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Summary

Background: Although airway obstruction, as
defined by improvement of forced expiratory vol-
ume in one second (FEV;) and/or forced vital ca-
pacity (FVC), is irreversible in patients with
COPD, they clearly seem to benefit from treat-
ment with inhaled bronchodilators.

Aims: "To assess the response pattern of resid-
ual volume (RV) compared to FEV; after bron-
chodilation in patients with reversible and irre-
versible airway obstruction.

Methods: Changes in static lung volumes were
compared with improvement in dynamic lung
volumes in 396 consecutive patients undergoing
reversibility testing with repeat bodyplethysmog-
raphy. Reversibility was defined as improvement
of FEV, >200 ml and >12% after inhalation of
fenoterol hydrobromide.

Results: Irreversibility was found in 297 out of
396 patients with airway obstruction.

Except for total lung capacity (TLC), all pa-
rameters (residual volume [RV], vital capacity

[VC], forced inspiratory vital capacity [IVC],
forced vital capacity [FVC], forced expiratory vol-
ume in one second [FEVi] and the FEV/VC
ratio) showed statistically significant changes after
bronchodilation in 396 patients.

The multiple linear regression model ad-
justed for age, sex and BMI showed a non-linear
relationship between AFEV, or AVC compared to
ARV after bronchodilation. If the increase in
AFEV, is lower than 0.1 L, ARV remains con-
stant. However, if the increase in AFEV| is more
than 0.1 L, ARV decreases too. The same is found
atan increase in VC of 0.3 L.

Conclusion: In summary, in patients with irre-
versible airway obstruction ARV cannot be pre-
dicted by AFEV,; or AVC after bronchodilation.
Therefore, spirometric assessment should be
complemented by bodyplethysmography.
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Introduction

On the basis of current guidelines [1], chronic
obstructive pulmonary disease (COPD) is defined
as a post-bronchodilation ratio of FEV/FVC
<0.7. Possible asthma can be differentiated on the
strength of reversible airway obstruction, which is
defined as post-bronchodilator improvement of
FEV; and/or FVC >200 mL and >12% [2]. Meas-
urement of FEV| is not only important for detec-
tion of airway obstruction; it further allows the
severity of airway obstruction to be determined.
However, changes in FEV, often do not correlate
with improvements in symptoms, exercise capac-
ity and quality of life in patients with COPD [3].
Additionally, post-bronchodilator changes in
FEV, have no predictive value for disease pro-
gression in COPD [4].

An autopsy study has shown that airway cali-
bre increases with augmented lung volumes [5].
However, in patients with emphysema, the calibre

of small airway changes does not correspond to
changes in lung volumes [5]. Hyperinflation as a
consequence of persistent airway obstruction
causes increased breathing work and dyspnoea in
patients with COPD [6]. Although airway ob-
struction is irreversible in patients with COPD,
they clearly seem to benefit from treatment with
inhaled bronchodilators. Bronchodilators have
been shown not only to improve symptoms but
also to increase exercise capacity in COPD, with-
out producing significant changes in FEV; [7-9].

We postulated that inhaled bronchodilators
might decrease static lung volumes following ad-
ministration of bronchodilators in patients with
irreversible airway obstruction. In this study we
assessed the response pattern of RV compared to
FEV; after bronchodilation in patients with ob-
structive lung disease.



Bronchodilator response in the residual volume

252

Patients and methods

The study population comprised 396 consecutive
patients with airway obstruction (FEV//FVC <70%; 267
men and 129 women; age 20-92 years) undergoing re-
versibility testing with two subsequent bodyplethysmo-
graphies at the pulmonary function laboratory of Basel
University Hospital over a 24-month period. Patients
were asked to abstain from taking short-acting bron-
chodilators for at least 12 hours and long-acting bron-
chodilators for at least 24 hours prior to lung function
testing. Bodyplethysmography was performed in the sit-
ting position before and 15 minutes after inhalation of
200 pg fenoterol hydrobromide on a Masterlab Pro
bodyplethysmography and with LAB Software Ver.4.3
from Erich Jiger GmbH, Germany. The predicted nor-
mal values were derived from the European Community
for Coal and Steel Study [10].

