
EDITORIAL

Is it really time to look at distal airways to improve

asthma phenotyping and treatment?
T. Perez

I
n 2011, severe asthma and/or insufficient control of disease
remain major challenges for the pulmonologist [1]. Small
airway involvement has been demonstrated by a number of

studies, particularly in fatal, severe or poorly controlled asthma,
and may be a potential target to improve treatment and asthma
outcomes [2–5]. Although inhaled corticosteroids (ICSs) remain
the cornerstone of asthma treatment, there is a continuing
debate on the potential benefit of small-particle formulations. In
this context, the recent study by COHEN et al. [6] clearly adds new
data to this controversial topic.

It is the first to compare airway hyperresponsiveness (AHR) to
small-particle adenosine monophosphate (AMP) with large and
standard particles in a reasonable sample of mild-to-moderate
asthmatics. In addition, the impact of small- (ciclesonide) versus
large-particle (fluticasone) ICS formulations was compared at
4 weeks using the same original AMP challenges, exhaled NO
and spirometry. Unfortunately, asthma control was not assessed.
The results clearly indicate that small-particle ICSs may improve
corresponding AHR, but other functional outcomes were sur-
prisingly not correlated with this benefit. Such an approach
targeting evaluation and treatment of small airways raises a
series of questions.

AHR is a complex phenomenon in asthma and the contribution
of small airways to this hyperresponsiveness is poorly char-
acterised, particularly regarding its variable inflammatory
component. Distal airway inflammation has been demonstrated
by a number of histopathological studies using lung resection
specimens or transbronchial biopsies [2]. Taken together, these
data suggest an important role for distal airway inflammation in
severe asthma.

Consistent with these histopathological findings, direct mea-
surement of distal airway resistance showed that they account-
ed for up to 50–90% of total airflow resistance in asthma [7],
implying that distal airways were the main site of airflow
obstruction. Early experimental and theoretical models sug-
gested that small airways were also the predominant determi-
nants of increased airway resistance, explaining the lack of
plateau in acute bronchoconstriction, for instance, during AHR
testing [8]. In addition, peripheral airway responsiveness (by
direct measurement through a fibreoptic catheter) induced by
histamine challenge was significantly enhanced in asthmatic
subjects relative to normal controls [9].

Contrary to what was expected according to these classical
data, small-particle provocative concentration causing a 20%
fall in forced expiratory volume in 1 s (PC20) was much higher
than large-particle PC20 in the study by COHEN et al [6], which
might be due either to exceedingly small AMP particle size
(mass median aerodynamic diameter (MMAD) 1.04 mm) or,
more likely, to an inadequacy of forced expiratory volume in 1 s
(FEV1) to measure small airway bronchoconstriction. Indeed,
using low-frequency forced oscillation resistance, SEKIZAWA et al.
[10] demonstrated a marked increase in small airway resistance
in eight out of 13 asthmatics during a methacholine challenge
using standard-sized particles. The level of AHR was also more
severe in this subset of patients.

To date, no data were available before those of COHEN et al. [6]
regarding small airway AHR to an indirect stimulus, but their
contribution has also been detected by high-resolution com-
puted tomography (HRCT) and nitrogen washout during the
late phase after cat allergen challenge [11].

Due to the well-demonstrated relationship between baseline
reduction of airway calibre (either due to remodelling or active
inflammatory changes) and the severity of AHR, the level of
fine-particle AHR should also be linked to a reduced calibre of
the small airways. This mechanism is confirmed in the study
by COHEN et al. [6], with significantly lower forced expiratory
flow at 25–75% of forced vital capacity (FEF25–75%) in patients
demonstrating positive small-particle AHR.

The second unexpected result of the study is that despite an
improvement in small-particle AMP PC20 with ciclesonide,
two other indexes of small airways dysfunction, FEF25–75% and
alveolar exhaled NO, improved more significantly in the flu-
ticasone arm. The reasons for such discrepancy are not entirely
clear; the authors postulate an insufficient duration of treatment
(only 4 weeks), an influence of pre-treatment by another ICS, or a
dosage difference between the ciclesonide and fluticasone arms.
Alternatively, FEF25–75% also has several limitations and may not
be the optimal tool for such assessments [12, 13].

Other recent studies focusing on small airways using various
methods demonstrated a significant effect of small-particle
ICSs at this level. Ciclesonide had a significant impact on small
airway function, as demonstrated by forced vital capacity
change during AHR, HRCT air trapping and exhaled alveolar
NO in a small sample of patients [14]. Regarding remodel-
ling and inflammatory changes, flunisolide hydrofluoroalkane
(HFA), another fine-particle ICS, significantly decreased bron-
chiolar smooth muscle actin area without any change in
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collagen content [15]. In addition, a reduction of eosinophils in
late-phase induced sputum was observed with ciclesonide [16],
in parallel with an improvement in oscillatory parameters
reflecting small airways function.

