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Abstract
Background: The aim of the present study is to assess whether a single determination of the
fraction of exhaled nitric oxide (FENO), added to the measurements usually taken during a
routine checkup, helps in the prediction of the recurrence of asthma attacks in controlled
patients who are not receiving any baseline treatment; and whether or not treatment of the
said latent inflammation is appropriate.
Methods: Observational study of prospective cohorts. Over a period of three months, data was
collected from 28 patients (6 to 14 years) who met the conditions of the inclusion criteria, with
a follow up appointment after six months.
Results: Patients were divided into two groups: 13 with FENO values of 49 and over, and 15 with
values of under 49. Five patients in the subgroup with low FENO values suffered recurrence,
in contrast to only one in the group with high values. The positive predictive value of the high
values of the FENO was 7.69, with no significant differences between the two groups.
Conclusions: Certain doubts were raised about the usefulness of the FENO, as opposed to the
traditional methods of asthma control with regard to the therapeutic management of clinically
controlled patients who are not receiving treatment and who have high FENO values. It would

appear unwise to recommend the systematic treatment of patients with high FENO values, when
measured during a routine check-up, in cases of asthma with an allergic component and are
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asymptomatic or in a phase
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Introduction
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Measuring the fraction of exhaled nitric oxide (FENO) is a
quick, simple and economical way of measuring the level of
eosinofilic inflammation of the airways,1—3 especially since
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he introduction of new, portable measuring devices. It has
eant a significant advance in the management of outpa-

ients suffering from asthma with an allergic component, in
hat it allows for more precise monitoring of the inflam-
ation and adjustment of treatment. It has also led to
to treat all asthmatic children with raised levels of exhaled
pathol (Madr). 2011. doi:10.1016/j.aller.2010.09.005

significant advance in the diagnosis of patients whose
sthma is allergen-induced. It has been endorsed and vali-
ated by a number of studies,4—8 both as a way of diagnosing
nd of managing such patients. Nevertheless, doubts have
een raised about the interpretation of the measurement in
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Table 2 Groups.

Group 1 (FENO
> = 49)

Group 2 (FENO
<49)

Total patients 13 15
Sex (m:f) 5:6 14:1
Mean age (years) 12.3 10
Immunotherapy

(yes:no)
12:1 14:1

Length of time
without
treatment
(months)

Average: 7.31
(DE 4.76; EE
1.32)

Average: 7.26
(DE 4.41; EE
1.14)

Median: 6 (p25
3; p75 9)

Median: 8 (p25
2; p75 10)
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with no guidelines for baseline treatment being given in
any case (bearing in mind the fact that the patients were
asymptomatic and in a phase of controlled asthma). Clinical
data and pulmonary function using spirometry were again
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ertain situations, such as the therapeutic management of
igh FENO values in clinically controlled patients.9—11

The aim of this study is to find out if a single measure-
ent of the FENO, added to the measurements usually taken
uring a routine checkup at a specialised clinic, helps in the
rediction of the recurrence of asthma attacks in asymp-
omatic patients diagnosed with asthma with an allergic
omponent and allergic rhinitis, who are not receiving either
aseline treatment or corticosteroids or antileukotrienes.
e also analyse whether or not treatment of the said latent

nflammation is appropriate.

atients and methods

n observational study of prospective cohorts. Data was col-
ected over a period of three months from patients who
ttended our clinic and who met the conditions of the inclu-
ion criteria shown in Table 1. Controlled asthma is defined
ccording to the criteria of the PRACTALL consensus,12 and
ecurrence as loss of control according to the same crite-
ia. Record was made of clinical data, pulmonary function,
nd the FENO by means of the NIOX-MINO ® (Aerocrine
B, Sweden) monitor, a device that has demonstrated its
orrelation with traditional devices, and the validity of its
easurements.13,14 No criteria was provided for baseline

reatment, and patients were evaluated a second time six
onths after their first visit, when further records were

aken of the clinical data, respiratory function, and the
ENO. The following variables were studied: the FENO value
n the first visit; age; sex; the specific allergenic immunol-
gy treatment during the observation period; the length of
ime without baseline treatment prior to the first visit; and
he existence, or otherwise, of recurrence. For the statisti-
al analysis, Fisher’s exact test was used, and the data were
nalysed using the EPIDAT 3.1 statistics programme.

esults

he study was of 28 patients, 21 males and 7 females, with
mean age of 11.1 years (range 6-14 years) who met the

onditions of the inclusion criteria, over a period of three
onths. The design is shown in Fig. 1 and the full results
Please cite this article in press as: Ferrer M, et al. Is it necessary
nitric oxide? Treating the patient or the data. Allergol Immuno

re in Table 3. The median of the FENO values was 48 ppb,
ith values at p25 of 30 and at p75 of 57 ppb, and a range
f 12-144 ppb The sample was divided into two subgroups,
ccording to the FENO values and taking as a reference the
alue of 49 ppb This is cited as a value above which it is

Table 1 Inclusion criteria.

• Age: 6-14 years
• Diagnosis by specialist in asthma and allergic rhinitis
• Controlled asthma
• Normal respiratory function. FEV1 >80%. MEF 50 >70%.

FEV1/VC >80%.
• No baseline treatment for asthma (oral or inhaled

corticosteroids, bronchodilators, chromones or
antileukotrines) for at least 30 days prior to visit.

