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ABSTRACT: The effect of inspiratory muscle training (IMT) on exercise capa-
city in patients with chronic airflow limitation (CAL) has been debated. The pre-
sent study was planned to further investigate the effects of IMT on exercise
performance.

Twenty patients (aged 62+1 yrs; forced expiratory volume in one second/forced
vital capacity (FEV1/FVC) 3612%) were trained 30 min daily for 6 days a week
during 10 weeks, with either 30% (Group 1) or 10% (Group 2) of peak maximal
inspiratory pressure (PLmax) as a training load. Exercise performance was evalu-
ated by the distance walked in 6 min (6MWD) and by changes in oxygen con-
sumption (V'0,) and minute ventilation (V'E) during a progressive exercise test.
Changes in PLmax and dyspnoea were also measured.

Results showed a significant increment in peak PLmax in both groups, whereas
dyspnoea and 6MWD improved only in Group 1 (p<0.05 and p<0.01, respective-
ly). No increment in maximal workload or in peak V'0, was observed in either
group. Patients in Group 1, however, showed a reduction in V'E and V'0, for the
same exercise. A correlation between changes in V'E and V'0, during a workload
of 75 kpm-min-! was observed in Group 1 (r=0.92; p<0.001).

We conclude that inspiratory muscle training using a load of 30% peak maxi-
mal inspiratory pressure, improves dyspnoea, increases walking capacity and reduces
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the metabolic cost of exercise.
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It is known that exercise tolerance in patients with
chronic airflow limitation (CAL) is limited by impaired
ventilatory capacity, in part due to mechanical disad-
vantage of the inspiratory muscles. It has been proposed
that inspiratory muscle training (IMT), by improving
inspiratory muscle performance, may improve ventila-
tory capacity and could, thus, increase exercise perfor-
mance in patients with CAL [1-4].

The effects of IMT on exercise performance have been
assessed mainly by measuring: peak oxygen consump-
tion (V'0,); the maximal load achieved during a pro-
gressive exercise protocol; or the distance walked in 6
or 12 min, with variable results [5—11]. This could be
due to factors that are known to affect the results of an
IMT protocol. Changes in breathing strategy can affect
the magnitude of the load during IMT with resistive
devices.

Results of a recent meta-analysis demonstrate a ben-
eficial effect on strength and endurance of the respira-
tory muscles only in those studies in which the load and
the pattern of breathing during training are controlled
[12]. Accordingly, some authors, recommend the use of
feedback devices in order to control the load and duty
cycle [2, 3], but this approach can make clinical appli-
cation of IMT rather difficult. As an alternative, for clin-

ical application, the threshold inspiratory trainer has been
proposed because it has the advantage of being flow-
independent and of maintaining the same load over a
wide range of inspiratory flow rates [13—15].

We hypothesized that IMT using a threshold inspira-
tory trainer can improve exercise performance through
its positive effects on inspiratory muscles. To test this
hypothesis, we studied the changes in dyspnoea score,
walking capacity and in the metabolic cost of exercise,
prior to and after 10 weeks of IMT in severe stable CAL
patients.

We found that the training protocol used was able to
relieve dyspnoea, improving performance of daily life
activities, and to reduce the metabolic cost of exercise.

Subjects and methods

Twenty consecutive patients with CAL (13 males and
7 females) aged 5676 yrs (meantse 62+1 yrs), forced ex-
piratory volume in one second/forced vital capacity
(FEV1/FVC) 36+2%, were trained using either 30% of
peak maximal inspiratory pressure (PlLmax) (Group 1)
or the minimal load of the respiratory trainer, approxi-
mately 10% of peak Pl,max (Group 2). Table 1 shows the
baseline characteristics of the subjects.
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Table 1. — Baseline characteristics of patients
Group 1 Group 2
(n=10) (n=10)
Sex M/F 6/4 7/3
Age yrs 6112 6412
FEV1 % pred 404 3714
FEV1/FVC % 3943 3342
FVC % pred 8215 8917
Prmax kPa 6.0£0.5 6.7£0.5
Pa,0, kPa 8.840.3 7.9+0.3
Paco, kPa 5.5+0.3 5.6£0.25
6MWD m 303£38 316%31

Dyspnoea points 4.0£0.3 4.840.5

Values are presented as meantsem. M: male; F: female; FEV1:
forced expiratory volume in one second; FVC: forced vital
capacity; PLmax: maximal inspiratory pressure; Pa0,: arterial
oxygen tension; Pa,C0O,: arterial carbon dioxide tension; 6MWD:
6 min walking distance.

