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ABSTRACT: Quantitative image analysis of high-resolution computed tomography (HRCT)

performed at residual volume, before and after methacholine, is a sensitive method of detecting

small airways involvement in asthma and response to therapy targeted to the small airways. Since

an oral anti-leukotriene reaches the small airways via the circulation, the present authors

hypothesised that treatment with montelukast would lead to improved small airway patency.

A double-blind crossover study compared the effect of montelukast versus placebo for 4 weeks

in 16 mild-to-moderate steroid-naı̈ve asthmatics. Small airways function was evaluated by HRCT

at residual volume before and after methacholine to assess regional air-trapping and airways

hyperresponsiveness, as well as by physiological studies of small airways.

Montelukast treatment resulted in significantly less regional air-trapping on HRCT on the pre-

methacholine images when compared with placebo, as well as improvement in total quality of life

scores and symptom sub-scores. However, montelukast treatment had no effect on increases in

regional air-trapping on HRCT in response to methacholine. No differences were noted in global

measures of small airways physiology between placebo and montelukast.

In conclusion, distal airways disease improves in asthmatic subjects treated with montelukast.

This improvement can be detected with high-resolution computed tomography, but not with

conventional physiological studies.
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small airways

S
mall airways disease (airways ,2 mm in
diameter), long recognised as a compo-
nent of asthma, has been relatively un-

explored due to difficulties in evaluating and
treating the peripheral airways. Increased
mucous plugging and thickening of the smooth
muscle, submucosa and adventitia have been
demonstrated in the peripheral airways of
patients who died from asthma [1–3]. Activated
eosinophils and expression of interleukin-5
mRNA are also increased in the distal resected
lung of patients with moderate-to-mild asthma
[4, 5]. Using transbronchial and endobronchial
biopsies, more eosinophilic inflammation was
documented in the distal lung than in the
central airways of nocturnal asthmatics [6].
Histopathological data, obtained from autopsies,
lung resections and bronchoscopical studies,
offer invaluable insight into small airways dis-
ease in asthma, but are difficult to obtain and/or
expose the patient to potential risks.

Noninvasive small airways physiological studies
are easier to perform, but are limited by their

test-retest variability and/or lack of specificity in
reflecting small airways function. Forced expira-
tory flow rates at mid-to-low lung volumes
exhibit marked variability and may be affected
by changes in the large airways and lung
volumes [7]. Closing volume (CV), believed to
be a more specific test for assessing distal lung
disease, is limited by large, within-subject and
inter-reader variability [8]. However, a recent
study positively correlated CV with repeated
asthma exacerbations [9].

Quantitative image analysis of high-resolution
computed tomography (HRCT) performed at

residual volume (RV), before and after broncho-

provocation, identifies regional small airways

changes not detectable by physiological measures

[10–12]. In a comparison of an extra-fine inhaled

corticosteroid (ICS), beclomethasone dipropio-

nate (BDP) hydrofluoroalkane (HFA; mass med-

ian aerodynamic particle size (MMAD) 0.8–1.2m),

with a conventional large particle chlorofluoro-

carbon (CFC) ICS, BDP-CFC (MMAD 3.5–4.0m),

regional air-trapping decreased after treatment

with BDP-HFA, but not with BDP-CFC [13]. In

AFFILIATIONS

*Division of Pulmonary, Critical Care

Medicine and Hospitalists,
#Thoracic Radiology Section, Dept of

Radiology, and
"Division of Biomathematics, Dept of

Medicine, David Geffen School of

Medicine at the University of

California, Los Angeles, CA, USA.

CORRESPONDENCE

M.R. Zeidler

David Geffen School of Medicine at

the University of California

Los Angeles

Division of Pulmonary

Critical Care Medicine and

Hospitalists

CHS 37-131

10833 Le Conte Ave.

Los Angeles

CA 90095-1690

USA

Fax: 1 3102065088

E-mail: mzeidler@mednet.ucla.edu

Received:

January 13 2005

Accepted after revision:

October 24 2005

SUPPORT STATEMENT

Merck & Co. Inc. (North Wales, PA,

USA) supplied the montelukast and

matching placebo in addition to

partly funding this study with an

unrestricted medical school grant.

