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Abstract: Nitric oxide (NO) is a potential bioactive gas produced continuously and con-

stantly in the airways of healthy subjects. In allergic airway inflammation, the level of

exhaled NO is usually increased and mediated by inducible nitric oxide synthase (iNOS)

enzyme presenting in the epithelium and different inflammatory cells. The measurement of

NO concentration in the airway is possible with portable devices which use an electrolumi-

nescence technique. In subjects with upper airway with allergic inflammation such as in

allergic rhinitis, the measurement of nasal NO (nNO) may help to diagnose and manage the

disease. In the lower airway, increased fractional exhaled NO (FENO) reflects directly the

inflammatory process that occurs in the airways that are typically seen in asthma. It has been

shown that there is a strong correlation between FENO levels and increased activity of

airway inflammation mediated by immuno-allergic cells and mediators. Thus, FENO has

higher specificity and sensitivity than other methods in diagnosing the severity of inflamma-

tion in asthmatic patients. Moreover, the correlation between increased FENO levels and a

high risk of bronchial hyperresponsiveness has also been demonstrated. FENO is also a

relevant biomarker to evaluate asthma status due to the change of its values occurring earlier

than clinical manifestations and spirometry parameters. In addition, the measurement of

FENO with portable devices helps to support the diagnosis of asthma, to follow-up the

control of asthma and to personalize asthmatic patients for target treatment with biologic

therapy. Therefore, measuring FENO with portable devices in the diagnosis and treatment of

allergic airway inflammation, especially in asthma, is one of the most essential applications

of NO biomarkers in exhaled breath.
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Introduction
The measurement of nitric oxide (NO) in exhaled breath is a common laboratory

test in many departments of functional exploration techniques in developed coun-

tries. Since the first scientific publication on the application of this technique in

asthma was published in 1993,1 after more than two decades, there have been more

than 3450 scientific papers indexed in PubMed on the measurement of exhaled NO

in allergic airway diseases, of which more than 3150 papers are on asthma.2 Today,

exhaled NO has been officially recognized as a biomarker of allergic inflammation

related to increased eosinophils in the upper and lower respiratory tracts. Currently,
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the technique of NO measurement is routinely used in

clinical practice as recommended by many well-known

academic societies such as the American Thoracic

Society (ATS), European Respiratory Society (ERS) or

French Speaking Respiratory Society, and so on.3–6

Nowadays, the technique of exhaled NO measurement

has become more common with the use of new portable

and inexpensive devices (hand-held devices), which make

this technique available in hospitals, clinics, health-care

centers, private offices and even at patients’ homes.7,8

The pathology of allergic inflammation in the airways is

of interest in the application of exhaled NO measurement

and mostly in allergic rhinitis, bronchial hyperreactivity, and

asthma. This field is also the typical area where measuring

exhaled NO becomes the most obviously recognized world-

wide application.9–14 In addition to allergic rhinitis and

asthma, other respiratory disorders are also studied and

applied for the measurement of exhaled NO, such as in

allergic rhino-sinusitis, for diagnosis of a phenotype of

chronic obstructive pulmonary disease (COPD) with hyper-

eosinophil, and asthma–COPD overlap (ACO), etc.15,16

Actually, the cut-off of the theoretical normal value of

exhaled NO has been established in healthy children and

adults with a slight variation but always below the normal

range by age, height, race and habitat environment, espe-

cially for children younger than 12 years of age.3–5

The measurement of exhaled NO in obstructive sleep

apnoea (OSA) is related to alveolar inflammation due to

intermittent hypoxia-induced oxidative stress and assessed

by the alveolar concentration of NO.17 However, exhaled

NO is not only used in clinical practice, but also in basic

research with experimental models, where it has been

considered as one of the parameters to be investigated in

the pathophysiological model of airway inflammation bio-

markers. Recently, the term inflammometry has been given

to the measurement of exhaled NO and mentioned in some

studies. This review is focused mainly on the clinical

utility of exhaled NO measurement in the management

of allergic airway inflammation and especially in asthma.

