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The Use of Fraction of Exhaled Nitric
Oxide in Pulmonary Practice*

Kaiser G. Lim, MD, FCCP; and Carl Mottram, RRT, RPFT

The measurement of the fractional concentration of exhaled nitric oxide (FeNO) is a convenient,
noninvasive, point-of-service office test for airway inflammation. The first half of this practice
management review presents the methodological, interpretative, and clinical applications of
FeNO. The second half discusses practical management issues, including current and future
technology, equipment specifications, US Food and Drug Administration regulations, cost,
current procedural terminology coding, and reimbursement. The measurement of FeNO is
helpful in the diagnosis of asthma. It is predictive of a response to inhaled corticosteroids (ICSs).
Monitoring FeNO is useful in maintaining asthma control by allowing the assessment of
adherence to medication and dose titration of ICSs. An elevated level of FeNO is predictive of
asthma relapse following corticosteroid withdrawal especially in children. The advances in
technology, ease of use, and clinical utility will lead to greater availability, acceptance, and
routine application in the care of asthma. (CHEST 2008; 133:1232–1242)

Key words: asthma; exhaled nitric oxide; practice management

Abbreviations: ATS � American Thoracic Society; BCBS � Blue Cross and Blue Shield; ERS � European Respiratory
Society; FDA � US Food and Drug Administration; FeNO � fraction of exhaled nitric oxide; ICS � inhaled corticosteroid;
NO � nitric oxide; NOS � nitric oxide synthase; ppb � parts per billion; TEC � technology evaluation center

A sthma is characterized by reversible bronchos-
pasm, bronchial hyperresponsiveness, and airway

inflammation. Proper antiinflammatory treatment
requires accurate assessment and monitoring of the
underlying inflammatory state of the airways.1 Until
recently, there has been no point-of-service test
available to assess airway inflammation in asthma.
The adequacy of antiinflammatory control is com-
monly assessed imperfectly by clinical inference (ie,
resolution of symptoms and physical findings), im-
provement in airflow limitation, and bronchial hy-
perresponsiveness in response to therapy. It is im-

portant to recognize that these various clinical and
physiologic outcomes do not track each other con-
sistently. They are only partially related to airway
inflammation and may be influenced by other inter-
woven pathophysiologic mechanisms.1 It is now pos-
sible to assess airway inflammation in asthma pa-
tients by measuring the fractional concentration of
exhaled nitric oxide (FeNO) during an office visit.2

This practice management article will discuss
only online point-of-service use of FeNO in an
ambulatory practice. Static or dynamic nasal nitric
oxide levels obtained with humming, and offline
collection and the tidal breathing method of ex-
haled NO measurement will not be discussed.
Information on these are available for those inter-
ested in the American Thoracic Society (ATS)/
European Respiratory Society (ERS) consensus state-
ment.2 Table 110,32,39–43,47,51–58,60,61,68–76 summarizes the
clinical role of exhaled nitric oxide. There is interna-
tional consensus regarding the testing methodology.2
Normative reference equations and values are now
available.3 The measurement of FeNO is highly repro-
ducible, responsive to changes in the underlying dis-
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ease state, and predictive of response to therapeutic
intervention with antiinflammatory medications. The
test is easy to perform from the patient’s perspec-
tive. The clinical interpretation of the results depends
on the specific clinical question and circumstances of
the patient involved. There are still questions to be
answered regarding the clinical interpretation of FeNO
findings in specific situations. In our pulmonary func-
tion laboratory, there have been � 1,800 tests per-
formed safely in children and adults with no reported
adverse events, and the demand continues to increase
(Fig 1). Several excellent review articles4,5 on the
clinical application of exhaled nitric oxide have been
cited. The National Asthma Education and Preventive
Program6 supports the use of FeNO in asthma patients,

citing its reproducibility, association with markers of
asthma severity, and its role in inhaled corticosteroid
(ICS) therapy.

