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ABSTRACT: We have studied the relationship between emphysema and
airways collapse, and response to corticosteroids in patients with chronic
airflow obstruction. One hundred and seven patients completed a pla-
cebo-controlled trial comparing 2 wks treatment with oral prednisolone
40 mg'day? to inhaled beclomethasone dipropionate 500 pg t.d.s.
Response to corticosteroids was defined on the basis of changes in forced
expiratory voiume in one second (FEV)), and/or forced vital capacity
(FVC), and/or mean peak expiratory flow (PEF) after treatment.

Patients were categorized as those with physiologically defined
emphysema (carbon monoxide fransfer coefficient (Kco) <70% predicted
and total lung capacity >120% predicted), and those with pressure
dependent airways collapse on the flow-volume loop (ratio of inspiratory
to expiratory flow at 50% vital capacity [:E,] >10).

The response to placebo showed a significant order effect, probably due
to a carry-over effect of active treatment of at least 3 wks. Hence, the
efficacy of active treatment over placebo In the subgroups defined was
assessed by analysis of data generated from the first treatment phase of
the trial. The presence or absence of physiologically defined emphysema
did not affect the response to oral prednisolone. Inhaled beclomethasone
dipropionate, however, was less effective in the emphysema group.
Pressure dependent airways collapse did not affect the response to either
prednisolone or beclomethasone. However, when data from all three
treatment phases were analysed there was no significant difference in the
response to either drug in any of the subgroups defined.

These results indicate that a response to oral prednisolone occurs as
frequently in patients with physiological features of emphysema as in
those without, and that patients with emphysema should, therefore, not
be excluded from a therapeutic trial of corticosteroids.
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Chronic airflow obstruction in adults can sometimes
respond to corticosteroids with subsequent partial relief
of the patient’s breathlessness when response is
measured over two to four weeks. Because of the large
number of potential candidates for a trial of
corticosteroids, the time taken in assessing any change,
and the relatively poor return in terms of response
[1-3], patients whom the clinician believes to be
unlikely to respond are often denied a trial. Patients
with emphysema are often excluded, as it is not ap-
parent how the airways obstruction associated with
emphysema, which is pathologically irreversible, could
respond to corticosteroids.

This study reports further analysis of data collected
as part of a trial.comparing oral and inhaled
corticosteroids previously reported [3]. The aim was
to investigate whether patients with physiologically

defined chronic airflow obstruction and emphysema
showed a different response to corticosteroids compared
with those who did not have emphysema, We also
investigated whether pressure dependent airways
collapse, a feature previously associated with emphy-
sema [4], mitigated against a steroid response. It
seemed unlikely that expiratory airways collapse due to
loss of airway support in emphysema would be
influenced by corticosteroids.

Methods
Subjects

Out-patients with adult onset chronic airflow ob-
struction of at least 5 yrs duration and forced expiratory
volume in one second (FEV,) <70% predicted were
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recruited to the trial. Patients were excluded if there
was a clinical diagnosis of asthma. Asthma was likely
if there had been respiratory symptoms in childhood, if
there was variability in symptoms apart from with in-
fections, if acute attacks of wheezing and breathlessness
occurred, and if there was a deterioration following
specific allergen exposure. A lack of a “fixed” element
to the airflow obstruction following bronchodilator also
suggested asthma as the diagnosis. The presence of
some airflow reversibility to inhaled bronchodilators was
deliberately not chosen as an exclusion criteria. No
patient had received oral or inhaled corticosteroids in
the preceding six months. All patients gave verbal
informed consent and the study was approved by the
local Ethical Committee,

Study design

The patients underwent a double-blind, double-
dummy, randomized, crossover trial of oral prednisolone
40 mg'day? and a placebo inhaler, inhaled beclo-
methasone dipropionate 500 pg t.d.s. and placebo
tablets, and both preparations as placebo. Each treat-
ment was given for two weeks with a two week
wash-out phase in between. All of the treatment phases
looked identical.