Patients were randomly assigned for training with
one of these loads in a double-blind fashion. The pat-
ients were unaware of the magnitude of the load and
the investigators who performed the measurements were
also unaware of the patient's training load. Training was
performed at home using a threshold inspiratory trainer
(HealthScan Products Inc., NJ, USA), for 30 min a day
during 6 days a week for 10 weeks.

Inclusion criteria were: a) stable period of their dis-
ease; b) dyspnoea during daily life activities; ¢) FEV1/
FVC less than 60%; and d) absence of cardiac or any
other disease that could interfere with exercise perfor-
mance.

Patients were informed of the purpose of the study
and had agreed to participate. The protocol was approv-
ed by the Ethics Committee at the School of Medicine,
Catholic University of Chile.

Before starting IMT, patients were studied for 4 weeks
(run-in period). During that period, they were evalua-
ted on at least three occasions to obtain baseline val-
ues. Bronchodilator therapy was maintained in both
groups throughout the study. Antibiotics were adminis-
tered during respiratory infections. During the initial
and final assessments, all patients had been free of
symptoms of respiratory infection for at least 1 week.

Inspiratory training effects were assessed by measur-
ing changes on peak PlLmax, dyspnoea, 6 min walking
distance (6MWD), and exercise capacity using a cycle er-
gometer. For the latter two tests, respiratory effort was
evaluated using Borg's psychophysic scale [16].

Changes in maximal respiratory pressure

Maximal inspiratory mouth pressure was measured
at functional residual capacity (FRC) in a quasistatic
way, according to the method proposed by Brack and
Hyartr [17], using a PM45 +200 cmH,O Validyne dif-
ferential pressure transducer (Northridge, CA, USA).
The spurious contribution of orofacial muscles was avoid-
ed by a port with a 1.5 mm diameter hole in the mouth-
piece. Peak values were recorded on a Hewlett Packard
chart recorder (Palo Alto, CA, USA), and the highest
value of at least five manoeuvres was considered for

results. In Group 1, measurements were performed once
a week for adjustment of the training load with increas-
ing PLmax. Patients in Group 2 were also evaluated once
a week, but the minimal load of the training device was
maintained. Reported baseline results are the mean val-
ues obtained during the run-in period. The time course
of the changes in PLmax during the training period are
presented.

Changes in dyspnoea

Dyspnoea was evaluated under basal conditions using
the score of MAHLER et al. [18]. This score takes into
consideration both functional impairment and the mag-
nitude of the efforts and tasks that elicit dyspnoea. The
effect of IMT was assessed using the transition dysp-
noea index (TDI), proposed by these authors, which in-
dicates improvement in relation to dyspnoea at baseline
evaluation with positive numbers and worsening with
negative numbers [18].

Changes in exercise tolerance

Exercise tolerance was evaluated: 1) recording the
distance the patient could walk for 6 min (6MWD); and
2) with a progressive exercise test. Exercise testing was
performed on a cycle ergometer, initially unloaded, and
subsequently increasing the load by 75 kpm every 2 min.
The test was stopped when patients were unable to con-
tinue because of dyspnoea or leg fatigue. During this
test, cardiac frequency (f'C), arterial oxygen saturation
(8a,0,), and blood pressure were monitored. Minute ven-
tilation (V'E) and V'0, were continuously recorded using
a commercially available cardiopulmonary exercise sys-
tem (Q-PlexI; Quinton, Seattle, WA, USA) with a low
resistance Hans Rudolph valve.

Exercise performance was evaluated through the changes
in V'E and V'O, developed at the maximal load and at
75 kpm-min-! (the workload all patients were able to
tolerate).

Patients exercised on three occasions during the run-
in period. The results of the last trial were used as base-
line. Reassessment was performed after 10 weeks of
IMT.

The effects of training within- and between-groups
were analysed using Student's t-test for paired and un-
paired samples, linear regression, analysis of variance
(ANOVA) for repeated measures and Student-Newman-
Keuls post hoc test. A p-value less than 0.05 was con-
sidered to be statistically significant. Reported results
correspond to the meantsem.

