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Background: Chronic respiratory diseases cause significant global morbidity and mortality, with asthma being
a major contributor. Globally, 461,000 asthma-related deaths and a prevalence of 262 million subjects were es-
timated in 2019. The objective of this paper is to summarize experts’ opinions in the field of asthma to produce
evidence on the clinical and economic impact of FeNO test in asthma management, as well as on its standard
operational procedures.

Methods: The analysis conducted is based on a literature review of the FeNO test’s role in asthma, focusing on
its clinical and economic impact, strengths and limitations. Insights were gathered through interviews with ten
Key Opinion Leaders in asthma management from various Italian regions. Their thoughts were summarized into
key-messages and discussed in a joint meeting. A final document consolidating these discussions was outlined and
approved by the experts involved.

Results: The FeNO test is crucial in the clinical management of asthma, aiding in phenotypic classification and
guiding therapeutic decisions, particularly in severe cases. The value of FeNO assessment is supported by extensive
literature evidence and recommended by international guidelines. Moreover, published economic analyses high-
light the sustainability of the initial investment in FeNO technology thanks to a reduction of short-term medical
costs for National Health Services by decreasing hospital admissions, specialist visits, and exacerbations related
to asthma management. The test should be conducted at the first visit at the asthma centre and then regularly
during follow-ups to monitor therapy adherence, adjust treatments, and predict response to drugs. FeNO testing
facilitates early detection of bronchial inflammation, shortening the time for patients to access appropriate therapy.
Despite its ease of use, interpreting the results requires specialist oversight due to potential confounding factors.
Conclusions: FeNO testing significantly improves asthma management by aiding in phenotyping, therapeutic
strategy formulation, and monitoring. It enhances disease control, accelerates patient care, and offers economic
benefits by reducing hospital admissions and treatment needs. However, practical and economic barriers can limit
its adoption. Standardized test execution and result interpretation by specialists are essential for accurate patient
management. The inclusion of FeNO assessment among exempt services for asthma patients would at last pro-
mote its equitable access.
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Introduction

Chronic respiratory diseases (CRDs) are one of
the main causes of mortality and morbidity worldwide,
with asthma accounting for a huge part of them. The
Global Burden of Diseases Study (GBD) 2019 reports
461,000 deaths due to asthma, a prevalent number of
262 million subjects and an incidence of 37.0 million
cases [1-3]. In regard to the national context, the
Italian Ministry of Health reported that in 2024 ap-
proximately 5% of the population, (approximately
3 million people), is affected by bronchial asthma,
including 10% of severe asthmatic subjects (approxi-
mately 300,000 people). Furthermore, it is estimated
that 87% and 77% of asthmatic patients have one or at
least two comorbidities, respectively [4].

Asthma is a heterogeneous condition character-
ized by the presence of reversible airway obstruction
and airway hyper-responsiveness typically resulting
from type-2 (T2) inflammation. The pathology is
characterized by respiratory symptoms such as wheez-
ing, coughing, breathlessness, chest tightness and
pain, associated with variable airflow obstruction, and
often underlying inflammation [5-7]. The diagno-
sis of asthma does not rely on a single defining sign
or symptom but rather requires a comprehensive and
long-term evaluation of patient clinical (i.e. symptoms,
exacerbations), functional (i.e. pulmonary function
tests), inflammatory (i.e. eosinophils, total and specific
IgE) and patient reported (i.e. ACQ, ACT, AQLQ,
SGRQ) outcomes [5-7].

An additional relevant marker for T2 airway in-
flammation is Fractional Exhaled Nitric Oxide (FeNO),
which refers to the fraction of exhaled nitric oxide that
represents an inflammatory product in the lungs [5-7].
FeNO testing is a quantitative evaluation that has been
suggested to support the diagnosis of asthma in indi-
viduals presenting with respiratory symptoms [7]. The
FeNO test is performed by the patient inhaling up to
total lung capacity and then exhaling for 10 seconds at
an average flow of 50 ml/s. The test result is then shown
from the device in approximately one minute [7].

In recent years, there has been considerable dis-
cussion regarding the relevance of FeNO testing in the
diagnostic pathway of patients with suspected asthma.
The objective of this paper is to summarize experts’
opinions in the field of asthma to produce evidence
on the clinical and economic impact of FeNO test in
asthma management, as well as on its standard opera-
tional procedures.