Measurements

Spirometry was performed on three separate days and
lung volumes were measured once prior to the admin-
istration of any drugs. Spirometry was repeated on the
last day of each treatment phase. The patients were
asked to abstain from inhaled bronchodilators for the
6 h preceding any attendance and all visits were made
at the same time of day. The FEV, and forced vital
capacity (FVC) were measured on a dry bellows
spirometer (Vitalograph). On each occasion the mean
of three technically satisfactory attempts within the
smaller of 10% or 100 ml was recorded. The baseline
FEV, or FVC was the highest mean measurement
before treatment was started.

Flow-volume loops were recorded on a high speed X-
Y recorder (Bryans 26700) linked to a P.K. Morgan
flow volume module attached to a rolling seal spirom-
eter. The flow rates were measured directly from the
loop using a ruler. The mean of three satisfactory
attempts was used for analysis.

Total lung capacity (TLC) and residual volume (RV)
were measured by helium dilution. The test was con-
tinued until the helium concentration was stable, to a
maximum time of 20 min. Transfer factor for carbon
monoxide (TLco) and the transfer coefficient for carbon
monoxide (Kco), were derived from the mean of two
single breath estimations. The full details of the trial
are given elsewhere [3].

Predicted values for lung function variables are from
the European Community for Coal and Steel (ECCS)
predictive equations [5]. Reversibility of FEV, to

salbutamol is presented as the change expressed as a
percentage of the predicted value [6].

Analysis

Physiological emphysema was defined as 1) Kco
<70% predicted; and 2) total lung capacity of >120%
predicted. The ratio of inspiratory to expiratory flow
at 50% of the vital capacity (LE,)) was measured from
the flow volume loop. An “expiratory collapse” pattern
was identified where the ratio of inspiratory to
expiratory ratio at 50% of vital capacity was >10

(fig. 1).
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Fig. 1. — A flow-volume loop showing the parameters used to calcu-
late the I:'E,,. E: expiratory flow at 50% vital capacity; I: inspiratory
flow at Sﬂ‘g vital capacity.

The initial analysis showed a significant placebo
order effect, that is a response to placebo treatment was
more likely to occur if the placebo was given after an
active treatment [3], suggesting a carry-over effect of
active treatment in excess of three weeks, No signifi-
cant order effect was seen with either active treatment.
Because of this placebo order effect, response to treat-
ment was defined with respect to baseline values,
obtained before the administration of any trial
medication,

The efficacy of active treatment over placebo in the
defined subgroups was, therefore, assessed by a parallel
group analysis of the first treatment phase data.
Response rates to the two active treatments in each
subgroup was assessed by analysis of the data from all
phases of the trial as the order effect was only signifi-
cant for placebo response.

A full response to active treatment was defined as
220% improvement in FEV,, FVC or mean peak flow
during the second week of treatment when compared
to baseline. A response of 210% in any two parameters
or 215% in any one parameter was initially defined as
a partial response, but for this analysis partial and full
responses are combined.
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Statistics

The comparisons of baseline data were made by
unpaired Student’s t-tests. Appropriate confidence
intervals for the differences in response rates between
the different subgroups and their significance were
calculated as suggested by Armitace [7]. LLE,, ratios
were not normally distributed and a logarithmic trans-
formation was used in the analysis.

Results

One hundred and twenty seven patients entered the
study and 107 (25 female) completed it. Eleven
patients failed to attend subsequent visits, six had an
infective exacerbation of their disease, two developed
concurrent medical problems whilst taking prednisolone,
and one patient died of an unrelated cause during the
baseline period. The mean age of the patients was 63
(sem 0.8) yrs, mean absolute FEV, 1.19 (0.47) /, or 44
(1.6) as percentage predicted FEV,. The mean Kco was
1,13 (0.05) mmol-min-*-kPa’-I'* or 78 (31.7) as percent-
age predicted.

Thirty five patients satisfied the criteria for
physiological emphysema (table 1). Patients with
physiological emphysema had a similar impairment in
FEV, but higher levels of FVC, All were current or
ex-smokers and had smoked more than those without
emphysema.

