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ABSTRACT Short term variability in FEV1 and responsiveness to inhaled bronchodilator were mea-

sured in 150 patients with obstructive ventilatory defects. The range of initial FEV1 was 0 5-4 71
and the natural variability over a 20 minute period when expressed in absolute terms was similar
over the entire range, and differed insignificantly from that found in normal subjects. The increase
in FEV1 and vital capacity (VC) required to exclude natural variability with 95% confidence in
these patients was 160 ml and 330 ml respectively. Natural variability when expressed in percentage
terms was negatively correlated with the level of FEV1 recorded. The analysis of changes in FEV1
and VC after administration of bronchodilator used absolute and percentage criteria for response.

The number of responders differed considerably according to the criterion used. In those defined by
the absolute criterion as responders there was no evidence that size of response was related to level
of FEV1. Percentage criteria have traditionally been used to identify responses to bronchodilator
that may be clinically useful, while absolute criteria, although statistically valid, have not been
favoured. Reappraisal of the criteria used and their limitations and implications is required.

Pulmonary function laboratories report the results of
bronchodilator tests to clinicians, who then may
make decisions about treatment. The criterion used to
define a response to bronchodilators therefore
requires scrutiny. Any criterion used to define the
change in FEV, that is indicative of a response to
bronchodilator must take into account the natural
short term variability in FEV,; this is true both in
routine clinical work and when patients are selected
for entry into clinical trials. We have recently
reported' that short term variability in FEV1 was
constant over a wide range of FEV, in normal sub-
jects and a small group of patients with restrictive
ventilatory defects, and therefore suggested that the
criterion of response should be an absolute change of
190 ml or more. The possibility remained that
patients with severe airflow obstruction might show
less natural variability than normal subjects, so that
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the use of a percentage criterion to define response
might be more appropriate in these patients. We have
therefore studied prospectively short term variability
and response to bronchodilator in patients with air-
way obstruction.

Methods

Four laboratories in Edinburgh took part in the
study. All patients referred routinely for a bron-
chodilator test who were found to have an obstructive
ventilatory defect on initial testing were asked to take
part in the study, which had received the approval of
the Physicians' Advisory Ethical Committee in the
South Lothian District. Patients who had been using
bronchodilators therapeutically were asked to refrain
from using them for four hours before the laboratory
visit.
FEV, and vital capacity (VC) were recorded with

bellows spirometers (Vitalograph), which were all
calibrated for volume with the same precision syringe
(Hans Rudolph, Kansas City). Measurements were
read on the BTPS scale of the paper in three laborato-
ries and digitally displayed using the electronic output
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from the spirometers in the remaining laboratory.
Patients were seated and each had FEV, and vital
capacity (VC) recorded by a single technician using
one sheet of recording paper on one spirometer. The
highest of three technically acceptable recordings
was taken.2 Initial values were designated as measure-
ment I. After the patients had sat for 20 minutes in the
laboratory measurement II was made. Two puffs of
salbutamol (200 jug) or terbutaline (500 jg) were then
administered in identical fashion by the technician
from a metered dose inhaler, and after a 20 minute
interval measurement III was made. The predicted
normal values of Hall et al3 were used for women and
those of Crapo et al4 for men. An obstructive venti-
latory defect was defined as a reduction in the
FEV,/VC ratio of two or more standard deviations
from mean predicted values.

