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Relationship between bronchial airway responsiveness
and clinical severity of asthma

P. 0. OLUBOYO*, R. W. HEATON AND J. F. COSTELLO
Department of Thoracic Medicine, King's College Hospital Medical School, London, U.K.

Summary

The minimum medication required to control
symptoms was individually established in a
systematic manner in 10 asthmatics. A scoring
system for the severity of asthma was designed
using the indices of initial airway calibre (a re-
flection of the degree of airway obstruction)
and the minimum medication requirement; all
the subjects were so scored. Bronchial airway
responsiveness to histamine, methacholine and
isocapnic hyperventilation of cold air was then
measured in these subjects. The relationship
between the level of bronchial responsiveness
and the asthma severity score was examined.
The mean airway responsiveness to histamine
or methacholine for the subjects who required
a combination of drugs was not significantly
greater than that for those who required single
medication intermittently or daily, while the
airway responsiveness to cold air was signifi-
cantly different between the subjects in the two
treatment subgroups. Similarly, there was no
correlation between the asthma severity score
and airway responsiveness to methacholine and
histamine (r = —0.38 and —0.48; P > 0.1) while
a significant correlation was found with respon-
siveness to cold air (r = 0.72; P < 0.02). The
results suggest that there is a qualitative dif-
ference between the bronchoconstriction in-
duced in asthmatic subjects by pharmacological

constrictor substances and natural physical
stimuli such as cold air.

Résumé

Le minimum de traitement requis pour

combattre les symptomes fut individuellement

Correspondence: Dr P. O. Oluboyo, Department
of Medicine, Faculty of Health Sciences, University
of Ilorin, PMB 1515, llorin, Nigeria.

¢tabli de maniere systématique chez 10 asth-
matiques. Un systéme d'enregistrement de la
gravité de l'asthme fut mis au point a I'aide
d’indices du calibre initial de la voie respiratoire
(une réflexion du degré d’obstruction de la voie
respiratoire) et du minimum de traitement
requis; tous les sujets furent ainsi enregistres.
La réaction de la voie bronchique a I'histamine,
a la méthacholine et a I'hyperventilation iso-
panique d’air froid fut alors mesurée chez ces
sujets. Le rapport entre le degré de réaction
bronchique et I'enregistrement de la gravité de
I'asthme fut examinée. La réaction moyenne
de la voie respiratoire 4 I'histamine ou a la
méthacholine chez les sujets qui nécessitaient
un mélange de médicaments n’était pas sen-
siblement plus forte que chez ceux pour qui il
fallait un traitement unique par intermittence
ou quotidiennement tandis que la réaction de la
voie respiratoire a I'air froid était sensiblement
différente entre les sujets des deux sousgroupes
de traitement. De méme il n'y eut aucune cor-
rélation entre I'enregistrement de la gravité de
I'asthme et la réaction de la voie respiratoire a
la méthacholine et a I'histamine (r = —0.38 et
—0.48; P > 0.1) alors qu'il fut constaté une cor-
rélation significative a la réaction A I'air froid
(r = 0.72; P < 0.02). Les résultats suggerent
qu'il existe une différence qualitative entre la
bronchoconstriction induite chez les sujets asth-
matiques a I'aide de substances constrictrices
pharmacologiques et de stimuli physiques
naturels tels que I'air froid.

Introduction

Non-specific bronchial airway responsiveness is
increased in all asthmatic individuals with cur-
rent symptoms [1]. This hyperresponsiveness is
an important factor in the pathogenesis of
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bronchial asthma [2], and has been quantified
by bronchial provocation tests with chemical
mediators such as histamine and methacholine
[1.3] and more recently by physical stimuli such
as isocapnic hyperventilation of cold air [4].
Although a spectrum of bronchial responsive-
ness has been demonstrated among asthmatic
subjects [1.4], the relationship between the
degree of bronchial responsiveness and the cli-
nical severity of asthma is not altogether clear.
While some workers have demonstrated a
correlation  between the degree of hyper-
responsiveness and parameters of clinical sever-
ity of disease such as the severity of symptoms
[5]. the number of previous hospital admissions
[6] and treatment requirements [7.8]. others
have not been able to confirm such relation-
ships [9-11]. In these studies assessments were
made on patients whose asthmatic state varied
from past history of attacks only, to current
symptoms with poor control and frequent
hospital admissions.