Table 1. — Baseline characteristics of the two groups
with and without physiological emphysema, (meansem)

With emphysema Without emphysema

n M/F 35/6 72/19
Age yrs 63«1.4 63z1.1
FEV, ! 1.17+0.09 1.20+0.05
FEV, % pred 42+3.1 46x1.9
FVC ! 2.92+0.14 2.52+0.08*
FVC % pred 86x3.7 77+2¢%
Reversibility to
10 mg salbutamol
as % pred # 6.120.9 7.7£0.7
Smoking status
curent smokers 17 24
ex-smokers 18 36
lifelong nonsmokers 0 12*
Cigarette consumption
pack-yrs 465 343
LE,, ratio as 6.0 (1-26) 5.31 (1-22)

geometric mean (range)

#: % pred = (postbronchodilator FEV, - prebronchodilator
FEV )/predicted FEV, x 100; *: p<0.05; FEV,: forced expira-
tory volume in one second; FVC: forced vital capacity; LEg;
ratio of inspiratory to expiratory flow at 50% of vital capacity.

Twenty two patients had an expiratory collapse pat-
tern on their flow-volume loop (table 2). Patients with
pressure dependent airways collapse were of similar age
to those without but had smoked slightly more and had
significantly lower values for FEV,. Only six patients
fulfilled both the criteria for physiological emphysema
and pressure dependent airways collapse. The correla-
tion in all 107 patients between log I'E,; and Kco was
poor (r=-0.19; Ns).

Table 2. — Baseline characteristics of the two groups
with and without airways collapse (L'E,, >10) (meanzsem)
LE, >10 LE,, <10
n M/F 2212 85/23
Age yr1s 64x1.9 63x1
FEV, ! 1.02+0.06 1.2320.05*
FEV, % pred 36+2.2 46x1.9*
FVC! 2.8+0.15 2.61x0.09
FVC % pred 80x3.5 79£2.2
Reversibility to
10 mg salbutamol
as % pred 6.0£1.5 7.5+0.6
Kco mmol'min*-kPa !/ 1.11£0.09 1.13£0.05
Kco % pred 74£6.5 79£3.5
Maximum inspiratory
flow I'min 274x14 185x8*
Smoking status
current smokers 7 34
ex-smokers 15 39
lifelong nonsmokers 0 12
Cigarette consumption
pack-yrs 4414.3 37+3.1

*: p<0.05; Kco: carbon monoxide transfer coefficient. For
further definitions see legend to table 1.

Analysis of the first phase data to compare placebo
with active treatment in the subgroups

Thirty five patients received placebo treatment as the
first of the three crossover treatments, 34 patients
inhaled beclomethasone alone, and the remaining 38
patients oral prednisolone (table 3). The patients in
each treatment group did not differ in terms of baseline
physiological characteristics [3].

The numbers of patients showing a response to
inhaled beclomethasone or oral prednisolone was
significantly greater than that seen to placebo in the
subgroup of patients without physiological emphysema.
In the group with physiological emphysema, however,
only prednisolone showed a response rate greater than
that to placebo. No patients in this subgroup showed
a response to inhaled beclomethasone.
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In the subgroup without pressure dependent airways
collapse the response to oral prednisolone and inhaled
beclomethasone was greater than that seen after placebo,
but only statistically significant for prednisolone. In the
22 patients with pressure dependent airways collapse
similar effects of both active treatments were seen, but
statistical analysis produced wide confidence limits for
the difference from placebo response rate because of the
small total number of patients in each group. The
difference (95% confidence limits) to placebo response
rate for beclomethasone was 43% (88 to -2), for pred-
nisolone 48% (91 to 6). If both active treatments are
combined the response rate to active treatment is
significantly greater than to placebo (difference 46% (82
to 10); p<0.05).

Table 3. — The number of responders seen to each
treatment in the defined subgroups in the first phase of
the trial

Physlological emphysema groups

Present Absent
Placebo 1/11 3/24
Prednisolone 7/14* 10/24*
BDP 0/10 12/24*
I:E,, groups

>10 <10

Placebo 1/7 3/28
Prednisolone 5/8 12/30*
BDP 4/7 8/27

*: p<0.05 for comparison of response rate to placebo within
each subgroup. BDP: beclomethasone dipropionate; I.E_: ratio
of inspiratory to expiratory flow at 50% of vital capacity.

Analysis of data from all three phases of the trial
to compare corticosteroid responsiveness between
subgroups

The data from all three phases of the trial has been
used to compare response to each active treatment in
the subgroups. No significant difference was seen be-
tween response to oral prednisolone or inhaled
beclomethasone in the two pairs of subgroups defined.

