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Introduction

Inspiratory muscle training (IMT) with
inspiratory loading is designed to im-
prove strength and/or endurance of the
inspiratory muscles in an attempt to im-
prove respiratory muscle function in pa-
tients with chronic obstructive pulmo-
nary disease (COPD). Recent research
suggested that inspiratory muscle fatigue
may limit exercise tolerance in these pa-
tients (1-3). If inspiratory muscle fatigue
limits exercise tolerance, then improved
strength and endurance of the inspirato-
ry muscles may delay the onset of respi-
ratory muscle fatigue and increase activ-
ity tolerance.

However, the effects of IMT have not
been adequately tested, and findings have
been inconsistent with respect to its ef-
fects on inspiratory muscle strength, re-
spiratory muscle endurance, and general
exercise tolerance. Some investigators
reported an increase in both inspiratory
muscle endurance and general exercise
tolerance (4) but no change in inspirato-
ry muscle strength (5). One investigator
reported an improvement in dyspnea and
general exercise endurance (6). In con-
trast, other investigators reported an in-
crease in inspiratory muscle strength with
no change in exercise tolerance (7-10),
an increase in respiratory muscle endur-
ance and no change in inspiratory mus-
cle strength (11), no change in respirato-
ry muscle endurance (12), and no change
in either inspiratory muscle strength or
respiratory muscle endurance (13). These
inconsistencies can be explained in part
because none of the above studies con-
trolled for the magnitude of the inspira-
tory pressure load during training.

All of the above studies trained pa-
tients with nonlinear resistive breathing
devices, which produce unreliable in-
spiratory pressure loads. With these
devices, the inspiratory pressure load
varies according to the size of the inspira-
tory orifice and the rate of inspiratory
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airflow. Two people training with the
same size inspiratory orifice would be
training with different inspiratory pres-
sure loads if they used different inspira-
tory airflow rates. Consequently, with the
nonlinear resistive breathing devices,
there is no easy way to establish the mag-
nitude of the inspiratory pressure load
when patients train at home because their
inspiratory airflow is likely to vary (13).
In the present study, we solved this
problem by training patients with a pres-
sure threshold breathing device, which
produces reliable inspiratory pressure
loads that were independent of airflow.
The purpose of this study was to com-
pare the effects of IMT with two inspira-
tory pressure loads, one equal to 15% and
the other equal to 30% of the patient’s
maximal inspiratory pressure (Plmax).

Methods

Patients with moderate to very severe COPD
were recruited from the pulmonary clinic of
a midwestern Veterans Administration Hos-
pital and from the community by newspaper
advertisements. The purpose, risks, and po-
tential benefits of the study were explained
to all patients, and they gave written consent
to participate.

Patients were randomly assigned to train

with a threshold pressure breathing device at
an inspiratory pressure load equal to either
15 or 30% of their individual Pimax, and the
investigator was blinded to patients’ assign-
ment to treatment group (table 1). The fol-
lowing dependent variables were measured at
baseline, after one month of IMT, and after
two months of IMT: Pimax, endurance time
while breathing against an inspiratory pres-
sure load equal to 66% of Pimax, and 12-min
distance walk (12MD) (14). Patients also com-
pleted the following questionnaires at base-
line and monthly throughout the study: Pro-
file of Mood States (15), Sickness Impact
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TABLE 1

INSPIRATORY LOADS FOR INSPIRATORY
MUSCLE TRAINING*

15% Group 30% Group

(em H,0) (em H,0)
Month 1 -8(2 -18 (5)
Month 2 -9 (3 -21 (6)

* All values are means (SD).

Profile (16), and Health Perceptions Question-
naire (17). Patients reported specific clinical
symptoms on a daily log.

Additionally, we measured demographic
data and pulmonary function tests, includ-
ing lung volumes by helium dilution (Stead-
Wells Modular Spirometer, Warren E. Col-
lins, Braintree, MA) (18), spirometry (Gould
500 IV Computerized Pulmonary Function
Lab; Gould Medical Products Division, Day-
ton, OH) (19), and arterial blood gases (In-
strumentation Laboratory System 1303
pH/blood gas analyzer and the Instrumen-
tation Laboratory System Co-Oximeter 282,
Lexington, MA). We remeasured spirometry
at the end of the study. Upon entry into the
study, patients underwent a 2-wk control peri-
od during which they practiced the following
tests: PImax, endurance time, and 12MD.
During this period, patients performed these
tests once a week for 3 wk and the third repe-
tition was taken as the baseline measure.

