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Abstract

Background: Muscle wasting and limitation in physical activity have been reported in patients with hemodialysis; this leads

to poor quality of life at the end. Objective: To develop the respiratory training device and to determine the efficiency of the

prototype on respiratory muscle strength, functional capacity and dyspnea perception in hemodialysis patients. Design, setting

and participants: the development of respiratory device was created and then effects of respiratory device were examined in

hemodialysis patients. A total of 25 patients with quasi experimental study was recruited in the present study with aged [?]

35 years old. All participants had a history of hemodialysis 3 days per week. Outcome measurements and statistical analysis:

The protocol was conducted 15 inhales, three set per day with 40% of maximal inspiratory pressure; totally 45 inhales. The

participants were asked to perform for three times per week during on hemodialysis. Respiratory muscle strength, the 6minute

walk test and rate of dyspnea scores were assessed before and after 8-week intervention program. Paired t-tests was used to

compare between initial values and follow-up values in respiratory prototype. Results: Of 25 patients at initially was enrolled, 22

individuals (88%) completed in the 8-week program. Significant improve in inspiratory muscle strength, 6minite walk distance

and rate of dyspnea was observed after 8-week intervention (?12.44± 3.55 cmH2O, ?24.78 +- 8.89 meters, and ?0.50 +- 0.19,

respectively). Conclusion: Using porotype of respiratory device can effectively improve cardiorespiratory performance which is

marked by increasing inspiratory muscle functional capacity and rate of dyspnea in hemodialysis patients after 8-week training

program.

A novel respiratory device and the application of cardiorespiratory performance to hemodia-
lysis patients

Abstract:

Background: Muscle wasting and limitation in physical activity have been reported in patients with hemo-
dialysis; this leads to poor quality of life at the end.

Objective: To develop the respiratory training device and to determine the efficiency of the prototype on
respiratory muscle strength, functional capacity and dyspnea perception in hemodialysis patients.

Design, setting and participants: the development of respiratory device was created and then effects of
respiratory device were examined in hemodialysis patients. A total of 25 patients with quasi experimental
study was recruited in the present study with aged [?] 35 years old. All participants had a history of
hemodialysis 3 days per week.
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. Outcome measurements and statistical analysis: The protocol was conducted 15 inhales, three set per
day with 40% of maximal inspiratory pressure; totally 45 inhales. The participants were asked to perform
for three times per week during on hemodialysis. Respiratory muscle strength, the 6minute walk test and
rate of dyspnea scores were assessed before and after 8-week intervention program. Paired t-tests was used
to compare between initial values and follow-up values in respiratory prototype.

Results: Of 25 patients at initially was enrolled, 22 individuals (88%) completed in the 8-week program.
Significant improve in inspiratory muscle strength, 6minite walk distance and rate of dyspnea was observed
after 8-week intervention (Δ12.44± 3.55 cmH2O, Δ24.78 ± 8.89 meters, and Δ0.50 ± 0.19, respectively).

Conclusion: Using porotype of respiratory device can effectively improve cardiorespiratory performance
which is marked by increasing inspiratory muscle functional capacity and rate of dyspnea in hemodialysis
patients after 8-week training program.

Keywords: respiratory device, hemodialysis, dyspnea, respiratory muscle, functional capacity, rehabilitation

Thai Clinical Trials Registry (TCTR) number is TCTR20171107003.

Introduction

Muscle wasting and limitation in physical activity have been reported in patients with end stage renal disease.
In addition, myopathy uraemia has been described in chronic renal failure (CRF), and this leads to decline
in muscle strength including respiratory muscle. It has been reported that respiratory muscle training in
CRF patients could increase in respiratory muscle strength and thereby increase in functional capacity1.
Pellizzaro et al reported the effect of respiratory muscle training in CRF patients during hemodialysis and
found that respiratory muscle strength and functional capacity had a significantly improvement while the
control group who did not any intervention were not improved 1. In addition, a correlation was found between
inspiratory muscle strength and functional capacity (defined as the 6-minute walk test). Inspiratory muscle
training (IMT) commonly performs a threshold loading IMT such as POWERbreathe. Using the threshold
loading IMT should inspire through a mouthpiece with adjusted or different resistance in the inspiration.
Therefore, inspiratory muscle training might be carried by using accessory muscle for example scalene muscle
or sternocleidomastoid muscle. According to the previous study, we created a respiratory prototype (named
TU-Breath Training) that attached on the lower costal muscle instead. Further, it has been shown that
training with TU-breathe could reduce blood pressure in hypertensive participants 2. Therefore, the study
was aimed to design and develop a new prototype of respiratory version II and explore the effect of the
prototype version II on cardiorespiratory performance (i.e., respiratory muscle strength, functional capacity)
and dyspnea score among hemodialysis patients.