A response to oral prednisolone was seen in 31 out
of 72 (43%) of patients who had no evidence of physi-
ological emphysema, and in 13 out of 35 (37%) of pa-
tients with emphysema. A response to inhaled
beclomethasone occurred in 25 out of 72 (35%) of
patients without physiological emphysema as defined,
compared to 11 out of 35 (31%) of patients with
emphysema.

In patients defined on the basis of the presence or
absence of an expiratory collapse pattern on the
flow-volume loop, a response to oral prednisolone was
seen in 32 out of 85 (38%) of those without collapse,
compared to 12 out of 22 (54%) of those with.
Response to inhaled beclomethasone was similar in

those with expiratory collapse, 9 out of 22 (41%), and
in those without, 27 out of 85 (32%).

Discussion

We were concerned that patients with chronic airflow
obstruction and emphysema are denied the possible
beneficial effects of corticosteroid treatment. Hence,
one of the aims of the main study was to determine
whether emphysema, diagnosed in life, affected the
physiological response to corticosteroids. The interpre-
tation of our data is complicated by the placebo order
effect we found on the initial analysis [3, 8], and the
need to perform a parallel group analysis of the first
phase data to overcome this problem when comparing
active treatments to placebo. Our data do show an
effect of both oral prednisolone and inhaled be-
clomethasone in the 107 patient group which is
significantly greater than that seen after placebo [3]. In
the subgroups we defined, however, the smaller num-
bers of patients analysed produce wide confidence limits
for the difference between active treatment and placebo,
and some comparisons in our analysis may lack enough
statistical power to detect effects of active treatment
which do exist.

Our data indicate that oral prednisolone is effective
in producing physiological response in patients irre-
spective of the presence of physiological emphysema or
pressure dependent airways collapse. Inhaled
beclomethasone appears effective in patients with
pressure dependent airways collapse, but we found no
responses to this drug in the ten patients with
physiological emphysema who received this treatment
as the first phase treatment. This apparent lack of
response may reflect a failure of the drug to reach the
airways adequately, secondary to alterations in inspira-
tory flow and hence aerosol deposition. Alternatively,
it may reflect the small number of patients in this
subgroup. For, when the data from all three phases of
the trial are analysed, the number of responses seen to
inhaled beclomethasone is not different between the two
physiological emphysema groups.

Strictly, emphysema is defined pathologically as
dilatation of the airspaces distal to the terminal
bronchiole with destruction of alveolar septa. Faced
with a living patient, however, this definition is of little
practical use. We chose a definition of physiological
emphysema based upon published evidence from clin-
icopathological studies, which have utilized antemortem
lung function and graded emphysema histologically on
postmortem or postoperative specimens [9-11]. These
studies show a moderately strong correlation between
measures of carbon monoxide gas transfer and histo-
logical emphysema, a correlation which is stronger
when techniques which detect less severe emphysema
are used [9]. In addition we included a measure of
hyperinflation as suggested by West et al. [11] to
exclude any patients with mixed fibrotic and obstruc-
tive lung processes.

The fact that patients with emphysema show
responses to treatment in parameters which reflect
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airway obstruction may indicate that at least in these
responsive patients the major cause of the airflow ob-
struction resides in the airway wall. It seems unlikely
that an improvement in airflow could be obtained if
the main determinant of the airflow obstruction seen
was lack of airway support due to peribronchiolar
emphysema [12], which should be irreversible. The
likeliest mode of action of corticosteroids is as an anti-
inflammatory agent, as is postulated in asthma. The
results of the reversibility tests indicate that~the
majority of the patients studied had non-asthmatic air-
flow obstruction [6], so the results may indicate an
effect of corticosteroids on the neutrophilic bronchial
wall inflammation seen in this group of patients [13].
If a direct effect of corticosteroids on airway inflam-
mation is not the explanation, then one must postulate
that corticosteroids alter the compliance of the emphy-
sematous alveoli by mechanisms which are not clear.

