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The role of small airways in monitoring the response to asthma

treatment: what is beyond FEV1?

The definition of asthma has evolved in the past decades:
in the sixties asthma was considered as an episodic disease
characterized by reversible airway obstruction; nowa-
days, asthma is regarded as a chronic disease based on a
condition of chronic airway inflammation together with
airway hyperresponsiveness, with at least partially revers-
ible airway obstruction. The inflammatory and remodel-
ing changes of the airways account for the clinical
features of the disease, thus contributing to the asthmatic
phenotype. The characterization of the inflammatory and
clinical phenotypes has important prognostic and thera-
peutic implications, in that it can predict the course of
asthma and guide the pharmacological approach. Since
2002, the GINA guidelines acknowledged that acute and
chronic inflammation is irregularly distributed through-
out the airways, and that the smaller airways (<2 mm)
are also involved. This finding has implications for the
problems of delivery of inhaled medications to the
appropriate areas of the lung and for the monitoring of
the response to treatment.
In the effort to meet the needs of patients and

physicians, the management of asthma has progressively
moved from bench to bedside; rather than pursuing the
�switch off� of inflammation, the goal of treatment has

become the best attainable control of asthma, defined as
absence of symptoms, no exacerbations and no limitation
of activities, together with normal lung function. Conse-
quently, control is now considered the main determinant
in the assessment of severity of asthma (1, 2), since the
previously proposed classification based only on symp-
toms and lung function was applicable only to untreated
patients. Several studies in recent years have shown that
optimal control of asthma can be obtained in the majority
of patients with inhaled steroids alone or in combination
with long-acting b2 agonists (3–5). However, epidemio-
logical studies more closely depicting the situation in real
life, clearly show that, overall, asthma is not adequately
controlled, probably because patients studied in popula-
tion cohorts behave differently from those recruited in
randomized controlled trials. A recent publication (6)
evaluated asthma control across European countries; the
prevalence of uncontrolled asthma ranged from 20% to
67% among different countries, confirming previous
observations (7, 8). Several possible explanations have
been advocated to explain such a failure of asthma
control; from a pathophysiological perspective, the
involvement of the peripheral district of the bronchial
tree, once defined �the silent zone�, and its response to
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treatment have gained increasing evidence, and should
not be ignored when monitoring asthma.

Monitoring response to asthma treatment

An effective preventive control of asthma and the
maintenance of optimal pulmonary function are critical
for the long-term management of patients with persistent
asthma with a degree of severity ranging from mild to
severe. The use of inhaled corticosteroids as first-line
treatment for the management of patients with all levels
of persistent asthma severity, is firmly established by
current guidelines, and is of common daily clinical
practice. However, many patients treated with inhaled
corticosteroids still suffer from asthma symptoms and
exacerbations necessitating use of relief medication. Solid
evidence suggests treatment with combination therapy
(inhaled corticosteroids plus long-acting b2 agonists in a
stepwise fashion) for patients with asthma not controlled
by corticosteroids alone.
The current assessment of asthma control is described

in Fig. 1. The evaluation of respiratory symptoms does
not represent a difficult task and is commonly achieved
through the recording of the patient�s complaints as well
as through the use of validated asthma questionnaires.
Conventional lung function assessment is mostly useful in
those patients who do not perceive their symptoms,
especially older individuals, and in subjects who experi-
enced a near-fatal episode of asthma attack. However,
dissociation between lung function and respiratory symp-

toms, quality of life and airway inflammation has been
demonstrated. Scichilone et al. (9) recently reported the
observation that, in a group of mild-to-moderate-severe
asthmatics, baseline FEV1 was not correlated with
severity of asthmatic symptoms. Similarly, Moy et al.
(10) in a retrospective analysis from two clinical trials on
asthmatics, in whom lung function assessment had been
performed and the asthma quality of life questionnaire
administered, concluded that lung function was not an
independent predictor or determinant of quality of life at
any level of asthma severity. Finally, Lehtimaki et al. (11)
found that subjects with asthmatic symptoms but normal
lung function had significantly higher alveolar NO
concentrations than healthy and asthmatic controls,
indicating that lung function was unrelated to peripheral
inflammation. Taken together, these observations raise
the question of whether conventional spirometry is the
proper method to assess asthma control. If not, what is
beyond FEV1?

