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Resistive Breathing Training in Patients
with Chronic Obstructive Pulmonary
Disease*
Michaelj Belman, M. D. , F. C. C.P ; Scott G. Thomas, Ph. D. ; and

Michael I.Lewis, M.D. , F C. CF

In order to investigate the effect of resistive breathing
training on ventilatory muscular endurance, we examined
the maximal sustained ventilatory capacity in ten patients
with chronic obstructive pulmonary disease (COPD) before

and after a six-week program ofresistive breathing training.
In addition, we investigated the effect of altered breathing
strategy on resistive breathing performance. The patients
performed two IS-minute sessions of resistive breathing
daily for six weeks using an inspiratory resistive device
(PHex). Before and after the training, we found no significant
change in spirometric data, pulmonary volumes, maximal

inspiratory pressure, and maximal expiratory pressure. Of

the ten patients, seven failed to show an improvement in
their performance of resistive breathing. Furthermore, the
maximal sustained ventilatory capacity was unchanged after
the resistive breathing training. After the completion of the
training program, seven of the patients participated in an
additional experiment in which they were instructed to take

T wo methods of ventilatory muscular training have

emerged.’ The first is the hyperpneic method, in

which patients rebreathe at high minute ventilations

for prolonged periods.2� This method has resulted in

improved ventilatory muscular endurance as mea-

sured by the maximal sustained ventilatory capacity.

The second method is the resistive method, in which

patients breathe through inspiratory resistances of

varying magnitude, usually at normal breathing fre-

quencies.�’4 Several reports have documented that

after resistive training, there is an improved ability to

breathe through smaller inspiratory orifices. It is

assumed, but not proven, that in these studies the use

of a smaller orifice implies a higher inspiratory resist-

ance. Furthermore, based on one of these studies,8 a

resistive breathing device (Pflex) has been developed

and is now used by patients with chronic obstructive

pulmonary disease (COPD). Recent studies have

shown that breathing strategy is an important determi-

nant of resistive breathing endurance. The important
variables include inspiratory mouth pressure (Pm),

long slow inspirations while breathing thmugh the resistive
device. With this change in breathing pattern, five of the
seven were able to improve their performance of resistive
breathing. Analysis of the breathing strategy showed that a

reduction in the peak mouth pressure, breathing frequency,

and external resistive work with a longer inspiratory time
was beneficial. We conclude that(1) neither resistive breath-

ing performance nor ventilatory muscular endurance, as
measured by sustained hyperpnea, is impmved by resistive
breathing training performed according to the current
instructions with the resistive device, and (2) alterations in
breathing strategy have a pmfound effect on the perform-

ance of resistive breathing. The lack of details of breathing
strategy in previous studies of resistive breathing makes it
difficult to determine if previously demonstrated improve-
ments were due to a real enhancement of ventilatory
muscular performance or merely secondary to a different

strategy.

inspiratory time (‘11), duty cycle (Titl’tot), breathing

frequency, and mean inspiratory flow (VT/Ti).

Whereas most patients with COPD have improved

their ability to breathe through higher resistances after

resistive training, it is not clear whether this is due to

increased ventilatory muscular endurance or whether

it results from a change in breathing strategy. The latter

possibility was not evaluated in previous studies in

patients with COPD.�’3 As the instructions for the use

of the inspiratory resistive device do not include

measures to control for breathing strategy, it is possible

that improved performance with the device may result

from a change in breathing technique. In the previous
studies, ventilatory endurance was measured by

means of resistive breathing, and it is not known if

current recommendations for resistive training would

improve sustained unloaded hyperpnea. The purpose

of this study was twofold: to examine in patients with

COPD if (1) changes in breathing strategy affected

performance during resistive breathing with the resis-

tive device, and (2) if resistive breathing training

improved the capacity for eucapnic sustained hyper-

pnea.

