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ABSTRACT
Objective: To use the forced oscillation technique to evaluate asthma patients presenting positive bronchodilator responses
(confirmed through spirometry) and compare the results with those obtained in healthy individuals. Methods: The study
sample consisted of 53 non-smoking volunteers: 24 healthy subjects with no history of pulmonary disease and 29 asthmatics
presenting positive bronchodilator response, as determined through analysis of spirometry findings. All of the subjects were
submitted to forced oscillation technique and spirometry immediately before and 20 minutes after the administration of
salbutamol spray (300  g). The parameters derived from the forced oscillation technique were total respiratory resistance,
total respiratory reactance, resistance extrapolated to the y axis, the slope of resistance, and dynamic compliance. The
parameters measured in the spirometry evaluation tests were forced expiratory volume in one second and forced vital
capacity. Results: In the control group, bronchodilator use produced a significant alteration in the resistance extrapolated
to the y axis (p < 0.001), although no significant differences were observed in the slope of resistance or in dynamic
compliance. Analysis of the asthma patients revealed significant differences between the prebronchodilator and
postbronchodilator values for all spirometry and forced oscillation technique parameters. Values of p < 0.001 were obtained
for all comparisons between the two groups. Conclusion: The modifications provoked by use of the forced oscillation
technique were in direct concordance with the pathophysiology of the bronchodilator response in asthma patients, indicating
that the forced oscillation technique could be useful as a complement to spirometry in these patients.

Keywords: Asthma; Bronchial hyperreactivity; Spirometry/methods; Bronchial provocation tests; Forced expiratory
volume/physiology; Oscillometry
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INTRODUCTION

Bronchodilator response testing is routinely
carried out in pulmonary function laboratories and
is aimed at quantifying the reversibility of bronchial
obstruction after the use of a bronchodilator. Asthma
patients often present positive bronchodilator
responses.(1) This evaluation is usually carried out
through spirometry. However, the fact that this
technique requires great cooperation by patients in
order to execute the respiratory maneuvers can limit
its use with certain patients, such as children, the
elderly and cognitively-impaired individuals.(2) In
addition, deep inspiratory maneuvers subject bronchi
to stress, which can alter smooth muscle tonus, as
well as causing fatigue due to repetition.(3-5) These
factors can introduce difficulties into spirometry-
based procedures, suggesting the need for new
methods that complement the traditional testing.

The main advantages of the forced oscillation
technique (FOT) are the fact that patients need to
cooperate only in a passive manner and the
introduction of new respiratory parameters.(6) Due to
the simplicity of the test, which is administered to
spontaneously breathing patients, it is recommended
for patients who are unfit to perform traditional tests.
The new parameters derived from this test allow a
more detailed analysis of the respiratory system of
asthma patients, which can contribute to a better
understanding of physiopathological abnormalities,
as well as allowing the evaluation of the therapeutic
response and treatment optimization. Although the
FOT has great potential for application in the clinical
area, few studies investigating that potential in
bronchodilator response testing of adult asthma
patients have been carried out.

In this context, the objectives of this study were
to use FOT to evaluate patients presenting positive
bronchodilator response, confirmed through
spirometry, and to compare the results with those
obtained in healthy individuals. Preliminary results
of this study have recently been published in
abstract form.(7-8)

METHODS

The study sample consisted of 24 healthy
individuals with no history of pulmonary disease
and 29 patients with bronchial asthma. Among the
asthma patients, mild obstruction was seen in 7,

moderate obstruction in 13 and severe obstruction
in 9. The control group consisted of healthy
nonsmokers with normal spirometric values and
no history of respiratory or cardiovascular diseases.
Inclusion criteria for asthma patients were clinical
diagnosis of asthma, no history of cardiovascular
diseases or other respiratory diseases, and being
older than 18 years of age. Exclusion criteria were
having an asthma attack at the tie of the study or
having a history of smoking.

The Ethics Research Committee of the Hospital
Universitário Pedro Ernesto (University Hospital
Pedro Ernesto) approved the study design, which
also meets the criteria established by the
Declaration of Helsinki. All participants gave written
informed consent.

