
EDITORIAL

Monitoring nitric oxide: here to stay for bench and

bedside
P.E. Silkoff

T
his editorial accompanies the publication, on April 15,
2005, of a joint American Thoracic Society (ATS) and
European Respiratory Society (ERS) statement, which

focuses on the measurement of exhaled and nasal nitric oxide
(NO) [1]. This statement is an excellent example of collabor-
ation between the two societies to produce a document of great
relevance to researchers and clinicians alike. For the societies,
the publication of recommendations in specific areas of
practice is perhaps the best example of how these organisa-
tions lead to practical outcomes.

NO is an essential biological mediator of both physiological
and pathological processes [2]. Its pivotal role in central and
peripheral neurotransmission and smooth muscle relaxation is
well established, while NO is also a mediator of inflammation
and a player in oxidative stress pathways. Its net effect is
probably a balance between its physiological and pathological
roles, while, for our purposes, it serves as a marker for these
processes.

Groups of researchers from many countries produced separate
guidelines for the measurement of exhaled and nasal NO,
which appeared in the European Respiratory Journal in 1997 [3],
and the American Journal of Respiratory and Critical Care Medicine
in 1999 [4]. The current document consolidates and builds
upon these efforts. A separate ATS/ERS statement for NO
measurement in children has been available since 2002 [5].

Those who access the statement in print [1] or at www.ersnet.
org/no-guideline and www.thoracic.org/statements will be
able to read background information about the following: NO
measurement; online exhaled NO testing, where results are
immediate; and offline exhaled NO measurement, where gas is
collected for delayed measurement. Sections on paediatric
exhaled NO measurement (a summary of the 2002 document
[5]), nasal NO measurement, modelling of NO airway
secretion, measurement in ventilated patients and recom-
mended equipment specifications are also included. Two
‘‘recipes’’ to build offline NO collection devices are also
accessible on the Internet.

Since the discovery that exhaled breath contains NO in 1991
[6], there has been sustained interest in the measurement of
this marker as a noninvasive index of airway inflammation
predominantly, but not exclusively, in asthma [7]. Nasal NO,
released in the upper airway in relatively high concentrations

[8], is mainly used for research, but shows great promise as a
screening tool for primary ciliary dyskinesias, where levels are
profoundly depressed [9].

The performance of any test requires standardisation so that
results can be reproducible and comparable between labora-
tories. For lower respiratory tract NO, the prevention of
contamination by ambient NO and nasal NO, both of which
may be a higher concentration than that of the lower
respiratory tract, and a tightly controlled exhalation flow rate,
as levels vary about 35-fold with flow rate [10], are essential for
reproducible measures. Fortunately, single-breath exhalation
against resistance facilitates velum closure, thus excluding
nasal NO, but, at the same time, allowing flow rate to be tightly
controlled. Online exhaled NO measurement is a simple, quick
and noninvasive test that is easily performed by school-aged
children and adults alike, while separate methods are applic-
able in very young children.

Many fads come and go, but, with .1,000 publications, this
marker of airway inflammation has stood the test of time. Why
all the excitement? Much of it has to do with the promising
application of exhaled NO in asthma, a disease that has many
phenotypic elements, such as airway calibre, bronchial
responsiveness, inflammation and remodelling, which interact
in complex ways to determine the severity and control of an
individual’s disease. Monitoring of lung function alone is
increasingly appreciated to be insufficient to gain the most
comprehensive assessment. Assessment of the inflammatory
component using sputum eosinophils and adjustment of
therapy accordingly has been shown to reduce asthma
exacerbations [11]. The close link between exhaled NO and
eosinophils suggests that exhaled NO could be used in place of
sputum eosinophils [12], and the measurement of exhaled NO
dose appears to predict asthma exacerbation in some pre-
liminary reports [13–15]. Aside from predicting exacerbations,
exhaled NO performs very well as a diagnostic test for asthma
[16, 17], and may possibly be a way to predict the response to
medication, e.g. inhaled corticosteroids [18]. Exhaled NO helps
physicians to assess adherence, which is so poor for asthma
therapy [19].

Recent advances have allowed testing in intubated patients
[20], and are briefly described in the ATS/ERS statement.
Understanding of the physiological determinants of NO
secretion in the airway has led to a description of several
flow-independent NO exchange parameters, namely the
alveolar NO concentration, the bronchial wall NO concentra-
tion and the airway transfer factor for NO [21, 22]. Perturbation
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of these parameters differs between disorders that affect
airways, e.g. asthma, and those that affect lung parenchyma,
such as interstitial fibrosis [23]. These advances are briefly
described and referenced in the updated statement.

For the application of NO to move from bench to bedside, there
are several requirements. First, the value of exhaled NO must
be established for specific disorders. Currently, asthma is the
main disease that seems to justify NO measurement, but others
may follow, e.g. monitoring of lung transplant patients. For
asthma, while research has been extensive, we need to see
well-powered and well-controlled studies that prove the
impact of exhaled NO measurement on measures of asthma
control in the widest sense, e.g. exacerbations, health–economic
outcomes on quality of life and, in the longer term, on
remodelling and prognosis. Importantly, as of yet, there are no
published normal reference ranges for health and disease.
Once more data are available, treatment guidelines need to
address the noninvasive assessment of asthma. Medical
devices need to pass the rigor of regulatory approval, and
reimbursement codes are essential for widespread application
to occur. Finally, technological advances must occur in NO
measurement, which will result in inexpensive stable and
simple devices that are applicable to the laboratory, but also to
home measurement for more difficult patients, if exhaled NO
proves to be useful in those patients.

This joint American Thoracic Society/European Respiratory
Society statement should be a living, breathing document,
through frequent updates. Researchers and clinicians are
invited to send comments and suggestions about measurement
issues to the contributors of the document, including this
author, for discussion, if and when future revisions occur.
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