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How to use the fractional exhaled

nitric oxide test

Rhiannon Hoggins
Mark Peter Tighe

ABSTRACT

Measurement of fractional exhaled nitric oxide
(FeNO) has become a mainstream, NICE-
recommended, objective test of asthma severity.
We explore the uses and practical issues with the
FeNO test using clinically relevant questions for
general paediatricians.

INTRODUCTION

Asthma is defined as airway hypersensi-
tivity and inflammation." It is a chronic
condition that often affects children,
with one in 11 children in the UK living
with asthma.? Globally, there are approx-
imately 300 million people with asthma
and annually up to 250000 die prema-
turely, with 90% of these deaths thought
to be avoidable.” As a result, it is important
to diagnose and treat asthma early to
prevent this. In diagnosing asthma, it is
important to consider the presence of
symptoms with variable airflow obstruc-
tion.” Distinguishing asthma from other
causes can present clinicians with a diag-
nostic challenge.

Asthma is associated with 4.1 million
general practitioner (GP) consultations
and greater than 25000 UK annual paedi-
atric hospital admissions, with an asso-
ciated annual cost of over £1billion.*
Evidence has shown that asthma control is
often suboptimal. The National Review of
Asthma Deaths (NRAD) showed that 57%
of patients who died from asthma were
being supervised in primary care alone,
and 46% of deaths were found to be
associated with a lack of implementation
of asthma guidelines.” The main aims of
asthma management include preventing
exacerbations, hospital admissions and
monitoring asthma control. Previously,
objective and subjective measures have
been used to assess this such as question-
naires, peak flow and spirometry. Recently,
a more discriminative test has become
more widely used in asthma management:
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A 12-year-old boy, Jamie, is seen in a
DGH respiratory clinic following a recent
hospital admission with a life-threatening
exacerbation. He has had one previous
life-threatening exacerbation of asthma,
and is thin, coughs intermittently and
denies wheezing or feeling ‘tight-
chested'. He is currently on an inhaled
corticosteroid, oral montelukast and
salbutamol if needed. His mother is

a smoker and they are suffering with
dampness and mould in their house. He
claims to be taking his steroid inhaler
regularly but his general practitioner
(GP) records note his prescriptions of
salbutamol are collected fortnightly, but
his steroid inhaler has not been collected
in 6 months.

You have heard about an objective test of
airway inflammation: fractional exhaled
nitric oxide and wonder if this could be
useful here.

fractional exhaled nitric oxide (FeNO),
which is now NICE-recommended in the
assessment and monitoring of asthma.
We aim to outline the test and discuss
its usefulness in clinical practice. Online
supplemental appendix 1 demonstrates
the search strategy for this article.

Physiological background
Asthma can be divided into extrinsic
(allergic, atopic), intrinsic (non-atopic)
and occupational.® Atopy is characterised
by a genetic predisposition to produce IgE
against environmental allergens. Atopic
asthma is related to Th2-lymphocytes
which induce airway inflammation.
Nitric oxide (NO) is produced in
normal, healthy lungs at a low level.®
In asthma, an eosinophilic pattern of
inflammation is observed which leads
to an increased production of NO.® The
majority of exhaled NO is produced
by inducible NO-synthase (iNOS) in
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the respiratory epithelium. In asthma, there is often
upregulation of iNOS expression due to the activity of
IL-4 and IL-13 (types of Th2 cytokines).® Therefore,
exhaled NO signals Th2-lymphocyte-driven inflam-
mation in the bronchial mucosa and may be useful
in asthma diagnosis. The American Thoracic Society
advocate that compared with other traditional tests,
FeNO may have advantages in identifying eosinophilic
airway inflammation.” In this way, one can identify
patients who are most likely to benefit from an adjust-
ment in inhaled corticosteroid (ICS) regimen since this
type of inflammation responds well to ICS as well as
aid in identifying treatment non-adherence.”

Technological background

FeNO measures the levels of NO when the patient
breathes out, measured as parts per billion (ppb) in
expired air. In schoolchildren, a FeNO level of =35 ppb
is regarded as a positive test.