Independent Variable

Inspiratory muscle training. Patients trained
with a pressure threshold breathing device that
could be adjusted to produce reliable inspira-
tory pressure loads (figure 1). This device was
designed by an engineer, D. Larson, specifi-
cally for this study. In contrast to the cur-
rently available nonlinear resistive breathing
devices, its major advantage is that it produces
consistent inspiratory pressure loads regard-
less of the inspiratory flow rate.

Fig. 1. Pressure threshold breathing device.

The pressure threshold breathing device was
constructed with a spring-loaded poppet valve
that could be adjusted to produce inspirato-
ry pressure loads ranging from —5 cm H,O
to —35 cm H,0. To train with this device,
patients had to generate a predetermined
negative pressure with each inspiration to
open the poppet valve and allow airflow. This
pressure threshold breathing device had suf-
ficient flow capacity to maintain a relatively
constant inspiratory pressure load with flow
rates as high as 3 L/s. At higher flows, the
inspiratory pressure load increased by a max-
imum of 1 to 2 em H,0 (figure 2).

Patients trained with this device for 15 min
a day during the first week. They gradually
increased the duration of each training ses-
sion to 30 min a day for the remaining 7 wk.
We monitored this process by asking them to
record the duration of each training session
on a daily log and we telephoned patients once
a week until they reported they could accom-
plish the full 30 min with ease. This was de-

Airflow
(LPS)
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signed to both assist patients in performing
the exercises and encourage compliance with
the protocol. Patients were instructed to use
a noseclip for all training sessions.

Dependent Variables

Inspiratory muscle strength. We measured the
Pimax as an indicator of inspiratory muscle
strength. The Pimax was defined as the max-
imal negative pressure that could be measured
at the mouth when patients performed a max-
imal inspiratory effort against an occluded
airway (20). Measurements were taken with
a 2000-200-CM magnehelic pressure gauge
(Dwyer Instruments, Michigan City, IN) with
thick rubber tubing and a mouthpiece at-
tached to its negative port. An 18-gauge nee-
dle was inserted in the proximal end of the
tubing to assist patients in maintaining an
open glottis during the maneuver. Calibra-
tion of the pressure gauge was verified against
a water manometer. We measured Plmax
from residual volume, and negative pressures
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Fig. 2. Relationship between airflow and inspiratory pressure load of the pressure threshold breathing device.
In Panel A, airflow was generated through the pressure threshold breathing device with a constant airflow genera-
tor, and pressure measured at the mouthpiece remained relatively constant despite a large increase in airflow.
In Panel B, airflow was varied during normal breathing through the pressure threshold breathing device, and

mouth pressure remained relatively constant.
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had to be sustained for a minimum of one
full second. Each measurement was taken a
minimum of five times.

Respiratory muscle endurance. We mea-
sured the endurance time as an indicator of
respiratory muscle endurance. The endurance
time was defined as the maximal duration for
which patients could breathe against an in-
spiratory pressure load equal to 66% of their
Pimax. The absolute inspiratory pressure load
for this test increased as Pimax increased
throughout the study. We used the device de-
signed by Nickerson and Keens (21). This de-
vice is a pressure threshold breathing device,
and its inspiratory orifice is occluded by a
weighted plunger so patients must generate
enough negative pressure to lift the plunger
and allow inspiratory flow. It can be adjust-
ed to produce inspiratory pressure loads rang-
ing from —5 cm H,0 to —90 cm H,0.

To perform the test, patients first warmed
up by breathing against an inspiratory pres-
sure load equal to 15% of their Pimax for §
min. After the warm-up, they were presented
with the test load (66% of Pimax) and in-
structed to breathe against that load for as
long as they could, until they became so tired
they could not continue or until they were un-
able to get enough air. In either case, they
were to perform the best they could for that
day. The same precise directions were given
at each test. During the test, we monitored
oxygen saturation by ear oximetry (Biox I1A;
Biox Technology, Denver, CO) and we asked
patients to rate their perceived effort on a Borg
Scale every 3 min (22).

Because performance on the endurance test
could vary depending on the breathing pat-
tern adopted (23, 24), we measured inspira-
tory time (Ti) and total duration of each re-
spiratory cycle (Ttot) to verify that there were
no significant differences in breathing pat-
terns from test to test. These data were mea-
sured from graphic recordings of airflow as
measured at the mouth with a Fleisch pneu-
motachograph and Validyne differential pres-
sure transducer, DP45-16 (Validyne Engineer-
ing Corp., Northridge, CA), which was con-
nected in series with the Nickerson and Keens
pressure threshold breathing device. These da-
ta were used to calculate a tension time index
(TTI) for the inspiratory muscles during each
endurance test. The TTI was calculated as the
product of the mean inspiratory mouth pres-
sure (expressed as a fraction of Pimax) and
the ratio of Ti/Ttot in a manner similar to
Bellemare and Grassino (23).

