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Pulmonary resistance and maximal expiratory flowrates following isoprenaline in patients with
chronic obstructive lung disease. Pulmonary resistance, maximal expiiatory flowrates (measured
from flow-volume curves), and lung volumes were measured in 17 patients with chronic
obstructive lung disease before and 20 minutes after isoprenaline aerosols. Forced vital
capacity, maximum expiratory flowrates, and pulmonary resistance all changed significantly
following isoprenaline. Using a discriminant analysis, we showed that the bronchodilator
effect was reflected almost completely by only two indices, pulmonary resistance and maximum
expiratory flowrate at 25% of the control vital capacity. The information provided by each
was independent. When the change following bronchodilatation is expressed as a percentage,
pulmonary resistance carried most of the information and for practical purposes this index
may be used alone.

For several years airway (Raw) or pulmonary (Rd)
resistance was considered to be the most sensitive
index in the assessment of changes in bronchial
calibre following the administration of broncho-
motor agents. Comparative studies of Raw and
various indices measured from the expiratory
spirogram showed, indeed, that the latter indices
were poorer, indirect substitutes for Raw
(Dautrebande, Lovejoy, and Constantine, 1960;
Lloyd and Wright, 1963; Cohen and Hale, 1965;
Payne, Chester, and Hsi, 1967; Weng, Featherby,
Goold, and Levison, 1969). Recently, however, the
use of Raw as a reference method has been chal-
lenged; it has been reported that in some circum-
stances changes in bronchial calibre may induce
more important variations of maximal expiratory
flowrates (MEFR), as measured from a flow-
volume curve, than of Raw, and that it is even
possible to observe significant modifications in
MEFR without measurable changes in Raw
(Bouhuys and van de Woestijne, 1970; McFadden,
Newton-Howes, and Pride, 1970).
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In the present study, the sensitivity of Rp and
MEFR and other indices of bronchomotor activity
was investigated in a group of patients with chronic
obstructive lung disease.

MATERIAL AND METHODS

An unselected group of 20 consecutive patients (in-
and outpatients) with chronic obstructive lung disease
(Fletcher, 1959) (mean age 42-8 yr, range 19-67; mean
height 166 9 cm, range 156-177) was studied. The
history of bronchial obstruction was confirmed in all
patients by a decreased FEVi/VC ratio (mean 50-8 %,,
range 19-69%) and/or reduced MEFR or increased
Rp values (Table 1).

Rp, MEFR, dynamic compliance (C dyn), forced
vital capacity (FVC), and total lung capacity (TLC)
were measured before and 20 minutes after the inhala-
tion of two puffs of isoprenaline (Medihaler-isoR).
All other bronchodilator drugs were withdrawn at
least 8 hours before the study.
Rp (mean of 8 breaths) was measured at isovolume

points (Frank, Mead, and Ferris, 1957), and for each
patient at the same expiratory flowrate (range 0 3-
0-5 1/sec). C dyn (mean of 8 breaths) was determined
as the ratio between tidal volume and transpulmonary
pressure (measured with an oesophageal balloon)
between the end of expiration and the end of inspira-
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TABLE I
MEAN VALUES AND STANDARD DEVIATIONS OF VARIOUS
INDICES BEFORE AND AFTER ISOPRENALINE IN A GROUP
OF 17 PATIENTS WITH CHRONIC OBSTRUCTIVE LUNG

DISEASE

Before After | P

Rp (cm H20/l/sec) X 5-59 3-24 <0001
SD 3 30 2-65

PEFR (1/sec) X 4103 5.01 <0)005
SD 1-60 2-28

MEFR,s control (1/sec) X 1P35 2-21 < 0-001
SD 085 1-62

MEFR25 control (1/sec) X 045 0-92 < 000I
SD 0 34 074

FVC (1) X 3-678 3 990 < 0101
SD 0-930 1P007

C dyn' (I/cm H20) X 0X133 0-143 NS
SD 0-068 0062

TLC (1) X 7-017 6-960 NS
SD 1P230 1-198

P=probability that the difference between the means is due to chance
only: paired t test.
1 Mean of 16 subjects.

tion at zero mouth flow. TLC (mean of 10 measure-
ments) and MEFR (highest value of minimum three
records) were measured with a pressure corrected flow
plethysmograph (Stanescu, de Sutter, and van de
Woestijne, 1972). Flow-volume curves measured in
the same plethysmograph were recorded on a storage
oscilloscope, the thoracic gas volume (TGV) being
displayed against the airflow from a heated Fleisch
No. 4 pneumotachograph. From the photographed
flow-volume curves, starting from top inspiratory
level, the following indices were calculated: peak
expiratory flowrate (PEFR), maximum expiratory
flowrate after expelling 50% (MEFRso) and 75%
(MEFR25) of FVC. In addition, in order to obtain
maximum flowrates at the same absolute lung volume
(even if FVC changes followed bronchodilatation)
flowrates were measured at 50% (MEFRso control) and
at 25% (MEFRR2s control) of the control FVC (defined
as the maximum value, from at least three records,
displaced during the control measurements). This
approach is justified if TLC does not change (see
further) and if the subject inspires each time maxi-
mally; the subjects were trained previously and
coached during the measurements. Transpulmonary
pressure, flowrate, and integrated flowrate were
recorded on a direct writing recorder (Elema).
The procedure was as follows: normal breathing