Alongside clinical history, peak flow and spirometry,
it helps to confirm an asthma diagnosis. It is useful
when the diagnosis is unclear and to determine the
specific type of asthma the person has as high levels
of NO are indicative of ongoing allergic asthma. In
this way, it is useful in aiding clinicians to adjust the
management plan. It is suitable for children over the
age of five. FeNO testing is available in some GP
surgeries and hospital settings. This method is simple
to use, can be performed in approximately 10min
and is inexpensive.! Basic training is needed for non-
clinical staff.

There are three separate devices which have been
produced to measure exhaled NO, have been evalu-
ated by NICE and are the most broadly used in clin-
ical practice. These are: NObreath, NIOX MINO and
NIOX VERO."® All of these models are handheld. Tests
such as spirometry and peak flow have been found to
be difficult for children to use. In contrast, FeNO is
feasible for young children since child-friendly soft-
ware is available which explains the correct method
of use. Figure 1 is an example of the NIOX VERO
machine in use, demonstrating the software.

Cost

A cost-analysis was performed by the NICE (NG80)
guideline committee, summarised by table 1." This
analysis concluded that the average total cost per
FeNO test is £10.01-13.66. This takes into account
the consultation duration, staffing and the machine
cost.

It is also important to consider the annual medication
costs of managing children with asthma.' By using a
diagnostic strategy integrating FeNO with a high diag-
nostic specificity, it would be possible to reduce costs
from overprescribing for children without asthma as
well as supporting safer inhaler switching. A system-
atic review of 67 randomised controlled trials (RCTs)
assessed the clinical and cost-effectiveness of different

Figure 1 A photo demonstrating the NIOX VERO machine in use
and the software available on the screen for children.!

therapeutic management strategies including ICS and
long-acting beta2 agonists in adults and children (=12
years) with chronic asthma. They estimated the cost-
saving from inhaler-switching to be up to £201 per
patient per year.”

The NICE guidelines (NG80) concluded that the
most cost-effective strategy in diagnosing asthma
incorporates spirometry, bronchodilator reversibility,
FeNO, peak flow and a methacholine challenge test
in varying combinations depending on whether the
spirometry result was obstructive or non-obstructive.
The incremental cost-effectiveness ratios of adopting
this strategy were less than £20000 per quality-
adjusted life year (QALY)." A sensitivity analysis was
performed which showed that when the cost of FeNO
increases above £93 per use, none of the diagnostic
strategies were cost-effective at a £20000 per QALY
threshold.! This threshold would only be reached if
the machine was used less than 28 times over 5 years.
Above this level of use, practicable in most GP prac-
tices, would make FeNO cost-effective.

Clinical questions
Can the test be used to diagnose asthma? Is FeNO more accurate than
spirometry or peak flow diaries?

Asthma is a clinical diagnosis and as a result, there is
no single diagnostic test. NICE guidelines recommend
that for children under 5 years with suspected asthma,
their symptoms should be treated according to clin-
ical judgement and have regular reviews. Once they
reach § years, symptomatic children should undergo
objective testing, including spirometry, bronchodilator
reversibility or FeNO testing.’

Asthma can be diagnosed if the patient has symptoms
suggestive of asthma and a FeNO level of =35 ppb with
positive peak flow variability or obstructive spirometry
with positive bronchodilator reversibility (table 2). In
children, a FeNO level of =35 ppb makes asthma (and
a response to ICS) very likely.?
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Table 1 A table to show the estimated cost of FeNO'

Quantity Unit cost Total cost
Time taken to conduct test by healthcare professional 5-10min £0.73 per minute £3.65-£7.30
Cost of FeNO equipment per use £6.36 per use' £6.36

Total cost £10.01-£13.66

FeNO, fractional exhaled nitric oxide.