MATERIALS AND METHODS

The study was approved by the Institutional Review Board of the
City of Hope Medical Center, and informed consent was obtained
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Table 1-Age and Physiologk Data of Patients*

Patient
Age,

yr
FVC,

L
FEy,,

L
FRC,

L
Pa02,

mm Hg
PaCO2,
mm Hg

1 64 2.54 1.13 5.50 65 36

2 56 3.26 0.87 7.20 65 30

3 65 2.61 1.00 4.50 62 41

4 57 2.40 1.01 6.31 71 47

5 64 3.39 2.30 2.69 56 44

6 49 2.73 0.88 4.97 72 44

7 74 2.02 0.49 4.09 70 53

8 57 2.34 0.52 6.18 72 37

9 70 3.47 1.70 3.97 62 30

10 75 2.20 0.59 4.69 72 38

Mean 63 2.69 1.03 5.29 67 40

SD 9 0.51 0.57 1.49 6 6

5�C, Forced vital capacity; and Pa02, partial pressure ofoxygen in

arterial blood.

from each participant. The study was carried out in two parts: (1) a

resistive training portion, in which the patients were free to choose
their own breathing pattern and in which specifically no instructions

regarding breathing pattern were given; and (2) after completion of
training, the patients were coached in the technique oflong, slow
deep breathing while using the resistive device.

Patients

Ten patients with COPD were selected according to the following

three criteria: (1) presence of COPD as defined by the American

Thoracic Society;’�’ (2) improvement in forced expiratory volume in
one second (FEV,) of less than 20 percent after inhaled iso-

proterenol; and (3) free from overt coronary arterial disease, cardiac

arrhythmias, congestive heart failure, and orthopedic problems such
as shoulder girdle and spinal abnormalities which would interfere
with performance ofthe breathing maneuvers. The patients’ charac-
teristics are shown in ‘flible 1.

Before and after the training program, patients underwent mea-
surements of spirometric data, maximum voluntary ventilation
(MVV), and pulmonary volumes by standard methods.’� Pulmonary

volumes were measured by the technique of helium dilution.n
Measurements were also made of the maximal mouth inspiratory
pressure (MIP) at functional residual capacity (FRC) and maximal

mouth expiratory pressure (MEP) at total lung capacity (TLC).�’
During measurement ofthe MIP, an 18-gauge needle was placed in

the mouthpiece in order to prevent the oral pressure artifacts.

Ventilatory muscular endurance was measured as the maximal
sustained ventilatory capacity in a rebreathing circuit.� This system

allows continuous monitoring of the patient’s ventilatory level and

provides a visual target to encourage the patient to perform
maximally. Concentrations of oxygen and carbon dioxide are main-

tamed within physiologiclimits. The initial target was set at the level

of 90 percent of the MVV and adjusted to encourage maximal
performance. Mean ventilatory levels were calculated each minute,
and the mean ofthe latter eight minutes was defined as the maximal
sustained ventilatory capacity. Each patient performed a practice
maneuver for maximal sustained ventilatory capacity before the

baseline test in order to overcome the small learning effect.4
Resistive breathing was performed through an inspiratory resis-

tive device (Pflex). This is a plastic tube with six variable inspiratory
resistances ranging in diameter from 0.54 cm (orifice 1) to 0.17 cm
(orifice 6). The device is fitted with a one-way valve so that expiration
is unimpeded. Our experimental setup is shown in Figure 1. The
patients breathed through a one-way valve (Hans Rudolph 1400).
Between this and the resistance, a pneumotachometer (Fleish No.3)
was placed to measure airflow. Volume was derived from flow using
an integrator (Electronics for Medicine). Mouth pressure was re-

corded continuously via a differential transducer (Validyne; ±140cm
H2O) connected to an orifice in the mouthpiece of the inspiratory
resistive device. Flo� volume, and pressure signals were transmit-
ted to a computer (DEC PDP 11134) and used for the determination
of tidal volume (VT), frequency of breathing, inspired minute
ventilation (Vi), peak inspiratory flow rate, Pm, 11, the ratio of

inspiratory to total breath time (1VI’tot), and (VT/TI). In addition, the
computer continuously integrated the product of Pm and volume
during each minute to calculate the inspiratory external resistive
work done per minute by the patient while breathing through the
resistive device.