for measuring Rp and C dyn, inspiration to 100%
TLC, measurement of TGV and TLC, and finally
recording of MEFR. The procedure was repeated in
the same sequence after using the bronchodilator.
The results for 17 patients were finally submitted

to statistical analysis; three out of 20 had to be
excluded for technical reasons. A linear discriminant
analysis (Fisher, 1958) was used to compare the rela-
tive value of the measured indices in the assessment
of the bronchodilator effect and to estimate the amount
of independent information provided by each of these
indices. Their relative importance was expressed as
a percentage.

RESULTS

Isoprenaline inhalation determined a statistically
significant change of FVC, Rp, PEFR, MEFR50,
MEFRn5 control (Table I). On the other hand, TLC,
C dyn, end-expiratory level (before 442 1; after
4-22 1), tidal volume (before 0-73 1; after 0-75 1)
or frequency of breathing (before 21-5; after 18-2/
min) were not significan,tly modified.
A discriminant analysis was performed on the

five indices which changed significantly following
bronchodilatation. Rp and MEFR2s control demon-
strated the greatest discriminative power (Table II
A). When the analysis was repeated after omission
of PEFR, MEFR50, and FVC, no information was
lost: in fact, the F value even increased (Table II
B). According to this analysis, the contribution of
Rp and MEFRI5 control was of about the same
importance.

TABLE II
DISCRIMINANT ANALYSIS COMPARING THE VALUE OF
FIVE AND TWO INDICES IN ASSESSING A BRONCHO-

DILATOR EFFECT

Regression Weighted Percentage of
Coefficients Values' Sum of Weighted

(A) Values

PEFR -2-18 2 l5 +319
MEFR,O +2 07 -1-41 -210
MEFR2s control -6-93 3-05 +45-4
FVC +1O00 -032 - 4.7
Rp +I-38 3-25 +48-4

F510 =29-29
P<O0001

(B)

MEFR25 control -4-24 189 44.3
Rp 25 1 +1.00 2135 55-6

F'21= 38-63
P < 0001

'The weighted value is the product of the regression coefficient
obtained from the discriminant analysis with the mean difference
before and after bronchodilatation.

In this study maximum values of MEFR were
used while Rp was a mean value. On the other
hand, MEFR5n was the flow measured at 50% of
the actual FVC. We wondered if both factors
introduced a bias favouring Rp in the discriminant
analysis. Indeed, the variability of a mean value
is necessarily smaller than that of a maximum
value. Secondly, since the reference volume (FVC)
increases after administration of isoprenaline the
variations of MEFR50 are systematically under-
estimated. Therefore, another analysis was per-
formed on the mean values of MEFR25 control' RP9
and MEFR50 control (Table III A). Again, R, and
MEFR2z control accounted for most of the variation
and, accordingly, we repeated the analysis for Rp
and MEFR2Z control only (Table III B). This
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TABLE III
DISCRIMINANT ANALYSIS COMPARING THE ABSOLUTE
(A AND B) AND RELATIVE (C) VARIATIONS OF THREE OR

TWO INDICES AFTER ISOPRENALINE

Regression Weighted Percentage of
Coefficients Values Sum of Weighted

Values

(A)
MEFR50 control 2-77 -2-37 -551
MEFR25 control -9-32 4-34 +100-5
RI)D -5 1 -00 2-35 +54-6

F312 = 33-65
P<0-00I

(B)
MEFR25 control -4-31 2-00 46-0
Rp 24 1 + 1-00 2-35 54-0

F213 - 36-35
P<0-001

C)
MEFR25 control -0-25 24-97 37-0
Rp 25 + 1-00 42-25 63-0

F213 = 56-60
P< 0-001

resulted in an increase in the F value. The share
(in per cent) of Rp and MEFR25 control was the same
as in the analysis of the maximum values of
MEFR25 control (Table II B).
The relative weight of Rp and MEFR2s control iS

nearly equal when the absolute changes of both
indices are considered (absolute difference between
initial and final values). However, when the
observed variations are expressed in percentage
of the initial values and the whole procedure (on
the five parameters) is repeated, Rp and
MEFR25 control again emerge as the two variables
with the best discriminative power, but now the
discriminant analysis seems to be more powerful
(the F-test increases, not significantly, however),
more information being provided by Rp than
by MEFR25 (Table III C).