Spirometric evaluations were carried out using
Vitatrace VT 130 SL and Collins/GS spirometers.
Bronchodilator response was considered positive
when there was an increase of at least 200 mL
and 12% in forced expiratory volume in one second
(FEV1),

(9) or of 350 mL in forced vital capacity (FVC),
in relation to baseline values, after the use of 300
g inhaled salbutamol. Spirometry and the FOT were
carried out immediately prior to and twenty minutes
after the administration of the bronchodilator.
Spacers were used during the administration of
the bronchodilator.

The system adopted for the FOT trials followed
the principles previously described.(6) We must
highlight the fact that the FOT should not be
confused with the impulse oscillometry technique,
which differs in the method of excitation,
processing and presentation of results. (10-11)

Basically, the equipment used in the present
study(12-14) applies a pressure signal, comprising all
the 2-Hz harmonics within the 4-32 Hz range, to
the respiratory system of spontaneously breathing
individuals. The FOT allows respiratory impedance

        Age           Weight      Height        Males/
       (years)         (kg)        (cm)       females

Control 41.87±16.25 63.36±11.94 160.08±10.26   6/18
Group
Study 47.14±18.44 70.48±12.16 159.52±8.67    8/21
group
p                 ns            ns     ns          -

TABLE 1

Biometric characteristics of the individuals evaluated
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to be evaluated within the range of frequencies
studied. This parameter has a real component -
total respiratory resistance (Rrs) - and an imaginary
component - total respiratory reactance (Xrs). In
addition to frequency-dependent changes in Rrs
and Xrs, other parameters derived from FOT were
also analyzed in this study. Applying linear
regression to the 4-16 Hz range of the Rrs curve,
we determined the resistance at the intercept (R0)
and the slope of resistance (S). The R0 has been
associated with total respiratory resistance,
including the effects of airways, pulmonary tissue
and the chest wall, as well as that of gas
redistribution (pendelluft).(15) In contrast, the S
describes the resistance alterations in relation to
the frequency,  and has been re lated to
heterogeneities in the respiratory system.(12,16) Based
on the Xrs obtained at 4 Hz (Xrs, 4Hz), we
calculated the dynamic respiratory compliance(17)

(Crs,dyn = -1 / 2 rFXrs,4Hz).
During the test, individuals remained seated in

front of the equipment, attached to it by a silicon
mouthpiece. A nose clip was used, and patients
firmly pressed their cheeks together in order to
reduce the upper-airway shunt effect. Figure 1
illustrates the performance of the test. Three
consecutive trials, each lasting approximately 16
seconds, were carried out, and the mean was
considered the final result. The coherence function
used for the acceptance of results was set at a
minimum of 0.9.(6)

The results are presented as means ± standard
deviations. Statistical analysis was carried out using
ORIGIN 6.0 program. Paired Student's t-test was used
for the prebronchodilator and postbronchodilator
analysis of changes, and unpaired Student's t-test
was used in the comparison between the control
group and the study group. The level of statistical
significance was set at p = 0.05.

RESULTS

Table 1 shows the biometric characteristics of
the subjects. We should highlight the fact that,
although there were slight age- and weight-related
differences between the groups, these differences
were not significant (p > 0.05). Another important
observation is the fact that these parameters are
not determinants in terms of alterations in respiratory
impedance, since the main parameter that has

significant influence on the impedance - subject
height(18) - was quite similar between the groups
under study.

Figure 2 graphically illustrates the results
related to spirometric parameters in the control
and study groups. When the criterion established
for FEV1 was used, 9 asthma patients presented
positive responses to the bronchodilator, compared
with 20 asthma patients who presented positive
responses when the FEV1 and FVC criteria were
both used. The control group presented higher
FEV1 and FVC values than did the study group. It
is of note that, whether expressed in absolute
values or in percentages, FEV1 was higher in the
control group. In the control group, there were
no statistically significant differences between pre
bronchodilator and postbronchodilator values for
FEV1 or FVC. In contrast, absolute values and
percentages for FEV1 and FVC were significantly
higher in the subgroup of asthma patients presenting
positive bronchodilator response (p < 0.0001).

The results of the analysis of Rrs and Xrs prior
to and after the use of the bronchodilator are
shown for healthy individuals and for asthma
patients presenting positive bronchodilator
responses in Figures 3A and 3B, respectively.