Current guidance advocating serial monitoring (peak
flow readings or spirometry) to confirm diagnosis may
miss mild asthma as abnormal airway physiology may
be undetectable, suggesting these tests used serially
have a low sensitivity.>*

Research has shown that the predictive values for
FeNO are higher than that of traditional diagnostic
methods.'” Table 3 below summarises the diag-
nostic accuracy of FeNO compared with traditional
methods.” *

Diagnostic accuracy

This indicates that FeNO has a moderate to high sensi-
tivity and a high specificity, based on high-quality
evidence.> NICE recommend that FeNO can only be
used to assist in the diagnosis of asthma in children
(alongside other investigations) if there is diagnostic
uncertainty such as either normal spirometry or
obstructive spirometry without bronchodilator revers-
ibility demonstrated.’ This is because there is scope
for significant misdiagnosis of asthma, with both false
positive and negative errors. Although asthma patho-
physiology is often associated with eosinophilic airway
inflammation, this is not always the case. This is useful
in interpreting FeNO results since in cases of asthma
that are not due to airway eosinophilia, FeNO levels
may be low.” Furthermore, there is overlap between
FeNO levels observed in patients without asthma
and in patients with atopic asthma.” This means that
a raised FeNO level is supportive of a diagnosis of
asthma, but is not conclusive.

Figure 2 is a flowchart summarising the asthma diag-
nostic pathway, incorporating FeNO. This is based on
current NICE and BTS guidelines. Overall, the BTS
guidelines conclude that a positive FeNO test increases
the probability of asthma but a negative test does not

Table 2 A table to show the positive test thresholds for
objective tests used to diagnose asthma in children and young
people (aged 5years and older)'

Test Positive test threshold

FeNO >35 ppb

BDR test Improvement in FEV, of
>12%

Obstructive spirometry FEV,/FVC ratio <70%

Peak flow variability Variability >20%

BDR, bronchodilator reversibility; FeNO, fractional exhaled nitric
oxide.

exclude asthma. Nevertheless, FeNO has a high diag-
nostic accuracy relative to all other diagnostic tests
performed in primary care. Therefore, it is appropriate
to give all patients who have undergone a spirometry
test 8and bronchodilator reversibility testing, a FeNO
test.

Clinical bottom lines

1. A raised FeNO level is supportive of asthma but not
definitive.

2. FeNO has a high diagnostic accuracy compared with oth-
er available diagnostic tests in the primary care setting.

Can the test be used to monitor response to asthma
treatment and tailor asthma interventions?

NICE guidelines (NG80) recommend that children
with asthma should be reviewed annually. This should
include monitoring exacerbations, inhaler adher-
ence/technique and symptom scores. The NRAD
was conducted by the Royal College of Physicians in
2013.° This review identified 195 patients (28 chil-
dren) whose case met the inclusion criteria and had
died from asthma. Of those patients who died, 39%
had been prescribed greater than 12 short-acting
reliever inhalers in the previous year and 4% over 50.°
In contrast, preventer inhalers were underprescribed.’
This highlights a trend of over-reliance on reliever
medication, a lack of monitoring of response to asthma
interventions and a lack of assessment of future risk.

Analysis has shown that using symptom scores in
isolation can lead to a significant number of children
being overtreated. New monitoring strategies for asth-
matic children should target poor asthma control to
prevent further morbidity or mortality. FeNO offers
additional information by quantifying the degree of
eosinophilic airway inflammation over time.' The
test can identify patients who are likely to be steroid-
responsive and which patients would benefit from
adjusting their ICS regimen rather than other treat-
ment options. NICE recommend that FeNO should be
used before commencing ICS therapy. A raised FeNO
presteroid therapy can be a good predictor of response
to treatment.

A Cochrane Review (figure 3, 2016) evaluated the
efficacy of tailoring asthma interventions according
to FeNO levels.'' They included nine RCTs involving
1426 children, placed in either the FeNO monitoring
group or the control group. Control group interven-
tions included symptom score, spirometry and peak
flow to guide treatment adjustments. All of the review
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Table 3 Diagnostic accuracy of FeNO testing (=35 ppb) in diagnosing asthma compared with traditional methods®*

