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Inflammation and airway function in the lung periphery of

patients with stable asthma

Sylvia Verbanck, PhD, Daniel Schuermans, RN, and Walter Vincken, MD, PhD  Brussels, Belgium

Background: An important role for exhaled nitric oxide (NO)
measurement could be in the distinction between proximal and
peripheral lung contributions to inflammation, with a particular
interest for the alveolar lung zone and its implication on airway
function.

Objective: We aimed to isolate the acinar lung zone
contribution to both inflammation and airway function to seek a
relationship between them.

Methods: In 30 patients with asthma with an asthma control test
score exceeding 20, indices of conductive and acinar ventilation
heterogeneity (Scond, Sacin) were obtained from a multiple
breath washout. NO production in the conductive airways
(J’awyno), alveolar NO concentration (CAyo), and the standard
exhaled NO at 50 mL/s (FENQOs,) were obtained from exhaled
NO.

Results: Scond was consistently abnormal in all patients with
stable asthma, but without any correlation to inflammation
abnormality in that compartment (J’awyg). Sacin was
particularly abnormal in the asthma subgroup receiving >500
g budesonide equivalent, and a correlation was found between
Sacin and CAng (r = 0.61; P = .015); in this subgroup, a weak
association was found between Scond and J’awyg or FENOs,
(r = 0.50; P = .059 for both).

Conclusion: The persistent functional abnormality of small
conductive airways in patients with stable asthma is largely
independent of inflammation as measured by exhaled NO. In the
alveolar compartment, a functional correlate of alveolar NO
was found in a subgroup of patients with stable asthma on
moderate-to-high maintenance doses of inhaled steroids. These
patients in particular could benefit from novel therapies
specifically aimed at improving airway functionality at the level
of the acinar entrance and beyond. (J Allergy Clin Immunol
EEEN;EEN:ENE-NEN,)
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Abbreviations used
ACT: Asthma control test
CAno: Alveolar nitric oxide concentration
CAno™™": Corrected alveolar nitric oxide concentration as proposed
by Condorelli et al*’
CANo®™™: Corrected alveolar nitric oxide concentration as proposed
by Kerckx et al*®
FENOs: Fractional concentration of exhaled nitric oxide measured af
expiratory flow rate of 50 mL/s
J awno: Nitric oxide flux in the conductive airways
NO: Nitric oxide
Sacin: Acinar ventilation heterogeneity
Scond: Conductive ventilation heterogeneity
Sn: Normalized N, phase III slope in each expiration of a
multiple breath N, washout
TO: Lung turnover

There has been considerable interest for exhaled nitric oxide
(NO) as an easy and non-invasive measure of airway inflamma-
tion, leading to detailed studies of confounding factors,"? a stan-
dardization document,3 and several reports of normal values.*”
However, some of the initial enthusiasm has been tempered by re-
cent studies indicating that exhaled NO does not provide an addi-
tional benefit to standard asthma control measures when guiding
therapy (see, for example, Shaw et al®). An editorial by Stick and
Franklin’ shared this skepticism but did recognize the potential
interest of measuring exhaled NO in severe asthma. On the other
hand, Taylor'® argued in favor of the standard exhaled NO ob-
tained at 50 mL/s exhalation rate (FENOs() on the basis of, for ex-
ample, Michils et al,'' who proposed to consider FENOs
changes, rather than FENOs cut-off values, in the follow-up of
individual patients. One problem with FENOs, is that it is a global
measure of NO production, making it potentially sensitive but less
specific to characterize patients with asthma adequately. Several
authors have therefore promoted the determination of alveolar
and bronchial components of exhaled NO. 12-16 These can be eas-
ily obtained with very little extra effort on the part of the patient'”
by having the patient perform exhalations at various flow rates
instead of just 1. The validity of compartmentalization of NO
parameters has been confirmed experimentally, for instance by
inducing conditions that are known to affect only NO concentra-
tion in the alveolar compartment. 18

The inconsistent relationships between the various exhaled NO
parameters and spirometric indices have prompted a search for
alternative functional correlates of inflammation. Some authors
have related exhaled NO parameters to indices of ventilation
heterogeneity, such as the N, phase III slope of single breath N,
washout. Battaglia et al'® found a correlation between exhaled
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NO at 100 mL/s and N, phase III slope in patients with mild
asthma. van Veen et al'? reported an association between alveolar
airway inflammation and N, phase III slope, particularly in pa-
tients with asthma on high doses of inhaled steroids. It is prudent
to point out that, very much like FENOs, is a mixture of bronchial
and alveolar NO, usually dominated by the former, the standard
phase III slope of the vital capacity single breath washout is a mix-
ture of conductive and acinar ventilation heterogeneity, usually
dominated by the latter. What is currently lacking is a simulta-
neous measurement of inflammation and ventilation heterogene-
ity specific to each lung compartment to test, for instance,
whether inflammation in the alveolar lung zone of a given patient
is also reflected in airway dysfunction of this particular lung zone.

