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Introduction

Nitric oxide (NO) was considered an air pollutant
until a few years ago. In the 1980s, Louis J. Ignarro and
his team found that NO regulated vasodilatation and
played an important role in several physiological
processes in the cardiovascular system, discoveries that
earned them the Nobel Prize in 1998. NO is now known
to participate in such processes as hemostasis, the
regulation of blood flow, neurotransmission,
antimicrobial activity, and chronic inflammation. In the
respiratory airways NO participates in lung function
modulation and ciliary motility. Studies on the origin,
function, and utility of nasal NO measurement have
been published in recent years but these concepts are
not yet fully understood. This review will cover the
most relevant aspects.

Facts About Nasal Nitric Oxide
The Origin of Nitric Oxide

NO is synthesized by the enzyme NO synthase acting
on the amino acid L-arginine (Figure 1) in the presence
of 2 cofactors: oxygen and nicotinamide adenine
dinucleotide phosphate (NADPH), the reaction
producing L-citrulline. NO metabolism produces
nitrates, nitrites, free radicals, and S-nitrosothiols
(Figure 2). NO is produced by a wide variety of cell
types including epithelial, nervous, endothelial, and
inflammatory cells. Three isoforms of NO have been
identified: two are designated constitutive and one
inducible. The constitutive NO synthase isoforms are
calcium dependent, synthesize NO under normal
conditions, and are endothelial and neuronal types. The
inducible isoform is independent of calcium and is
expressed only very weakly or not at all in physiological
conditions. When active, the calcium-independent
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isoform can produce up to 1000 times more NO than the
constitutive isoforms. The inducible isoform is present
in the respiratory airway epithelium in various cells that
participate in the inflammatory process (macrophages,
neutrophils, mastocytes, endothelial cells, etc.) and is
induced by several proinflammatory cytokines (tumor
necrosis factor alfa and beta, interferon gamma,
interleukin 1), and by bacterial products (endotoxins).
As a result, NO has come to be considered a marker of
inflammation. The induction of calcium-independent
NO synthase requires gene transcription activation,
causing the increase in NO production to take several
hours and to be sustained for several days.!

NO is a highly lipophilic gas that diffuses rapidly
through biological membranes down the gradient. This
aspect, together with a short half life of 1 to 5 seconds
allows it to act as a mediator in several intracellular
systems and in signal transduction. The intrinsic
instability of NO precludes the need for extracellular
receptors or targeted NO degradation.”
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Figure 1. Nitric oxide (NO) synthesis. The amino-acid L-arginine is the
substrate for the production of NO. The reaction is catalyzed by the NO
synthase (NOS) enzyme in the presence of oxygen and nicotinamide
adenine dinucleotide phosphate (NADPH). NO and L-citrulline are the
products of the reaction. NO has intracellular functions in neighboring
cells and regions farther away.
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Origin and Function of Nasal Nitric Oxide

The exact origin of nasal NO has not been
determined but many studies have found evidence
that its synthesis takes place in epithelial cells in the
nasal airways, particularly in the paranasal sinuses.
The evidence consists of transient reduction in nasal
NO when air is breathed continuously from a
maxillary sinus, with the inverse effect (transient
increase) when air is injected into the paranasal
sinuses; reduction of NO synthesis in the paranasal
sinuses of healthy subjects when the NO synthase
inhibitor NC-nitro-L-arginine-methyl-ester-HCl (L-
NAME) is injected into them, while injection into the
nasal cavity produces only a minor reduction?
reduction of nasal NO in diseases that cause
complete obstruction of the osteomeatal complex;
and finally, much higher nasal NO levels in humans
and primates that have paranasal sinuses than in
primates without them.*

Although it has been suggested that bacteria are
involved in the production of nasal NO, most studies
have found that nasal NO production is bacteria-
independent.’ The relative contribution to the level of
nasal NO of sources such as ambient air or the air in the
lower airways is not fully known.

