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Summary 

Ruckground: It has been previously shown that the inspira- 
tory muscles of patients with congestive heart failure (CHF) 
are weaker than those of normal persons. This weakness may 
contribute to the dyspnea and limit exercise capacity in these 
patients. The respiratory muscles can be trained for both 
strength and endurance. 

Hypothesis: The present study was designed to evaluate the 
effect of specific inspiratory muscle training (SIMT) on inspi- 
ratory muscle performance, lung function, dyspnea, and exer- 
cise capacity in patients with moderate heart failure. 

Methods: Twenty patients with CHF (NYHA functional 
class 11-111) were recruited for the study. The subjects were 
randomized into two groups: 10 patients were included in the 
study group and received SIMT and 10 patients were assigned 
to the control group and received sham training. Subjects in 
both groups trained daily, 6 timedweek, for one-half h, for 
3 months. The subjects started breathing at a resistance equal 
to 15% of their PImax for 1 week and the resistance was then 
increased incrementally to 60%. Spirometry, inspiratory mus- 
cle strength (assessed by measuring the PImax at residual vol- 
ume), and endurance (expressed by the relationship between 
PmPeak and PImax), the 12-min walk test, and peak V02 
were performed before the beginning and at the end of the 
training period. 

Results: All patients in the training group showed an in- 
crease in the inspiratory muscle strength [mean (-+ standard er- 
ror of the mean) PImax increased from 46.5 2 4.7 to 63.6 f 4.0 
cm H20, p < 0.0051, and endurance (mean PmPeMImax 
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from 47.8 ? 3.6 to 67.7 f 1.7%. p < 0.03, while they remained 
unchanged in the control group. This was associated in the 
training group with a small but significant increase in forced 
vital capacity, a significant increase in the distance walked 
(458 f 29 to 562 2 32 m, p < 0.01), and an improvement in the 
dyspnea index score. No statistically significant change in the 
mean peak V02 was noted in either group. 

Conclusions: Specific inspiratory muscle training resulted 
in increased inspiratory muscle stxength and endurance. This 
increase was associated with decreased dyspnea, increase 
in submaximal exercise capacity, and no change in maximal 
exercise capacity. This training may prove to be a complemen- 
tary therapy in patients with congestive heart failure. 

Key words: specific inspiratory muscle training, dyspnea, ex- 
ercise tolerance, congestive heart failure 

Introduction 

The mechanism of dyspnea in chronic heart failure is not 
well understood,' and it correlates poorly with the severity of 
heart Dyspnea in acute heart failure is a conse- 
quence of raised left atrial pressure$ however, it does not ap- 
pear to be due to changes in pulmonary vascular preswres in 
chronic heart failure!, 

Studies investigating dyspnea suggest that dyspnea, at least 
in part, is perceived as respiratory muscle effort.x. In addi- 
tion, several studies have been carried out in order to correlate 
dyspnea and respiratory muscle performance. It is well doc- 
umented that the degree of breathlessness, subjectively re- 
ported by the patients, is related to the activity and the strength 
of the inspiratory  muscle^.^^^ ' I  It has been previously shown 
that the respiratory muscles of patients with congestive heart 
failure (CHF) are weaker than those of normal persons. 12. l 3  

Moreover, when Hammond et al. l 4  attempted to measure in- 
spiratory muscle endurance, most patients with CHF could 
not breathe on an inspiratory threshold loading device for 
more than 1 or 2 min, even at 40-S0% of their PImax. The 
symptoms of heart failure, that is, exertional fatigue and dys- 
pnea, may result in part from this impaired respiratory muscle 
performance. 
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It is well established that respiratory muscles can be trained 
like other skeletal  muscle^.'^-^^ Respiratory muscle training 
may be particularly advantageous for patients with heart fail- 
ure, since an increase in inspiratory muscle strength and en- 
durance may attenuate dyspnea and enhance exercise perfor- 
mance. In one previous study, the benefit of respiratory muscle 
training in patients with CHF was studied.'* It was concluded 
that respiratory muscle training improved exercise capacity 
and dyspnea during daily activities in patients with CHF. 