Although pharmacological treatment is able to control
the disease in the majority of asthmatic patients, a
subgroup of individuals experience poor quality of life
and functionally and clinically uncontrolled asthma,
despite optimal therapy. Little is known about the
pathophysiological mechanisms underlying this pheno-
type, rendering the management of severe asthma a
complicated task. A cross-sectional, observational study
on severe asthmatics compared to nonsevere asthmatics
(the ENFUMOSA project) (12) generated several
hypotheses on the understanding of pathophysiological
and phenotyping characteristics of severe asthma. One of

Figure 1. The assessment of asthma control focuses on three main domains: (i) symptoms (daytime and nocturnal symptoms, limi-
tation of activities, use of rescue medications); (ii) lung function (PEF and/or FEV1); and (iii) exacerbations (rate and severity).
Following this assumption, a three-step approach is required as follows: (i) to examine the clinical conditions, (ii) to perform
spirometry and (iii) to review the recent clinical history, to estimate respiratory symptoms, lung function and exacerbations,
respectively.
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the most interesting and challenging findings was the
identification of air trapping, by means of significantly
higher ratio of residual volume (RV) over total lung
capacity (TLC), which suggests that structural and
functional changes of peripheral airways contribute to
the pathogenesis of severe asthma. In a recent study by
Sorkness et al. (13) on 287 severe asthmatics and 382
nonsevere asthmatics, RV/TLC was significantly higher
in the former at any given level of airway obstruction, as
expressed by FEV1/FVC ratio. A parallel trend was
observed for FVC, which was significantly lower in the
severe group, what may be assumed as an indirect
measure of air trapping. Accumulating evidence confirms
that, in asthma, chronic inflammation is irregularly
distributed throughout the airways, including the smallest
ones, and the parenchyma (14, 15). The awareness of this
condition carries therapeutic implications, in that delivery
of inhaled medications to the appropriate areas of the
lung assumes a pivotal role for the achievement of the
goals of asthma treatment. In this respect, the role of
small airways abnormalities in the occurrence of asth-
matic symptoms should be highlighted. Early closure of
the smallest airways, perhaps due to uncontrolled inflam-
mation, has been shown to characterize subjects with
difficult-to-control asthma (16). Studies based upon
computed tomography scanning (17–19), transbronchial
biopsies (20–22) and autopsy specimens (23, 24) have
confirmed the �central� role of peripheral airways in severe
or fatal asthma. Thus, the question is: can we look
beyond FEV1 for a more comprehensive assessment of
the severity (diagnosis) and control (response to treat-
ment) of asthma of asthma throughout the whole lung?

Monitoring response to asthma treatment: which
procedure?

Even if inflammation and remodeling occurring at the
level of airways whose internal diameter is smaller than
2 mm linked to clinical asthma phenotypes, changes in
small airway function are difficult to assess with conven-
tional spirometry; therefore, lung function testing may
not be sufficient to properly assess and monitor asthma

control. Several functional parameters and inflammatory
markers are available to monitor the response to asthma
treatment; as summarized in Table 1, each procedure has
both advantages and limitation, which may preclude their
use in clinical settings. Noninvasive methods are pre-
ferred to assess airway and parenchymal changes and to
follow-up patients with asthma over time. Among those,
the spirometric index that has been classically proposed
to indicate the involvement of the distal lung is vital
capacity (VC). Since small airway obstruction often lead
to complete obliteration, VC can be reduced more than
FEV1. As discussed earlier, an observational study (13)
comparing severe and nonsevere asthmatics indicated
that forced vital capacity (FVC) was significantly reduced
at any level of airway obstruction and, as it is related to
the residual volume, can be used as a physiological
measure of air trapping. Similarly, the fall in FVC during
methacholine broncoprovocation tests has been estab-
lished to suggest exaggerated airway narrowing due to
early airway closure at the level of peripheral airways; the
percent reduction in FVC at the provocative dose of
methacholine causing 20% fall in FEV1 (PD20) has been
demonstrated to be increased in moderate to severe
asthma (25), again confirming the contribution of small
airway dysfunction to asthma severity. Another physio-
logical technique, impulse oscillometry, measures changes
in airway resistance during tidal breathing: by varying the
frequency, different districts of the bronchial tree can be
assessed, and low oscillation frequencies (5 Hz) are
supposed to measures resistance at the level of small
airways. More complex measurements of small airway
function, such as frequency dependent compliance and
density dependent gas flow studies, are only available in
research centers.

