and the presence of 4 patients on
oral prednisone in this study group. Elevated FENO in this
study group might also reflect a partial asthma control.

In a recent study, patients with severe asthma on high
doses of ICS and/or oral CS had higher levels of iNOS pro-
tein and mRNA as compared with steroid-naive patients
with mild asthma.*® Moreover, functionality of the NO path-
way, as measured by FENO, nitrotyrosine, and eosinophilic
inflammation, was strongly associated with iNOS expres-
sion alone, particularly in severe asthma.>’ In line with
these findings, in the present study, asthmatic patients who
were being treated with CS had higher FENO concentra-
tions than steroid-naive patients with asthma. However,
large controlled studies are required to establish the effect
of corticosteroids and leukotriene receptor antagonists on
FENO concentrations in asthmatic patients with chronic rhi-
nosinusitis syndrome with nasal polyposis.*®

Finally, reduced posttreatment FENO values in the sub-
group of patients examined after surgery further support the
concept of a unified airway disease. However, the relatively
limited number of patients included in our study precludes
definitive conclusions for which larger studies are required.

Fraction of exhaled NO, a simple, noninvasive, and
cheap technique, can be useful for screening lower airway
involvement in patients with chronic rhinosinusitis syn-
drome with nasal polyposis and for monitoring pharmacolo-
gical treatment of patients with asthma.

Conclusion

Our study shows that measurement of FENO, a well-
standardized technique for identifying asthma, could be
useful for clarifying the pathophysiology of rhinosinusal dis-
ease and its correlation with lower airway dysfunction. This
strategy would enable classifying not only patients with
nasal polyposis with or without asthma but also patients
with or without initial bronchial impairment who could
require pharmacological treatment and careful monitoring of
respiratory function.
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In our opinion, in combination with conventional
approach (pulmonary function testing) and possibly new
techniques (eg, electronic nose), FENO could be very useful
for identifying patients with airway disease. We acknowl-
edge that in the discussion: as a part of an integrated
approach including pulmonary function testing and possibly
new techniques such as electronic nose,’’ FENO is a simple
and noninvasive tool that might be useful for screening
lower airway involvement in patients with chronic rhinosi-
nusitis syndrome with nasal polyposis and for monitoring
pharmacological treatment of patients with asthma.

This strategy might contribute to better understanding the
link between nasal disease and impaired lung function.
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