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Is FEnos0 Useful diagnostic tool in suspected asthma?
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SUMMARY

Background: Asthma diagnosis is based on the presence of syngpdad the demonstration of airflow
variability. Airway inflammation measured by framtial exhaled nitric oxide, measured at a flow cdt80 ml/s
(FEnoso) remains a controversial diagnostic todim: To assess the ability of |bs to identify bronchial
hyperresponsiveness (BHR) to methacholine (prowabncentration of methacholine causing a 20%rfal
FEVy; PC20M< 16 mg/ml) and to establish whether or not symptogtete to Flgosoand PC20M in patients
with no demonstrated reversibility fg-agonist Methods: We conducted a prospective study on 174 steroid
naive patients with respiratory symptoms, forcegliitory volume in 1 s (FEY > 70% predicted and no
demonstrated reversibility fiy-agonist. Patients answered to a standardised symgaestionnaire and
underwent Fosoand methacholine challenge. Receiver-operatingacharistic (ROC) curve and logistic
regression analysis assessed the relationship éetR€20M and Riso taking into account covariates
(smoking, atopy, age, gender and FEWResults: A total of 82 patients had a PC20ML6 mg/ml and had
significantly higher Fioso(19 ppb vs. 15 ppb; p < 0.05). By constructing R&Bse, we found that KRgsocut-
off value of 34 ppb was able to identify not onldB with high specificity (95%) and positive predliet value
(88%) but low sensitivity (35%) and negative prégie value (62%). When combining all variables ittte
logistic model, Floso (p = 0.0011) and FEMp < 0.0001) were independent predictors of BHR&hAS age,
gender, smoking and atopy had no influence. Theemee of diurnal and nocturnal wheezing was assatia
with raised Flgoso (p < 0.001 and p < 0.05, respectivel@pnclusion: The value of FRoso> 34 ppb has high
predictive value of PC20M < 16 in patients withpested asthma in whom bronchodilating test faited t
demonstrate reversibility or was not indicated. ldo@r, Fi o050 < 34 ppb does not rule out BHR and should
prompt the clinician to ask for a methacholine Eraje.

What's known

Fractional exhaled nitric oxide (RE) is a noninvasive marker of eosinophilic airwaffammation. Some
studies have suggested it may be helpful in diaggassthma but it remains debated.

What's new

We conducted a field study assessing the potesftiahctional exhaled nitric oxide, measured dbafrate of
50 ml/s (FEos) in steroid-naive patients with suspected asthem sy respiratory physicians to a routine
function laboratory to perform a methacholine aradle. Our results show that §ds, > 34 ppb had a high
positive predictive value to identify patients wéignificant bronchial hyperresponsiveness. HowelEfoso <
34 ppb does not rule out BHR and should prompttimécian to ask for a methacholine challenge. We
calculated that R, measurement could spare methacholine challeng@%nof patients.

Introduction

Asthma diagnosis is usually based on symptoms asi@ough, breathlessness, dyspnoea and wheezatheog
with the demonstration of airflow variability. Tlaérway inflammatory component of the disease isvgortant
feature which is an integral part of the asthmanitedn (1). Airway inflammation can be non-invasly
assessed by measuring sputum eosinophil count¢Riractional exhaled nitric oxide, measured dobw frate

of 50 ml/s (FEoso (3), the latter being much more convenient tolapproutine as it yields immediate results.
Both sputum eosinophil count and Jdfso have been proposed as a useful diagnostic taullthto moderate
asthma. In this group of patients airway inflammatmarkers proved to be superior to classic FEVersibility
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to B,-agonist or to peak expiratory flow (PEF) variayilriteria (4,5). Foso was shown to reflect airway
eosinophilic inflammation in asthma patients seedlinical practice (6,7).

Asthma diagnosis remains a challenge in clinicatpice (8) and either reversibility test or bromthi
provocation challenge is required to confirm thaegtiosis. There is a need for a simple, quick alabte test in
those patients with suggestive symptoms of astlimady studies have suggested that fractional eghaiteic
oxide, measured at a flow rate of 200 ml/s\kfs) cut-off of 16 ppb may help to identify patientghw
bronchial hyperresponsiveness to histamine or s@viéity to f,-agonist among those presenting with chronic
respiratory symptoms and normal baseline lung fandd). Factor analysis has, however, revealetdinaay
inflammation and bronchial hyperresponsiveness tdsvenethacholine load in different clusters in gatis with
long disease duration (10,11). On the other haBggJ; has been shown to correlate with new onset whieeze
longitudinal population study (12).

