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Background

Dialysis patients display hugely elevated rates of cardiac mortality 1()
, accounting for 43% of all cause deaths in this group 2()
. However, this rate of cardiovascular attrition is not driven by the same risk factors, or pathophysiological processes, that are important in the general population 3()
. According to the United States Renal Data System (USRDS) database, 64% of all cardiac mortality among HD patients is due to sudden cardiac death (SCD) or arrhythmias of an order around 100 times higher than the background population 4()
. In the general population, myocardial ischaemia from classical atherosclerotic disease appears to be the most common initiating event 5


( ADDIN EN.CITE )
 but this is not true in HD patients who are subject to a number of unique factors that can alter both the underlying cardiac structure and environment 6


( ADDIN EN.CITE )
. This is demonstrated by the unusually high mortality after coronary revascularisation among HD patients with 2-year 48% mortality after coronary artery stents and 43% after coronary artery bypass grafting 7


( ADDIN EN.CITE )
. The annual mortality ascribed to arrhythmic mechanisms were 8.5% for stenting and 7% for grafting respectively, implying that ameliorating myocardial ischaemia by revascularisation may be an inadequate clinical strategy for the prevention of SCD in HD patients. These unique factors associated with SCD among HD patients include abnormalities in myocardial structure and function such as left ventricular (LV) hypertrophy (present in at least 75% of dialysis patients), interstitial fibrosis, microvascular disease / decreased perfusion reserve, autonomic dysfunction and repetitive myocardial ischaemia secondary to dialysis itself 8-13


( ADDIN EN.CITE )
. Such factors can lead directly to an increase in arrhythmias 14


( ADDIN EN.CITE )
 but in addition, an increased electrical instability may be seen as a result of systemic inflammation, acid / base disturbances as well as rapid shifts in both fluid and electrolytes 15-17


( ADDIN EN.CITE )
. To date, efforts to address these factors have concentrated on medical therapies (e.g. pharmaceutical agents and implantable cardiac defibrillators) which have yet to show positive benefits and further research into interventions to reduce SCD in dialysis patients is overdue 18()
.

In the general population, lifestyle changes that result in increased physical exercise lower mortality. Sadly, HD patients are less active than even sedentary healthy people with <50% of the dialysis population exercising once a week and unsurprisingly, higher mortality risks have been reported in such patients 19


( ADDIN EN.CITE )
. Exercise training during or outside of dialysis has already been shown in a number of uncontrolled or non-randomised trials to lead to significant improvements in a number of cardiovascular risk factors that predispose to SCD, both traditional and those unique to ESRD. These include hypercholesterolaemia, poor phosphate control, raised inflammatory parameters, better LV systolic function and improved heart rate variability 20-22


( ADDIN EN.CITE )
. Additionally, improvements in aerobic capacity as a result of exercise have also been shown which correlate with improvements in LV ejection fraction and cardiac rhythm abnormalities 23


( ADDIN EN.CITE )
. Preliminary results from a recently awarded British Renal Society grant into the perceived motivators and barriers for taking up exercise, have shown a significant demand from patients to develop a structured exercise programme 24()
.

So, there is increasing evidence that exercise programs are beneficial, with no reported safety concerns and long overdue in the dialysis population 25()
. Despite this, the adoption of such programs has been slow across Europe and the US, partly due to perceptions of staff that there could be an increased risk to patients 26()
. A recent Cochrane review of studies investigating exercise training for adults with CKD, including patients on haemodialysis concluded that there were significant benefits and no apparent safety implications 27()
. However, pilot data from a randomised cross-over design undertaken by our group with 10 HD patients comparing 30 minutes of ‘somewhat hard’ exercise vs. rest during HD showed significant reductions in systolic blood pressure an hour after exercise (see figure 1 below). In the general population, exercise is known to cause a transient increase in blood pressure, which falls below resting levels after exercise, with no adverse consequences. In the dialysis population however, episodes of intradialytic hypotension are associated with poor outcomes and increased mortality 28


( ADDIN EN.CITE )
. This data, coupled with the work previously undertaken by Dr Burton showing the development of myocardial stunning / ischaemia associated with intradialytic hypotension 10


( ADDIN EN.CITE , 12, 14)
, must raise the question as to the long term effects of intradialytic exercise on cardiac function since no studies have measured this and no long-term studies reporting survival rates have been completed. This highlights the importance of this project that will perfectly complement the PrEscription of intraDialytic exercise to improve quAlity of Life (PEDAL) trial that was recently funded as part of the NIHR Health Technology Assessment Programme, as this is designed to look for improvements in quality of life measures. Furthermore, there are no safety data looking at either the arrythmogenic potential of intradialytic exercise or of the long-term effect on myocardial fibrosis. The latter may well be the substrate that is a major contributor to SCD and actually be worsened by arduous exercise 29()
. This study will investigate these important safety concerns and look for improvements in both structural and biochemical markers of acute and chronic cardiac dysfunction.
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Figure 1. The acute effect of intradialytic cycling on systolic blood pressure. Systolic BP decreased after the initiation of HD in both groups (p<0.01). After 30 minutes of exercise (represented by grey shading) systolic BP was significantly higher immediately post exercise and lower 1 hour post exercise compared with controls (p=0.003).
Aims:

This study aims to provide definitive answers to unresolved questions regarding aspects of both efficacy and safety of an intradialytic exercise program in reducing the potential risk of cardiovascular disease and sudden cardiac death (SCD) in dialysis patients. 