Background

Nitric oxide (NO) is a widely distributed endogenous
regulatory molecule in the body synthesized from
L-arginine by the enzyme NO synthase (NOS).7 NO in
the airway is measured by its reaction with ozone,
which is detected by chemiluminescence. NO was first
described as a vascular smooth muscle relaxant and was
subsequently found to be present in the expired breath
of animals and humans.8 This led to the observation
that FeNO is elevated in asthmatic patients.9 The level
of FeNO decreases after the administration of ICSs10

and systemic corticosteroids.11 NO is continuously pro-
duced in the airway by NOS.12 Of the three isoforms of
NOS, it is the inducible calcium-independent NOS
(also called NOS2A) that is important in asthma.13,14

The level of FeNO in patients with asthma is derived
predominantly from inducible calcium-independent
NOS15 in the airway epithelium of the bronchial
wall16 with possible contribution from inflammatory
T cells and macrophages.16,17 NOS is up-regulated
transcriptionally by inflammatory cytokines in the
airways of patients with asthma.18,19

The Level of FeNO Correlates With Markers of
Airway Inflammation

The level of FeNO correlated significantly with
the degree of bronchial hyperresponsiveness, bron-
chodilator reversibility, and atopy.20–22 It is corre-
lated with blood and airway inflammation in patients
with asthma (ie, blood eosinophilia),23 sputum eosin-
ophils,24,25 mucosal eosinophilia,26,27and BAL eosin-
ophilia.28,29 FeNO decreases quickly after the start of
antiinflammatory therapy,30 with improvement in
airway inflammation,22,31 and increases when airway
inflammation worsens.32–34 FeNO plateaus quickly
and does not necessarily parallel the changes in the
levels of sputum eosinophils.33,35 It is not unique to
asthma and can be elevated in patients with atopy,
allergic rhinitis,36 and eosinophilic bronchitis without
asthma.37,38 FeNO is an excellent noninvasive mea-
sure of eosinophilic airway inflammation.

Clinical Application of FeNO

Diagnosis: The finding of an elevated FeNO is
helpful in establishing the correct diagnosis of asthma
in patients (Table 1).39–42 In the presence of compat-
ible respiratory symptoms and airflow limitation, an
elevated FeNO has high sensitivity and specificity for
diagnosing asthma.40,41 FeNO levels correlate with
symptom frequency and bronchodilator use but not

Table 1—Usefulness of Determining FeNO

Establish the correct diagnosis of asthma in corticosteroid-naïve
patients39�42

Chronic cough52�54

Exercise-induced bronchoconstriction55

Differentiate COPD from asthma51

Predictive of a favorable response to corticosteroids in subjects with
asthma,56�58 COPD,59 or nonspecific respiratory symptoms60

Titration of antiinflammatory medication in patients with
asthma47,61,68�71

Attainment and maintenance of asthma control58

Predictive of impending asthma exacerbation32,72�74

Monitor asthma medication adherence10,75,76

Volume of FeNO Studies at Mayo Clinic Rochester
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Figure 1. Volume of FeNO studies at the Mayo Clinic (Roch-
ester, MN).
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with FEV1.43 It complements bronchoprovocation tests
in detecting asthma in large population studies.44

FeNO is elevated in both allergic and nonallergic
asthma patients, although FeNOs are higher in the
former.45 The FeNO may be within normal limits in
mild nonatopic asthmatic patients46 or in patients al-
ready receiving ICS therapy.47 In these situations, a
normal level of FeNO does not exclude asthma. Atopy
and airway inflammation are separate dimensions of
asthma.48 The level of FeNO does not differentiate
between different grades of asthma severity49 nor does
it correlate with FEV1.45,50 It can help to differentiate

between COPD and asthma,51 as well as aid in the
assessment of asthma-related chronic cough.52–54 A
low level of FeNO may also exclude exercise-induced
bronchospasm.55

Therapy: One of the most useful features of
measuring the FeNO is its ability to predict the
response to therapy with oral corticosteroids56 and
ICSs in patients with asthma,57,58 COPD,59 cough,54

and otherwise nonspecific respiratory symptoms.60

In asthma patients, the FeNO decreases rapidly with
the use of ICSs30,47,61 and antileukotriene therapy,62–65

Table 2—Interpretation of FeNO Values*

FeNO Values Adult Pediatric Comment

Low � 10 ppb93 Consider: primary ciliary dyskinesia; cystic fibrosis93

Normal � 35 ppb94 5–2595

Upper limits of FeNO
depending on age and
height 24–54 ppb3

Never-smoking adults:
Ln(FeNO) � 0.057 � 0.013 � height (in

cm) � 0.0088 � age (in yr)
Nonatopic, never-smoking adults:

Ln(FeNO) � �0.0026 � 0.013 � height (in
cm) � 0.010 � age (in yr)

Elevated � 35 ppb94

Reproducibility ICC, 0.94 ICC, 0.94 No “learning effect”
No diurnal variability
Coefficient of reproducibility as the mean (pooled