Airway hyperresponsiveness assessed by methachlalienge is time consuming and unpleasant to the
patient whereas fractional exhaled nitric oxide§)Eneasurement is easy to perform and provides inated
results. The purpose of our study was to see how Rieasured at a flow rate of 50 ml/s may actualiiece
the presence of methacholine bronchial hyperrespemsss assessed by the provocative concentration t
causes a 20% fall in FEYPC20M) in patients referred by chest physiciamsathma diagnosis to a routine
laboratory function. This study focused on patient&hom the bronchodilation test did not allowescertain
asthma diagnosis either because of being negatinetaone given a high baseline forced expiratmiyme in
1 s (FEV) value (> 80% predicted and FEFVC > 70%). We also sought to establish how déffertypes of
respiratory symptoms relate to \idso and PC20M.

Methods
Subject characteristics and study design

We conducted a prospective study on a series opa8eénts recruited from the University HospitaLadége
between March 13, 2009 and December 30, 2009. Tgwsnts were addressed by their respiratory playsi
for a methacholine challenge to detect asthma.e8tdbjeferred to methacholine challenge were throsdgom
the bronchodilating test failed to demonstrate r&itde airways obstruction or those in whom baselin
spirometric values were normal giving a low proltigbfor a bronchodilating test to be significaiihe patients
studied here had either baseline FE\80% predicted and FEXFVC ratio> 70% or bronchodilation < 12%
from baseline and 200 ml after 400 g inhaled gatnol in case of baseline FEWas < 80% predicted or
FEV,/FVC ratio < 70%. Patients already receiving indaterticosteroids were excluded from the study. The
demographic and functional characteristics of thé dorticosteroid naive patients are summarisddabie 1.

Tablel Demographic, functional and inflammatory charactéds for 174 steroid naive patients
No. 174

Sexe (M/F) 72/102
Age, years 41 +16
Atopy (Y/N) 84/90
Current smoking (Y/N) 59/115 (34%)
PC20 < 16 mg/ml (Y/N) 82/92
FEV31, % predicted 97 +13
FVC, % predicted 100+ 14
FEV/VC, % 83+7
FEnosc Ppb 17 (4-271)

Data are presented as mean + SD (FEEVC, FEV/VC, age) or as median (range;Nok). PC20M is expressed as geometric mean (range).
PC20M, provocative concentration of methacholingsoay a 20% fall in FEV FEV;, forced expiratory volume in one second; FVC, éorc
vital capacity; Flroso, fractional exhaled nitric oxide.

After receiving and signing inform consent, patiewere asked to complete a questionnaire concethéaig
symptoms and R was measured at a flow rate of 50 ml/s. The stbjaederwent methacholine challenge
after refraining from using bronchodilators for gygpropriate time (8 h for short-acting bronchadila and 24 h
for long-acting bronchodilators) as long as thesbias FEV; value was not less than 70% predicted. Asthma
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was diagnosed based on airway hyperresponsiveressstrated by inhaled concentration of methacholin
provoking a 20% fall in FEVof less than 16 mg/ml (13,14). Methacholine chmagjes were performed according
to a slightly adapted Cockroff's tidal-breathingthoal as previously described (15). Subjects weagaadterised
as atopic if they had at least one positive skickiest (wheal > 3 mm as compared with negativerod) or
specific IgE (> 0.35 KU/I; Phadia) for at least am@mmmon aero-allergen (cat, dog, house dust ngtess

pollen, tree pollen and a mixture of moulds). Tdtisdy was conducted with the approval of the Ethics
Committee of CHU Liege.

Questionnaires

Symptoms were assessed using a standardised gqurest@which covered symptoms and smoking habits.
Symptoms listed were diurnal and nocturnal couglrndl and nocturnal wheezing, dyspnoea, chestriags,
chest pain, exercise trigger, humidity trigger, &mtrigger, dust trigger, pollen trigger, emotiotmajger,
rhinitis, urticaria and pyrosis.