Hypotheses:

1. An intradialytic program of exercise leads to a regression in left ventricular mass

2. An intradialytic program of exercise for HD patients is safe with no increase in either cardiac arrhythmias or myocardial fibrosis

3. Intradialytic exercise leads to an improvement in CV indices associated with an increased CV risk and SCD including: LV mass and function; myocardial fibrosis; cardiac arrhythmias; autonomic dysfunction; raised biochemical markers of cardiac damage and heart failure and; systemic inflammation.
Subjects

130 subjects with end-stage renal disease on haemodialysis.
Inclusion criteria

1. Be a prevalent haemodialysis patient (>3 months)
2. Age 18 years or older
3. Able and willing to give informed consent

Exclusion criteria

1. Unable to participate in current exercise program due to perceived physical or psychological barriers

2. Unable to undergo MRI scanning (metal implants / prostheses, claustrophobia etc.)

3. Unfit to undertake exercise according to the American College of Sports Medicine guidelines

4. contraindications to exercise testing (35) that include:

4.1. Recent significant change in resting ECG that suggests significant ischaemia, recent myocardial infarction (2 weeks) or other acute cardiac event;

4.2. Unstable angina;

4.3. Uncontrolled cardiac dysrhythmias causing symptoms or haemodynamic compromise;

4.4. Symptomatic severe aortic stenosis;

4.5. Uncontrolled symptomatic heart failure;

4.6. Acute pulmonary embolus or pulmonary infarction;

4.7. Acute myocarditis or pericarditis;

4.8. Suspected or known dissecting aneurysm;

4.9. Acute systemic infection, accompanied by fever, body aches or swollen lymph glands.
5. Age <18 years

6. Unable or unwilling to give informed consent
Withdrawal Criteria

1. Withdrawal of consent
Recruitment

Eligible patients will be identified at the Leicester General Hospital, Loughborough and Hamilton Dialysis Units by staff involved in routine clinical care, in consultation with clinical research staff involved in the project. The study will be discussed and explained to potential participants at a routine out-patient dialysis visit by the staff normally involved in their care. Patients who express an interest in the study will be given the patient information sheet and offered the opportunity to discuss the study in more detail with a member of the research team. The patient will have the opportunity to ask questions, and allowed at least 48 hours to decide whether to participate. Patients will also be approached who have given written permission to be contacted regarding opportunities to participate in research programmes.  These patients will initially be sent a patient information sheet and an invitation letter with a reply slip in the post. If they express interest in the study, they will discuss it in more detail with a member of the research team by telephone or in person, and given at least 48h to consider their decision to participate. Written consent will be obtained from all participants prior to entering the protocol.
A copy of the participant information sheet will be given to the research participant to be kept for reference. Consent to take part in the study will be recorded in each patient’s notes and in the study records, and the patient’s GP will be informed.

The study has been adopted by the NIHR and recruiting centres will apply to their local CLRN for support.

Study Design

A flow diagram illustrating the study design can be found in Appendix 1.

Patient Numbers – Feasibility and Statistical Power

Patients will be recruited from within the Leicester Renal Network, which includes 9 dialysis units treating over 600 HD patients. None of these units currently offer exercise as part of routine care. The number of patients required is therefore readily attainable.

An initial power calculation was performed by the local Research Design Service (RDS) and verified after improvements to the study design by the Glasgow Clinical Trials Unit. A study by London et al 30()
 showed a 10% decrease in LV mass (~29 g) translated into a 28% decrease in mortality risk from cardiovascular causes over a 5-yr follow-up of a cohort of patients treated with haemodialysis (a 1g decrease translated to a 1% decrease in CV mortality risk). Previous studies of exercise in HD patients using echo have shown a reduction in LVMI and increase in LVEF but not to significance 23


( ADDIN EN.CITE )
. In a study of the benefits of exercise training in 11 hypertensive elderly patients, 6 months of exercise (walking, jogging or cycling training) produced a 15g difference in LV mass between the intervention group and controls 31


( ADDIN EN.CITE )
. CMR data from a randomized clinical trial that assessed the benefits of frequent haemodialysis on LV mass in HD patients 32


( ADDIN EN.CITE )
 provides an estimate for the standard deviation (SD) for change in LV mass of 25.9g for the control (HD only) group; we will assume that the SDs are similar in both groups. A difference (of change from baseline) between the two groups in LV mass of 15g is deemed to be clinically significant. We have assumed an intra-cluster correlation coefficient (ICC) of 0.02. We expect 20 patients per cohort to take part and a dropout rate of 10% (including mortality and transplant), therefore we expect to have analysable data for 18 patients per cohort. To have 80% power to detect a difference between treatment groups of 15g, with group standard deviations of 25.9 and an attrition rate of 10%, 65 patients are required in each group.