Among the available functional measures, the nitrogen
single breath (sbN2) test provides useful information to
address changes that occur in the distal lung. After
analysis of the sbN2 wash-out curve, increased closing
volume or closing capacity reflect air trapping due to
small airways obstruction, and the N2 washout slope is
associated with severity of asthma (26). A study compar-
ing asthmatics of various severity, but with normal FEV1,
with healthy volunteers, demonstrated that the uneven

Table 1. Lists of procedures that can be employed to assess small airway dysfunction

Procedure Advantages Limitations

NO measurement High sensitivity for inflammation Need for validity
Sputum induction High reproducibility, high sensitivity for inflammation Need for trained staff, time consuming
Transbronchial biopsies �Gold standard� Invasive
HRCT High reproducibility Side-effects, costs
Spirometry Simplicity, high reproducibility Poor correlation to severity
Oscillometry Simplicity Poor correlation to severity
Mch bronchoprovocation High reproducibility, high sensitivity for diagnosis Poor correlation to severity, time consuming
N2 wash-out High reproducibility, high sensitivity for diagnosis Need for trained staff
Asthma questionnaires, diary cards High reliability, simplicity Patient dependent

NO, nitric oxide; HRCT, high resolution computed tomography; Mch, methacholine; N2, nitrogen.
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ventilation expressed by the slope of phase III of the
curve obtained by sbN2 test represents an important
indicator of poor asthma control and high exacerbation
rate (27). Moreover, Battaglia et al. (28) showed that the
slope of phase III and the closing volume correlated to
fractional nitric oxide (NO) and 8-isoprostane in the
exhaled air. These data suggest that the above-described
functional parameters reflect small airway inflammation,
and favor their role as complementary to spirometry in
the monitoring of asthma.
Among the inflammatory markers of disease, NO in

the exhaled air has been widely proposed. Fractional
exhaled NO (FeNO) levels are increased in asthma even
in mild and asymptomatic conditions (29, 30). It is likely
that FeNO originates from the intrapulmonary airways in
asthma (31), including peripheral lung (32–34) as con-
firmed by a recent in vitro study on NO gas phase release
from differentiated small airway epithelial cells and
alveolar type II cells (35). Battaglia et al. (28) demon-
strated that FeNO is associated with functional evidence
of small airway involvement in intermittent/mild persis-
tent asthma, being the FeNO levels positively correlated
with nonhomogeneous emptying of lung units, as
reflected by a steeper slope of phase III of the sbN2 test.
Advances in technology have allowed to distinguish,
in vivo, FeNO of proximal airways origin from that of
distal airways/alveolar source, by measuring FeNO at
different levels of constant flow exhalations on the basis
of the two-compartment model (bronchial and alveolar)
(34). Lehtimaki et al. (36) found higher levels of alveolar
NO in patients with nocturnal asthma compared with
non-nocturnal asthma, suggesting a more peripheral
inflammation in the former. Other authors showed higher
levels of alveolar NO in symptomatic vs asymptomatic
children with asthma (37), and in patients with severe vs
mild-to-moderate asthma (38). The latter observation was
confirmed by van Veen et al. (26), who demonstrated that
the alveolar component of NO is closely related to
parameters of peripheral airway dysfunction in patients
with severe asthma, but not in patients with mild-
to-moderate asthma.
The accuracy of the two-compartment model has been

recently challenged by newer mathematical models (39,
40), which take into account a process of back-diffusion
from the bronchial to the alveolar compartment that can
alter the measurements of NO concentration from
peripheral lung. Human studies have been designed to
assess which of these functional and/or biological indices
better reflect the involvement of small airways in asthma.
A common approach to evaluate airway and paren-