Exhaled NO measurement

Exhaled nitric oxide, F was measured by chemi-luminescence using a oitice monitor set at a flow rate
of 50 ml/s (NIOX, Aerocrine, Sweden). The analyses calibrated daily with a known NO concentration.

Statistical analyses

Results were expressed as mean + standard degid8@) for continuous variables. The median andeamere
preferred for skewed distributions. For categori@aiables, the number of observations and pergestevere
given in each category. Comparisons between diffesebgroups were performed by using a Kruskal-i/all
test. The Receiver-operating characteristic (RQEYe was constructed to determine the value gfEFvhich
best identified a bronchial hyperresponsiveneskénwhole population. Logistic regression analy&s used to
assess the relationship between the binary out¢B@20M< 16 mg/ml) and a set of covariates, individually or
in combination. Covariates included §dJs, (log transformed), age, gender, FE¥moking and atopy. The
results were considered to be significant at thecBtical level (p < 0.05). Calculations were darsing SAS
Version 9.1 (SAS Institute, Cary, North Carolin&§A).

Table 2 Demographic, functional and inflammatory characséids for patients with and without asthma

PC20M< 16 mg/mi PC20M > 16 mg/ml
N. 82 92
Sexe (M/F) 33/49 39/53
Age, years 38 +18* 44+15
Atopy (Y/N) 43/39 (52%) 41/51 (45%)
Smoking (Y/N, %) 25/57 (30%) 34/58 (37%)
PC20, mg/ml 2.44 (0.02-16)
DRS FEV; (%/pumol) 0.0033 (0.0006-0.4337)*** 0.0004 (0.0001-0.0007)
FEV,, % predicted 95 + 14** 102 +12
FVC, % predicted 99+14 102 £13
FEV,/VC, % 82+ 7* 84+6
FEnosc, (PPD) 19 (4-271)* 15 (4-120)

Data are presented as mean + SD (FEEVC, FEM/VC, age) or as median (range;Nok): PC20M is expressed as geometric mean (range),
*p < 0.05, **p < 0.001, **p < 0.0001. PC20M, proeative concentration of methacholine causing a 2iIPin FEV;; DRS, dose-response
slope; FEV, forced expiratory volume in one second; FVC, édreital capacity; Floso, fractional exhaled nitric oxide.

Results
Asthma diagnosis

Among the 174 patients referred for a methachalhmdlenge, 82 had a PC20#M16 mg/ml and were thus
considered as being asthmatics. The demographituactional characteristics of patients accordmghieir
level of bronchial responsiveness towards methawhalre given in Table 2. Patients with positivahlmeholine
challenge had lower baseline FE®5% predicted vs. 102% predicted, p < 0.001)laneér FEV(/FVC (p <
0.05) even if the average value clearly remaindtinithe normal range. gso Was significantly higher in
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patients with positive methacholine challenge timatieir negative counterparts (19 ppb vs. 15 jppb,0.05).

When combining all variables into the logistic mbhdeEyose (p = 0.0011) and FEMp < 0.0001) were
independent predictors of bronchial hyperrespoms&ss to methacholine whereas age (p = 0.12), gépder
0.56), smoking status (p = 0.56) and atopy (p 5)vere not significant (Table 3). Lower baselievr
values and higher kg values were associated with PC28M6 mg/ml.

We constructed a ROC curve to establish the alufifyEyoso to identify bronchial hyperresponsiveness
assessed by methacholine challenge (Figure 1) olefthat Fikosg Ssignificantly predicted PC20 16 mg/ml
with a cut-off value of 34 ppb. However, this gk, cut point offers much greater specificity (95%}l quositive
predictive value (PPV) (88%) than sensitivity (35860 negative predictive value (NPV) (62%). In pats
with a negative methacholine challenge the uppeit bf the 95% CI of FRoso was 35 ppb. When referring to
FEnoso normal values as defined by Travers et al. (1&)faund that 22 patients (13%) hadyckvalues upper
to the 95% confidence interval. The ability of\ok, to identify airway hyperresponsiveness was higthase
patients. Indeed 20 of the 22 patients withygsgvalues out of range according to Travers had briahc
hyperresponsiveness whereas this was only therc&geof the 152 patients in whom frkgo was within the
normal range according to Travers et al. (Odds IB4i.5, p < 0.0001).