Randomisation

The study design will be a randomised-controlled trial (RCT). Current practice in UK dialysis centres dictates that patients dialyse in one of two cohorts, either on a Monday, Wednesday and Friday or Tuesday, Thursday and Saturday. Each dialysis unit will randomise one cohort to the intervention of intradialytic exercise and one as a non-intervention control group. This method of randomisation was modelled by the Robertson Biostatistics Centre at the Glasgow Clinical Trials Unit and peer reviewed by the National Institute of Health Research (NIHR) and has a number of significant benefits. Primarily, it prevents contamination of the control subjects that would be a significant problem with individual randomisation.

Our experience of a pilot exercise programme with one dialysis cohort has shown that the introduction of intradialytic cycling creates a more positive attitude towards exercise across the entire group, not just those undertaking exercise. In effect, the whole cohort becomes ‘more healthy’. By randomising cohorts as opposed to individuals, contamination of the control subjects will be minimised, as there will be no mixing of patients in the intervention and control cohorts. In addition, randomising cohorts as opposed to entire units will ensure demographic homogeneity between the intervention and control groups, as equal numbers will be taken from each unit.

Patients will be informed which group (Exercise or Control) they will be in after the MRI and Echo baseline assessments to avoid selection bias.

Initial study session

After recruitment, patients will be offered the opportunity to take part in a familiarisation session at the Leicester Glenfield Hospital Cardiovascular BRU that was included after consultation with patients. This will include a tour of the BRU and MR units, sessions on how to complete the functional activity tests and then final consent into the study. 
Baseline assessments will take place over two or three sessions dependent on patient preference. The first session(s) will be undertaken on a non-dialysis day at the NIHR-Leicester Cardiovascular BRU that will include cardiac MR and ultrasound as well as assessments of physical functioning (see appendix 2 for full details of assessments). This will be followed shortly afterwards by a second session at the subject dialysis centre just before and during their regular dialysis session; this timing ensures consistency across patients with measurements that can be affected by changes in fluid status. Measurements to be taken just before commencement of dialysis include: haemodynamics and body composition as well as connection of the Holter / accelerometry monitoring which will record for 48 hours until just before commencement of the next HD treatment. Blood samples will be taken at the time of dialysis, eliminating the need for additional venepuncture; demographic and questionnaire data will be collected whilst on dialysis so as to reduce the additional time subjects need to attend over and above their out-patient appointment. 
Patients in the exercise cohorts will have an additional 48-hour measurement of their cardiac rhythm that will include a bout of intradialytic exercise for comparison with their resting cardiac rhythm to capture additional safety data.
Sub study

Ten additional subjects from the control cohorts will be invited at this point to take part in a second follow up study. Although inter-study reproducibility using feature tracking and tagging has been tested by this group using cardiac MRI in patients with other cardiac conditions, there are no published data in dialysis patients. This completely voluntary sub study will determine the inter-study reproducibility of myocardial strain measurement assessed with cardiac MRI in prevalent haemodialysis patients. It will involve a single, identical MRI scan <2 weeks after the initial MRI study. Participation in the follow up study will be entirely optional and new informed consent will be obtained. Control subjects will be approached to take part after their initial study session and, once ten volunteers have completed the sub study, recruitment will finish.
Follow up

When the required study period of 6 months total exercise is finished, subjects will undergo an identical study session to include Holter and accelerometry recordings. They will also be asked to complete an evaluation questionnaire about their experiences of both the intervention and the study sessions. As part of that, we will seek permission to contact them in the future about their ongoing health and physical activity levels and function. At this point the study protocol will be completed.

