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Factors influencing the bronchodilator effect of a
deep inspiration in asthmatic patients with provoked
bronchoconstriction
A BEAUPRf1, J OREHEK

From the Laboratoire d'Explorations Fonctionnelles Respiratoires, H6pital Salvator, and INSERM U-174,
Marseille, France

ABSTRACT We have studied 26 asthmatic patients in whom a deep inspiration induced a transient
but marked bronchodilatation when carbachol-induced bronchoconstriction was present. Changes
in bronchial tone were assessed by specific airway resistance measurements. Bronchodilatation after
a slow inspiration (eight subjects) or a 10-second breath-hold at total lung capacity (13 subjects)
was significantly less than that observed after either a fast inspiration or no breath-holding period.
The magnitude of the bronchodilatation induced by a fast inspiration without breath-holding was

directly and significantly related to the magnitude of the carbachol-induced bronchoconstriction
in five subjects.

When bronchoconstriction is induced with pharma-
cological agents in asthmatic patients, a deep
inspiration has little bronchomotor effect in some
whereas in others it causes a transient but large
bronchodilatation.12 In the latter, the forced ex-
piratory volume in one second (FEV1) can be
unsuitable to assess increased bronchial tone,
because the deep inspiration preceding the forced
expiratory manoeuvre abolishes the induced broncho-
constriction.3 Usually, neither the flow rate of the
deep inspiration preceding the forced expiration, nor
the duration of the breath-holding period before
expiration, are controlled. This study was undertaken
to determine the possible influence of these two
variables on the bronchodilator effect of a deep
inspiration.
We also investigated whether the bronchodilator

effect of a deep inspiration was related to the
magnitude of the provoked bronchoconstriction.

Methods

Twenty-six patients (mean age ± SE 36 yr ± 3 1;
13 females), referred to our laboratory for routine
bronchial provocation tests, were studied. All
suffered from bronchial asthma as defined by the
American Thoracic Society4 and in all a deep
inspiration resulted in bronchodilatation after

Address for reprint requests: Dr J Orehek, H6pital Salvator,
249 chemin de Ste-Marguerite, 13009 Marseille, France.

carbachol-induced bronchoconstriction. Their clini-
cal state was stable and they denied any airway
infection in the preceding six weeks. All medications
were withheld from at least 12 hours before the tests.

Functional residual capacity (FRC) and specific
airway resistance (sRaw), determined at lung
volume close to FRC, were measured with a constant
volume body plethysmograph (DR 8 Amplifier,
Electronics for Medicine, White Plains, NY) using
the panting technique.5 6 The flow signal at the
mouth, from a Fleisch no 2 pneumotachograph, was
integrated to obtain the inspiratory volume and
both signals were continuously recorded (Mingo-
graph 800, Elema-Schonander, Stockholm). From
the volume recording we calculated the mean
inspiratory flow rate (ratio of inspired volume to
inspiratory time) and the sRaw measurement time,
representing the time elapsed from the beginning of
the expiration after the deep inspiration, to the
closure of the mouth shutter for sRaw measurements.
The patients were divided into three groups. In

the first group composed of eight subjects (group A),
we induced bronchoconstriction with aerosolised
carbachol according to the technique previously
described.7 Specific airway resistance (cm H20. s)
increased from 8-78 ± 0-80 to 25 7 ± 1-32, and
FRC (1) from 2-93 ± 0-19 to 3 70 ± 0-24 (mean
+ SE). The subjects then performed two deep and
very fast inspirations and two deep and very slow
inspirations, in a random order.

In the second group composed of 13 subjects
124
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Table Mean values (± SE) of the measured variables in groups A and B. The variables involved in the matched
observations did not differ significantly, except in patients ofgroup A where Ti was significantly different by
experimental design. In patients ofgroup B the only difference was the presence or absence of a 10-second
breath-hold at total lung capacity

Groups Experimental protocol sRaw before DI Vi Vi sRaw measurement
(n) (cm H20. s)$ (t/s) (I) time after DIt

(s)

r High Vi 2540 1l54 2-29 7-41
-1 77 ±0-18 ±0-24 ±052

Group A (8)
Low Vi 26-20 0540 2-23 8-03

L ±1-46 ±0-04 ±0t24 ±0 75
F Without breath-holding 20-30 1 36 2-10 7 70

±1A54 ±0-13 ±0-17 ±0-63
Group B (I13)

With breath-holding 19-70 1-31 2 17 6-90
L ±151 ±0-13 ±0-14 ±0-36

sRaw: specific airway resistance; Dl: deep inspiration; Vi: mean inspiratory flow rate of deep inspiration; Vi: inspiratory volume of deep
inspiration; difference significant with paired t test (p < 0 001); ttime elapsed from the beginning of the expiration, after the deep inspiration, to
the closure of the mouth shutter for sRaw measurement; $1 cm H,O. s = 0 1 kPa. s.