SD) of 2.1 � 1.25 ppb94

Significant difference � 4 ppb94 � 4 ppb � 4 ppb may imply a significant change in FeNO;
the clinically minimal important difference is
not available

Clinical application
Asthma diagnosis � 10 ppb42 Preschool children (� 7 yr)

Sensitivity 86%; Specificity 92%; PPV 78%; NPV 95%

� 20 ppb41

(17/47 with asthma)
Sensitivity 88%; Specificity 79%; PPV 70%; NPV 92%

� 20 ppb96

(138/172 with asthma)
US Air Force recruits; Sensitivity 53%; Specificity 68%;

PPV 87%; NPV 26%

Predictor of ICS
response

� 47 ppb60 result adjusted for
a flow rate of 200 mL/s

Outcomes: FEV1 1 � 12%; PC20; AMP 1 two
doubling doses

ICS reduction FeNO cutoff goal � 35 ppb70 Exacerbation rate 0.49 in FeNO-alone group vs 0.9
in GINA clinical control group (NS); significant
ICS dose reduction in FeNO group (p � 0.01)

FeNO Goal � 30
ppb69

Did not change ICS dose but AHR improved

Predicting loss of
control

FeNO � 22 ppb68 Single model: OR, 10.4 (95% CI, 4.0–27.0); area
under ROC curve, 0.76

Multiple logistic regression model: OR, 6.3 (95%
CI, 3.75–10.58)

Predicting loss of control: sensitivity, 79%; specificity,
69%; PPV, 44%; NPV, 92%

FeNO � 35 ppb68 Predicting loss of control: sensitivity, 71%; specificity,
82%; PPV, 53%; NPV, 91%

Asthma relapse after
ICS withdrawal

� 50 ppb3 � 49 ppb74 If measured 4 weeks after ICS reduction, it is
predictive of asthma relapse; sensitivity, 71%;
specificity, 93%; PPV, 71%; NPV, 93%

*All values cited were performed online with ATS/ERS recommendation of flow rate at 50 mL/s, unless specified. 1 � increases;
PC20 � provocative concentration of a substance causing a 20% fall in FEV1; GINA � Global Initiative for Asthma; NS � not significant;
AHR � airway hyperresponsiveness; ROC � receiver operating characteristic; OR � odds ratio; CI � confidence interval; PPV � positive
predictive value; NPV � negative predictive value; ICC � intraclass correlation coefficient.
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but not with nedocromil66 or theophylline.67 The
FeNO exhibits a dose-response relationship with ICSs
and has been shown to be useful in titrating antiinflam-
matory medication in asthma patients while maintain-
ing asthma control and predicting outcome.47,61,68–71 In
several studies,32,72–74 FeNO has been predictive of
asthma exacerbations. Zacharasiewicz et al68 reported
that an FeNO of � 22 parts per billion (ppb) was
associated with a sixfold greater risk of losing asthma
control. Another study74 found a FeNO of � 49 ppb to
have the optimal sensitivity and specificity for predict-
ing relapse. Each doubling of the FeNO level increased
the risk of an asthma relapse by threefold. Because
FeNO increases quickly once medication is stopped,10

it has been used to monitor adherence to antiinflam-
matory medication.75,76 There is no correlation be-
tween FeNO and quality of life as measured by the
asthma quality of life questionnaire in steroid-naı̈ve
asthmatic patients.77

Interpretation of Results: The literature prior to
the 1999 ATS recommendations78 can be difficult to
interpret because of the different methodologies
employed in measuring the FeNO. The level of the
FeNO is affected by prior therapy, testing condi-
tions, and flow rate. In 2005, both the ATS and ERS
recommended using 50 mL/s as the standard flow
rate.2 Most of the earlier studies used higher flow
rates as well as offline collection and tidal breath
methods for measuring FeNO. The clinician has to
be aware of the methods employed in the measure-
ment of FeNO before applying cutoff levels to the
FeNO cited. Table 2 cites only studies that used
the 2005 ATS/ERS recommendations,41,60,68,69,74,94–97

with one exception.70 There is currently no single
accepted cutoff point.

