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What is Nitric Oxide (NO)?

• NO
– A biological mediator in human

– Highly reactive molecule/ free radical and has oxidant property

– Signaling molecule 

• Role of Nitric Oxide (NO)
– Vasodilator

– Bronchodilator

– Neurotransmitter

– Inflammatory mediator

• Production
– Produced from L-arginine by NO synthase (NOS)

– Inducible NOS (iNOS), neuronal NOS (nNOS), endothelial NOS 
(eNOS)

Reid DW, et al. Respirology 2003;8:479-86

Drs. Robert F. Furchgott,
Louis Ignarro & Ferid Murad
1998 Nobel Prize in
Physiology or Medicine



Production of NO

• Upregulation of iNOS in the respiratory epithelium 

via TNF-α, IFN-γ, IL-4, IL-13, and IL-1β produces 

greater NO concentrations.

• NO is measured in exhaled breath 

fractional concentration of exhaled NO (FENO)



Exhaled NO in Asthmatics

• 8 asthma patients

• 12 control

Asthmatics

Alving K, et al. Eur Respir J 1993;6:1368-1370 Massaro AF, et al. AJRCCM 1995;152:800-3

Normal

Asthmatic

• 43 asthma patients
• 90 normal subjects

No steroid

Steroid

6.2 vs 13.9 ppb (p <0.001)

19.4 vs 13.0 ppb (p=0.02)
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FENO and Blood Eosinophils

• 144 asthmatic patients

Strunk RC, et al. J Allergy Clin Immunol 2003;112:883-92



FENO and Sputum Eosinophils

• The largest study (n=566)

Berry MA, et al. Clin Exp Allergy 2005;35:1175-79



FENO and Eosinophils in BAL Fluid

• 71 subjects (29 asthma, 42 control)

Warke TJ, et al. Thorax 2002;57:383-7



FENO and Biopsy Eosinophils

• 31 children with difficult asthma 

• FENO obtained in 21 asthmatics

Payne DN, et al. Am J Respir Crit Care Med 2001;164:1376-81

r = 0.67

p = 0.001



Markers for Airway Eosinophilia in Asthma

Korevaar DA, et al. Lancet Respir Med 2015;3:290-300

• Diagnostic accuracy for detection of airway eosinophilia

: meta-analysis of 32 studies (24 in adults and 8 in children)



Korevaar DA, et al. Lancet Respir Med 2015;3:290-300

Markers for Airway Eosinophilia in Asthma

FENO, blood eosinophils, and IgE have moderate diagnostic accuracy
for detection of airway eosinophilia in asthma.



FENO and AHR

• 85 subjects (40 asthma patients)

Berkman N, et al. Thorax 2005;60:383-388

Measurement of exhaled NO can be used as a diagnostic test of 
asthma and is as good as bronchial provocation test.



Diagnosis of Asthma

• 47 subjects (17 asthma, 30 control)

Smith AD, et al. Am J Respir Crit Care Med 2004;169:473-8

FENO measurements and induced sputum eosinophilia are 
superior to conventional tests



Diagnosis of Asthma

• Meta-analysis of 4,691 participants (19 publications)

Li Z, et al. Int J Clin Exp Med 2015;8:8516-8524

Sensitivity: 0.78 (95% CI 0.76-0.80) Specificity: 0.74 (95% CI 0.72-0.76)

Diagnostic odds ratio: 11.37 (95% CI 7.54-17.13)



Diagnosis of Asthma

• Meta-analysis of 3,983 subjects (25 studies)

Guo Z, et al. J Asthma 2016;53:404-12

FENO is accurate for the diagnosis of asthma in steroid-naïve or 
non-smoking patients, particularly chronic cough patients



Diagnosing Asthma

British Guideline for Asthma- September 2016



FENO as a Predictor of Steroid Response

• 52 patients with undiagnosed respiratory symptoms

Smith AD, et al. Am J Respir Crit Care Med 2005;172:453-9

A.
FEV1

B.
Peak
flow

C.
Symp
tom

D.
PC20
AMP

FENO 0.76 0.81 0.64 0.91

FEV1% 0.47 0.68 0.45 0.68

BDR 0.66 0.57 0.46 0.71

PD20 0.63 0.65 0.45 0.84

Peak 
flow

0.63 0.58 0.45 0.72

ROC curves for each tests as 
predictors of steroid response (AUC)



FeNO as a Predictor of ICS response

• 153 steroid-naïve subjects with asthma

Malinovschi A, et al. Nitric Oxide 2014;40:110-6



FENO as a Predictor of Steroid Response

• 94 asthma (65 EA, 29 NEA)

Cowan DC, et al. Thorax 2010;65:384-90

In non-eosinophilic asthma, steroid responsiveness is 
best predicted by baseline exhaled NO. 



FENO as a Predictor of Treatment Effects of Omalizumab

• 850 patients with uncontrolled severe persistent allergic asthma

Hanania N, et al. Am J Respir Crit Care Med 2013;187:804-11



Biologic Agents in Asthma and Biomarkers

Gauthier M,  et al. AJRCCM 2015;192:660-8



FENO to Guide Treatment of Asthma

• 118 asthmatics

Shaw DE, et al. Am J Respir Crit Care Med 2007;176:231-7

BTS guidelines

FENO



FENO to Guide Treatment of Asthma

• 220 pregnant subjects with asthma

Powell H, et al. Lancet 2011;378:983-90

FENO vs control: 
0.288 vs 0.615 exacerbations per pregnancy

Incidence rate ratio:
0.496 (95% CI 0.325-0.755; p=0.001)

Exacerbation rate

In the FENO group, 
quality of life was improved (56.9 vs 54.2; 
p=0.037) and 
neonatal hospitalizations were reduced 
(8 vs 17%; p=0.046).