Pressure dependent airways collapse may also result
from loss of alveolar support to the small airways [12].
DenisoN et al. [4] suggest that a ratio of inspiratory to
expiratory flow at 50% of the vital capacity of >10, is
associated with emphysema. Our results however
showed a poor correlation between this measure and the
Kco, suggesting other factors play a major part in
determining airways collapse. The presence of pressure
dependent airways collapse did not influence corticos-
teroid responsiveness in our patients.

There have been a number of other studies of corti-
costeroid responsiveness in chronic obstructive airways
disease (COAD), however, in only a minority has
emphysema been defined adequately in the patients
studied. Two studies have used similar physiological
definitions to ours [14, 15]. Bramr and LicHT [14]
found no correlation between initial gas transfer and
spirometric response to prednisolone 32 mg-day’ or 64
mg on alternate days in 44 patients with COAD,
although some patients with reduced gas transfer did
show improvement. BeereL and VANCE [15] showed no
mean improvement in a group of 23 patients treated
with prednisolone 30 mg-day? for 8 wks, although gas
transfer did improve in this study and in that of
O’Reiry et al. [16]. In other studies corticosteroid
responses were seen in 2 of 10, 0 of 7 and 0 of 7 pa-
tients with physiological emphysema [17-19], although
the dose of corticosteroid used in the second trial was
relatively low (betamethasone 1.8 mg-day?, equivalent
to 16 mg prednisolone).

Our study suggests that patients with physiological
features of emphysema respond to oral prednisolone as
well as patients without these features. Although a
response to inhaled beclomethasone may not be as
common, the presence of features of emphysema should
not prevent physicians from offering a trial of
corticosteroids when indicated in this group of patients.
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Réponse aux corticostéroides dans I'obstruction chronique du
débit aérien: relations avec l'emphyséme et le collapsus des
voies aériennes. D.C. Weir, R.I. Gove, A.S. Robertson, P.
Sherwood Burge.

RESUME: Nous avons étudié les relations entre I'emphyséme
et le collapsus des voies aériennes d'une part, et la réponse
aux corticostéroides d'autre part, chez les patients atteints
d'obstruction chronique du débit aérien. Un essai contrdlé par
placebo a été conduit chez 107 patients, avec comparaison de
deux semaines de traitement au moyen de prednisolone orale
a raison de 40 mg par jour, et de 500 mcg de beclomethasone
en inhalation 3 fois par jour. Une réponse aux corticostéroides
a été définie sur la base de modifications du VEMS, et/ou
de la capacité vitale forcée, et/ou du débit expiratoire de
pointe moyen (PEF) aprés traitement.

Les patients ont été classés, d'une part comme emphyséme
défini physiologiquement (Kco <70% et capacité pulmonaire
totale >120% des valeurs prédites), et d'autre part comme
présentant un collapsus des voies aériennes lié A la pression
sur la courbe débit volume (ratio du débit inspiratoire au débit
expiratoire 3 50% de la capacité vitale [LLE, ] >10).

La réponse au placebo a montré un effet d'ordre significatif,

probablement dd 2 un effet rémanent du traitement actif pen-
dant au moins 3 semaines. Des lors, l'efficacité du traitement
actif par rapport au placebo dans les sous-groupes définis a
été appréciée par l'analyse de données provenant de la
premitre phase de traitement de l'essai. La présence ou
I'absence d'emphyséme défini physiologiquement n'a pas
d'effet sur la réponse A la prednisolone orale. Toutefois, le
dipropionate de beclomethasone en inhalation s'avére moins
efficace dans le groupe emphysémateux. L'existence d'un
collapsus des voies aériennes lié & la pression n'affecte la
réponse, ni 2 la prednisolone, ni 2 la beclomethasone.
Toutefois, quand les données provenant des trois phases de
traitement sont analysées, l'on ne trouve pas de différence
significative dans la réponse & aucune des deux drogues dans
aucun des sous-groupes définis.

Ces résultats indiquent qu'une réponse 2 la prednisolone
orale se produit aussi fréquemment chez les patients ayant les
caractéristiques physiologiques de I'emphyse¢me que chez ceux
qui en sont dépourvus, et que les patients atteints
d'emphyséme ne devraient pas étre récusés pour un essai
thérapeutique aux corticostéroides.

Eur Respir J.,, 1991, 4, 1185-1190.