Biosynthesis Of Nitric Oxide In
Exhaled Breath
Origin Of NO In Exhaled Breath
In the airways, NO in exhaled breath is synthesized from

specialized cell types under responsible activity of the nitric

oxide synthase (NOS) enzyme system including three differ-

ent isoforms (neuronal NOS or nNOS/NOS-1, inducible

NOS or iNOS/NOS-2, and endothelial NOS or eNOS/

NOS-3). Endogenous NO production is dependent on the

concentration of extracellular L-arginine, which is the sub-

strate for both arginase, yielding L-ornithine and urea, and

NOS, yielding NO and L-citrulline. NO production in airway

epithelial cells is closely coupled to cellular L-arginine

uptake. Therefore, in the airways, NO production depends

not only on NOS isoform bioactivities but also on the bioa-

vailability of the substrate by competing for their common

substrate. After production, NO is dissolved in the cyto-

plasm, then diffused through the cell membrane to the extra-

cellular environment. In the respiratory system (airways and

lungs), NO acts as a signaling molecule of the intercellular

information process for modulating vascular and bronchial

tone, promoting bronchial and vascular dilatation, facilitating

ciliary beating of epithelial cells, and playing the crucial role

of neurotransmitter of the non-adrenergic and non-choliner-

gic systems.18–20 NO can be detected in exhaled breath from

the nose (nasal concentration of NO or nNO), through the

bronchial tree (fractional concentration of exhaled NO or

FENO) and to lung parenchyma (alveolar concentration of

NO or CANO).
21–24 All three types of NOSs involved in NO

biosynthesis are present permanently in the respiratory sys-

tem for ensuring continuous NO synthesis. Thus, in healthy

subjects, the concentration of NO in exhaled breath is con-

stant and always maintained at a basic level (lower limit

values). However, although the level of exhaled NO varies

very slightly in children less than 12 years due to anthropo-

metric features, exhaled NO is increased significantly in

subjects with allergic airway inflammation, especially in

allergic rhinitis and in asthma.3–5

Biosynthesis Of NO In Allergic Airway

Inflammation
The level of NO in exhaled breath has a major anatomical

origin from epithelium.25–27 The main NOS enzyme involved

in the biosynthesis of NO in the respiratory tract is inducible

NOS (iNOS or NOS-2) for normal conditions and in inflam-

matory diseases. The iNOS is present in respiratory epithelial

cells and different kinds of inflammatory cells. When stimu-

lated by the mediators from an inflammatory response, iNOS

produces NO at a slower rate but in large quantities (Figure 1).

The hyperreactivity of iNOS causes endogenous NO concen-

tration to be increased many times, compared to baseline

levels. Thus, exhaled NO is now considered as one of the

most important inflammation biomarkers in the respiratory

tract. In subjects with allergic airway inflammation, there is
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not only iNOS that activates the epithelium to produce NO but

also other inflammatory cells such as eosinophils, mast cells, B

or T lymphocytes, etc.;28,29 these inflammatory cells also con-

tribute significantly to the increase of endogenous NO level

(Figure 1). Under normal physiological conditions, the bron-

chial epithelium produces low levels of NO; but when the

allergic inflammatory process is stimulated (e.g., in asthma),

the production of exhaled NO can be increased many

times.30–32 This increased NO will be integrated into the

exhaled air stream and can be measured with different flow

rates for different anatomical levels of NO production.

However, the activity and expression of iNOSmaybe inhibited

by corticosteroids or leukotriene receptor antagonists.33,34

Method Of Exhaled Nitric Oxide
Measurement
Techniques Of Exhaled NO Measurement
Currently, there are three different techniques using for

exhaled NO measurement devices which use electrochemical

Figure 1 The mechanism of biosynthesis of NO in allergic airway inflammation. The main biosynthesis of NO in the airways is induced by iNOS presenting in respiratory

epithelial cells and inflammatory cells (basophils, eosinophils, neutrophils, mast cells, B or T lymphocytes). Intracellularly produced NO will diffuse to the lumen of the

airways. Hyperreactivity of iNOS caused by allergic inflammation induces high level of exhaled NO concentration in the airways.