Patients will be offered the choice of continuing within the exercise program if desired.
Outcome Measure Assessments

Primary outcomes measure:
1. Left ventricular mass in grams (using cardiac MR)
Secondary outcome measures:

1. Left ventricular ejection fraction

2. Myocardial fibrosis measured using CMR and echocardiography (integrated backscatter technique)

3. Improvement in LV regional wall motion abnormalities and reversal of myocardial hibernation

4. Cardiac arrhythmias measured using 48 hour ambulatory monitoring

5. Non-invasive haemodynamic measurements including blood pressure, cardiac index, stroke volume, cardiac output, total peripheral resistance and cardiac power index (NICOM)
6. Anthropometric measurements including

6.1. Height, weight and waist circumference

6.2. Body composition analysis 
7. Physical functioning measures

7.1. Sit-to-stand tests
7.2. Shuttle walk tests
7.3. Short physical performance battery (SPPB)
8. Objective assessment of habitual physical activity (tri-axial accelerometer)

9. Quality of life and perceived function scores using

9.1. Short Form 12 (SF-12) version 2

9.2. EQ-5D

9.3. Palliative Care Outcome Scale – Symptoms Renal (POS-S Renal)

9.4. Hospital Anxiety and Depression Score (HADS)

9.5. Leicester dialysis patient physical activity questionnaire (LDP-PAQ)
10. Blood markers of myocardial dysfunction and risk, for example:
10.1. Troponin I

10.2. NT-proBNP

10.3. FGF-23

10.4. Plasma microparticles

10.5. GDF-15

11. Blood markers of the malnutrition-inflammation-complex (MIC), for example:
11.1. IL-6

11.2. IL-10

11.3. Albumin

11.4. hsCRP

12. Significant Clinical Endpoints

13.1           Death all causes

13.2           Death cardiovascular causes

13.3           Hospital admissions all causes, including length of hospital stay 
13.4  
Major adverse cardiovascular events: Non-fatal myocardial infarction, cerebro-vascular event, critical limb ischaemia
The Assessment Protocols (frequency and timepoints of each outcome measure) are described below, and methodological details of each measure can be found in Appendix 2.
Exercise intervention

The intervention group will use specially adapted and calibrated exercise bicycles 3 times a week during dialysis, aiming for 30 minutes continuous cycling at Borg Rating of Perceived Exertion (RPE) 12-14 adjusting resistance as required to progress training. Our pilot exercise programme has been well tolerated with no adverse symptoms reported in any of the exercising patients. It is accessible to patients of different age, gender, culture and ethnicity (see figure 1).
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Figure 1: Participants in our pilot intradialytic exercise programme (with permission)
Progressive interval training will be allowed for subjects unable to complete 30 minutes, until this target is achieved, and patients will be allowed to complete longer exercise bouts if they request. This individualised style of exercise programme has been guided by patient feedback during previous studies. There will also be a run in period of one month, again as a result of patient feedback, to enable individuals to get used to the equipment and build confidence. Patients will keep exercise diaries to record subjective (RPE) and objective (power output in Watts) measurements of physical activity. They will be guided by a physiotherapist or exercise instructor until familiar with self-monitoring, and will be regularly visited throughout the period of study (once every two weeks) to ensure compliance and progress their resistance using a specially designed RPE tolerance test.

Nursing staff will be trained to set up the bikes for when patients are confident to exercise independently and will be supported by a research assistant at each unit as part of the existing infrastructure of the Leicester Kidney Exercise Team already funded by the Leicester Foundation. Experience to date with our unit based exercise programme has shown this programme to work with very small dropout rates of <5% and a number of studies of similar size with exercise interventions of 6-10 months report very good compliance (up to 99%) with comparable dropout rates 23


( ADDIN EN.CITE , 26)
. Apart from the exercise intervention in the study group, normal care will be continued in both groups.

Assessments

Main Assessment Protocol
The Main Assessment Protocol will be carried out twice in total: at baseline and at the end of the study. Each Main Assessment Protocol will consist of a number of different assessments and will be spread over a number of visits to the hospital (see above), but arranged according to the patient’s preference and convenience as our experience shows that some patients prefer fewer but longer visits and others more but shorter visits.

The assessments included in the Main Assessment Protocol are:
1) Cardiac structure and function - measured by ultrasound and MRI

2) Haemodynamic performance - non-invasive cardiac output monitoring (NICOM)

3) Physical performance tests - shuttle walk tests, sit to stand tests, short physical performance battery
4) Physical activity levels - accelerometry
5) Anthropometric measurements - height, weight and waist circumference
6) Body composition measurements 
7) Venous blood sample - 30ml sample / 2 tablespoons
8) Questionnaires
Interim Assessment Protocol
The Interim Assessment Protocol will be carried out at three months, half way through the 6-month exercise programme. No special visits to the hospital will be required as all the assessments will be non-invasive and take place at the subjects’ regular dialysis centre. The Interim Assessment Protocol will consist of:

1) Physical performance tests 
2) Anthropometric assessments
3) Body composition measurements
4) Venous blood sample

5) Questionnaires

Collection of routine clinical information
As part of routine clinical care, a number of parameters are collected from dialysis patients on a weekly and monthly basis. These include (but are not limited to) blood pressure, weight and fluid removal for every dialysis session, hospital admissions, information regarding falls as well as biochemical and haematological blood tests in the first week of each month. This information will be collected to look for changes in all of these variables in response to exercise.
SAFETY REPORTING

Definitions:
Adverse Event (AE)

An AE or adverse experience is:

Any untoward medical occurrence in a patient or clinical investigation participants, which does not necessarily have to have a causal relationship with this treatment.