We hypothesized that if respiratory muscle weakness plays 
a role in the sensation of dyspnea, then respiratory muscle 
training that improves respiratory muscle performance will 
result in attenuation of dyspnea and endurance exercise per- 
formance in patients with CHF. 

Patients and Methods 

Twenty patients with CHF (18 men and 2 women) with an 
age from 55 to 74 years [mean f standard error of the mean 
(SEM) 68 k 6.21 were recruited for the study. Inclusion crite- 
ria included the following: (1) New York Heart Association 
(NYHA) functional class 11-111 (defined by two cardiologists 
who were blinded to the study design), (2) left ventricular 
ejection fraction (LVEF) < 30%, (3) no evidence of lung dis- 
ease, (4) clinical stability, and (5) PImax < 70% of predicted 
normal values. All patients were receiving digoxin, diuretics, 
and angiotensin-converting enzyme (ACE) inhibitors while 
entering the study, and the medication was not changed during 
the study. The study was approved by the institutional com- 
mittee on human research and informed consent was obtained 
from all patients. 

Study Design 

The subjects were randomized into two groups: 10 pa- 
tients comprised the study group and received specific inspi- 
ratory muscle training (SIMT) (Group l), and 10 patients 
were assigned to the control group and received sham train- 
ing (Group 2). 

TeStS 

All tests were performed before and at the end of the train- 
ing period. Several training tests before the baseline value 
were performed in all patients to correct possible training and 
learning effect. List of abbreviations and meanings are shown 
in Table I. 

Spirometry: Pulmonary functions were assessed by spirom- 
etry, performed before and at the end of the training period. 
The forced vital capacity (FVC) and the forced expiratory vol- 
ume in one second (FEV1) were measured three times on a 
computerized spirometer (Compact, Vitalograph, Bucking- 
ham, England) and the best trial is reported. 

Respiratory muscle strength: Respiratory muscle strength 
was assessed by measuring the maximal inspiratory mouth 
pressure (PImax) at residual volume (RV) and the maximal ex- 

TABLE I List of abbreviations 

Abbreviation Meaning 

NYHA New York Heart Association 
LVEF Left ventricular ejection fraction 
VOzmax 

exercise 
PImax Maximal inspiratory pressure-assesses the 

inspiratory muscle strength 
PEmax Maximal expiratory pressure-assesses thc 

expiratory muscle strength 
P,Peak Maximal negative pressure produced by the 

patient handling incremental resistance duri tip 
the endurance test 

Maximal 0 2  consumption during maximal 

W C  Forced vital capacity 
FEV I 

RV Residual volume 
TLC Total lung capacity 

Forced expiratory volume during the first 
second of maximal expiiation 

piratory mouth pressure (PEmax) at total lung capacity (TLC) 
as previously described by Black and Hyatt.I9 The value ob- 
tained from the best of at least three efforts was used. 

Inspiratory muscle endurance: To determine inspiratory 
muscle endurance, a device similar to that proposed by Nick- 
erson and Keens20 was used. Subjects inspired through a two- 
way Hans-Rudolph valve whose inspiratory port was connect- 
ed to a chamber and plunger to which weights could be added 
externally. Inspiratory elastic work was then increased by the 
progressive addition of 25 to 100 g weights at 2 min intervals, 
as was previously described by Martyn et al.," until the sub- 
jects were exhausted and could no longer inspire. The pressure 
achieved with the heaviest load (tolerated for at least 60 s) was 
defined as the peak pressure (PmPeak). 