General exercise tolerance. We assessed pa-
ients’ exercise tolerance or ability to func-
ion physically by measuring the maximal dis-
ance each patient could walk on a level sur-
ace in 12 min according to the method of
vicGavin and coworkers (14). This test re-

uired a prolonged submaximal effort that
eflected patients’ functional ability. It tested
»atients with an activity that was familiar,
ind it could be used even in severely limited
»atients.

The 12MD was conducted in a quiet,
emperature-controlled hospital corridor

where the investigator instructed patients to
walk as far as possible in 12 min. Patients
were allowed to slow down or stop and rest
if necessary, but rest time was included as part
of the 12 min. Oxygen saturation was assessed
at the beginning and end of the first practice
test, and further tests were conducted with
oxygen if oxygen saturation fell below 85%.

Affective moods. We administered the Pro-
file of Mood States questionnaire to deter-
mine if IMT would improve patients’ moods.
The Profile of Mood States questionnaire
reflects patients’ perception of the following
affective states: Tension-Anxiety, Depression-
Dejection, Anger-Hostility, Vigor, Fatigue-
Inertia, and Confusion-Bewilderment. It is
alist of 65 adjectives, each with a 5-point rat-
ing scale (not at all, a little, moderately, quite
a bit, extremely) to which patients respond
by selecting the modifier that best describes
how they felt over the past week. This instru-
ment has been used extensively and is both
reliable and valid (15).

Functional impairment. The Sickness Im-
pact Profile was administered to determine
if patients’ perception of their functicnal im-
pairment was influenced by IMT. The Sick-
ness Impact Profile consists of 136 items in
12 scales: Ambulation, Mobility, Body Care
and Movement, Social Interaction, Commu-
nication, Alertness Behavior, Emotional Be-
havior, Sleep and Rest, Eating, Work, Home
Management, Recreation and Pastimes. Items
describe dysfunctional behaviors, and patients
identify those dysfunctional behaviors that
describe them and are related to their state
of health. Reliability was established with test-
retest reliability coefficients of r = 0.92, and
validity was established in a variety of popu-
lations (16).

General health status. The Health Percep-
tions Questionnaire was administered to
evaluate the effects of training on patients’
perception of their general health status. The
Health Perceptions Questionnaire contains 35
items that reflect patients’ assessment of six
constructs of general health: Current Health,
Prior Health, Health Outlook, Resistance to
Illness, Health Worry/Concern, and Sickness
Orientation (17). The reliability and validity
of this instrument was established in a large
national sample that supported its ability to
evaluate changes in health over time (17).

Clinical symptoms. Patients reported their
clinical symptoms and use of the pressure
threshold breathing device on a daily log. They
rated the intensity of each of the following
symptoms on a 5-point scale (0 = none, |
= a little, 2 = moderate, 3 = quite a bit,
4 = severe, 5 = most severe): shortness of
breath, wheezing, cough, difficulty expec-
torating sputum, and fatigue. In addition, they
reported the duration of each training session.

Sample
Patients meeting the following criteria were
eligible for participation: (/) FEV, < 65%
predicted, and (2) stable condition. Patients
with a recent history of exacerbation were al-
lowed to enter the study only after they report-
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ed that their ability to function and day-to-
day symptoms had returned to baseline. All
patients were enrolled more than two months
after recovery from an exacerbation except
one who enrolled one month after recovery
from an exacerbation because he insisted that
his breathing would not improve any further.
Patients were advised against participation
if they indicated that the 12MD was too
strenuous. Patients were excluded if they
demonstrated evidence of restrictive lung dis-
ease based on lung volumes, if they had a his-
tory of asthma, and if they had a history of
cardiovascular disease or musculoskeletal
conditions that could interfere with either the
training or testing maneuvers. Patients were
also excluded if they were taking psychotro-
pic drugs or abusing alcohol. Patients were
dropped from the study if they: experienced
an exacerbation, required a change in their
pharmacologic regimen, or reported less than ,
80% compliance with the training protocol.