In this study we treated a group of mild
asthmatic patients in a standard way in order to
determine the minimum medication required to
control symptoms, we then examined the rela-
tionship between the severity of asthma in
terms of the initial airway caliber and the medi-
cation requirement, and the airway responsive-
ness as assessed by bronchial provocation tests
with histamine, methacholine and cold air. We
also tried to integrate the two parameters of
severity of asthma by means of a scoring system
and related this to the degree of bronchial
responsiveness.

Patients and methods

The study included 10 subjects (five males, five
females) who gave the characteristic clinical
history of episodic dyspnoea and wheezing con-
sistent with the American Thoracic Society de-
finition of asthma [12]. They were all atopic,
based on one or more weal-and-flare re-
sponse(s) to skin-prick tests with 10 common
allergens. Their ages ranged from 18 to 54
years. They all had evidence of reversibility of
airway obstruction with a variation in forced ex-
piratory volume in one second (FEV,) greater
than 15%, occuring cither spontaneously or
after inhalation of salbutamol acrosol. In addi-
tion, they all had an initial FEV greater than

80% of the predicted normal values. The pre-
dicted values for FEV, for Caucasians were
obtained from the nomogram by Cotes [13],
while those for Nigerians were derived from the
equation of Patrick and Femi-Pearse [14].

Subjects were excluded from the study on the
basis of positive skin-prick test to house dust
and house dust mite, which are ubiquitous
allergens difficult to control, evidence of other
respiratory discase, history of cigarctte smok-
ing, and symptoms severe enough to require
regular oral steroid medication. They all gave
informed consent and the study was approved
by the Kings College Hospital, London, Ethics
committee.

For each subject, the minimum medication
required to control symptoms was established
in the following way. No treatment was given
on a regular basis if symptoms were absent or
not troublesome. Such subjects were placed on
inhaled salbutamol (200 pg two to four times
daily) when necessary. Those with frequent
symptoms or who required more than 800 pg
of salbutamol in one day, and for more than
two different days in a fortnight, were given
regular medication with 200 pg salbutamol
inhaler two to four times daily. When the
highest dose of salbutamol failed to control
symptoms, beclomethasone dipropionate in-
haler was added in a dose of 100 pg two to four
times daily. If symptoms were not controlled on
salbutamol and beclomethasone inhaler, an
oral xanthine was added. When satisfactory
control of symptoms had been achieved on a
minimum of medication for at least 2 months
the subjects were deemed ready for bronchial
challenge tests.

For the bronchial challenge tests the subjects
cach attended the laboratory at the same time
on three different days within a 2-week period.
The inhalation tests with histamine, metha-
choline and cold air were performed in a
random order on the three days. For at least 6
weeks before the challenge tests, subjects had
no symptoms of respiratory tract infection,
influenza vaccination or exposure to any
allergens to which they were sensitive. All
drugs were withheld before the challenge tests
for the time interval suggested by the special
committee of the American Academy of
Allergy [15]. Thus, bronchodilators were with-
held for at least 8 h, while oral xanthines were
withheld for at least 12 h prior to the tests. Sub-
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jects were only studied on the days when their
baseline FEV, was greater than 80% of the pre-
dicted normal values, and when the variability
of FEV, between the study days was less than
10%.

Histamine and methacholine inhalation tests
were performed by the tidal breathing method
similar to that described by Cockeroft er al. [1].
By this method. test acrosols of histamine or
methacholine were generated with a Wrights
nebulizer. Two millilitres of test solution were
used in each case in the nebulizer container.
Nebulization was achieved by driving com-
pressed air at a flow rate of 7.5 litres per minute
from a compressed air cylinder of 100 pounds
per square inch pressure through the nebulizer,
giving an output of 0.165-0.170 ml/min and a
particle size of 1.3 pm aecrodynamic mass
median diameter. The aerosol was continuously
delivered into a face mask held loosely over
the nose and mouth, and inhaled through the
mouth by quiet tidal breathing for 2 min. An
acrosol of normal saline was inhaled first and
the response measured by FEV, performed at
30 and 90 sec after the inhalation. At sub-
sequent 5-min intervals, aerosols of histamine
or methacholine, at two-fold increasing concen-
trations from 0.125 to 16 mg/ml, were then in-
haled and spirometry repeated in the same way
as in the post-saline inhalation assessment. The
inhalations were discontinued when there was a
fall of FEV, of = 20% below the lowest post-
saline value, or when the maximum concentra-
tion of histamine or methacholine had been
given. Bronchial responsiveness was expressed
as the provocative concentration of histamine
or methacholine required to produce a 20% fall
in FEV, (PCy,:FEV)). This was read off the log
concentration response curve by lincar inter-
polation of the last two points.