Sensitivity Specificity (95% PPV
Test Population (95% Cl) Cl) NPV (95% Cl)  (95% CI) Quality of evidence
FeNO Children 57% 87% 49% 90% High—no risk of bias,
inconsistency or indirectness
Adults 43% to 88% 60% to 92% 65% to 93% 54% to 95% Moderate—no risk of bias,
serious indirectness
Spirometry Children 52% 73% 49% 75%
Adults 23% to 47% 31% to 100% 18% to 73% 45% to 100% Moderate—no risk of bias,
serious indirectness
Peak flow Children 50% 72% 74% 48% High—no risk of bias,
Adults 46% 80% 10% 97% inconsistency or indirectness
Bronchodilator Children 50% 86%
reversibility Adults 17%1t069%  55% to 81% 2% 1t068%  53% to 82% Very low—serious risk of bias,

inconsistency and indirectness

FeNO, fractional exhaled nitric oxide; NPV, negative predictive value; PPV, positive predictive value.

Fatient <17 years with
suspected asthma
<5 years I =5 years
Treat symptoms 1) I-I:m
based on clinical
judgement mirﬁm
2) Spirometry
Norrmal spirometry S:f:r”nﬁ:'f
(FEVUFVC =70%) (FEVAIFVC<T0%)
- Diagnostic 3) Bronchodilator
. uncertainty reversibility test
4) FeNO testing (BDR)
; Megative result | Positive regult
Improvement Improvemant
= = FEV1<12% FEVI=12%
unceainty Diagnose
4) FeNO testing —  asthma
5) Peak flow
variablity*
Negative resul Positive result
<34ppb »35ppb o
>20% vanability
Negative result Positive rgsylt
«20% variability *20% variability
5) Peak fow
variablity*

Negative resulf
=20% variabiity

Figure 2 A diagram to summarise the asthma diagnostic pathway, adapted from the NICE asthma guidelines and BTS asthma guidelines.'
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+ Significantly fewver children in the FeMNO group
MNumber of exacerbations experienced exacerbations compared to the
contral group

+ Ddds ratio 0.58, 95% CI (045-0.75)

o + Fewer children in the FeMNO group required
GEEMRERTEE B BIERI L TEIN  rescue prescriptions compared to the control

SIS - Olds ratio 0.63, 95% CI (1.46-0.83)

+ FeNO monitoring did not have a significant
impact on exacerbation rates

+ Mean difference -0.37, 95% CI (-8.8-0.08)

Exacerbation rates

Figure 3 Petsky and Chang: exhaled nitric oxide levels to guide
treatment for children with asthma. (Cochrane review): key results
summary."" FeNO, fractional exhaled nitric oxide.

studies were hospital-based, affecting their relevance
in primary care.

Overall, the review concluded that using FeNO to
tailor asthma therapy cannot be universally advocated.
However, the review used the number of patients who
had exacerbations during follow-up as the primary
end-point and did not adjust for multiple exacerba-
tions during the study period." The National Institute
for Health considers asthma exacerbation rates as the
most valuable outcome for assessing asthma exacer-
bations.'” Reanalysing the review data using asthma
exacerbation rates as the end-point demonstrated
that the exacerbation rate was significantly lower in
patients receiving FeNO-based asthma management. "

Price et al performed an observational study (2013)
analysing clinical data to identify patterns of FeNO in
UK primary care and its effects on physician/patient
behaviour. This aimed to inform algorithms for the
use of FeNO in practice (figure 4)."* A total of 678

Interpretations

patients aged 4-80 years were included, involved in
routine FeNO measuring. Using published evidence
and the study results, the authors developed a clinical
algorithm using FeNO for monitoring patients with
asthma.

Clinical bottom line

NICE do not currently recommend the routine use of
FeNO to monitor asthma control as there is a lack of
sufficiently powered studies demonstrating benefit.
However, FeNO can support management in symp-
tomatic children despite using ICS and in specialist
asthma clinics." Further research is needed into the
role of FeNO in asthma monitoring.

In children with asthma, is FeENO more reliable than
clinical history, spirometry or peak flow in predicting
future asthma exacerbations? Can the test be used to
measure ICS adherence?

Research has shown that the majority of patients with
asthma with treatment failure have an associated lack
of ICS adherence. Furthermore, studies have shown
that in children referred to tertiary care with ’severe
asthma', adherence with prescription collection was
below 80% in over half of the cohort.” This can
lead to increased unplanned healthcare attendances
(UHAs), the provision of oral corticosteroids, and in
some cases, death. Furthermore, exacerbations can
reduce lung function and increase time off school/
work.!