All pulmonary function tests were conduct-
ed with patients taking their routine pharma-
cologic regimens because many patients could
not tolerate withholding medication prior to
testing. All pulmonary function tests and
measures of the dependent variables were tak-
en at the same time of day for each individu-
al patient. This was necessary to avoid the
effects of fluctuating drug levels throughout
the day.

Procedures

At each visit, data were collected in the same
sequence. The Pimax was measured first and
this was followed by the test of endurance
time. Patients were then given a minimum of
20 min of rest prior to performing the 12MD.
All tests were conducted by one investigator,
and the same precise directions were given
with each test. All appointments were made
for the same time of day, and the time was
determined by each patient’s report of when
they felt the best.

The baseline Profile of Mood States ques-
tionnaire was administered at the first visit,
and the remaining questionnaires were ad-
ministered in random order during the 20-min
rest periods of subsequent visits. When this
time was not sufficient, questionnaires were
sent home and patients were instructed to keep
their answers confidential from family mem-
bers and return them via mail within two days.
The same procedures were followed after 1
and 2 months of IMT. By sending question-
naires home with patients, we limited the du-
ration of each visit and reduced the potential
confounding effects of fatigue on the ques-
tionnaire data. All questionnaires were com-
pleted and returned in a timely manner.

Random assignment to the treatment group
was conducted by a person who was not in-
volved with the study, and patients were in-
structed about the double-blind nature of the
study.

Data Analysis

Data for Pimax, endurance time, 12MD, and
questionnaires were analyzed by analysis of
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TABLE 2
SAMPLE CHARACTERISTICS*®

15% Group 30% Group p Value
Age, yr 68 (3) 60 (6) < 0.01
FEV,, % pred 27 (11) 36 (20) NS
FEV,/FVC 33 (9) 38 (11) NS
FRC, % pred 135 (35) 130 (34) NS
TLC, % pred 109 (19) 112 (20) NS
Oxyhemoglobin,

% saturation 92 (3) 94 (2) NS
Pao,. mm Hg 67 (9) 76 (6) < 0.05
Paco, mm Hg 42 (5) 40 (5) NS
Weight/height,

pounds/inches 2.3 (0.3) 2.2 (0.4) NS

* All values are means (SD).

variance for repeated- measures with one
grouping factor and one within factor (25,
26). Data were grouped according to treat-
ment group (grouping factor) and duration
of treatment (within factor). The total vari-
ance in each dependent variable was broken
down into effects accounted for by the treat-
ment group, and effects accounted for by the
duration of treatment. Interactions between
the two main effects of treatment group and
duration of treatmerit were examined to iden-
tify changes that occurred over time in one
group but not the other. When significant
differences were found, unplanned post hoc
comparisons were conducted with the T-
method (26). Some data were missing because
it was not always possible to reschedule tests
when patients failed to perform at maximal
level.

Data from baseline pulmonary function
tests were analyzed with descriptive statistics,
and the relationships between baseline pul-
monary function tests and improvement af-
ter IMT were analyzed with Pearson’s corre-
lation (26). Pulmonary function tests at base-
line and after two months of IMT were
compared with paired ¢ tests.

Data from patient’s daily log of clinical
symptoms were collapsed into weekly aver-
ages for each symptom. Log data collected
during the first control week were discarded
to avoid confounding effects associated with
the novelty of completing the logs. The col-

TABLE 3

SAMPLE CHARACTERISTICS AS REPORTED
BY PATIENTS ON QUESTIONNAIRES*T

Hollingshead Index 35 (9)
Sickness Impact Profile (% functional impairment)

Psychosocial dimension 7 (6)
Physical dimension 4 (4)
Total sickness impact profile 9 (6)
Profile of Mood States (raw score)
Tension-anxiety 10 (6)
Depression-dejection 10 (10)
Anger-hostility 10 (7)
Health Perceptions Questionnaire (raw score)
Current health 24 (3)
Prior health 9 (2)

* All values are means (SD).
1t Selected scales were reported here, but complete data
available upon request to the first author.

lapsed data from control Week 2 and training
Weeks 1 through 8 were analyzed with Fried-
man’s test for multiple matched groups (27).