Cold air generation and isocapnic hyperventi-
lation of cold air was performed, as has been
previously described from our laboratory [16].
After a baseline FEV, measurement, cold air
challenge was given at a target minute ventila-
tion (Vg), approximately equal to 35% of the
individual maximal breathing capacity (MBC).
The bronchial responsiveness to cold air was ex-
pressed as the percentage fall of FEV, from the
baseline value (AFEV,%) after the cold air
challenge.

In the absence of a score system suitable for
assessment of this group of closcly controlled

mild asthmatic subjects, the ‘severity® of asthma
was determined by means of a scoring system
based on the drug requirement for cffective
control of symptoms, and the baseline FEV, as
a percentage of the predicted normal value.
Subjects with a baseline FEV, percentage from
80 to 89% scored 50; those with a FEV, of 90—
99% scored 25: while those with a FEV, =
100% scored 10. The drug requirement was also
scored such that those requiring inhaled bron-
chodilators occasionally scored 10; those need-
ing inhaled bronchodilators daily scored 25; and
those requiring an inhaled bronchodilator, and
beclomethasone dipropionate and oral xanthine
tablets daily scored 100. Higher scores in-
dicated greater clinical scverity.

The differences in mean PCy:FEV,,
AFEV,%, and FEV, as a percentage of pre-
dicted normal, between two groups were
examined using Student’s r-test, while the rela-
tionship between bronchial responsiveness and
the asthma score was determined by linear
regression analysis.

Results

The anthropometric, clinical and baseline phy-
siological data for the subjects are presented in
Table 1. The subjects were separated into two
groups based on initial FEV, percentages of 80—
95% and 96-110% of their predicted normal
values, indicating different initial airway cali-
ber. Table 2 shows the relationship between the
initial airway calibre and the degree of bron-
chial responsiveness to histamine, methacho-
line and cold air between these groups. The
difference between the mean values for the two
groups for bronchial responsiveness to hista-
mine, methacholine or cold air challenge was
not statistically significant (P > 0.1).

The minimum drug requirement for control
of symptoms in the subjects is indicated in
Table 1. Those requiring beta-stimulant bron-
chodilators only, either intermittently or daily,
were grouped together and compared with
those also requiring regular inhaled steroids,
with or without oral xanthines. Table 3 shows
the groups and the relationship between drug
requirement and the degree of bronchial
responsiveness. The group requiring less
medication generally had less bronchial respon-
siveness. The difference between the means of
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Airway responsiveness and bronchial asthma

Table 2. Relationship between bronchial responsiveness and initial air-

way calibre

Methacholine
challenge
PC,, (mg/ml)

listamine

challenge
PCy, (mg/ml) AFEV, %

Cold air

challenge

Subjects with baseline FEV,
between 82% and 95% of
predicted normal value

1 0.510 0.440 10.3

2 0.185 0.112 24.6

3 0.580 1.150 18.2

4 1.825 2.208 5.9

5 0.130 0.137 31.0

Mean 1 0.30 0.41 19.7

sd. 1 0.20 0.39 7.8

Subjects with baseline FEV,

between 96% and 110% of

predicted normal value

6 0.083 0.198 30.0

7 0.088 0.070 18.3

8 0.560 0.780 72

9 0.095 0.190 13.3

10 0.103 0.165 10.3

Mean 2 0.53 0.68 14.3

s.d. 2 0.67 0.80 9.1

Difference between the t = 0.742 = 0675 1= 1.008

two groups P > 0.1 P> 0.5 P > 0.1
FEV, = First sccond forced expiratory volume, PC,, = provocation

concentration producing a 20% fall in FEV,, AFEV,,% = percentage

fall from initial FEV, value.
=

these groups for bronchial responsiveness to
a cold air stimulus was statistically significant
(P < 0.02). However, the difference was not
statistically significant with methacholine and
histamine challenge (P > 0.05).