NO plays a vital role in nonspecific defense
(cytotoxicity) against tumor cells and microorganisms as
well as stimulating ciliary motility in respiratory airways.
NO concentrations can be up to 49 times greater in
paranasal sinuses than in the nasal cavity, due to the
scarce air exchange between the 2 cavities.®” Thus the
main defense strategy against infection in the paranasal
sinuses seems to depend more on high concentrations of
NO than on phagocytic cells (monocyte-macrophage,
polymorphonuclear leukocytes). High concentrations of
NO have been shown to inhibit neutrophil chemiotaxis
and proliferative responses in human lymphocytes. This
contrasts with processes in other cavities such as the
alveolar or peritoneal cavities, where phagocytic cells
constitute the main defense and NO concentrations are
low.’

In recent years several relationships between the
upper and lower respiratory airways have been
described. Significant correlations have been found
between reduction in the forced expiratory volume in
the first second or the existence of bronchial
hyperreactivity and the presence of allergic rhinitis or
sinonasal polyposis. Lung function in asthma patients

has been improved by interventions such as
polypectomies. NO has been implicated as an
“aerocrine” messenger between higher and lower

respiratory airways. NO produced in the upper
respiratory airways can defend against infections in
the lower airways by being inhaled from the nasal
cavity. Reduction in inhaled nasal NO might
contribute to the negative effects caused by oral
breathing that occur during sleep disorders or as a
result of a tracheostomy.!
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Figure 2. Nitric oxide (NO) metabolism. NO can react with superoxide
anions (O,") to form highly reactive peroxynitrite ions (ONOO"). These
ions can cause tyrosine nitrosylation (Tyr) leading to the formation of
3-nitrotyrosine (3-NT). NO can also interact with thiols like glutathione
or albumin to produce S-nitrosothiols (RS-NO), or be metabolized into
nitrite (NO,") or nitrate (NO,).

MPO indicates myeloperoxidase; SOD, superoxide dismutase. (Taken
and adapted from Montuschi P. Indirect monitoring of lung
inflammation. Nature Reviews Drug Discovery 2002;1:240.)

NO Thiols

Nasal Nitric Oxide in Respiratory Airways Diseases

Nasal Nitric Oxide in Upper Respiratory Tract
Infections

Upper respiratory tract infection is a fairly common
pathology, yet few studies have measured nasal NO
throughout the course of the disease. In a recent study,
NO concentrations in the maxillary sinuses of patients
with nosocomial sinusitis and sepsis were compared
with concentrations in a control group.® The results
showed reduction in both NO and calcium-independent
NO synthase RNA messenger (mRNA) concentrations
in the patients. Moreover, cytokine suppressor mRNA
of calcium-independent NO synthase (interleukins 4
and 6, and transforming growth factor beta) were found
in the paranasal sinus mucosa of the same patients. This
indicates that a systemic process like sepsis can induce
local inflammatory reactions through circulating
mediators. These inflammatory reactions appear to
affect the mucociliary function and antibacterial
defense mechanisms in the paranasal sinuses,
encouraging infection. An earlier study on children with
acute sinusitis without sepsis, however, also found a
decrease of nasal NO.? Although direct measurement of
NO in the paranasal sinuses was not performed in that
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Figure 3. Relation between nasal nitric oxide and transnasal flow.
Observe the inverted relation between the two. A recent study proposes
the opposite.” (Taken and adapted from Slutski and Drazen.'’) NO
indicates nitric oxide.

study, the nasal NO level probably reflected the level of
the gas in the paranasal sinuses.

In patients with common colds, no differences were
found between nasal NO levels taken at the
symptomatic phase and after recovery.!® When
experimental exposure to specific etiological agents
such as rhinovirus, influenza or respiratory syncytial
virus were analyzed, no differences were found in nasal
NO levels.!

To summarize, nasal NO levels are low during the
course of acute sinusitis but the reasons for this are not
entirely clear. Although systemic infections cause an
increase in mediator production which could
theoretically cause changes in nasal NO levels,
diminished nasal NO levels seem to be more related to
local factors. Viral diseases of the upper respiratory tract
do not cause variations in nasal NO concentrations.