DISCUSSION

Previous studies (Dautrebande et al., 1960; Lloyd
and Wright, 1963; Cohen and Hale, 1965; Payne
et al., 1967; Weng et al., 1969), in which the sensi-
tivity of Raw or Rp and maximum expiratory air-
flows were compared as indices of bronchodilata-
tion related the maximum flows to the actual vital
capacity. If the latter is also modified after
bronchodilatation, the comparison of maximum
flows is invalid; specifically, if the FVC increases,
the change of maximum flows will be under-
estimated (Afschrift, Cle'ment, Peeters, and van de

Woestijne, 1969). Secondly, lung volumes were
usually measured at the mouth, so that the influ-
ence of gas compressibility was neglected. The
latter factor becomes important in patients with
a high total lung capacity and increased resist-
ances, i.e., in obstructive lung disease. In addition,
the maximal expiratory flowrate reported in most
studies (usually maximal mid-expiratory flowrate)
was a mean (measured from an expiratory spiro-
gram) and not an instantaneous value. Flowrates
at low lung volumes, which recent studies suggest
are sensitive indicators of change in airways
calibre, were usually not measured. These various
factors result in a decrease of the sensitivity of
maximum flows in comparison with airway
resistance. These drawbacks were avoided in the
present study by measuring various instantaneous
maximum flowrates at identical plethysmographic
lung volumes before and after isoprenaline.
For convenience, Rp was used in this study

instead of Raw. We do not think that the use of
Rp instead of Raw invalidates the conclusions
reached. Indeed, recently, Frank, Mead, and
Whittenberger (1971) showed that Rp and Raw
have a comparable sensitivity.

Paired t tests showed that five indices (FVC,
MEFR50, MEFRE, PEFR, and Rp) were signifi-
cantly modified following isoprenaline. To select
from different indices the one which is most sensi
tive to a given effect, one should take into account
the magnitude of the mean variations, the vari-
ability and, finally, the intercorrelations of the
different indices. These three factors are dealt with
in a discriminant analysis (Fisher, 1958). The latter
allows conclusions to be made about the indepen-
dent information provided by each of the studied
parameters. According to this analysis, Rp and
MEFR2Z control were the best indicators of the
changes produced by isoprenaline. Furthermore.
deletion of the other indices did not result in a
loss of information.
The observation that Rp and MEFR2 control

appear to provide independent information means
that if no significant change in Rp is recorded in
some patients the observed change in MEFRO3
will probably be pronounced, and vice versa.
Similar examples of a divergent response of MEFR
(measured with a spirograph) and Raw following
bronchodilatation were reported by Sobol, Emirgil,
Wadhwani, and Sawkar (1970) and by Stein,
Tanabe, Rege, and Khan (1966) in patients with
chronic obstructive lung disease. Therefore, to be
sure that changes following bronchodilatation will
not be missed, both these indices have to be
measured. Two of our patients (and one healthy
subject out of five) even demonstrated a para-
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doxical reaction following the bronchodilator
drug: the decrease of Raw was accompanied by
a decrease in MEFR25. Bouhuys and van de
Woestijne (1971) described a similar effect in a
few healthy subjects after isoprenaline. They
explained this phenomenon by an increased
collapsibility of large airways after isoprenaline.
Irrespective of the mechanism of this finding, a
decrease of maximum flows instead of the ex-
pected increase, though limited to a few patients,
may limit the value of these indices in the assess-
ment of bronchodilator therapy.
Rp and MEFR2z might emerge as independent

factors in the analysis if the mechanisms respon-
sible for the variations of both indices are different.
It has been suggested that Raw is electively sensitive
to changes in the central airways (Macklem et al.,
1969), while MEFR, especially when measured at
low lung volumes, is influenced to a larger extent
by the calibre of peripheral airways (Macklem
and Mead, 1968). However, one must be cautious
in interpreting statistical results (especially per-
centages of the discriminant analysis) in terms of
physiological mechanisms. The importance of
MEFR25 and Rp in the discriminant analysis may
be determined merely by the respective variability
of these indices. This is corroborated by the obser-
vation that the value of the F-test increases when
changes of resistance and maximum flows are
expressed in relative values, i.e., in percentage of
the initial value. This is because the magnitude
of the change of both indices (following broncho-
dilatation) is proportional to the initial value of
the latter. Expressing this change in relative value
reduces its variability: the coefficient of variation
of ARP and AMEFR2. are 86-8 and 95-6%, respec-
tively, when the absolute differences are considered
and 58-6 and 74-5 %, respectively, for their rela-
tive values. Since that reduction of variability is
more pronounced for Rp, it is not surprising that
the weight of Rp increases with respect to MEFRz5
in the discriminant analysis (63 % of total informa-
tion when expressed in relative change as against
54% in absolute change). It may even be con-
cluded that when the relative change in Rp is con-
sidered, not much information is gained by adding
the measurement of MEFR25: the squared Student
t value for Rp is 49 4, which does not differ much
from the F-test for both Rp and MEFR25 (56-6 in
Table III C).
Mean values of dynamic compliance did not

change after isoprenaline: this measurement has
no practical value in the assessment of a broncho-
dilator effect. Similar results were reported by
Miller, Gall, and Sproule (1965) and by Ingram
and O'Cain (1971).

In conclusion, the estimation of a broncho-
dilator effect in patients with chronic obstructive
lung disease will be best appreciated by measuring
two parameters, airway resistance and maximum
flow at a low lung volume. The latter index
appears to be less discriminatory, at least when
the changes of Raw and MEFR25 are expressed in
relative values.
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