chymal changes is through imaging methods. High-
resolution computed tomography (HRCT) is capable of
visualizing millimeter structures with high natural con-
trast. Axial images are acquired using thin sections, either
1.0- or 1.5-mm collimation, and the images are recon-
structed using a high spatial frequency reconstruction
algorithm. HRCT can allow to record images of the

bronchial tree in vivo to measure the airway wall thickness
and lumen area that are correlated with histology. HRCT
has been used to study changes in the airway structure in
asthma. Quantitative assessment of the distribution of
lung attenuation has been performed by using lung
attenuation curve analysis as an indirect measure of
changes in small airways caliber (41). Lee et al. (42)
demonstrated that the HRCT prominence of centrilobu-
lar structures, which is an indicator of peribronchiolar
inflammation, bronchiolar wall remodeling and intra-
bronchiolar mucoid impaction, is significantly more
represented in individuals with near-fatal asthma, as
opposed to mild and moderate-to-severe asthmatics. To
date, HRCT can be proposed as a sensitive procedure;
however, further studies are required to assess its clinical
usefulness.

Beyond FEV1 for comprehensive assessment of response to
treatment

The above-described methodologies have been demon-
strated to be more accurate than FEV1 in assessing the
severity of asthma. The question therefore is raised on the
opportunity to look beyond FEV1 also for a more
comprehensive assessment of the response to asthma
treatment. The accumulating evidence that asthma is
characterized by pathophysiological mechanisms leading
to airway inflammation and remodeling throughout the
entire bronchial tree has driven the development of
extrafine inhaled formulations with the ability to reach
both the large and small airways. In this scenario,
extrafine inhaled formulations, which have a median
aerodynamic diameter of 1 lm, not only deliver drugs to
the small airways but may also be useful as tools for the
investigation of changes in the small airways. Extrafine
formulation of flunisolide was able to suppress eosino-
philic inflammation both in central and peripheral
airways of asthmatics (43). In a study performed in
mild-to-moderate asthmatics (44), a 6-week course of
extrafine flunisolide was demonstrated to significantly
reduce the expression of smooth muscle actin in the
peripheral airways, but not in the central ones, by
transbronchial biopsies. These findings indicate reduction
in the smooth muscle mass, which parallels improvements
in small airway function. A reduction in air trapping,
measured by HRCT, was documented in asthmatic
patients receiving extrafine beclomethasone dipropionate
(BDP) compared with patients receiving nonextrafine
BDP (41). Extrafine BDP was also associated with a
significant reduction in airway closure and no change in
lung function after 3 months of treatment compared with
nonextrafine fluticasone propionate (FP) (45). Further-
more, a greater increase in FVC was reported in
asthmatic patients receiving BDP/formoterol (F) extra-
fine combination vs nonextrafine FP/salmeterol (S) (46),
due to the improved peripheral deposition of the extra-
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fine particles that characterize the BDP/F formulation.
Since the improvement in FVC may reflect a reduction in
air trapping associated with small airway obstruction,
this finding seems to indicate a more efficient peripheral
deposition of the extra-fine particles that characterize
the BDP/F formulation. Preliminary data from a dou-
ble blind, randomized pilot study comparing BDP/F
extrafine with nonextrafine FP/S in patients with
asthma also showed a significant reduction in airway
closure at 12 weeks from baseline with the BDP/F
extrafine combination but not with the nonextrafine
FP/S (47).
Improvements in distal lung function were also dem-

onstrated with agents other than corticosteroids, pro-
vided their ability to reach the distal lung. Changes of the
sbN2-test have been described after inhalation of formo-
terol or terbutaline, in nonallergic bronchial asthma (48).
In a randomized, double blind study in mild asthmatics
(49), oral montelukast resulted in significant changes in
specific conductance and in residual volume, as opposed
to placebo. Interestingly, these changes were associated
with improvements in asthmatic symptoms, irrespective
of modest FEV1 changes. The study clearly demonstrated
that, although FEV1 is an important measurement in
asthma patients, it does not provide complete informa-
tion on the physiologic dysregulation associated with
asthma.
Smith et al. (50) investigated whether the FeNO

