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INTRODUCTION
[bookmark: _Hlk197253052]         Chronic kidney disease (CKD) is recognized as a public health problem, affecting 10% to 15% of the population (Mihai S, et al, 2018, Webster AC,2017). This disease is characterized by the progressive decline in glomerular filtration rate (GFR) and stratified into five stages, although the last stageis considered the end stage of the disease, in which approximately 90% of the nephrons are deteriorated (Webster AC,2017)
          CKD can lead to frailty, muscle mass wasting, and sarcopenia, presenting a significant challenge to functional mobility and reductions in quality-of-life measures (Dubey et al., 2021).
           The inflammatory status and redox state inherent to CKD, nutrient loss during dialysis and the harmful changes in the musculoskeletal system related to natural aging can partially explain the increased protein catabolism present in this condition (Chatzipetrou et al.,2022;and Dubey et al., 2021;)
         Markers of muscle mass, strength, and functional capacity are important predictors of outcomes in this patient population subjected to a catabolic protein-energy wasting(PEW) syndrome and consequently, muscle atrophy (Chatzipetrouet al., 2022;and Sabatino et al., 2021).
             Importantly, assessment of muscle functionality may provide additional diagnostic and prognostic information to clinical outcomes, quality of life, and mortality rates (Wilkinson et al., 2021).

       Exercise training with blood flow restriction (BFRT) is considered a potentially useful method for clinical musculoskeletal rehabilitation as a replacement for traditional heavy load strength training for populations who are unable to withstand high mechanical stressors (Hughes et al., 2017). 
       BFRT involves applying external pressure around the muscle using a tourniquet-inflated cuff to the most proximal region of the upper or lower limbs During BFR, there is gradual mechanical compression of the vasculature underneath the cuff, resulting in partial restriction of arterial blood flow to structures distal to the cuff, and diminished venous outflow from under the cuff that is proposed to impede venous return. This method can be used during resistance and aerobic exercise as well as applied passively without exercise (Patterson et al., 2019). 

       Low-load exercise training with BFR can produce greater muscular strength responses than low-load exercise without BFR with comparable gains in muscle mass compared to heavy load exercise (Hughes et al., 2017; and Lixandrao et al., 2018).

       current literature suggests that BFR exercise may improve strength, physical function, blood pressure control, glucose homeostasis, ameliorate autonomic function, de-celerate the decline of eGFR, attenuate renal deterioration, improve dialysis adequacy, increase anti-inflammatory cytokines and antioxidant defenses while down-regulating proinflammatory cytokines, oxidative stress (Barbosa et al., 2018; Cardoso et al., 2020; Clarkson et al., 2020; Corrêa et al., 2021a ,2021b; de Deus et al., 2021; Deus et al., 2022; Dias et al., 2020;Silva et al., 2021)
Hypothesis:
       We hypothesized that no significant difference in the effect of combining BFR to aerobic or resisted than conventional training on chronic kidney disease patients on hemodialysis 
Basic assumptions:
It will be assumed that:
1) All patients with stable CKD, hemodialysis  
2) devices of measurements and monitoring will be well calibrated, valid and reliable.
3) questionnaires will be used will be valid and reliable



Patients and methods
I)Patients:

Type of study: Randomized controlled trial
              This study is a prospective interventional study one that will be conducted on Thirty chronic kidney disease patients at regular hemodialysis of both sex aged from forty to sixty years will be recruited in this study from hemodialysis unite in beni-suef university hospital and will randomly divided into two groups
1. Control group: include 15 CKD patients on hemodialysis will receive conventional exercise Programme only included isometric, aerobic, resisted exercise individualized for every patient, training will be conducted for 2 time/weak for 2 consecutive month
2. Rehabilitation group : include 15 CKD patients on hemodialysis will receive conventional exercise same as control group with blood flow restriction by 50% of Limb occlusion Pressure (LOP) this training will be conducted for 2 time/weak for 2 consecutive month
Sample size:
Sample size calculated using G-Power©️ software version 3.1.7 (Institute of experimental psychology, Heinrich Heine University, Dusseldorf, Germany).Minimal sample size of patients was 15 patients in each group. Effect size 1.34 Depending on previous research results. Two sided (two tails) type I error 0.05 and power of  95%.

