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Abstract

Background: Decreased respiratory muscle strength is
associated with decreased pulmonary functions and considered
as a serious mortality risk in patients on hemodialysis [1,2].

Aim of Study: This study was conducted to compare
between the effect of 12 weeks of supervised aerobic training
program combined with Inspiratory Muscle Trainer (IMT)
and using Inspiratory Muscle Trainer (IMT) alone on ventila-
tory functions in hemodialysis patients (HD). Pulmonary
functions were measured by electronic spirometer including
(Forced Vital Capacity (FVC), forced expiratory volume in
one second (FEV 1), FEV I/FVC, Peak Expiratory Flow (PEF)
and Maximum Voluntary Ventilation (MMV) in HD patients
respectively.

Subjects and Methods: Thirty patients from both sexes
participated in the study. They were divided randomly into
two groups of equal number. Group (A) received combined
IMT with supervised program of aerobic training in the form
of leg pedaling exercises, while Group (B) received IMT
alone.

Results: The results of this study revealed significant
improvement in all measured values of pulmonary functions
in both groups. Surprisingly, it was more significant in favor
of group B.

Conclusion: It was concluded that either a combined IMT
with supervised program of aerobic training or IMT alone for
12 weeks, both have significant improvement regarding
pulmonary functions in hemodialysis patients, while it was
more significant with IMT alone.
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Introduction

CHRONIC Kidney Disease (CKD) is defined as

progressive loss in renal function over a period of
months or years. In Egypt, the estimated annual
incidence of End Stage Renal Disease (ESRD) is

around 74 per million and the total prevalence of
patients who need hemodialysis as a replacement
therapy is 264 per million [3].

Patients with end-stage renal disease, especially
who undergo hemodialysis have various pulmonary
complications either from dialysis process or from
the disease impact itself [4-7] . Such complications
as accumulation of uremic toxins (urea and creat-
inine), volume overload from fluid retention and
anemia from lack of erythropoietin production. All
of which may lead to a reduction in respiratory
muscle strength and consequently pulmonary func-
tions [8-11].

It has been observed that there was defective
protein metabolism in those treated with regular
hemodialysis. The impaired protein synthesis and
protein degradation may lead togeneralized muscle
atrophy which in turn results in significant reduction
of strength and ability to generate force [12-15].

Regular physical exercises as that in the form
of intradialytic cycling ergometer may lead to
improved peak oxygen consumption, maintenance
of physical endurance, functional independence
[16,17] and the overall quality of life in hemodialytic
patients [18,19].

Inspiratory Muscle Trainer (IMT) is a recent
effective method to enhance respiratory muscles
strength [20]. Pellizzaro,showed that respiratory
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muscle training by using IMT program for 10
weeks during dialysis sessions has a significant
improvement in both maximum inspiratory pre-
ssure (PImax) and maximum expiratory pressure
(PEmax) [21]. According to De Medeiros et d., the
percentage of type | fibers and size of type Il fibers
in respiratory muscles of COPD patients had in-
creased following the application of inspiratory
muscle trainer [22] . Therefore, strengthening of
respiratory muscles by using threshold inspiratory
muscle trainer for those patients may enhance the
function of the pulmonary system entirely [23].

From the above findings, this study aimsto
evaluate the combined effect of performing both
aerobic exercise training and inspiratory muscle
trainer on pulmonary functions in hemodialytic
patients.

Subjectsand Methods

Thirty clinically stable patients from both sexes
(14 males and 16 females) were enrolled into the
study and randomly allocated into two groups of
equal number. Group A was composed of fifteen
patients received supervised program of aerobic
training in the form of leg pedaling exercises and
Inspiratory Muscle Trainer (IMT) in addition to
standard medical treatment. Group B was composed
of fifteen patients received inspiratory muscle
trainer and standard medical treatment.

Inclusion criteria: Patients who had the follow-
ing criteriawere included in the study: Petients
who have sufficient level of cognition and ability
to understand instructions. All of them had vascular
access through an arterio-venous fistula. Their ages
ranged from 45 to 65 years old. They received
regular hemodialysis sessions at least three months
with each session lasting 4 hours at a Hemodialysis
Unit of Al-Kasr Al-Aini Hospital, at Faculty of
Medicine, Cairo University, Egypt. A specialized
physician initially examined all recruited patients.