The critical orifice, defined as the smallest orifice through which
each patient was able to breathe continuously for 15 minutes, was
evaluated at entry into the study, after training, and after coaching.

In determining the critical orifice, all patients wore nose clips and
began resistive breathing through the largest orifice (orifice 1). if
successful, they progressed to smaller orifices on successive days.

During this testing and during training, patients were free to choose

their own breathing pattern, and no instructions were given. The

failure point was determined by the patient’s inability to continue.
After determination ofthe critical orifice, patients were instructed to
perform two daily training sessions for 15 minutes. Training was
done, while wearing nose clips, at the orifice just smaller than the
critical orifice. ifpatients were unable to complete 15 minutes at that
orifice, they were instructed to return to the critical orifice to
complete the full training session. The total training time was six
weeks. The patients were contacted weekly and evaluated after three
weeks of training to monitor their progress. Patients who missed
more than three successive training sessions or who did not maintain
at least an overall 80 percent compliance with the training protocol

were withdrawn from the study.

After completion of the tests after training, seven of the patients
(patients 4 through 10) underwent additional testing at one orifice

FIGURE 1. Experimental setup for mea-
surement of breathing strategy during
resistive breathing (see text for explana-
tion).

Downloaded From: http://journal.publications.chestnet.org/ on 11/26/2012



40 60 80 �2O

FLOW (I/mm)
FIGURE 2. Flow characteristics of resistive training device. Each
regression line represents pressure required to produce flow at each

ofsix orifices. By decreasing flow, it is possible to maintain pressure
relatively lo� even though smaller orifice is used. Regression lines

from left to right represent orifices 6 (diameter, 0.17 cm) through 1

(diameter, 0.54 cm), respectively.
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Before After
FIGURE 3. Maximal sustained ventilatory capacity (MSVC) before

and after training. Values before anda.fterare similaz and mean is not
significantly different (32.5± 17.4 Umin to 30.4 ± 20.1 L/min).

Table 3-Critical Orifice Before and After Training
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smaller than the critical orifice. During these tests, they were

continually coached to breathe using long slow inspirations.

Pressure-Flow Characteristics of Device

The flow-pressure curve for each orifice ofthe resistive device was
determined. A negative pressure ventilator (Monaghan 170C) was

used to pull air through the resistive device at a variety of measured
flow rates, and pressure across the device was measured. From these
measurements the resistance at different flows was calculated for

each orifice.

Statistical analyses were performed by means of the paired t-test
to compare the values before and after resistive training and the
uncoached and coached indices ofbreathing strategy. The change in
critical orifice before and after training was measured by the signed
rank test.�

RESULTS

Flow Characteristics of the Device

With increasing flow, there is an increase in the

pressure across the resistive device (Fig 2). Of impor-

tance is the fact that a lower flow reduced the pressure

differential observed for a small orifice to equal or
below the value attained with a larger orifice.

Data Before After

FVC, L 2.69± 0.51 2.47± 0.66
FEV,, L 1.03± 0.57 0.97± 0.63

MVV (4 mm) 47 ± 25 43 ± 22

FRC, L 5.29± 1.49 5.45± 1.23
TLC, L 7.29± 1.27 6.96± 0.82

Patient
Orifice No.

Before
Orifice No.

After

1 3 5

2 1 3

3 4 4

4 3 3

5 2 2

6 3 3
7 3 3

8 3 3

9 4 5

10 3 3

Resistive Training and Ventilatory Function

Ten ofl5 recruited patients completed the study. Of

the five patients who failed to complete the study, two

dropped out because ofintercurrent illness, and three

were eliminated because oflack ofcompliance with the

training protocol. The patients in the study had moder-

ate to severe obstruction of the airways, with marked
hyperinflation. Only two were hypercapnic (arterial

carbon dioxide tension [PaCO2}>45 mm Hg) (Table 1).

The data on pulmonary function before and after

training are shown in Table 2. Measures of airflow

limitation and pulmonary volumes were similar before

and after training. Table 3 shows the critical orifice

before and after resistive training. Only three ofthe ten

patients (patients 1, 2, and 9) showed an increase in the

critical orifice, and overall this change was not signifi-

cant. Figures 3 and 4 show the maximal sustained

ventilatory capacity and respiratory pressures in the

patients with COPD. These values were not signifi-

cantly different before and after training.