European Respiratory Journal

Print ISSN 0903-1936

Online ISSN 1399-3003For Editorial comments see page 250.

EUROPEAN RESPIRATORY JOURNAL VOLUME 27 NUMBER 2 307

Eur Respir J 2006; 27: 307–315

DOI: 10.1183/09031936.06.00005605

Copyright�ERS Journals Ltd 2006

c



contrast, neither of these two treatments led to a significant
difference in the luminal size of measured large (.2 mm)
airways on HRCT. In addition, no significant difference in RV,
functional residual capacity (FRC) or forced mid-expiratory
flow at 25–75% of vital capacity (FEF25–75%) was found
between the two groups.

The present authors hypothesised that improvement in
HRCT lung attenuation and CV would occur in asthmatic
subjects treated with montelukast, a systemically administered
leukotriene receptor antagonist with anti-inflammatory
properties, which would target both proximal and distal
airways.

MATERIALS AND METHODS
Study design
The study compared oral montelukast and placebo in a
randomised, double-blind, placebo-controlled crossover trial.
The primary outcome was the change in regional air-trapping
assessed by HRCT at RV, before and after methacholine.
Secondary outcomes included changes in CV, spirometric
indices, peak expiratory flow rate (PEFR), subdivisions of lung
volume, rescue b-agonist use, asthma symptom and asthma
control scores, and quality of life.

After baseline measurements, subjects were randomised to
either montelukast 10 mg or an identical-appearing placebo to
be taken once daily in the evening. After 4 weeks, subjects
crossed over to the alternate treatment. A compliance visit was
performed 2 weeks after the initiation of each drug phase
(table 1).

Subjects
Inclusion criteria were: 1) aged 18–65 yrs; 2) no use of ICS in
the prior 2 months; 3) forced expiratory volume in one second
(FEV1) o60 % predicted [14]; 4) provocative dose causing a
20% fall in FEV1 (PC20) f4 mg?mL-1; and 5) clinical diagnosis
of asthma. Exclusion criteria are listed in table 2. Females of
childbearing age were instructed to use appropriate birth
control measures.

Subjects were informed of the risks and benefits of the study
and signed an informed consent approved by the University of
California Medical Human Subjects Protection and Radiation
Safety Committees (Los Angeles, CA, USA).

Procedures
Pulmonary function and methacholine inhalation challenge
testing
Subjects withheld albuterol 8 h prior to all procedures.
Pulmonary function tests, methacholine challenge tests and
CV were performed as per published guidelines. Identification
of CV was performed visually by two independent readers on
separate printouts of the single-breath nitrogen washout
curves and averaged.

Functional imaging
The HRCT acquisition technique has been described pre-
viously [11, 13].

HRCT data analysis
Anatomically registered 1-mm slices, which were obtained
pre- and post-methacholine at baseline (visit three) and after 4
weeks of treatment with either drug (visits six and nine), were
selected for the rostral (upper) and caudal (lower) lung zones.
Following image quality checks, automated segmentation was
performed on each of the acquired slices as previously
described [11]. Twelve nonoverlapping regions of interest

TABLE 1 Study design

Tests Screening Baseline Drug phase I Drug phase II

Visit 1 2 3 4 5 6 7 8 9

Day# 0 14 15 29 43 44 58 72 73

Spirometry " " " " " "

Methacholine challenge test "

Plethysmography/closing volume " " "

HRCT with methacholine challenge " " "

Questionnaires " " " "

Diary/peak expiratory flow recording " " " " " "

HRCT: high-resolution computed tomography. # : assuming a 14-day run-in; ": tests performed.