In general, a FeNO of � 35 ppb in a steroid-naı̈ve
patient presenting with respiratory symptoms is com-
patible with the diagnosis of asthma. An elevated

FeNO of � 38 ppb in patients with chronic cough is
predictive of a response to ICS therapy.54 If an asth-
matic patient already receiving ICSs continues to have
persistent symptoms, a finding of an FeNO of � 35
ppb is suggestive of atopy, persistent airway inflamma-
tion, or nonadherence to therapy. An FeNO of � 35
ppb in such a setting should prompt the clinician to
look for comorbidities. It should not be interpreted as
definitively excluding persistent eosinophilic airway in-
flammation as the cause of symptoms.29

Practice Management Issues

Measurement of FeNO: The ATS and the ERS
issued a statement2 in 2005 regarding equipment spec-
ifications and the standardization of procedures for the
measurement of exhaled NO. The required specifica-
tions for NO analyzers are reproduced in Table 3.2 An
example of the test procedure used at the Mayo Clinic
Rochester is provided in Table 4.98 Various factors
influencing FeNO are found in Table 5.2,9,94,99–134

Equipment: In the United States, only one device
(NIOX; Aerocrine; Solna, Sweden) has received US
Food and Drug Administration (FDA) approval for
clinical use.79 A newer model (NIOX FLEX; Aero-
crine) will be launched soon. These devices are
targeted for academic centers and specialty clinics. A
portable unit based on an electrochemical sensor and
not chemiluminescence (NIOX MINO; Aerocrine)80

was introduced in Europe in 2005 but has not been
approved by the FDA as of this writing. It is a
hand-held device designed for use by specialists,
general hospitals, primary care physicians, and pa-
tients. The FDA labeling restricts the operation of
the NIOX device to trained physicians, respiratory
therapists, nurses, and laboratory technicians. Both
the NIOX FLEX and NIOX MINO devices allow
results to be printed. None of the models have the

Table 3—Required Specifications for NO Analyzers*

Parameters FeNO Nasal NO

Sensitivity 1 ppb (noise, � 0.5 ppb) 10 ppb
Signal/noise ratio � 3:1 Same as exhaled NO
Accuracy � 1 ppb � 10 ppb
Range 1–500 ppb 10–50 ppm
Instrument response time† � 500 ms � 500 ms
System lag time‡ To be measured and reported by the investigator Same as FeNO
Drift � 1% of full scale/24 h Same as FeNO
Reproducibility � 1 ppb � 10 ppb
Flow-through sensor To be measured by manufacturer and reported in publications Same as exhaled NO

*Table is from the study by the ATS and ERS,2 reprinted with their permission.
†Defined as the delay from the introduction of a square-wave signal until achievement of 90% of the maximum signal, inclusive of electronic delays
and inherent instrument physical delays because of sample introduction, but not including tubing length.

‡Defined as the delay due to sample transit time through tubing and connections in a particular application system or setup.
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ability to export data to external electronic medical
record systems.

Cost: The Aerocrine Company sells the NIOX
system in a Start package. This includes a computer,
software, monitor, keyboard, calibration gas, instal-
lation, and training. The US price is about $43,000
(all values in US dollars).81,82 The operational costs
include $1,500 for a gas regulator, $94 every 6
months to replace the NO scrubber, and $1,400
every 12 months for calibration gas. The NIOX
system has to be serviced every 18 months ($3,000).

Each test will consume a disposable mouthpiece
filter ($4). A single test costs about $165.82 The
NIOX MINO is estimated in a report by the National
Horizon Scanning Centre (http://www.pcpoh.bham.
ac.uk/publichealth/horizon/PDF_files/2005reports/
NIOX_MINO.pdf) [funded by the Research and
Development Division of the Department of Health
in the United Kingdom] as costing £2,100 for the
base unit with a lifespan of 1,500 tests. Each kit
contains 300 tests, with each test costing approxi-
mately £5. Since the NIOX MINO is based on
electrochemical sensor technology, it does not re-

Table 4—Single-Breath Exhaled Nitric Oxide Protocol (Modified)*

Procedure
Patient identification: confirm full name, age, and clinic number (and birth date if applicable)
Use universal precautions with all patients
Explain the procedure to the patient in a pleasant reassuring manner that is understandable according to their age and cultural background
Ensure that the patient has followed the pretest instructions

Pretest instructions
NPO (food and beverages, including alcoholic ones) at least 1 h before the test
No smoking for 1 h prior to testing
No exercise or vigorous exertion 1 h prior to testing

