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ABSTRACT
Background: Many hemodialysis patients experience fatigue
as a result of not achieving dialysis adequacy.

Purpose: This study was designed to determine the effect of
intradialytic range-of-motion exercises on dialysis adequacy
and fatigue in patients undergoing hemodialysis.

Methods: In this two-arm experimental study with repeated
measures, participants were allocated to treatment (n = 25, 23
completed) and control (n = 25, 24 completed) groups using
computerized simple random sampling. Participants in the treat-
ment group performed 30-minute weekly intradialytic exercise
sessions in addition to receiving standard care, whereas those
in the control group received standard care only.

Results: Fatigue and dialysis characteristics were reported at
baseline, at the midpoint (end of Week 4), and at the end of
Week 8. Whereas mean Kt/V (dialysis adequacy) and urea re-
duction ratio increased and the fatigue level decreased in the
treatment group, these variables did not change in the control
group. Significantmean differences in Kt/V, urea reduction ratio,
and fatigue between the groups were observed at the end of
Week 8.

Conclusions: Intradialytic range-of-motion exercises are rec-
ommended for patients undergoing hemodialysis to increase di-
alysis adequacy and reduce fatigue.

KEY WORDS:
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Introduction
Despite hemodialysis maintenance, patients with end-stage
renal disease (ESRD) are often affected by the symptoms of
uremic syndrome. The most common uremic impact experi-
enced by patients undergoing maintenance hemodialysis is
fatigue, with studies reporting changes in fatigue levels be-
fore and after hemodialysis (Brys et al., 2019; Wang et al.,
2015). Fatigue in ESRD impacts well-being andmay increase
mortality risk during hemodialysis (Bossola et al., 2015;
Jacobson et al., 2019).
Patients rarely show uremic manifestations when dialysis
adequacy is achieved, whichmay be assessed using the recom-
mended dialysis adequacy (Kt/V) and urea reduction ratio
(URR) measures (National Kidney Foundation, 2015). A sys-
tematic review reported that when Kt/V and URR are higher
than 1.2% and 65%, respectively, patient dialysis adequacy
is improved. Several other factors known to contribute to di-
alysis adequacy include age, gender, duration of dialysis, the
use of filters, and dialysis prescription (Barzegar et al., 2016).
Dialysis adequacy is one of the most important and modifiable
factors for biochemical markers (i.e., creatinine, urea). These
biomarkers can alter the mineral metabolism associated with
increased mortality risk in patients with ESRD (Duong et al.,
2019). Hence, dialysis adequacy may improve disease prog-
nosis and quality of life and reducemortality in patients with
ESRD (El-Sheikh & El-Ghazaly, 2016).

Various methods are used to increase dialysis adequacy to
avoid the symptoms of uremic syndrome. A 25% increase in
blood flow has been noted to be effective in increasing dialy-
sis adequacy (Aliasgharpour et al., 2018). However, patients
often experience negative effects during dialysis such as fatigue,
dyspnea, restless leg, and nausea, although vascular access also
needs to be considered (El-Sheikh&El-Ghazaly, 2016). Fatigue
is a common complaint resulting from uremic syndrome, with
a prevalence ranging from 60% to 97% (Bossola et al., 2015).
Fatigue, generally described as weakness and lack of energy, is
commonly experienced by patients with ESRD undergoing
long-term dialysis therapy. One safe and effective way to in-
crease urinary clearance is to increase the rate of blood flow
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Figure 1

Consolidated Standards of Reporting Trials Flow Diagram
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to the dialyzer by having the patient undertake exercise during
the hemodialysis session, known as “intradialytic exercise.”
Intradialytic exercise can increases muscle blood flow, produc-
ing a vasodilating effect on muscle blood vessels. Intradialytic
exercise may improve the adequacy of dialysis by increasing
Kt/V-urea and decreasing creatinine (Ferreira et al., 2019).

