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SUMMARY – Chronic inflammation and protein energy malnutrition in patients on hemodialysis 
lead to decrease in muscle mass and impaired functional ability. Our goal was to evaluate the effect of a 
combination of electrical stimulation (ES) with intradialytic therapeutic exercises on dialysis efficacy, ar-
terial blood pressure, and functional ability of lower extremities. The study involved 35 patients who were 
on chronic hemodialysis. The study consisted of two phases. During the first month, no intervention was 
performed. It was followed by a therapeutic program combining intradialytic resistance exercises with 
ES on quadriceps muscle, which was performed 3 times a week for 3 months. Functional tests for lower 
extremity and body composition analysis were obtained at baseline and at the end of the study. Arterial 
pressure, dialysis efficacy and laboratory parameters were monitored. Functional tests showed significant 
improvement after the intervention. A significant positive correlation was found in patients who had 
shown improvement in functional tests, with less intradialytic episodes of hypotension and improvement 
in dialysis efficacy. This study found a positive effect of combining resistance exercises and ES on dialysis 
efficacy and functional ability of lower extremities in patients on chronic hemodialysis. 
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Introduction

Chronic kidney disease is a growing problem wor-
ldwide, with the number of patients receiving renal re-
placement therapy (dialysis or kidney transplantation) 
exceeding 2.5 million and it is projected that the num-
ber will be doubled by 20301. In patients with chronic 
kidney disease, muscle mass is reduced due to the se-
vere chronic condition often associated with numerous 
comorbidities, as well as protein energy malnutrition2. 
Poor physical performance and sedentary behavior 
lead to impairment of the cardiovascular system, whi-
ch eventually contributes to the increased mortality of 
these patients3. In general, there are numerous positive 
effects of therapeutic exercises. It is known that ele-
ctrical stimulation (ES) can improve muscle size and 
strength4-6 and accelerates venous circulation of lower 
extremities7,8. Resistance training can significantly in-
crease muscular strength9. A very important aspect of 
intradialytic exercises is improvement of muscle stren-
gth and functional capacity10, as well as positive impact 
on dialysis efficacy11-14 and arterial blood pressure15,16. 
A recent meta-analysis has revealed that most of the 
research used stationary cycling as a way of exercising11, 
but it is usually inaccessible at most hemodialysis 
units, which is why we decided to design a different 
rehabilitation program. An animal model by Sun et al. 
confirmed the results on the effectiveness of resistance 
exercises17, as well as on the skeletal muscle myostatin 
expression to be increased in uremia but falling with 
increase in work load. In other words, work overload 
seems to correct uremic muscle atrophy17. Moraes et 
al. showed a decrease in inflammatory marker levels 

(C-reactive protein [CRP], ICAM-1, VCAM-1) in 
hemodialysis patients after 6 months of resistance 
exercise program18.

The aim of our study was to evaluate the effect of 
combining quadriceps ES with resistance therapeutic 
exercises performed during hemodialysis on functional 
ability of lower extremities, bioimpedance, dialysis effi-
cacy, and arterial blood pressure in patients on chronic 
hemodialysis. It can be assumed that this combination 
may have positive effects on these outcomes.

Patients and Methods

Study design
This was a prospective, non-blinded, single-center, 

pre- and post-interventional study where the partici-
pants served as their own controls. The study was divi-
ded in two phases. In the first phase, which lasted for 
one month, there was no specific intervention and it 
was used to collect relevant baseline parameters. In the 
next, second phase, which lasted for 3 months, patients 
performed resistance exercises for lower extremities 
in combination with ES of both quadriceps muscles 
during the process of hemodialysis. The before menti-
oned parameters from the first and second phase were 
compared.

Tests of functional ability of lower extremities, as 
well as body composition analysis by bioimpedance 
were performed at baseline and at the end of the inter-
vention part. The overall flow-chart of the study design 
is shown in Figure 1.

INITIAL TESTING:
STS*, TUG*, BCA*

1. NON- 
-INTERVENTIONAL 

PART:
1 month

2. INTERVENTIONAL 
PART:

EXERCISES+ES*
3 months

END TESTING:
STS*, TUG*, BCA*

Fig. 1. Study design flow-chart.