In the current study, we set out to identify conductive and acinar
airway contributions to inflammation, and to search for their
functional correlates in the corresponding lung compartments of
patients with asthma that is well controlled according to Global
Initiative for Asthma guidelines with varying doses of inhaled
corticosteroids.?’ Inflammation was quantified by exhaled NO
at different flow rates to obtain a measure of NO production in
the conductive airways (J’awyo) and of alveolar NO concentra-
tion (CAno). Airway function at the corresponding lung depths
was assessed by means of validated indices of conductive and ac-
inar ventilation heterogeneity (Scond and Sacin) derived from the
N, phase III slope of a multiple breath N, washout.>'"** On the
basis of the increasing Sacin values previously obtained in asthma
patients with increasing disease severity, it was hypothesized that
patients on high doses of standard inhaled corticosteroids would
be distinguished by a more pronounced functional abnormality
of the acinar lung zone, and that this could have an inflammatory
basis. Hence, the primary objective was to search for a link be-
tween CAno and Sacin in these patients with asthma, but potential
links between Scond and J’awyo or the more commonly used
FENOs were also evaluated.

METHODS

The protocol was approved by the local ethics committee
(#B14320071296), and informed consent was obtained from all participating
subjects. A set of measurements was performed in patients with asthma and in
a healthy control group. Measurements in the asthma group were done
postdilatation with 400 pg salbutamol, thereby minimizing variable smooth
muscle contraction, to assess any residual structure-function abnormality in
these patients with stable asthma. Of all measured parameters, normal values
are available in the literature, and our control group merely served to verify
that, in the absence of disease, no correlation was found between exhaled NO
and ventilation heterogeneity parameters. To this aim, we deliberately chose a
group of young never-smokers with no history of respiratory disease and with
a negative histamine provocation test. From the Sacin and Scond data in a
normal group (n = 63; age range, 19-51 years) from a previous study,25 we had
verified that there was no age dependence of the ventilation heterogeneity in-
dices, but because of inconsistent reports of age dependence of exhaled NO
parameters,*” the potential confounding factor of age on correlation analysis
was avoided by the choice of a narrow age range for the control group (19-21
years).

All participating patients with asthma had been diagnosed and treated in
our clinic according to standard criteria.”’ Inclusion criteria for the current
study were no respiratory infection or asthma exacerbation in the 6 months be-
fore the study and an asthma control test (ACT) score exceeding 20.%° During
the study visit, 1 set of measurements on each test subject included, in this se-
quence, exhaled NO, spirometry, and multiple breath N, washout measure-
ments. Spirometry was performed by using standard equipment
(VmaxEncore; Viasys, Bilthoven, The Netherlands).
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Exhaled NO

The exhaled NO measurement started with a vital capacity inhalation of
NO-free air (filter type A1B2E2K1HgCONO-P3; Draeger, Luebeck, Ger-
many) followed by exhalation via 1 of 6 restrictors with the subject
maintaining a mouth pressure of 15 cm H,O, so as to obtain exhaled NO for
6 expiratory flows between 50 and 350 mL/s (2 tests per flow). Exhaled NO
concentration was continuously recorded (CLD; EcoPhysicsAG, Duerten,
Switzerland) such that an NO plateau value could be readily identified.
From the plot of exhaled NO plateau value versus the inverse of the corre-
sponding flow, alveolar NO concentration (CAno) and NO flux in the airway
compartment (J’awno) were first estimated as follows: CAno and J’ awyo cor-
respond to, respectively, intercept and slope of the exhaled NO versus flow
plot, also considering the recommendation that only data points corresponding
to flow >100 mL/s (flow™ ! < 0.01 s/mL), or at least in the linear part of the
curve, should be used.'” One pitfall of determining the alveolar NO concentra-
tion is that it can be artificially increased in a clinical situation in which bron-
chial NO production is increased and part of this bronchial NO back-diffuses
into the alveolar space. It has been suggested that this artefact can be corrected
for, and we applied here 2 published correction methods:

CANOCO"] = CANO - J’aWNO/740
as proposed by Condorelli et al,?” and
CApo™™ = (CAno— 0.08 X FENOs()/0.92

as proposed by Kerckx et al.?®

Ventilation heterogeneity

Instrumentation and theory underlying multiple breath N, washout tests of
ventilation heterogeneity have been extensively reported elsewhere (see, for
example, Verbanck et al*'). Three multiple N, breath washout tests were per-
formed by each test subject or patient. From the N, tracings, N, phase III
slopes were computed in subsequent expirations and normalized by mean ex-
pired N, concentration to obtain a normalized slope (Sn) for each breath; func-
tional residual capacity is computed to obtain a measure of lung turnover (TO).
From 3 multiple breath tests in each subject, an average Sn versus TO curve is
obtained (an illustrative curve is shown in the Results section), from which in-
dices Scond and Sacin are derived to represent the conductive and acinar com-
ponents of ventilation heterogeneity, respectively. Scond is the slope of the Sn
versus TO regression in the TO range 1.5 to 6, whereas Sacin is the slope of the
first expiration minus Scond times the TO of the first breath. Because Scond
and Sacin derive from N, phase III slopes, their value increases when ventila-
tion heterogeneity increases.

Statistical analysis
Using StatisticaS.1 (StatSoft, Tulsa, Okla), nonparametric tests (Mann-
Whitney; Spearman rank correlation) were performed.

RESULTS

All patients had clinically diagnosed asthma and documented
reversibility (n = 30; 14 women, 16 men; 44.5 *= 15.2 [SD] years;
172 = 10 [SD] cm). All patients were atopic and had been treated
by inhaled corticosteroids in combination with long-acting 3, mi-
metics for at least 5 years. None of the patients were treated with
oral corticosteroids. All patients with asthma were clinically sta-
ble, and their reported ACT score ranged from 20 to 25.2° Two
asthma subgroups were distinguished according to their daily
use of inhaled steroids (with a cut-off at 500 g budesonide equiv-
alent). The first subgroup consisted of 15 patients receiving 160 to
400 pg budesonide equivalent dose per day (average, 301 pg); the
second subgroup of 15 patients had a maintenance treatment of
640 to 1600 pg budesonide equivalent dose per day (average,
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TABLE I. Spirometry, ventilation heterogeneity,
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and exhaled NO parameters

Asthma
Control <500 png BUD equivalent >500 png BUD equivalent P value
Mean ACT score — 22.8 222
Spirometry
FEV; (%pred) 104 = 13 101 = 16 88 = 17* .037
FEV,/FVC(%) 86 = 7 72 £ 11 66 = 9 .050
FEF,5 75 %pred) 98 £ 22 66 £ 21 47 £ 21* .016
Ventilation distribution
Sacin (L™Y) 0.060 = 0.019 0.085 £ 0.042 0.127 £ 0.053 .033
Scond (L1 0.030 = 0.009 0.047 = 0.021 0.057 £ 0.017 .074
FRC (mL) 3001 = 919 3017 = 797 3295 + 876 >.1
Exhaled NO
FENOs, (ppb) 169 = 84 424 + 414 273 = 215 >.1
CAno (ppb) 2.34 £ 1.46 4.49 + 4.46 3.53 = 2.61 >.1
CAno™™ (ppb) 1.07 = 1.71 1.19 = 1.90 1.47 = 145 >.1
CANOC"”2 (ppb) 1.36 = 1.63 1.92 = 2.33 1.93 = 1.63 >.1
Jawno (pl/sfl) 727 = 424 1898 = 1860 1188 £ 963 >.1

BUD, Budesonide; FEF,s. 75, forced expiratory flow between expiration of 25% and 75% FVC; FRC, functional residual capacity; FVC, forced vital capacity; pred, predicted.

Data are means * SDs.

*Significant differences between the asthma subgroups (P values are from Mann-Whitney test).

1176 pg), 8 of whom were on 1000 wg fluticasone. The control
group (n = 20; 14 women, 6 men; 19.9 = 0.6 [SD] years; 172
=+ 9 [SD] cm) showed normal values for indices of ventilation het-
erogeneity (Table I)—that is, below the upper limit of normal for
Sacin (0.11-0.13 L") and below the upper limit of normal for
Scond (0.037-0.042 L™").** The exhaled NO parameters for
the control group also fell in the published normal ranges.*>!”

