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Volume effect and exertional dyspnoea after
bronchodilator in patients with COPD with and without
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Background: A study was undertaken to investigate whether bronchodilators are associated with less
breathlessness at rest and during light exercise in patients with moderate to severe chronic obstructive
pulmonary disease (COPD) with resting tidal expiratory flow limitation (EFL; flow limited (FL)) compared
with those without EFL (non-flow limited (NFL)).
Methods: Twenty subjects (13 men) of mean (SD) age 65 (8) years (range 43–77) suffering from
COPD with forced expiratory volume in 1 second (FEV1) 47 (18)% predicted were studied before and
after inhalation of salbutamol (400 µg). Routine pulmonary function tests were performed in the seated
position at rest. EFL was assessed by the negative expiratory pressure (NEP) method and changes in
end expiratory lung volume (EELV) were inferred from variations in inspiratory capacity (IC). Dyspnoea
was measured using the Borg scale at rest and at the end of a 6 minute steady state exercise test at
33% of the maximal predicted workload.
Results: EFL occurred in 11 patients. Following salbutamol IC did not change in NFL patients but
increased by 24% (95% CI 15 to 33) in FL patients (p<0.001). Maximal inspiratory pressure (PImax)
improved at EELV from 45 (95% CI 26 to 63) to 55 (95% CI 31 to 79) cm H2O (p<0.05) in FL patients
after salbutamol but remained unchanged in NFL patients. The workload performed during exercise
amounted to 34 (95% CI 27 to 41) and 31 (95% CI 21 to 40) watts (NS) for patients without and with
EFL, respectively. After salbutamol, dyspnoea did not change either at rest or during exercise in the NFL
patients, but decreased from 0.3 (95% CI –0.1 to 0.8) to 0.1 (95% CI –0.1 to 0.4) at rest (NS) and
from 3.7 (95% CI 1.7 to 5.7) to 2.6 (95% CI 1.1 to 4.0) at the end of exercise (p<0.01) in FL patients.
Conclusions: Patients with COPD with EFL may experience less breathlessness after a bronchodilator,
at least during light exercise, than those without EFL. This beneficial effect, which is closely related to
an increase in IC at rest, occurs even in the absence of a significant improvement in FEV1 and is asso-
ciated with a greater PImax.

Expiratory flow limitation (EFL) is a functional condition

in which the expiratory flow cannot increase and hence is

maximal at a given lung volume.1 Many patients with

moderate to severe chronic obstructive pulmonary disease

(COPD) exhibit EFL during tidal breathing at rest.2 3 As a con-

sequence, they are dynamically hyperinflated or prone to

develop dynamic hyperinflation rapidly whenever the ventila-

tory demand increases because, in the presence of EFL, the

expiratory flow can increase only by raising the lung

volume.4 5

Dynamic hyperinflation implies a positive end expiratory

alveolar pressure (PEEPi) acting as a threshold inspiratory

load and causes the tidal volume to occur in a stiffer portion of

the volume-pressure curve, increasing the elastic load.6 7 Both

these adverse effects lead to greater mechanical impedance of

the respiratory system on inspiratory muscles which are func-

tionally weaker, mainly because of an unfavourable position

on their length-tension curve.8 Dynamic hyperinflation there-

fore causes an increase in the inspiratory pressure during tidal

volume (PIbreath) and a decrease in the maximum inspiratory

pressure (PImax); this tends to result in an increase in the

PIbreath/PImax ratio which is a key determinant in the

generation of dyspnoea during exercise in patients with

COPD.9 10

Although only mild bronchodilation occurs in patients with

COPD following bronchodilators, these drugs are often able to

decrease the end expiratory lung volume (EELV) in patients

with moderate to severe COPD who exhibit tidal EFL at rest,

thus reducing dynamic hyperinflation and allowing most of

them to breathe at a lower absolute lung volume.11 12

Since a decrease in dynamic hyperinflation should reduce

the threshold inspiratory load due to PEEPi and increase the

inspiratory muscle strength, we hypothesised that less

breathlessness should occur following bronchodilators during

mild to moderate exercise and even at rest in COPD patients

with resting tidal EFL. This study was therefore undertaken to

assess variations in resting lung volumes and inspiratory

muscle strength and changes in dyspnoea, both at rest and

during light exercise, after inhalation of a short acting β2 ago-

nist in patients with moderate to severe COPD with and with-

out resting tidal EFL.

