
EDITORIAL

Intervention trials and ventilation distribution in mild

cystic fibrosis lung disease: will it all come out in the

wash?
G.L. Hall*,# and J. Stocks"

T
he identification of clinically relevant end-points for use
in clinical trials of new treatments in cystic fibrosis (CF)
lung disease is an ongoing problem for physicians and

researchers working in the field of CF care. Lung disease
almost certainly starts in early infancy [1–6] and is progressive,
leading to significant structural lung disease in the preschool
years [7]. Despite this, the majority of young children with CF
tend to have spirometry within the normal range at early
school age [1, 8, 9]. It is well recognised that relying on
spirometry alone to identify children at risk of progressive
lung disease has significant limitations. This has led to
renewed emphasis on the assessment of physiological out-
comes in infancy and the preschool years, as well as increased
focus on lung function tests that are more sensitive to early
lung dysfunction than spirometry [10–13].

One such outcome is the assessment of ventilation inhomo-
geneity obtained from the multiple breath inert gas washout
test (MBW), the most commonly reported outcome being the
lung clearance index (LCI). A significant advantage of this
technique is that it can be applied from infancy through to
adulthood, with only minor changes in equipment and
methodology, particularly from the preschool years onwards
[14–16]. The LCI has been shown to be abnormal in the
presence of normal spirometry in both preschool children
[7] and older children with CF [9, 17–22], suggesting that it is
a more sensitive marker of early lung disease in such
children. The LCI has also been found to be strongly
associated with structural changes on computed tomography
scans [19, 20, 21].

Nevertheless, there is limited evidence regarding the use of
LCI as an outcome measure following therapeutic interven-
tions in children with CF. ROBINSON et al. [23] demonstrated a
small but significant group improvement in LCI of -0.48 (which
equated to a mean reduction of 3.8%) following intravenous
antibiotic treatment for a respiratory exacerbation in 28 school-
aged children with CF, but noted marked heterogeneity of

response between patients. FUCHS et al. [24] performed baseline
MBW in 27 schoolchildren with CF, with measurements
repeated 90 min later, after administrating chest physiotherapy
to 16 of the patients, with no intervention in the remaining 11.
Their results indicated that physiotherapy did not appear to
have any significant effect either on mean LCI nor its within-test
variability, although within-subject between-test changes in LCI
over this period could be as high as 1.4. These preliminary
studies suggest that the LCI may be a useful outcome measure
in intervention trials in school-aged children with mild CF lung
disease.

Until recently, no studies have examined changes in LCI in a
randomised placebo crossover trial. AMIN et al. [17] demon-
strated the potential use of LCI in such studies when they
reported a statistically significant improvement in LCI, but not
spirometry, in response to hypertonic saline in 19 children with
mild CF lung disease. In the present issue of the European
Respiratory Journal, the same authors report a significant
improvement in LCI in a placebo-controlled randomised
crossover trial of dornase alfa in school-aged children with
mild CF lung disease [25]. In the study, children with normal
spirometry underwent a 12-week crossover trial with 4 weeks’
treatment of dornase alfa or placebo separated by a 4-week
washout period. Following dornase alfa treatment, LCI
improved significantly when compared to placebo (mean¡SD

0.9¡1.44). Despite the small sample size, with potential for
type 1 errors, this provides further important evidence to
support the use of LCI as an objective outcome in such trials.
The authors are to be congratulated on using an appropriate
study design to take into account the normal variability that
may occur over time in the absence of any active intervention,
a factor that is often ignored in such studies, irrespective of
outcome used. However, caution needs to be exercised when
interpreting the clinical significance of such changes within
individual patients [26].

As previously reported by ROBINSON et al. [23], despite the
significant group improvement in LCI in response to thera-
peutic intervention, marked heterogeneity in individual
responses may occur, not least because improvement in overall
lung function may result in subsequent ventilation of pre-
viously unventilated portions of the lung, potentially resulting
in an increase rather than decrease in ventilation inhomogene-
ity. A further problem when interpreting results from inter-
vention studies is that authors frequently report the proportion
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of subjects showing an ‘‘improvement’’ based purely on the
direction of change, without considering the magnitude of
such change in relation to natural variability over time, which
is frequently higher in disease than in health.

Based on the relative changes in LCI during the pooled placebo
periods of both of their recent studies, AMIN et al. [17, 25] have
suggested that a clinically relevant change in LCI over an 8-
week period equates to ,15%. Using this cut-off, they con-
cluded that four out of 17 children demonstrated a clinically
significant improvement (i.e. decrease) in LCI. Alternatively,
had results been interpreted in relation to the absolute rather
than the relative variability, as has been proposed by some
authors [9, 27–29], the coefficient of repeatability for LCI
(derived from the mean¡SD of the pooled placebo periods of
0.07¡1.16 [17, 25]) would be 2.32. Using this threshold, three
(18%) children would have demonstrated a clinically significant
change in LCI following dornase alfa treatment.

As outlined above, very few studies have reported the
between-test repeatability of LCI. FUCHS et al. [24] demon-
strated repeated LCI in 11 children with CF, who were 5–
16 yrs of age, and in whom a change of 0.07¡0.42 occurred
over a 90-min period (short-term threshold of repeatability of
0.91). The same group reported changes in LCI in healthy
children over periods of 1 h (n524) and 9 months (n534) of
0.13¡0.49 and 0.17¡0.52, respectively [30]. These results
equate to a similar range of normal variability as recently
reported by AURORA et al. [9] in 45 healthy young children in
whom the mean (95% CI) within-subject change in LCI was
0.0 (-0.2–0.2), with a 95% range of -1.3–1.3, when measure-
ments were repeated after an interval of ,4 yrs. Children
with CF assessed during the same study were only considered
to have demonstrated significant decline or improvement in
lung function if their change in LCI over time was outside the
95% range (defined by the 2.5th to 97.5th percentiles from the
controls). Results from the study by AURORA et al. [9] also
suggest that gas washout studies have the potential for
identifying young children with CF who may benefit from
more aggressive therapy, as well as providing an objective
outcome measure for early intervention studies in infants and
preschool children with CF.

In conclusion, the LCI remains one of the most promising
outcome measures with which to distinguish children with
relatively mild, early CF lung disease from those who have
undetectable or no lung disease [9]. The study by AMIN et al.
[25] provides important preliminary evidence that LCI has a
role as an outcome measure in clinical trials in preschool and
school-age children with mild CF lung disease. These results
now need to be confirmed in a much larger trial. Future
research needs to clarify the between-test repeatability of LCI
in both healthy children and those with CF to ensure that the
intrinsic variability as well as disease-related variability of LCI
is clearly understood. Placebo-controlled intervention trials
conducted in larger numbers of children with CF over longer
periods of time will provide critical evidence of the role of the
LCI both as an outcome measure in clinical trials and in the
day-to-day management of children with CF.
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