Results

Time course of maximal inspiratory pressure during the
run-in and training periods

The run-in period included 4 weekly determinations
of peak PI,max. Mean values of the 20 patients are shown
in figure 1. Although statistically significant differences
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Fig. 1. — Peak maximal inspiratory pressure (PlLmax) observed dur-

ing the 4 weeks of the run-in period in the 20 patients. Values are
presented as meantSEM.

were seen between the first and the last determination
(0.44 kPa; p=0.034), these differences were probably
not clinically important, since values obtained in the
second week were higher than those obtained in the
third week. In addition, the changes in PI,max fell with-
in the variability of the method in our laboratory (coef-
ficient of variation (COV) = 9.5%)

Figure 2 illustrates the time course of peak PILmax
before and during the 10 weeks training period in both
groups. A significant increase was observed in Group
1 from the second week of IMT. Peak Plmax increa-
sed from 6.8+0.48 to 9.12+0.54 kPa after 10 weeks of
IMT. In Group 2, an increase of peak PLmax was also
found with training, but differences became significant
only after 5 weeks of IMT. Peak Plmax increased from
6.4£0.47 to 7.610.48 kPa. Although the magnitude of
the increase was larger in Group 1, differences between
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Fig. 2. — Time course of peak maximal inspiratory pressure (Pl,max)
measured every week during the training period in both groups. The
mean value obtained during the run-in period is also shown. A sig-
nificant increment from the 2nd week was observed in Group 1. In
Group 2 peak Pl,max also increased significantly, but to a lesser degree
and after the 5th week of inspiratory muscle training (IMT). —a—:
Group 1; —A— : Group 2. Values are presented as meantsgm.

o1 2 3

groups at the end of the training period were not sta-
tistically significant, probably due to the large scatter
in individual values (fig. 2).

Changes in dyspnoea

Both groups had a similar baseline dyspnoea score
(table 1). After 10 weeks of IMT, the TDI was +3.8%0.6
points in Group 1 and +1.7£0.6 in Group 2 (p=0.036).
These results imply that after 10 weeks-of IMT, patients
in Group 1, on average, were able to: 1) reassume at
least one activity they had abandoned because of dys-
pnoea; and 2) perform greater efforts and tasks than
prior to IMT, at a faster speed without presenting dys-
pnoea. Figure 3 shows mean values for TDI after 10
weeks of IMT.

Exercise performance

Six minute walking distance. Table 2 shows meant
seM values for the 6MWD and the degree of respiratory
effort at the end of the test in both groups, measured with
Borg's scale, before and after 10 weeks of IMT. After
training, patients in Group 1 increased the walking dis-
tance (p<0.01) and presented less dyspnoea (p<0.05). No
significant changes in the 6 MWD or in Borg's score were
observed in Group 2. Comparison between groups, after
10 weeks of training, disclosed significant differences
in Borg's score (p<0.05), without significant differen-
ces in 6MWD, a finding that may be due to the high
dispersion of values.
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Fig. 3. — Mean values of transition dyspnoea index (TDI) after 10
weeks of inspiratory muscle training (IMT) in Group 1 and Group 2.

Table 2. — Distance walked in 6 min (6MWD) and res-
piratory effort measured with Borg's psychophysic scale
before and after IMT

6MWD Borg's score
Group 1 Before IMT 303+38 6.610.7
After IMT 417434%* 3.4+0.6*
Group 2 Before IMT 316%31 6.8+0.6
After IMT 354430 5.8+0.8

Values are presented as meantsem. IMT: inspiratory muscle
training. *: p<0.05; **: p<0.01, compared to value before
IMT.
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Fig. 4. — Individual percentage change in minute ventilation (AV'E) (ordinate) and in oxygen consumption (AV'0,) (abscissa) before and after

inspiratory muscle training (IMT): a) in Group 1; and b) in Group 2. A significant correlation was found between AV'0, and AV'E in Group 1,

with no correlation in Group 2.
Progressive cycle ergometer exercise

Maximal workload. Maximal workload did not increase
in either group after IMT (189426 vs 200£28 kpm-min-!
in Group 1, and 187430 vs 217426 kpm-min-! in Group
2). However, a significant fall both in V'E, (from 3312
to 2843 L-min’!) and in peak V'O, (from 815£56 to
749£61 mL-min-') was observed in Group 1 after train-
ing. In contrast, patients in Group 2 presented no change
in V'E (3114.8 vs 33+4.8 L-min"!) and no change in peak
V'0, (782462 vs 784453 mL-min!).