Intradialytic exercise using a static bicycle or intradialytic
cycling has been found to be effective in increasing dialysis
adequacy. Other forms of physical exercise not requiring
equipment, including those involving only the movement of
the joints or range of motion (ROM), have not been widely
evaluated (Paluchamy & Vaidyanathan, 2018). Mohseni
et al. (2013) conducted an intervention study that provided
a 15-minute aerobic exercise 3 times a week, which increased
Kt/V by 38% and URR by 11% after 8 weeks. However, the
intensity of the exercise was not assessed. Similarly, the find-
ings of a systematic review recommended physical exercise
be included during hemodialysis; however, the appropriate
type, intensity, and duration of exercise require further inves-
tigation (Barcellos et al., 2015).

Methods
The aim of this studywas to investigate the effect of intradialytic
ROM exercises on dialysis adequacy and fatigue in hemodial-
2

ysis patients. The study was undertaken in a general hospital
inWest Sumatra with outpatient dialysis patients receiving di-
alysis using a low-flux dialyzer for a duration of 270 minutes
per session at a blood flow rate of 200–250ml/minute and a di-
alysate flow rate of 500ml/minute. The studywas approved by
the research ethics committee, Faculty ofMedicine, Universitas
Andalas (No. 301/KEPK/2018), and data were collected from
January to April 2019.

The inclusion criteria were patients aged > 18 years who
had undergone routine hemodialysis for at least 3 months
and were currently undergoing routine hemodialysis twice
per week. Patients were excluded if they had moderate or se-
vere anemia, blood pressure of > 220 mmHg (systolic) or
> 110 mmHg (diastolic), or a diagnosis of ischemic heart dis-
ease. Patients with contraindications to exercise at baseline,
including orthopedic or musculoskeletal issues and a heart
rate of ≥ 100 beats/minute before exercise, were also ex-
cluded (see Figure 1).

All dialysis patients at the target hospital who met the in-
clusion criteria were invited to participate in this study. The
study requirementswere explained by the researcher, and pa-
tients who were willing to participate provided signed in-
formed consent. Participants meeting the inclusion criteria
who provided informed consent were allocated to treatment
and control groups using computerized simple random
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sampling. The sample size for this study was determined
using a calculation of comparisons between two means of
Kt/V using data from a previous randomized controlled trial
(Mohseni et al., 2013). This calculation determined a mean
difference of 0.0335 and a standard deviation of 0.163, pro-
viding a sample size of 17 in each group. On the basis of an
expected attrition rate of 30%, the total sample size for each
group was set as 25. Of the 73 dialysis patients in the hospi-
tal, 68 patients met the inclusion criteria and agreed to par-
ticipate. These 68 patients were allocated numbers, of which
50 were selected using computer-generated simple random
sampling performed by a member of the research team. A
nurse in the hemodialysis unit then randomly assigned the
enrolled participants to either the treatment or control
group. Because of the nature of the treatment intervention,
blinding to allocation was not possible for either the par-
ticipants or the clinical staff.
Instruments
Demographic information and patient characteristics were
collected at baseline. These included age, gender, length of
time since commencement of hemodialysis, hemoglobin levels,
dry weight, body mass index, blood flow rate, and systolic
and diastolic blood pressure.

Fatigue and dialysis characteristics were assessed at base-
line, at the midpoint (end of Week 4), and at the end of
Week 8.
Fatigue
Fatiguewas assessed using the Fatigue Assessment Scale, which
is a self-reported 10-item 5-point Likert-type scale (Shahid
et al., 2011). Respondents are asked to report how they typ-
ically feel, ranging from never to always, using positive and
negative scoring. Fatigue scores range from a minimum of
10 to a maximum of 50.
Dialysis characteristics
This study assessed characteristics related to dialysis. Dialy-
sis adequacy (Kt/V) was assessed using the second generation
of the Daugirdas formula (Daugirdas, 1995):