We constructed a ROC curve to identify which REUt-off was best related to the prediction of phesence of
a bronchial hyperresponsiveness (Figure 2). Weddhat FEV significantly predicted PC20M 16 mg/mi
with a cut-off value of 101%. The sensitivity amsificity of this threshold was 71% and 57%, respely (p
=0.0001, AUC = 0.67).

When combining Fkoso and FEV values to predict the presence of a bronchial inggponsiveness to
methacholine, we found that the presence of botip&E 34 ppb and FEM< 101% predicted gave a high
specificity (98.9%) but a poor sensitivity (24.4%6) identifying patients with positive methacholiakallenge
(Table 4).

Relationship between kg and methacholine responsiveness

On the whole population the dose-response slop&jiét methacholine weakly correlated withygk (r =
0.18; p = 0.03). Among those patients positive &ihacholine there was, however, no relationshivéen the
magnitude of bronchial hyperresponsiveness (PC2id)the level of Fiso(r = -0.06, p = 0.6, Figure 3).

Relationship between respiratory symptoms angoggor bronchial responsiveness

Table 5 shows Rigso according to the presence of respiratory symptionoesir population. Diurnal and
nocturnal wheezing were associated with raiseddenfeF-Eyos0 (p < 0.001 and p < 0.05, respectively). Table 6
shows the proportion of symptoms according to &seilts of methacholine challenge. Patients repprtin
dyspnoea, diurnal and nocturnal wheezing and dligghess were more likely to have positive metlodicke
challenge.

Table 3 Relationship between bronchial hyperresponsivetessethacholine and a set of covariates including
FEnoso Smoking status, age, FE\atopy and sex

Analysis of Likelihood Estimates
Maximum

Parameter Coefficient £ SE  p-value
Intercept 3.82+1.47 0.0091
LnFEyo 0.82£0.25 0.0011
Smoking -0.22 £ 0.37 0.56
Age -0.02+£0.01 0.12
FEV, -0.06 £ 0.01 < 0.0001
LnFEyo*atopy 0.05+0.11 0.65
Sex -0.19 + 0.33 0.56

FEnoso, fractional exhaled nitric oxide; FEVforced expiratory volume in one second. Multilpigistic regression analysis. The binary
outcome was bronchial hyperresposiveness to mattiaef(PC20M< ou > 16 mg/ml). Covariates included FENO (log-sf@nm), smoking
status, age, FEV1, atopy and gender. When combalinvariables into the logistic model, we foundttionly FENO and FEV1 were
significant predictors of the presence of a broaldhyperresponsiveness to methacholine. Akaikéter@m (AIC) reached a minimum for
this model (AIC = 206.2).
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Table 4 Combination of Fiosoand FEV to predict the presence of a bronchial hyperregieness to
methacholine challenge according to s, and FEV cut-off value defined by the ROC curve
PC20M< 16 (;=82) PC20M > 161 =92) Frequence

FEnosc FEV, n % (A) n % (B) ratio A/B
>34 <101 20 24.4 1 11 22.4
>34 >101 11 13.4 2 2.2 6.2
<34 <101 39 47.6 40 43.5 11
<34 >101 12 14.6 49 53.3 0.3

FEnoso fractional exhaled nitric oxide; FEVforced expiratory volume in one second; PC20Mypcative concentration of methacholine
causing a 20% fall in FEVWhen Floso value > 34 ppb is associated with REV101% predicted, 24.4% of patients have bronchial
hyperresponsiveness to methacholine and are theiptisitives while there are only 1.1% of falseifp@s When Floso value is< 34 ppb
and FEV > 101%, 53.3% of the patients didn't have broridhjperresponsiveness to methacholine and weretthesegatives while
14.6% were false negative, fhe combination ofdskand FEV gave a high specificity (98.9%) but a poor sewigjti(24.4%) for

identifying patients with a positive bronchial hygesponsiveness to methacholine. fthe table alsestuat the presence of ads > 34
ppb is more frequently associated to FEML01 % in patients with bronchial hyperresponsigsrtean in patients without asthma (ratio =
22.4). This ratio decreases if eitheng or FEV; cut-off is not reached. A Rgso value< 34 ppb associated with FE¥ 101% is however
more frequently encountered in patients with negatiethacholine challenge (ratio = 1/0.3 = 3.3).