Figure 4 shows the effects of the use of
salbutamol in relation to R0, S and Crs,dyn in
healthy subjects and in those with asthma. Initially,
R0 was significantly higher in asthma patients than
in healthy subjects (p < 0.001). Bronchodilation
caused a significant reduction in R0 in both asthma
patients (p < 0.0001) and healthy subjects (p < 0.001).
After the use of the bronchodilator, R0 remained
significantly higher in asthma patients (p < 0.001).

Figure 1 - Illustration of the methodology used in
performing the forced oscillation technique
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The S values were significantly more negative in
asthma patients (p < 0.001) than in healthy subjects
(Figure 4B). The use of the bronchodilator significantly
reduced S values in asthma patients (p < 0.001). There
were no statistically significant differences between

prebronchodilator and postbronchodilator S values in
healthy individuals. After the use of the bronchodilator,
S values were even more negative in asthma patients
than in control subjects, and this difference was
statistically significant (p < 0.001).

Figure 2 - Prebronchodilator and postbronchodilator absolute values (A) and percentages of the predicted values for
FEV1 (B) and FVC (C and D)

Figure 3 - Mean results regarding resistance (A) and reactance (B) of the respiratory system as a function of the frequency
in the prebronchodilator and postbronchodilator analysis of healthy subjects and of asthma patients with positive
bronchodilator responses
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Figure 4C shows that prebronchodilator Crs,dyn
values trended lower in asthma patients than in
healthy subjects (p = ns). There was a significant
increase in postbronchodilator Crs,dyn in asthma
patients (p < 0.0001). An increase in Crs,dyn was
also seen in healthy subjects but was not
statistically significant.

DISCUSSION

Through the analysis of Rrs curves, it can be
seen that the prebronchodilator control group
values were relatively constant, with a slight
frequency-dependent increase in Rrs. This result
is in concordance with those reported in the
literature.(6,18-19) This behavior is related to the
homogeneity of the respiratory system of healthy
individuals. After the use of the bronchodilator,
there was a proportional decrease in Rrs between
4 Hz and 32 Hz, which is in agreement with
previously reported results.(20) This decrease, which
was consistent throughout the frequency range
studied, is probably associated with the reduction
of peripheral airway resistance due to smooth
muscle relaxation. It is interesting to note that
such effect even occurred in individuals with no
respiratory disturbances. This is due to a slight
reduction of bronchiolar tonus.

Prebronchodilator Rrs was higher in asthma
patients than in the control subjects. This occurred
primarily at the lower frequencies. This result is
in agreement with those of other studies and
reflects the greater respiratory obstruction seen
in asthma patients.(6,10,12) It is important to
highlight the fact that the asthma group presented
negative Rrs dependence, especially at frequencies
from 4 Hz to 16 Hz. This phenomenon reflects the
behavior of a heterogeneous respiratory system
(with different time constants in the airways).

After the use of the bronchodilator in the
asthma group, Rrs decreased, especially in the
lower frequencies, and there was also an evident
decrease in the negative dependence of the Rrs
curve in relation to the frequencies. Similar results
were reported in previous studies with patients
with asthma and chronic obstructive pulmonary
disease.(21-22)

Slightly negative results were found in Xrs in
the low frequencies of the control group. These
values were positive in higher frequencies for that
group. After the use of the bronchodilator, this
curve practically showed no alterations. In the
study group, Xrs had initially more negative values
and a more evident positive dependence with the
frequency. This dependence is related to the
heterogeneity of peripheral constrictions, which
results in partial or total obstruction of some
airways, characterizing the presence of different

Figure  4 - Prebronchodilator and postbronchodilator
results for R0 (A), S (B) and Crs,dyn (C) prior to and after the
use of the bronchodilator
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pulmonary time constants.(23) The decrease in Xrs
after the use of the bronchodilator mainly
occurred in low frequencies.

R0 was considered a useful parameter for the
analysis of bronchodilator response in asthma
patients.(22) In concordance with this proposition,
our results showed that bronchodilation induced
a significant reduction in R0, in healthy subjects
and asthma patients alike. This result corroborates
the proposition that smooth muscle relaxation
occurs even in indiv iduals present ing no
respiratory disturbances. However, in strict
agreement with the physiopathological principles
involved, we can see that prebronchodilator
resistance was higher in asthma patients than in
healthy subjects. Another important observation
is that the alterations in R0 were greater in asthma
patients than in control subjects, confirming the
results of pilot studies conducted by our group, in
which smaller patient samples were involved.(7-8)

Even after the use of the bronchodilator, the R0 of
asthma patients remained higher. This is probably
related to the inflammatory effect of the disease.