Exclusion criteria: Patients who had the fol-
lowing criteria were excluded from the study such
as patients with chronic chest, cardiac, neurological
disease or who had a current smoking habit, which
may interfere with exercise training. All patients,
regardless of their health status were allowed to
discontinue the training program and withdraw
from the study at any time.

This study was carried out according to the
principles of the Declaration of Helsinki 1975,
revised Hong Kong 1989 and was approved by
Human Research Ethics Committee of the Faculty
of Physical Therapy, Cairo University.

Material and Methods:
For evaluation:

Electronic Spirometer: Measuring pulmonary
function test by an electronic Spirometer (Model
-Schiller AG, CH6304) was used to measure Forced
Vital Capacity (FVC), Forced Expiratory Volume
in one second (FEV 1), FVC/FEV 1 ratio, Peak
Expiratory Flow (PEF) based on the total pulmo-
nary capacity and Maximum Voluntary Ventilation
(MVYV). Guidelines of the Pulmonary Function
Tests were used with all patientsin the study [24,25].
MVV was calculated as approximately equal to
the FEV 1 X 40 [26]. Measurements for all patients
were performed once before initiating the study
and another after completion of 12 weeks of training
program.

For treatment:

- Aerobic training program: Patients in group
A were assigned to perform a supervised training
program in the form of leg pedaling exercises using
(grand easy exerciser 111-China) in a semi-supine
position and during the first two hours of hemodi-
alysis procedure to avoid dialysis hypotension
episodes. Program extended over a period of 3
months, three times a week. Training sessions was
performed under direct supervision of a physio-
therapist. Each training session consisted of three
phases [27] . Phase one-warm-up (5 minutes)-free
active exercises of the lower extremities. Phase
two-the conditioning phase (20 minutes)-exercise
on aleg pedaling (the speed was set at one cycle
per second at 0.5km/h). Phase three-cool-down (5
minutes)-free active exercises of the lower extrem-
ities. Training duration was gradually increased
from 10min in the first session to 30min in the
subsequent sessions [19,28,29] .

The prescription of exercise intensity was based
on Borg's Perceived Exertion Scale [29]. According
to this scale, patients assign a score to the intensity
of fatigue that varies from 6 to 20 points. During
leg pedaling, patients were asked about the score
they would assign to their fatigue every 5 minutes.
The pedaling load was maintained to achieve an
intensity of stress enough to determine a score of
fatigue between 11 and 13 points (i.e. less than a
little tired), which corresponds to an exercise of
“mild” intensity to “quite hard” in this scale. If
changes were noted, exercise was discontinued for
10min. After which, if symptoms resolved, patients
were allowed to resume. If symptoms did not
resolve then no more exercise was permitted for
that day. Prolongation of asingle training session
and change in intensity depend on patient's reaction
to physical effort.
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» Termination of exercises during the training
session took place in the following cases. Ina-
bility to maintain the recommended rate of pe-
daling, occurrence of retrosternal, muscular,
articular pain, occurrence of nausea, dizziness,
muscle cramps; or patient's request (malaise,
fatigue) [27].

- Inspiratory muscle training program: Inspir-
atory muscle training program was conducted
byThreshold IMT (HS 730-010) manufactured for
Respiratory Drug Delivery, UK, Ltd with adial
selector used to detect the resistance level. The
device contains a valve to ensure consistent resist-
ance regardless of the air flow that trains respiratory
muscles. Each patient breathes through a separate
mouthpiece through attach the mouthpiece firmly
and put the nose clip and inhale deeply through
the mouth piece to generate an inspiratory pressure
greater than the indicated presetting threshold
pressure to compress the spring and open the valve.
The intensity was 30% from 10 Repetition Max
with duration ranged from 20-30 minutes [30] . The
inspiratory muscle training session was started
after 10 minutes of resting from aerobic training
in group A whilein group B it was started within
the first half hour of hemodialysis session.

For statistical analysis:

For descriptive statistics, mean and standard
deviations were calculated for all variables. Bar
graphs were used to display the means of all vari-
ables pre and post-treatment. For analytical statis-
tics, paired t-test was used to test if thereisa
significant difference between pre and post means
of the measured variables in the same group. Inde-
pendent samples t-test was used to test if thereis
asignificant difference between the means of pre
and post-treatment of the two groups. The Statistical
program (SPSS) Version 16.0 was used in statistical
analysis. The significance level was set at 95% so
that atest is considered significant if p-value <0.05.
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Results

Asshownin (Table 1), comparing the general
characteristics of the subjects of both groups re-
vealed that there was no significant difference
between both groups regarding the mean values
of age, weight, height, or BMI.There was no sig-
nificant difference in the mean values of ventilatory
functions (FVC, FEV , FEV/FVC, PEF and MVV)
between group A and B pre-treatment (p>0.05).