Nasal Nitric Oxide in Allergic Rhinitis

There is disagreement over the effect of allergic
rhinitis on the production of nasal NO. Some authors
have found an increase in levels associated with this
disease, particularly in symptomatic phases among
untreated patients. The reason for the increase is a
greater expression of calcium-independent NO synthase
in nasal epithelial cells.'”>!> Other studies have found
that nasal NO levels decrease following nasal allergen
provocation in sensitized patients, possibly explained
by the obstruction of the osteomeatal complex caused
by edema and nasal secretions blocking the passage of
NO from the paranasal sinuses to the nasal cavity.'*!6
This hypothesis seems to be supported by the recovery
of basal levels when nasal congestion disappears. The
administration of topical nasal corticosteroids for 2
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weeks has been seen to reduce nasal NO levels,'? but
this was not found in another study.'® Lack of response
could be attributable to poor penetration of topical
corticosteroids in paranasal sinuses, although other
authors suggest that the calcium-independent NO
synthase that is present in paranasal sinuses could be
resistant to these drugs."”

Palm et al'® examined the origin and behavior of nasal
NO in allergic rhinitis in a recently published study and
described the effect topical nasal administration of L-
NAME had on nasal NO concentrations. The study
enrolled patients with pollen-sensitive allergic rhinitis
and controls, and assessed them during the pollen
season. Nasal NO was measured using 3 different nasal
flow rates. The results showed no differences between
the groups for basal nasal NO levels but that L-NAME
reduced nasal NO concentrations significantly in allergic
rhinitis patients compared with the controls. However,
the decrease was only 37%, very little compared with
the 65% reduction when an intravenous inhibitor of NO
synthase is administered, or the 80% reduction when it
is injected directly into the paranasal sinuses. The use of
a greater transnasal flow rate during measurement was
associated with increased nasal NO levels. These reports
suggest, first, that NO synthase is increased in the areas
of nasal mucosa reached by L-NAME, based on the
significant decrease in nasal NO observed in patients
with allergic rhinitis. Secondly, the sharp decrease in
NO concentration provoked by administering a NO
synthase inhibitor into the paranasal sinuses (local
injection or intravenous administration) confirms that
the contribution of these cavities to the total level of
nasal NO is very important and depends on the degree of
obstruction of the osteomeatal complex, as mentioned
above. Finally, the finding that the flow rate used in
measurement was directly proportional to the level of
nasal NO is inconsistent with previous findings that
nasal NO decreased proportionally to increased flow
(Figure 3)."° Increases in transnasal flow seem to
generate turbulence that attracts NO from the farthest
corners of the nasal passages.

The relation between nasal NO levels and nasal
airflow resistance has also been studied. Consecutive
measurement of nasal NO was followed by
rhinomanometry on a group of healthy volunteers and
no significant correlation was found between the 2
parameters.”’ However, the administration of L-NAME
followed by nasal allergen provocation in patients with
allergic rhinitis showed reduced concentrations of nasal
NO but did not prevent the increase of nasal resistance.?'

Finally, biological variability was observed when
consecutive measurements of nasal NO were taken in
patients with allergic rhinitis, variability that was not
affected by ambient conditions like humidity, atmospheric
pressure, or pollen count, nor by the presence of nasal
symptoms.'®?? The same was true in healthy subjects.

Nasal NO levels in allergic rhinitis patients, then,
seem to be determined by nasal NO production in 2
zones: the nasal mucosa and the paranasal sinuses.
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Given the high production of NO in the paranasal
sinuses, this component would be the main determinant
of the basal nasal NO level in patients with allergic
rhinitis during phases of mild symptoms when there is
little inflammation, and scarce edema and secretions to
block the osteomeatal complex. During phases of
moderate to intense symptoms (eg nasal allergen
provocation), the nasal NO level would be mainly
determined by the production in the nasal mucosa as the
edema and the secretions could partially or totally block
the osteomeatal complex and prevent the passage of NO
from the paranasal sinuses (Table 1).