TABLE 2 Exclusion criteria for entry into the study

Exclusion criteria Time frame for exclusion

Inhaled corticosteroids Used within 2 months

Parenteral or oral steroids Used within 6 months

Anti-leukotrienes, cromolyn sodium

or nedocromil

Used within 2 months

Theophylline or b-adrenergic blocking

agents

Used within 1 month

Tobacco Used within the past year or cumulative

smoking history .5 pack-yrs

Respiratory infection or an influenza

vaccination

Within 3 weeks

Clinically significant medical problems Investigator discretion

Participation in study using an

experimental medication

Within 1 month

Pregnant or lactating females
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(ROIs) were segmented from the lung portion of the matched
slices. The 12 ROIs consisted of right rostral, right caudal, left
rostral and left caudal regions, each subdivided into ventral
(nondependent), intermediate and dorsal (dependent) sections.
The latter three subdivisions mimic the gravity-dependent
zones of lung perfusion in supine subjects by WEST [15]. A
higher attenuation is expected in the dependent regions due to
a relative increase in blood per unit tissue volume. Lung
attenuation curves (LACs) representing the cumulative fre-
quency distribution of lung attenuation (Hounsfield units; HU)
by pixel were derived for each of the ROIs and the median and
10th percentile attenuation were determined (fig. 1). A shift of
the LAC to the left (as measured by a more negative median or
10th percentile) represents lower lung attenuation, more air-
trapping, and by inference, reduced small airways patency
[11]. Shifts in lung attenuation after administration of
methacholine at baseline and after each treatment arm were
also evaluated.

Data analysis
The General Linear Model procedure was used to test for a
sequence group effect. According to the planned analysis, if no
sequence group effect was noted (F with a corresponding
po0.05), a mixed model would be used, including a sequence
effect, representing the two randomised groups, a period
effect, with two levels, and a treatment effect with two levels.
Subjects were tested within a sequence group and adjustments
were made for baseline values. Alternatively, if a sequence
effect was detected (p,0.05), then the data from the first
treatment period would be analysed using a two-sample
unpaired t-test and the data from the second period would be
discarded. Ordinal data from questionnaires and diaries were
evaluated using a nonparametric signed rank test. Since the CV
as a per cent of the vital capacity (CV/VC) values and per cent
predicted distributions were skewed, a Kruskal-Wallis test
was used.

Changes in the 10th percentile and median lung attenuations
after, compared with before, treatment (i.e. post-treatment with
placebo minus baseline or with montelukast minus baseline)
were calculated from both the pre-methacholine and post-
methacholine LACs, separately, as well as from the difference
between the pre- and post-methacholine curves (i.e. the shift in
the curves in response to methacholine).

RESULTS
A total of 27 subjects were enrolled in the trial. Seven of these
withdrew during the run-in period, of whom three were
noncompliant with appointments, two had scheduling con-
flicts due to change in work schedule and jury duty, one had a
significant psychiatric history undisclosed at screening and
one had claustrophobia and could not complete the baseline
computed tomography scan. The 20 remaining subjects were
randomised, four of whom withdrew early for the following
reasons: two had asthma exacerbations during the study which
required prednisone; one was noncompliant with appoint-
ments; and one had an increase in migraine headaches (during
the first drug phase while on placebo). The remaining 16
subjects completed all nine study visits.

Baseline demographics of the 16 completed subjects are
presented in table 3.

Quantitative image analysis of HRCT
A significant sequence effect was noted in the HRCT analysis.
Therefore, the HRCTs were analysed as parallel groups, with
eight subjects randomised to montelukast and eight subjects
randomised to placebo. Two scans could not be evaluated due
to motion artefacts resulting in seven scans per treatment
group and 168 evaluable ROIs. Baseline HRCT findings
(table 4) indicate significantly more air-trapping (lower median
and 10th percentile lung attenuation before methacholine) in
the montelukast group compared with the placebo group
(p50.0001).