However, the overall prevalence and clinical relevance of distal
airway dysfunction remains difficult to establish in the general
population of asthmatic patients, most available studies hav-
ing focused on small numbers of poorly controlled or severe
disease. The main difficulty is the lack of reliable and widely
available lung function parameters able to detect distal airways
involvement in clinical practice. A number of parameters have
been proposed but most techniques, and particularly the most
specific, remain confined to highly specialised lung function
laboratories and none can be considered, at present, as the gold
standard [3–5].

The single-breath washout has only recently been re-evaluated
in asthma. BOURDIN et al. [17] showed that poor asthma control
correlated with an increase in closing volume and phase-III
slope. Other investigators reported that increased closing volu-
me correlated with frequent asthma exacerbations and residual
volume/total lung capacity ratio [18]. The impact of therapy on
these parameters remains currently unknown.

VERBANCK et al. [19] described an exclusive method of multiple-
breath nitrogen washout (MBW) analysis, defining two new
variables, Scond (index of conductive ventilation) and Sacin

(index of acinar ventilation), as measurements of ventilation
inhomogeneity in their respective zones. In asthma, the most
consistent pattern of non-b2-agonist-reversible ventilatory het-
erogeneity was found in the conductive lung zone, most
probably in the small conductive airways [20]. Scond appears
strongly correlated to the level of direct AHR (methacholine)
in patients treated with ICS [21]. These investigators further
showed that only those with baseline acinar lung zone abnor-
mality (Sacin) obtained a functional benefit on small airways
with HFA-beclomethasone, another extra-fine ICS [22].

The contribution of distal airways to exhaled NO may be
evaluated by alveolar NO (Calv,NO), which was shown to
increase in severe asthmatics in parallel with bronchoalveolar
lavage eosinophils [23]. Calv,NO was found to correlate with
distal airway obstruction, as measured by spirometry [24]
and single-breath nitrogen test [25]. Calv,NO was also highly
correlated with Sacin index in ICS-treated patients [26]. The
impact of fine-particle ICSs on alveolar NO was markedly
different in the two studies by COHEN and co-workers, as it was
positive in one [14], but nonsignificant in the latter [6].

Forced oscillation and impulse oscillometry are simple non-
invasive techniques, although not widely available at present.
A predominant increase of the resistance of the respiratory sys-
tem (Rrs) at low frequencies (less than 10–15 Hz), called fre-
quency dependence of resistance, has been shown to reflect
obstruction in distal airways. Low-frequency reactance may also
evaluate small-airway compliance [27]. Increased low-frequency
Rrs values were found in asthmatic children with mild airway
obstruction (FEV1 .80% predicted and FEF25–75% ,80% pred)
[28]. In adults, subjects with moderate and severe asthma also
exhibited a marked frequency dependence of Rrs [29]. Impulse
oscillometry was able to demonstrate significant changes in low-
frequency parameters after 8–12 weeks of small-particle ICS

treatment in two concordant studies [13, 16]. In the latter,
oscillometry parameters improved despite nonsignificant changes
in spirometry indices, including FEF25–75%.

A significant limitation of the study by COHEN et al. [6] is that
both proximal and distal AHR were evaluated with FEV1 and
interrupter resistance measurements, both poor indices of distal
airway physiology. Other indices described above should have
preferably been used to evaluate small-airway AHR and the
impact of small- versus large-particle ICSs on these airways.

Determining the predominant site of indirect AHR in an in-
dividual patient with the tools used by COHEN et al. [6] is
complex, requiring specific nebulisers with an optical control
of MMAD, particularly for the small-size challenge. MBW
Scond–Sacin and this specific AHR testing of small airways are
promising research tools but are unlikely to become standard
procedures. In addition, modulation of asthma treatment by
monitoring AHR is not recommended at present, and generally
leads to increased cumulative ICS doses. Whether fine-particle
AHR provocation could constitute a relevant criteria for the
long-term follow-up of patients with small airway involvement
remains to be determined.

Altogether, these recent data suggest that a fine tuning of ICS
treatment may significantly improve different sites of AHR and
airway inflammation, which could, in theory, translate into
better asthma control and long-term outcome. Large clinical
trials only showed a noninferiority of fine-particle ICS despite
lower dosage, not a clear superiority [3, 4, 30]. However, none
of these trials selected patients with baseline distal airway
involvement, in whom the effects of a targeted small-particle
treatment could be potentially larger.

The findings of recent studies focusing on small airways should,
of course, be confirmed by large-scale trials, in patients with
different patterns of severity and control. Actually, such an
approach is clearly limited by the insufficient availability and
relative complexity of small-airway evaluation techniques. In this
context, impulse oscillometry might be a reasonable candidate to
evaluate larger patient populations in the next future.

For the pulmonologist, the practical questions in 2011 are still
as follows. 1) Should small airways be systematically assessed in
poorly controlled or severe asthma and, if the answer is yes, by
which clinically relevant and widely available method? 2) In
patients with demonstrated small-airway dysfunction (‘‘small
airway phenotype’’), what is the additional benefit of small-
particle ICS (and new drugs targeting distal airways) or systemic
treatments on specific parameters and usual clinical outcomes?
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