Nasal NO in Sinonasal Polyposis

Sinonasal polyposis probably generates more
inflammation in the nasal mucosa than any other
disease. Several studies have described the increase in
calcium-independent NO synthase activity in the
epithelium that covers the polyps.?*? Ramis et al*
found that NO synthase activity was higher in the
polyps and was predominantly calcium independent
while the lower levels of activity in the nasal mucosa
were entirely calcium dependent. However, several
studies have found a decrease in nasal NO in patients
with sinonasal polyposis, usually explained by the fact
that the complete obstruction of the osteomeatal
complex by the polyps prevents the passage of NO
from the paranasal sinuses to the nasal cavity.”** The
size of the polyps has been shown to be inversely
related to nasal NO levels, and surgical or corticosteroid
treatment of sinonasal polyposis is associated with an
increase in nasal NO levels.?® On the other hand, aspirin
intolerance is associated with higher levels of NO in
patients with sinonasal polyposis and asthma than in
those without intolerance.?

Arnal et al”’ found that levels of nasal NO in
sinonasal polyposis patients without allergic rhinitis
were significantly lower than in healthy controls and
polyposis patients with allergic rhinitis. Between
patients with similar degrees of sinus disorder, patients
with allergic rhinitis had higher levels of nasal NO.

NO acts as a regulator for sinonasal polyposis as it
inhibits the apoptosis of the inflammatory cells.?® On
the other hand, decreased concentrations of NO appear
to improve survival of eosinophils.?’

The production of superoxide anion (O,") has also been
implicated in sinonasal polyposis. The large numbers of
eosinophils that are present in nasal polyps potentially
generate O,”. NO and O, react and rapidly deactivate
each other. Thus O,” produced in polyp eosinophils
decreases paranasal sinus NO concentration. Likewise,
paranasal sinus NO suppresses the production of O, in
eosinophils. These events could participate in chronic
inflammation and contribute to the pathophysiology of
sinonasal polyposis.’

To summarize, the main determinant of nasal NO
levels in sinonasal polyposis is the degree of
obstruction of the osteomeatal complex. However,

TABLE 1
Relative Contribution of the Paranasal Sinuses and the Nasal
Mucosa to Nasal Nitric Oxide Levels in Patients With

Allergic Rhinitis*
Symptoms PS Contribution | NM Contribution | Nasal NO Level
Mild +++ + NO T
Moderate ++ +++ T
Severe + 4 l
Postration ++ - N

*PS indicates paranasal sinuses; NM, nasal mucosa; NO, nitric oxide; N, normal.
The symptoms and the degree of inflammation/obstruction determine the
contribution from these cavities.

when sinonasal polyposis and allergic rhinitis are
concomitant, nasal NO levels are determined by the
latter. The proinflammatory capacity of calcium-
independent NO synthase is confirmed by the increase
in its activity in the polyp epithelium. Other factors
such as the production of O, could further reduce nasal
NO levels.

Nasal NO in Lower Respiratory Airways Diseases

Asthma. The integration of the upper and lower
respiratory airways in the allergic inflammatory process
has recently been suggested. Concomitance of asthma
and allergic rhinitis occurs in a high percentage of
patients. Several studies have revealed the presence of
inflammation throughout the airways of patients with
allergic rhinitis.**3! Nasal allergen challenge induces
inflammatory changes in the lower respiratory airways
of these patients.”? Likewise, segmental bronchial
provocation induces inflammatory changes in nasal
mucosa.*® Higher concentrations of nasal NO have been
found in allergic rhinitis and asthma patients.'?
However, little data is available on patients with asthma
alone, and what there is indicates that asthma hardly
affects nasal NO.** The concept of integration, however,
suggests that there must be a relation between asthma
and nasal NO levels.

