
Key points
 Measurement of FeNO has been approved for

clinical use to monitor anti-inflammatory
treatment in asthma.

 Increases in FeNO are suggestive of
eosinophilic airway inflammation and are
readily reduced by anti-inflammatory treat-
ment.

 Increases in FeNO predict loss of asthma con-
trol before the appearance of symptoms and
changes in lung function tests.

 Evaluation of EBC biomarkers for potential
clinical applications are ongoing.



 Airway inflammation is centrally important
in asthma and other lung diseases.

Currently, asthma is viewed as a chronic inflam-
matory airway disease, and international
guidelines place great importance on treating
inflammation in this condition [1]. In contrast,
the assessment of disease severity and progres-
sion is based on clinical symptoms and lung
function tests. Monitoring of inflammation is
not included in current asthma guidelines,
although it has been demonstrated that moni-
toring the nature, extent and intensity of
inflammation improves asthma control [2]. 

What can serve as an
“inflammometer”? 
Methods used in everyday clinical practice are
not suitable for the assessment of airway
inflammation. Symptoms and their perceptions
vary widely between individuals and do not
accurately reflect the extent of airway inflam-
mation. Lung function measurements are used
to monitor disease activity; however, it has been
recognised that changes in lung function tests
are not closely related to the degree of inflam-
mation, and intensive inflammatory processes
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Educational aims
 Long term: to improve management of asthma and other chronic inflammatory airway dis-

eases.
 Short term: to introduce the measurement of exhaled NO; to summarise the main points of

current guidelines for exhaled NO measurement; to give information on the usefulness of
exhaled NO measurement in asthma management; and to give basic information on exhaled
breath condensate. 

Summary
Asthma is defined as an inflammatory disorder of the airways. Therefore, it is reasonable
to add an “inflammometer” to the available methods of disease monitoring. In this
respect, several biomarkers have been tested from different samples, including blood,
urine and exhaled breath. Breath tests for the determination of exhaled biomarkers offer
great opportunities for disease monitoring, as they are simple, completely non-invasive,
can be performed in children and also in severe patients, and can be repeated even at
short intervals. This article will focus on the use of exhaled biomarkers to monitor airway
inflammation. The central aim is to introduce the measurement of exhaled NO as a proto-
type for the application of biomarkers in the management of asthma. The field of EBC is
also mentioned to give some background information on the sampling of non-volatile
biomarkers in exhaled breath.  
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may well precede changes in lung function [3, 4].
Conversely, direct assessment of airway inflam-
mation using bronchoscopy cannot be used for
monitoring due to its invasive nature. Sputum
induction is another way of obtaining cells from
the lower airways and it has been demonstrated
that its use improves asthma control [2, 5]. This
sampling method, however, requires inhalation of
a hypertonic salt solution, which may provoke
bronchoconstriction in asthmatic patients.
Furthermore, processing the sputum samples
requires ~2 hours work by a well-trained person to
obtain reliable readings, and, at the moment,
these features limit its wide clinical use. Along
these lines, the least invasive technique is the col-
lection of exhaled breath samples. Several
mediators are present in the exhaled breath and
are shown in table 1, although the list does not
contain all of the determined molecules in
exhaled breath condensate (EBC) [6]. Some of
them, including nitric oxide (NO) and carbon
monoxide (CO), can be measured in the gas
phase, while others, such as hydrogen peroxide,

adenosine, interleukins and pH, can be deter-
mined in the EBC. 

Exhaled NO 
It was hardly more than a decade ago when
Gustaffson et al. [7] described the presence of NO
in exhaled breath. Soon after, two independent
groups observed that the concentration of
exhaled NO is elevated in asthma [8, 9]. These dis-
coveries have been followed by more than 2,000
publications on the measurement of exhaled NO,
paving the way for this measurement to enter 
clinical practice for monitoring the effect of anti-
inflammatory treatment in asthma [10]. 

NO is derived from L-arginine by NO synthase
(NOS) enzymes, of which there are at least three
distinct isoforms in the human body [11]. The cel-
lular source of NO in the lower respiratory tract is
not completely known. It is accepted that airway
epithelial cells and inflammatory cells, mainly
eosinophils, produce NO. In asthmatic airway
inflammation, inducible (i)NOS is upregulated in
several cell types, and this is likely to be the main
reason for increases in exhaled NO in the disease,
although differences in other isoforms may also
play some role [12, 13]. 

Measurement of
exhaled NO
The use of exhaled NO measurement as a clinical
tool requires standardised measurement tech-
niques and reference data in all age groups.
Therefore, there has been intensive effort to 
standardise the measurement, and now there are
internationally accepted guidelines for exhaled
NO measurement both for adults [14, 15] and
children [16] (table 2). A European Respiratory
Society (ERS) Task Force published its recommen-
dations in 1997 [14], and the American Thoracic
Society (ATS) published a statement in 1999 [15],
which has now been updated and will be pub-
lished soon. A statement on paediatric exhaled
NO measurement approved by the ATS and ERS
is also available [16]. 