Small but consistent and statistically significant increases in
regional lung attenuation (pre-methacholine) were noted after
treatment in individuals randomised to montelukast compared
with baseline (p,0.0001; table 4; figs 2 and 3). These findings
imply reduced air-trapping after 4 weeks of treatment with
montelukast, probably due to improved small airways
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FIGURE 1. a) High-resolution computed tomography data analysis showing

the acquisition of 12 regions of interest (ROIs), consisting of right rostral, right

caudal, left rostral and left caudal regions, each subdivided into ventral

(nondependent), intermediate and dorsal (dependent) sections. A lung attenuation

curve (LAC) is then derived for each ROI. b) LAC representing the cumulative

frequency distribution of lung attenuation by pixel. HU: Hounsfield units. –––: before

methachloine; – – –: after methacholine.
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patency. In contrast, the placebo group showed a decrease in
regional lung attenuation (pre-methacholine) after treatment,
indicating an increase in air-trapping (p,0.0002). The differ-
ence between montelukast and placebo was statistically
significant (p,0.0001).

Prior to treatment, administration of methacholine resulted in
significant regional air-trapping on HRCT at RV in both
treatment groups (table 4). One (10th percentile per cent
change) of four measures of methacholine response was
greater in the placebo than the montelukast group at baseline

(p50.0379). Treatment with montelukast did not lead to any
reduction in the degree of air-trapping after methacholine
(p.0.25). In contrast, treatment with placebo resulted in a
slight but significant decrease in airway responsiveness to
methacholine (p,0.026). This finding was associated with a
significant difference (in three out of four measures of
methacholine response) between the placebo and montelukast
treatment groups (p,0.04). No difference was seen in the
change in FEV1, PC20 or the fall in FEV1 after a fixed
methacholine dose following treatment with either montelu-
kast or placebo, nor were the differences between the two
groups significant (table 5).

Comparing the baseline and post-treatment scans before
methacholine in the placebo group, the anatomically paired
ROIs correlated better with one another (intraclass correlation
(ICC) 0.87; 95% CI 0.83–0.90; p50.02) than the contralaterally
paired ROIs (ICC 0.83; 95% CI 0.77–0.88) and far better than
randomly paired ROIs (ICC 0.55; 95% CI 0.34–0.76). These
findings are consistent with a heterogeneous distribution of
air-trapping within the lung.

Physiological studies
Results of the physiological studies, including baseline values,
are shown in table 5. No sequence effect was noted for the

TABLE 3 Baseline demographics#

Age yrs 36.0¡13.5 (19.8–65.8)

Female % 43.8

Race/ethnicity

African-American % 18.8

Hispanic % 12.5

Asthma symptoms

Duration yrs 22.5¡12.1 (6.6–53.9)

Age of onset yrs 14.6¡15.1 (2.0, 55.0)

Data are presented as mean¡SD (range) or %. #: n516.

TABLE 4 Lung attenuation values at baseline and change from baseline after 4 weeks of either montelukast or placebo

Placebo# Montelukast# Placebo versus

montelukast p-value"