Primary ciliary dyskinesia. As mentioned above,
nasal NO regulates ciliary motility. Several studies have
found a sharp decrease in nasal NO in patients with
primary ciliary dyskinesia, in particular Kartagener
syndrome,?”* and have proposed that this effect be
used in the diagnosis of these pathologies, although
normal levels of nasal NO do not exclude the presence
of the disease.® Possible explanations for the decrease
are deficient NO synthase, limited diffusion through the
nasal mucosa and paranasal sinuses, and decrease in
passage through the osteomeatal complex. No definitive
answer exists, however.

Cystic fibrosis. In cystic fibrosis, as with primary
ciliary dyskinesia, patients show a sharp decrease in
nasal NO attributable to the large-scale destruction of
the respiratory epithelium and the consequent reduction
in production of NO.337 Another explanation is that the
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NO Figure 4. Chemiluminescence method
to determine nasal nitric oxide levels.
The reaction between the nitric oxide
obtained from the nasal cavity with
ozone (O,) generates light which is
subsequently multiplied and analyzed
by a device composed of electronic
systems adapted to a microprocessor.
The device takes the O, necessary for
the reaction from the atmosphere and,
once measurement has been taken, it
eliminates it from the system (dashed
arrows). See text.
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accumulated mucus impedes the diffusion of NO from
the respiratory mucosa. Nasal NO levels do not seem to
be related to cystic fibrosis genotype or to the presence
or absence of infection.?’

Bronchiectasis. Nasal NO levels were compared
among  patients  with  primary  bronchiectasis,
bronchiectasis associated with primary ciliary dyskinesia,
bronchiectasis associated with cystic fibrosis, and healthy
controls, in a recent study.®® Results showed no
difference between the nasal NO levels of healthy
controls and patients with primary bronchiectasis.
Patients with bronchiectasis associated with primary
ciliary dyskinesia had very low levels of nasal NO, while
the nasal NO levels of patients with bronchiectasis
associated with cystic fibrosis were situated in between.
Nasal NO levels in patients with bronchiectasis, then, are
determined by the underlying disease. Primary
bronchiectasis does not seem to affect nasal NO.

Ways of Measuring Nasal NO

NO is measured with a chemiluminescence analyser.
This method uses photometric detection of the reaction
between NO and ozone, both in gaseous states. The
light generated by the reaction passes through a
photomultiplier and is analyzed by an electronic
system. The analyser itself generates the ozone needed
for the reaction from a continuous flow of clean dry air,
such that no external or auxiliary source of gas is
needed (Figure 4).

Various techniques have been used to measure nasal
NO. The most frequently used and validated one
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involves aspirating a sample of air from one nostril
while the other is left open. To avoid contamination by
air from the lower airways there must be enough
oropharyngeal pressure to close the soft palate (velum)
and thus isolate the nasal cavity. Nasal NO
measurement is taken from a sample of transnasal
airflow that passes through both nares (Figure 5).%
Recent studies have shown that nasal NO production is
relatively constant at a transnasal flow of 1 to 5 L/min.

Several techniques have been used to close the
velum, the most recommended being slow oral
exhalation against a resistance of at least 10 cm H,O.
Another useful method is to maintain sufficient oral
pressure to inflate the cheeks, keeping the mouth
closed.!*40

A transnasal flow of 3 L/min (50 mL/s) seems to be
ideal for measuring nasal NO, being similar to the
physiological flow through the nose and providing a
turbulent flow pattern that ventilates the nasal cavity
and reaches the plateau needed for the measurement
(Figure 6).*142 Nasal NO levels in healthy subjects vary
greatly, from 200 to 2000 parts per billion, attributable,
as is the case with exhaled NO, to the variety of
methods used to measure it.