The recommendations have detailed instruc-
tions for offline NO recordings, recordings under
special circumstanses (i.e. infants, ventilated
patients), multiple flow measurements and tech-
nical requirements for NO analysers. Furthermore,
they also contain details for the measurement of
nasal NO and its suggested application for the dif-
ferential diagnosis of primary ciliary dyskinesia
(PCD).
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Exhaled gases Mediators in the exhaled breath condensate
NO Adenosine
CO Ammonia
Ethane Hydrogen peroxide
Penthane Interleukins (1, 4, 6, 8), interferon-�
Volatile hydrocarbons Endothelin-1
Volatile organic compounds pH

8-Isoprostane
Aldehydes
Nitrite, nitrate, nitrosothiols, nitrotyrosine
Leukotrienes, prostaglandins
Glutathione

Other proposed biomarker: exhaled breath temperature (to reflect bronchial blood flow)

Table 1 Mediators demonstrated in exhaled breath and
proposed as potential biomarkers

> FeNO, expressed in ppb, should be used to establish exhaled NO; the exhalation flow rate
can be expressed as a subscript of the flow rate in L·second-1, e.g. FeNO0.05

> Ambient NO should be recorded and NO-free gas (<5 ppb) should be used for inhalation
> Constant expiratory flow rates should be used and recorded at each measurement:

recommended flow rate=0.05 L·second-1

> Breath hold is not recommended 
> NO analysis should be performed before spirometry 
> Subjects should refrain from eating, drinking and smoking for 1 hour before

measurements
> Serial measurements should be performed at the same time of day and the time recorded
> The following factors should be recorded: age/sex, time of last bronchodilator,

food/drinks, time of measurement, smoke exposure, any infections (including HIV) and
all current medication

Table 2 Most important points from the guidelines for
exhaled NO measurement
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Figure 2
NO chart.

Equipment for direct
exhaled and nasal
NO measurement
There are several commercially available analy-
sers for exhaled and nasal NO measurements:
LR2000 analyser (Logan Research Ltd,
Rochester, UK), NIOX� NO analyser (Aerocrine,
Solna, Sweden; figure 1), Sievers� (Ionics Instru-
ment, Boulder, CO, USA), and ECO Physics NO
analyser (ECOPHYSICS, Durnten, Switzerland).
The NIOX� NO analyser has been approved for
medical use in the European Union and was also
cleared by the US Food and Drug Administration
for clinical application in patients with asthma in
2003 [10].

In addition, the feasibility of measuring NO
in clinical practice is improving. For example, the
development of portable, lightweight NO analy-
sers that can be used in the home has important
consequences for the self-management of asth-
ma in the future.

How to perform
online NO
measurement 
When performing online NO measurement, the
patient should be seated comfortably, with the
mouthpiece at the proper height and position. A
nose clip should not be used. The patient inserts
a mouthpiece and inhales for 2–3 seconds
through the mouth to total lung capacity (TLC),
or near TLC if it is difficult to achieve, and then
exhales immediately against a mouthpiece pres-
sure (5–20 cmH2O), to ensure velum closure to
exclude contamination from nasal NO, with a
recommended expiratory flow rate of 0.05 L·sec-
ond-1 (BTPS). Approximately 10 seconds are
required to obtain a stable NO plateau. 

How to interpret
FeNO recordings 
Peaks at the beginning of exhalation are ignored
(they may represent NO from ambient air or from
oropharyngeal sources), and only NO plateaus
are interpreted. A plateau can be accepted if it is
held for ≥3 seconds and does not drift >10% over
this 3-second time frame. Measurements should
be repeated to obtain at least two NO plateau
values that agree within 10% of each other.

Exhaled NO is calculated as the mean of two val-
ues (figure 2). 

How to interpret
FeNO concentrations
In non-smokers, fractional exhaled NO concen-
tration (FeNO50) between 5–20 ppb can be
considered normal. Values >20 ppb are consid-
ered as elevated. Elevated FeNOis seen in asthma,
but other conditions, including viral infection of
the airways, bronchiolitis obliterans syndrome
and chronic obstructive pulmonary disease
(COPD), may also be associated with moderate-
ly increased concentrations of exhaled NO [6]. In
asthmatic patients, values can increase up to
3–5-fold when compared with normal values.
Markedly increased FeNO values are indicative of
eosinophilic airway inflammation and predict a
good response to steroid treatment. Values <5
ppb are seen in cystic fibrosis (CF) and in patients
with PCD.
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Figure 1
Measurement of exhaled NO.