60
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FIGURE 4. Maximal inspiratory pressure (MIP) (40.2 ± 23.0 cm H20 to 35.6 ± 19.6 cm H20) and maximal
expiratory pressure (MEP) (103.8 ±56.6 cm H,O to 93.4 ± 50.6 cm H20) before and after training (n = 9).
These values were not significantly different.

14

10

8

...o mean

6

Effect ofCoached Breathing

The endurance time for resistive breathing in-

creased significantly when the patients were coached

(Fig 5). In Figure 5, we show the data ofseven patients

(patients 4 through 10) in whom complete analysis of

the breathing pattern was possible. Five of the seven

patients shown in Figure 5 increased their endurance

for resistive breathing through one orifice smaller than

the critical orifice to the full 15 minutes. iuible 4 shows

several indices of breathing strategy at the critical

orifice and at one orifice smaller in these five patients.

No significant difference was seen in the external

resistive work, Pm, ‘11, frequency ofbreathing, VT, and

TitTtot while breathing through the critical orifice

before and after resistive training. While breathing

uncoached through the orifice one smaller than the

critical orifice, there was a significant increase in the

external resistive work, Pm, and the TifFtot in compar-

ison to the critical orifice before training. In comparing

the data between the orifice one smaller than the

critical irifice uncoached and coached, there was in

the coached a significant decrease in the external

resistive work, Pm, and breathing frequency and a
�,

(1)
�
�

.�

significant increase in the fl. The VT was larger, but

this change was not significant. The average external
.

resistive work per breath in these five patients was

unchanged (9.5 cm H2O/L uncoached and 9.8 cm

�!
q)

.E
F:

H20/L coached), but the work rate per minute when
coached was lower due to a decrease in breathing

frequency. A typical change in breathing strategy at the

orifice one smaller than the critical orifice with coach-

Q, ing in one of the patients is shown in Figure 6. This
()�
�

figure shows a reduced Pm, breathing frequency, and

peak inspiratory flow rate with a larger VT and fl.

-�

L�

Uncoached Coached
FIGURE 5. Endurance time for seven patients while breathing

through orifice one smaller than critical orifice in uncoached and
coached manner. There was significant increase in endurance time
(5.78±4.59 minutes to 11.56±5.86 minutes)(p<0.05). Five patients
who improved their endurance time to 15 minutes are shown as open
circles. T�vo patients who did not improve are shown as closed

triangles.

DISCUSSION

We have shown that resistive breathing training did

not improve the ability to breathe through higher

resistances. Furthermore, we found no improvement

in ventilatory muscular endurance as measured by the

maximal sustained ventilator’ capacit’ and no change

in mliXlmal respiratory pressures; however, we did find

that an altered pattern ofbreathing with a longer Ti but

lower Pm, breathing frequency, and external resistive

work was associated with an improved ability to inspire

through smaller orifices.

4

2

C

160
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Data

CO CO+1

Before Training After Training Uncoached Coached

Endurance, mm 15 ± 0 15 ± 0 7.10± 5.73t 15 ± 0�

ERW, cm H2O/L/min 65.9 ±57.9 83.7 ±75.1 127.5 ± 113.7t 93.1 ±78.9�

Pm, cm H2O 11.03± 6.0 13.3 ± 7.8 19.4 ± 10.6t 15.2 ± 8.2�
r�, sec 2.21± 0.38 1.98± 0.36 2.60± 0.84 3.62± 0.50�
Breathing frequency,

breaths per mm 12.6 ± 2.68 13.9 ± 1.6 13.4 ± 4.5 9.4 ± 0.8�
VT, L 0.59± 0.09 0.56± 0.16 0.62± 0.08 0.80± 0.21

Ti/Ttot, percent 45 ± 4 46 ± 4 55 ± 5t 57 ± 8

*N = 5. These five patients failed to improve with trainingbut improved with coaching. Values are means ± SD. CO + 1, Orifice one smaller than

critical orifice; and ERW, external resistive work. tp<0.05 comparison between CO pretraining and CO + 1 uncoached.