For the analysis patients were stratified to either
a reversible or an irreversible obstructive group. Re-
versibility was defined by improvement of FEV1 >200 ml
and >12% after inhalaton of fenoterol hydrobromide
[11].

Absolute improvements in static and dynamic lung
volumes, such as total lung capacity (TLC), residual vol-

ume (RV), vital capacity (VC), forced inspiratory vital
capacity (IVC) and forced vital capacity (FVC) were
compared to the absolute changes of forced expiratory
volume in one second (FEV)) after bronchodilation.

Data are expressed as mean unless otherwise stated.
For subgroup comparisons lung function parameters
were standardised as % of predicted normal values. Sta-
tistical analysis of pre- and postbronchodilator compar-
isons was performed using paired t-test (SPSS 11.0 and
12.0; Excel 2002). A p value of <0.05 was taken to be of
statistical significance. Relationships were determined
using the Pearson correlation for normally distributed
variables.

A nonlinear regression model with restricted five
knot cubic splines was performed.

Independent parameters are AFEV1 (dFEV)) and
AVC (dVC), the dependent parameter is ARV (dRV).
Change (A or d) is defined as post- minus prebroncho-
dilation. To adjust for a possible age, body mass index
(BMI) and gender effect, these parameters were included
as linear factors in the regression model (using R version

2.5).

Results

396 consecutive patients, 267 men and 129
women, were included. The mean age was 62.5
(SD 0.7) years with a range of 20-92 years. The
mean age of patients with irreversible airway ob-
struction was 63.7 (SD 0.8) years and significantly
higher compared to patients with reversible air-
way obstruction (58.8 (SD 1.6) years; p = 0.0014).
The mean body mass index of all patients was
26.0 kg/m? (SD 0.27) (table 1).

Out of the total of 396 patients 99 (25%)
showed reversible airway obstruction (AFEV; im-
provement of 0.39L [SD 0.23]) (table 2) and
297/396 patients (75%) irreversible airway ob-
struction (AFEV; improvement of 0.09 L [SD
0.09]) (table 3).

Except for TLC, all parameters such as RV,
VC, IVC, FVC, FEV, and the FEV,/VC ratio
showed statistically significant changes after bron-
chodilation in the whole study group (table 2
and 3). The mean %RV decrease and %FEV; in-
crease were 8.4% (SD 15.3) and 25.4% (SD 14.0)

respectively (table 2) in the group of patients with
reversible airway obstruction and 0.5% (SD16.5)
and 5.9% (SD6.8) respectively in the group of
patients with irreversible airway obstruction
(table 3).

By performing a multiple linear regression
model adjusted for age, sex and BMI, we found a
non-linear relationship between AFEV, or AVC
compared to ARV after bronchodilation. There is
a highly significant contribution of the spline to
the regression model (p <0.001), indicating a non-
linear relationship between AFEV; and ARV as
shown in figure 1. Below a AFEV| value of about
0.1 L ARV remains constant, whereas above a
AFEV, value of 0.1 L ARV decreases.

ARV is also dependent in a nonlinear manner
on AVC (p <0.001). ARV decreases until a AVC
value of 0.3L as shown in figure 2. Differences
between ARV from the 25th to the 75th quantile
of AFEV, or AVC are estimated from the regres-
sion model and summarised in table 4.

Table 1

Sex, age, height

and body mass index
(BMI) in patients with
reversible and irre-
versible airway
obstruction.

All patients Reversible Irreversible obstruction
obstruction
Number 396 99 297
M/F 267 /129 73726 1947103
Age years 62.5 (SD 0.7) 58.8 (SD 1.6) 63.7 (SD 0.8)
Height (cm) 169 (SD 1.0) 170 (SD 1.0) 168 (SD 1.0)
BMI (kg/m?) 26.0 (SD 0.3) 26.6 (SD 0.6) 25.8(SD 0.3)

Data are presented as mean SDj; Reversible obstruction: >12% and 200ml FEV, improvement after
bronchodilation; Irreversible obstruction: <12% and /or <200 ml FEV; and or FVC improvement after

bronchodilation; M / F: male/female; BMI: body mass index
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Table 2

Static and dynamic
lung volumes pre-
and postbronchodila-
tion in 99 patients
with reversible air-
way obstruction.