(group B), bronchoconstriction was similarly in-
duced. Specific airway resistance (cm H20. s)
increased from 6-64 ± 047 to 21-3 ± 15 and
FRC (1) from 2-59 0-14 to 3-43 + 015. The
subjects were then instructed to perform, in random
order, two deep inspirations, each followed by a
10-second breath-holding period at TLC, and two
deep inspirations without any breath-holding. For
these deep inspirations, the subjects inspired as
fast as possible. In both groups A and B, sRaw was
measured immediately and at 15-second intervals
after every deep inspiration. The following deep

Group A Group B
60- n =8 n=13

ES p <0.005 p <0001

C% 40-jU,
020-

0

Fast Slow Without With
inspiratory breath holding
flow rate at TLC

Fig 1 Influence of varying the inspiratory flow rate
(group A) and of maintaining a 10-second breath-hold
at total lung capacity (group B), on the decrease in
specific airway resistance (sRaw) induced by a deep
inspiration (DI) in asthmatic patients with carbachol-
induced bronchoconstriction.

inspiration was performed only when sRaw had
returned to its pre-deep inspiration value. The
inspiratory volume and the time of sRaw measure-
ment after the deep inspiration, both factors known
to affect the deep inspiration-induced broncho-
dilatation,2 did not differ significantly in either group
for the matched observations (table).

In a third group of five patients (group C), sRaw
was gradually increased by administering repeated
doses of aerosolised carbachol, and we measured
the effect of one deep inspiration (fast inspiratory
flow rate and no breath-hold) on sRaw after each
carbachol dose. Specific airway resistance measure-
ments were done immediately and at 15-second
intervals after every deep inspiration until sRaw
had returned to its pre-deep inspiration value. Only
then was a subsequent dose of carbachol admin-
istered.
For all three experimental protocols, only the

first sRaw measurement after each deep inspiration
was used for calculations, and in both groups A and
B we analysed the mean sRaw modification induced
by two identical inspiratory manoeuvres. The least
square method and Student's paired t test were
used for statistical calculations;8 p values less
than 0 05 were considered as significant.

Results

The bronchodilator effect of a deep inspiration was
significantly decreased when the inspiratory ma-
noeuvre was performed slowly, and when the deep
inspiration was followed by a 10-second breath-
holding period at TLC (fig 1).

In protocol C, before carbachol, a deep inspiration
had little bronchomotor effect in two patients where-
as it caused an sRaw increase in three others (fig 2).
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Fig 2 Relationship between the percentage change in specific airway resistance (sRaw, ordinate) induced by a deep
inspiration (DI), and the pre-deep inspiration value ofsRaw (abscissa) in the five asthmatic patients ofgroup C.
The values ofsRaw were gradually increasedfrom the baseline conditions (a) by administering cumulative doses of
aerosolised carbachol. Each panel represents the results for one individual. The regression lines wer-e calculated by the
method of least squares.

When carbachol-induced bronchoconstriction was
present, a decrease in sRaw was observed in all five
patients after a deep inspiration, the magnitude of
which was positively correlated with the magnitude
of the pre-deep inspiration bronchoconstriction
(fig 2). Statistically significant correlations were also
observed when the changes in sRaw after deep
inspiration were expressed as absolute values
instead of percentages.

Discussion

When pharmacologically-induced bronchocon-
striction is present, a deep inspiration has a marked
bronchodilator effect in normal subjects,9 in patients
with hay fever,' and in a few asthmatics.'2 This
effect is of short durationl'29 and in this study we

observed that it was less pronounced after a 10-
second breath-holding period at TLC. This suggests
that the bronchodilatation started to disappear as

soon as the subjects reached TLC. Such a restoration
of bronchial tone after a brief period of apnoea at
submaximal inspiratory volume has been observed
in normal man with unstimulated airways.10
The magnitude of the deep inspiration-induced

bronchodilatation is related to the inspiratory
volume.2 This study shows that it is also related to
the inspiratory flow rate and to the degree of
pharmacologically-induced bronchoconstriction.
The latter finding contrasts with a previous study in
which we observed that a deep inspiration had a