STS = sit-to-stand test; TUG = timed up and go test; BCA = body composition analysis; ES = electrical stimulation
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Setting
The study was conducted in patients who were on 

chronic hemodialysis in Dialysis Unit, Department 
of Nephrology, Sestre milosrdnice University Hos-
pital Center in Zagreb, Croatia. It was performed in 
collaboration with the Department of Rheumatology, 
Physical and Rehabilitation Medicine of the same 
hospital. The study was conducted from March until 
the end of June 2018. The study was conducted after 
approval of the institutional Ethics Committee and in 
concordance with the Declaration of Helsinki19.

Patients
Thirty-five patients (17 female, 18 male) who met 

the inclusion and exclusion criteria and agreed to take 
part in the study were enrolled. Their median age was 
68 (range from 33 to 90) years. Inclusion criteria were: 
subjects aged 18 years and above, as well as dialysis 
vintage for at least 6 months. Exclusion criteria were: 
lower extremity amputation, myocardial infarction or 
coronary bypass graft surgery in the last 3 months, 
cerebral vascular incident or transient ischemic attack 
in the last 3 months, thrombophlebitis, pulmonary or 
heart disease that requires oxygen therapy, heart pa-
cemaker, subdiaphragmatic electrical device, current 
immunosuppressive therapy, acute infectious disease 
or acute disease of the locomotor system in the pre-
vious month. All patients signed the informed consent 
prior to study start.

Intervention
Exercise program was supervised by a physiothe-

rapist. All exercises were performed for 30 minutes in 
a supine position. The exercise program started with 
breathing exercises and simple warm-up exercises for 
lower extremities, followed by resistance exercise using 
1 kg weights affixed around both ankles. Each exercise 
was performed in 2 series with 6-8 repetitions, depen-
ding on patient ability. After 30 minutes of workout, ES 
was applied on both quadriceps muscles for 15 minutes 
(EV-906 TENS/EMS, Everyway Medical Instruments 
CO., Ltd., New Taipei City, Taiwan). Silicone-rubber 
electrodes, size 4x4 cm, were placed over gel and affixed 
with Micropore surgical tape on the distal part of m. 
vastus medialis and middle-lateral part of m. vastus late-
ralis of both legs. Stimulation current was increased up 
to patient tolerability and visible muscle contractions 

(occurring typically at a current of 20 to 40 mA). The 
highest tolerable current frequency was applied ran-
ging from 20 Hz to 80 Hz, with pulse width of 300 
µs. Contraction phase lasted for 10 s, while relaxation 
period lasted for 20 s. Patients were encouraged to 
make voluntary contraction of quadriceps during ES 
contraction phase. Therapeutic exercises and ES were 
performed during the initial 2 hours of hemodialysis.

Assessment
At baseline, tests for functional ability of lower 

extremities, timed up and go (TUG) test20 and 30-se-
cond sit-to-stand (STS) test21, were performed in each 
patient. Both of these clinical tests are widely used in 
clinical trials, and are explained in detail elsewhere20,21. 
Briefly, TUG test is performed in a way that patient 
from the starting position sitting on the chair on com-
mand stands up and walks ahead for 3 meters, turns 
around, walks back to the chair and sits down, while 
the time to perform the test is recorded. In 30-second 
STS test, starting position is seated, too, and on com-
mand the patient should do as many as possible full 
stands and sits within 30 seconds. Body composition 
was measured by a bioimpedance measuring device 
(Body Composition Monitor (BCM), Fresenius Me-
dical Care GmbH, Germany), where muscle mass was 
expressed as the lean tissue index (LTI) defined as a 
quotient of lean mass and square of height. 

The BCM employs bioimpedance spectroscopy te-
chniques. It measures body composition at 50 frequen-
cies over a range from 5 to 1000 kHz. 

Throughout the study, hemodialysis parameters were 
measured, i.e., arterial blood pressure before, during and 
after hemodialysis, as well as dialysis efficacy (Kt/v) and 
urea reduction ratio (URR), which were performed 3 
times a week. Calculations of Kt/v and URR as measu-
res of dialysis efficacy are well known in the literature22. 
Laboratory parameters analyzed throughout the study 
were CRP (mg/L), albumin (g/L), hemoglobin (g/L), 
phosphate (mmol/L), and creatinine (µmol/L).