Healthy individuals presented mean S values
that were near zero, which is in agreement with
data previously published in the literature,(6,11,13,24)

as well as with the fact that the respiratory system
of such individuals can be described as a one-
compartment model, (25) i.e. a homogeneous
respiratory system. Asthma patients presented
values that were more negative. This indicates
greater pulmonary heterogeneity and shunt
impedance effect in these individuals.(6,10,12,26) In
the asthma patients, the use of the bronchodilator
reduced S values, which might reflect either a
reduction in the respiratory system impedance(22)
or a tendency toward increasing homogeneity of
the system. In contrast, there was no statistical
significance between prebronchodilator and
postbronchodilator S values in healthy subjects. This
finding might be explained by prebronchodilator
homogeneity of the respiratory system, which
would result in the medication causing only a
small alteration in such individuals. Although the
use of the bronchodilator reduced S in asthma
patients, postbronchodilator S values were even
more negative than prebronchodilator values when
compared to the control group subjects. This shows
that not all of the imbalances in time constants of
the respiratory system were eliminated with the

use of the bronchodilator.
In Figure 4C, it can be clearly seen that

prebronchodilator Crs,dyn values were slightly
lower in the asthma group than in the control
group and that this difference trended toward
significance. There was a significant increase in
Crs,dyn after the use of the bronchodilator in
asthma patients .  This f inding ref lects an
improvement in the distribution of pulmonary
ventilation.(26) There was also a postbronchodilator
increase in Crs,dyn in the control group, although
this increase was not statistically significant. Some
authors who studied children with asthma
presenting positive bronchodilator response have
reported that dynamic compliance was one of the
parameters that showed better percentage
variations with the use of salbutamol. Structural
alterations related to bronchial remodeling,
including collagen deposition in the basal
membrane of airways due to chronic inflammation,
can explain the decreased airway wall compliance
and, consequently, in Crs,dyn seen in asthma
patients.(27) In addition, it is known that the
contraction of smooth muscles in the bronchi
functions to increase their rigidity. According to
other authors,(28) bronchodilators increase airway
wall compliance by relaxing the smooth muscles
of the bronchi, which could explain the
improvement of Crs,dyn after the use of salbutamol.

When the FOT results are compared with
asthma severity, it can be seen that, in general,
the bronchodilator-induced reduction in Rrs
became more pronounced in parallel with the
increases in obstruction. Similar results could be
seen regarding Xrs, in that the alteration caused
by the use of the bronchodilator was more
significant when the level of obstruction was higher.
Consequently, the changes in the parameters related
to Rrs (R0 and S) and Xrs (Crs,dyn) were dependent
on the severity of the asthma. These results are in
agreement with the proposition that, in asthma
patients, postbronchodilator alterations in
respiratory mechanics increase in parallel with the
level of respiratory obstruction.

One of the main limitations of the FOT is
related to upper airway impedance, which runs
parallel to that of the respiratory system.(6) In this
case, effectively measured impedances will be
lower than those present in the respiratory system,
and this error increases in parallel with impedance.
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In this study, in order to reduce this effect,
individuals were asked to place their chin in their
hands and firmly press their cheeks together.

The alterations in the FOT parameters were
smaller when spirometric parameters showed
smaller alterations after the bronchodilator
response test. Consequently, we could suppose
that, in individuals responding negatively to the
bronchodilator (presenting smaller spirometric
alterations), we would also find smaller alterations
in the FOT parameters. However, this supposition
could only be confirmed through further studies.

The process of spontaneous ventilation
introduces errors in the 0.25-8 Hz range, which
could limit the reliability of the FOT results obtained
within this range.(6) In the present study, these errors
were reduced by the use of a coherence function
set at a minimum of 0.9, which guaranteed that the
margin of error was lower than 5%.

Based on the previous discussion, we can
conclude that the FOT provided respiratory
parameters in agreement with the modifications
that occurred in the respiratory system of asthma
patients presenting positive bronchodilator
responses. This confirmed the high potential of
this technique as an alternative for the study of
the bronchodilator response in such individuals.
Therefore, based on the promising results shown
in the present study, further studies are being
conducted in order to validate the clinical use of
FOT for bronchodilator response evaluation.
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