Twelve-minute walk: The distance the patient was able to 
walk in 12 min was determined in a measured corridor as de- 
scribed by McGavin et a1.22 

Exercise tolerance test: Exercise testing was performed us- 
ing the multi-stage testing technique on a treadmill. The patient 
began at the lowest possible speed, and the speed was then in- 
creased at the conclusion of each min of exercise until exercise 
could not be continued. Throughout the procedure, oxygen 
consumption, C02 production, tidal volume, and minute venti- 
lation, as well as arterial oxygen saturation were measured. 

Trainingprotocol: Subjects in both groups trained daily, six 
times a week, each session consisting of one-half hour train- 
ing, for 3 months. The training was performed under the su- 
pervision of a physiotherapist. The subjects received SIMT 
with a threshold inspiratory muscle trainer (Threshold" In- 
spiratory Muscle Trainer, Healthscan, N.J.). The subjects start- 
ed breathing at a resistance equal to 15% of their PImax for 1 
week. The resistance was then increased incrementally, S%, 
each session, to reach 60% of their PImax at the end of the first 
month. The SIMT was then continued for the next 2 months at 
60% of the subjects' PImax, adjusted every week to the new 
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PImax achieved. Patients in Group 2 received sham training 
with the same device, but with no resistance. 

Dyspneu index: The clinical rating of dyspnea was graded 
by a physician blinded to the kind of treatment the patients had 
received, using the dyspnea index described by Mahler and 
Harver.13 This index consists of three components evoking 
dyspnea: magnitude of task, magnitude of effort, and the func- 
tional impairment occurring as a consequence of dyspnea. The 
physician selected from one of five grades of dyspnea (0-4 
scale) for each of the three components, and the mean of the 
three numbers is reported. 

Data Analysis 

* 

! 

* 0<0.005 

The results are expressed as means k SEM. Comparisons 
of lung function, respiratory muscle strength, inspiratory mus- 
cle endurance, IZmin walk, exercise tolerance test, and rating 
of dyspnea, within and between the two groups, were carried 
out using the ANOVA two-way repeated measures analysis 
of variance. 
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TABLE I1 Characteristics of patients with congestive heart f. ‘u ‘I ure 

Training group Control group 

Age (years) 66.2 t 4.6 63.8 k4.0 

Height (cm) 170.6 t 8.3 171.2 c7.9 

Weight (kg) 75.3 -+ 3.8 77.3 c3.5 
NYHA class 2.3 T 0.2 3.4 k 0.2 
LVEF (%) 24.7 t 1.6 21.0 k 2.4 
VOzmax 
(ml:Kg-’.min-l) 13.1 k0.8 1 3 .5 s 0.9 

PI,,,, (cm H20) 46.5 *4.7 50.7 -c 4.7 
(% of Red.) (44) (47) 

PEmax (cm H2O) 82.1 t 6 . 1  X0.8k 5.7 
(% of Pred.) (41) (40) 

45.6s 3.5 P,,Peak/PL, (%) 47.8 k 3.6 
(% of Pred.) (64) (63) 

12-min walk (m) 458 2 29 438+31 
Dyspnea index 1.70 i 0.2 1 . lS  * 0.2 
Fvc (L) 3.1450.2 3.02 2 0.6 
(% ofRed.) (86) (83) 

FEVl (L) 2.46 s 0.2 2.33 k0.2 
(% of Red.) (86) (85) 

The characteristics of 20 patients with CHF are summa- 
rized in Table 11. Four patients of Group 2 dropped out of the 
study because they became aware that they were undergoing 
sham training. However, all completed all the tests and their re- 
sults were included in Group 2. 

Kespirutoiy muscle strength: The effect of the training on 
the inspiratory muscle strength is shown in Figure 1. All pa- 
tients in Group 1 showed an increase in the inspiratory muscle 
strength, as was assessed by measuring the PImax at RV. Mean 

Training group , 
90 

I -  ~ 

20 ’ 
90 , 1 

Values are expressed as mean standard error of the mean. 
Abbreviation: Red. = predicted normal values. Other abbreviations 
as in Table I. 