Results

A total of 22 patients (20 men, 2 women)
completed the study. Twelve trained with
the lighter inspiratory pressure load (15%
Plmax), and ten trained with the heavier
inspiratory pressure load (30% Pimax).
There were few significant differences be-
tween the two groups at baseline, and
these data are summarized in table 2. The
sample was middle class as indicated by
the Hollingshead Four Factor Index of
socioeconomic status (28). Most patients
had severe COPD, and most patients were
taking standard pharmacologic regimens
such as inhaled beta agonists, oral beta
agonists, and methylxanthines. One pa-
tient used home oxygen, and four pa-
tients had arterial CO, greater than 45
mm Hg (two in each group). There were
no significant differences between the
two groups for questionnaire data at
baseline, so both groups were combined
and only selected scales are reported in
table 3 because of space limitations.
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The analysis of variance demonstrat-
ed no significant difference for Pinax be-
tween treatment groups or for the inter-
actions between treatment group and du-
ration of treatment. However, there was
a significant difference for the duration
of treatment (p < 0.01). Post hoc com-
parisons with the T-method demonstrat-
ed no significant change in Plyax for the
group that trained with the 15% load,
but there was a significant increase in
Pimax for the group that trained with the
30% inspiratory load (p < 0.01) (figure
3, table 4). Patients who trained with the
30% inspiratory pressure load increased
their Pimax by a mean of —12 cm H,O
after one month of training, with no fur-
ther increase after the second month of
training. Post hoc comparisons demon-
strated no significant difference between
the groups for Pimax at baseline, but af-
ter both one month and two months of
inspiratory training, the patients who ex-
ercised with the 30% inspiratory load had
significantly higher Pimax than did the
patients who exercised with the 15% load
(p < 0.01).

The data for the test of endurance time
were transformed with a log transforma-
tion to meet the assumptions of analysis
of variance (26). For the transformed da-
ta, there was no significant difference be-
tween treatment groups and no signifi-
cant difference for interaction between
treatment group and duration of treat-
ment. However, there was a significant
difference for the duration of treatment
(p < 0.01). Post hoc comparisons with
the T-method demonstrated no signifi-
cant change in endurance time for the
group that trained with the 15% inspira-
tory pressure load, but there was a sig-
nificant increase in endurance time for
the group that trained with the 30% in-

TABLE 4

DESCRIPTIVE STATISTICS FOR MAXIMAL INSPIRATORY PRESSURE, ENDURANCE TIME,
AND 12-MIN DISTANCE WALK*

Month 1 Month 2
n Baseline imTt Tt
Maximal inspiratory pressure, cm H,0
15% group 1 -53 (16) -61 (16) —-60 (15)
30% group 10 -61(17) -75 (18)¥§ -73 (193§
Endurance time, min
15% group 10 5.4 (4.9) 5.1 (5.4) 6.8 (4.0)
30% group 9 6.7 (5.5) 9.3 (8.0) 121 (12.2)
12-min distance walk, feet
15% group 12 2,549 (420) 2,544 (466) 2,601 (437)
30% group 8 2,588 (471) 2,813 (497)I1 2,787 (467)l11

* All values are means (SD).
1 Inspiratory muscle training (IMT).

1 Baseline compared to either one or two months of IMT; p < 0.01.

§ 30% group compared to 15% group; p < 0.01.
I 309% group compared to 15% group; p < 0.05.

1 Baseline compared to either one or two months of IMT; p < 0.05.




INSPIRATORY MUSCLE TRAINING

0
TIME (MONTHS)

693
120
1 15% LOAD 30% LOAD 26007 15% LOAD 30% LOAD
g, 110+ 24001
s
i« 100+ 22001
§ 90__ 2000"
w 1800+
eo-n
2
- ~ 1600+
a.
3 | g 14004
g o s
& 50 &
azs = 10001
— 40-
2 4 § 800+
X 3
% 600
T w
20+ 4004
104 2001
% T 3 5 3 % ¥ g ———l
TIME (MONTHS)

Fig. 3 (left). Repeated measures of Pimax in both groups of patients.

Fig. 4 (right). Repeated measures of endurance time in both groups of patients.

spiratory pressure load (figure 4, table
4). Patients who trained with the 30%
load had no change in endurance time
after one month of IMT, but increased
endurance time by a mean of 5 min after
two months of IMT (p < 0.05). Repeated
measures analysis of variance demon-
strated no significant differences in the
breathing pattern during repeated tests
of endurance time (table 5).

The oxyhemoglobin saturation rou-
tinely increased during the test of endur-
ance time, but it often declined by 1 or
2% just before patients terminated the
test. At the point where they terminated
the test, patients reported an average in-
tensity of effort between strong and very
strong on the Borg Category-Ratio Scale.