International guidelines recommend that non-
adherence should be considered in all patients with
severe asthma that is difficult to control before consid-
ering treatment escalation.'® However, detecting this

- Symptom and

- Lung function
measurements

Routine assessments

exacerbation history

LOW FeNU levels

=20ppb

Intermediate FeNO levels

FeNO t

l | 20-35ppb
{ Symptomatic ] [ Asymptomatic ]
Symptomatic Asymptomatic
¥ Con:i_ge:_lgsnzsnaﬁve - Consider ICS dose
= reduction or withdrawal if
3 5 already on low dose
- Consider adding a non- - Evaluate inhaler - Evaluate inhaler
ICS freatment - Follow-up within 4 technigue and adherence technigue and adherence
wecks with repeat FeNO
|- Evaluate ICS adnerence - Consider ICS dose | Maintain current ICS dose.
increase If stable FeNQ for 3-6
months: consider step-
| Consider also adding non-| down with follow up with
ICS treatment to optimise repeat FeNQ within 4
inflammatory control weeks

Figure 4 Algorithm for the management of asthma based on FeNO levels (adapted from Price et al): FeNO, fractional exhaled nitric oxide; ICS,

inhaled corticosteroid.
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@ Restricted spirometry only (n=4)

® Obstructed spirometry only (n=52)

@ Obstructed spirometry and FeNO 235ppb (n=58)
® FeNO =35ppb only (n=111)

® Normal spirometry and FeNO <35ppb (n=240)

Figure 5 A diagram demonstrating the percentage of children with
normal compared to abnormal objective tests. Adapted from the study
performed by Lo et al."”

non-adherence can be difficult, with self-reported and
parental-reported adherence often overestimated.'”

Lo et al conducted a UK prospective observational
cohort study.'” Using spirometry, FeNO and asthma
control test (ACT) scores, they assessed the prevalence
of abnormal spirometry and FeNO in 614 children
with asthma across 10 general practice settings. They
then explored the inter-relationship of this with asthma
control and measured the number of UHAs. They
found that almost 50% of the cohort reported good
asthma control based on their ACT score but had at
least one objective test abnormality, with 12% having
both abnormal spirometry and FeNO."® This suggests
that symptom-based evaluation of asthma severity and
control may lead to under-recognition and suboptimal
control. Abnormal pulmonary function and FeNO
levels are common in children presenting to primary
care for an asthma review. Figure 5 further demon-
strates the results of this study."”

In total, 25% of the cohort had a raised FeNO
level without abnormal spirometry. Furthermore, at
follow-up 6-month postreview, the mean number of
UHAs fell from 0.31/child in the 6 months preceding
the review to 0.2/child (p=0.0004). There was also
an increase in median ACT score from 20 to 22
(p=0.032)."” This demonstrates the benefits of FeNO
monitoring and regular asthma reviews in reducing
morbidity and mortality, and identifying those with
poor adherence. This is further supported by the study

published by Heaney et al in the adult cohort that
found that FeNO suppression testing was an effec-
tive method of identifying non-adherence to ICS in
patients with poorly controlled asthma.'®

An observational UK study of 93 children aged
5-17 years assessed ICS adherence using electronic-
monitoring.'” This was compared with self-reported
adherence, FeNO and spirometry. They showed that
suboptimal adherence (<80%) was found in 58%
of children. There was no significant difference
observed between the varying adherence groups and
the measured parameters at the start of monitoring
(such as FeNO, FEV). Over the monitoring period, a
significant but weak correlation was found in changes
in asthma control between adherence and FeNO
(r=0.46; p<0.001) whereas no correlation was found
with the other monitoring groups.'’

Clinical bottom lines

1. Consistent evidence has not validated whether FeNO can
be used to monitor adherence. Therefore, this is not rou-
tinely advocated by NICE.

2. Despite this, FeNO is potentially a valuable biomark-
er when used alongside adherence monitoring in order
to influence management decisions in patients who are
symptomatic despite using ICS."