Table 4 shows the relationship between the
asthma score and the bronchial responsiveness
to histamine, methacholine and cold air for the
whole group. There was no correlation between
the asthma scores and bronchial responsiveness
to methacholine and histamine (r = —0.38 and
-0.48, respectively; P > 0.1). The asthma
scores correlate significantly with bronchial re-
sponsiveness to cold air (r = 0.72; P < 0.02).

Discussion

In this study we have assessed the clinical sever-

Value for Student’s r-test; P = probability value.

ity of asthma essentially by the initial airway
obstruction and the minimum amount of drug
required to control symptoms. The latter was
established by careful systematic evaluation.
The justification for this is that other para-
meters such as frequency and severity of acute
attacks, impairment of daily activities, and fre-
quency of hospital admissions for severe acute
episodes of asthma were excluded in the selec-
tion of the subjects.

We found no significant difference in the air-
way responsiveness, as assessed by provocation
challenge with histamine, methacholine and
cold air, between the two groups of asthmatics
with different initial airway calibre. Observa-
tions in a number of studies [3,17,18], that posi-
tive responses to bronchoprovocation tests are
more commonly seen in patients with chronic
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Table 3. Relationship between bronchial — airway responsivencss  and
medication requirement for control of symptoms of asthma
Mcthacholine  Histamine Cold air
challenge challenge challenge

PC,y (mg/ml) PCyy (mg/ml) AFEV, %

Subjects requiring bronchodilators

'.
(1)" ¢ 0.510 0.440 10.3
2 0.185 0.112 24.6
3 0.580 1.150 18.2
:‘ 1.825 2.200 59
5 0.130 0.137 31.9
Mean | 0.63 0.90 11.0
sd. 1 0.63 0.75 4.4
Subjects requiring bronchodilators
and inhaled steroids
+ oral xanthine drugs
6 0.083 0.198 30.6
7 0.088 0.070 18.3
8 0.560 0.780 72
9 0.095 0.190 13.3
10 0.103 0.165 10.3
Mecan 2 0.20 0.19 23.1
s.d. 2 0.16 0.13 8.0
Difference between the 1= 1479 1 = 208 1= 2965
two groups P> 0.1 P>005 P <002

FEV, = First sccond forced cxpiratory volume, PCy, = provocation
concentration producing a 20% fall in FEV,, AFEV,% = pecrcentage

fall from initial FEV, valuc.
t = Value for Student’s r-test; P =

obstructive bronchitis than in normal subjects,
has led to criticism of the use of percentage de-
crease from the initial value of the index of air-
way calibre as an expression of the degree of
bronchial reactivity. The objection was based
on the probability that these responses might be
merely a manifestation of the proportionately
greater increase in airway resistance when a
given degree of bronchoconstriction was pro-
voked in a situation of already compromised
airway calibre. Our findings, which are in
agreement with those of Rubinfeld and Pain
[11] who used the stimulus of methacholine in
11 asthmatics, tend to negate this criticism as
one might have expected a significantly greater
degree of bronchial responsiveness in subjects
with greater initial airway obstruction if this was
the important factor in exaggerating the re-

probability value.

sponses to histamine, methacholine and cold
air. Our findings are also in agreement with the
everyday clinical experience when reliance on
the level of airway obstruction alone often does
not correlate with the severity of asthma.
The degree of bronchial responsiveness, as
assessed by the stimuli of methacholine and his-
tamine in this group of well-controlled mild
asthmatics, was not related to the minimum
medication requirement for the control of
symptoms. While this is in agreement with the
observations in a number of studies in which
parameters different from ours were used in the
assessment of the severity of asthma [7,9,10]. it
is at variance with the findings in another study
in which similar bronchoconstrictor agents and
parameters of assessment were employed [8].
Even though a larger number of subjects (51)
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Table 4. Rclationship between  bronchial responsiveness  and
score of severity of asthma
Mcthacholine Histamine Cold air
. Asthma challenge challenge challenge