An AE can therefore be any unfavourable and unintended sign (including an abnormal laboratory finding), symptom or disease temporally associated with the study, whether or not considered related to the study.

Adverse Reaction (AR)

All untoward and unintended responses related to the study.

All cases judged by either the reporting medically qualified professional or the sponsor as having a reasonable suspected causal relationship to the study qualify as adverse reactions.  

Severe Adverse Events (SAE)

To ensure no confusion or misunderstanding of the difference between the terms "serious" and "severe", which are not synonymous, the following note of clarification is provided:

The term "severe" is often used to describe the intensity (severity) of a specific event (as in mild, moderate, or severe myocardial infarction); the event itself, however, may be of relatively minor medical significance (such as severe headache).  This is not the same as "serious," which is based on patient/event outcome or action criteria usually associated with events that pose a threat to a participant's life or functioning.  Seriousness (not severity) serves as a guide for defining regulatory reporting obligations.

Serious Adverse Event or Serious Adverse Reaction (SAE/SAR)

A serious adverse event or reaction is any untoward medical occurrence that at any dose:

· Results in death,

· Is life-threatening,

NOTE: The term "life-threatening" in the definition of "serious" refers to an event in which the participant was at risk of death at the time of the event; it does not refer to an event which hypothetically might have caused death if it were more severe.

· Requires inpatient hospitalisation or prolongation of existing hospitalisation,

· Results in persistent or significant disability / incapacity, or

· Is a congenital anomaly/birth defect.

· Other important medical events*

*Other events that may not result in death, are not life threatening, or do not require hospitalisation, may be considered a serious adverse event when, based upon appropriate medical judgement, the event may jeopardise the patient and may require medical or surgical intervention to prevent one of the outcomes listed above.

Expected Serious Adverse Events/Reactions

There are no expected SAE/Rs for this study.

Suspected Unexpected Serious Adverse Reactions

A serious adverse reaction, the nature or severity of which is not consistent with the applicable product information.

Reporting Procedures for All Adverse Events

All AEs occurring during the study observed by the investigator or reported by the participant, whether or not attributed to study, will be recorded on the CRF.
The following information will be recorded: description, date of onset and end date, severity, assessment of relatedness to study, other suspect device and action taken.  Follow-up information should be provided as necessary. 

AEs considered related to the study as judged by a medically qualified investigator or the sponsor will be followed until resolution or the event is considered stable.  All related AEs that result in a participant’s withdrawal from the study or are present at the end of the study, should be followed up until a satisfactory resolution occurs. It will be left to the investigator’s clinical judgment whether or not an AE is of sufficient severity to require the participant’s removal from treatment. A participant may also voluntarily withdraw from treatment due to what he or she perceives as an intolerable AE.  If either of these occurs, the participant must undergo an end of study assessment and be given appropriate care under medical supervision until symptoms cease or the condition becomes stable.

The severity of events will be assessed on the following scale:  1 = mild, 2 = moderate, 3 = severe.  

The relationship of AEs to the study will be assessed by a medically qualified investigator. 

Reporting Procedures for Serious Adverse Events

Due to the nature of ESRD and of HD, patients are likely to experience adverse events throughout the course of the study. Patients on HD have a large burden of co-morbid disease and, acute illness resulting in hospitalisations, new medical problems and deterioration of existing medical problems are expected throughout the study period. 

All adverse events (AEs) or adverse reactions (ARs) and serious adverse events (SAEs) or serious adverse reactions (SARs) will be recorded from the time a patient enters the study to the final study visit. Patients will be asked about the occurrence of AEs and SAEs at every study visit, with open, non-leading questions. Each AE or AR will be considered for severity, causality and expectedness and may be reclassified as an SAE or SAR depending on the circumstances. 

An SAE is any AE that:

•
is life threatening

•
requires hospitalization or prolongation of a hospital admission

•
results in a persistent or significant disability or incapacity 

•
is a congenital anomaly

•
results in death

All SAEs that require immediate reporting must be reported to the Sponsor within one working day of discovery or notification of the event. The Sponsor will perform an initial check of the information and request any further information where required. The Sponsor will ensure that it is reviewed at the next R&D Management meeting.  All SAE information must be recorded on an SAE form and sent to the Sponsor using the appropriate reporting form and the contact details on there. Additional information received for a case (follow-up or corrections to the original case) needs to be detailed on a new SAE form which must be sent to the Sponsor using the appropriate reporting form and the contact details on there.
The Sponsor will report all SUSARs to the Research Ethics Committee concerned. Fatal or life-threatening SUSARs must be reported within 7 days and all other SUSARs within 15 days. The CI will inform all investigators concerned of relevant information about SUSARs that could adversely affect the safety of participants.