Kt=V ¼ −Ln R−0:008 tð Þ þ 4−3:5 Rð Þ � UF=W

K: Dialyser urea clearance rate (liters/minute)
t: Dialysis time (minutes)
V: Volume (liters)
Ln: Natural logarithm
R: Ureum postdialysis/ureum predialysis
UF: ultra filtration volume (liters)
W: Body weight (kilograms)
The URRwas assessed in accordance with the Lowrie for-

mula (National Kidney Foundation, 2015) using an online
application MedCalc: hemodialysis Kt/Vand URR
URR = (C0 − C)/C0

C0 = predialysis ureum;
C = postdialysis ureum
The findings reported here are part of a study that assessed

additional variables, with depression and insomnia results
reported elsewhere (Forwaty et al., 2019).
Intervention
Participants in the treatment group received two exercise ses-
sions per week (Monday andWednesday) for 8weeks during
their scheduled dialysis sessions in addition to standard care,
whereas those in the control group received standard care
only (Tuesday and Thursday). An assessment of exercise in-
tensity was performed for participants in the treatment
group at baseline by amember of the research team, and vital
signs were recorded. Nurses in the hemodialysis unit and a
physiotherapist showed the exercises to participants and then
observed andmonitored the patient's condition andmeasured
vital signs using an observation checklist during the interven-
tion. Themeasurement of exercise intensity was initiated from
the start of the bike-riding movement for 20 minutes with
heart rate measured using a fingertip pulse assessment. The
desired exercise intensity of this assessment was 50%–60%
of resting heart rate, calculated using Karvonen's formula
for men = 206.9 − (0.67 � Age) and women = 206 − (0.88
� Age; Gulati et al., 2010). To monitor the intensity of the
exercise, a member of the research teammeasured the patient's
heart rate using a fingertip pulse to ensure the rate reached
50%–60% of the resting heart rate.

Exercise sessions for the treatment group involved flexibility/
stretching andROMexercises (such as simulated bike riding) for
the upper and lower extremities. The hemodialysis process took
4.5 hours (270minutes). Thirty minutes after the start of the he-
modialysis process, the exercise was conducted for 30 minutes
(5-minute warm-up, 20-minute main exercise, 5-minute cool-
down). After the exercise session, the researcher observed the
patient's condition for 30 minutes to ensure no issues, after
which the patients completed the hemodialysis process.

The warm-up movements included flexibility/stretching ex-
ercises of the upper and lower extremities, whichwere repeated
8 times. Thesemovements includedmoving the head to the left,
to the right, and to the front followed by head rotation. The ex-
ercise continued with hand movements: flexing and stretching
of the fingers, rotation of the wrists clockwise and anticlock-
wise, wrist flexion/extension, elbow flexion/extension, and
shoulder rotation. The final warm-up movements focused on
the legs: toe flexion/extension, ankle dorsiflexion/plantarflexion
and rotation, knee flexion/extension, and hip abduction/
adduction. In the 20-minute main exercises, movement flexibil-
ity and stretching similar to the warm-up stage were performed
with 20 repetitions, after which the patients were asked to con-
tinue bike-ridingmovements or pedalingmovements with both
legs (as if riding a bicycle) until the 20-minute time point was
achieved. The exercise was performed with patients in the
semi-Fowler position, from which patients performed the
3



Table 1
Participant Characteristics at Baseline

Treatment
(n = 23)

Control
(n = 24)Characteristic

Mean SD Mean SD

p

Age (years) 50.8 12.0 53.7 11.8 .650

Time on dialysis
(years)

1.7 1.6 2.0 1.9 .693

Hemoglobin (g/dl) 10.2 0.9 9.9 0.6 .061

Dry weight (kg) 60.5 12.6 58.9 10.5 .331

Bodymass index (kg/m2) 23.2 4.1 22.4 3.9 .364

Blood flow rate (ml/min) 217.4 18.6 217.5 20.3 .419

Blood pressure (mmHg)
Systolic 132.8 13.0 136.1 13.4 .831
Diastolic 80.7 3.8 82.7 4.4 .579

n % n % p

Gender .161
Male 15 65.2 18 75.0
Female 8 34.8 6 25.0

Etiology of ESRD .390
Hypertension 9 39.1 10 41.7
Diabetes 8 34.8 6 25.0
Nephrolithiasis 3 13.0 4 16.7
Other causes 3 13.0 4 16.7