For 12MD there was no significant
difference between groups, but there was
a significant difference for duration of

reatment (p < 0.01) and for the interac-
tion between treatment group and dura-
tion of treatment (p < 0.01). Post hoc
comparisons demonstrated no change in
12MD for the group that trained with the
15% inspiratory pressure load, but there

was a significant increase in 12MD for
the group that trained with the 30% in-
spiratory pressure load (figure 5). Pa-
tients who trained with the 30% load in-
creased their 12MD after one month of
IMT (p <0.05), with no further increase
at the end of two months of IMT. Their
12MD increased by a mean of 199 feet.
There was no significant difference be-

tween the groups at baseline for 12MD,
but after both one and two months of
IMT, the groups that trained with the
30% load had significantly higher 12MD
than the group that trained with the 15%
inspiratory load (p < 0.05). In the group
that trained with the 15% inspiratory
pressure load, one patient desaturated
during the initial practice test and was

TABLE 5
MOUTH PRESSURE AND BREATHING PATTERNS MEASURED DURING THE TEST

OF ENDURANCE TIME*t

Exercise Month 1 Month 2
Group n Baseline IMT IMT p Value
Mouth pressure, cm H,0
15% load ] - 37 (10.7) - 42 (10.1) —-42 (8.6) <0.05
30% load 9 -40 (11.8) -51(11.8) - 49 (12.4) < 0.01
TiTtot
15% load 9 0.349 (0.116) 0.320 (0.081) 0.295 (0.075) NS
30% load 9 0.302 (0.085) 0.256 (0.077) 0.255 (0.080) NS
Tension-time index
15% load 9 0.230 (0.077) 0.212 (0.053) 0.195 (0.049) NS
30% load 9 0.195 (0.058) 0.165 (0.043) 0.163 (0.048) NS

" All data are means (SD).

1 Tension-time index was calculated as the product of Ti/Ttot and the inspiratory load (expressed as a fraction of Pimax).
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walked on subsequent tests with O, at
2 L/min.

There were no significant differences
in FEV, or FVC following IMT. Change
scores were calculated for Pimax, endur-
ance time, and 12MD by subtracting
baseline measures from those taken af-
ter two months of IMT. In patients who
trained with the 30% inspiratory pres-
sure load, baseline FRC correlated posi-
tively with improvement in Pipay (r =
0.51, p > 0.05) and 12MD (r = 0.69, p
< 0.05), but it correlated negatively with
improvement in endurance time (r =
-0.70, p < 0.05).

For both groups, there were no changes
in the following: Profile of Mood States,
Sickness Impact Profile, and Health Per-
ceptions Questionnaire. There were no
significant differences in either group
among scores at baseline and during each
week of IMT on the symptoms of short-
ness of breath, wheezing, coughing, dif-
ficulty expectorating sputum, and fatigue
(p > 0.05) as reported in the daily log.

Forty-five patients completed the con-
trol period, but only 22 completed the
study. Of the 23 who did not finish, 15
dropped out before completing one
month of IMT, four dropped out before
completing two months of IMT, and four
completed two months of IMT but their
data were discarded either because of ex-
acerbations or insufficient compliance.
Most patients dropped out during IMT

for reasons that were beyond their con-
trol, including exacerbations of COPD
and unrelated health problems.

The dropouts were compared to those
who completed the study to determine
if there were significant differences in pa-
tient characteristics that would explain the
high dropout rate. Independent ¢ tests
identified no significant differences in the
means for the following variables: age,
FEV, percent predicted, TLC percent
predicted, Paco,, Pao,, 12MD, Plmax,
endurance time; Profile of Mood States
scales for Fatigue-Inertia, Vigor, De-
pression-Dejection, Tension-Anxiety;
Sickness Impact Profile scores for the
Physical Dimension, Psychosocial Di-
mension, and Total Sickness Impact Pro-
file; and Health Perceptions Question-
naire scale for Current Health. Further-
more, the dropout rate was not affected
by the assigned training load because
similar numbers dropped out of each
group. Of the 19 who dropped out be-
fore the end of two months of IMT, nine
were assigned to train with the 30% in-
spiratory pressure load and ten were as-
signed to train with the 15% inspiratory
pressure load.

Discussion
Patients who trained with the lighter in-
spiratory pressure load demonstrated no
improvement in inspiratory muscle
strength, respiratory muscle endurance,
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and general exercise tolerance, However,
patients who trained with the heavier in-
spiratory pressure load increased all three
parameters.