In addition to the expedited reporting above, the CI shall submit once a year throughout the study or on request an Annual Report to the Ethics Committee which lists all SAEs / SUSARs that have occurred during the pre-ceding 12 months.

All unexpected SAEs will be reported to the Glasgow Clinical Trials unit (CTU) within 7 days of awareness of the event, including a report assessing event intensity and likelihood of causality (see below) from the chief investigator or suitable nominated investigator. Study investigators will report all unexpected AEs, ARs, SAEs and SARs to the clinical trials unit, the sponsor, the Research Ethics Committee, and the Data Safety Management Board (DSMB). 

Unexpected non-serious AEs will be assessed by the chief investigator, and should include an assessment of intensity and causality (see below), with reports being made within 14 days. These will be reported to the CTU and if appropriate to the sponsor, the Research Ethics Committee, and the DSMB. 

The following guidance will be used to assess the intensity of an AE or an AR:

•
Mild: The patient is aware of the event or symptom, but it can tolerate it easily

•
Moderate: The patient experiences sufficient discomfort to interfere with or reduce his or her usual activities

•
Severe: Functional levels are significantly impaired by the event such that patients can no longer carry out usual activities, or life is at risk from the event

The following guidance will be used to assess causality between an AE or AR and study participation:

•
Unrelated: A causal relationship can definitely be excluded as another documented cause of the AE / AR is most plausible

•
Unlikely: A causal relationship is improbable and another documented cause of the AE / AR is most plausible

•
Possible: A causal relationship is clinically / biologically plausible and there is a plausible time sequence between AE / AR and study participation

•
Probable: A causal relationship is clinically / biologically highly plausible and there is a plausible time sequence between onset of the AE / AR and study participation

Data Safety Management Board

An independent group of experts (consisting of a nephrologist, a cardiologist, lay member and a statistician) will be convened into a Data Safety Management Board (DSMB) to monitor patient safety and treatment efficacy data while the clinical trial is ongoing. The DSMB will meet at least annually although this may be by teleconference. The primary mandate of the DSMB is to protect patient safety. If adverse events of a particularly serious type are more common in the experimental arm compared to the control arm, then it would be within the remit of the DSMB to consider termination of the study. This evaluation has to be made in consideration of risk/benefit for patients.

Incidental Findings

CMR scans will be reported by a single investigator blinded to all patient details. Neither CMR scans nor echocardiograms will be reported until after the patient has completed the study, however life-threatening or clinically significant abnormalities identified during scan acquisition will be reported to the chief investigator, the DSMB, the sponsor and the CTU. The patients consultant and GP will be notified and a full report will be released to aid clinical care and ensure patient safety. The patient may also be referred to a cardiologist if deemed necessary. This should not affect patient participation in the study.
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Protocol Flow Diagram

Appendix 2

Details of Assessments
Anthropometric Measures

Height, weight and waist circumference will be taken on 3 occasions; at baseline, 3 months and 6 months.

Body Composition (Bioelectrical Impedance) 

Bioelectric impedance analysis will be carried out.  Bioelectric impedance analysis is a painless, non-invasive method for measuring fat and fat free mass that can provide accurate estimates of muscle mass in pre-dialysis CKD patients when population specific regression equations are used. The patient has two electrodes placed on their body (one on hand and one on foot). A series of harmless currents are then passed through the body from which the BCM can calculate a number of different parameter including lean tissue mass, fat mass and hydration status. The entire process takes under five minutes.

Familiarisations
In addition to a familiarisation tour of the facilities, the physical performance tests require prior familiarisation (i.e. practising the technique), which will be carried out once at during visits in the baseline assessments. Familiarisations involve explanation of the test by the researcher, followed by the patient practicing the tests described below. The actual assessments will be carried out during a separate visit at the subjects out-patient haemodialysis unit.
Shuttle walk test

Exercise capacity will be assessed using the Incremental Shuttle Walking Test (ISWT) and Endurance Shuttle Walking Test (ESWT) 33


( ADDIN EN.CITE , 34)
.

For the ISWT, the subject walks a level 10m shuttle course at a speed controlled by an external audible bleep signal. The bleep speed progressively increases at 1 minute intervals for a total of 12 stages, and the test is terminated when the patient fails to complete the shuttle course in the allowed time. From the ISWT performance, a walking speed equating to 85% of predicted peak oxygen consumption (VO2peak) can be calculated, and this is used in the ESWT, which assesses submaximal exercise capacity. For the ESWT, the patient walks the same 10m shuttle course at a constant speed controlled by external audible signal and the total time walked is recorded (up to a maximum walking time of 20 minutes, after which the test is terminated).