Factors That Affect Nasal NO (Table 2)

Nasal Volume

Nasal cavity volume in healthy people can vary with
changes in nasal blood volume, altering in turn the
production and absorption of NO. Recent studies,
however, indicate that nasal NO levels are independent
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Figure 5. Procedure for the measurement of nasal nitric oxide. Air is
aspirated through one of the nasal passages and analyzed to determine
the nasal nitric oxide (NO) level. An expiratory resistance of 10 cm H,O
must be reached to close the velum and avoid contamination from
exhaled air. See text. (Taken and adapted from Slutski and Drazan.)"

of nasal cavity volume.**

Physiological Nasal Cycle

The nasal cycle does not seem to influence nasal NO
levels. However, a recent study indicates an increase in
nasal NO related to the increase in resistance that
occurs during the nasal cycle.*

Ambient Nitric Oxide

High concentrations of ambient NO may affect nasal
NO as it may reduce the gradient for NO diffusion from
nasal epithelium to lumen. In an extreme situation

TABLE 2
Factors That Affect Nasal Nitric Oxide Levels*

Factors Effect

Hypoxia

Smoking

Posture

Intense exercise

Age’

Sex

Menstrual cycle

Pregnancy

Circadian rhythm

Nasal volume*

Physiological nasal cycle

Ambient NO%

Humming

Medications
Corticosteroids"
Decongestants!
Local anesthetics
Antibiotics'
NOS inhibitors
L-arginine
Histamine
Vasodilators

=S| | | e« o= | ] ] ] «] e«

*NO indicates nitric oxide; NOS, nitric oxide synthase enzyme; —, no effect on
levels. See text. “In children under 10 years of age, nasal nitric oxide (NO) is
higher when adjusted for body surface area. ‘In patients with sinonasal polyposis
or intense allergic rhinitis, nasal NO level depends on the degree of obstruction to
the osteomeatal complex. High levels of ambient NO can reduce the gradient of
NO diffusion from the nasal mucosa and falsely reduce nasal NO. "Reduction of
nasal NO in healthy people following 2 weeks administration of corticosteroids
has been reported. "During intense nasal inflammation, use of decongestants is
associated with an increase in nasal NO; ""Use of antibiotics by normal people
does not affect nasal NO; use during sinusitis is associated with an increase in
nasal NO.

where ambient NO concentrations were greater than
nasal mucosa concentrations no net flow of NO would
occur."
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Figure 6. Graph of the measurement # \‘\rﬂh_\' :f\ W WA L“J"”V\.
of nasal nitric oxide. Level is — J \/ i i N\,
determined at the plateaux obtained T T T T T T N
during measurement (space between 10 20 30 40 50 60 70 30
the 2 red arrows). See text.
NO indicates nitric oxide; CO,, Seconds
carbon dioxide; ppt, parts per Trillon.
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Hypoxia

Oxygen supply regulates metabolism in the
epithelium and nasal NO production. Nasal hypoxia, at
an oxygen pressure below 10%, can reduce NO
synthesis as there is less substrate for its production.®

Age and Sex

NO measurements were taken from healthy subjects
of between 0 and 70 years of age without significant
differences being found except in children under 10 or
11 years of age, whose levels increase from birth until
adulthood. This can be explained by the accelerated
pneumatization of the developing paranasal sinuses that
occurs during childhood.*® Sex does not seem to affect
nasal NO levels.

Menstrual Cycle and Pregnancy

No effects of the menstrual cycle or pregnancy on
nasal NO have been reported.

Smoking

Decreased nasal NO levels have been detected in
smokers.*” A possible explanation is that the toxic effect
of tobacco smoke reduces NO synthase and disrupts the
activity of NO productive cells.

Circadian Rhythm

Changes in circadian rhythm have not been reported
to affect nasal NO, but serial measuring should be
performed at the same time each day.

Posture

Nasal NO measurements are taken with the patient
seated, although using a supine position has not been
shown to cause significant changes despite its capacity
to increase nasal cavity volume.*8

Exercise

Intense physical exercise decreases production, so
exercise should not be performed within an hour of
measurement.*>!

Body Surface Area

When a body-surface area correction is applied, NO
production 1is greater in children under 11 years of age.
This is attributable to the increase in pneumatization of
the developing paranasal sinuses, as explained above.'