2. Materials and Methods

The Research has been approved from the Ethics Committee on Human Subject of Thammasat University
and the Ethics in Human Research Committee of the Thammasat University Hospital, according to the
principles of the Declaration of Helsinki 1975.

Participants were adults aged 30-75 years old both males and females. Further, those had been diagnosed end
stage renal failure at stage 5 and receiving hemodialysis more than three months, undergoing hemodialysis
three times a week for 3-4 hours per day. The exclusion criteria were participants who had been resting
systolic blood pressure greater than 200 mmHg and/or diastolic blood pressure greater than 120 mmHg, had
neurological problems (e.g., stroke, had musculoskeletal problems (e.g., severe osteoarthritis, ambulation),
uncontrolled pulmonary disease, mental health problems (diagnosis from doctor or psychiatrist) and cognitive
impairment.

Prior to the training program, the participants were explained the objective and methodology of the study.
Next, participants were asked to sign the informed consent and fill in a questionnaire, such as medical his-
tory, duration of hemodialysis, history of drinking and smoking. Participants performed respiratory muscle
strength testing. Maximal inspiratory pressure (MIP) and maximal expiratory pressure (MEP) were measu-
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. red by a mouth pressure meter (Micromedical generation, micro DL no.2, Carefusion company). Participants
were asked to sit on a chair comfortably and the noseclip was attached. After that, individuals were reques-
ted to take a deep breath near to residual volume and inhale deeply with hold on 1.5 seconds this could be
defined as MIP. Next, for the MEP, participants take a deep breath near to total lung capacity and exhale
fast and then hold on 1.5 seconds. Participants were requested to repeat the tests for three to five times and
maximal value was recorded3. Participants rest for five minutes or rest until heart rate recovery. Prior to the
functional capacity testing (i.e., the 6-minute walk test: 6MWT), the participants were recorded blood pres-
sure, heart rate, rate perceived exertion (RPE: modified Borg scale 0-10) and oxygen saturation Participants
performed the 6MWT which is long level corridor 30 meters and walk within six minutes4. Blood pressure,
heart rate, RPE and oxygen saturation were re-assessed after 6MWT. The perception of breathlessness is
rated on a Likert scale between 1 (very difficult to breath) and 5 (not difficult to breath). Participants were
asked to complete how difficult breath during the past month.

The respiratory muscle training program was used by the prototype of respiratory muscle training version II
(TU-breathe V. 2); see Figure 1. The system composes an air resistive respiration training device including
a respiration sensor. The pressure sensor is connected to the respiratory sensor and it is sent the pressure
value via Bluetooth which has been installed by a smartphone. The pressure sensor and system have been
described in detail elsewhere 2.

The participants were asked to take a deep breath in deeply and the maximal pressure value was shown and
recorded. After that, the participants were required to take deep breath in for 40% of maximal inspiration,
15 times/ sets for 3 sets, interval 60 seconds. Respiratory muscle strength was reassessed after 4-week
intervention for adjusting respiratory loading. Functional capacity and respiratory muscle strength were
performed after 8-week intervention program.

The data analysis was calculated with SPSS program version 20. The statistically significance is set p value
less than 0.05. Kolmogorov - Smirnov (Goodness of fit) test was used for test of distribution data. Paired t-test
was performed to evaluate the effect of breathing training on respiratory muscle strength, functional capacity
and sensation of breathlessness in pre and post training program (before vs. after 8-week intervention).

3. Results

A total of 25 participants were enrolled at initial session; however, three participants who did not complete
the program because their busy. Therefore, results were recruited 22 participants (88.0%). There were no
significant differences in initial characteristic data between those who complete the study program and
those who did not (ps > .005). The demographic, cardiorespiratory performance and rate of dyspnea of the
hemodialysis patients at baseline and follow-up are shown in table 1.