Due to performance in the ISWT defining the walking speed in the ESWT, the ISWT will always be performed first.  Patients may feel out of breath after the ISWT, but they will be given approximately a 20-30 minute rest between tests to allow them to fully recover.  Our experience is that this is sufficient rest and patients feel ready to undergo the next part of the test. In total, the tests should take no longer than 1 hour to complete.

These tests have been extensively validated and are routinely used for exercise prescription in rehabilitation programmes for chronic conditions such as pulmonary disease, and our research group have used it as an outcome measure in a previous study with good results. They are simple to perform, well-tolerated reproducible after a single practice walk, and are preferred to other measures such as six-minute walk tests which are self-paced and therefore subject to influences such as mood and external encouragement. 

Sit to stand 60
Sit to stand (STS) tests are a good measure of functional ability and have been used extensively in CKD patients 35-37


( ADDIN EN.CITE )
. We use STS as an outcome measure in a current study of an exercise intervention in dialysis patients. The patient starts from a seated position on a hard, upright chair (such as a dining chair), with the feet flat on the floor and the knees bent at 90°. For the test, the patient simply stands up fully and then sits down again to the starting position, without using the hands (one cycle). The number of STS cycles achieved in 60 seconds will be recorded and is a surrogate measure of muscular endurance.

Short Physical Performance Battery (SPPB)
The SPPB is a test used to measure functional status and physical performance (38). Firstly the patient will be asked to will be asked to stand in three positions that will increasingly challenge their balance, for ten seconds each. These positions are feet side by side, feet semi tandem and feet in tandem. The positions will be performed in that order and the patient will only progress to the next test if they successfully complete the one before. 

For the walking test the patient will start at one end of a four meter course and will be asked to walk at their normal pace to the other end of the course, which will be marked out for them. The time taken to walk the course will be recorded. The test will be repeated twice, with a short break in between. Patients may use any walking aid during the test which they would normally use in everyday life. 
For the sit to stand test, the patient will be asked to starts from a seated position on a hard, upright chair (such as a dining chair), with the feet flat on the floor and the knees bent at 90°. For the test, the patient simply stands up fully and then sits down again to the starting position, without using the hands (one cycle). The time taken for patients to stand up from a seated position and sit back down again 5 times will be recorded. This test differs from the STS60 test as it is a surrogate measure of muscular power.

Each of the tests will be given a score and the results from the walking test converted into a speed. 

Echocardiography

Cardiac assessment by conventional two-dimensional transthoracic echocardiography will be undertaken according to a routine standard operating procedure (SOP) at the Leicester Cardiovascular BRU by dedicated research cardiovascular physiologists experienced in these techniques. Echo is non-invasive, well-tolerated, inexpensive to perform, and generates detailed information about cardiac structure and function. In addition to the more traditional measurements of cardiac geometry associated with echo, we will be looking at diastolic dysfunction and end-diastolic integrated backscatter measurements that are directly related to the presence of myocardial fibrosis 39


( ADDIN EN.CITE , 40)
 and validated in HD patients (41,42). These data are key to assessing the long term effect of exercise on myocardial fibrosis in HD patients as the use of late gadolinium contrast enhancement on CMR is not possible due to the risk of developing systemic fibrosis. A full echo assessment takes approximately 20 minutes.
Cardiac magnetic resonance imaging (MRI)

Similar to the echocardiograms, cardiac MRI scans will be undertaken according to a SOP that is in regular use at the cardiovascular BRU at the Glenfield General Hospital. The scan takes about 40 minutes during which time the patient will be lying within the MR scanner. They will be asked to breathe in and out and hold their breath for short periods. Some subjects can find this a little claustrophobic but they will be in constant communication with research staff and the session can be terminated at any time.

In order to get detailed information about cardiac function during episodes where oxygen demand is increased, a pharmacological stress agent called adenosine is used. Adenosine is a potent vasodilator with a very short half-life of less than 10 seconds. During this short time, subjects may feel like they are exercising and it is common to experience flushing, awareness of their heart beat / palpitations or mild shortness of breath. Adenosine is very safe if the contraindications are observed which include:

· 2nd or 3rd degree AV block

· Atrial Flutter with heart block (≥3:1)

· Severe asthma

· Unstable angina pectoris

· Known hypersensitivity to adenosine

· Sinus bradycardia (heart rate < 40 bpm)

· Systemic arterial hypotension (< 90 mmHg)

Occasionally patients may develop chest pain (~10%) in which case the drug will be stopped. Blood pressure normally drops 5-15mmHg during this time.  During adenosine infusion a healthcare practitioner remains in the scanning room with the patient to reassure them and maintain constant communication. The adenosine is administered for 3 minutes during first pass perfusion. At the discretion of the supervising physician, if there is no haemodynamic response and/or if the patient does not experience any effects, the infusion may be prolonged or the dose may be increased.
Before the study session, patients will be asked to stop both beta-blocker and dipyridamole tablets for 48 hours; all other medications remain unchanged. This is standard procedure and carries little or no risk to the patient. Patients must also abstain from caffeine for 12 hours prior to the test drinking only water, squash or fruit juice. No coffee, tea, decaffeinated coffee or tea, herb teas, chocolate, hot chocolate, chocolate ice cream, fizzy drinks, etc. Subjects may eat as usual except for chocolate. There is no special preparation for diabetics. During the session, subjects may have sedation if required but they must not drive for the rest of the day and should have someone accompany them for 12 hours.
Heart rhythm monitoring