1:p<O.Ol vs CO + 1 uncoached. §p<O.OS, IIp<O.Ol comparison between CO + 1 uncoached and coached.
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FIGURE 6. Fifteen-second records ofpressure (top) and flow (bottom) patterns, respectively, in one patient

while breathing through orifice one smaller than cricital orifice. Uncoached and coached tracings are super-

imposed, with dotted line representing coached breathing. From tracings, it can be seen that with coaching,

there is reduced Pm, peak inspiratory flow rate, and breathing frequency, with increase in Ti and VT.
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Table 4-Comparison ofBreathing Strategy Between Critical Orifice (CO) Before and After Training*
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The majority of our patients failed to improve

resistive breathing performance after training. This is

in contrast to most previous investigators, who showed

that overall resistive breathing training improves the

ability to breathe through inspiratory resistances in

patients with COPD.�’3 In the previous studies of

resistive training, the duration and frequency of the
training was similar to our study, varying between four

and six weeks with two to three 15-minute sessions per

day, respectively; however, it should be noted that in

one study a control group7 which used a sham treat-

ment also improved their resistive breathing perform-

ance, although in two other studies8’9 the control group

showed no change. Several factors may play a role in

explaining the differing results, and these include (1)

alteration in breathing strategy (2) an inadequate

training stimulus, and (3) an inadequate recovery from

fatigue between tests.

Alteration in Breathing Strategy

The ability to perform resistive breathing is strongly

related to breathing strategy. This has been expressed

by Bellemare and Grassinou as the tension time index,

which is the product of the transdiaphragmatic pres-

sure (Pdi)/Pdi max ratio and the duty cycle (inspiratory

time/total breathing time [TiPFtotI). When this ratio is

less than 0.15, both normal subjects and patients were

able to perform resistive breathing without the devel-

opment offatigue.’�’6 For tension time indices greater

than 0.15, fatigue developed, and there was an inverse
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FIGURE 7. Rating of perceived effort (RPE) calculated from equa-
tion (P&3 x ‘fl�R x fl�o�)2o for five patients who increased with
endurance time to 15 minutes; RPE before and after training was
152±36 and 123±13 (p=0.054), respectively. Two patients who
failed to increase their endurance time had the same or higher values
for RPE (solid triangles).
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relationship between the level of the tension time

index and the endurance time. More recently, Collett
and co-workers’7 have shown that there is a linear
relationship between the oxygen cost ofbreathing (VO2

resp) and the work rate across external resistances and

that the latter is a function of the tension time index

and the mean inspiratory flow rate. The importance of

this work is that it shows that the tension time index

only describes the Vo, reSp when inspiratory flow rates

are constrained. For increasing inspiratory flow rates,

there is an increase in the ‘�TO2 resp and the work rate

even when the tension time index is constant.’7 More

recenfly, endurance of the inspiratory muscles has

been shown to vary inversely with the inspiratory flow

rate even for the same tension time indices. � The

work of Jones et al�#{176}confirmed the relationship be-

tween pressure time indices and the increase in the

oxygen cost of external work. Furthermore, these

investigations showed that the rating of perceived

effort (RPE), as measured by a Borg scale during

resistive breathing, was strongly related to the Pm, ‘Ii,

and breathing frequency (fb). This relationship was

similar during both a freely adopted and constrained

breathing pattern and was described by the equation,

RPE = Pm� X ‘fl052 X fl�026

We did not specifically measure perceived effort in

our study, but we noted that an improved endurance at

the orifice one smaller than the critical orifice was

associated with the breathing pattern which would

reduce the RPE as defined by the previous rela-

tionship. Because the RPE is affected principally by

the Pm, the fall in Pm would outweigh the increase in

Ti observed when patients were coached (Fig 6). The

five patients who increased their resistive breathing

time showed a decrease in the calculated RPE, while

the two patients who failed to increase their endurance

also failed to reduce the calculated RPE (Fig 7);

however, our study was not designed to investigate the

relative importance of RPE, ‘�1O2 resp� and external

resistive work in determining resistive breathing per-

formance, and any of these variables singly or in

combination could have played a role in improving

resistive breathing performance with coaching.