measurements may provide a method of adjusting inhaled
corticosteroid (fluticasone) doses for patients with asth-
ma. The authors performed a prospective, randomized,
single blind, placebo-controlled trial that demonstrated
that the FeNO-driven therapy resulted in a lower
maintenance dose of inhaled corticosteroid needed to
control asthma, as compared with the use of a dose-
adjustment strategy based on conventional guidelines.
However, the importance of these observations was
lowered by another study (51), which found that an
asthma treatment strategy based on the measurement of
FeNO did not result in a reduction in the total amount of
inhaled corticosteroid therapy, when compared with
asthma guidelines based strategy. In addition, a recent
study by Szefler et al. (52) found that the addition of
FeNO as an indicator of control of asthma resulted in
even higher doses of inhaled corticosteroids, without
clinically important improvements in symptomatic asth-
ma control. None of the above-cited studies showed
reductions in the exacerbation rate (50, 51) or improve-
ments in asthma control (52).
With regards to NO of distal source, in mild-

to-moderate asthma patients, alveolar exhaled NO
decrease significantly with ciclesonide, delivered as a
small-particle inhaled corticosteroid, and this suggests
that the drug exerts anti-inflammatory effects on small
airways (53). In children aged 6–12 years with moderate
persistent asthma, alveolar NO concentration and bron-
chial NO flux were similar after therapy with extrafine

hydrofluoroalkane-beclomethasone or fluticasone dry
powder inhaler (54). By contrast, in a study by Lehtimaki
(55), inhaled fluticasone decreased bronchial NO flux
from 3.6 ± 0.4 to 0.7 ± 0.1 nl/s (P < 0.01) but had no
effect on alveolar NO concentration (before: 1.2 ± 0.5;
after: 1.2 ± 0.1 ppb, P > 0.05) in agreement with the
central deposition profile of this formulation.

Drugs administered orally should reach the small
airways through systemic circulation; therefore, improve-
ments on small airways functional parameters are
expected. In this perspective, a small sample of subjects
with asthma on inhaled corticosteroids was treated with a
short course of oral prednisone, and this resulted in
isolated significant decreases in NO alveolar concentra-
tion (56). The authors highlighted that despite treatment,
including inhaled corticosteroids, patients with asthma
may have ongoing separate airway and alveolar sites of
NO inflammation, the latter responsive to oral corticos-
teroids.

It is important to emphasize that the improvements
in parameters related to small airways function trans-
late into improvements in health-related quality of life
(QOL): extrafine BDP significantly improved QOL at
12 months compared with nonextrafine BDP
(P < 0.05) in a nonblind, randomized trial of 473
asthmatics (57). However, Boulet (58) found that, in a
large cohort of asthmatics of variable severity, the
magnitude of improvement of respiratory symptoms
following treatment with inhaled extrafine BDP was not
correlated with measures of small airway function. This
suggests that extrafine BDP mostly acts at the level of
large or medium airways, or that the effects on
proximal airways mask the contribution of the smaller
airways to asthmatic symptoms. There is also the
possibility that changes in small airways mainly affect
other clinical or functional features, such as exercise
tolerance or exercise-induced dynamic lung hyperinfla-
tion. Finally, changes in small airway function, primar-
ily lung hyperinflation, could occur during induced or
spontaneous bronchoconstriction, rather than in stable
asthma.

In conclusion, monitoring asthma treatment should be
based on a composite index derived from clinical and
functional assessments. In selected patients, i.e. those
with incomplete asthma control despite a good response
in lung function, the involvement of peripheral airways is
suspected, and therefore more sensitive procedures
should be employed. In this regard, treatments targeting
both large and small airways may be more beneficial in
improving asthma control. Clinical studies suggest that
extrafine formulations able to deliver inhaled drugs
throughout the bronchial tree (both large and small
airways) can be effective on functional and/or biological
parameters measuring either directly or indirectly air
trapping and airway closure. Further studies are needed
to validate new procedures in the effort to properly
monitor asthma treatment beyond FEV1.
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