Other factors that can affect test results
Test should be rescheduled if patient has an acute respiratory infection or requesting provider should be notified if rescheduling is not

feasible
Schedule spirometry, methacholine challenge, and/or sputum induction after FeNO testing (not before); spirometric maneuvers may

transiently reduce FeNO levels
Record the last time a bronchodilator was administered since FeNO levels may vary with the degree of obstruction or bronchodilation
To account for possible circadian rhythm effects on serial measurements, test should be performed at the same time of day, when possible,

and the time of testing should be recorded98

Testing maneuvers
Patient should be seated comfortably in the upright position
Noseclips are not recommended unless the patient cannot avoid nasal inspiration (seen as an early expiratory peak) or nasal exhalation
Avoid any breath holding preceding the test maneuver
Have the patient exhale without the mouthpiece in place
Place the mouthpiece and instruct the patient to inhale through the mouthpiece
NO-free air is provided through the mouthpiece as the patient inhales to TLC
With the mouthpiece in place, exhale steadily while maintaining the steady flow rate guided by the green target zone on the computer for

6 s (rate, 50 mL/s)
The built-in resistance (5–20 cm H2O) will close the velum (soft palate) and prevent contamination with nasal NO; nasal NO is

approximately 10-fold higher than FeNO
Terminate maneuver once the analyzer indicates the acceptability of the test
Repeat the maneuver until acceptability and reproducibility criteria are achieved; allow at least a 30-s interval between maneuvers

Testing quality assurance
The NO analyzer must be turned on ahead of time and allowed to perform the automatic self-test; the NIOX device self-calibrates every 2

wk
Perform a minimum of three acceptable maneuvers

Free from leak
FeNO plateau value depends on a standardized flow rate of 50 mL/s and needs to be constant for � 3 s
Flow rate is maintained in the green zone for a majority of the exhaled maneuver
Duration of exhalation of at least 4 s in children � 12 yr of age and � 6 s in � 12 yr of age and adults
The absolute value of FeNO in the start point and the end point of the 3-s window chosen during the plateau phase should not deviated

by � 10% from each other
The absolute FeNO within the 3-s window during the plateau phase should not deviate by � 10%

Reproducibility
Three maneuvers within 10% or two maneuvers within 5%

Reporting data
FeNO is reported as the mean of at least two FeNO plateau values that agree within 10% of each other
Height, weight, age, sex, FeNO value, and normal values

*NPO � nothing by mouth; TLC � total lung capacity.
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quire calibration and may extend its use in ambula-
tory practices.

Coding: The American Medical Association cur-
rent procedural terminology (CPT) category 1 code
has been assigned to exhaled NO. The CPT lists the
following codes for exhaled NO, effective as of
January 2007:

• 95012 for NO expired gas determination;
• 0064T for spectroscopy and expired gas analysis

(eg, NO/carbon dioxide test); and
• 0140T for exhaled breath condensate pH.

Reimbursement: The Centers for Medicare and
Medicaid Services reimbursement for exhaled NO is

approximately $19, with fees ranging from $16
(Maryland Department of Health and Mental Hy-
giene and South Dakota) to $26.88 (North Carolina
Industrial Commission). Despite the granting of a
CPT code, reimbursement from commercial insur-
ers is still a problem. Blue Cross and Blue Shield
(BCBS) [March 9, 2007] and Cigna (February 15,
2007), among other insurance carriers, still classify
the test as investigational, experimental, or unproven
and not reimbursable. This decision is supported by
an internal BCBS Association Technology Evalua-
tion Center (TEC) report that is available to the
public.83

The BCBS TEC report based its evaluation on
seven article.32,33,35,68,69,71,84 The following problems
were cited: heterogeneity of the methodology, in-
cluding differences in the clinical covariates studied
(ie, symptoms, spirometry, peak flow, and daily
�-agonist use); the use of different cutoff levels of
FeNO; the different operational definitions of the
different outcomes (ie, loss of control and asthma
exacerbation); and the conflicting trial conclusions
reached. In the summary, FeNO was not definitively
shown to be an independent predictor of outcomes.
Thus, it is not possible for the TEC to determine
whether the information (ie, FeNO) can be used
clinically.