Exhaled NO in
asthma management
To date, FeNO has only been cleared for monitor-
ing the effect of anti-inflammatory medication in
patients with asthma, although there are several
other potential applications of this measurement,
i.e. monitoring of lung transplant recipients.

Early diagnosis of asthma
The level of exhaled NO is elevated in atopic sub-
jects with increased airway hyperresponsiveness,
where subclinical airway inflammation is likely to
be already present [17]. Elevation of exhaled NO
can be found in approximately one-third of
patients with allergic rhinitis, which may indicate
ongoing inflammatory changes in the lower air-
ways [18]. Furthermore, adolescents with a
history of childhood asthma have increased
exhaled NO levels without having asthma symp-
toms [4]. Recent studies have demonstrated that
exhaled NO is superior to conventional tests,
including baseline respiratory function and 
bronchodilator responsiveness, in identifying
patients with probable asthma, both in children
and adults [19, 20].

Differential diagnosis
In asthma, levels of exhaled NO can be increased
several-fold when compared with healthy sub-
jects [8, 9, 21]; whereas, in other inflammatory
diseases of the airways, this elevation (if there is
an elevation at all) is a lot less pronounced,
although there is an important overlap between
different patients [22–24] (figure 3). The exhaled
NO measurement is also useful in the differential
diagnosis of patients with dry cough [25, 26]. It is
important to mention, however, that the typical
high increase in exhaled NO is mostly seen in
atopic asthmatic patients, and some studies have
shown that normal levels of exhaled NO can be
detected in non-atopic asthmatic subjects [27].
This observation may be explained by the fact

that, in non-atopic asthma, neutrophilic 
inflammation is sometimes seen instead of 
the characteristic eosinophilic inflammation
observed in atopic asthma [28], and elevation in
exhaled NO is closely linked with eosinophil cell
count [29] but not with neutrophils. 

Other markers of airway
inflammation
Levels of exhaled NO are associated with airway
hyperresponsiveness [29–31], number of
eosinophil cells in the blood [31] and induced
sputum [29, 32, 33], and also with the concen-
tration of eosinophilic cationic protein [34]. The
close relationship between eosinophil cell num-
ber and exhaled NO levels suggests that exhaled
NO is a marker of eosinophilic inflammation. In
asthma exacerbations, and also during the late
phase of allergen-induced airway responses, the
concentration of exhaled NO increases [35–37].
Furthermore, increases in exhaled NO levels can
be observed during natural allergen exposure
[38, 39], further confirming that changes in
exhaled NO level reflect changes in asthmatic air-
way inflammation.

Monitoring anti-inflammatory
treatment 
Inhalation of methacholine or salbutamol does
not alter exhaled NO [40, 41], although there is
evidence that metacholine challenge does influ-
ence NO measurements [42]. Anti-inflammatory
treatment, either with corticosteroids or with
leukotriene antagonists, causes a decrease in
exhaled NO [43–50], proving that elevation in
exhaled NO levels in steroid-naïve asthmatics is
due to NO overproduction linked with inflamma-
tion. Treatment with inhaled and/or oral
corticosteroids causes a dose-dependent reduc-
tion in exhaled NO [42, 43]. The reduction in
exhaled NO by anti-inflammatory treatment is
explained by the suppression of inflammation,
resulting in reduced levels of inflammatory
cytokines and, therefore, a decrease in the signal
for NO overproduction by iNOS. Regarding other
drugs used for asthma, theophylline has no effect
on exhaled NO levels [51]. 

Exhaled NO levels are in the normal range or
close to it in well-controlled patients with asthma.
Longitudinal studies have shown that, in steroid-
treated patients with a stable condition, reduction
of the dose of steroids causes an increase in
exhaled NO level, which precedes the worsening
of symptoms, lung function and also the increase
in sputum eosinophils [50, 52]. 

Figure 3
Major airway diseases are
associated with different values
of exhaled NO, with some overlap
between them.
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Based on the relationship between changes
in clinical measures of asthma control and
exhaled NO level, measurement of exhaled NO
seems to be a useful marker for monitoring the
efficacy of asthma control [52–53]. This sugges-
tion is further confirmed by the findings of others,
showing that FeNO predicts asthma relapse in
asymptomatic asthmatic patients after the with-
drawal of corticosteroids [54–57]. A recent study
showed that the elevation in FeNO predicted loss
of asthma control in patients having no symp-
toms or change in spirometry with a sensitivity of
71% and a specificity of 93% if a FeNO value of
49 ppb was chosen for cut-off level. This finding
has an important clinical implication because ele-
vation of FeNO warns the clinician about the
worsening of airway inflammation, indicating the
need to start on treatment before symptoms
appear. Another longitudinal study addressed
FeNO as a predictor of loss of asthma control relat-
ed to the withdrawal of steroids in adults [57].
Jones et al. [57] studied exhaled NO weekly for 11
weeks in 78 subjects with asthma who abruptly
stopped their inhaled corticosteroids. They found
that in subjects who eventually experienced loss
of control, exhaled NO levels had increased sig-
nificantly higher and more rapidly than in those
remaining clinically stable. In this study, exhaled
NO levels at the visit before loss of control were
predictive of the upcoming exacerbation (positive
predictive value of 80–90%) at a time when
symptoms remained stable. However, there is still
some controversy whether or not increased NO
levels can predict exacerbation of asthma [58].

