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ABSTRACT
Dosage of nitric oxide, a relatively new biomarker, is a non-invasive method, increasingly accessible to clinicians, used mainly in the field of pneumology, for the purpose of monitoring the respiratory tract inflammation.
The goal of this paper is to present the experience of the Pediatric Department of the Filantropia Municipal
Hospital in Craiova relating to nitric oxide dosing and asthma pathology, the result of the 10 years of experience
with the portable exhaled air analyzer. We selected three of our most important researches, presented at the
European Respiratory Society (ERS) Congresses
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Introduction
Nitric oxide is a gaseous free radical with multiple roles in the body’s homeostasis, the most important being neurotransmitter, vaso- and bronchodilator (1,2). Its endogenous production is the result
of nitric oxide synthase enzyme activity (NOS) (3),
and the easiest way to quantify is exhaled air dosage (FeNO), a non-invasive method that is becoming more accessible to clinicians.
Pneumology, including pediatric pneumology,
was the first medical field to try to benefit from the
dosing of this relatively new biomarker. In bronchial asthma, determinations made appear to correlate with the number of blood or sputum eosinophils (4) but its role in the diagnosis of chronic
inflammatory pathology is still unclear (5).

The rapid accumulation of scientific evidence
has explained this shortcoming through the multitude of factors that can alter the measured values.
FeNO dosing may have low values in smokers during bronchoconstriction episodes (6,7) or if asthma
has a neutrophilic phenotype (5) but may be increased in other atopic or chronic inflammatory
conditions (eczema, allergic rhinitis, rheumatoid
arthritis, chronic ENT pathology) (8,9).

Material and method
In 2010, in the Pediatric Clinic of Filantropia
Craiova Hospital, was purchased the first portable
nitric oxide dosing device in exhaled air for children – Niox Mino (Aerocrine, Sweden).
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The device is small, easy to use for both adults
and children and requires a 10-second exhalation,
the last 3 seconds being analyzed by a calibrated
electrochemical sensor to obtain a definitive result
in parts per billion (ppb). The device is pre-calibrated and designed to ensure operation without the
need for service and calibration (10), but has a limited lifetime (3 years, or about 3,000 tests), after
which a new investment is needed.
In 2015, Niox Vero was acquired – the latest
generation of analyzer with an extended lifetime (5
years, or about 5,000 tests), and up to now over 800
pediatric determinations have been performed in
our Department. Compared to the first generation,
NioxVero solved a number of deficiencies, such as
the use without a continuous connection to an external source of electrical power or an improved
design of the mouthpiece, making it easier to use,
especially by children. Perhaps the most important
change is improved display visibility with an
evolved graphics program so that visual and hearing aids ensure optimal compliance.

FIGURE 1. Portable FeNO analyzers: NIOX Mino (left) and
NIOX Vero (right)

Our studies included children diagnosed with
asthma aged 7 years and above, who were able to
perform spirometry and dosing of nitric oxide in
exhaled air. In particular situations, the control
groups were composed of children close in age to
asthmatic children, but without a history of atopic
pathology.
The exclusion criteria in the studies were:
– Intense physical activity one hour before the
beginning of the test
– Food consumption (especially foods rich in nitrites) one hour before the beginning of the test
– Extremely anxious children at the time of the
measurements
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– Adolescents who have admited or are legitimately suspected of smoking.
The statistical analysis was performed using chi
square and t test with statistically significant values
starting at p = 0.05, as used in medical literature.
Microsoft Excell and EpiInfo (freeware distributed
by the CDC – Center for Disease Control) were
used.