Abbreviations: FENO, fractional concentration of nitric oxide; NO, nitric oxide; iNOS, inducible nitric oxide synthase; NF-kB, nuclear factor-kappa B; TSLP, thymic stromal

lymphopoietin; FcεRI, high-affinity IgE receptor; Treg, regulatory T cell; PGD2, prostaglandin D2; LTD, leukotriene D; LTE, leukotriene E; IL, interleukine.
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sensors and chemiluminescence sensors or laser spectroscopy

techniques. Portable devices with electrochemical sensors are

commonly available in the market currently, such as

Aerocrine’s Niox Mino® or Niox Veri® (Aerocrine AB,

Solna, Sweden). The first devices using an electrochemical

sensor approved by the US Food and Drug Administration

(FDA) were Bedfont’s NObreath® (Rochester, UK), and

Medisoft’s Hypair FENO® (Sorinnes, Belgium). The devices

with electrochemical technology have the advantage of cost

and size, creating small and inexpensive apparatus.8,35–38 The

measurement of exhaled NOwith chemiluminescence sensors

is a standard technique, but the devices used this technology

have relatively large sizes, complex operating conditions, and

very high prices. Therefore, this technique is used only in

some limited laboratories, although with a high accuracy and

fast response time (NOA 280i made by Sievers or Ecomedic’s

of CLD 88). Recently, the new prototypes with the use of laser

absorption spectroscopy techniques have been launched in

some laboratories.39–41 This novel technique has high accu-

racy and allows measuring simultaneously many components

of exhaled gases with a lower cost than the chemilumines-

cence technique.

Method Of Exhaled NO Measurement In

The Airways
Measuring instantaneous (online) exhaled NO is per-

formed mainly by breathing directly into the device, with

the result being displayed immediately on the monitor

screen. For fractional concentration of exhaled NO

(FENO) measurement with hand-held devices (Mino

Niox®),42 the patient sits in a comfortable position with

the mouthpiece placed into his/her mouth to blow out the

air from expiratory breath. The nose clip can be used if the

patient is not able to blow out (expiratory breath) by

mouth. During the exhalation period, some factors can

affect the results of measuring FENO from the lower air-

ways, including the contamination of high levels of NO

from the upper airways, the variation of expiratory flow,

and the adequate expiratory time. Fortunately, all the cur-

rent devices made with the standardized features can pro-

vide accurate FENO measurement.43

An exhaled flow of 50 mL/s is recommended by the

ATS/ERS when measuring FENO in the airways.3–5,44 The

expiratory flow of 50 mL/s is now acceptable for measur-

ing FENO in children and adults because it reflects very

well the concentration of NO in the airways. Principally,

the constant expiratory flow can be achieved by integrating

commonly a system that creates adequate pressure in the

mouthpiece to maintain a fixed flow when patients blow

out. Although one measurement is enough for FENO

measurement with Mino Niox as reported previously,45,46

it is recommended to measure two times and take the

average, but it is done a third time if the difference

between two measurements is over 10%.4

Measurement Of Exhaled NO In The

Airways By Offline Method
The measurements of FENO can be realized by collecting

exhaled air into a bag (Tedlar or Mylar bags) for analyzing

the exhaled NO concentration. Previous studies showed

that FENO measured by the offline method was almost

similar to instantaneous measurement with the same

exhaled air flows, and there was good agreement between

two methods for FENO values.47,48 Schiller et al. com-

pared the conventional chemiluminescence NO analyzer

with the hand-held device (Mino Niox®) and offline FENO

measurement. They reported that there was a between-

method agreement within a clinically acceptable range

for FENO values.49 The use of offline NO measurement

may be preferred for the widespread screening of respira-

tory diseases in the community.50 However, the offline

measurement of FENO has some limitations, including

the contamination of NO from the upper airway, the

instability of exhaled NO stored in repetitive-used bags,

and the lack of immediate results for a treatment decision.

Utility Of Exhaled Nitric Oxide
Measurement In Allergic Airway
Inflammation And Asthma
Mechanism Of Immune Response In

Allergic Airway Inflammation
The immune response in allergic airway inflammation due

to different allergic disorders such as allergic rhinitis,

allergic bronchitis, airway hyperresponsiveness, or asthma,

etc. consists of the period of sensitization and memory and

the response phase. The last one is then divided into early

response and late response. In the sensitive phase of aller-

gic airway inflammation, there is the differentiation and

replication of specific allergen-dependent Th2-CD4+ cells,

inducing increased IL-4 and IL-13 production. These cyto-

kines are the mediators needing to stimulate the conver-

sion and formation of heavy immunoglobulin chains in B

cells and to produce allergy-specific globulins (IgE). The
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IgE specific to allergens will then bind to high-affinity

receptors (FcεRI) on the surface of cells and eosinophils

and induce the process of allergic inflammation in the

airways (Figure 1). Therefore, IL-4, IL-13, and other cyto-

kines and inflammatory mediators also induce the exces-

sive production of NO in the inflammatory cells by

increasing the transcription and synthesis of the iNOS

protein (Figure 1). Hence, the measurement of exhaled

NO with portable devices helps to evaluate the inflamma-

tory reaction in the airways.