Results

One hundred and fifty consecutive patients with
reduced FEV,/VC ratio were included in the study.
The group comprised 104 men and 46 women (age
18-88 years, height 1-40-186 metres). Sixty two were
smokers, 40 ex-smokers, and 48 non-smokers. Before
measurement of FEV1I, 97 patients had been seated,
52 had been walking within the hospital, and one had
been walking outdoors. For statistical comparison by
analysis of variance the patients were divided, as in
the previous study,' into three subgroups on the basis
of the mean of FEV1I and FEVJII (that is, the mea-
surements before administration of bronchodilator):
group A (n = 72), range of mean FEV, 0 5-1 1 1;
group B (n = 51), FEV, 115-2-4 1; group C
(n = 27), FEV, 2 45-4-7 1. In addition to the re-
duced FEV,/VC ratio used as a criterion for entry, all
patients were found to have an FEV1I value at least 1
SD lower than the predicted value and most patients
in each subgroup had an FEV, more than 2 SD below
the mean predicted value.
The differences in FEV, and VC measurements (in

millilitres) were expressed both as absolute change
(AC) and as percentage change (PC)5:
Natural variability
AC = difference (II - I) PC = difference(-I) x 100

mean of(II + I)
Change after bronchodilator
AC = difference (III- II) PC = f((II II) x 100

mean of (III + II)
Mean values of AC and PC for FEV, and VC

before administration of bronchodilator in the three
subgroups are shown in table 1. There was no evi-
dence for any learning effect, the mean changes being
insignificantly different from zero. The variations
about the means in the three subgroups were then
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Table 1 Natural variability in FEV, and vital capacity over
20 minute time interval

Group A Group B Group C

No of patients 72 51 27

FEV,
Range (1, BTPS) 050-1 10 115-240 245-470
AC (ml)
Mean 3 19 21
SD 96 100 84

PC (%)
Mean -0 1 -1-6 -0 7
SD 124 65 30

Vital capacity
Range (1, BTPS) 0-55-4-10 1-95-4-95 3 40-680
AC (ml)
Mean 48 43 -46
SD 211 189 181

PC (%)
Mean 2-6 1 3 -1 2
SD 125 66 4-3

AC-absolute change; PC-percentage change.

compared by Levene's test.6 When absolute change in
FEV, was used there was no significant difference in
the variability of FEV, between the groups, but with
PC there was a decrease in variability with increasing
level of FEV, (p < 0-001). Variability in vital capa-
city when expressed as AC did not differ significantly
between groups A, B, and C; but when PC was used
variability decreased with increasing level of FEV,
(p = 0-001).
The absolute increases in FEV, and VC necessary

to distinguish with 95% confidence between natural
variability and a response to bronchodilator in these
patients are 160 and 330 ml. The absolute change for
FEV, does not differ significantly from the 190 ml
previously identified for normal subjects and patients
with restrictive ventilatory defects. It is not possible
to state a single percentage change that would
distinguish between natural variability and a response
to bronchodilator in these patients because the per-
centage variability in FEV, differed between groups.

Natural variability in FEV, and VC, whether
expressed in absolute or in percentage terms, was
unrelated to the sex, age, or smoking habits of the
patients and did not differ between those patients who
had been walking on the flat and those who had been
sedentary before the test.
The absolute change in FEV, found after

inhalation of bronchodilator ranged from -450 to
+950 ml but the distribution was skewed towards
positive differences (figure). Patients were defined as
AC responders if they had an increase of 160 ml or
more in FEVY, to distinguish between natural vari-
ability and a positive response to bronchodilator
(table 2). The proportion of patients within each sub-
group defined as AC responders rose significantly
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with the level of the initial FEV, (p < 0-001). Analy-
sis of the absolute change in VC after administration
of bronchodilator showed that 8 of 17 FEVy
responders in group A, 12 of 23 FEV, responders in
group B, and 7 of 18 FEV responders in group C also
showed significant absolute changes in VC. A re-
sponse of 330 ml or more in VC without a response in
FEV1 was found in 7 patients in group A, 4 patients
in group B, and none in group C; so a total of 24
patients in group A, 27 in group B, and 18 in group C
could be identified as being AC responders when
changes in both FEV1 and VC were used.