Pre bd Post bd A pre-post p-value

Litre Pred Litre Pred Litre % change
TLC 646 (SD 1.36)  104% (SD19) 640 (SD 1.38)  103% (SD19)  —0.06 (SD 0.52) -0.8% (SD 7.8)  0.245
RV 334(SD 1.18)  151% (SD48) 3.01(SD1.03)  137% (SD44)  -0.33 (SD 0.55) -8.4% (SD 15.3)  <0.001
vC 3.12(SD 3.12) 81% (SD 19)  3.39(SD 0.96) 88% (SD 19) +0.27 (SD 0.32)  +9.8% (SD 11.8)  <0.001
vC 296(SD0.94)  77% (SD18)  3.37(SD 0.94)  88% (SD18)  +0.41(SD0.27) +16.0% (SD 12.3) <0.001
FEV, 1.64(SD0.62)  56% (SD18)  2.04(SD0.74)  69% (SD21)  +0.39(SD 0.23) +25.4% (SD14.0) <0.001
FEV/VC  52% (SD 10.6) 59% (SD 12.00) +7% (SD 5.61) <0.001
FVC 263(SD0.85)  71% (SD18)  3.03(SD 0.90)  82% (SD19)  +0.40 (SD 0.27) +16.5% (SD 11.8) <0.001

Pre: values prior to bronchodilation; Post: values after bronchodilation; A pre-post: difference of the value before and after
bronchodilation of the respective parameter; %change: %change after bronchodilation based on pre-bronchodilation values; Pred:
Percentage of predicted lung volumes; TLC: Total lung capacity; RV: Residual volume; VC: Vital capacity; IVC: Forced inspiratory
vital capacity; FEV: Forced expiratory volume in 1 sec.; FEV/VC: Tiffeneau quotient, quotient of forced expiratory volume
in 1 sec to vital capacity; FVC: Forced vital capacity

Table 3

Static and dynamic
lung volumes pre-
and postbronchodila-
tion in 297 patients
with irreversible
airway obstruction.

Pre Post A pre-post p-value
Litre Pred Litre Pred Litre % change
TLC 6.05 (SD1.42) 101% (SD 18.8)  6.08(SD 1.38)  102% (SD 17.4) ~ +0.03 (SD 0.46)  +1.0% (SD 7.9) ~ 0.251
RV 3.17(SD 1.13)  142% (SD48.5) 3.09(SD 1.02)  138% (SD 43.6) —0.08 (SD 0.45) —0.5% (SD 16.5) 0.004
vC 3.07(SD328)  81% (SD18.8)  3.19(SD3.51) 84% (SD18.7)  +0.12(SD031) +4.3% (SD8.4) <0.001
vC 2.83(SD0.94) 80% (SD18.7)  2.94(SD0.95) 83% (SD184)  +0.11(SD 0.22) +4.7% (SD9.2)  <0.001
FEV, 1.60 (SD 0.69)  59% (SD 20.0)  1.69(SD 0.72)  62% (SD 20.7)  +0.09 (SD 0.09)  +5.9% (SD 6.8)  <0.001
FEVY/VC 54.1% (SD 12.0) 55.2% (SD 12.8) +1.2% (SD 4.0) <0.001
FVC 249(SD0.88)  73% (SD18.7)  2.61(SD0.89)  76% (SD 18.4)  +0.12(SD 0.20) +5.8% (SD9.8)  <0.001

Pre: values prior to bronchodilation; Post: values after bronchodilation; A pre-post: difference of the value before and after
bronchodilation of the respective parameter; %change: % difference of the value before and after bronchodilation of the respective
parameter referring to the greater value prebronchodilation; Pred: percentage of predicted lung volumes; TLC: Total lung capacity;
RV: Residual volume; VC: Vital capacity; IVC: Forced inspiratory vital capacity; FEV: Forced expiratory volume in 1 sec.;
FEV/VC: Tiffeneau quotient, quotient of forced expiratory volume in 1 sec to vital capacity; FVC: Forced vital capacity

Table 4

Differences between
ARV from the 25t

to the 75" quantile
of AFEV; or AVC.