Results
In 2012, we conducted a study published at the
European Respiratory Society Congress (11) that
looked at the correlation between FeNO and other
diagnostic tools in pediatric asthma. During the research, 149 asthma cases (89 boys) were compared
with the non-atopic control group (100 cases – 55
boys). Average FeNO values per groups did not
show any significant differences p = 0.19, RR =
0.91 (0.74-1.11). The second instrument used for
asthma diagnostic was to determine specific serum
IgE (with a mixed – food and respiratory – panel,
collected in the ambulatory ward at the same medical unit). In this case the values had statistical significance, specific IgE being positive especially in
the group diagnosed with asthma: p = 0.01; RR =
3.76 (0.99-14.25). There was no obvious correlation between nitric oxide levels with specific serum
IgE values.
Although the comparison of the 149 asthma cases with the non-atopic control group (100 cases)
did not reveal significant differences p = 0.19, RR
= 0.91 (0.74-1.11), increased values of nitric oxide
in exhaled air were correlated with high levels
(over 300 IU / l) of total serum IgE: p = 0.008, RR
= 2.34 (1.15-4.72). Total dosage of IgE is a nonspecific marker and its utility in the diagnosis of
atopic pathology is limited – however, the investigation is technically and financially accessible, so
it can still be used as a guideline.
In these first patient groups we could not identify a correlation between FeNO dosing and the degree of asthma control (assessed according to the
Global Initiative for Asthma – GINA guide): p =
0.45.
The study group was then divided into two subgroups depending on the type of controller therapy
(montelukast sodium or fluticasone propionate)
given to children with asthma. The values obtained
at the dosing of nitric oxide at that time were not
statistically significant: p = 0.27.
In the second study, the research conducted at
the clinic aimed to correlate the nitric oxide values
with the therapeutic regimens in pediatric asthma.
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FIGURE 2. Correlation between total IgE and FeNO

The therapy used in our patients allowed us to evaluate children receiving inhaled corticosteroid therapy and/or leukotriene inhibitors (montelukast sodium). We did not include long-acting beta-agonists
because the number of such cases admitted to our
Department is rather low. In the study (12), 87 asthmatic children were included: 25 received inhaled
corticosteroids (ICS), 54 Montelukast, 8 bi-therapy. FeNO was measured initially and after 3 months
of treatment.
At the same time, children and caregivers were
asked to fill out one of the standardized pediatric
variants of the asthma control test (c-ACT).
After 3 months, 52 cases had better nitric oxide
values in exhaled air, and 71 children reported better values in the asthma control assessment.
FeNO levels improved significantly in the bitherapy group compared to patients with a single
type of controller treatment: p = 0.04, OR = 0.18
(0.007-1.29) versus the Montelukast group and p =
0.09, OR = 0.22 (0.008-1.76) vs. ICS group.
The criteria used to confirm the positive evolution were:
– Reduction by at least 20% at initial values
above 50 ppB (parts per billion)
– Reduction by at least 10 ppB (nominal value)
at initial values below 50 ppB.
The secondary objective of the study was the
correlation of FeNO with the asthma control level
quantified by c-ACT (Asthma Control Test). In this
case the results did not show an obvious correlation, with 53% of the children enrolled in the study

having a dissonant evolution of the two monitored
indicators.
TABLE 1. Correlation between therapeutic regimens FeNO
and ACT

ICS group Males
Females
M group Males
Females
ICS + M
Males
group
Females
TOTAL

FeNO
ACT
TOTAL
improvement improvement
9
12
21
6
7
13
19
29
48
11
20
31
4
2
6
3
1
4
52
71

A third study (13) conducted in our clinic focused on a special category of pediatric patients
(children practicing professional sports) and was
based on collaboration with the Sports Medicine
Department in Craiova. 87 children (49 boys) aged
12-17 practicing professional sports were included,
versus 75 children (39 boys) in the control group.
TABLE 2. Children practicing professional sports

male
female
CONTROL male
GROUP
female

STUDY
GROUP

TRACK
FOOTBALL FENCING JUDO
AND FIELD
13
19
10
7
14
7
12
5
39
36

The prevalence of asthma was similar between
the two groups, 13 athletes and 11 in the control
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group, p = 0.96, RR = 1.01 (0.48-2.13) and – in the
group of athletes – between outdoor and indoor
sports. FeNO dosing was relatively similar between
groups with an average of 15.66 ppB (in athletes)
versus 14.6 ppB (control group): p = 0.54 (t test).
However, when the indoor athletes were compared
with the control group, the results had a significant
difference because the mean FeNO in this sublot
was 20.21 ppB: p = 0.007 (t test). Practically, athletes practicing an indoor sport had elevated levels
of nitric oxide in exhaled air.