The excess production of NO in the airways, mani-

fested by high levels of FENO, is maintained in the

immediate (early) response phase (type I hypersensitivity

response). In this phase, the association of IgE–FcεRI

complexes on effective and sensitive cells, leading to the

release of anaphylactic mediators that induce increased

vascular permeability, hypersecretion, and bronchial con-

traction (Figure 1). If the exposure to allergens has been

continued, the late response phase occurs 6–12 hr later. In

this phase, allergen-specific Th2 cells are activated to

produce IL-4, IL-5, IL-9, and IL-13, which play a major

role in cytokine-induced exhaled NO production. In addi-

tion, the high level of exhaled NO is usually associated

with mucus secretion, airway contraction, and other clin-

ical symptoms. Other cytokines including TSLP (thymic

stromal lymphopoietin), IL-25, IL-31, and IL-33, produced

from epithelial cells, have also been found to have a

preponderant role in Th2 inflammatory response.51,52

Role Of Nasal NO Measurement In

Allergic Rhinitis
Origin Of Nasal NO And Technique Of

Measurement

Exhaled NO is produced continuously from the epithelial

layer of the nose and the paranasal sinuses under the activ-

ity of iNOS.21,53 In patients with allergic rhinitis, iNOS over

expression may be found in epithelial cells, macrophages,

neutrophils, eosinophils, and other cells (Figure 1). There

are different techniques used to measure the concentration

of NO in the nose (nNO). Recently, the new NO analysis

method based on electrochemical technology has been

developed and tested for nNO in patients with allergic

rhinitis, chronic rhino-sinusitis, or primary ciliary dyskine-

sia (Figure 2). Thus, the development of standardized meth-

ods for measuring nNO is necessary for clinical practice.

Currently, the common method of nNO measuring is to

introduce the sampling catheter to the nasal cavity via

nostril to aspirate the internal air stream (5 mL/s) during

patients’ short breath-holding (10 s) for analyzing directly

the nasal concentration of NO (Figure 2). Another method

is to measure nNO during the circulating volume when the

patient breathes normally through one nostril, while gas is

removed from the other side at a rate of 5mL/s. nNO may

be measured by handling devices via nasal mask with single

nasal exhalation and fixed flow rates.54–57

Utility Of Exhaled NO Measurement In Allergic

Rhinitis

Allergic rhinitis is a common upper airway disease that

affects about 25% of the world’s population and continues

to increase worldwide.58 In developed countries, the pre-

valence of allergic rhinitis is still high and this disease

becomes a burden for health-care systems and public

populations.59,60 Similar to other airway inflammatory dis-

orders such as asthma, the nasal mucosa of patients with

allergic rhinitis is characterized by high iNOS expression

and activity.61,62 However, the application of nNO measur-

ing is relatively complicated and remains controversial.63

In the early recommendation , it was shown that nNO was

increased significantly in patients with seasonal allergic

rhinitis during the pollen season and nNO levels had

been changed after exposure to allergens and were related

to the severity of clinical symptoms.64 Recent studies

demonstrate that patients with allergic rhinitis had a higher

level of nNO than healthy subjects.10,63,65,66 The results of

these studies also showed that the increased production of

nNO might be triggered by airborne allergens (pollens,

house dust mite, or cat or dog hairs) and could be mea-

sured by constant aspiration or with expiratory flow.