At the time of this report, we are aware
of only two studies that trained the in-
spiratory muscles with a pressure thresh-
old breathing device. The first was Clan-
ton and coworkers (29), who trained nor-
mal subjects for strength by training them
with heavy inspiratory pressure loads for
very brief periods. They increased the
training load with each training session
as long as subjects could maintain ade-
quate tidal volumes. This protocol was
so different that it cannot be compared
to the present study. The second was
Goldstein and colleagues (30), who
trained COPD patients with the highest
inspiratory pressure load that could be
tolerated for 10 min. They have not yet
published their work in detail, hence
results cannot be compared. However,
our results can be compared to the ef-
fects of IMT with nonlinear resistive
breathing devices. '

Our results are generally consistent
with some of the findings of previous in-
vestigators who trained patients with
nonlinear resistive breathing devices. As
indicated earlier, investigators reported
inconsistent improvements in inspirato-
ry muscle strength, respiratory muscle en-
durance, and general exercise tolerance,
but the present study is the first to dem-
onstrate an increase in inspiratory mus-
cle strength, respiratory muscle endur-
ance, and general exercise tolerance in the
same group of patients. This may in part
be accounted for by the nature of the
training. With the threshold pressure
breathing device, patients trained with a
consistent inspiratory pressure load,
whereas with the nonlinear resistive
breathing devices, patients could adjust
their inspiratory pressure load by adjust-
ing their airflow, so their inspiratory pres-
sure load was not precisely known (13).
Because it is difficult to quantify the ac-
tual inspiratory pressure load of a non-
linear resistive breathing device in the
home setting, it is possible that our pa-
tients trained with heavier pressure loads.

The two groups of patients in this
study were significantly different from
each other with respect to age and Pao,.
The group that trained with the 15% in-
spiratory pressure load was slightly old-
er and their resting Pao, was slightly low-
er than the other group. However, it is
unlikely that the difference in Pag, af-
fected results because O, saturation in-
creased as patients hyperventilated dur-
ing tests of respiratory muscle endurance
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and during the IMT exercises. The lower
Pag, could have influenced the 12MD if
those subjects were prone to desaturate,
but we monitored this and administered
0, during all 12MD tests to the one sub-
ject in the group with the 15% inspirato-
ry load who desaturated. Moreover, in
the group that exercised with the 30%
inspiratory pressure load, there were no
significant correlations between age and
changes in 12MD (r = —0.45), Pimax (1
= —0.46), and endurance time (r =
0.14). Similarly, there were no significant
correlations between Pap, and changes
in 12MD (r = 0.16), Pinax (r = —0.19),
and endurance time (r = 0.15). Similar
relationships were observed for the group
that exercised with the 15% load and for
the combined groups. Because the differ-
ences in both age and Pao, were relative-
ly small and there were no differences in
other variables such as spirometry and
lung volumes, it is not plausible that these
differences influenced the results.

The clinical significance of the ob-
served changes remains to be determined.
The —12 cm H,O increase in Plmax for
the group that trained with the 30% in-
spiratory pressure load was a modest im-
provement. It is not plausible that these
data represent a learning effect in per-
forming the Pimax maneuver because of
e practice sessions. During the first and
second visit of the control period, Pimax
ncreased significantly (p < 0.05), but
‘here was no further increase with the
‘hird visit.

Improvement in Pimax plateaued after
one month of IMT and this may be ex-
slained by the nature of the inspiratory
oad. For every 10 cm H,O increase in
2Imax, the training load was increased by
ipproximately 3 cm H,O to maintain the

raining load at 30% of Pimax. Hence,
»atients were given relatively small in-
:reases in training load, and it is possi-
rle that further improvements in strength
nay have been elicited by heavier train-
ng loads. However, clinical impressions
2ad us to believe that an inspiratory pres-
ure load equal to 30% of the Pimax was
substantial training load. These impres-
ions were verified by patients at the end
f the study when asked if they would
ke to train with a heavier load. All pa-
ients who trained with the heavier load
aid they did not want to increase the
-aining load, whereas most patients who
rained with the lighter load said they
vould like to increase the training load.

The increase in endurance time was
nodest, but the inspiratory pressure load
n this test was increased as individual
:atients increased their Pinay. This was

done to isolate the effects of muscle
strength and endurance. Hence, patients
improved their performance on the test
of endurance time while breathing
against higher absolute inspiratory pres-
sure loads. The magnitude of improve-
ment was similar to the findings of Chen
and coworkers (31) with a similar test fol-
lowing a combination of bicycle training
and IMT with a nonlinear resistive
breathing device. There were no signifi-
cant differences between the two groups
after IMT, and this suggests that the im-
provements observed in the group that
trained with the 30% inspiratory pres-
sure load were not dramatic.