25%-75% quantile ARV 95% CI
AFEV, 0.05-0.22 -0.15 -0.14,0.03
AVC 0.0-0.26 -0.26 -0.37,-0.16

A: difference of the value before and after bronchodilation

of the respective parameter; RV: Residual volume;

VC: Vital capacity; FEV,: Forced expiratory volume in 1 second;
CI: confidence interval
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Figure 1

Adjusted multiple linear regression model showing a non-
linear relationship between AFEV; compared to ARV after
bronchodilation.

d: difference in the value of the respective parameter before
and after bronchodilation; RV: Residual volume in litre,
FEV.: Forced expiratory volume in 1 second in litres.

<

1.0

dvc
Adjusted to: Age = 64 BMI = 25.5 Sex = m

Figure 2

Adjusted multiple linear regression model showing a
non-linear relationship between AVC compared to ARV after
bronchodilation.

d: difference in the value of the respective parameter before
and after bronchodilation; RV: Residual volume in litres,

VC: Vital capacity in litres
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Discussion

Thus far postbronchodilator reversibility
based on improvement in FEV| has been defined
arbitrarily [13]. Although measurement of FEV;
is of major diagnostic value in distinguishing be-
tween asthma and COPD, short-term post-bron-
chodilator improvement of FEV is of no value as
a predictor of disease progression [4] or long-
term bronchodilator response in COPD. How-
ever, there is evidence that patients with irre-
versible airway obstruction benefit from inhaling
bronchodilators [14, 15]. A significant decrease in
lung hyperinflation without improvement in
FEV| has been demonstrated after administration
of low-dose salbutamol in selected patients with
emphysema [12]. Data on exercise tolerance in
patients treated with bronchodilators also support
the notion that volume response may be an im-
portant feature in patients showing no significant
improvement in FEV] after bronchodilation [14].

In the current study, we investigated volume
response in almost 300 unselected consecutive pa-
tients with irreversible airway obstruction under-
going repeat bodyplethysmography after bron-
chodilation. All lung function parameters except
TLC showed statistically significant changes after
bronchodilation. The highest change was ob-
served for RV. These findings are supported by
O’Donnell et al. [12] who described a similar de-
crease in RV and minimal changes in TLC in a
group of highly selected patients with COPD. In
our multiple regression model we found a non-
linear relationship between AFEV or AVC com-
pared to ARV after bronchodilation with a con-
stant ARV in AFEV, values below 0.1 L and a de-
creasing ARV in AFEV, values above 0.1 L. Our
study therefore shows that in irreversible airway

obstruction changes in RV cannot be predicted by
changes in FEV. These changes need to be stud-
ied systematically as they may potentially explain
the symptomatic or quality-of-life benefit of
bronchodilators in patients with irreversible air-
way obstruction.

Spirometric assessment of airway obstruction
in patients with irreversible airway obstruction
may be inadequate. Our findings argue in support
of repeated measurements of static volumes with
bodyplethysmography for functional assessment
of COPD. This could potentially provide more
precise lung function based outcome parameters
for studies testing new therapies for COPD. We
postulate that only a single lung function parame-
ter may not be sufficient to study clinically impor-
tant effects in assessment of drug response in
combination with concomitant relief of symp-
toms and improvement of general health status
[12, 16-20].

To sum up, in patients with irreversible air-
way obstruction changes in RV after bronchodila-
tion cannot be predicted by changes in FEV; or
VC. Spirometric assessment should therefore be
complemented by bodyplethysmography.
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