PImax increased significantly from 46.5 k 4.7 to 63.6 k 4.0 cm 
H 2 0  (p < 0.00.5). Mean PImax remained unchanged in Group 
2 patients. The mean PEmax also remained unchanged in the 
patients of both groups. 

Control group 

70 
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FIG. 1 Inspiratory muscle strength, as expressed by the PImax at residual value, and inspiratory muscle endurance as expressed by the relationship 
between PmPeak and the PImax, before and following 3 months of training, in the control group (Group 2) and in the training group (Group 1 ). 
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FIG. 2 Spirometry data before and following 3 months of training in the control group (Group 2) and in the training group (Group I ). 

Respiratory muscle endurance: The respiratory muscle en- 
durance, as expressed by the relationship between PmPeak and 
PImax, also increased significantly, from 47.8 2 3.6 to 67.7 2 
I .7%, p < 0.05, in Group 1 but not in Group 2 patients (Fig. 1). 

Spiromefry: The improved respiratory muscle performance 
was associated with a small but significant increase, from 3.14 
2 0.5 to 3.37 2 0.2 (mean k SEM, p < 0.05), in FVC and re- 
mained almost unchanged in Group 2 (Fig. 2). 

Twelve-minute walk: The results of the 12-min walk test are 
shown in Figure 3. There was no difference in the mean 12- 
min distance walk between the groups before training. How- 
ever, the patients in Group l showed a significant increase in 
the distance walked af'ter the training: from 458 2 29 to 562 f 
32 m (p < 0.01). In Group 2 there was a small, not significant 
decrease in the 12-min walk test after 3 months (from 428 +- 3 I 
to419225m). 
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TABLE 111 Respiratory rate during rest and during peak exercise 

Training group Control group 
Pre Post Pre Post 

RR, tpm 

RR, tpm 
(rest) 1824  1724  17+5 17+5 

(peak exercise) 34 k 6 33 2 6 37+7 3 7 k 6  

Abbreviations: RR = respiratory rate, tpm =times per minute, Pre = 
prestudy, Post = poststudy. 

Exercise tolerance test: No statistically significant change 
in the mean peak V02 was noted in both groups (Fig. 3). How- 
ever, 3 of the 10 patients in Group l ,  but none in Group 2, in- 
creased peak V02 over the time of the study (pre: 8.5, 1 1.8, 
14.7, vs. post: 12.6, 13.1, 17.0 mlakg-1-min-1, respectively). 
The respiratory rates during rest and during peak exercise are 
shown in Table HI. 

Dwpnea index: The clinical rating of dyspnea was assessed 
before and at the end of the training period. Mean dyspnea in- 
dex score also increased significantly from 1.70 & 0.2 to 2.70 ? 

0.2 (p < 0.005) in Group 1 and remained unchanged in Group 
2. The results of the individual dyspnea index score are shown 
in Figure 4. All Group 1 patients but one improved their dysp- 
nea index score significantly. 

Discussion 

Our study showed that in patients with CHF the inspiratory 
muscle performance was significantly decreased before train- 
ing. What are the possible reasons for the weakened inspirato- 
ry muscles? Since patients with severe CHF generally have 
low cardiac output, we believe that they probably have rela- 
tively reduced blood flow to the respiratory muscles14 despite 
increased sympathetic drive and respiratory rate, and that this 
may play a role in this weakness. 

The eflicacy of the SIMT program was demonstrated in our 
study by the significant increase in respiratory muscle strength 
and endurance in all patients in the training group. The magni- 

Training group 

7 

2.0 
a 1.5 
f 1.0 
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.- 

O" 0.0 
* p <0.005 

P s* 
Before After 
training training 

tude of the improvement of the inspiratory muscle perfor- 
mance was similar to prior reports in patients with chronic ob- 
structive pulmonary di~ease.2~J~ 

The impact of the SIMT program on FVC was small but 
significant. This increase in vital capacity is probably related 
to the increase in inspiratory muscle strength. 