Medications

228  Arch Bronconeumol 2004;40(5):222-30

Decongestants. Topical decongestants decrease nasal
NO in healthy subjects, possibly because of lack of
substrate  following blood flow reduction.!0233
However, in patients with allergic rhinitis with severe
inflammation, decongestants may increase nasal NO by
reducing inflammation and thereby reducing obstruction
to the osteomeatal complex, allowing NO diffusion from
the paranasal sinuses.

Topical local anesthetics. Topical local anesthetics
such as lidocaine and tetracaine do not alter nasal NO
production or concentration.>*

Corticosteroids. No change has been observed in
healthy subjects following the administration of topical
nasal  corticosteroids,’”*”  although  continuous
administration over 2 weeks did reduce production in
normal subjects.> Corticosteroids reduced nasal NO in
patients with allergic rhinitis, but increased nasal NO
in patients with sinonasal polyposis.

Antibiotics. Antibiotics do not seem to have any
affect on nasal NO in normal subjects but levels rise
after antibiotic treatment for sinusitis.'

NO synthase inhibitors. Topical nasal application of
L-NAME is associated with a decrease in nasal NO.
Reduction of NO synthase is greater with systemic
administration or when injected directly into the
paranasal sinuses.>'8

L-arginine. L-arginine is the substrate for NO.
Systemic administration increases nasal NO production,
but topical use has no effect.!?

Histamine. Histamine has been found to have no
effect on nasal NO.»

Vasodilators The use of papaverine is associated with
an increase in nasal NO."

Humming. Humming during inhalation or exhalation
can cause oscillating airflow and increase nasal NO by
increasing paranasal sinus ventilation.>

Clinical Value of Nasal NO Measurement

Nasal NO measurement could be useful in the
diagnosis, treatment and follow up of patients with
nasal pathology particularly as it is noninvasive.
However, cost and limited availability have prevented
its being used on a regular basis up to now. These 2
factors have also limited the number of trials performed
and the number of patients enrolled in them, giving rise
to contradictory results. The possible usefulness of
nasal NO measurement can be summarized as follows:

1. Diagnosing primary ciliary dyskinesias. These
diseases, particularly ~Kartagener syndrome, are
associated with extremely low nasal NO concentrations.
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Nasal NO measurement is a fast and easy diagnostic
method for these conditions.

2. Assessing response to treatment of sinonasal
polyposis and allergic rhinitis. Patients with severe
nasal obstruction and inflammation present with low
levels of nasal NO which increase markedly following
therapy. Allergic rhinitis, on the other hand, does not
provoke such extreme effects and nasal NO levels tend
to be high and decrease following treatment. Regular
measurement of nasal NO would aid detection of
inflammation and/or obstruction and orient therapy.

3. Ruling out nasal pathologies. Studies are
consistent in finding that untreated sinonasal polyposis,
primary ciliary dyskinesia, and cystic fibrosis all
involve low levels of nasal NO; consequently, finding
high levels of nasal NO would almost certainly rule out
the presence of these diseases. However, it must be
remembered that these processes occasionally proceed
with normal levels of nasal NO.

Conclusions

NO participation in multiple physiological processes
has constituted one of the main areas of medical
research over the last 20 years. NO produced in the
upper airways can regulate several lung functions and is
crucial in the defense against infection.

Under pathological conditions, several local and
systemic factors can modify nasal NO levels, the most
important being the obstruction of the osteomeatal
complex. Surgical and medical treatment can also
modify nasal NO in diseases such as sinonasal
polyposis and allergic rhinitis.

Despite the wide range of normal nasal NO levels,
physical variables such as nasal cavity volume, posture,
or nasal airflow resistance do not alter levels in healthy
people. Hypoxia, smoking, intense exercise, and use of
NO synthase inhibitors do decrease levels.

Nasal NO measurement is a useful noninvasive
method in the diagnosis and follow up of several
sinonasal pathologies. However, high cost and lack of
availability limit its use. Studies to date show
contradictory results in many aspects, and research into
the usefulness of this technique in daily clinical practice
must continue.
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