METHODS
Subjects
Twenty consecutive subjects (13 men) of mean (SD) age 65 (8)

years (range 43–77) suffering from COPD according to the

American Thoracic Society (ATS) criteria13 were studied as
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Abbreviations: EFL, expiratory flow limitation; EELV, end expiratory lung
volume; f, respiratory frequency; FEV1, forced expiratory volume in 1
second; FRC, functional residual capacity; FVC, forced vital capacity; FL,
flow limited; NFL, non-flow limited; IC, inspiratory capacity; PImax,
maximal inspiratory pressure; NEP, negative expiratory pressure; Ti,
inspiratory time; Te, expiratory time; TLC, total lung capacity; V̇, flow; V,
volume; VT, tidal volume.
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outpatients at the Department of Internal Medicine of the

University Hospital of Brescia. The patients were in a stable

condition with airflow obstruction (forced expiratory volume

in 1 second (FEV1) 1.13 (0.41) l corresponding to 47 (18)%

predicted and a ratio of FEV1 to forced vital capacity (FVC) of

50 (13)%). None of the patients suffered from other

respiratory, cardiac, or neuromuscular disorders or had a res-

piratory infection during the previous 2 months. No patient

was taking oral β2 agonists, theophylline or systemic

corticosteroids, or had received inhaled short acting β2

agonists or anticholinergic drugs for 8 hours before the study

or long acting β2 agonists for 24 hours before the study. Each

patient gave informed consent and the protocol of the study

was approved by the local ethics committee.

Study design
The patients were studied at rest in the morning while seated

under baseline conditions and 20 minutes after administra-

tion of 400 µg salbutamol through a metered dose inhaler and

inhalation chamber. Both the dosage and method of adminis-

tration were chosen to maximise the effect of the drug.

Dyspnoea was assessed at rest and at the end of a 6 minute

steady state exercise test performed by a cycloergometer ped-

alling at 33% of the predicted maximal workload14 before and

after salbutamol.

Measurements
All patients underwent spirometric measurements under

baseline conditions and after administration of salbutamol

using a computerised system (MedGraphics 1070, Medical

Graphics, St Paul, MN, USA). Mouth flow (V~) was measured

using a pneumotachograph linear up to 13.6 l/s (model 3813;

Hans Rudolph, Kansas City, MO, USA). Volume (V) was

obtained by time integration of the flow signal. As soon as the

subjects started quiet regular tidal breathing, functional

residual capacity (FRC) was determined by the multiple

breath nitrogen washout method. Total lung capacity (TLC)

was calculated from the sum of FRC and inspiratory capacity

(IC) previously measured during a slow vital capacity

manoeuvre. Three acceptable and reproducible maximal full

flow-volume (V~/V) curves were obtained.15 Subjects inspired to

TLC and then expired forcefully without an end inspiratory

pause to obtain FVC. The predicted values for volumes and

flows were those proposed by the European Community for

Coal and Steel.16

The force generated by the inspiratory muscles was

measured as the maximal negative pressure recorded at the

mouth using a Muller manoeuvre (PImax). Measurements of

PImax sustained for at least 1 second, which did not differ by

more than 5%, were obtained in triplicate at FRC by a differ-

ential pressure transducer (±300 H2O; Validyne Inc, North-

ridge, CA, USA). Subjects performed maximal inspiratory

efforts against an obstructed mouthpiece with a small leak

(internal diameter about 2 mm) while wearing a nose clip to

prevent them from generating additional pressures with their

facial muscles. The mean of the two best efforts was used in

the analysis. Predicted values for PImax were those proposed

by Cook et al.17

EFL was assessed by the negative expiratory pressure (NEP)

method18 when the patients were seated upright, breathing

through the equipment assembly while wearing the nose clip.