Study size
Participation was offered to every patient attending 

chronic hemodialysis in Dialysis Unit, Sestre milosrd-
nice University Hospital Center. Patients who met the 
inclusion and exclusion criteria and agreed to take part 
in the study were enrolled (N=35).
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Statistical analysis
We included demographic, clinical and laboratory 

data, as well as dialysis adequacy parameters. All pa-
tients were exposed to the same treatment (as descri-
bed above), and baseline and end-study results were 
compared. 

Differences in repeated measurements (at different 
time points) were tested using paired samples T-test 
and Wilcoxon test, depending on the normality of 
distribution. Correlations were assessed using Pearson 
correlation for normally distributed and Spearman 
rank correlation test for non-normally distributed va-
riables. Associations were evaluated using multivariate 
logistic regression. Independent variables in logistic 
models were selected for inclusion using clinical rati-
onal judgment.

End-study values of STS, TUG and LTI were 
used as dependent variables in regression models. We 
constructed several models which included potential 
confounders, modifiers and predictors. A two-tailed 
p<0.05 was used as an indicator of statistical signifi-
cance. Missing data were not substantial and were not 
explored further. Patients with loss-to-follow up were 
included in baseline, but not end-study analyses. All 
analyses were done in SPSS v. 23 (IBM).

Continuous variables were tested for normality 
of distribution using D’Agostino-Pearson test. Ca-
tegorical variables were presented as absolute value 

(percentage). Normally distributed continuous varia-
bles were presented as mean (standard deviation) and 
non-normally distributed ones as median (interquarti-
le range, IQR). 

Results

Seven patients withdrew from the study. The re-
asons for discontinuing participation in the study 
were a kidney transplant (two patients), some other 
pre-arranged surgery (one patient) or general fatigue 
(three patients) while one patient died due to compli-
cations of the terminal phase of malignant dissemina-
ted disease. Ten (29%) patients had diabetes. Median 
patient age was 68 (IQR 62 to 79) years and mean 
dialysis vintage 45±39 months (Table 1). 

In STS test, the mean number of stands increased 
significantly after intervention (baseline vs. end-study, 
10.1±5.5 vs. 12.7±6.7 stands, p=0.0001) (Table 2, Fig. 
2). Median increase in STS test was 2 stands (delta 
STS=2 (IQR 0-3)). TUG test improved after inter-
vention (baseline vs. end-study, 9.5 (IQR 6.9 to 11.7) 
vs. 8.5 (IQR 6.1-10.0) seconds, p=0.004) (Table 2, Fig. 
3). Median decrease in TUG test was -0.93 seconds 
(delta TUG=-0.93, IQR -2.29 to -0.11). Similar im-
provement in STS and TUG was seen in both patients 
younger than 65 and those aged ³65, as well as in 

Table 1. Demographic and laboratory characteristics of patients with or without improvement on functional test

Whole group (continuous data 
expressed as median (range) and 
count as frequency (percent, %))

Improvement in functional tests 

Yes No

Age (years) 68/32-89 69 (62-80) 67 (60-74)
Mean dialysis vintage (months) 36/2-150 36 (10-61) 43 (13-69)
Gender, male/female 18 (51%)/17 (49%) 12/14 2/0
Diabetic/non-diabetic 10 (29%)/25 (71%) 5 5
Hb (g/L) 107/77-127 110 (100-118) 108 (102-118)
CRP (mg/L) 3.8/0.3-30.9 2.6 (1.4-4.6) 3.9 (2.9-5.8)
Phosphate (mmol/L) 1.45 (1.25-1.69) 1.65 (1.45-1.77)* 1.29 (1.18-1.42)
Albumin (g/L) 38.7 (37.5-42.9) 38.4 (47.5-43.5) 40.8 (38.3-42.9)
Creatinine (μmol/L) 774 (673-934) 916 (759-986) (629-785)

*statistically significant result; Hb = hemoglobin; CRP = C-reactive protein
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diabetic vs. non-diabetic patients. A total of 6 diabetic 
patients required 4 or more interventions for hypoten-
sion compared to 6 (24%) non-diabetics (p=0.059). As 
shown in Table 3, patients who improved in STS had 
less interventions for hypotension in comparison to 
those who had no improvement on STS. There were 
no differences in baseline vs. end-study results of LTI 
(14.2±2.2 vs. 13.7±3.2, p=0.24) (Table 2, Fig. 4). End-
study LTI was positively correlated with baseline and 

end-study STS, and negatively with baseline and end-
study TUG and age.