Figure 1 Receiver-operating characteristic curve (ROC) fug tvhole group determining exhaled nitric oxide
value which best identified the provocative coneitin of methacholine causing a 20% fall in forced
expiratory volume in 1 s, FE\ 16 mg/ml. Cut-off point: 34 ppb (Specificity: ¥h4Sensitivity: 35.4%,
positive predictive value: 88%, negative predictiadue: 62%, p = 0.0033. AUC = 0.62)
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Figure 2 Receiver-operating characteristic curve (ROC) foe tvhole group determining % predicted forced
expiratory volume in 1 s (FE)/value which best identified the provocative caorticgion of methacholine
causing a 20% fall in FEM< 16 mg/ml. Cut-off point: 101% (Specificity: 57%nSitivity: 71%, positive
predictive value: 59%, negative predictive valug%g p = 0.0001. AUC = 0.67)
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Figure 3 Spearman test for patients exhibiting a 20% fallarced expiratory volume in one second (FEdr

a provocative concentration of methacholin&6 mg/ml We didn't find any correlation betweecfional

exhaled nitric oxide, measured at a flow rate ofdls (FE050 and provocative concentration of methacholine
causing a 20% fall in FEMPC20M) in those patients considered as asthmétiss0.06, p = 0.59)
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Table 5 FEyospaccording to the presence of respiratory symptomaspopulation of patients referred for
asthma diagnosis

I:ENOSO (Ppb)
Symptoms Presence of Absence of
symptom symptom
Diurnal cough 16 (4-271) 19 (4-213)
N =122 N =52
Nocturnal cough 14 (4-213) 19 (4-271)
N =62 N= 112
Diurnal wheezing 20 (7-271)** 14 (4-213)
N =82 N=92
Nocturnal wheezing 20 (5-213)* 15 (4-271)
N =65 N =119
Dyspnoea 17 (5-213) 15 (4-271)
N=111 N =63
Chest tightness 16 (5-271) 18 (4-142)
N =115 N =59
Chest pain 14 (4-80) 18 (4-271)
N =46 N =128
Exercice trigger 15 (5-213) 19 (4-271)
N =99 N =75
Humidity trigger 15 (4-213) 18 (4-271)
N =64 N =110
Fumes trigger 17 (4-150) 18 (4-271)
N =87 N =87
Dust trigger 19 (5-142) 16 (4-271)
N=78 N =96
Pollen trigger 19 (5-118) 16 (4-271)
N =50 N=124
Emotional trigger 15 (5-213) 18 (4-271)
N =77 N =97
Rhinitis 17 (4-142) 17 (4-271)
N =95 N =79
Urticaria 19 (5-213) 16 (4-271)
N =48 N =126
Pyrosis 15 (4-142) 19 (5-271)
N =91 N =83

*p < 0.05, **p < 0.001. Floso, fractional exhaled nitric oxide.
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Table 6 Proportion of symptoms according to the resultthefmethacholine challenge in a population referred
for asthma diagnosis

PC20M < PC20M >
Symptoms 16 mg/ml 16 mg/ml
Diurnal cough (Y/N, %) 54/28 (66) 68/24 (74)
Nocturnal cough (Y/N, %) 30/52 (37) 32/60 (35)
Diurnal wheezing (Y/N, %) 47/35 (57)* 35/57 (38)
Nocturnal wheezing (Y/N, %)  46/36 (56)** 19/73 (21)
Dyspnoea (Y/N, %) 60/22 (73)** 41/51 (45)
Chest tightness (Y/N, %) 60/22 (73)** 37/55 (40)
Chest pain (Y/N, %) 20/62 (24) 26/66 (28)
Exercice trigger (Y/N, %) 53/29 (65) 46/46 (50)
Humidity trigger (Y/N, %) 33/49 (40) 31/61 (34)
Fumes trigger (Y/N, %) 40/42 (49) 47/45 (51)
Dust trigger (Y/N, %) 42/40 (51) 36/56 (39)
Pollen trigger (Y/N, %) 28/54 (34) 22/70 (24)
Emotional trigger (Y/N, %) 37145 (45) 40/52 (43)
Rhinitis (Y/N, %) 49/33 (60) 46/46 (50)
Urticaria (Y/N, %) 25/57 (30) 23/69 (25)
Pyrosis (Y/IN, %) 39/43 (48) 52/40 (57)