In the ventilation heterogeneity and exhaled NO curves, as
presented across Figs 1 and 2, changes in the rate of rise of the
curves reflect inflammatory or functional changes occurring in
the conductive airway compartment of the lung. Changes in the
intercept of either curve signal inflammatory or functional
changes potentially taking place in the acinar airway compart-
ment. Overall, the rate of rise of Sn versus TO (Fig 1) was in-
creased between the control and asthma groups, resulting in an
increased conductive ventilation heterogeneity (Scond). The off-
set of the entire Sn versus TO plot was also increased in the asthma
group, reflecting an additional increase in acinar ventilation heter-
ogeneity (Sacin). As an illustration of Scond and Sacin computa-
tion, the Scond value that would correspond to the average curves
in this figure is 0.027 L! (control) and 0.047 Lt (asthma); cor-
responding Sacin are 0.069 L~ ! (control) and 0.110 L ™! (asthma).
In the study, individual Scond and Sacin values are determined
from the Sn versus TO plot for each test subject individually. Con-
sidering the entire asthma group, significant increases in Sacin
(P = .002) and Scond (P < .001) were observed with respect to
the control group; average values for the control group and the
2 asthma subgroups can be found in Table I.

Overall, the rate of rise of FENO versus flow ' plot (Fig 2) was
increased between the control and asthma groups, reflecting an in-
creased NO production in the airways (J’awno). The offset of the
entire FENO versus flow ' plot was also increased, pointing to an
additional increase in alveolar NO concentration (CAng). As an
illustration of J’awyno and CAno computation, the J’awyo values
that would correspond to the average curves in this figure are 747
p1/571 (controls) and 1532 p1/571 (asthma); corresponding CAno
values are 2.3 ppb (controls) and 4.1 ppb (asthma). In the study,
individual J’awyno and CAyo values are determined from the
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FIG 1. Sn versus TO plots from which indices of conductive and acinar
ventilation heterogeneity (Scond, Sacin) can be computed (see text for
details); averaged Sn values (+SEs) from the 20 control subjects and 30
patients with asthma.

FENO versus flow ' plot for each test subject individually. Con-
sidering the entire asthma group, significant increases in J’awyo
(P =.009) and CAno (P = .03) were observed with respect to the
control group; average values for the control group and the 2
asthma subgroups can be found in Table I. When correcting alve-
olar NO concentration to account for the back diffusion of in-
creased NO production in the airway compartment, alveolar
concentration values were smaller and very similar to each other
(CANO™™, CANo*™ in Table D).

In the control group, and in the asthma group as a whole, there
were no significant correlations between inflammation and spi-
rometry or ventilation heterogeneity. In particular, FENOs, did
not correlate with either FEV ;| or FEF,5_;5, nor with either Scond
or Sacin (P > .1 for all). In the entire asthma group, the correlation
between Sacin and CAyo was near the borderline of significance
(P = .06). However, in the subgroup of patients with asthma on
>500 pg budesonide equivalent, significant correlations existed
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FIG 2. Exhaled NO concentrations (means + SEs) versus the reciprocal of
flow in asthma (closed circle) and control (open circle) groups. From the
slope and intercept of exhaled NO versus the reciprocal of flow, CAyo
and J'awpno were estimated (see text for details).

between Sacin and CAyo (r = 0.61; P = .015), between Sacin and
CANO™™ (r = 0.57; P = .025), and between Sacin and CAyo "™
(r = 0.57; P = .027). For the sake of comparison with previous
studies, where CAno is most commonly used, individual data
points are shown for CAyo in Fig 3, A. The correlations between
Scond and J’awyo (Fig 3, B) and between Scond and FENOx,
failed to reach statistical significance (r = 0.50; P = .059 for
both).