Paired t-tests was used to compare between initial values and follow-up values in respiratory prototype (table
2); these indicated that respiratory training with TU-Breath Training version II had increased significantly
from initial period to the 8 weeks intervention (Δ14.23± 3.44, 95%CI = 7.13 to 21.32, p <.001). The walking
distance was also increased in TU-Breath Training group after 8-weeks (Δ20.09 ± 9.10 meters, 95%CI =
1.17 to 39.02, p = .039). Again, the efficacy of TU-Breath Training was reported in increased perceived of
dyspnea scores after intervention program (Δ0.50 ± 0.16, 95%CI = 0.17 to 0.83, p = .005).

4. Discussion

The purposes of the study were to develop the respiratory device training (named TU-Breath Training
version II) and examine the effect of the prototype on cardiorespiratory performance (i.e., respiratory muscle
strength and functional capacity) and rate of dyspnea in hemodialysis patients. The study reported that use
of respiratory prototype program could improve respiratory muscle strength, functional capacity and rate of
dyspnea in hemodialysis patients. These results are in line with the previous studies 1, 5-8.

The study was revealed that an improvement in MIP, 6MWD and sensation of breathlessness were observed
in inspiratory muscle training thought respiratory prototype (TU-Breath Training version II). Dysfunction

3



P
os

te
d

on
A

u
th

or
ea

22
J
an

20
21

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
61

13
05

99
.9

30
20

88
5/

v
1

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. in multiple systems (e.g., musculoskeletal, cardiovascular and respiratory systems) could be found in patients
with CRF. The reduction of systemic protein and skeletal muscle mass leads to loss of muscle mass whether
in type I or type II fibers in cross-sectional areas. Further, the proportion of show fibers and also in the size of
the fast fibers can been improved inspiratory muscle training 9. Muscle atrophy in particular type II muscle
fibers, results from a reduction of vascular and capillary blood flow 10. These results are part of uremic
myopathy in relation to skeletal muscles including the diaphragm and intercostal muscle and may present
in muscle weakness (decreased MIP) and poor functional capacity (i.e., 6-MWT)11. In addition, impaired
respiratory muscle by the uremic neuropathy and myopathy could leads to increases the work of breathing
and also the neuromuscular dissociation 11. Therefore, neuromuscular dissociation might provoke an increase
in respiratory effort and perceived in breathlessness among patients with chronic renal failure 12. In addition,
weakness of inspiratory muscle leads to increase respiratory effort during exercise or physical activity resul-
ting to increase metabolic stress in respiratory muscle and metaboreflex stimulation 13. Thus, metaboreflex
stimulus and uremic myopathy might partially explain why respiratory muscle training improved sensation
of breathlessness and cardio-respiratory fitness (i.e., inspiratory muscle strength and 6-MWT).

Regarding to breathlessness, the study found a decrease of dyspnea after 8-week intervention program. Silva
et al found an improvement in the sensation of breathlessness after inspiratory muscle training program
in hemodialysis patients 8. Decreased dyspnea is reported in IMT, it might be a decreasing dynamic hy-
perinflation of rib cage and therefore increasing gas exchange 14. In addition, increased respiratory muscle
strength can be enhancing the pattern of maximal thoraco-abodminal motion (14). Additionally, Patessio
et al reported the relationship between the sensation of breathlessness and respiratory muscle strength 15.
MIP less than 80 cmH20 has been defined as inspiratory muscle weakness3,16. In the present study, MIP was
an average 68.32 cmH2O which is clinically important inspiratory muscle weakness. However, after training
programme for 8-week, the improvement in inspiratory muscle rose to 82.55 cmH2O. Therefore, it might
be, in part, inspiratory muscle training improved the inspiratory muscle strength and thereby decreased
sensation of breathlessness.

Some limitations of the present study should be noted. A relative small sample size with quasi experimental
design which is lack of a control group. Therefore, further study need to explore the effect of inspiratory
muscle training with a large sample size and randomized control trails. In addition, the training protocol
such as intensity, frequency and duration of the study should be a consideration that might affect the result
of the study.

5. Conclusion

IMT with the prototype of respiratory device displayed significantly improved inspiratory muscle, functional
capacity and decreased sensation of breathless after 8-week intervention program.
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Figure Legends

Figure 1: prototype of respiratory muscle training version II (TU-breathe V. 2)
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