Subjects score PCy (mg/ml) PC,, (mg/ml) AFEV,%
1 75 0.510 0.440 10.3
2 125 0.185 0.112 24.6
3 35 0.580 1.150 18.2
4 35 1.825 2.200 59
5 150 0.130 0.137 31.9
6 60 0.083 0.198 30.9

7 60 0.088 0.070 18.3

8 20 0.560 0.780 7.2
9 60 0.095 0.190 13.3
10 35 0.103 0.165 10.3
Mean 65.3 0.42 0.54 17.1
s.d. 39.7 0.51 0.64 8.9
Correlation
coelficient r = —0.38 r = —048 r=0.72
Probability P > 0.1 P> 0.1 P < 0.02

FEV, = First sccond forced expiratory volume, PC,, =
provocation concentration  producing a 20% fall in FEV,,

AFEV,%

was evaluated in that study, the subjects were
far more heterogenous than those in our study.
For example, five of their 15 subjects who re-
quired inhaled beclomethasone as well as bron-
chodilators had a baseline FEV, between 60%
and 70%, and would not have satisfied the in-
clusion criteria in our study. If these five were
excluded from that study. the distribution of
bronchial responsiveness in that group would
have closely matched that in the group who re-
quired bronchodilators only.

Bronchial responsiveness measurements us-
ing the stimulus of cold air in contrast to hista-
mine and methacholine, closely reflected the
clinical severity of asthma as assessed by mini-
mum medication requirement. This finding is
surprising indeed. Even though those of our
subjects in the different trcatment groups who
responded unexpectedly to histamine also did
the same following methacholine challenge, it is
unlikely that the difference is simply because of
the different nature of these stimuli, i.e. physi-
cal as opposed to pharmacological bronchocon-
strictor stimuli. If by chance the bascline FEV,
on the histamine and methacholine study days

= percentage fall from initial FEV, value.

were consistently inconsistent, this difference
could be explained. However, this is an unlikely
explanation because the tests were performed
only on days when the variability of FEV| was
less than 10%. It is possible that there is a
qualitative difference in the bronchoconstric-
tion brought about by pharmacological agents
and cold air. It is not unlikely that the pharma-
cological agents inhaled by the tidal breathing
method constricted central as well as peripheral
airways, while cold air inhaled at high Vg more
specifically constricted a certain calibre bronchi
more than the other.

In the absence of a scoring system based on
non-subjective criteria suitable for our group
of mild well-controlled asthmatic subjects, we
further assessed the relationship between the
severity of asthma and the degree of bronchial
responsiveness by integrating the two para-
meters of the minimum drug requirement and
the initial airway calibre. Even though bron-
chial responsiveness showed no correlation with
the initial airway calibre for the three stimuli, a
significant correlation was found between the
asthma score and bronchial responsiveness to
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cold air, while no correlation was found follow-
ing tests with methacholine and histamine simi-
lar to the assessment with the minimum drug
requirement alone. The consistency of these
assessments itself will appear to validate the
scoring system that we have used and again sup-
port the aforementioned suspicion that a qual-
itative difference might in fact exist between
non-specific bronchial responsiveness to cold
air and pharmacological bronchoconstrictor
substances. Similarly, response to the allergen
challenge may be qualitatively different from
the cold air challenge in that it has been shown
by Tuchinda and Chai [19] that alterations in an
individual's bronchial responses to allergen may
be demonstrated with no significant change in
the clinical severity of asthma.

It is significant that non-specific bronchial re-
sponsiveness to cold air, a natural stimulus in
most temperate countries and during the har-
mattan scasons in some tropical countries, has
been shown to be positively related to the
severity of asthma. This provides corroborative
evidence for the commonly observed increased
drug requirement associated with increased
symptoms during such climatic conditions, even
though this may not be the only explanation.
For example, upper respiratory tract infections
are more commonly seen during the cold sea-
sons, while indoor mould populations are
higher during the rainy season [20].

Measurement of bronchial responsiveness to
cold air, as opposed to histamine, methacholine
or allergen, may well prove to be a reliable way
of assessing the severity of asthma and thus be
of some prognostic significance.
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