In healthy subjects without allergic rhinitis, the con-

centration of nNO measured by aspiration is higher than

that in the lower airways (350–750 vs. 5–25 ppb).10 In

fact, in the upper airways, exhaled nNO is produced not

only from the sinuses by gradient diffusion, 21 but also

from the NO produced by nasal mucosal membranes

(epithelium)67,68 and inflammatory cells (eosinophils)

related to the upregulation of inducible NO synthase

(iNOS).63,69,70 Therefore, in patients with allergic rhinitis,

nNO may be used as a biomarker of eosinophilic inflam-

mation because of its strong correlation with clinical

symptoms and airway inflammation.10,69 Therefore, nNO

may be considered a relevant biomarker for the diagnosis

of allergic rhinitis and the evaluation of allergic rhinitis

severity. Thus, the measure of nNO with portable (or

hand-held) devices is useful for the management of
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patients with allergic rhinitis (Figure 2).10,63,69 However,

as with the measurement of FENO in asthma, the level of

nNO in healthy subjects and in patients with allergic

rhinitis must be standardized and well-defined in consider-

ing its variation with confounding factors.

Role Of FENO Measurement In Asthma

Management
Currently, FENO is considered a relevant biomarker of Th2

airway inflammation in asthma and is synthesized by upre-

gulation of iNOS in epithelial cells, macrophages, neutro-

phils, eosinophils, and mononuclear cells (Figure 1).71 The

level of FENO is significantly increased in almost all kinds

of asthma phenotypes and can be detected easily by mea-

suring with portable devices. FENO is a non-invasive, easy-

to-perform and safe technique for assessing airway

inflammation in asthma. Therefore, FENO can be used as

a relevant biomarker of airway inflammation in the manage-

ment of adult as well as childhood asthma. Moreover,

FENO may be used to predict asthma exacerbations and

inhaled corticosteroid (ICS) response more consistently

than spirometry, bronchodilator response, peak flow varia-

tion or the bronchial challenge test to methacholine.5,72–74

Recently, FENO measurement has been recommended by

GINA in monitoring patients with asthma.75

Advantages Of FENO Measurement In Asthma

Diagnosis

The main advantage of FENO measurement with portable

devices in the diagnosis of asthma is that it allows direct

evaluation of the level of airway inflammation in associa-

tion with other exploration techniques such as peak flow-

meter, spirometry for measuring airway obstruction, or

Figure 2 Origin of nasal NO and technique of nNO measurement. Exhaled NO is produced from the epithelial cells, eosinophils, mast cells, and other cells under the

activity of iNOS during contact with allergens. The measurement of nNO is done by introducing the sampling catheter to the nasal cavity via the nostril to aspirate the

internal air stream.

Abbreviations: nNO, nasal nitric oxide; FENO, fractional concentration of nitric oxide; iNOS, inducible nitric oxide synthase.
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impulse oscillation system for airway resistance measur-

ing, etc. In asthma, chronic airway inflammation induced

by eosinophils is the main characteristic of pathogenesis

and also a target of treatment with ICS. The correlation

between FENO and eosinophilic airway inflammation in

asthma has been demonstrated previously by a large body

of evidence. FENO measurement gives an additional tool

in association with other functional methods used to assess

only a ventilation disorder (airway obstruction), a conse-

quence of the airway inflammation. Moreover, the sensi-

tivity of FENO is thought to be better than the forced

expiratory volume in the first second (FEV1) in prognos-

tics of asthma exacerbation and crisis due to its early and

accurate changes.76–78

In addition, in comparison with other laboratory tech-

niques for assessing airway inflammation in asthma

(induced-sputum count, blood eosinophil count, bronchial

lavage analysis, or bronchial biopsy), FENO measurement

has many advantages: this technique is non-invasive, easy

to implement and perform, accurate and not expensive,

and gives instantaneous results for treatment decisions.

Especially, due to its easy implementation, the measure-

ment of FENO is a useful tool in the epidemiological study

and early detection of asthmatic patients in the community.

The new generation of portable devices (Mino Vero®)43

also allows this technique to be performed in clinics, in

emergency departments, at patient bedsides and even in

schools or residential communities.