Vascular access .194
Cimino 21 91.3 20 83.3
Catheter 2 8.7 4 16.7

Note. ESRD = end-stage renal disease.
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pedaling movement at their own pace and ROM for comfort
involving hip and knee flexion/extension. Finally, the 5-minute
cooling-down stage repeated the movements of the warm-up
with the addition of a final breathing exercise.
Table 2
Comparison of Dialysis Adequacy (Kt/V and Urea R
Control Groups

Treatment (n = 23) Control (n = 24Measurement

Mean SD Mean SD

Kt/V
Pretest 1.42 0.25 1.43 0.24
Fourth week 1.55 0.27 1.41 0.20
Eighth week 1.61 0.22 1.42 0.17
p Value c < .001 .786

Urea reduction ratio
Pretest 68.90 6.39 68.70 6.21
Fourth week 71.88 6.14 68.48 5.40
Eighth week 73.39 5.01 68.74 4.49
p Value c < .001 .907

a p Value for the difference between the treatment group and the control group (th
tween the treatment group and the control group from all evaluations. c p Value for

4

Statistical Analysis
This was a two-arm experimental studywith repeatedmeasures,
with descriptive statistics presented as frequencies, means, and
standard deviations. Normality tests (Shapiro–Wilk's test) and
homogeneity tests (Levene's test) were conducted to ensure
the assumptions of the analyses were met. Repeated measures
analysis of variance were used to assess the effect of exercise
for the treatment and control groups, whereas between-group
comparisons were assessed using a general linear model. Statis-
tical analysis was performed using IBM SPSS Statistics 20.0
(IBM Inc., Armonk, NY, USA), and the sample size was cal-
culated using Select Statistical Services online software.
Results
Of the 50 participants enrolled, three were unable to com-
plete the study because of their health status, twowere hospi-
talized (one with severe anemia and one with bleeding), and
one participant experienced a seizure at home. There were no
significant differences in the characteristics of the 47 partici-
pants between the two groups in terms of demographics or
dialysis measures (Table 1).

The results for dialysis adequacy (Kt/V and URR) for the
treatment and control groups are compared in Table 2. There
were no significant differences in the Kt/V (p = .946) and
URR (p = .912) scores between the two groups at baseline.
Over the three time points, the treatment group had higher
Kt/V (p < .001) and URR (p < .001) scores at the midpoint
compared with baseline and higher scores at the end ofWeek
8 compared with the midpoint. These scores showed signifi-
cant improvements in dialysis adequacy for the treatment
group compared with the control group over time for both
measures (p < .001). No improvements for the control group
were identified over the study period in terms of either Kt/V
score (p = .786) or URR score (p = .907).
eduction Ratio) Between the Treatment and

) Mean Difference [Lower, Upper CI] p a p b

< .001
0.01 [−0.14, 0.15] .946

−0.14 [−0.28, 0.00] .053
−0.19 [−0.31, −0.07] .002

< .001
−0.20 [−3.90, 3.50] .912
−3.40 [−6.80, −0.01] .049
−4.65 [−7.44, −1.85] .002

e result of the time interaction and the groups). b p Value for the difference be-
the difference between the three evaluations of each group.



Figure 2

Changes of Kt/V, URR, and Fatigue in the Treatment and Control Groups With Error Bars
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The difference in dialysis adequacy between the treatment
and control groups at each time point is also presented in
Table 2. The Kt/V scores were higher for the treatment
group compared with controls at both midpoint (mean dif-
ference = −0.14, p = .053) and the end ofWeek 8 (mean dif-
ference = −0.19, p = .002), although the difference at Week
5
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4 was not significant. Similarly, the URR scores were higher for
the treatment group compared with the control group at both
the midpoint (mean difference = −3.40, p = .049) and the end
of Week 8 (mean difference = −4.65, p = .002).