There was no significant change in dialysis efficacy 
expressed as URR or Kt/V (baseline URR vs. end-
study URR 71% vs. 70%, p=0.71, and baseline Kt/V 
vs. end-study Kt/V 1.36 vs. 1.37, p=0.44). While we 
failed to detect a significant between-group difference, 
there was a clear statistically significant trend between 
STS and URR as demonstrated by Spearman rank 

STS (baseline) STS (end-study)
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0

Fig. 2. Baseline vs. end-study STS.

STS = sit-to-stand test
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Fig. 3. Baseline vs. end-study TUG.

TUG = timed up and go test

Table 2. Baseline vs. final results of functional tests, 
dialysis dose and muscle mass

Baseline End of study p

URR (%) 68.7 (7.7) 69.3 (6.0) 0.52

Kt/v 1.36 (0.27) 1.30 (0.21) 0.24

STS test (stands) 10.1 (5.5) 12.7 (6.7) <0.001

TUG (s) 9.5 (6.9-11.7) 8.5 ( 6.1-10.0) 0.004

LTI (kg/m2) 14.2 (2.2) 13.7 (3.2) 0.24

URR = urea reduction ratio; Kt/v = urea clearance; STS = sit-to-
stand test; TUG = timed up and go test; LTI = lean tissue index; 
values in parentheses are standard deviation except for TUG 
(interquartile range).
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Fig. 4. Baseline vs. end-study LTI.

LTI = lean tissue index
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correlation test (end STS test vs. URR delta, p=0.019 
vs. p=0,008). A total of 11 (31%) patients showed im-
provement in bioimpedance and they had lower base-
line CRP levels compared to those with deterioration 
or stable muscle mass (2.4, IQR: 1.3-2.9 vs. 4.6, IQR 
3.6-10.9, p=0.03). There was a trend in correlation 
between baseline CRP and end-study LTI, but results 
did not reach statistical significance.

Discussion

In this study, we combined therapeutic resistance 
exercises and ES on quadriceps in order to get positive 
effect on muscular strength, mobility and blood flow 
velocity, resulting in improvement of dialysis efficacy 
and reduced intradialytic hypotension in patients on 
chronic hemodialysis. The results showed an incre-
ased mean number of stands in STS test, as well as 
significantly better results of TUG test at 12 weeks 
of intervention. However, there was no improvement 
in baseline vs. end-study LTI, probably because of 
short duration of the intervention. Yet, STS and LTI 
positively correlated in the whole group. That leads us 
to a conclusion that patients who exercised properly, 
eventually had an increase in their muscle mass. It is 
important to emphasize that those patients who had 
improvement in LTI had lower baseline CRP. So, it 
can be inferred that patients who had elevated CRP 
due to chronic inflammation had difficulties in gaining 
muscle mass. There was no significance in baseline vs. 
end-study Kt/V or URR. While we failed to detect a 

significant between-group difference, there was a clear 
statistically significant trend between STS and URR 
as demonstrated by Spearman rank correlation test.

It is still uncertain which is the best way to improve 
dialysis efficacy, and therapeutic exercises could be the 
answer because of their ability to accelerate muscle 
blood flow, which opens capillary vessels and facilita-
tes the flux of urea and other waste products from the 
body. There is some evidence that therapeutic exercises 
improve dialysis efficacy11,12,23. In the study of Gianna-
ki et al., patients exercised (stationary cycling) during 
hemodialysis for 3 hours at 40% of their maximal ca-
pacity, which resulted in significant improvement in 
Kt/v by 20%, URR by 11%, and creatinine reduction 
ratio by 26%23. In the study by Parsons et al., 5 months 
of intradialytic exercises (stationary cycling and mini 
stepper) which lasted for 30 min 3 times a week signi-
ficantly increased Kt/v (18%-19%)12. The results were 
impressive, but on a small sample size (n=13). 

Regarding venous hemodynamics, some research 
found its improvement using ES when applied on 
legs7,8. It could contribute to faster venous back flow 
and improvement in dialysis efficacy. Suzuki et al. de-
monstrated that 8 weeks of ES could improve muscle 
size measured using magnetic resonance imaging4. 
Moreover, Cabric et al. performed biopsies of gastro-
cnemius muscle before and 3 weeks after ES, and found 
significant increase in fiber size and nuclear number 
and size5. Considering all of the above mentioned, we 
evaluated a combination of therapeutic exercises and 
ES as a method to improve dialysis efficacy, as well as 
muscle size and strength.