Submaximal workload. Figure 4 shows individual chan-
gesin V'E (ordinate), and in V'0, (abscissa) for both groups,
at an exercise workload of 75 kpm-min-! after IMT. A
significant correlation between changes in V'E and in
V'0, was found in Group 1 (r=0.92; p<0.001), whereas
in Group 2 no correlation was observed.

Changes in Borg's score during maximal exercise were
not statistically significant in either group.

In addition, no significant correlation between the
increment in peak PLmax and exercise performance or
dyspnoea, were observed. Changes in ventilation showed
a tendency to correlate with changes in TDI (p=0.07).

Spirometry

In Group 1, mild, but significant increase in FVC was
observed, from 2,433+£173 to 2,610+202 mL (p<0.001)
at 10 weeks of IMT, with no changes in FEV1 (993+
93 vs 1,002+£100 mL after training). In Group 2, no chan-
ges in FVC (2,511+182 vs 2,422+165 mL) or in FEV1
(822£52 vs 792452 mL) were observed with training.

Discussion

The results of the present study show that IMT using
a threshold device in patients with COPD, ameliorates
dyspnoea, increases the distance the patients can walk
in 6 min, and reduces the metabolic cost of a submaxi-

mal exercise. These effects were observed when a target
load of 30% peak PlLmax was employed, but not when
a load of 10% was used for training. These findings
suggest that most of the beneficial effects of IMT can
be attributed to the magnitude of the load employed.
Baseline characteristics of the two groups were similar,
the number of tests applied to each group were the same,
and, as the study was blinded both for the operators
and the patients, it is unlikely that these results could
be attributed to differences in learning or coaching. For
the same reasons, a training effect of repeated measure-
ments on inspiratory muscle strength, 6 MWD and pro-
gressive exercise is also unlikely. Values for exercise
were those obtained in the third baseline study after the
patients had learned to perform the test adequately. Altho-
ugh patients were not supervised while performing the
training manoeuvres at home, there is no reason to be-
lieve they were not compliant, since they attended reg-
ular weekly visits to the laboratory. Furthermore, the
study shows load-dependent training effects on peak
Prmax (fig. 2).

Since controversy exists about a learning effect on
PTLmax manoeuvres, the time course of the changes in
peak PImax were carefully analysed both during the 4
weeks run-in period and weekly for the 10 weeks dura-
tion of the training protocol. No substantial change in
Plmax was found during the run-in period and a sig-
nificant improvement in Plmax was found with both
loads. However, changes with a load of 30% peak PI,max
were seen earlier and were of a larger magnitude.

It can be argued that 30% peak PImax is a relatively
low load for training; however, our previous experience
using a threshold device [15] as well as some of the
data in the literature show that this load can be high
enough to attain IMT [13]. In addition, we have recen-
tly observed that this load is equivalent to 40% of the
Plmax sustained for 1 s. As inspiratory time (1) em-
ployed during the training manoeuvres was over 1 s, we
believe that the patient's inspiratory muscles were really
trained with approximately 40% of the Pl,max sustained
for 1 s (unpublished observations).
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The group trained with 10% peak PLmax was chosen
as a control group. Although the ideal control group
could have been one with zero load, we chose to use
the minimum load given by the training device in order
to have the study blinded, both for the patients and for
the investigators. However, this minimal load of the
device did have a training effect on Pl,max, without effect
on the other parameters studied. BERRY e? al. [19] recen-
tly reported an increase in PLmax in their control group
after 12 weeks of training with a load of 15% of PImax.

The effect of IMT on dyspnoea was significantly grea-
ter in the group trained with the highest load. HARVER
et al. [3] have shown a significant correlation between
relief in dyspnoea and the improvement in PI,max mea-
sured at residual volume (RV), when the results of the
trained and the results of the control subjects after IMT
were analysed together. PatTessio et al. [20] also found
a significant correlation between the improvement in dys-
pnoea and the changes in PLmax. In a previous study,
we found a significant correlation between the TDI and
the percentage changes in PLmax after 5 weeks of IMT,
when we included the group trained with a low load
[15]. In the present study, however, the improvement
both in PLLmax and in dyspnoea was greater in Group 1
patients, although no correlation was found in either
group separately, nor when both groups were analysed
together. However, to establish a correlation between
changes in PImax and changes in dyspnoea is difficult
because of the dependence of dyspnoea on factors oth-
ers than respiratory muscle strength. There is also the pos-
sibility that as dyspnoea decreases as a result of IMT,
the subject spontaneously increases his or her physical
activity, leading to improved physical deconditioning,
which is not reflected in inspiratory muscle strength.