Discussions
As with spirometry, large-scale determination of
FeNO is related to patient compliance, and in pediatrics – although data for younger ages is available
(14) – it is usually impossible to obtain reliable values under 5-6 years, even if the new analyzers in
current use have an improved design (15,16,17).
However, there are researches that report successful percentages of over 90% in children around the
age of 4 (18,19). Yet, the role of the investigator is
much less important than in spirometry because the
device is calibrated so that valid results are automatically displayed only after the subject has complied with the current technical recommendations
(20).
A series of research studies over the past decade
has attempted to establish equivalence between the
most commonly used nitric oxide determination
devices in exhaled air, and the results are encouraging, which has allowed the establishment of widely
applicable standards (21,22).
Although there are shortcomings in the method,
dosing of nitric oxide in exhaled air is still a subject

25

of great interest in asthma management, especially
pediatric asthma, the last GINA (Global Initiative
for Asthma) guide recognizing its predictive role
for asthma in younger children (23), but also its
usefulness in monitoring treatment in children (24).

Conclusions
Dosage of nitric oxide in exhaled air was initially perceived as a huge leap in the monitoring of
inflammation in pediatric chronic respiratory diseases, especially asthma. That is why our research
has been directed from the beginning in the evaluation of its effectiveness in the diagnosis and the
therapeutic management of this kind of pathology.
If we were to systematize the conclusions of our
research, the most important are:
The correlation of FeNO values with other pediatric asthma monitoring tools is still unlikely. The
link we have established with total serum IgE is not
very useful, as long as these too are quite unspecific.
Corroboration of FeNO values with therapeutic
regimens in asthma is also quite relative, the positive values being recorded mostly in severe cases,
with multiple controller therapy.
The sustained physical effort typical to athletes
did not significantly influence the data obtained,
except for indoor sports, where the environment in
which the athletes were performing likely had a decisive role.
As a final conclusion, in our opinion the dosing
of nitric oxide in exhaled air is a promising but still
adjuvant method in the monitoring of the asthmatic
chronic inflammatory pathology in children.

References
1. Belvisi MG, Ward JK, Mitchell JA, Barnes PJ. Nitric oxide as a
neurotransmitter in human airways. Arch Int Pharmacodyn Ther 1995;
329:97.
2. Mélot C, Vermeulen F, Maggiorini M et al. Site of pulmonary
vasodilation by inhaled nitric oxide in microembolic lung injury. Am J
Respir Crit Care Med 1997; 156:75.
3. Nathan C, Xie QW. Nitric oxide synthases: roles, tolls, and controls.
Cell 1994; 78:915.
4. American Thoracic Society, European Respiratory Society. ATS/ERS
Recommendations for Standardized Procedures for the Online and
Offline Measurement of Exhaled Lower Respiratory Nitric Oxide and
Nasal Nitric Oxide, 2005. Am J Respir Crit Care Med 2005;
171:912-30.
5. https://ginasthma.org/gina-reports/ - accessed in december 2018
6. Haccuria A, Michils A, Michiels S, Van Muylem A. Exhaled nitric oxide:
a biomarker integrating both lung function and airway inflammation
changes. J Allergy Clin Immunol 2014;134:554-9.

7. Xu X, Hu H, Kearney GD, Kan H, Carrillo G, Chen X. A populationbased study of smoking, serum cotinine and exhaled nitric oxide
among asthmatics and a healthy population in the USA. Inhal Toxicol.
2016 Dec; 28(14):724-730.
8. Faekah Gohar, Christoph Kessel, Miha Lavric, Dirk Holzinger, Dirk
Foell. Review of biomarkers in systemic juvenile idiopathic arthritis:
helpful tools or just playing tricks? Arthritis Res Ther. 2016; 18: 163
9. Sara Torretta, Lorenzo Drago, Paola Marchisio, Maurizio Cappadona,
Vittorio Rinaldi, Erica Nazzari, Lorenzo Pignataro. Recurrences in
chronic tonsillitis substained by tonsillar biofilm-producing bacteria in
children. Relationship with the grade of tonsillar hyperplasy. Int J
Pediatr Otorhinolaryngol. 2013 Feb; 77(2): 200–204
10. Harnan SE, Tappenden P, Essat M et al. Measurement of exhaled
nitric oxide concentration in asthma: a systematic review and
economic evaluation of NIOX MINO, NIOX VERO and Nobreath,
Health Technology Assessment, No. 19.82. Southampton (UK): NIHR
Journals Library; 2015 Oct.