· this study will be conducted for two months, two times per week

Inclusion criteria

All patients will be
1. Both sex aged from forty to sixty years
2. Stable chronic hemodialysis patient (< 3monthes (
3. Participants will be deemed medically eligible by their treating physician before participation in the present study
4.free from any other disease could interfere with exercise
(Nicholas Rolnick et al 2022, Deus et al., 2022; Corrêa et al., 2021a; 2021b) 
Exclusion criteria

1. Hemodynamic instability during hemodialysis over the last month 
2. Neurodegenerative diseases
3. Autoimmune diseases (i.e., lupus erythematosus)
4. Surgery within the past 3 months
5. Severe arrhythmia, angina or cerebrovascular disease
6. Unstable on dialysis
7.any musculoskeletal problem interfere with exercise  
  (Nicholas Rolnick et al 2022, Deus et al., 2022; Corrêa et al., 2021a; 2021b)
Safety considerations during training

1. Discontinue treatment session if patient have pre-syncope symptoms 
2. Discontinue treatment session if blood pressure ≥ 180/90 mm Hg for systolic/diastolic 
3. Over fatigue and tingling 
 (Nicholas Rolnick et al 2022, Silva et al., 2021 ,Clarkson et al., 2020)

RESEARCH ETHICS
            
                   
                     The protocol of this study approved by the ethics committee of scientific research at the faculty of medicine, Beni-Suef University. The study procedure will be explained details for every patient's relative before the initial assessment. All patient's relative will be informed about the purpose, nature, and potential risks of the study, and written informed consent (Appendix I) will be obtained before participation in the study. The participants’ right confidentiality will be observed strictly.




II) Instrumentations:

A) Measurement tools,equipments:

1. Roche Cobas 6000 Chemistry Analyzer (Roche Diagnostics Corporation,Indianapolis, IN 46250)
2. Ultrasound Doppler System Model: BT-200
3. Automatic HbA1c analyzer PCH-50
4. Blood flow restriction device ( Occlusion CuffPRO®)
5. different weights 
6. Kidney Disease Quality of Life Instrument (KDQOL) KDQOL-36™ (Arabic version)
7. Hand grip dynamometer
8. Pulse oximeter, chair, stop watch and small cones
      
B) Training tools, equipment:
1-Blood flow restriction device ( Occlusion CuffPRO®)
2- Bicycle ergometer
3-Different weights 








III) Procedures:

A) Outcome Measurement:

1. eGFR and renal deterioration 
     Throwing   CKD-EPI Creatinine Equation (2021) (NKF)
2. Limb occlusion pressure
     Vascular Doppler ultrasound and blood flow restriction device
3. Glucose homeostasis 
      Glycated   hemoglobin HbA1c 
4. Muscle strength  
         A) Upper limb by hand grip dynamometer  
          b) Lower limb, upper limb by One-Repetition Maximum (1RM) 
5. Physical function     
              By 6 –MWT 
6. Health related quality of life
            Kidney Disease Quality of Life Instrument (KDQOL) KDQOL-36™ Arabic version

All outcome measure will be measured pre and post intervention 






B) Treatment procedures:

1. Control  group

Exercises:
1. shoulder flexion                                           2.shoulder abduction
3.leg extension                                                 4. Hand grip 
Start with 1-3 sets of 12 reps at 30% of 1-RM increasing by 10% according patient endurance 
Cycling:
 chair or bedside cycle ergometer exercise for 30 minute (5 min warming up, 20 min on exercise intensity of  60%–65% of Heart Rate Reserve (HRR)  and 5min cooling down) 
(Nicholas Rolnick et al 2022, Deus et al., 2022, Clarkson et al., 2020)

2. BFR training group

Conventional exercise training same as control group with 50% LOP  
  (Nicholas Rolnick et al 2022, Silva et al., 2021; Corrêa et al., 2021a; 2021b)
Frequency 
                        2time/weak for consecutive 2 monthes

Data analysis:
 Data analysis performed using the Statistical Package of Social Science (SPSS) software version 22 in windows 7 (SPSS Inc., Chicago, IL, USA). 
 Simple descriptive analysis in the form of numbers and percentages of qualitative data, and arithmetic means as central tendency measurement, standard deviations as a measure of dispersion of quantitative parametric data. median and range for non-parametric quantitative data
 Quantitative data included in the study first tested for normality by One-Sample Kolmogorov-Smirnov test in each study group then inferential statistic tests selected. 


- For quantitative parametric data:
 Independent samples t test was used to compare quantitative measures between two independent groups 
 Paired t-test used to compare two dependent quantitative data.
- For quantitative non parametric data 
 The Mann-Whitney test used to compare two independent groups.
 Wilcoxon tests used in comparing two groups of dependent data
- Bivariate Pearson correlation test to test the association between quantitative parametric variables
- Bivariate Spearman's correlation test to test the association between quantitative non parametric variables
  The P-value< 0.05 was considered as statistical significant                    
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