Mean¡SD p-value Mean¡SD p-value

Baseline: median

Before methacholine HU -589¡91 -651¡109 0.0001

Shift with methacholine HU+ -91¡66 -79¡71 0.2834

Shift with methacholine % -16.7¡13.8 -13.3¡13.8 0.1140

Baseline: 10th percentile

Before methacholine HU -693¡80 -745¡92 0.0001

Shift with methacholine HU+ -75¡57 -61¡52 0.0941

Shift with methacholine % -11.5¡9.8 -8.6¡8.0 0.0379

Change from baseline after

treatment: median

Before methacholine HU1 -22¡52 p50.0002e 39¡48 p,0.0001e ,0.0001

Before methacholine % -4.3¡9.6 p50.0001 5.8¡7.1 p,0.0001 ,0.0001

Shift with methacholine HU## 14¡56 p50.0258 1¡65 p50.8638 0.1799

Shift with methacholine % 3.0¡11.2 p50.0185 0.8¡12.2 p50.5443 0.0393

Change from baseline after

treatment: 10th percentile

Before methacholine HU1 -19¡45 p50.0002 33¡40 p,0.0001 ,0.0001

Before methacholine % -3.1¡6.8 p50.0001 4.4¡5.4 p,0.0001 ,0.0001

Shift with methacholine HU## 17¡48 p50.0017 -3¡4 p50.5357 0.0073

Shift with methacholine % 2.9¡8.0 p50.0012 -1.0¡7.9 p50.2529 0.0017

HU5Hounsfield units. #: high-resolution computerised tomography (HRCT) data were analysed for subjects randomised to the first treatment phase only (equivalent to a

parallel-group design) due to a sequence effect in the cross-over study. The HRCT scan from one the eight subjects in each treatment group could not be analysed due

to motion artefacts yielding n57 for each group. ": p-value two-sample unpaired t-test between treatments. +: negative absolute or per cent shift after methacholine

represents lower lung attenuation indicating more air-trapping. 1: positive absolute or per cent change from baseline represents higher lung attenuation indicating less air-

trapping. Negative absolute or per cent change represents lower lung attenuation indicating more air-trapping. e: p-value of paired t-test before and after treatment. ##:

negative absolute or per cent change in shift after methacholine represents more hyperresponsiveness to methacholine. Positive absolute or per cent change in shift after

methacholine represents less hyperresponsiveness.
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results of these studies and the data were analysed using the
mixed model. FEV1 showed improvement in the montelukast
groups that approached statistical significance compared
with placebo (p50.0525). However, none of the physiological
measures of small airways disease (FEF25–75%, RV, RV/total
lung capacity, FRC or CV/VC) showed any significant change
from baseline after treatment with either placebo or montelu-
kast. Analysis of the impact of treatment on CV was markedly
limited since only 77 out of 119 measures had a detectable
inflection point. Of the 16 subjects, two had no inflection point in
all three studies, one subject had no inflection point in two
studies, and seven subjects had no inflection point in one study.

Subject-reported outcomes
Improvements in the Mini Asthma Quality of Life Question-
naire overall score and symptom sub-scores were statistically
significant in favour of montelukast [18]. Changes in several
other subject-reported outcome variables were numerically,
but not statistically, more favourable with montelukast than
placebo (table 6).

Correlation of results
A positive correlation was found between improvement in
lung attenuation pre-methacholine (shift in the 10th percentile

or median) and improvement in the overall mini quality of life
score (median HU: r50.771, p,0.0013; 10th percentile HU:
r50.763; p,0.0015) and the symptom sub-scores (median HU:
r50.539; p,0.0466; 10th percentile HU: r50.511; p,0.0616)
after treatment with montelukast. No changes in any of the
measures of small airways physiology correlated with changes
in lung attenuation.

DISCUSSION
Findings from the present study suggest that treatment with a
leukotriene receptor antagonist in mild-to-moderate asthmatic
subjects has a beneficial effect on small airways patency.
However, this effect could only be documented by changes in
radiographical features consistent with improvement in small
airways function (reduction in regional air-trapping), but not
with changes in physiological measures of small airways
disease. Conversely, the possibility that these findings might
have been influenced by the significantly greater degree of
regional air-trapping noted on HRCT at baseline in the
montelukast compared with the placebo group cannot be
excluded. However, these findings are consistent with pre-
viously reported results indicating persistence of RV .150%
pred after inhaled salmeterol/fluticasone therapy correlating
with the presence of qualitatively assessed low attenuation

a) b) c)

d) e) f)

FIGURE 2. High-resolution computed tomography (HRCT) images of an individual subject all obtained before a methacholine challenge at: a) baseline; b) after 4 weeks

of treatment with montelukast; and c) after 4 weeks of placebo treatment. d, e, f) Matched HRCT images from the same subject at corresponding time points after a

methacholine challenge.
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areas on HRCT even after normalisation of FEV1 and FEF25–

75% [21].