26
11. R Diaconu, C Diaconu, G Dumitra. Exhaled nitric oxide and serum IgE
in children admitted to a pediatric department. Eur Respir J 2012; 40:
Suppl. 56, 4577
12. R. Diaconu, L. Stanescu, C. Diaconu, G. Calin. Exhaled nitric oxide
and the therapeutic regimens in childhood asthma. Eur Respir J 2013;
42: Suppl. 57, 1119
13. Radu Diaconu, Ligia Stanescu, Carmen Diaconu, Carmen Niculescu.
Exhaled nitric oxide in pediatric athletes admitted to a sports medicine
department. Eur Respir J 2015; 46: Suppl. 59, 3648
14. Van der Heijden HH, Brouwer ML, Hoekstra F, van der Pol P,
Merkus PJ. Reference values of exhaled nitric oxide in healthy
children 1-5 years using off-line tidal breathing. Pediatr Pulmonol.
2014 Mar;49(3):291-5
15. Rickard Kathleen, Jain Neal, MacDonald-Berko M (2018).
Measurement of FeNO with a portable, electrochemical analyzer
using a 6-second exhalation time in 7-10-year-old children with
asthma: Comparison to a 10-second exhalation. The Journal of
asthma: Official journal of the Association for the Care of Asthma. 1-6.
10.1080/02770903.2018.1541350.
16. Crater Glenn, Rickard Kathy, Jain Neal (2017). Successful Fractional
Exhaled Nitric Oxide Measurements with NIOX VERO using 6- and
10-s Exhalation Modes in Children with Asthma Aged 4–10 Years: A
Randomized Study. Pulmonary Therapy. 10.1007/s41030-017-0028-4.
17. Prado Olaia, Pérez-Yarza Eduardo, Aldasoro Ruiz A, Murua Javier,
Mintegui Aranburu J, Emparanza Jose (2008). Fracción exhalada de
óxido nítrico: validación de la medida con tiempo de espiración de 6 s
con dos analizadores diferentes. Anales De Pediatria - AN PEDIATR.
69. 221-226. 10.1157/13125815.

Romanian Journal of Pediatrics – Vol. LXVIII, No. 1, Year 2019
18. Heijkenskjöld-Rentzhog C, Kalm-Stephens P, Nordvall L,
Malinovschi A, Alving K. New method for single-breath fraction of
exhaled nitric oxide measurement with improved feasibility in
preschool children with asthma. Pediatr Allergy Immunol. 2015
Nov;26(7):662-7. doi: 10.1111/pai.12447. Epub 2015 Aug 13.
19. Jill R. Hanson, Stephen A. De Lurgio, David D. Williams and Chitra
Dinakar. Office-based exhaled nitric oxide measurement in children 4
years of age and older, Annals of Allergy, Asthma & Immunology, 111,
5, (358), (2013).
20. Dweik RA, Boggs PB, Erzurum SC, Irvin CG, Leigh MW, Lundberg JO
et al. An official ATS clinical practice guideline: interpretation of
exhaled nitric oxidelevels (FENO) for clinicalapplications. Am J Respir
Crit Care Med 2011;184:602-15.
21. National Institute for Health and Care Excellence.Measuring fractional
exhaled nitric oxide concentrationin asthma: NIOX MINO, NIOX
VERO andNObreath. NICE diagnostics guidance 12. 2014.
22. Schiller B, Hammer J, Barben J, Trachsel D. Comparability of a
hand-held nitric oxide analyser withonline and offline
chemiluminescence-based nitricoxide measurement. Pediatr Allergy
Immunol.2009;20:679–85.
23. Caudri D, Wijga AH, Hoekstra MO, Kerkhof M, Koppelman GH,
Brunekreef B, Smit HA et al. Prediction of asthma in symptomatic
preschool children using exhaled nitric oxide, Rint and specific IgE.
Thorax 2010;65:801-7.
24. Petsky HL, Kew KM, Chang AB. Exhaled nitric oxide levels to guide
treatment for children with asthma. Cochrane DatabaseSystRev
2016;11:Cd011439