DISCUSSION

In this study we have first identified the conductive airways
contribution to ventilation heterogeneity which was accompanied
by, but largely unrelated to, an abnormally high airway NO
production as measured from exhaled NO in patients with other-
wise stable asthma. Possibly the conductive ventilation heteroge-
neity observed here was at least in part the functional consequence
of a nonsteroid-responsive structural change associated with
airway remodeling. If such remodeling is present early in the
disease process and nonprogressive,> this could also explain that
the Scond values obtained here are very similar to those previously
reported in nonsteroid-dependent mild asthma patients.”' Even in
an asthma population in which both inflammation and ventilation
heterogeneity were expected to be abnormal, Downie et al** ob-
served that inflammation and conductive ventilation heterogeneity
were independent determinants of bronchial hyperresponsiveness.
In Downie et al,>’ exhaled NO was measured by the off-line
method collecting NO at 1 expiratory flow rate (200 mL/s), such
that no distinction could be made between bronchial and alveolar
NO. van Veen et al'* found that the bronchial component of ex-
haled NO in mild and more severe asthma patients did not correlate
with the vital capacity single breath N, phase I1I slope, which is a
global measure of ventilation heterogeneity. The separation of
both inflammatory and functional noninvasive markers into alveo-
lar and conductive compartments, and the potential correlations
between them, constitutes the novelty of the current work. In
this way, we were able to demonstrate, by noninvasive measure-
ment, that the acinar airway dysfunction in more severe asthma pa-
tients could indeed have an inflammatory basis.

The correlation between acinar ventilation heterogeneity
(Sacin) and alveolar NO (CAno, CAno™, or CAno™°™) was
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FIG 3. A, Scatter plot of acinar ventilation heterogeneity Sacin and CAyo in
subgroup of patients with asthma treated with >500 png budesonide equiv-
alent daily dose (closed symbols) and controls (crosses). B, Scatter plot of
conductive ventilation heterogeneity Scond and J'awpo in subgroup of pa-
tients with asthma treated with >500 png budesonide equivalent daily dose
(closed symbols) and controls (crosses).

particularly marked in a subgroup of patients treated with moder-
ate-to-high doses of inhaled steroids, who were also characterized
by lower FEV, and greater Sacin (Table I). Despite some meth-
odologic differences, van Veen et al'? also reported correlations
between alveolar NO and the standard phase III slope in the pa-
tients with severe asthma (postbronchodilator FEV, 89% pre-
dicted; beclometasone dose, 1155 wg) and not in the patients
with mild-to-moderate asthma (postbronchodilator FEV; 102%
predicted; beclometasone dose, 445 jg). Possibly, no further
functional improvement can be obtained, even with high doses
of standard inhaled steroids if these do not reach the affected
lung zones in the patient with more severe asthma. One could
even speculate that NO levels remain elevated in certain airway
locations because these cannot be reached by anti-inflammatory
medication as a result of local ventilation heterogeneity in these
very locations. In any case, the correlation between function
and inflammation of the acinar lung zone (Fig 3, A) indicates
that there is an asthma subpopulation for whom alternative treat-
ments (smaller particle inhaled steroids or oral steroids) aimed at
further decreasing inflammation at the level of the respiratory
bronchioles and beyond could also improve functionality there.
Identifying such subgroups via Sacin and/or CAxo may be valu-
able when assessing the peripheral effect of novel therapies in pa-
tients with asthma.*%-3!
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A significant degree of intersubject scatter has been reported
for standard exhaled NO measurement FENOs, in never-
smokers,” with regression equations accounting for no more
than 10% of the FENOs, variability. The largely unexplained in-
tersubject variability in exhaled NO parameters but acceptable
(intrasubject) reproducibility®” has led to the recommendation
that the clinical use of exhaled NO parameters resides in consid-
ering relative (intrasubject) changes rather absolute cut-off
values.'" In this respect, the use of fixed cut-offs for exhaled
NO parameters such as CAyo could prove to be problematic to se-
lect patients eligible for more peripheral treatment, whereas
CAno could still be suitable to track a therapeutic intervention
in an individual patient. Considering that Sacin has a much lower
intersubject variability and reported upper limits of normal rang-
ing from 0.11 to 0.13 L~ ! across studies in different centers,?>>>
Sacin may be the preferred parameter for identification of patients
eligible for more peripheral airway treatment. Alternatively, one
could take a pragmatic approach on basis of the current findings
and simply select patients on maintenance treatment of high doses
of steroids in an attempt to decrease further their CAyo. Irrespec-
tive of the selection criteria, monitoring of intrasubject changes
after novel peripheral treatment can then be done with either
Sacin or CAyo, and preferably with both.