Table (2) shows results of the mean + SD values
of group A for al measured variables (FVC, FEV 1y,
FEV{/FVC, FEF and MVV) the pre-treatment mean
values were 47.07+ 16.37%, 44.85+ 15.98%, 100+
17.72%, 29.78+ 12% and 48.65+ 18.53% respective-
ly). While post-treatment mean values were (52.57 +
15.36%, 104.5+ 17.54%, 38.42+15.08%, 57.13+
19.26% respectively).

Table (3) shows results of the mean £ SD values
of group B for all measured variables (FVC, FEV 1,
FEV /FVC, FEF and MVV) the pre-treatment mean
values were FVC 53.5+ 12.26%, 52.85+ 15.1%,
103.14+ 18.59%, 30.5+ 14.8% and 47.08+ 16.26%)
while post-treatment was 65.72 +11.13%, 68.41 +
10.39%, 110.63+11.89%, 52.91+ 16.11% and 56.87
+11.76%.

Comparison between groups post-treatment:

Table (4) showsthe mean * SD FVC post-
treatment of group A was 53.14+ 12.76% and that
of group B was 65.72+ 11.13%. The mean = SD
FEV | post-treatment of group A was 52.57 +15.36%
and that of group B was 68.41 + 10.39%. The mean
* SD FEV /FV C post-treatment of group A was
104.5+ 17.54% and that of group B was 110.63 +
11.89%. The mean * SD PEF post-treatment of
group A was 38.42+ 15.08% and that of group B
was 52.91+16.11%. The mean + SD MVV post-
treatment of group A was 57.13 +19.26% and that
of group B was 56.87 + 11.76%.

Table (1): Comparing the mean age, weight, height, and BMI of group A and B.

Group A Group B

Variable X + SO X +SD MD vatl-ue vglje Significance
Age (years) 49074669  50.28+6.62 121 -048 063 NS
Weight (kg) 66.64+9.35  68.57+6.44 193 -063 053 NS
Height (cm) 159.85+8.82 163.07£6.62 -3.22 -1.09 0.28 NS
BMI (kg/mz) 25.93%2 25.81+2.38 0.12 0.13 0.89 NS
FVC (%) 47.07+16.37 53.5+12.26 —6.43 -1.17 0.25 NS
FEV{ (%) 44.85+15.98 52.85+15.1 -8 -1.36 0.18 NS
FEV 1/FVC (%) 100£17.72 103.14+18.59 -3.14 -0.45 0.65 NS
PEF (%) 29.78+12 30.5+14.8 -0.72 -0.14 0.88 NS

x  Mean. t-value : Unpaired t-value.

SD : Standard Deviation.

p-vaue : Probability value.
MD : Mean Difference. NS

: Non Significant.
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Table (2): Comparison of pre and post-treatment means values
of ventilatory functions of group A.

Group A
Pre Post p- S

% +SD % +SD value g
FVC (%) 47.07+£16.37 53.14+12.76 0.004 S
FEV 1 (%) 4485+1598 5257+1536 0.002 S
FEV{/FVC (%) 100+£17.72 10451754 0.23 NS
PEF (%) 29.78+12 38.42+15.08 0.004 S
MVV (%) 48.65+18.53 57.13+19.26 0.004 S
SD : Standard Deviation. S . Significant.
NS : Non Significant. p-value: Probability value.
X Mean.

Table (3): Comparison of pre and post-treatment means values
of ventilatory functions of group B.

Group B
Pre Post p- S

X *SD Xx+SD  vaue 9
FVC (%) 53.5+12.26 65.75+11.13 0.0001 S
FEV { (%) 52.85+15.1 68.41+10.39 0.0001 S
FEV{/FVC (%) 103.14+18.59 110.63+11.89 0.13 NS
PEF (%) 30.5+14.8 5291+16.11 0.0001 S
MVV (%) 47.08+16.26 56.87+11.76 0.02 S
SD : Standard Deviation. S . Significant.
NS : Non Significant. p-value: Probability value.

X : Mean.

Table (4): Comparison of post-treatment mean values of
ventilatory functions of group A and B.