For defining patients as PC responders we used
criteria of 10% and 15% change. Results are shown
in table 2. With the 15% criterion the proportion of
responders in each subgroup fell as initial level of

Table 2 Number ofpatients with FEV1 response to
bronchodilator

All
Group A Group B Group C patients

No of patients 72 51 27 150
FEVX
Range (l, BTPS) 0-5-l11 115-2-4 2-45 -47 0-5-4-7

AC responders
(% of group) 17 (24) 23 (45) 18 (66) 58 (39)

PC 15% responders
(% of group) 22 (31) 15 (29) 2 (7) 39 (26)

PC 10% responders
(% of group) 36(50) 22(43) 11 (41) 69 (46)

AC responders-patients showing an absolute increase of > 160 ml
in FEV,; PC 15% responders-patients showing a percentage
increase of > 15% in FEV,; PC 10% responders-patients showing
a percentage increase of > 10% in FEV .

FEV, rose (X 2 for trend: p < 0-025); but if the 10%
criterion was used the proportion of responders was
similar in the three subgroups.
Once the patients had been classified as AC and PC

responders, natural variability in FEV, was re-
examined to determine whether natural variability
before administration of the bronchodilator had been
different in the responders and the non-responders.
Regardless of which criterion was used to define a
response in FEV1, there was no significant difference
in AC or PC variability between those who responded
and those who did not.

In those defined as AC responders the range of
response in FEV1 after administration of bron-
chodilator was 160-500 ml in group A, 160-850 ml in
group B, and 160-950 ml in group C; but single
patients in groups B and C accounted for the extreme
responses (figure). When the Wilcoxon signed rank
test 7 was applied to the median increases the re-
sponse in FEV1 after the bronchodilator was found to
be similar in the three groups. In those defined as PC
responders the range of response after the bron-
chodilator was 10-48% in group A, 10-42% in group
B, and 10-24% in group C. The percentage response
was significantly smaller in group C than in group A.

Discussion

This study of patients referred for bronchodilator
tests was carried out prospectively under routine lab-
oratory conditions. The range of natural variability
observed is therefore likely to be representative of
that encountered in patients with airflow obstruction
in normal clinical practice.
We have examined the interaction of natural vari-

ability with different selection criteria of the types
used in clinical trials based on response to broncho-
dilators. When absolute change in FEV1 is used to

-
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define response, similar numbers of patients are
selected at each FEV1 level, with most patients in the
lowest FEV1range (group A) failing to show a
significant response (table 2). If the criteria are
widened to include absolute change in VC, the num-
ber of AC responders increases, with the additional
patients coming from the lower FEV1ranges (groups
A and B).
Use of a 15% change to define response in FEV1

selects a greater proportion of more severely than of
less severely impaired patients. Overall, fewer patients
are defined as responders (table 2). Use of a 10%
criterion again selects a greater proportion of more
severely impaired patients, but it yields the greatest
number of responders overall. It should be noted,
however, that many of the increases in FEV1 in those
defined as responders by percentage criteria (par-
ticularly when 10% is used) fall in the range that
is statistically indistinguishable from natural vari-
ability. The validity of this type of selection is thereby
diminished.

In this study, in contrast to the previous one, no
relationship was found between pretest activity and
natural variability. The pattern of pretest activity,
however, was very different in the two studies, only
one patient with airway obstruction having taken
moderate exercise before the test. More work is
required to resolve this point.

This study does not attempt to examine the clinical
importance of the recorded changes in FEV1 and VC.
This issue is of particular relevance in two groups of
patients. The first group comprises those with an
FEV1 of less than I litre who show increases lying
within the range of natural variability, which could
therefore have occurred by chance. In such patients
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any increase may be thought by the clinician to be of
some clinical value and the failure to achieve statisti-
cal significance tends to be disregarded. The second
group comprises patients with a higher FEV1 who
achieve changes of statistical significance that may be
disregarded because they are not considered to be of
clinical importance. If response is to be defined by
percentage changes that do not have statistical vali-
dity, other evidence must be put forward to justify
these assertions. Until this evidence is forthcoming,
our study emphasises the need for critical appraisal of
whatever criterion is chosen to define response to
bronchodilators.
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