After IMT, Group 1 patients exhibited a significant
fall both in V'E and in V'O, during exercise, showing a
significant correlation between both indices. Although
this relationship may be considered spurious because
V'0, is related to V'E, we can infer that the metabolic
cost of a given level of exercise was lower after train-
ing, since patients diminished their ventilation. In Group
1, the level of V'E during a mild exercise reached 74% of
their estimated maximum voluntary ventilation (MVV)
before training and decreased to 63% after IMT.

The contribution of respiratory muscle V'0, to total
V'0, during a given exercise in COPD patients is expect-
ed to be increased, since it has been well-documented
that the oxygen cost of increasing ventilation is high in
these patients [21, 22]. In the present patients, peak
V'0, was approximately 800 mL-min-!, which was mild-
ly reduced as compared to normal subjects of the same
age [23]. The level of maximal exercise achieved by
these patients however, was only 189 kpm-min-!. This
discrepancy between peak V'O, and workload suggests
either that patients were physically deconditioned or
that the oxygen cost of breathing accounted for a large
proportion of their exercise V'0,.

The present results are not in agreement with those
reported by FLYNN ef al. [10], who employed a similar
training device. After 6 weeks of training, they observed
a significant improvement in inspiratory muscle per-
formance without changes in peak V'0,, maximal work-
load and 12 MWD. The main difference between the
study by FLYNN et al. [10] and the present study was

the length of the training period (6 vs 10 weeks), which
could account for the different results on exercise per-
formance.

V'0, and V'E for the same level of exercise were reduced
in patients trained with a load of 30% peak PImax, as
compared with baseline evaluation. Although we can-
not demonstrate a mechanism responsible for the fall
in V'E and V'0, during exercise after IMT with the pre-
sent data, we can speculate on at least two possibilities
that separately or together could be responsible for our
findings. It is possible that with IMT, Group 1 patients
could have achieved some degree of general physical
training because of less dyspnoea and consequent in-
crease in daily life activities [24]. CASABURI et al. [25]
have recently demonstrated, in COPD patients, that ex-
ercise training diminishes lactic acid production during
exercise, thus lowering the ventilatory drive, and, as a
consequence, ventilation falls. As we did not measure
lactic acid during the exercise test, we have no data to
support this hypothesis. However, the significant cor-
relation between the fall in V'E and in V'0, during exer-
cise observed in Group 1 patients leads us to postulate
that a decreased respiratory stimulus could be an im-
portant mechanism responsible for the reduction in V'E
and in the metabolic cost of exercise.

Another possible explanation for the fall in V'0, dur-
ing exercise after IMT is an increase in the efficiency
of the respiratory pump. This effect could be due to chan-
ges in the pattern of recruitment of the inspiratory mus-
cles during exercise or to a global increment in their
efficiency, independent of the groups recruited during
exercise. In support of this hypothesis, COUSER et al.
[26] have recently demonstrated in COPD patients that
training the upper extremities reduces the metabolic cost
and the ventilatory requirements of elevating the arms,
a manoeuvre that also elicits dyspnoea. The effects of
IMT found in the present study could be analogous to
this situation.

BouTeLLIER and Prwko [27] and BoOUTELLIER and co-
workers [28] demonstrated, in normal sedentary and
trained subjects, that IMT using isocapnic hyperventi-
lation increases both respiratory and exercise endurance.
They also observed a significant fall in V'E and a re-
duction in blood lactate during exercise, that were attri-
buted to a reduction in lactic acid production by the
respiratory muscles after IMT. The fall in V'E and V'O,
that we observed during a progressive bicycle exercise
after IMT is consistent with their results [26, 27]. To
further evaluate the mechanisms involved in these ef-
fects, it could be useful to measure exercise endurance
at a given percentage of the patient's maximal workload
and to correlate changes in V'E and V'0, with changes
in respiratory efficiency measured during unloaded in-
creasing ventilation.

In summary, the results of the present study demon-
strate that inspiratory muscle training using a threshold
device with a target load of 30% peak maximal inspi-
ratory pressure relieves dyspnoea, improving perfor-
mance of daily life activities, and reduces the metabolic
cost of exercise in patients with chronic airflow limi-
tation, an effect that could be explained by a reduction
in minute ventilation during exercise or by some degree
of physical training attained with inspiratory muscle
training.
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