FENO to Guide Treatment of Asthma

Petsky HL, et al. Cochrane Database Syst Rev 2016: CD011440

• Seven RCTs (1,546 patients)

0.60

0.59



FENO as a Predictor of Exacerbation

• 44 nonsmoking asthmatics

Gelb AF,  et al. Chest 2006;129:1492-9Gelb AF,  et al. Chest 2006;129:1492-9



FENO as a Predictor of Exacerbation

• 169 asthmatics (prospectively followed up for 1 year)

Kupczyk M, et al. Clin Exp Allergy 2014;44:212-21

Odds ratio: 4.32



Relation to Increase in Morbidity

• 406 asthmatics

Malinovschi A, et al. J Allergy Clin Immunol 2016;138:1301-8
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Recommendations by ATS

• We recommend the use of FENO in the diagnosis of 
eosinophilic airway inflammation (strong 
recommendation, moderate quality of evidence).

• We recommend the use of FENO in determining the 
likelihood of steroid responsiveness in individuals with 
chronic respiratory symptoms possibly due to airway 
inflammation (strong recommendation, low quality of 
evidence).

• We suggest that FENO may be used to support the 
diagnosis of asthma in situations in which objective 
evidence is needed (weak recommendation, moderate 
quality of evidence).

Dweik RA, et al. Am J Respir Crit Care Med 2011;184:602-15



FENO Measurement (ATS Guideline)



Common Reasons for Measuring FENO

• To assist in assessing the etiology of respiratory symptoms

• To help identify the eosinophilic asthma phenotype

• To assess potential response or failure to respond to anti-
inflammatory agents, notably ICS

• To establish a baseline FENO during clinical stability for 
subsequent monitoring of chronic persistent asthma

• To guide changes in doses of anti-inflammatory medications

• To assist in the evaluation of adherence to anti-inflammatory 
medications

• To assess whether airway inflammation is contributing to poor 
asthma control particularly in the presence of other 
contributors (e.g., rhinosinusitis, anxiety, gastro-esophageal 
reflux, obesity, or continued allergen exposure).

Dweik RA, et al. Am J Respir Crit Care Med 2011;184:602-15



BTS/SIGN Guideline (2016)

A positive FENO test provides supportive, but not 
conclusive, evidence for an asthma diagnosis. 

Positive 
FENO: 

≥ 40 ppb



FENO in GINA Guideline (2017)

• What’s new in GINA 2017?
– Additional information has been added about factors affecting 

the FENO, its relationship with eosinophilic airway inflammation, 
and its predictive value (P20, 29, 38, 41, and 104)



FENO Measurement

NIOX MINO
(Aerocrine, Sweden)

Nobreath
(Bedfont, UK)

NIOX VERO
(Aerocrine, Sweden)

Noninvasive, 
easy to perform,

objective, and 
safe method



Asthma Biomarkers as a Predictors 
of Response to Specific Therapies

Biomarker
Predictor of 

Response
Strengths Weakness

Total IgE Omalizumab
Easy to obtain,

inexpensive, sensitive
Not specific for all 

asthma types

Specific
IgE

IT, 
Omalizumab

Easy to obtain, inexpensive, 
good correlation with atopy

Not specific for all 
asthma types

FeNO
> 50 ppb

ICS
Easy to obtain,

correlation with airway eosinophilic 
inflammation and IL-13 production

Expensive, not specific 
for all asthma types

Sputum 
eosinophils 

(>3%)
ICS

Correlation with airway 
eosinophilic inflammation, 

decreased FEV1, and increased BHR
Difficult to obtain

Blood 
eosinophils 

(300/μL)
Anti-IL-5

Inexpensive, easy to obtain,
Responds to multiple therapies

Not sensitive or specific 
for asthma or atopy

Periostin
Anti-IL-13 
and IL-4

Sensitive indicator of 
Th2 airway inflammation

Expensive,
not readily available



Limitation of FENO for Asthma Diagnosis 

• Not associated with neutrophilic airway inflammation

• Children younger than 4 years

• False negative in patient already treated with ICS

• Cut-off values

• Adding costs to the care of asthmatic patients

• Problems encountered
– Poor comprehension

– Inability to maintain required flow rate

– Inability to exhale for required time

– Patient unwilling to comply with test



Consideration

• Asthma is a complex disease, and single measures cannot 
be used to assess, manage, and treat this disease. 

• FENO measurement is no exception. 



FeNO is a noninvasive, simple, objective, and safe method 
of measuring airway eosinophilic inflammation.

FENO provides supportive evidence for an asthma 
diagnosis.

FENO is used in determining the likelihood of steroid 
responsiveness.

FENO can be used to guide changes 

in doses of anti-inflammatory medications and 

to predict future exacerbations in asthma.

FENO measurement can be more widely available. 

SUMMARY



Thank You for Your Attention