Smoking causes a decrease in FeNO both in
healthy subjects and in asthmatic patients, but
asthmatic smokers have higher FeNO concentra-
tions than healthy smokers, suggesting that the
measurement may also be useful for this patient
group [59]. 

How to interpret FeNO data 
In asthma, the use of exhaled NO has been pro-
posed to diagnose asthma, to monitor the
response to anti-inflammatory therapy, to evalu-
ate compliance and to predict upcoming asthma
exacerbations. Furthermore, it is also proposed
that adjusting anti-inflammatory medications
guided by the monitoring of non-invasive mark-
ers, such as sputum eosinophils and exhaled NO,
could improve overall asthma control. 

Along these lines, elevated FeNO values seen
in untreated patients confirm the diagnosis of
asthma suggestive of ongoing eosinophilic 

airway inflammation. Successful anti-inflamma-
tory treatment causes a decrease in FeNO, which
remains low if the patient is stable. If FeNO is not
decreased, this may be caused by non-compliance
or by insufficient dose of corticosteroids. Low FeNO

values seen in patients stable on anti-inflamma-
tory treatment increase when airway
inflammation worsens, for example, due to aller-
gen exposure.  

Biomarkers in EBC
The measurement of exhaled NO has become
part of clinical practice, and the measurement of
other biomarkers in exhaled breath are rapidly
gaining attention.

The collection of EBC is a simple, non-invasive
method for obtaining samples from the airways.
EBC sampling only requires the non-invasive col-
lection of exhaled breath during tidal breathing
for 10–20 minutes in a cold trap. The obtained
fluid, however, is a complex diluted solution of
diverse biomarkers with various chemical stabili-
ties, including a variety of constituents [6, 60].
Due to the complexity of EBC and the fact that it
is a much-diluted sample, there are still several
unsolved issues surrounding this sampling
method. Proposed biomarkers in EBC include
adenosine, ammonia, hydrogen peroxide, ions,
isoprostanes, prostaglandins, leukotrienes, nitro-
gen oxides, pH and cytokines. Concentrations of
these mediators are influenced by airway dis-
eases, including asthma, COPD, CF and
bronchiectasis, and are modulated by therapeutic
intervention. Although there is expectation of this
sampling method becoming clinically useful, at
the moment, there are still many open issues,
many of which are highlighted in the report from
the ERS/ATS Task Force “Exhaled Breath
Condensate”, and none of the biomarkers in EBC
have been validated sufficiently for clinical use. It
is the very diversity of EBC itself that has prevent-
ed it from yet achieving clinical applicability. With
only a relatively small number of investigators
studying each biomarker, the process of advanc-
ing standardised methodologies for each
individual biomarker is expected to be slower
than that for exhaled NO. However, after such 
validations are indeed accomplished, EBC 
measurements may improve clinical practice by
providing useful information on those critical
aspects of disease that are left completely 
inaccessible by current means.
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Educational questions
1. Has any biomarker been
approved for monitoring
anti-inflammatory treat-
ment in asthma? 
2. What are the two most
important requirements for
exhalation when measuring
exhaled NO?
3. How would you interpret
an FeNO50 of 75 ppb?
4. What is EBC?
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Useful web links

Recommendations for exhaled
NO measurement.
www.thoracic.org/statements 

Access to material presented on
the ERS School Course entitled
“Monitoring of airway diseases”.
www.ersnet.org
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Suggested answers
1. Yes, the measurement of exhaled NO.
2. To exhale with a constant flow (because exhaled NO concentration is expiratory-flow dependent)

and against resistance (to close the soft palate to exclude NO produced in nasal parts).
3. In untreated patients, it is suggestive of ongoing eosinophilic inflammation that probably will

respond to treatment with steroids. One should consider asthma as the likely diagnosis and make
appropriate steps for diagnosis. If this high NO value is seen in steroid-treated patient, it reflects
uncontrolled airway inflammation, and potential reasons should be investigated (lack of compli-
ance, insufficient steroid dose, allergen exposure or, very rarely, steroid resistance).

4. It is a cooled exhaled breath sample that contains many different mediators, including adenosine,
protons, 8-isoprostane, hydrogen peroxide, different interleukins, many of them being proposed
biomarkers for different aspects of airway diseases.




