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| ABSTRACT |

Purpose: The aim of this study was to detect the efficacy of inspiratory muscle training (IMT) on
the arterial blood gases in chronic obstructive pulmonary diseased patients (COPD). Materials and
Methods: Forty patients with COPD participated in this study. They had been equally divided into
two groups: Gorup I: Included twenty patients who received medical treatment only. Group II:
included twenty patients who applied the inspiratory muscle trainer for two months. Three times per
week for ten to fifteen minutes per session in addition to the same medical treatment. Results: There
were significant improvements in the arterial blood gases (PaO,,PaCO,, PH) after two months
from inspiratory muscle trainer intervention. Conclusion: So the threshold inspiratory muscle
trainer can be appied as a method of treatment for patients with COPD to improve their arterial
blood gases (PH, PaO, and PaCQO,), inspiratory muscle strength and endurance.
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INTRODUCTION | has emerged as a recommended standard care

for patients with COPD. In the United States
reathing techniques are included in COPD is ranked as the fourth-leading cause of

the rehabilitation program  of death.
patients with COPD. Breathing
techniques relief symptoms and
ameliorate adverse physiological effects by
increasing strength and endurance of the
respiratory muscles, optimizing the pattern of
thoraco-abdominal motion, reducing dynamic
hyperinflation of the rib cage and improving
gas exchange. Evidence existed to support the
effectiveness of pursed lips breathing, forward
learning position, active expiration, inspiratory

Pulmonary rehabilitation is an evidence-
based, multidisciplinary, and comprehensive
intervention for patients with chronic
respiratory diseases who are symptomatic.
They often have decreased daily life activities.
Pulmonary rehabilitation is designed to reduce
symptoms, optimize functional status, increase
participation, and reduce health care costs
through stabilizing or reversing systemic
manifestations of the disease. Rehabilitation

muscle training and diaphragmatic breathing.
Pulmonary diseases are considered as
important causes of morbidity and mortality in
the modern world. COPD being the most
common and a major cause of lung related
death and disability. Pulmonary rehabilitation

programs for patients with COPD are well
established as a mean of enhancing standard
therapy to control and alleviate symptoms and
optimize functional capacity. The primary goal
is to restore the patient to the highest possible
level of independent function, which is
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accomplished by helping patients to learn
more about their treatment.

The major abnormality of respiratory
muscle function of these patients is thought to
be the mechanical disadvantage caused by this
hyperinflation. In addition, structural changes
that presumably represent adaptive effects
were shown in the respiratory muscles of
patients with COPD. The respiratory muscles
showed an increase of type-1 fibers, whereas
the length of the sarcomere was decreased.
Dynamic hyperinflation breathing to higher
ranges of the vital capacity where the elastic
load to Dbreathing is increased and
hyperinflation induces intrinsic positive end
expiratory pressure which generates and
inspiratory threshold load.

Avrterial blood gases provide the essential
information for the care of patients with
critical illness and COPD. Spirometery and
maximal respiratory pressures are commonly
used pulmonary function parameters to
evaluate respiratory function. Predicition
values are available for conventional lung
function devieces using a standard tube or
flanged type of mouthpiece connection.
Inspiratory muscle weakness would be
expected to increase the intensity of dyspnea
for a given minute ventilation, since greater
moor outflow is required for a given pressure
generation by the muscles. The sensation of
dyspnea seems to originate with the activation
of involved sensory systems with respiration.

Patients with COPD take quick, small,
shallow breaths. Breath training can help them
to take deep breaths and reduce breathlessness.
They must practice breath training regularly to
do it well. Three basic breath training methods
are diaphragmatic  breathing, pursed-lip
breathing, and breathing during bending
forward.

It is possible that the effects of
inspiratory muscle fatigue may have disrupted

the relation between dyspnea and resting
inspiratory muscle strength. Some patients
with COPD develop weakness of their chest
and diaphragmatic muscles that are used to
inspire air. This sometimes contributes to
chronic shortness of breath, or an impaired
capability to exercise or otherwise exert them.
If this weakness is substantial, then the
technique of inspiratory muscle training (IMT)
may be beneficial. Several authors have shown
the targeted IMT may enhance respiratory
muscel function and reduce dyspnea in
patients with moderate to severe COPD.
Breathing techniques and body positions
improve the length-tension relationship or
geometry of the respiratory muscles (in
particular of the diaphragm) or increase
strength and endurance of the inspiratory
muscles. According to the length-tension
relationship, the output of the muscles
increases when operating at a greater length,
for the same neural input.