Limitations

Studies have shown that a positive FeNO test is supportive
of an asthma diagnosis. However, this is not conclusive
since there are many confounding factors which can
influence results.” This is summarised in table 4.

A cross-sectional analysis of 276 children was conducted
in Finland.** They completed a questionnaire and under-
went medical assessment, including FeNO. A total of 114
healthy, non-atopic, school-aged children were included.
Patients with a history of atopy, infection, abnormal lung
function and smoking were analysed separately. They
found that FeNO was significantly associated with age
(p<0.0001) and height (p<0.0001), but not with gender
(p=0.42).”" Research has shown that height is the best
determinant of FeNO in healthy children. On average,
an increase in height range of 120-180cm leads to an
increase in FeNO from 7 to 14 ppb.2° This highlights
the importance of interpreting FeNO results in their
clinical context and considering proposed models when
analysing data.

Furthermore, increased FeNO levels are affected by
atopy (OR 9.0, 95%CI, p<0.0001), allergic rhinitis
and atopic dermatitis independent of the child having
asthma.?’ Therefore, FeNO levels should not be inter-
preted without knowing the child’s atopic status.

Clinical outcome

Jamie’s FeNO was 55 ppb. This result enabled an
honest conversation about ICS use. Jamie noted that
he had recently lost his steroid inhaler but was keen
to return to playing football. He restarted his ICS
and was considered for a combined ICS/long-acting
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Table 4 Factors affecting measured FeNO levels'

Factors which increase FeNO Factors that decrease FeNO

Allergic rhinitis in patients exposed  Cigarette smoking (acutely and

to an allergen and atopic dermatitis cumulatively)

Increased height Childhood (<12 years old). This
is less important in adolescence
and not significant in adulthood

Rhinovirus infection in healthy

individuals

FeNO, fractional exhaled nitric oxide.

reliever such as Symbicort SMART and once daily
Relvar to help with adherence. Given his previous
life-threatening exacerbation, he was referred to the
tertiary multidisciplinary team respiratory clinic. In
the meantime, a home visit by the respiratory nurse
identified significant damp and mould. Two months
later, his FeNO had improved to 14, with improved
symptom control. The council had remediated the
problems with the damp and mould. He was also back
playing football.

CONCLUSION

There is currently a lack of evidence demonstrating a
statistically significant benefit associated with FeNO
measurement in order to support its routine use in
asthma monitoring in primary care. Studies indicate
that FeNO monitoring is associated with a reduction
in asthma exacerbations owing to the appropriate
targeting of increased ICS dose. Furthermore, FeNO
has the potential to be cost-effective due to the asso-
ciated reduced costs of hospitalisation and adverse
complications. Further data are needed to define the
optimal decision thresholds and the specific role of
FeNO in asthma monitoring. The test is associated
with low cost, ease of use and reproducibility.
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Test your knowledge

1. Which of these FeNO levels is raised, in a new patient
with suspected asthma?
A. 12 ppb
B. 20 ppb
C. 40 ppb
D. 60 ppb
E. 100 ppb

2. FeNO is likely to be falsely raised in which of these
groups?
A. Children with rhinovirus
B. Children who smoke tobacco
C. Children with allergic rhinitis
D. Children who vape

3. Which of these test results for asthma are clinically
significant?
A. Bronchodilator reversibility (BDR) test:
improvement in FEV, of 15%
B. FeNO 50 ppb
C. Spirometry: FEV,/FVC ratio 75%
D. Peak flow variability 25%

4. You review an 8-year-old boy who is taking a fluticasone
50 mcg inhaler for asthma (two puffs two times a day)
and salbutamol (two puffs two times a day and as
needed). He produced a FeNO of 12 ppb and reports
being well. Would you consider:

A. Reducing his inhaled steroid dose (to one puff
two times a day)

B. Increasing his steroid dose (to three puffs two
times a day)

C. Switching him to beclomethasone (two puffs two
times a day)

D. Retesting FeNO if his symptom control changes

5. What is the estimated cost of FeNO per patient (in an
outpatients setting)?

A. 50p
B. £10
C. £50
D. £100

Answers to the quiz are at the end of the references.
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