Despite the well-known relationship between resis-

tive breathing endurance and breathing strategy, there

are very few data on these variables in the previous

studies in COPD. The Pm and pattern ofbreathing was

not monitored during training, and only in a few�8’9 was

the Pm recorded during the testing ofresistive breath-

ing, although it is not clear ifthe signal was displayed to

the patients. One group ofinvestigators who noted that

their patients tended to take longer, slower breaths

actually suggested that the alteration in breathing

pattern may have been responsible for the improve-

ment but did not make measurements of the various

patterns.8 In another stud? the investigators encour-

aged their patients to use a pattern of long slow

breaths, but again no measurements of strategy were

made. It was only in the study of Clanton and co-

workers’4 that breathing strategy was recorded during

both testing and training, but this study dealt with

young normal women. Without this information, it is

not possible to judge if the previously described

improvements in resistive breathing in patients with

COPD were due to real increases in ventilatory mus-

cular function or were secondary to changes in breath-

ing pattern.

Inadequate Training Stimulus

There is a vast body ofin.formation which deals with

the appropriate intensity, duration, and frequency of

training necessary to induce the classic training re-

sponses for whole-body exercise.� This information is

as yet not available for ventilatory muscle training, and

in fact the recommended methods of training differ

greatly in their strategies. In the resistive form, breath-

ing frequency is generally within the normal range,

whereas the respiratory pressures are increased by

breathing through the resistors.

Whereas most authors have used two to three 15-

minute sessions per day for periods varying from four

to six weeks, this does not appear to be essential to

elicit a training response. In the study by Clanton et

al’4 in normal subjects, the total training time was only

7#{189}minutes daily (25 percent of the total time per-
formed by patients with COPD); however, the inten-

Lu

800 �
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sity was considerably higher with the subjects aiming

for maximal mouth pressure with each inspiration, and

the duty cycle was controlled. In this study, there was

improvement in both strength, as measured by the

MIP, and endurance, as measured by the ability to

breathe while following pressure and flow target. if

training for such short duration is efficacious in pa-

tients with COPD, this would facilitate the use of

resistive training, but the appropriate proportions of

intensity and duration remain to be determined. Work

from studies in animals suggests that alteration of these

factors determines the pattern of oxidative enzyme

enhancement.27 High-intensity short-duration work

predominantly affects the high-glycolytic low-ox-

idative fibers, whereas low-intensity longer-duration

exercise predominantly affects high-oxidative low-

giycolytic muscle fibers. Furthermore, in humans, it
has been shown that a program of combined strength

and endurance training will have the same effect as

endurance training alone, but improvement in muscle

strength is less than that achieved by a strength-only
training program.�

Improvement in maximal strength ofthe respiratory

muscle is important because the RPE during resistive

breathing is a function ofthe ratio ofthe Pm developed

to the MIP.�#{176}Previous studies in COPD have shown

varying results with regard to MIP. Patients with

COPD have generally not shown increases in this

index,8” although increases were found in young

children with cystic fibrosis9 and in the normal young

women studied by Clanton and associates.’4 In previ-

ous studies and our study, the breathing strategy may

have been inadequate to elicit a true training response.

This may be the case de novo, or changes may develop

when patients are presented with smaller orifices. By

means of appropriate alterations in breathing strategy

when confronted with a smaller orifice, the increase in

Pm can be minimized. This change may be self-

defeating, as it may negate the training stimulus.