In the last recommendations of ATS5 and ERS,44 they

stated that FENO values in normal subjects do not exceed

20 ppb in children and 25 ppb in adults. Higher values of

FENO are considered a diagnosis of asthma. However, in

daily practice, the diagnostic values of FENO in asthma

are limited by many confounding factors such as allergy

status, cigarette smoking, previous use of corticosteroids

and other upper respiratory infections, etc. Therefore, the

use of FENO in the diagnosis of asthma should be used in

combination with clinical and other functional exploration

techniques to support diagnosis, especially in asthmatic

patients who have the features of asthma – COPD overlap

(ACO).16

Utility Of FENO Measurement In Predicting ICS

Response

One of the most important benefits of FENO measurement

is to help physicians to monitor objectively the effective-

ness of treatment with anti-inflammatory drugs. The

results of increasing published studies confirmed the

reduction of FENO in asthmatic patients after treatment

with anti-inflammatory drugs, especially with ICS.79–82

The response of FENO to ICS is very quick and depends

on the treatment dose. However, if the inflammatory pro-

cess in the airway of asthmatic patients still exists and is

not completely controlled, the concentration of FENO is

still high. In that situation, the FENO level depends on the

degree of bronchial hyperresponsiveness, eosinophil-

induced airway inflammation and clinical symptoms of

asthma. Therefore, the measurement of FENO helps to

assess the severity of airway inflammation, to predict the

level of ICS responsiveness, and to individualize the

patients for target therapy (biotic treatment).83,84

In patients with diagnosed asthma, the most important

issue is how to identify patients who respond well to ICS,

practically in the current situation, the use of ICS has been

recommended by GINA as the first-line treatment.78

Therefore, besides the use of clinical features to identify

asthmatic patients who have a phenotype responding to

ICS therapy such as early asthma onset, atopy, or positive

airway hyperresponsiveness, etc., the use of FENO mea-

surement may help to determine patients who are more

likely to respond to ICS.85,86 A recent study done in a

small group of asthmatic children showed that FENO level

was significantly higher in patients with a positive skin-

prick test for respiratory allergens and significantly corre-

lated with blood eosinophil count and ICS doses during

follow-up.13,14 The ATS recommendations state that a

FENO level less than 25 ppb (20 ppb in children) may

be used to indicate that eosinophilic inflammation and

responsiveness to corticosteroids are less likely.5

Utility Of FENO Measurement In Following-Up ICS

Response

The FENO level is significantly reduced when treated with

inhaled or systemic corticosteroids; this response occurs

quickly and inversely with the dose used. The increase or

decrease of FENO values between two measurements are a

relevant marker of loss or improvement of asthma control.

The response of FENO to corticosteroids may occur after

hours to weeks and depends on the initial dose. When the

initial FENO concentration is high (>50 ppb in adults or

>35 ppb in children), the initial dose of ICS should be

higher to effectively control the airway inflammation.

During the follow-up of asthmatic patients treated with

ICS, the significant increase in FENO is confirmed if it

is greater than 20% for values over 50 ppb or more than 10

ppb for values lower than 50 ppb from one visit to the
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next, while the reduction of at least 20% in FENO for

values over 50 ppb or more than 10 ppb for values lower

than 50 ppb indicates a significant response to ICS.5

Utility Of FENO Measurement In Asthma Control

The use of portable devices for FENO measurements is

also useful for monitoring chronic airway inflammation in

patients with controlled asthma. In these patients, although

clinical symptoms are absent, a high level of FENO sug-

gests the biological evidence of persistent airway inflam-

mation. High FENO values are similar to the existence and

active status of inflammatory cells (eosinophils, mast cells,

macrophages, or T lymphocytes, etc.) with compatible

inflammatory mediators in the airways of asthmatic

patients. Particularly, in the period of symptomatic remis-

sion, FENO measurement may help physicians to learn if

there is a latent increase of inflammatory activity in the

airway that leads to asthma exacerbation or airway remo-

deling in long-term follow-up. A high level of FENO in

uncontrolled asthma may predict a difficult-to-treat asthma

phenotype, leading to optimal treatment or target therapy.

In addition to its benefit in evaluating asthma control, the

measurement of FENO with portable devices, e.g., the criti-

cal increase of FENO values, can help physicians in primary

care to predict acute asthma exacerbations in uncontrolled or

partially controlled asthmatic patients. Also, it can help pre-

dict asthma relapse needing to step-up ICS doses or com-

bined treatment in controlled asthma. Although the use of

FENO values as a sole marker to predict asthma exacerbation

or asthma relapse in controlled asthma remains controversial,

FENOmeasurement may be used in association with clinical

and functional features for follow-up patients with asthma.