The HRCT evidence of decreased air-trapping after treatment
with montelukast noted in the present study parallels the
previously reported HRCT findings of decreased regional air-
trapping after an extra-fine ICS (HFA-BDP), which penetrates
the distal lung, compared with a coarse ICS (CFC-BDP), which
deposits mainly in the large airways [13]. No differences were
noted in changes in large (.2 mm-2) airways diameters or
FEV1 between the two treatments in the latter study. These
observations support the concept that the improvement in air-
trapping reflects an effect on small airways function and not an
improvement in large airway function.

The beneficial effects observed in the current study with
montelukast on regional air-trapping, may reflect the fact that
cysteinyl leukotrienes (CysLT) are potent bronchoconstrictors
and may differentially affect the small airways more than the
larger airways. In nonasthmatic lung resection samples, CysLT
produced a 30-fold greater bronchoconstriction in small
airways (0.5–2 mm internal diameter) than in large airways
(3–6 mm) [22]. In smaller bronchioles (0.3–0.5 mm internal
diameter), leukotriene D4 causes constriction primarily by
activating Ca2+ entry via nonvoltage gated channels, possibly
by a phosphatidylcholine phospholipase C mediated pathway
[23]. Montelukast is a potent antagonist of all three CysLT in
both small and large excised airways via the CysLT1 receptor
subtype [22]. In excised small airways (1.5 mm external
diameter), passively sensitised with serum from allergic

individuals and challenged with grass-pollen extract, an early
allergic contractile response was attenuated in only some cases
by leukotriene or thromboxane receptor antagonists and
almost completely in all individuals by the combination of
both types of antagonists [24].

The present authors’ failure to observe an improvement in
physiological indices of small airways function following
montelukast therapy probably reflects the poor sensitivity of
these measures in detecting changes due to the large degree of
intra-subject test variability [25, 26]. The current authors chose
to study CV because of previous reports suggesting it to be a
sensitive, specific and reproducible physiological indicator of
small airways disease [16]. In addition, in subjects with brittle
asthma it may be a sensitive tool for predicting asthma
exacerbations, suggesting that it might serve as a useful marker
of chronic untreated distal airways inflammation in these
patients [9]. However, in the mild asthmatic participants in the
present study, while there was good inter-reader agreement of
CV interpretation, the single-breath nitrogen washout curves
of several subjects did not have a clear inflection point at
various times in the study and some subjects were unable to
produce acceptable and reproducible curves, even after
multiple attempts.

The authors believe that global physiological tests may be an
insensitive marker of changes in small airways pathology in
asthma due, at least in part, to the heterogeneous regional
involvement of small airways that may be detected more
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FIGURE 3. Quantitative image analysis. a) Lung

attenuation curves (LACs) before methacholine chal-

lenge at baseline (–––) and after 4 weeks of montelukast

(----) or placebo (?????). After treatment, the shift in the LAC

to the right from the baseline curve is apparent after

montelukast, which carried over into the subsequent

placebo phase of the trial. b) LACs after methacholine

challenge at baseline (–––) and after 4 weeks of either

montelukast (----) or placebo treatment (?????). A small but

similar shift from the baseline post-methacholine LAC is

noted after montelukast and placebo, indicating persis-

tent regional hyperresponsiveness to methacholine

throughout each treatment phase. c, d, e) LACs before

(–––) and after (?????) methacholine which were derived at

baseline and after 4 weeks of montelukast or placebo,

respectively. HU: Hounsfield units.
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readily by radiographical imaging techniques. Quantitative
analysis of individual HRCTs, before and after methacholine
challenge, clearly showed that not all analysed lung segments
in any given subject had small airways abnormalities. This
inhomogeneous pattern of small airways involvement may
explain why global studies of airway physiology may not

adequately reflect the magnitude of changes in the small
airways.