Several of the studies which have used resistive

breathing have also tested the response to overall

exercise as the measure of the efficacy of inspiratory

muscular training; however, only a minority of patients

in these studies have shown improved exercise capac-

ity, although they improved their inspiratory muscle

endurance for resistive breathing.� Because the hy-

perpnea ofexercise is associated with volume overload,

increased breathing frequency, and a decreased Ti or

increased velocity ofcontraction, it may be that hyper-

pneic training is the more suitable approach to improve

exercise performance in patients with COPD.4 In this

study, we found that the maximal sustained ventilatory

capacity, a measure of endurance for hyperpnea, did

not increase after the resistive training; however,

because the patients failed to improve the resistive

breathing, we cannot rule out the possibility that the

lack ofchange in hyperpneic endurance was due to an

inadequate training stimulus, rather than an map-

propriate form oftraining. This question would need to

be examined in patients who showed a definite im-

provement in resistive breathing performance.

Inadequate Rest Time

Resistive breathing produces “low-frequency fa-

tigue” ofthe diaphragm and sternomastoid muscles,�

and recently it was shown’#{176}that there is a reduction in

muscle endurance in the presence of low-frequency

fatigue. As recovery from low-frequency fatigue may

take several hours,’#{176}it is possible that the repetition of

successive testing runs within a short time prevents

optimal performance because of the cumulative effect

offatigue. In our study, there was at least a 24-hour rest

between tests, a sufficient time to allow complete

recovery of low-frequency fatigue.3#{176} In several of the

previous studies,� the tests of resistive breathing

performance were all done on the same day, with only

short rests (20 to 30 minutes) between runs. As

sufficient recovery time was not available, the baseline

critical orifice may have been underestimated, and this

would give an erroneous impression of improvement.

In a study in which the pulmonary function of the

patient was comparable to ours,’#{176}the critical orifice

before training was larger (0.48 cm vs 0.40 cm).

In our study, determination ofthe critical orifice was

done based on the patient’s subjective response to the

resistive breathing. The majority of other studies in

COPD also used subjective end points for determina-

tion ofthe critical orifice.7�11” While hypercapnea is a

potential problem during resistive breathing, It only

occurred in a minority ofcases at the time offailure at

the critical orifice in the study by Asher et al,9 and it is

probably not a major cause of endurance failure.

Simple objective measures, such as abdominal paradox

or respiratory alternans, have been used,7’9 but these

also are not invariably present. Power spectral analysis

of the electromyogram recorded from the diaphragm

and accessory muscle has been used.4’6’7 In most

studies, spectral changes have been examined by

means ofthe H/L ratio. Whether or not this will prove

to be an effective means of detecting fatigue remains

controversial. Not all patients show evidence of elec-

tromyographic fatigue despite failure at a critical ori-

fice, and in some patients, fatigue was only detectable

from scalene or intercostal muscles and not from the

diaphragm.8’9 Furthermore, at the end of a fatiguing

run, the H/L ratio rapidly returns to baseline values,
even though low-frequency fatigue persists for several

hours.3’ The initial studies ofhigh/low ratio were done

with strict control ofbreathing strategy.’�”6 Whether or

not results from these studies are applicable to spon-

taneously breathing patients with COPD is as yet
unclear, especially as the H/L ratio was used in the
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resistive training studies without control ofthe breath-

ing pattern.8’9 Furthermore, there is also some doubt

that the high/low ratio is the best index to follow power

spectral changes, and it has been suggested that

measurement of the centroid frequency is more spe-

cific.� In this study the investigators showed decreases

in the centroid frequency without changes in the high!

low ratio, even though patients were performing sus-

tamable eucapnic hyperpnea. For future studies,

therefore, it would seem appropriate to adopt the

approach used by some investigators’�’#{176} who have

controlled breathing strategy during the testing and

have used objective measures, such as an inability to

achieve target pressures or inspiratory flow rates, as a

sign of failure.
Our patients with COPD performed resistive train-

ing as suggested by the manufacturers of the in-

spiratory resistive device and in a manner similar to

that described in several of the previous studies.

Despite this, our patients failed to improve ventilatory

muscle endurance or strength. We believe that in

order for resistive breathing to be successful, a feed-

back signal of the resistive load during training is

essential. By this means, both the physician and the

patient would be able to regulate the training intensity

and ensure a satisfactory training stimulus. Further-

more, it would prevent the patient from adopting a

breathing strategy which could improve resistive

breathing performance without providing direct bene-

fits to the respiratory muscles.
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