The average scores difference for Kt/V, URR, and fatigue
in the treatment and control groups are presented in Figure 2.
The average Kt/V score in the treatment group increased from
1.42 at baseline to 1.55 at the midpoint and 1.61 at the end
of Week 8. In the control group, the average Kt/V score was
consistent across the three time points (1.43 at baseline, 1.41
at themidpoint, and 1.42 at the end ofWeek 8). Similar results
were found for the average of URR. The URR score for the
treatment group also increased from 68.9% at baseline to
71.9% at the midpoint and 73.4% at the end of Week 8.
For the control group, the average URR and Kt/V scores
did not vary across the three assessment points.

Differences in fatigue score were also found between the
treatment and control groups (Table 3). Fatigue scores de-
creased across the three time points (p < .001) in the treat-
ment group and increased in the control group across the
three time points, resulting in a significant between-group
difference at each time point (p < .001). Fatigue scores in the
treatment group decreased from 27.7 at baseline to 26.1 at
Week 4 and to 25.1 at Week 8. Fatigue scores in the control
group increased from 27.5 at baseline to 27.6 at Week 4 and
to 28.3 at Week 8. There were no significant between-group
differences in fatigue score at baseline (p = .845) or Week 4
(p = .279). At study completion, the treatment group had a
lower fatigue score than the control group (p = .031).
Discussion
During the 8 weeks of intradialytic exercise, a significant in-
crease in the average Kt/V and URR scores in the treatment
group was observed. A 9% increase in Kt/V was observed
at Week 4 and a 13% increase was observed at Week 8 for
the treatment group, whereas URR increased by 4% atWeek
4 and by 6% at the end of Week 8. In similar intervention
studies, Parsons et al. (2006) found an 11% increase in Kt/
V at Week 4, and Dobsak et al. (2012) found a 6% increase
in URR after 6 weeks of treatment. Similarly, Mohseni et al.
Table 3
Comparison of Fatigue Score Between the Treatm

Fatigue Score Treatment (n = 23) Control (n = 24

Mean SD Mean SD

Pretest 27.74 4.73 27.46 5.0

Fourth week 26.09 3.60 27.58 5.5

Eighth week 25.08 3.00 28.25 6.1

p Value c < .001 .009

a p Value for the difference between the treatment group and the control group (th
tween the treatment group and the control group from all evaluations. c p Value for
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(2013) reported an 11% increase in URR and a 38% in-
crease in Kt/Vafter an 8-week intervention.

The above-noted differences in results across studies may
be related to variations in the frequency, type, and intensity
of the exercises performed. Mohseni et al. (2013) included
three sessions a week of aerobic movements, whereas the
Parsons et al. (2006) and Dobsak et al. (2012) cohorts per-
formed intradialytic cycling 3 times a week using a static bi-
cycle ergometer set to the desired level of exercise intensity.
Parsons et al.'s study used an exercise intensity of 70%,
which was greater than that of Dobsak et al., which was
set at a maximum intensity of 60%. Despite the differences
in intensity, no significant difference was observed in terms
of urea clearance.

Intradialytic ROM exercise, used as the intervention in
this study, involves joint movements in both the upper and
lower extremities that are similar to the movements described
by Mohseni et al. (2013). Moreover, the exercise was modi-
fied by adding a bike-riding movement and a set exercise in-
tensity. Although the intended intensity range was performed
by the study participants, the variation in heart rates across
participants may have an effect on the exercise benefit.

The observed differences in dialysis adequacy between the
treatment and control groups appeared at Week 4 and con-
tinued through the end of Week 8. The effect on dialysis ad-
equacy was observed for both the Kt/Vand URR assessments.
In addition to considering both predialysis and postdialysis
uremic volumes, the volume of ultrafiltration and bodyweight
were also taken into account, as these may influence the ob-
tained results for Kt/V.