The heterogeneity as well as the subtlety of small airways air-
trapping may also explain why qualitative radiographical
techniques may not be adequate to assess distal lung disease.

TABLE 5 Spirometry, methacholine challenge and lung volume values at baseline and change from baseline after 4 weeks of
either montelukast or placebo#

Baseline Change after placebo

compared with baseline

Change after montelukast

compared with baseline

Change after montelukast

compared with placebo

FEV1 % pred" 86.1¡11.7 -2.2¡11.7 4.7¡9.8 6.9¡12.4, p50.053

FVC % pred" 96.5¡6.6 -2.8¡10.0 2.7¡8.9 5.5¡11.8

FEV1/FVC % pred" 88.8¡8.8 0.4¡7.7 2.8¡5.8 2.4¡6.3

FEF25–75% % pred" 65.0¡23.1 0.2¡21.0 6.8¡16.8 6.5¡17.9

Methacholine challenge test

PC20 mg?mL-1 0.67¡3.40+ 0.08¡1.001 0.28¡0.981 0.19¡1.041

Fall in FEV1 after same dose

of methacholine %

33.2¡8.1 -8.2¡9.7 -4.8¡20.7 -3.2¡9.4

CV/VC % pred", e 60.6¡69.2 11.4¡59.7 -12.4¡60.1 -11.4¡52.3

TLC % pred" 100.4¡11.5 -1.4¡8.9 -2.0¡4.0 -0.6¡9.0

RV % pred" 112.2¡31.2 -2.6¡39.9 -16.1¡21.3 -13.5¡41.4

RV/TLC % pred" 111.8¡27.1 -3.6¡28.1 -44.9¡44.4 -41.4¡41.8; p50.17

FRC % pred" 97.3¡18.7 -2.4¡19.8 -3.6¡12.0 -0.8¡21.2

ERV % pred" 79.7¡23.7 -6.5¡24.6 13.7¡32.6 19.6¡31.7

Data are presented as mean¡SD unless otherwise stated. FEV1: forced expiratory volume in one second; FVC: forced vital capacity; FEF25–75%: forced mid-expiratory

flow at 25–75% of FVC; PC20: provocative concentration causing a 20% fall in FEV1; CV/VC: closing volume/volume capacity; TLC: total lung capacity; RV: residual

volume; FRC: functional residual capacity; ERV: expiratory reserve volume. #: all 16 subjects were analysed using a crossover design-mixed model, including a sequence

effect for the two randomised groups, a period effect with two levels and a treatment effect with two levels. ": FEV1, FVC, FEV1/FVC, FEF25–75% predicted from HANKINSON

et al. [15], CV/VC from BUIST and ROSS [16], TLC, RV, RV/TLC and FRC from CRAPO et al. [17] and ERV predicted calculated as FRC-RV from CRAPO et al. [17]. +: geometric

mean; 1: doubling dose difference (log2) mean. e: 31% of the CV tracing showed no discernable inflection (i.e. 0% CV/VC). Consequently, a nonparametric analysis

was used.

TABLE 6 Subject-reported outcomes at baseline and change from baseline after 4 weeks of either montelukast or placebo#

Baseline Change after placebo

compared with baseline

Change after montelukast

compared with baseline

Change after montelukast

compared with placebo

Mini asthma quality of life [18]

Overall score 4.7¡1.4 0.1¡0.3 0.5¡0.8 0.4¡0.7; p50.045

Symptoms sub-score 4.7¡1.4 0.0¡0.5 0.5¡0.7 0.5¡0.7; p50.022

Asthma symptoms utility index [19] 0.74¡0.21 0.03¡0.15 0.06¡0.17 0.03¡0.18

Asthma control [20] 1.8¡1.0 -0.2¡0.7 -0.5¡0.8 -0.3¡0.8

Peak expiratory flow rate 1 week

mean"

am % pred [14] 94.4¡14.2 1.6¡6.6 7.6¡12.7 2.3¡9.7

pm % pred 88.8¡15.4 3.7¡4.3 7.4¡5.0 1.8¡2.2

Rescue albuterol 1 week mean

puffs?24 h-1"