Methods

The analysis was carried out starting from an ex-
tensive and updated literature review on the role of
FeNO testing in asthma aimed at summarising its 1)
strengths and limitations; 2) clinical and economic im-
pact; 3) positioning of the test according to national
and international guidelines; 4) use within the Italian
medical context. The narrative review was performed

in October 2023 using Medline/PubMed database to
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search for consensus papers and reviews related to the
role of FeNO test in asthma management. Further-
more, an analysis of international guidelines and Italian
clinical pathways related to the management of subjects
affected with asthma was conducted to retrieve indica-
tions related to recommendations on the use of the test.
The articles were analyzed by three researchers
who independently analyzed the texts and extrapolated
the concepts to be assigned to the topics reported upon.
The concepts summarized were discussed in one-to-one
semi-structured interviews administered by experts in
health management and health economics, to ten Key
Opinion Leaders (KOL) in the field of asthma (res-
piratory physicians, hospital pharmacists, patient as-
sociation representatives and hospital managers) from
3 Italian regions (i.e. Campania, Lazio and Piedmont).
During the interviews field notes were used to collect
information. The data were analyzed abductively and
themes were defined @ priori. The researchers indepen-
dently analyzed the text to identify key messages and
disagreements were discussed together by researchers
and solved referring to the interviews. The opinions col-
lected were summarized in key messages and discussed
in a joint meeting with all the experts involved to reach
consensus. All the involved experts contributed to the
drafting and approved the present final document.

Results

The results of the consensus are presented con-
sidering 5 main topics, each divided into sub-topics:
the role of FeNO test in the patient’s clinical pathway
(phenotypic classification, therapeutic choice, moni-
toring, access to therapies, threshold values), organi-
zational aspects (execution, organization, acquisition),
patient’s point of view (acceptance, understanding, ex-
emption), use of the test at a primary care level and for
telemonitoring. The results are summarized in Table 1.

Role of FeNO test in the patient’s clinical pathway
PHENOTYPIC CLASSIFICATION

FeNO test should be performed in all subjects di-
agnosed with asthma to properly phenotype patients

and suspect the potential presence of upper airways
comorbidities (i.e. nasal polyps), as recommend by in-
ternational guidelines [5, 8-22]. In particular, it would
be important to perform the test during the first visit
at asthma centres.

Regarding this aspect, the European Respiratory
Society (ERS) guidelines include FeNO testing in the
diagnostic flow-chart for asthma phenotyping [17].
Also in subjects with severe asthma, FeNO test is use-

tul for phenotypic diagnosis [5, 8-22].
THERAPEUTIC CHOICE

The result of FeNO test is useful for physicians to
define the optimal therapeutic choice in subjects suffering
from severe asthma and to predict the treatment effective-
ness. FeNO is in fact recognized as a reliable biomarker
to easily and quickly monitor the response to therapy and
eventually switch the ongoing pharmacological regimen
[14,16,18,19,21-24]. The test results can indicate when
to switch from “on demand” therapies to continuous
therapies [14,16,18,19,21-24]. In mild asthma the test
can help to modulate therapies “as needed” and to predict
exacerbations, particularly in non-symptomatic subjects.
Being considered a “game changer” for its ability to pre-
dict exacerbations, centres prescribing biological drugs
should necessarily be able to perform FeNO testing.

MoNITORING

In subjects with T2 high values, FeNO test should
be carried out regularly during follow-up visits to
monitor therapeutic adherence and, consequently, re-
evaluate the inhalation technique, as well as to evaluate
the opportunity to change treatment dosage, guide the
therapeutic choice for possible changes in therapy, to
predict the therapeutic response, and foresee possible

flare-ups [7,8,18,19,22,23].
ACCESS TO THERAPIES

Within the clinical pathway of subjects with
asthma, FeNO test is useful thanks to its ability to
identify bronchial inflammation at an early stage, al-
lowing a significant reduction in the time to access

therapy [14,16,18,19,21-24].
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Table 1. Results of the analysis conducted

Topic / sub topic

Statement

Role of FeNO test in the
patient’s clinical pathway

Phenotypic classification

FeNO test should be performed in all subjects diagnosed with asthma to properly phenotype
patients and suspect the potential presence of upper airways comorbidities.

In subjects with severe asthma, FeNO test is useful for phenotypic diagnosis.

Therapeutic choice

The result of FeNO test is useful for physicians to define the optimal therapeutic choice in subjects
suffering from severe asthma and to predict the treatment effectiveness.

In mild asthma FeNO test can help to modulate therapies “as needed” and to predict exacerbations,
particularly in non-symptomatic subjects.

Centres prescribing biological drugs should necessarily be able to perform FeNO testing.

Monitoring

In subjects with T2 high values, FeNO test should be carried out regularly during follow-up

visits.

Access to therapies

FeNO test allow a significant reduction in the time to access therapy thanks to its ability to identify
bronchial inflammation at an early stage.

Threshold values

The threshold values that should be considered to interpret the test results are those indicated in the
American Thoracic Society (ATS) guidelines.

Organizational aspects

Execution

FeNO testing is simple to perform, requires no specific training, and is non-invasive.