The experimental set up used to assess EFL by NEP was simi-

lar to that described in detail previously.12 During the NEP

trials V~ was measured with a Hans Rudolph pneumotacho-

graph with a linearity range of ±2.6 l/s (model 3700A)

connected to the mouthpiece and a differential pressure

transducer (DP55 ±3 cm H2O; Raytech Instruments, Vancou-

ver, British Columbia, Canada). Pressure was measured at the

airway opening (Pao) via a rigid polyethylene tube (internal

diameter 1.7 mm) connected to a differential pressure

transducer (DP55 ±100 cm H2O; Raytech Instruments). Data

analysis was performed using Direc (Version 3.1; Raytech

Instruments) and Anadat (Version 5.2; RHT-InfoDat, Mon-

treal, Quebec, Canada) data analysis software.

Under baseline conditions and after inhalation of salbuta-

mol, several NEP tests (–5 cm H2O) were performed at

intervals of 6–8 breaths after a period of about 60 seconds of

regular breathing to measure the average breathing pattern

parameters: tidal volume (VT), respiratory frequency (f),

inspiratory (Ti) and expiratory time (Te). The test breath was

the one during which NEP was applied during expiration, and

the preceding expiration served as a control.

Chronic dyspnoea
Chronic dyspnoea was assessed before experiments using the

modified Medical Research Council (MRC) dyspnoea scale3

with verbal descriptors starting from zero (not troubled by

dyspnoea) up to a maximum value of 5 (dyspnoea with mini-

mal effort).

Evaluation of dyspnoea
Dyspnoea was defined as “an unpleasant sensation of

laboured or difficult breathing”. Under baseline conditions

and after salbutamol the intensity of dyspnoea was measured

using the modified dyspnoea Borg scale19 with which the sub-

jects were made familiar before the study, both at rest and at

the end of exercise. On each occasion changes in dyspnoea

were quantified according to the score difference (∆Borg)

before and after administration of the bronchodilator.

Analysis of data
The patients were categorised as flow limited (FL) and

non-flow limited (NFL) according to the results of the NEP

tests at baseline.2 12 If NEP elicited an increase in expiratory

flow over the entire range of control VT, the patient was classi-

fied as NFL. In contrast, if during the NEP application the

expiratory flow did not increase relative to that of the preced-

ing control VT throughout the whole or part of expiration, the

patient was classified as FL. The same approach was followed

after administration of salbutamol.

Patients were also classified as responders to bronchodilator

according to a change in FEV1 of >10% of the predicted value:

postFEV1 – preFEV1)/predFEV1 × 100.20

Statistical analysis
Descriptive group data were compared using the unpaired

Student’s t test. Statistical comparisons were performed using

Figure 1 Tidal flow-volume curves at rest immediately before and
after the application of negative expiratory pressure (NEP) in a
representative flow limited COPD patient under baseline conditions
and after the administration of the bronchodilator salbutamol.
Although expiratory flow limitation at baseline was not abolished by
salbutamol, a substantial increase in inspiratory capacity (IC) was
obtained, reflecting a marked decrease in the end expiratory lung
volume (EELV).
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the Wilcoxon matched paired signed ranks test for the Borg

score before and after the bronchodilator in both the NFL and

FL groups and the Mann-Whitney test was used for changes

in dyspnoea between the two groups. Regression lines were

obtained according to the least squares method. Correlation

analysis of the Borg score was established using the

Spearman’s correlation coefficient, a non-parametric equival-

ent. Data are expressed as means and 95% confidence

intervals (95% CI) unless otherwise specified; p values of

<0.05 were considered significant.