2.7¡2.5 0.1¡1.7 -1.0¡1.2 -1.0¡2.1

Nocturnal awakenings?week-1 0.4¡0.6 0.0¡0.5 -0.1¡0.4 -0.3¡0.6

Diary symptom score (0–4) 1.9¡1.3 0.2¡0.7 -0.2¡0.6 -0.5¡1.2

Data are presented as mean¡SD unless otherwise stated. #: all 16 subjects were analysed using a crossover mixed model including a sequence effect, representing the

two randomised groups, a period effect with two levels and a treatment effect with two levels; ": a minimum of 4 days of recorded values were required to report the mean

for the preceding 7 days.
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Initial qualitative radiographic techniques, utilised for the
evaluation of air-trapping in obstructive pulmonary disease,
were confounded by marked intra- and inter-reader variability
(e.g. Kappa Statistic: 0.60–0.79 and 0.40–0.64, respectively),
yielding conflicting results [27]. Computer-derived quantita-
tive image analysis of HRCT is necessary for reliable detection
and quantitation of air-trapping due to small airways disease
differences that may be indistinguishable to the eye.

The lack of clearly significant spirometric improvement in
response to montelukast, in comparison with placebo, in the
current study is not surprising in light of the mild severity of
asthma and the small number of subjects studied. The
6.9¡12.4% pred FEV1 response noted after montelukast
compared with placebo is comparable to findings from other
studies, which showed improvements of ,7% pred from
baseline [28–30]. The 6.5% pred improvement in FEF25–75% did
not reach statistical significance, but agrees well with an 8%
pred response seen in a prior study [28].

In the present study, the use of montelukast did not reduce
hyperresponsiveness to methacholine either globally as
assessed by decline in FEV1 or regionally as indicated by the
lack of any impact on the leftward shift (in the direction of
lower attenuation) of the LAC. This finding contrasts with a
small but statistically significant improvement in regional
methacholine responsiveness in the placebo group. The latter
might be attributable to the deterioration in pre-methacholine
lung attenuation following placebo treatment, a ‘‘floor effect’’
(i.e. subjects may have reached near maximal air-trapping prior
to methacholine administration, leaving little room for further
air-trapping in response to bronchoprovocation).

The lack of improvement in airway reactivity measured by
FEV1 after treatment with montelukast is consistent with most
but not all of the published literature. An increase of only 0.45
doubling concentrations was seen with montelukast compared
with 0.14 for placebo (p50.16) [31], and an increase of 1.5
(95% CI: 1.0–2.3) doubling doses was seen with montelukast
compared with 1.7 (95% CI: 1.1–2.5) with low-dose HFA
triamcinolone [32].

The current finding of a significant improvement in the Quality
of Life Questionnaire scores (overall and symptoms), in the
absence of any significant change in global physiological
measures, could be a reflection of improved distal airways
air-trapping, as detected by the imaging studies. Prior
studies of montelukast have also shown improvements in
asthma quality of life, often without dramatic FEV1 changes
[33, 34].

In conclusion, using quantitative lung imaging techniques, the
present study demonstrated a reduction in regional air-
trapping (most likely due to increased small airways patency),
but no reduction in regional hyperreactivity to metha-
choline (increased air-trapping due to methacholine-induced
constriction of small airways) after treatment with an oral
leukotriene receptor antagonist. Further studies, including
histopathological, immunohistological and patient-reported
clinical end-points, in larger samples of asthmatic subjects
are needed to determine the biological and clinical significance
of these findings.
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