more pronounced bronchoconstrictor effect in
asthmatic patients with marked spontaneous air-
way obstruction." This suggests that the pharma-
cologically-induced airway obstruction differs from
the spontaneous airway obstruction observed in
asthmatic patients.
The exact mechanism underlying the broncho-

dilatation induced by a deep inspiration is still
unclear. The airways are imbedded and tethered in
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the lungs and participate in their volume changes,
increasing in calibre during inspiration and de-
creasing during expiration. In addition these two
structures present hysteresis which has opposing
effects upon airway calibre. After a lung inflation,
lung tissue hysteresis results in a transient decrease
in transpulmonary pressure measured at FRC12
which could result in decreased airway calibre and
increased resistance. In contrast, airway hysteresis
after a lung inflation results in increased airway
calibre and decreased resistance for the same trans-
pulmonary pressure.13 Since sRaw decreased after
a lung inflation in our patients, it follows that airway
hysteresis must have dominated lung tissue
hysteresis.13 14

In isolated airways the importance of hysteresis
has been related to the degree ofairway constriction.15
The relationship we observed between the broncho-
dilator effect of a deep inspiration and the level of
induced bronchoconstriction is consistent with this
study. This association was also probably enhanced
by the hyperbolic relationship between airway
resistance and airway diameter: the same change in
airway diameter after a lung inflation would induce
a larger change in airway resistance if resistance was
large before inspiration than if it was small.
The flow-related differences we observed could

also be explained by airway hysteresis if they were
more related to the peak flow generated rather than
to the average inspiratory flow. If this were the case,
one could explain the results on the basis of a differ-
ence in the pressure drop across the airways; hence,
at higher peak inspiratory flow rates, there would be
a greater transmural airway distending pressure
during the dynamic inspiratory manoeuvre and
airways would be more vigorously stretched,
increasing airway hysteresis. With respect to the
effects of breath-holding time at TLC, our results
are consistent with previous reports of time
dependence of airway hysteresis in excised dog
lungs.15 16

In vivo, other mechanisms may also havecome into
play to modify airway hysteresis. Stretch receptor
mediated bronchodilatation could explain why the
magnitude of the deep inspiration-induced broncho-
dilatation was positively correlated with the
magnitude of airway constriction, since stretch
receptor activation is faciliated by increased bronchial
tone.'7 Indeed, increase in bronchial tone favours
the bronchodilator response to lung inflation in
dogs.'8 Stretch receptor activation has been shown
to be positively correlated with the inspiratory flow
rate,19 and a reflex mediated by these receptors
could thus explain why the bronchodilator effect of
a deep inspiration was accentuated by a fast
inspiratory flow rate. On the other hand, stretch

receptor adaptation to continuous stimulation is
slow20 and cannot explain why the deep inspiration-
induced bronchodilatation diminished after a 10-
second breath-holding period at TLC.
Lung inflation releases prostaglandins of the E and

F series.21 22 The action of prostaglandin E on
isolated guinea-pig trachea is related to smooth
muscle tone: it contracts the relaxed preparations
and relaxes the contracted ones. Such a release
could thus explain why the bronchodilator effect of
a deep inspiration was related to the degree of
bronchoconstriction in our study. The amount of
protaglandins released with lung inflation is related
to tidal volume.2122 It is apparently not known if
prostaglandin release is influenced by changing the
inspiratory flow rate. If the bronchodilator effect of
a deep inspiration is mediated by a humoral mech-
anism, the diminution of this effect with a 10-second
breath-holding period could be explained by
assuming that the humoral agent released was
shortlived.
Whatever the exact mechanism underlying the

bronchodilator effect of a deep inspiration in our
patients, the present observations may have
practical implications. We have previously observed
that the bronchomotor effect of the preceding deep
inspiration influences the subsequent change in
FEV1 in asthmatic patients undergoing bronchial
provocation tests:3 it can produce false negative
tests in patients having a large inspiratory broncho-
dilator effect. The present study suggests that the
influence of deep inspiration on FEV, measure-
ments could be minimised in such patients if the
forced expiration was preceded by a slow inspiration
and a prolonged breath-holding period at TLC.

We would like to thank Ms C Augusto for technical
assistance, to Mrs C Giuntini for typing the manu-
script, and Dr DG Massey for revising the language
of the text. A Beaupre is the recipient of a grant
from the Conseil de la Recherche en Sante du
Quebec.
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