The findings of this study show that intradialytic exercises
in the form of flexibility and stretching exercises or an ROM
exercise regimen targeting the upper and lower extremities
without requiring equipment increased dialysis adequacy. The
average score of Kt/Vand URR increased at the midpoint and
the end of Week 8, which echoes Mohseni et al. (2013), who
found improvements in both measures of dialysis adequacy af-
ter 8 weeks of exercise (p < .05). However, Afshar et al. (2010)
found no significant improvement in Kt/V after 8 weeks of
exercise (p > .05). However, this study found differences in
creatinine and highly sensitive C-reactive protein. The type
and intensity of the exercise treatment interventions may
ent and Control Groups

) Mean Difference [95% CI] p a p b

3 −0.28 [−3.15, 2.59] .845 < .001

8 1.50 [−1.28, 4.27] .279

7 3.16 [0.29, 6.03] .031

e result of the time interaction and the groups). b p Value for the difference be-
the difference between the three evaluations of each group.
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explain the variations in outcomes. In Afshar et al., physical
exercise involved aerobic movements with an intensity of
12–16 on the Borg Rating of Perceived Exertion Scale and
a resistance exercise with an intensity of 15–17 (Borg scale).

The increase in dialysis adequacy in the treatment group
indicates that exercise performed during hemodialysis or
intradialytic exercise increases muscle blood circulation and
enhances the vasodilation of muscle blood vessels. Conse-
quently, this exercise increases the flux of urea and toxins
from the tissue to the vascular system for later discarding
through the dialyzer (Howden et al., 2015).

There were significant changes in fatigue scores in both the
treatment and control groups. In the treatment group, the fa-
tigue score decreased by 9.6% across the study, whereas the
fatigue score increased in the control group by 2.8%. This in-
dicates that the fatigue associated with ongoing dialysis may
be mitigated by exercise. Routine exercise performed regularly,
at an appropriate level of intensity, andwithout equipmentmay
produce improvements in physical performance characteristics.
This finding agreeswithAnding et al. (2015), who found a 120%
increase in muscle strength in the high-adherence group as com-
pared with a 40%–50% increase in the moderate-adherence
group after performing 1 year of an exercise. Moreover, Shemy
et al. (2016) found that 83.3% of respondents experienced high
levels of fatigue before exercise, which decreased to 5% after 3
months of exercise. Similarly, Soliman (2015) found that fatigue
scores for those not receiving an exercise intervention increased
by 11.8% over 8 weeks of dialysis. Bossola et al. (2015) ex-
plained that physical exercise lowers fatigue by improving the
muscle's oxidative phosphorylation and the muscle mitochon-
drial structure, improving muscle mass, and increasing the for-
mation of myosin heavy chains. Exercise stimulates the growth
of small blood vessels in the muscle, which increases the effi-
ciency of oxygen uptake by the muscle, improves circulation,
lowers blood pressure, and removes metabolic waste such as
lactic acid from the muscle (Matsuzawa et al., 2017).

This study has several limitations. For the exercise inter-
vention, movements/activities were modified so they could
be undertaken during dialysis. These modifications, such as
using simulating bike-riding movements rather than station-
ary exercise bikes, may limit the reliability and validity of the
intervention. Heart rate intensity was assessed using a finger-
tip device that measures the radial pulse, which may be less
accurate in assessing exercise intensity. Because of the nature
of the treatment intervention, it was not possible to blind the
participants or researchers supervising the exercise sessions,
which may potentially bias the results. Further studies using
larger sample sizes, tighter inclusion criteria, and different
types, durations, and intensities of exercise may more effec-
tively identify the requirements of exercise as a supplemen-
tary therapy for hemodialysis patients.
Conclusions
In summary, intradialytic exercise in the form of ROMmove-
ments designed to achieve 50%–60% intensity of the resting
heart rate may significantly increase the effectiveness of dialy-
sis by increasing blood flow in the targeted muscle groups.
This 8-week program also had a positive impact on fatigue
scores in hemodialysis patients,with the treatment group show-
ing reductions in fatigue over time. Differences in exercise pro-
grams in terms of type, duration, intensity, and frequency may
affect the outcomes. Intradialytic ROM exercises are economi-
cal and easy to implement in the clinical environment and pro-
vide benefits to hemodialysis patients.
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