Table 3. Final results according to functional test outcomes

Better functional tests at the end of the examination
Yes No

Before After p Before After p
URR (%) 69.1(8.2) 68.3(7.1) 0.67 67.7(7.6) 69.5(5.3) 0.09
Kt/v 1.31 (0.18) 1.30 (0.19) 0.78 1.36 (0.35) 1.30 (0.24) 0.32
Number of interventions for hypotension 1 (0-4) 2 (1-8)
STS test (stands) 10.9 (4.9) 14.0 (4.6) <0.001 9.3 (6.4) 11.0 (8.5) 0.13
TUG test (s) 9.8 (3.3) 8.1 (2.4) 0.001 9.9 (4.3) 8.7 (2.7) 0.19
LTI (kg/m2) 14.1 (2.6) 13.9 (3.5) 0.64 14.4 (2.0) 13.6 (3.0) 0.28

URR = urea reduction ratio; Kt/V = dialysis efficacy; STS test = sit to stand test; TUG test = timed up and go test; LTI = lean tissue index
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Considering a significant trend between STS and 
URR, we can infer that not all patients did their best 
while exercising, but those who did, had improvement 
in dialysis efficacy. The same group of patients who 
had improvement in STS or TUG test also required 
less interventions with 0.9% NaCl for dialysis-induced 
hypotension. So, those who exercised more vigorously 
had improved leg function and, moreover, experienced 
fewer blood pressure drops that required saline inter-
vention. 

The strength of this study is that it was done in a 
group of real-life patients with well-defined inclusion 
and exclusion criteria. Another positive aspect is that 
we presented a new training program, which has not 
been examined in patients on HD yet. The peculiarity 
of this program lies in a positive synergistic effect of 
resistance therapeutic exercises and ES on the fun-
ctional ability of lower extremities, body composition, 
dialysis efficacy, and dialysis-induced hypotension.

This study had several limitations. First of all, our 
sample size was only 35 subjects, which hampered us 
to perform additional sub-analysis. Secondly, we did 
not unify stimulation intensity of ES, but applied the 
highest tolerable intensity in each session, which on 
the other hand is the most likely way to obtain the best 
result. Also, the length of the intervention part with 
therapeutic exercises was 3 months, which may not be 
enough to see all the benefits of it. 

Using the novel approach of combining intradia-
lytic resistance therapeutic exercises with ES, there 
was a positive effect on the functional ability of lower 
extremities of patients, as well as on dialysis efficacy 
and a smaller number of necessary interventions for 
dialysis-induced hypotension. However, intradialytic 
exercises are still not part of standard therapy in the 
majority of dialysis centers, so all of them should aim 
to incorporate this exercise approach in everyday pra-
ctice, since it has the power to improve and prolong 
patient functioning and eventually their life expectan-
cy. Additional studies with a larger sample of patients 
are warranted to corroborate our results.

Acknowledgments
The authors sincerely thank everyone who partici-

pated in this research, particularly dialysis personnel 
from the Sestre milosrdnice University Hospital Cen-
ter.

References

1.	 Bikbov B, Purcell CA, Levey AS, Smith M, Abdoli A, Abebe 
M, et al. Global, regional, and national burden of chronic 
kidney disease, 1990-2017: a systematic analysis for the Global 
Burden of Disease Study 2017. Lancet. 2020;395(10225):709-
33. DOI: 10.1016/S0140-6736(20)30045-3

2.	 Stenvinkel P. Malnutrition and chronic inflammation as 
risk factors for cardiovascular disease in chronic renal failure. 
Blood Purif. 2001;19(2):143-51. DOI: 10.1159/000046932

3.	 O’Hare AM, Tawney K, Bacchetti P, Johansen KL. Decreased 
survival among sedentary patients undergoing dialysis: results 
from the Dialysis Morbidity and Mortality Study Wave 
2. Am J Kidney Dis. 2003;41(2):447-54. DOI: 10.1053/
ajkd.2003.50055

4.	 Suzuki T, Ikeda M, Minami M, Matayoshi Y, Nakao M, 
Nakamura T, et al. Beneficial effect of intradialytic electrical 
muscle stimulation in hemodialysis patients: a randomized 
controlled trial. Artif Organs. 2018;42(9):899-910. DOI: 
10.1111/aor.13161