Respiratory muscle training using
adequate loads improves the strength of the
inspiratory muscles in patients with COPD;
however, it remains unclear whether this
improvement  results in  decreases in
symptoms, disability, or handicap. Although
improvement in inspiratory muscle strength is
assompanied by decreased breathlessness and
increased respiratory muscle endurance, the
benefits have not been well established.
Regular exercises can improve and decrease
shortness of breathing. If the patient stays
active, he or she may develop fewer
complications and has a better attitude about
his or her life. Exercise training for COPD
often includes aerobic exercise, such as
walking or using a stationary bike, and muscle
— strengthening exercises for arms and legs.
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SUBJECTS, MATERIALS AND
METHODS

Subjects

Forty male subjects had participated in

this study they were diagnosed clinically and
radio logically to have moderate COPD
(FEV1/FVC < 70%, 50% < FEV1 < 80%
predicted). Their age ranged from 45 to 60
years old. They were selected from chest
department of alkasr El-Aini Hospital, Cairo
university. All the subjects had signed a
written informed consent before participating
in this study. They were divided randomly into
tow equal groups: Group I: Twenty COPD
patients who received the medical treatment
only Group Il: Twenty COPD patients who
received the designed physical therapy
program and the medical treatment. Patients
who had ischemic heart disease, corpulmonal,
pulmonary hypertension, and any of the
restrictive lung diseased had been excluded
form participating in this study.

Materials

A- Evaluative equipment

1- Arterial Blood gases analyzer: was used to
measure (PaO,, PaCO; and PH).

2- Spirometery with Mouth Pressure: (Vmax
2130 V6200 Autobox USA was only used
to select the patients that match with the
inclusion criteria).

B- Therapeutic equipment:
Inspiratory muscle trainer:

The threshold inspiratory muscle trainer

(TIMT) (Health scan Products Inc., Cedar

Grove, New Jersey) provides a constant and

specific training workload, regardless of how

fast or slowly you breathe.

Procedures

Evaluative procedure:

The assessment was done before starting and

immediately after the end of the training

program:

Threshold
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1- Arterial puncture and Blood gases analysis:
Arterial blood samples were drawn from
radial or brachial site from each patient
before and after the training program to
determine partial pressure of oxygen
(paoy), partial pressure of carbon dioxide
(paCO,) the percentage of hemoglobin
saturated with oxygen (O, sat), and the
power of hydrogen (pH). Normal ranges
values of arterial blood gases are PH (7.35-
7.45), pa0, (80-100 mmHg) and paCo, (35-
45mmHg).

2- Measurement of the maximal inspiratory
pressure: Spirometery is the most reliable
way to determine reversible airway
obstruction. Each patient inhales as deeply
as possible and forms a seal around the
tube with their mouth. Then each patients
exhales, as forcefully and rapidly as he can,
until he cannot exhale more for at least
another 6 seconds. The most commonly
parameters used for interpretation are the
forced expiratory volume after 1 second
(FEV3), the forced vital capacity (FVC),
and the forced expiratory flow at 25%-75%
of maximal lung volume (FEF25-75).

Treatment procedure:

Each patient of group Il trained by using
the threshold inspiratory muscle trainer
(TIMT)  three  times/week for 10-15
minutes/session for two months. Verbal
explanation about the importance of the
treatment program was explained to each
patient. The Maximum Inspiratory Presure
(MIP) test measures the strength of the
inspiratory muscles. Patients with MIP of less
than 60 cm H,O pressure is most likely to
benefit from Inspiratory Muscle Training. The
training resistance should be set at about 30%
of the MIP. Initially, he may not be able to
exercise for a full five minutes without
excessive fatigue. After about five days he
should be feeling more comfortable, and then
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he try to exercise for 1/2 minute for a few
days. Gradually he work up to a full five
minute session. When he is comfortable with
that full five minute session, then increase his
work load by about 5cm H,0. and start again
to build up to a comfortable five minute
exercise time. Note, initially his weak muscles
may also require him to lower your inspiratory
load about 5cm H,O or more as well as
reducing your work time.