RESULTS
Under baseline conditions 11 patients exhibited tidal EFL at

rest, complete EFL in five and partial EFL in six (fig 1). The

anthropometric and functional characteristics of the FL and

NFL patients are shown in table 1. Reversal of EFL occurred

after salbutamol in three patients with partial EFL. Significant

reversibility of bronchial obstruction was observed in five

patients (25%), two NFL and three FL of whom one became

NFL.
The absolute values of FEV1, IC, PImax, and dyspnoea under

baseline conditions and after salbutamol, both at rest and at
the end of exercise, are shown for COPD patients with (FL)
and without (NFL) resting tidal EFL in table 2.

Following salbutamol the increase in IC at rest (∆IC)
amounted to 388 ml (95% CI 270 to 506) in FL patients, corre-
sponding to an increment of 24% (95% CI 15 to 33) (table 2, fig
1). In three FL patients, however, this increment was lower
than 10%. In NFL patients ∆IC was 39 ml (95% CI –17 to 95),
corresponding to an increment of 2% (95% CI –1 to 5). After
salbutamol IC increased significantly only in the FL group
(p<0.001; table 2).

No significant changes were found in breathing pattern
parameters and minute ventilation (VE) before and after salb-
utamol in either group at rest, in line with previous
observations under similar experimental conditions.12

After salbutamol PImax increased by 11 cm H2O (95% CI 3
to 18) in FL patients (p<0.01) and 2 cm H2O (95% CI –1 to 4)
in NFL patients (table 2). Although this increment was greater
in FL than in NFL patients, amounting to 21% (95% CI 6 to 36)
and 4% (95% CI –1 to 8), respectively, the difference was not

statistically significant (p=0.08).

The average workload performed during the steady state

exercise was equal to 34 watts (95% CI 27 to 41) and 31 watts

(95% CI 21 to 40) (NS) for NFL and FL patients, respectively.

Following the administration of bronchodilator, dyspnoea

did not change at rest and at the end of exercise in NFL

patients (∆Borg,rest = 0.1 (95% CI –0.2 to 0.4); ∆Borg,exercise

= –0.4 (95% CI –1.0 to 0.1)) but decreased at rest and during

exercise in FL patients (∆Borg,rest = –0.2 (95% CI –0.4 to 0.0),

NS; ∆Borg,exercise = –1.1 (95% CI –1.9 to –0.4), p<0.01; table

2, fig 2). However, the decrease in exertional dyspnoea was

significantly greater (p<0.05) in the FL than in the NFL group

only when three FL patients with ∆IC of <10% after salbuta-

mol were discarded.

A significant relationship between ∆Borg at the end of

exercise and changes in resting IC, as a percentage of the

baseline value (∆IC %pre), was found in FL patients after

Table 1 Mean (SD) anthropometric and functional
characteristics of study subjects

NFL (n=9) FL (n=11) p value

Sex (M/F) 7/2 6/5
Age (years) 63 (10) 66 (7) NS
Dyspnoea (MRC scale) 1.2 (0.7) 2.4 (0.7) <0.01
PaO2 (kPa) 9.6 (2.3) 9.6 (2.1) NS
PaCO2 (kPa) 5.7 (1.3) 5.7 (0.9) NS
TLC (% pred) 137 (35) 112 (39) NS
VC (% pred) 89 (16) 82 (16) NS
FRC (% pred) 179 (53) 157 (57) NS
FEV1 (% pred) 50 (16) 44 (19) NS
FVC (% pred) 81 (22) 71 (16) NS
FEV1/FVC (%) 50 (12) 49 (14) NS

NFL and FL=non-flow limited and flow limited subjects.
See text for abbreviations.