5.	 Cabric M, Appell HJ, Resic A. Effects of electrical stimulation 
of different frequencies on the myonuclei and fiber size in 
human muscle. Int J Sports Med. 1987;8(5):323-6. DOI: 
10.1055/s-2008-1025677

6.	 Jones S, Man WDC, Gao W, Higginson IJ, Wilcock A, 
Maddocks M. Neuromuscular electrical stimulation for 
muscle weakness in adults with advanced disease. Cochrane 
Database Syst Rev. 2016;2016(10). DOI: 10.1002/14651858.
CD009419.pub3

7.	 Broderick BJ, O’Briain DE, Breen PP, Kearns SR, ÓLaighin 
G. A pilot evaluation of a neuromuscular electrical stimulation 
(NMES) based methodology for the prevention of venous 
stasis during bed rest. Med Eng Phys. 2010;32(4):349-55. 
DOI: 10.1016/j.medengphy.2010.01.006

8.	 Lyons GM, Leane GE, Grace PA. The effect of electrical 
stimulation of the calf muscle and compression stocking 
on venous blood flow velocity. Eur J Vasc Endovasc Surg. 
2002;23(6):564-6. DOI: 10.1053/ejvs.2002.1652

9.	 Communications S. Progression models in resistance training 
for healthy adults. Med Sci Sports Exerc. 2009;41(3):687-
708. DOI: 10.1249/MSS.0b013e3181915670

10.	 Silva SF da, Pereira AA, Silva WAH da, Simôes R, Barros 
Neto J de R. Physical therapy during hemodialyse in patients 
with chronic kidney disease. J Bras Nefrol ’orgão Soc Bras 
e Latino-Americana Nefrol. 2013;35(3):170-6. DOI: 
10.5935/0101-2800.20130028



45Acta Clin Croat, Vol 64, No 1, 2025

P. Kovačević Totić et al.� Intradialytic therapeutic exercises and electrical stimulation in chronic hemodialysis patients

11.	 Sheng K, Zhang P, Chen L, Cheng J, Wu C, Chen J. 
Intradialytic exercise in hemodialysis patients: a systematic 
review and meta-analysis. Am J Nephrol. 2014;40(5):478-90. 
DOI: 10.1159/000368722

12.	 Parsons TL, Toffelmire EB, King-VanVlack CE. Exercise 
training during hemodialysis improves dialysis efficacy 
and physical performance. Arch Phys Med Rehabil. 
2006;87(5):680-7. DOI: 10.1016/j.apmr.2005.12.044

13.	 Mohseni R, Emami Zeydi A, Ilali E, Adib-Hajbaghery 
M, Makhlo A. The effect of intradialytic aerobic exercise 
on dialysis efficacy in hemodialysis patients: a randomized 
controlled trial. Oman Med J. 2013;28(5):345-9. DOI: 
10.5001/omj.2013.99

14.	 Smart N, McFarlane J, Cornelissen V. The effect of exercise 
therapy on physical function, biochemistry and dialysis 
adequacy in haemodialysis patients: a systematic review and 
meta-analysis. Open J Nephrol. 2013;03(01):25-36. DOI: 
10.4236/ojneph.2013.31005

15.	 Anderson JE, Boivin MR, Hatchett L. Effect of exercise 
training on interdialytic ambulatory and treatment-
related blood pressure in hemodialysis patients. Ren Fail. 
2004;26(5):539-44. DOI: 10.1081/JDI-200031735

16.	 Miller BW, Cress CL, Johnson ME, Nichols DH, 
Schnitzler MA. Exercise during hemodialysis decreases 
the use of antihypertensive medications. Am J Kidney Dis. 
2002;39(4):828-33. DOI: 10.1053/ajkd.2002.32004

17.	 Sun DF, Chen Y, Rabkin R. Work-induced changes in 
skeletal muscle IGF-1 and myostatin gene expression in 

uremia. Kidney Int. 2006;70(3):453-9. DOI: 10.1038/
sj.ki.5001532

18.	 Moraes C, Marinho SM, Da Nobrega AC, De Oliveira 
Bessa B, Jacobson LV, Stockler-Pinto MB, et al. Resistance 
exercise: a strategy to attenuate inflammation and protein-
energy wasting in hemodialysis patients? Int Urol Nephrol. 
2014;46(8):1655-62. DOI: 10.1007/s11255-014-0712-3