Therefore, the change in FENO compared to the initial values

may be used to personalize the appropriate and individua-

lized FENO levels for each asthma patient because it reflects

better the significant changes of airway inflammation for

adapting anti-inflammatory therapy. In addition, FENO mea-

surement with portable devices may be useful for targeting

the optimal treatment in difficult-to-treat or severe asthma.

Recently, the beneficial role of FENO measurement with

portable devices for the titration of minimal and effective

doses of ICS in asthma patients to reduce the daily dose of

ICS and cost of treatment has been demonstrated.87

Benefit Of FENO Measurement In Other Treatments

For Asthma

The measurement of FENO is also useful in asthmatic

patients who are treated with leukotriene receptor antagonists

(LRA). LRAmay reduce FENO level in asthma patients, but

the ability of this kind of drug to reduce FENO is weaker than

ICS.82,88,89 In terms of pathogenesis, patients with asthma

have overexpression of cysteinyl leukotriene that has been

synthesized and produced from inflammatory cells. This

phenomenon contributes to the significant increase of

FENO level in the airways via increased production of

FENO by iNOS. Montelukast is an LRA which is capable

of significantly reducing FENO from the initial values and

requiring some days of treatment. The efficacy of LRA in

reducing FENO also occurs before the improvement of clin-

ical and functional features. It is therefore very useful to

measure FENO with portable devices in asthma patients

who are assigned to LRA treatment in a long-term therapy

or combined therapy to achieve well-controlled asthma.

In patients with severe asthma who have “allergic” or T-

helper 2 (Th2) features, the measurement of FENO is a useful

tool for target treatment with biologic therapy. Currently, the

GINA guidelines for the diagnosis and management of diffi-

cult-to-treat and severe asthma in adolescent and adult patients

suggest FENO (≥20 ppb) as a relevant biomarker of the Th2-

related asthma phenotype in association with other Th2 bio-

markers, including blood eosinophils (≥150/µL) and sputum

eosinophils (≥2%).75 FENO may be considered as a useful

biomarker for biologic treatment in patients with severe

asthma. There are currently available biologics that have

been approved by the US FDA for add-on maintenance ther-

apy in asthma including anti-IgE receptor (Omalizumab), anti-

interleukin (IL)-5 monoclonal antibodies (Mepolizumab and

Reslizumab), an antibody that is directed toward eosinophil

receptors (Benralizumab), and a human monoclonal antibody

to the alpha subunit of the IL-4 receptor (Dupilumab). The

efficacy of these Th-2 interventional products might be eval-

uated by the significant reductions in asthma symptoms and

based on FENO levels.

Limitation Of Exhaled NO Measurement In Asthma

Besides its beneficial role, the use of FENO in the manage-

ment of asthma has some limitations. Recent systematic

review and meta-analysis demonstrated that FENO was mod-

estly correlated with levels of sputum and blood eosinophils.90

In addition, the current guidelines do not strongly recommend

the use of FENO values for ruling in or out a diagnosis of

asthma because FENO is higher in Th-2-characterized asthma,

but it is also elevated in non-asthma conditions (e.g., eosino-

philic bronchitis, atopy, allergic rhinitis, eczema).91 Moreover,

FENO is not elevated in some asthma phenotypes (e.g., neu-

trophilic asthma).4 Furthermore, the data from published
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studies have revealed that FENO might be lower in smokers,

during bronchoconstriction, and in the early phase of an aller-

gic response.4,92 Finally, until now, there have been no long-

term follow-up studies confirming the safety of withholding

ICS in patients with low initial FENO with regard to risk of

exacerbation; therefore, in patients with diagnosed or sus-

pected asthma, a low level of FENO cannot be recommended

at present for deciding against treatment with ICS.75

Conclusion
The discovery of exhaledNO as a biomarker of allergic airway

inflammation marks remarkable progress in this field, espe-

cially in asthma. The use of portable devices for FENO

measurement makes this biomarker more useful and available

in primary health-care structures. The application of FENO

measurement with portable devices helps physicians to do the

best practice in the management of chronic allergic airway

diseases such as in allergic rhinitis or in asthma. Currently, the

method of measuring exhaled NO in breathing air (FENO and

nNO) is standardized by international recommendations. In

asthma, the measurement of FENO has a great benefit in

supporting the diagnosis, treatment, and control of asthma.
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