Table 2 Mean (95% CI) values of inspiratory capacity (IC), maximal inspiratory
pressure at rest (PImax), and dyspnoea both at rest and at the end of exercise
under baseline conditions and after bronchodilator in patients with COPD with
and without resting tidal EFL

Baseline Post bronchodilator

IC (l)
NFL 2.24 (1.86 to 2.62) 2.28 (1.91 to 2.64)
FL 1.75 (1.36 to 2.14) 2.14 (1.74 to 2.54)***

PImax (cm H2O)
NFL 49 (32 to 66) 51 (34 to 67)
FL 45 (26 to 63) 55 (31 to 79)*

Dyspnoea (rest) (Borg)
NFL 0.3 (0.0 to 0.7) 0.4 (−0.2 to 0.9)
FL 0.3 (−0.1 to 0.8) 0.1 (−0.1 to 0.4)

Dyspnoea (exercise) (Borg)
NFL 1.8 (0.5 to 3.2) 1.4 (0.0 to 2.8)
FL 3.7 (1.7 to 5.7) 2.6 (1.1 to 4.0)**

***p<0.001; **p<0.01; *p<0.05 v baseline.

Figure 2 Changes in dyspnoea following bronchodilator (∆Borg)
before (rest) and at the end of a steady state light exercise (exercise)
in non-flow limited (NFL) patients with COPD, flow limited (FL)
patients with COPD, and flow limited patients with COPD with an
increase in IC of >10% after salbutamol (FL ∆IC >10%pre) at rest.
Columns are means and bars represent SE. §p<0.01 v
corresponding ∆Borg at rest; *p<0.05 v ∆Borg at exercise in NFL.
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salbutamol (rS=0.69; p<0.05). In contrast, no correlation

between ∆Borg at the end of exercise and ∆IC was observed in

NFL patients (rS=0.18; NS, fig 3).

DISCUSSION
The main finding of this study is that bronchodilators may

reduce breathlessness during light exercise in patients with

moderate to severe COPD more in those who exhibit resting

tidal EFL than in those who do not. After a bronchodilator a

decrease in the exertional dyspnoea is associated with an

increase in IC and PImax at rest in FL patients.

Methodological aspects
The study design did not include a placebo. Although this

might be considered a limitation in interpreting the results,

we think this is not the case because the bronchodilating

properties of salbutamol are not in question so functional

changes following its administration cannot be considered

fortuitous. Nevertheless, a simple placebo effect in reducing

exertional dyspnoea after salbutamol might be present in

patients with COPD irrespective of their functional changes,

although this possibility has been ruled out in a previous study

of a similar group of patients.21 We were interested in studying

the differences between FL and NFL patients in dyspnoea after

salbutamol, both at rest and after exercise, rather than in

assessing the effective change in breathlessness due to the

administration of the drug in either group of patients.

Although we cannot exclude a placebo effect in the reduction

in breathlessness claimed by our subjects after salbutamol, we

assume that it would be similar in the two groups and would

not be a factor in the different changes in dyspnoea seen in FL

and NFL patients with COPD.

It is conceivable that exercising at 33% of the predicted

maximal workload might represent a relatively different level

of effort for different COPD patients, but this would apply to

both NFL and FL groups who were comparable in terms of

standard lung function tests (table 1). We wanted to assess the

difference in breathlessness claimed by the NFL and FL

patients with COPD faced with a relatively mild but similar

absolute workload (e.g. 34 v 31 watts) in an attempt to validate

the hypothesis of more dyspnoea during exercise and a larger

reduction after bronchodilator in the FL group. The aim of the

study was to compare the decrease in exertional dyspnoea

after salbutamol between NFL and FL patients with COPD,

with each subject acting as their own control. Under baseline

conditions the mean Borg score at the end of exercise

amounted to 2.9 (95% CI 1.6 to 4.1), indicating a mild to mod-

erate effort in our patients.

Bronchodilators and COPD
Bronchodilators are used in patients with COPD to reduce air-

way obstruction.22 In some patients, mainly those with

advanced disease, improvement in the spirometric indices

based on the maximal flow-volume curve is poor and often

functionally insignificant after bronchodilators, which raises

doubts as to their usefulness.23–25 However, many of these

patients claim less dyspnoea following the administration of

bronchodilators.26–28

In patients with moderate to severe COPD who exhibited

tidal EFL at rest, however, bronchodilators have been shown to

decrease the baseline EELV, allowing most of them to breathe

(usually still flow limited) at a lower absolute lung volume,

even in the absence of significant bronchial reversibility. In

contrast, EELV did not change after bronchodilators in COPD

patients with a similar degree of airway obstruction but with-

out tidal EFL at rest.12

Exertional dyspnoea and bronchodilators
In the last few years the increase in dynamic hyperinflation,