The majority of trained patients reported a subjective ini- 
provement in dyspnea during daily activities following the 
training period. Dyspnea is a complex physiologic phenom- 
enon and results from many sensory inputsz3 Recent studies 
in patients with respiratory disease and in normal individuals 
suggest that the magnitude of dyspnea experienced is at least 
partly determined by the perception of the work of muscles of 
inspiration and by their ~ t r eng th . ' . ~ .~~  Therefore, it is not sur- 
prising that we observed improvement in reported dyspnea 
following the training period in our training group. 

Submaximal exercise performance, assessed by the 12- 
min walk test, also increased significantly with training. As 
exertional dyspnea might have limited submaximal exercise 
performance, it is suggested that the increased submaximal 
exercise performance in the trained patients is associated with 
decreased dyspnea, observed with training. Similar results 
were reported in the study performed by Mancini et al. I *  

Peak exercise oxygen consumption remained unchanged 
following training. As only selective respiratory muscle trail?- 
ing was performed in our study, it is logical to assume that 
a generalized training effect is unlikely. It is more diflkult to 
explain how three subjects in Group 1 improved their VO? 
max significantly. Possible mechanisms include ( 1 )  a higher 
oxygen consumption by the trained respiratory muscles; (2) a 
generalized training effect, although it seems unlikely to oc- 
cur. It was shown previously27 that neurohumoral horniones 
and inflammatory cytokines may have an adverse effect on the 
heart in CHF and may themselves contribute to the develop- 
ment of heart failure. Endurance exercise training exerts its 
benefit in large part through neurohumoral modulation; (3) 
motivational factors; (4) improved right heart function follow- 
ing training. Increased inspiratory muscle performance may 
have resulted in improvedright ventricular ejection fraction. It 
has been previously shown that right ventricular ejection frac- 
tion is related to V02 max28-however, no heniodynamic 
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FIG. 4 Subjective perceived dyspnea, during daily activities, before and following 3 months of training in the control group (Group 2) and in the 
training group (Group 1). 



132 Clin. Cardiol. Vol. 22, November 1999 

measurements were performed in our study; and (5) improved 
respiratory muscle function that can enhance maximal exer- 
cise perf~rmance~~ if respiratory limitation occurred during 
exercise tolerance test. 

A limitation of our study is that patients in the control group 
became aware that they were performing only sham training, 
and therefore the motivation of this group of patients was 
clearly decreased compared with the training group. A moti- 
vational factor for the improvement in the training group there- 
fore cannot be denied. However, all the patients in the control 
group underwent the same number of tests, pre- and post- 
training, with no improvement in any of the parameters stud- 
ied, and therefore practice or a learning effect did not account 
for the improvement noted in the training group. 

This study demonstrates that the respiratory muscles can be 
safely trained in patients with CHF. The SIMT improved the 
respiratory muscle performance, and this improvement was 
associated with increased submaximal exercise capacity and 
alleviated dyspnea during daily activities. Most previous stud- 
ies in patients with CHF have shown that exercise training can 
further decrease cardiac ejection fraction30. 31 and, if benefit 
occurs, it derives primarily from adaptation of skeletal muscles 
rather than from hemodynamic  change^.^^.^^ Only in one pre- 
vious researchIs was the benefit of SIMT in patients with CHF 
studied. Although in that study only eight patients completed 
the training program and no control group was included, our 
study is in agreement with most of the parameters studied. 
Respiratory muscle performance, submaximal exercise test, 
and dyspnea improved significantly in both studies. However, 
in contrast to their results that showed a small but significant 
improvement in maximal exercise performance ( V O Z ~ ~  in- 
creased from 11.4 k 3.3 to 13.3 f 2.7 ml/kg/min), only three 
patients in our group had similar improvement. 

We believe that SWIT may prove to be a complementary 
therapy, with the aim of improving capacity of handling daily 
activities with less dyspnea in patients with CHF. 
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