The heterogeneity of study designs, primary
study end points or outcomes, and study results is
an intrinsic fact of scientific endeavors of this
nature.85 Berlin and Rennie85 had cautioned that
the use of quality scores to rate articles for review
may lead to a loss of information. In addition, the
inclusion of some of the articles for review by the
TEC is debatable. For example, the study by
Deykin et al35 is a retrospective secondary analysis
of the data from the Salmeterol or Corticosteroids
(or SOC) trial. Hence, the study design was not
optimally formulated to test the hypothesis of
whether FeNO could predict a loss of asthma
control. The sample size is an issue since an
exacerbation developed in only 10 of the 56
subjects. The two observational cohort studies33,71

that examined the value of FeNO for the predic-
tion of asthma exacerbation were of short dura-
tion, had no control groups, and had small sample
sizes. All of the aforementioned concerns should
have excluded them from the review. A recent
prospective 12-month study86 of subjects with
mild asthma using FeNO to guide therapy had
similar problems regarding study design and sam-
ple size. The sample size calculation was based on
an expected exacerbation rate of 0.91 per patient
per year, but the observed rate was only 0.33 and
0.42 per person per year, respectively, for the

Table 5—Influences on FeNO Levels

Levels Influences

Increased Age99

Albuterol (on ICS therapy)100

Allergic rhinitis101

Ambient NO level affects peak not plateau level102

Asthma9

Asthma with atopy103

Atopy without asthma104,105

Breathholding106

Bronchiectasis107

COPD exacerbation108

Height99

Ingestion of nitrate-rich food: lettuce, radishes2,109

Liver cirrhosis110

Lung transplant, acute rejection 111

Nasal NO contamination2

Post-lung transplantation bronchiolitis obliterans
infection112

Primary lung cancer113

Rhinoviral infection114

Systemic lupus erythematosus115

Tuberculosis lung infection116

Upper respiratory tract infection117

Decreased After spirometry118

After sputum induction2

Alcohol consumption in asthmatic patients not
normal119

Bronchoprovocation study120

Cigarette smoking121

Ciliary dysmotility syndrome122�124

Cystic fibrosis93,125

Diffuse alveolar hemorrhage126

Exercise 30 min before testing127

HIV infection128

Not elevated Albuterol (ICS-naïve patient)100

Bronchiectasis without Pseudomonas infection129

Caffeine 130,131

Gender99

Plethysmographic lung volume study132

Formoterol and salmeterol100,133

Stable COPD134
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intervention and control groups. The study design
allowed for the use of a long-acting bronchodilator
with its known ability to reduce asthma exacerba-
tion, which was the primary end point of the
study.87 The study design also had a provision for
decreasing the ICS dose in the treatment algo-
rithm, using a FeNO cutoff of � 16 ppb. This
cutoff level was extrapolated from a prior case
series study88 correlating FeNO measured at 250
mL/s and sputum eosinophil levels (r2 � 0.26).
The reported correlations have been weak, and a
more robust assessment89 of airway eosinophilia,
which included a mucosal biopsy, reported no
correlation between the FeNO and sputum eosin-
ophil counts.

The measurement of FeNO was never meant to
be used in isolation, but in conjunction with
clinical history and lung function testing. The
measurement of FeNO fulfills most of the criteria
set by the BCBS reviewers. First, FeNO is singu-
larly capable of providing reproducible longitudi-
nal information regarding the status of eosino-
philic inflammation of the bronchial mucosa. Most
importantly, it is the only test for airway inflam-
mation that can be performed conveniently and
serially at the point of service. There is no other
routine clinical test available in the ambulatory
setting and in primary care practices to assess airway
inflammation. Second, an FDA- approved device is
available. Further improvement in the technology
will reduce the cost and simplify the testing proce-
dure. Third, the information obtained is predictive of
future disease status (ie, an elevated FeNO is pre-
dictive of a clinical response to ICSs regardless of the
diagnostic label).60 It is useful in predicting asthma
relapse,74 maintaining asthma control,90 adherence
to medication, and loss of asthma control,32 espe-
cially in children. Fourth, the clinician can titrate
or withdraw therapy with ICSs47,68,69,91,92 based on
the FeNO.93 While acknowledging the presence of
gaps in the current knowledge base, there are also
enough data to support the routine clinical appli-
cation of FeNO in the management of patients
with asthma.

Conclusion

The measurement of FeNO is useful in the diag-
nosis and management of patients with asthma. The
availability of predictive equations will further refine
the clinical application of FeNO not only in patients
with asthma, but also in those with chronic cough,
COPD, and other respiratory problems. The current
equipment is patient-user friendly but expensive.
Although it is targeted for large medical institutions,

it does not interface with the electronic medical
records that exist in such large institutions. Along
with cost, the commercial reimbursement for the study
continues to be an issue that may impede its more
widespread acceptance in general practice. The cost
will be more competitive with the advent of alternative
technology to chemiluminescence analyzers.
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