The test should be performed by a physician specialist, or with the supervision of a specialist.

FeNO test, therefore, requires standardized execution and the results interpretation should be led by
expert personnel.

FeNO test is optimal for paediatric patients as it is non-invasive and independent of effort.

Organization

The execution of the test does not require changes in organizational terms.

No processes’ revision nor specific training to be provided to professionals are required.

The only potential obstacle to the introduction of the technology is at a cultural level: acceptance
of the new technology.

Acquisition

No new purchasing processes should be implemented at a hospital level for technology
acquisition.

Regarding hospital organisation, no problems are expected in the supply of the device and
consumables.

Patient’s point of view

The test is well accepted by patients thanks to the ease of use, being non-invasive and fast.

Acceptance Performing FeNO test helps patients to better understand asthma condition and to increase
awareness on issues relating to inflammation and specific aspects of asthma.

Understanding Patients are more inclined to adhere to therapies following FeNO testing since they understand
their implications.
Carrying out the test facilitates communication between patients and their specialist physician.

Exemption The lack of inclusion of FeNO test among the exempt services for patients suffering from asthma

represents a barrier to access the test and to its diffusion.

Use of the test at a

primary care level and for

telemonitoring

FeNO test could be used for monitoring activities via home testing and telemonitoring.

Although the test is easy to use and with a simple reading of the results, its use at a primary care
level is not recommended, since it is part of the wider and complex context of patient and pathology
management.
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THRESHOLD VALUES

The threshold values that should be considered
to interpret the test results are those indicated in the
American Thoracic Society (ATS) guidelines [13].
In detail, it is recommended that FeNO levels below
25 ppb (below 20 ppb in children) should be consid-
ered to suggest that eosinophilic inflammation and
responsiveness to corticosteroids are unlikely. FeNO
levels above 50 ppb (above 35 ppb in children) indicate
that eosinophilic inflammation and responsiveness
to corticosteroids in symptomatic patients are likely.
FeNO values between 25 ppb and 50 ppb (20-35 ppb
in children) should be interpreted with caution and
considered within the clinical context.

Organizational aspects
ExecuTion

FeNO testing is simple to perform, requires no
specific training, and is non-invasive [14,16]. Even if
simple to be used, the test should be performed by a
physician specialist, or with the supervision of a special-
ist. Indeed, the interpretation of its results has several
confounding factors and requires an appropriate level
of culture, experience and specialization [14,16,25].

FeNO test, therefore, requires standardized ex-
ecution and the results interpretation should be led
by expert personnel since values may vary based on
patients’ characteristics (e.g., age, weight, height, al-
lergies, use of inhaled corticosteroids and smoking)
[14,16]. The test is also optimal for paediatric patients
as it is non-invasive and independent of effort.

ORGANIZATION

The execution of the test does not require changes
in organizational terms, as no need to adapt spaces for
the use of the device is necessary. No processes’ revision
nor specific training to be provided to professionals are
required. It should be noted that space requirement
and measurement results may vary between portable
and “bench” analyzers [7,18].

The only obstacle to the introduction of the tech-
nology perceived by the experts involved is at a cultural

level, in terms of acceptance of the new technology
whether it is not yet available within a hospital.

No additional procedures for quality assessment
are necessary compared to the procedures commonly
adopted within hospitals treating subjects affected
with asthma.

ACQUISITION

Regarding technology acquisition, the purchas-
ing processes are the same of those in use for similar
technologies, which involve a multidimensional as-
sessment by hospital committees or clinical engineer-
ing. Because of the low cost of the technology, it is not
necessary to implement a tender.

The evaluation parameters for the purchase are
clinical, technical, economic and organisational and
in details, the parameters taken into consideration are
related to safety, organizational aspects, interpretation
of results, ease of use for the patient, sensitivity and
specificity, visual feedback for the patient, compliance
with the necessary technical characteristics, as well
as the overall economic impact, the need to manage
consumables, the ease of use for the operator and the
training need.

Regarding the supply of consumables (dispos-
able mouthpieces and filters), this is managed by
the hospital pharmacy, in consideration of the small
number of producers and the low price, a tender is
not necessary.

Furthermore, given the relatively low cost of the
technology, no critical economic factors for its acquisi-
tion are expected. Regarding consumables, the acqui-
sition is limited to disposable filters and mouthpieces,
with a low economic impact. Regarding hospital or-
ganisation, no problems are expected in the supply of
the device and consumables.

Patient’s point of view
ACCEPTANCE
The test is well accepted by patients thanks to the

ease of use, being non-invasive and fast, characteris-
tics that have been extensively discussed in literature

[7,14,15,18,19,21-23,26]. If the patient is able to
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coordinate with the technology in exhaling, no prob-
lems have been encountered in its implementation.