Patients will be asked to wear a non-invasive heart rhythm (Holter) monitor continuously for 2 days to assess the number, quality and regularity of their heart beats. The monitor is compact (6cm x 7cm x 2cm), very light (115g) and waterproof thus causing minimal patient disruption. It involves attachment of five leads on the participant’s chest. Subjects will have the monitor attached just before a standard dialysis session (not after their long interdialytic break) to capture their heart beat during dialysis and for the subsequent 44 hours; it will be removed at their next outpatient session. In addition to the heart rhythm data, this monitor also records levels of physical activity as it has an inbuilt accelerometer. This kind of monitoring has been used by the investigators in dialysis patients before and is well tolerated 14
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. Patients undergoing the exercise intervention will be asked to wear the Holter monitor over an additional dialysis session to capture their heart rhythm during exercise. This will enable interim analysis to ensure there are no adverse rhythm disturbances associated with exercise.
Physical activity monitoring (accelerometry)
Patients will be asked to wear a device similar to a wristwatch continuously for 7 days that will monitor how much physical activity they do and what their sleep quality is like.  These devices can be easily removed by patients should they wish (e.g. to shower); the device straps are fully adjustable to help improve comfort. These devices have been electrically tested and have been used both by this group and in other clinical populations with no adverse events. When the device is returned to the research team, physical activity data is downloaded by the application software and also allows for the estimation of energy expenditure. 
Cardiac Bioreactance

Cardiac Bio-reactance is a quick, safe, validated, non-invasive method of assessing central haemodynamics including heart rate, stroke volume, cardiac output and total peripheral resistance. The test is carried out using NICOM equipment. Four electrodes are placed on the participant’s chest, while they lie on a couch. The device passes a small, painless current between the electrodes. The assessment will take around five minutes.
Blood samples

Around 30ml (2 tablespoons) of venous blood will be taken from the dialysis line at the time of dialysis to minimise patient discomfort. Peripheral blood will be prepared for immediate analysis and/or separated and stored at -80°C for further analysis.

Questionnaires

The questionnaires will be explained, and the patient will either be allowed quiet time to complete them or given the option to take them home:
Short-Form Health Survey 12 version 2 (SF-12 v2): a validated questionnaire to assess general wellbeing and quality of life;

EQ-5D-5L: A short quality of life questionnaire which is widely used in health economics analysis.

Palliative Care Outcome Scale – Symptoms Renal (POS-S Renal): a questionnaire to assess the frequency, intrusiveness and total impact of a range of symptoms common in people with kidney disease;
Hospital Anxiety and Depression Scale (HADS): a simple 14 scale survey commonly used by doctors to determine the levels of anxiety and depression that a patient is experiencing.
Leicester Dialysis Patient Physical Activity Questionnaire (LDP- PAQ): a composite survey form consisting of six validated questionnaires to assess habitual daily physical activity levels and opinions, and some free text questions providing the opportunity for the patient to give more information about their exercise experiences and beliefs if they wish. The six validated questionnaires are: 

· Duke Activity Status Index (DASI): a widely-used measure of physical capability;

· GP Activity Questionnaire (GPPAQ): developed by the DoH to provide a simple, 4-level Physical Activity Index (PAI) reflecting an individual's current physical activity;
· Leisure Time Exercise Questionnaire (LTEQ): for those respondents who participate in exercise, assesses the amount of exercise undertaken (from which a metabolic equivalent [METS] estimation can be calculated) and also identifies preferred activities. 

· Stage of Change Questionnaire: identifies the respondents’ state of readiness to adopt a more active lifestyle according to the Transtheoretical Model of Change;

· Self-Efficacy Questionnaire: identifies the respondents’ confidence in their ability to adopt a more active lifestyle, which is a major determinant in the success of changing behaviour.
· Dialysis Patient-Perceived Exercise Benefits and Barriers Scale (DPEBBS): validated questionnaire scores the importance of 24 potential barriers to, and benefits of, exercise participation.
Laboratory Analyses

Blood samples will be analysed in the University laboratories and held in storage for analyses that will include:

· markers of cardiac dysfunction (for example; Troponin I, NT-proBNP, FGF-23, plasma microparticles, GDF-15).

· Markers of the malnutrition-inflammation-complex (MIC) including; IL-6, IL-10, albumin, hsCRP.
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