*p < 0.05, **p < 0.0001. PC20M, provocative congetibn of methacholine causing a 20% fall in REV

Discussion

Our results shows that k&so > 34 ppb has a high positive predictive valuedentify bronchial
hyperresponsiveness to methacholine in patientshadarespiratory symptoms suggestive for asthmarand
whom the respiratory physician had no argumenaiiovay flow variability either because baselinelma was
considered to be normal or because bronchodilattidgnhaled3,-agonist was weak. However, the sensitivity of
34 ppb cut-off is poor and KBsg values below this threshold clearly do not rulé lmenchial
hyperresponsiveness. Furthermore, we found thaingra list of respiratory symptoms, wheezing was th
symptom that was the most convincingly associatitldl rsised Flgoso

Airway hyperresponsiveness and airway inflammasimacknowledged to be key but largely independent
features of asthma (10,11). In routine many astiuhare diagnosed based on the association betieenic
respiratory symptoms and the demonstration of airveaiiability. Reversibility to inhale@,-agonist and
methacholine/histamine bronchial challenge arertbet common ways used to confirm suspected astimma.
those patients with normal baseline lung functiomas shown that bronchodilation test and peakratquiy
flow rate variability perform rather weakly to asteén the diagnosis (4,5). kbso has been advocated as a
useful tool to make asthma diagnosis in steroigenpatients with respiratory symptoms (5,9). Thpybation
selected in our study is somewhat slightly difféfeam those described in previous studies in tidy patients
in whom asthma diagnosis remains uncertain aft@rsiility testing and/or baseline spirometry wseat to
our routine function laboratory for a methacholaillenge. Furthermore, it is of interest to nbi the
proportion of atopic patients was rather low (5G#jl the proportion of active smokers rather higitggfor a
population of mild to moderate steroid naive astticsaDupont (9) and Smith (5) excluded smokers thied
series of Smith et al. (5) included 76% of atopibjects whereas their proportion was not mentianebe
study of Dupont et al. The relatively weak propamtdf atopy and the presence of smokers certakpiaa
why the average Rlgso value in our series is clearly lower than thabiégd in patients attending an asthma
clinic (7,17).

Our results show that bronchial NO may predict melioline hyperresponsiveness reflected by PC20Md
mg/ml with FEyoso cut-off > 34 ppb yielding 95% specificity and 8§¥sitive predictive value. Our data show
that 20% with confirmed asthma had\gk value > 34 ppb. In contrast to the specificityystvity of 34 ppb
threshold is poor and a value below this thresktddrly does not exclude the presence of bronchial
hyperresponsiveness. It is important to realiseERaoso and PC20M values are largely independent vagabl

Indeed the correlation between DRS (dose-respdope)sor methacholine and R&so is weak for the whole
population and we did not find any significant telaship between Risoand PC20M in those patients
diagnosed as asthmatics. This contrasts with wekatave recently found concerning the relationskipvben
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FEnoso and sputum eosinophils in a large heterogeneaiessa asthmatics encountered in daily practige (7

The relationship between gEand airway hyperresponsiveness is controversakanflicting results have
been published (5,18-23). Compared with our paight studies showing a more convincing relatignsh
between Flgo and bronchial hyperresponsiveness included afgigntly higher proportion of atopic patients.
We found, however, by a multiple regression analfsat atopy, in contrast to k&eo, was not an independent
predictor of bronchial hyperresponsiveness. Orother hand, Smith et al. (5) used hypertonic sakne
indirect stimulus, to measure bronchial responggsnlt is recognised that airway inflammationestdr related
to indirect than to direct bronchial hyperrespoasess (24).

Although FEkos0 and PC20M reflect different dimensions in asthindoes not exclude functional relationship
between the two variables. It is admitted that pathe bronchial hyperresponsiveness in asthrtiaked to an
airway eosinophilic inflammation that can be attetied by corticosteroids (25).