reflected by a progressive increase in both end inspiratory and

end expiratory lung volume has been considered the main

mechanism in determining the intensity of exertional

dyspnoea in patients with COPD.29 The presence of resting

tidal EFL has been shown to be a critical factor in causing a

significant increase in EELV—that is, a rapid development in

dynamic hyperinflation—at the beginning of progressive

exercise in patients with mild to severe COPD.30

In a previous study Belmann and coworkers showed that

the decrease in dynamic hyperinflation—with the favourable

effect on dynamic lung volumes, inspiratory pressure reserve,

and neuroventilatory coupling—was the key determinant in

the reduced breathlessness reported by patients with moder-

ate to severe COPD at the end of symptom limited incremen-

tal exercise testing after administration of a bronchodilator.21

It may be preferable for these patients to have their dyspnoea

reduced after a bronchodilator during daily living activities as

soon as the ventilatory demand increases, or even at rest,

rather than at their maximal performance. The results of this

study indicate that this can happen in patients with COPD

with EFL at rest in whom administration of a bronchodilator

may induce a decrease in baseline EELV (fig 1). A significant

relationship was found in the FL group between ∆Borg at the

end of exercise (∆Borg,exercise) and ∆IC (% pre) at rest after

salbutamol, regardless of the change in FEV1 (fig 3). In

patients with COPD the reduction in breathlessness during

mild to moderate exercise following the administration of a

bronchodilator is heralded by an increase in resting IC which

may occur only in the presence of tidal EFL at rest (figs 1 and

3).

It should be noted, however, that not all patients with rest-

ing tidal EFL exhibit a relevant increase in IC (>10%

compared with baseline) after salbutamol,12 as shown by three

FL patients (fig 3). This finding suggests that, in some patients

with COPD, either tidal EFL at rest may not be associated with

some pulmonary dynamic hyperinflation or β2 agonists have

no appreciable bronchodilating effect. In fact, only by remov-

ing the three FL subjects with ∆IC <10% following salbutamol

in a post hoc analysis was the difference in ∆Borg,exercise

after salbutamol statistically significant between the FL and

NFL patients (fig 2).

It follows that assessment of the changes in IC after bron-

chodilators in patients with COPD with EFL at rest may repre-

sent an objective tool for prescribing these drugs to attain

symptomatic improvement and better quality of life, even in

the absence of a significant increase in FEV1.

Figure 3 Relationship between reduction in resting IC (∆IC %pre)
and decrease in exertional breathlessness during light exercise
(∆Borg,exercise) after bronchodilator in 20 patients with COPD. A
significant correlation was present only in those with tidal expiratory
flow limitation at rest. NFL=non-flow limited; FL=flow limited.
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Maximal inspiratory muscle strength
PImax increased after salbutamol only in FL patients. This

observation is consistent with previous reports showing an

increase in the inspiratory muscle strength following β2

agonists in patients with COPD.21 31 Our data strongly suggest,

however, that this effect is caused by the decrease in EELV

with a better force-length relationship of the diaphragm,

rather than by the inotropic action exerted by the sympatho-

mimetic drugs on the inspiratory muscles.32 33 Any increase in

PImax is thought to reduce dyspnoea in COPD patients by

increasing the reserve force of their inspiratory muscles and

decreasing the PIbreath/PImax ratio.9 10 The augmented PImax

may contribute to the reduction in breathlessness during

exercise experienced by FL patients after salbutamol.

In conclusion, dyspnoea during light effort needed for daily

living activities may be effectively reduced by bronchodilators,

even without significant reversibility of the bronchial obstruc-

tion, in patients with COPD with resting tidal EFL. This symp-

tomatic benefit is closely related to the increase in IC at rest,

which probably reflects a decrease in dynamic hyperinflation,

and is associated with a greater PImax.
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