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Variability in airway inflammation sampled by
bronchoalveolar lavage

To the Editor:

The study by WARD et al. [1], designed to examine the
variability in airway inflammation sampled by bron-
choalveolar lavage in stable asthmatics, is a worthwhile
and commendable piece of research. However, given the
variability in the methacholine responsiveness found on
the two separate study days, there are some issues with
regard to the data analysis. Previous workers have sug-
gested that greater than a plus or minus twofold change
in airway responsiveness could be regarded as signifi-
cant [2]. If one accepts that, in the study by WARD et
al. [1], a greater than fourfold difference in the provo-
cative dose of methacholine causing a 20% decrease in
forced expiratory volume in one second (PD20) between
the two study days can be considered as significantly
different, then five patients should have been excluded
from their analysis, i.e. patients No. 6, 12, 13, 15 and
20. These subjects had a variation in their PD20 of 5.3
to 125 fold between the two study days. If this subgroup
were removed, and they could have been removed pros-
pectively if the criteria for similar asthmatic status had
included PD20 variation, what effect is there on the con-
clusions of the study?

Determinants of asthma stability relate to symptoms,
medications, airway function, and also airway respon-
siveness. Limits for the comparison could be set for each
of these items. The study [1] illustrates the challenge that
we have in accepting absolute numbers that have been
measured, without considering the errors that can occur.
The team from Melbourne should be congratulated on
their efforts to provide more evidence for the variabili-
ty of measurements.
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REPLY

From the authors:

Thank you for inviting a response to the letter by Dr
Ruffin, which we feel raises some interesting issues

regarding our recent publication. The study represented
an attempt to examine the intrasubject variability of cel-
lular and solute parameters in repeated 180 mL bron-
choalveolar lavage (BAL) procedures in 20 clinically
stable but symptomatic asthmatics. By "stable" we meant
that they had no exacerbations or change in medication
between procedures or for a reasonable time before. We
subsequently formulated sample size estimates for phar-
macological intervention studies involving repeated BAL;
information which is lacking in the literature. Patients
were selected on the basis that they represented the sort of
subjects most likely to be involved in prospective studies
of the effects of asthma therapy on airway pathology.
Hence, they were young, with reasonably well-preserved
lung function, on little or no inhaled corticosteroid, with
quite marked bronchial hyperresponsiveness and vari-
ability in lung function. They would be chosen for a thera-
peutic intervention study largely on these criteria, so that
it would be ethical to increase or change their medica-
tion, and it would be reasonable to expect that a signif-
icant improvement could be obtained both in clinical and
bronchoscopic end-points.

The variability that we documented was, therefore, a
product of biological variation in parameters, combined
with the variability inherent in performing duplicate BAL
analyses over time. It would seem intuitive, as is point-
ed out in the correspondence, that the inclusion of subjects
with variable lung function and bronchial responsiveness
to methacholine might influence the findings of our study.
We avoided performing too many subanalyses on the orig-
inal data set, but it does seem very reasonable to follow
Dr Ruffins suggestion. In table 1 we present the origi-
nal standard deviation of the differences for five salient
indices measured in the paper, together with values fol-
lowing exclusion of the individuals with the most marked
variability in lung function (patients Nos. 6, 12, 13, 15 and
20 in the original paper). It should be noted that, in the
estimation of 95% limits of agreement for the PD20 mea-
surements reported in the paper, subject No. 15 was
excluded, on the basis that this represented a clear outlier.
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Table 1.  –  Relationship between the original standard
deviation of the differences for five indices measured and
values following exclusion of the five individuals (patients
Nos. 6, 12, 13, 15 and 20) with the greatest variability
in lung function

Parameter SD original SD excluding 5 
data subjects

Total cell count  ×103·mL-1 78 74
Macrophages  % 16 18
Lymphocytes  % 13 14
Eosinophils  % 1 1
Albumin  µg·mL-1 40 35



This approach was suggested by BLAND and ALTMAN [1].
On exclusion of the five most variable subjects, 95%
limits of agreement for PD20 measurements, expressed
as a ratio, changed from 0.08–13 (as quoted in the paper)
to 0.3–7. Hence, in the original analysis for 95% of sub-
jects a second PD20 measurement would be expected to
be 0.08–13 times the first; whereas, for the second analy-
sis we would expect 95% of subjects to have a second
PD20 0.3–7 times the first (about 2.5 doubling doses).

The standard deviation of the differences for repeated
measurements, quoted in table 1, represents a useful sum-
mary statistic for documenting variability [1], and was
used in the sample size calculations in our study. Table
1 shows that the SD of the differences were very similar
when the original data were compared with an analysis
excluding the subjects with the most variable physiology.
In addition, plots of change in inflammatory indices
against changes in log PD20 indicated that there were no
relationships between these parameters. The findings of
our study, therefore, remain essentially unaltered after con-
sidering this subanalysis.

In conclusion, we would like to point out that the pur-
pose of our study, along with a recently published paper
relating to airway inflammation in biopsies [2], was not

to didactically construct absolute numbers for study design
but was, rather, an attempt to contribute to a debate about
methodology, that we feel is important. Our experience
is that, in studies of "mild-to-moderate" symptomatic
asthmatics, using the bronchoscopic end-points of BAL
and endobronchial biopsy, about 15 patients is probably
an optimal number. 
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