Furthermore, nitric oxide may itself contributeltimnchial hyperresponsiveness by increasing aiceslema as
it is a potent vasodilator responsible for plasmadation from bronchial vessels (26) and the tramsétion of
NO in peroxynitrite was shown to induce airway hypsponsiveness in guinea pigs (27). This may éxtte
good specificity of FENO to detect methacholingpmassiveness even if it is not perfect as incre&dg@so may
be observed in other pathological conditions siecbasinophilic bronchitis (28) where bronchial
hyperresponsiveness is absent. It is also integesti notice that Rigso values outside the normal range as
defined by Travers et al. (16), whilst being rattae in our series (13%), carries a high odds 1(@#.5) in
favour of bronchial hyperresponsiveness. This alzgiem highlights the fact that consistent airway
inflammation may be a determinant factor of broathiyperresponsiveness.

The multiple logistic regression analysis confirntied effect of baseline airway calibre as a stiodgpendent
predictor of the presence of bronchial hyperrespengss to methacholine. Some studies have shown a
correlation between FEMand bronchial hyperresponsiveness (22,29,30). Suggests that airway geometric
factors are involved in the mechanisms of brondiyalerresponsiveness in asthma. Beyond geometny ihe
also solid argument to support the role of brondmaooth muscle dysfunction in determining
hyperresponsiveness to direct constricting ageh)t @though atopy was shown to correlate with lotual
hyperresponsiveness in epidemiological and clirstadlies (32), our data suggest that its influenag be
mediated by an increase in airway inflammationtapia patients clearly exhibited higher g, than non-
atopic (19 ppb vs. 15 ppb, p < 0.01). We therebmieve that it is not atopyer sethat matters in determining
bronchial hyperresponsiveness but rather the feattatopy may favour airway inflammation in casesstésed
patients are exposed to a relevant allergenimp®rtant to emphasise that smoking status didmpéact on
bronchial hyperresponsiveness to methacholine irstugy. Smoking has been shown to induce airway
hyperresponsiveness in the general population (3@).data show that smoking may be less criticamwh
considering selected patients based on the presdteonic respiratory symptoms.

There are only limited data on the precise relatigmbetween the type of symptoms and airway infietion.
In our study diurnal and nocturnal wheezing wemmaimted with proximal airway inflammation as refkd by
raised levels of Fipse. Leuppi et al. reported the same observationgogulation of children (34). Although it
is admitted that asthma may sometimes be revegiésblated cough (35), our data show that cougjeiserally
poorly related to methacholine hyperresponsivenadsto Flgos0 As compared with R bronchial
hyperresponsiveness to methacholine is associatbdwroader spectrum of symptoms including ndy on
wheezing but also dyspnoea and chest tightnesswehelikely to better reflect airflow limitatiohan
wheezing alone.

Our study had not the purpose to study asthma pyyee® but rather to validate an inflammometer as a
diagnostic tool for the currently accepted defamitof asthma according to GINA. A key issue is oWk

whether or not those patients with chronic respisasymptoms and high s are better responsive to inhaled
corticoids irrespective of their level of bronchiglperresponsiveness and their 'asthma’ label.hEsbeen
suggested by pilot monocentric study (36) but baset confirmed in a study conducted on a largdesca

Conclusion

We conclude that FENO measurement may be usefhktolinician in diagnosing asthma in patients with
chronic respiratory symptoms in whom bronchodilgtiest failed to demonstrate reversibility or was n
indicated. However, the poor sensitivity of\ggyto detect bronchial hyperresponsiveness should jtrtme
clinician to ask for a methacholine challenge whethhma is suspected based on clinical historyse ch
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FEnoso < 34 ppb (Figure 4). According to our data, apgilmn of the algorithm proposed in Figure 3 cowddes
20% of methacholine challenges performed in a neytiulmonary function laboratory. This is not to be
neglected as methacholine challenge is time conspamd uncomfortable to the patients.

Figure 4 Proposed algorithm for asthma diagnosis. ValuesA<pb should prompt the clinician to ask for a
methacholine challenge when asthma is suspectestit@msclinical history. The application of the posed
algorithm could save 20% of the methacholine cimgiéeperfomed in a routine lung function laboratory

[Proposed algorithm ]

Respiratory symptoms

[Pre-ana pest

[FEviincreasez20e m

'-
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