19.	 World Medical Association. WMA Declaration of Helsinki. 
Scientific Requirements and Research Protocols. World Med 
Assoc [Internet]. 2013;( June 1964):29-32. Available from: 
https://www.wma.net/policies-post/wma-declaration-of-
helsinki-ethical-principles-for-medical-research-involving-
human-subjects/

20.	 Podsiadlo, D, Richardson S. The timed ”up & go”: a test 
of basic functional mobility for frail elderly persons. J Am 
Geriatr Soc. 1991;39(2):142-8. DOI: 10.1111/j.1532-
5415.1991.tb01616.x

21.	 Jones CJ, Rikli RE, Beam WC. A 30-s chair-stand test as 
a measure of lower body strength in community-residing 
older adults. Res Q Exerc Sport. 1999;70(2):113-9. DOI: 
10.1080/02701367.1999.10608028

22.	 Rocco M, Daugirdas JT, Depner TA, Inrig J, Mehrotra 
R, Rocco MV, et al. KDOQI Clinical practice guideline 
for hemodialysis adequacy: 2015 update. Am J Kidney Dis. 
2015;66(5):884-930. DOI: 10.1053/j.ajkd.2015.07.015

23.	 Giannaki CD, Stefanidis I, Karatzaferi C, Liakos N, Roka V, 
Ntente I, et al. The effect of prolonged intradialytic exercise in 
hemodialysis efficiency indices. ASAIO J. 2011;57(3):213-8. 
DOI: 10.1097/MAT.0b013e318215dc9e



46 Acta Clin Croat, Vol 64, No 1, 2025

P. Kovačević Totić et al.� Intradialytic therapeutic exercises and electrical stimulation in chronic hemodialysis patients

Sažetak

UTJECAJ INTRADIJALIZNIH TERAPIJSKIH VJEŽBI I ELEKTRIČNE STIMULACIJE NA 
FUNKCIONALNU SPOSOBNOST NOGU, UČINKOVITOST DIJALIZE I INTRADIJALIZNU 

HIPOTENZIJU U BOLESNIKA NA KRONIČNOJ HEMODIJALIZI

P. Kovačević Totić, K. Altabas, V. Ivković, V. Altabas, S. Šefer, K. Kovačević Čorak i S. Grazio

Kronična upala i proteinsko energetska pothranjenost u bolesnika na hemodijalizi dovode do smanjenja mišićne mase 
te smanjene funkcionalne sposobnosti. Cilj istraživanja je bio procijeniti učinak kombinacije elektrostimulacije (ES) s 
intradijaliznim terapijskim vježbama na učinkovitost dijalize, arterijski tlak i funkcionalnu sposobnost donjih ekstremiteta. U 
istraživanju je sudjelovalo 35 bolesnika koji su bili na kroničnom programu hemodijalize. Istraživanje se sastojalo od dvije faze. 
Tijekom prvog mjeseca nije bilo intervencije. Slijedio je terapijski program kombinacije intradijaliznih vježba s otporom i ES 
na kvadricepsima, koji je provođen 3 puta na tjedan tijekom 3 mjeseca. Funkcionalni testovi za donje ekstremitete i analiza 
sastava tijela mjereni su na početku i na kraju istraživanja. Tijekom istraživanja praćen je arterijski tlak, djelotvornost dijalize 
i laboratorijski parametri. Funkcionalni testovi za donje ekstremitete pokazali su značajno poboljšanje nakon intervencije. U 
bolesnika koji su postigli poboljšanje funkcionalnih testova pronađena je značajna pozitivna korelacija s manje intradijaliznih 
epizoda hipotenzije i poboljšanjem djelotvornosti dijalize. Ovo istraživanje je utvrdilo pozitivan učinak kombinacije vježba 
otpora i ES na djelotvornost dijalize i funkcionalnu sposobnost donjih ekstremiteta u bolesnika na kroničnoj hemodijalizi.

Ključne riječi: Hemodijaliza; Intradijalizne vježbe; Učinkovitost dijalize; Intradijalizna hipotenzija; Funkcionalna sposobnost 
nogu; Elektrostimulacija