Thus far, results from studies exploring the value of novel
therapies on inflammation and function in the acinar lung zone
have been inconclusive. van Veen et al'? did not observe a differ-
ence between alveolar NO in patients with severe asthma whether
or not their maintenance treatment included oral steroids. Simi-
larly, Berry et al'* did not find a difference in alveolar NO be-
tween patients with refractory asthma on either inhaled or oral
steroids, yet, alveolar NO was shown to be decreased following
a step-up treatment with oral steroids, and not with doubling
the dose of inhaled steroids. Gelb et al'* obtained significant de-
creases in CAyo, but not in J’awyo, When patients with stable
asthma on inhaled steroids were given prednisone for 10 days.
Conversely, Fritscher et al’” did not observe any changes in
Jawyo or CAno when patients with asthma were given montelu-
kast in combination with fluticasone after a period of fluticasone
alone. Finally, Cohen et al** studied patients with asthma with an
elevated CAyo. Seven of those patients receiving ciclesonide
showed a CAno decrease, whereas the 8 patients in the placebo
arm did not. This points to a key issue: there must be abnormality
of inflammation and/or function in the alveolar compartment if a
novel therapy is to elicit an improvement in such a peripheral lung
zone at all. This is line with our previous study in which only those
patients with asthma with abnormal Sacin at baseline showed an
improvement in acinar airway functionality when switched from
a standard budesonide to ultrafine beclomethasone dipropionate
treatment.”* In this respect, the outcome and success of novel
therapies targeting the peripheral lung are critically dependent
on the patient selection in terms of baseline inflammation and
function of the acinar lung compartment.

Although the current study was focused on functionality and
inflammation in the acinar lung zone, it is important to point out
that any correlation between noninvasive measurement of venti-
lation heterogeneity and inflammation was confined to its
corresponding lung compartment—for instance, Sacin did not
correlate with J’awyng. No correlation was found between J’awyo
and any spirometric parameter, also in agreement with previous re-
ports.'*'>1° Consistent with previous observations by others,'*">
J’awno was not different between asthma patients on maintenance
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treatment of moderate-to-high versus low doses of inhaled steroids
(Table I). One explanation for this relatively consistent J’awyo
behavior across studies and the poor association of J’awyno with
ventilation heterogeneity observed here can be sought in very
recent lung modeling work by Suresh et al.>> These authors
have shown that local areas of high NO production can lead to
either J’awy increases or J’awyg decreases, even in the case of
ahomogeneously ventilated lung, and that J’awyo response is fur-
ther complicated by the ventilation heterogeneity (of the type re-
flected in Scond) across these areas. This effect may blur
potential relationships between noninvasive measures of airway
function and inflammation in the conductive airway compartment,
particularly when the degree of inflammation is relatively mild and
heterogeneously distributed across the bronchial airway tree. Pos-
sibly, in patients with uncontrolled asthma with more elevated
J’awno, a more distinct correlation with Scond could occur.

All measurements performed here were noninvasive and based
on lung modeling,””*** whereby airway inflammation and func-
tion are attributed to conductive and acinar lung zone compart-
ments. One could suspect a mathematical link between the
respective lung zone components of exhaled NO and ventilation
heterogeneity, owing to the lung modeling on which they are
based. By observing the absence of correlation between CAno
and Sacin and between Scond and J’awyo in a young healthy con-
trol group, we verified that no such mathematical link existed.
One could also wonder whether CAno and Sacin correspond to
exactly the same part of the acinar lung zone and whether Scond
and J’awyo correspond to exactly the same part of the conductive
lung zone. On basis of lung modeling and the respective diffusion
fronts>*® for NO and O,, it can be argued that the dividing line for
the inflammatory as well as the functional parameters must be lo-
cated in the vicinity of the acinar entrance. The fact that in control
and asthma groups, no correlations existed between J’awyo and
Sacin, nor between CAyo and Scond, lends support to the fact
that inflammatory and functional parameters are confined to their
respective lung zones.

In summary, the current data complement earlier studies in
pointing to a relatively fixed degree of conductive airway
abnormality across patients with stable asthma of different
asthma severities. We have now shown that the conductive airway
abnormality is only poorly associated to inflammation as inferred
by the bronchial component of exhaled NO. Despite being stable,
the patients with more severe asthma in terms of FEV; showed an
increased acinar component of airway dysfunction that was
clearly linked to inflammation in that lung compartment. In this
respect, valuable information could be lost if only FENOs,, and
not its component CAynpo, were determined when developing
novel therapies, particularly those that are preferentially targeted
to the acinar lung zone.

Key messages

A noninvasive assessment of airway function and airway
inflammation in stable asthma shows the following:

o Airway function in the conductive lung zone of patients
with stable asthma is consistently abnormal and only
poorly associated with bronchial NO.

o Airway function in the acinar lung zone is particularly
abnormal in the patients with more severe asthma and
significantly correlated with alveolar NO concentration.
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