• No symptoms, at time of measurement, of rhinitis,
asthma or respiratory infection.
Recurrence (No. of
patients)

1 5

ossible to predict greater risk of recurrence,15 and which
s practically the same as the median value obtained in our
tudy (data which may be seen as conferring greater valid-
ty on this subdivision). Thus, Group 1 consisted of those
atients with a figure equal to, or higher than, 49 ppb, and
roup 2 of those with figures lower than 49 ppb. The char-
cteristics and data of each group are shown in Table 2.
he groups can be mutually compared in terms of treatment
ith specific allergenic immunotherapy (all patients except
ne in both groups) and in terms of age and length of time
ithout treatment. With regard to sex, there is a difference
etween the two groups, although this would not appear, a
riori, to influence the results.4 Appointments were made
o see the patients again six months after their first visit,
to treat all asthmatic children with raised levels of exhaled
pathol (Madr). 2011. doi:10.1016/j.aller.2010.09.005

28 patients
Group 1:
FENO >=49

Group 2:
FENO> 49

13 patients 15 patients

No recur.  Recur. No recur.

12 1 5 10

6 months

Figure 1 Design and results.
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Table 3 Results.

Patient Age* Length of time without
treatment◦

FENO 1 Recurrence2 Immunotherapy3

1 11 12 13 Yes Yes
2 11 1 34 Yes Yes
3 14 12 102 No Yes
4 06 10 29 No Yes
5 08 12 33 No Yes
6 13 3 48 No Yes
7 12 2 14 Yes No
8 10 10 22 No Yes
9 09 6 36 No Yes

10 13 1 99 No Yes
11 12 12 144 No Yes
12 09 12 58 No Yes
13 09 8 25 Yes Yes
14 13 6 127 No Yes
15 09 12 65 No Yes
16 10 12 18 No Yes
17 13 4 63 No Yes
18 11 12 51 No Yes
19 13 2 107 No Yes
20 12 1 52 No Yes
21 12 1 36 No Yes
22 13 6 60 No Yes
23 08 7 12 No Yes
24 11 2 48 No Yes
25 14 11 47 No Yes
26 14 3 60 Yes Yes
27 06 12 33 Yes Yes
28 14 12 136 No No
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*Age in years. ◦Length of time without treatment prior to first v
the six months of monitoring. 3Immunotherapy: being in receip
immunotherapy.

recorded. The latter was normal in all patients. In Group 1
(figures equal to, or higher than, 49 ppb), only one patient
suffered recurrence. In Group 2, in contrast, five patients
suffered recurrence. On the basis of this data, the value of
a high level (above 49 ppb) of the FENO to predict recur-
rence, i.e., the positive predictive value was 7.69, and the
negative predictive value was 66.67. A sensitivity of 16.67%
and a specificity of 45.45% were obtained. The relative risk
was 0.2 (confidence interval 95%: 0.03-1.72). Fisher’s exact
test offered a value of p = 0.1166, which leads us to conclude
that there is no significant difference between the groups.
Finally, of the six patients who suffered recurrence, three
showed FENO values equal to, or lower than, 25 ppb, out of
a total of six patients who showed figures lower than this
value.

Discussion

A correlation has been found in several studies between
Please cite this article in press as: Ferrer M, et al. Is it necessary
nitric oxide? Treating the patient or the data. Allergol Immuno

the value of the FENO and the level of inflammation
of the airways.1—4 On the basis of this, attempts have
been made to correlate FENO values with the level of
bronchoconstriction16 and with the response to treatment
with inhaled corticosteroids.17—19 FENO values are also
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in months. 1FENO in ppb. 2Recurrence according to criteria, in
ring the monitoring period, of treatment with allergen specific

considerable aid in the diagnosis of allergen-induced
sthma. The concordance of the values obtained using the
ortable devices with those obtained by the traditional
evices13,14 has been checked, resulting in clear and uni-
ersally applicable reference values. One study proposes
hat 49 ppb should be taken as the cut-off point, above
hich a significant probability of a further attack of asthma
xists.15 However, there is currently some discussion about
he usefulness of the FENO values as opposed to the
raditional measurements in certain cases, such as that of
linically controlled patients who are not receiving baseline
reatment.9—11 This raises the question of whether to treat
he patient according to the clinical control and pulmonary
unction test or according to the data obtained in the FENO
easurement, which may reveal a latent inflammation but

ne that we do not know to be sufficient to lead to recur-
ence. In our study we can see an even greater probability
f losing control of asthma in the group with FENO values
f lower than 49, with a low positive predictive value. In
ther words, asymptomatic and controlled patients who are
to treat all asthmatic children with raised levels of exhaled
pathol (Madr). 2011. doi:10.1016/j.aller.2010.09.005

eceiving no treatment and with values of over 49 ppb have
low probability of suffering recurrence in the next six
onths, while in the group with values lower than 49 ppb
ore recurrence was observed. Although we acknowledge

hat the small sample size is a limitation in our study, it
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aises doubts about the use of high levels of FENO as the
rincipal data on which to base the recommendation of
aseline treatment in children with asthma which is under
ood control. These results should be considered and taken
s a starting point of further studies with longer follow-up
nd a greater number of patients, in order to confirm them.

onclusions

n a first reading of the results obtained in our study it
ould appear unwise to recommend systematic treatment
f patients with high levels of FENO obtained in a routine
heck-up in cases of allergy-based asthma which are cur-
ently asymptomatic or in a phase of good control. However,
t will be necessary to broaden the range of this study, we
ecommend to carry out a more extended monitoring of the
atients, as the predictive value beyond a six-month period
f follow-up is not known, and also to increase the sample
ize before more specific recommendations can be made.
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