Performance on the test of endurance
time could improve if patients used a
shorter duty cycle and lower inspiratory
flow rates during the test (23, 32). The
work of Clanton and colleagues suggests
that the most important of these two vari-
ables is duty cycle (24). We observed no
significant change in duty cycle from test
to test; hence, this could not account for
the improved performance. We did not
monitor inspiratory airflow, but patients
were given identical directions for per-
forming the test and we have no reason
to believe that it would have changed
from test to test. However, we recognize
this as a limitation of our data.

With endurance tests of this nature,
one must always be concerned with the
effects of motivation on performance.
We limited the effects of this variable by
giving the same precise directions to each
patient, randomly assigning subjects to
their training group, and blinding both
the investigator and patients to group as-
signment. In general, our subjects were
highly motivated, and the fact that all
subjects were training with an inspirato-
ry pressure load helped maintain the high
level of motivation and limit the risk of
demoralization in the control group.

The change in 12MD was modest, but
it was consistent with the changes ob-
served by others after IMT (4, 5, 9, 10).
The improvement in 12MD was also simi-
lar to the improvement observed after
other forms of therapies such as oxygen
(33, 34), aminophylline and salbutamol
(35), promethazine (36), and general ex-
ercise rehabilitation (37-39). It remains
unclear though whether the effects of any
of these interventions would be additive.
In contrast, it could be that any one of
the above interventions will improve per-
formance to this level but no further.

Patients’ moods were measured be-
cause it has been reported that patients
with COPD have disturbances in their
moods (40), and it was anticipated that

695

moods may improve if patients felt bet-
ter after IMT. However, when compared
to published normative data, this sam-
ple of COPD patients did not report sig-
nificant mood disturbance on the base-
line Profile of Mood States questionnaire
(15). Hence, it is understandable that they
would not experience improvements. This
data must be interpreted with caution,
though, because the published norms are
for psychiatric outpatients and college-
age students.

This sample reported mnderate levels
of functional impairment on the Sick-
ness Impact Profile at baseline, and they
reported lower scores for Current Health
than the general population (17). Even
though there was no systematic improve-
ment in reported functional impairment,
health status, or symptoms, many pa-
tients reported anecdotally that the train-
ing was helpful. We suspect that if any
of these factors improved with IMT the
improvements were very subtle and the
instruments that we used were not sensi-
tive enough to detect them.

The dropout rate was high in this study,
but it was similar to the experiences of
other investigators (5, 13). We found no
difference between those who complet-
ed the study and those who dropped out.
Hence, it seemed to be a problem as-
sociated with longitudinal research in this
elderly chronically ill population rather
than a response to the experimental in-
tervention.

For the patients who trained with the
30% inspiratory pressure load, the FRC
was positively associated with improve-
ment in inspiratory muscle strength and
general exercise tolerance, but negative-
ly associated with improvement in respi-
ratory muscle endurance. This suggests
that factors such as hyperinflation may
influence the patients’ response to IMT,
but this was a small group of patients
and no generalizations can be made. Fur-
ther work needs to be done in this area
to determine which patients are most like-
ly to benefit from this type of training.

We used an experimental design that
was double blind with patients random-
ly assigned to treatment groups, and this
strengthens our claim that the differences
between the groups were a result of the
differences in inspiratory pressure loads
during training. However, it is not suffi-
cient evidence to claim that the improved
strength and endurance of the respirato-
ry muscles accounted for the improve-
ments in 12MD. There are other mecha-
nisms that may also account for the ob-
served results. Inspiratory muscle training
may improve neuromuscular coordina-
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tion, so patients can consciously breathe
deeper and slower when exerting them-
selves. This would decrease inspiratory
time and increase the time available for
expiration. Inspiratory muscle training
may desensitize patients to the fear of
dyspnea, so they are no longer afraid to
push themselves to higher levels of ac-
tivity. These issues were not addressed by
the present study, but they need to be ex-
plored further.

In summary, we trained patients with
a pressure threshold breathing device that
allowed us to compare the effects of IMT
with two inspiratory pressure loads.
Those who trained with the heavier in-
spiratory load improved their ability to
perform tests of inspiratory muscle
strength, respiratory muscle endurance,
and general exercise tolerance. These
results are promising, but many questions
remain unanswered regarding the effects
of IMT. We feel that a reliable inspirato-
ry pressure training load is very impor-
tant and remaining questions about the
potential effects of IMT will best be an-
swered with further research that employs
IMT devices similar to the one we used.
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