Inspiratory Muscle Training

The threshold inspiratory muscle trainer
(IMT) provides a constant and specific training
worklod, regardless of how fast or slowly you
breathe. The adjustable and calibrated spring-
loaded valve blocks air flow until he can
produce enough inspiratory pressure to
overcome the spring force. Inspiratory muscles
work harder and get stronger over time. The
IMT is easy to use. With the mouthpiece
removed, twist the control knob so the
indicator points to the pressure number. Use
the nose clip to insure that you are breathing
entirely through your mouth. Patients were
shown the IMT device, and the threshold
effect was explained to standardize the patients
breathing pattern during each session.

Patients received IMT for 10 to 15 min 3
times per week, for two months. Each patient
started breathing at a resistance equal to 15%
of their maximum inspiratory pressure for one
week. The resistance then was increased

Table (1): General characteristics of the subjects.

incrementally 5 to 10% each session, to reach
30% of their maximum inspiratory pressure.
At the end of the first month of training, IMT
then were continued at 30% of the maximum
inspiratory pressure till the end of the 8" week
of training. Loaded breathing was intermittent
for 3-minute periods with a two minutes rest
period in between. Once the patient is able to
produce adequate force to open the valve, the
subsequent breaths are generally more
forceful, and the patient typically can complete
the set. Attempts to inhale against the
resistance that produced only instantaneous
opening of the valve were not counted as a
training breath, and the patients were
encouraged to intensify their contraction to
sustain a high quality breath to keep the valve
open for one to two seconds.

Statistical analysis:

The collected data were statistically
analyzed by using t-test to detect significance
within each group and between both groups.

\ RESULTS \

Table (1) the general characteristics of
the patients included in group I, and Il. There
were a non significant differences noted
between them regarding the age, weight,
height, and BMI (P-value>0.05).

. Group | Group Il
Variables = = MD t-value P-value

X +SD X +SD
Age (years) 55.4+5.26 56.4+4.05 -1 0.67 0.5
Weight (Kg) 72.95+10.84 74.8+7.83 -1.85 0.61 0.54
Height (cm) 166.75+5.68 165.1+5.62 1.65 0.92 0.36
BMI (Kg/m®) 26.15+2.98 27.4+2.14 -1.25 1.52 0.13
FEVI (L/m) 1.84+0.34 1.81+0.27 0.03 0.23 0.8
FEVI/FVC% 63.07£7.65 65.48+6.71 -2.41 1.05 0.2
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Table 2 and figure (1) show the mean
values of the blood gases parameters before
and after the medical treatment in group-I.
there were a non-significant differences (P-

231

value> 0.05) in the mean values of the (PaO,,

PaCO, and pH) before and after the medical

treatment in group-I.

Table (2): The mean values of blood gases parameters (PaO,, PaCO2 and pH), before and after medical

treatment in group-I.

PaO, PaCO, PH
Pre Post Pre Post Pre Post
Mean 70.55 70.95 41.17 40.64 7.44 7.43
+SD +8.14 +741 +3.1 +3.44 +0.024 +0.027
T-Value 1.56 1.67 0.96
P-Value 0.137 0.11% 0.34
1 Non significant P-value > 0.05- PaO,: partial pressure of oxygen
PaCO?2: Partial pressure of carbon dioxide- PH: power of hydrogen.
OPre
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PaO,: partial pressure of oxygen- PaCO,: partial pressure of carbon dioxide- PH: power of hydrogen.
Fig. (1): The mean values of blood gases parmeters (PaO2, PaCO2 and pH), before and after medical

treatment in group |.

Table 3 and figure 2 show the mean
values of the blood gases parmeters before and
after the medical treatment in addition to the
inspiratory muscle training in group — Il. There
were significant differences (P-value > 0.05)

in the mean values of the PaO,, PaCO; and pH
between before and after the inspiratory
muscle training in addition to medical
treatment in group-1I.

Table (3): The mean values of blood gases parameters (PaO2, PaCO2 and pH), before and after medical

treatment and inspiratory training in group I1.

PaO, PaCO, PH
Pre Post Pre Post Pre Post
Mean 70.85 80.4 41.17 37.85 7.43 7.39
+SD +6.22 +6.13 +4.82 +3.61 +0.03 +0.02
t-Value 7.69 5.02 4.66
P-Value 0.001* 0.001* 0.001*

*Significant (P-value < 0.05)
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PaO,: partial pressure of oxygen- PaCO,: partial pressure of carbon dioxide- PH: Power of hydrogen
Fig. (2): The mean values of blood gases parameters (PaO,, PaCO2 and pH), before and after medical

treatment and inspiratory training in group I1.