UNDERSTANDING

Performing FeNO test helps patients to better
understand asthma condition and to increase aware-
ness on issues relating to inflammation and specific
aspects of asthma. Patients proved to be more inclined
to adhere to therapies because they understood their
implications, and carrying out the test facilitated com-
munication with their specialist physician.

ExemMmpTION

The lack of inclusion of FeNO test among the ex-
empt services for patients suffering from asthma repre-
sents a barrier to access the test and to its diffusion. Some
patients could not be able to face the expenditure required
in out-of-pocket terms. This could result in inequity in
access to care for people suffering from asthma.

FeNO test is considered crucial for proper patient
management and should not be omitted in the pa-
tient’s clinical pathway, despite the lack of exemption
from payment.

USE OF THE TEST AT A PRIMARY CARE LEVEL
AND FOR TELEMONITORING

FeNO test could be used for monitoring activities
(e.g., via home testing and telemonitoring). The telem-
onitoring could be provided directly by hospital wards
or at a primary care level. However, although the test is
easy to use and with a simple reading of the results, its
use at a primary care level is not recommended, since it
is part of the wider and complex context of patient and
pathology management. Therefore, the interpretative
key of the test result should fit into this context and
asthma specialists should be responsible for it [27].

Discussion

The expert panel agreed on the usefulness of
FeNO testing for asthma phenotyping, as well as for
defining therapeutic strategies and supporting moni-
toring with the evaluation of adherence. The prognostic

role of FeNO test is also confirmed in terms of provi-
sion of information on the risk of future severe exac-
erbations. Furthermore, FeNO testing could have a
role in the assessment of asthma remission, measuring
bronchial inflammation, along with the measurement
of other clinical parameters. The use of the test can
therefore improve the clinical management of the pa-
thology but also speed up the process of access to care
[8,9,11,12,14-16,18,19,21,22].

The test is characterized by non-invasiveness
and ease of use both for physicians and patients
[7,14,15,18,19,21-23,26]. FeNO test could be useful
for patients for a better understanding of the pathol-
ogy and of its consequences. Furthermore, for clini-
cians the test is informative and simple to use, and,
from a hospital perspective, no critical organizational
issues are expected in terms of acquisition and manage-
ment of the technology. Among the limitations of the
test, confounding factors and different characteristics
and degrees of precision of the available devices should
be considered [7,14,16,18]. Furthermore, it should be
noted that, as reported in a study assessing three dif-
ferent nitric oxide analysers, the results of the tests
obtained in adult subjects with and without chronic
respiratory disorders showed a good correlation among
devices, but only of moderate agreement [42]. Differ-
ences in terms of results among different devices should
then be considered while defining the technology to
be acquired considering that variability in performance
can influence the results of the test [43].

It is fundamental for clinicians to reach an appro-
priate knowledge and experience in the field of nitric
oxide related to asthma management in order to be
extremely confident in the FeNO data reading and to
avoid misleading interpretation.

In terms of economic impact, available literature
reports that the initial investment required to purchase
the technology leads to a reduction in direct medical
costs already in the short term for National Health
Services, due to asthma management with related
lower hospital admissions, reduction in the need for
specialist visits and exacerbations (the analyses pub-
lished in literature were performed in Italy, Sweden,
Great Britain, Spain, The Netherlands, United States,
and Colombia) [7,12,16,18,19,26,28-41]. In detail,
considering a study performed in the Italian context,
an estimated reduction in annual direct medical costs
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per patient of - 52.23 € (-13%) and possible total an-
nual cost reduction between 102 and 204 million €
Compared to the management of patients not using
FeNO testing are estimated [26].

The most recent guidelines for managing subjects
affected with asthma no longer consider FeNO test-
ing as an optional test and underline its usefulness in
defining therapy choices and in case of uncertain di-
agnosis. Within the Italian context, clinical pathways
implemented at regional and hospital levels (i.e., Re-
gione Basilicata 2015; ASL Rieti 2019; Regione Cam-
pania 2021; Regione Piemonte 2021; AOU Careggi
2022) suggest the use of the test both in the diagnostic
and treatment definition phase (although considered
as optional in few cases) [5,13,17].

The reading of the test results should be carried out
by expert personnel to guarantee its correct interpre-
tation considering the complex framework and all the
factors that characterize the patient condition [14,16].
It is also important to provide clear indications on the
methodology to perform the test and standardize its use.

Conclusion

In conclusion, a joint action and close dialogue
involving scientific societies, patient associations and
institutions is highly needed to standardize the provi-
sion of the test throughout the national territory and
to support the definition of minimum criteria for the
identification of clinical centres eligible for the man-
agement of subjects affected with severe asthma.
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