Group A Group B p-

X +SD X+SD  vaue Y
FVC (%) 53.14+12.76 65.72+1113 001 S
FEV 1 (%) 5257+15.36 68.41+10.39 0.004 S
FEV{/FVC (%) 1045+1754 110.63+11.89 0.28 NS
PEF (%) 38.42+15.08 5291+16.11 002 S
MVV (%) 57.13+19.26 56.87+11.76 096 NS
X Mean. p-value : Probability value.
SD : Standard Deviation. NS : Non Significant.
S : Significant.
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Fig. (1): Pre-treatment mean values of ventilatory functions
of group A and B.
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Fig. (2): Post-treatment mean values of ventilatory functions
of group A and B.

Discussion

In the present study, the results showed that the
inspiratory muscle trainer radically enhanced res-
piratory muscle strength and pulmonary functions
regarding FVC, FEV |, PEF and MVV%. These
results coincided with results achieved by El-Sisi
et a., who evaluated the effect of IMT versus
Pranayama on pulmonary functions of hemodialysis
patients, which further confirmed that IMT hadmore
significant effectcompared to other techniques
(FVC, FEV, PEF) (p was 0.0001*) [31].

Moreover, these results came in agreement with
the results achieved by Felix et al., who assessed
the effects of IMT in patients with Ataxia Tel-
angiectasia, their results demonstrated a significant
improvement of breathing, inspiratory muscle
strength, respiratory volumes and Quality of Life
(QOL) [32].

Furthermore, the results of Bahey El-Deen et
al., showed significant improvement in respiratory
muscle strength regarding PImax, and PE max by
using pressure vacuum meter as well asimprove-
ment in pulmonary functions regarding FV C%,
FEV 1%, and PEF% with application of IMT during
hemodiaysis sessionsfor 12 weeks [33].

There is no documented data concerning the
effect of combined aerobic training and IMT on
pulmonary functionsin hemodialysis patients, but
Winkelmann et al., found that all exercise inter-
ventions significantly improved FVC, FEV {, PEF,
while MVV improved following aerobic training
and aerobic training with IMT [34].

Also Enright et al., showed that this regimen
of high-intensity IMT combined with aerobic train-
ing enhanced the inspiratory muscle function,



ZahraM. Hassan, et al.

induces morphological changesin the diaphragm,
and increased lung capacities (FVC, FEV 1, FEV 1/
FV C and peak expiratory flow) in healthy sub-
jects [35].

Dassios et dl., stated that application of IMT
and aerobic training for patients with cystic fibrosis
resulted in asignificant improvement in VC, FEV
and arterial oxygen saturation [36]. Also Shendy
and Farag concluded that both IMT and aerobic
training provided a significant improvement in the
ventilatory functions due to increasing the res-
piratory muscles strength, efficiency and endu-
rance [37].

Also El-Shemy et al., reported that leg pedaling
for 30 to 40mins during the 1 st two hours of the
dialysis session for 3 months improve muscul oskel-
etal system, activity of daily living, circulatory,
respiratory system and neurological system [27].

In this study we found that group B who under-
went IMT only showed aremarkable increasein
FVC, FEV 1, PEF than group A who underwent
aerobic training combined with IMT. This could
be attributed to the longer duration of combined
training where most of the patients spent more
than one hour (30mins for aerobic training and
30minsfor IMT, with 15mins rest in-between).
This caused early fatigability and exhaustion, which
led to early termination of the session.

Thiswas verified by Carvalho et al., who re-
ported that hemodialysis patients have different
features that contributes to a sedentary lifestyle,
such as functional and structural alterations of
skeletal muscles, uremia, inflammation, hyperpar-
athyroidism, reduced secretion of testosterone, and
malnutrition. Furthermore, the procedure of dialysis
itself increases catabolism, which leads to a dete-
rioration of the physical condition, which isthe
direct cause of limited exercise capacity among
those patients [38].

From the above findings, it has been determined
that the limited exercise capacity and early fatiga-
bility as well as presence of muscle cramps (due
to decrease the blood calcium level) are the most
common causes of early termination of aerobic
training session in group (A). Therefore, itis
recommended to conduct another study in which
the aerobic training exercise can be applied intra
dialytic while using inter dialytic IMT (in non
dialytic days) to avoid the occurrence of fatigue.

Conclusion:

It was concluded that either acombined IMT
with supervised program of aerobic training or
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IMT alone for 12 weeks, both have significant
i mprovement regarding pulmonary functionsin
hemodialysis patients, while it was more significant
with IMT alone.
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