Comparison between both groups

The mean values of the PaO, before the
study in Gorup-l and Il were (70.55 + 8.14)
and (70.85 + 6.22) mmHg respectively. There
were non-significant differences between them
(P-value >0.05), but the mean values of the
PaO, after the study for group-l and Il were
(7095 + 7.41) and (80.4 + 6.13) mmHg
respectively. There were significant difference
between them (P-value < 0.01) for PaO,.

The mean values of PaO, before the
study in group — I and Il were (41.17 + 3.1)
and (41.17 + 4.82) mmHg respectively without
significant difference (P>0.05). the mean
values of PaO, after the study in group I and Il
were (40.64 £ 3.44) and (37.85 % 3.61) mmHg
respectively with a significant difference
between them (P-value < 0.05). The mean
values of pH in group-1 and Il before the study
were (7.44 £ 0.024), and (7.43 = 0.03)
respectively without significant differences (P-
value > 0.05). the mean values of pH in group
I and Il after study were (7.43 £ 0.027) and
(7.39 £ 0.02) respectively with a significant
difference between them (P-value < 0.05).

| DISCUSSION |

The results of this study showed that
there were significant improvements of the

arterial blood gases after the application of
IMT. These results may be due to the increase
of both muscle strength and endurance. The
improvement in the inspiratory muscle
performance is associated with improved
exercise performance. These results were
supported by other studies stated that the
improvement in the Patients' breathing patterns
reflect the increase in inspiratory force and
duration of intolerance, and increased
mortality risk in patients with COPD.
Maximum inspiratory pressure (MIP) is an
indicator of inspiratory muscle strength and a
determinant of vital capacity (VC). Decline in
MIP is known to be decreased in pulmonary
diseases such as COPD, degenerative
neuromuscular diseases, congestive heart
failure and during long —term corticosteroid
treatment.

This study contributes with additional
information to the knowledge regarding the
effect of inspiratory muscle training (IMT) on
inspiratory muscle strength and arterial blood
gases.. These results were supported with the
findings of the Meta-analysis by Lotters and
his colleagues that IMT significantly increased
inspiratory muscle strength and endurance.
IMT significantly improved dyspnea related to
ADLs and exercise performance with
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consistent improvements in inspiratory muscle
function and reduction in dyspnea.

Inspiratory muscle weakness found in
majority of patients with significant COPD.
Patients with COPD must breath at high lung
volumes to maintain potency of their narrowed
airways. The major abnormality of respiratory
muscle function in these patients is thought to
be the mechanical disadvantage caused by this
hyperinflation. Hyperinflation depresses the
dome of the diaphragm, shortens its fibers, and
forces it to work on an ineffective portion of
its length/tension curve. This study suggested
that inspiratory muscle training in patients
with COPD improves arterial blood gas
tensions by decreasing lung hyperinflation
with the consequent reduction in inspiratory
loads and changes in ventilatory pattern.

These improvements in the blood gases
may be explained by improvement in the
patient's breathing patterns (i.e.., slow deep
breathing versus rapid, shallow breathing) that
may have resulted from IMT. When patients
breath against a resistance they cannot
overcome. They increase their effort in an
attempt to breath to fulfill their physiological
requirements. Because the resistance settings
that had been used in this study were about
30% of MIP, the patients were able to open the
valve even though initially it may have
appeared to be difficult for some of them. All
patients were encouraged to sustain the
required force production for the duration of
their inspiration, which led to a standardized
training breath.

The improvement in inspiratory muscle
strength and in arterial blood gases in the
current study following the basic training, was
significant but did not exceed the minimal
clinically-important difference (>20%). These
improvements may be explained by decreasing
lung hyperinflation with the consequent
reduction in inspiratory loads and changes in
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ventilatory pattern. In the current study the
maintenance training should be applied.
Otherwise, the useful benefit of the intensive
basic training is not maintained. There is a
scientific evidence to support the use of IMT
as a routine component in the treatment
programs for patients with COPD, and should
be administered on an individual basis. The
result of this study, along with those of other
studies, have shown the improvements in
dyspena and exercise tolerance in addition to
the arterial blood gases with the use of IMT. It
was concluded that IMT is a meaningful
addition to the pulmonary rehabilitation
programs directed towards patients with
COPD with inspiratory muscle weakness. On
of the important outcomes of the current study
is that IMT may be performed at home for
patients with significant COPD under some
supervision with relatively good compliance
and low costs.
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