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Study rationale
Cardiovascular disease has been well documented as the leading cause of death in the general population worldwide. In people with end stage kidney disease, the risk of cardiovascular disease is substantially increased. During hemodialysis (HD) in particular, the recurrence of cumulative circulatory stress (myocardial stunning) caused by the treatment further increases the risk of cardiovascular morbidity and mortality.
In the general population, physical activity is known to reduce the incidence of cardiovascular disease by 42-44%, reduce mortality, and hospital admissions. A growing body of literature has supported physical activity during hemodialysis as a safe, low-cost option to improve health related quality of life, physical function, symptom management, as well as improve oxygenation, aerobic capacity, dialysis efficacy, and reduce arterial stiffness. 
Ischemic preconditioning, which is the application of small repetitive ischemic insults, improves the ability of the heart to cope with larger ischemic insults such as acute myocardial infarction. Exercise acutely provides cardioprotective effects similar to those described with ischemic preconditioning. This protection occurs immediately and persists for several days. However, the effect of intradialytic exercise on myocardial stunning has previously not been studied.

The current study
The objective of this current study was to assess the effect of intradialytic cycling on myocardial stunning in hemodialysis.
Methods
This was a single-center, cross-sectional study. Participants were drawn from a prevalent adult, in-center hemodialysis program in Manitoba, Canada. All participants were already enrolled in an existing intradialytic exercise program, and regularly participated in the program 1-3 times per week. Table 1 presents the inclusion criteria for the program. Moderate intensity exercise is prescribed in this program, and participants cycle in the first half of their session for 30-60 minutes. No change in the delivery of the exercise program was made as part of the study protocol for this current study.
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From the 51 eligible patients, 24 participated in the study, and 19 were included in the final analyses. Sample size calculations had indicated that a sample size of 10 participants would be sufficient to detect a difference of at least 20% in the number of effected segments, at a significance level of 0.05 and 80%. 
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Participant’s hemodialysis treatment information in presented in Table 2, and baseline demographic and clinical information are presented in Table 3.
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Study Groups:
Each study participant had 2 study visits over the same week:
1. The control visit: An HD session with no exercise
2. The exposure visit: An HD session during which patients participated in their usual IDE regime.
Outcomes:
The primary outcome was the change in the number of Regional Wall Motion Abnormalities (RWMAs) from baseline to post-exercise, and from baseline to peak HD stress, measured using echocardiograms. Secondary outcomes included the number of episodes of intradialytic hypotension (20mmHg ↓ from start of HD treatment), global longitudinal strain, and left ventricular ejection fraction.
During each visit, 3 echocardiograms were acquired at:
1. 15 minutes before start of HD
2. Post exercise, and at this same timepoint in the control visit 
· Mean of 77.6 ± 36.6 minutes (range 38-155) into treatment
3. Peak HD stress – 15 minutes prior to the each of each HD treatment 
· Mean of 206.4 ± 20.2 minutes (range 185-260) into treatment
Definition of HD-induced cardiac stunning and strain analysis
Segmental values of left ventricular longitudinal myocardial strain were analyzed and reported. Longitudinal Strain is the fractional change in the length of a myocardial segment (12 in total). The values obtained for baseline to post-exercise, & baseline to peak stress were calculated for each segment, as well as globally (average of all segments). If a segment underwent a ≥ 20% reduction in longitudinal strain, then it was considered to have an RWMA and was subject to HD-induced cardiac injury. The presence of myocardial stunning was defined as the clinically significant presence of ≥2 segments with RWMAs.

Results: Exercise & myocardial stunning
In the control visit: 17/19 patients had evidence of myocardial stunning with a cumulative total of 86 segments with RWMAs, with a mean 4.5 ± 2.6 segments (range 2–10) per individual post-exercise. The number of RWMAs increased to 110 in 18 patients, with a mean 5.86 ± 2.7 segments (range 2–12) per individual at peak HD stress. 

When patients were exposed to exercise: 14/19 patients developed myocardial stunning at post-exercise, with a total of 68 stunned segments and a mean 3.6 ± 2.7 segments (range 2–10) per individual. At peak HD stress, 18/19 patients were stunned, totaling 76 segments with RWMAs, with a mean 4.0 ± 1.8 segments (range 2–8) per individual.
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The mean change in the number of RWMAs between control and exposure study visits at post-exercise was -0.95 ± 2.9 (P=0.17). At peak HD stress, the mean difference in the number of RWMAs was -1.86 ± 2.8 (P=0.01).
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All blood pressure measurements were similar at both visits, and no significant differences were found in the degree of stunning related to the dose of exercise. Lastly, no significant difference was found in the overall global longitudinal strain, nor in the change in left ventricular ejection fraction.
Discussion and Conclusions
In this exploratory study, intradialytic exercise significantly reduced HD-induced myocardial stunning in people receiving maintenance in-center hemodialysis, compared to the standard of care. The cardioprotective nature of intradialytic exercise had the greatest effect at reducing RWMAs at the peak of hemodialysis stress (15 minutes before HD end), which is the timing of dialysis associated with repetitive and cumulative cardiovascular injury, and the highest risk of mortality. The intradialytic exercise also appeared to be safe, with no changes in intradialytic hypotension (a measure of hemodynamic stability).

In a recent study (McGuire et al. (2019). Cardiac stunning during hemodialysis: The therapeutic effect of intra-dialytic exercise. Clinical Kidney Journal.), a cohort of 20 exercise-naïve chronic hemodialysis patients underwent an echocardiography and maximal cardiopulmonary exercise testing. Findings were similar: compared to HD alone, HD + intradialytic exercise reduced cardiac stunning, and global cardiac function, intra-dialytic hemodynamics and left ventricular volumetric parameters were significantly unchanged with exercise. 

The findings from this study add to the literature showing exercise during dialysis is both safe, and has cardiovascular benefits. Given that the hemodialysis population has high prevalence rates of cardiovascular morbidity and mortality, intradialytic exercise presents itself as a low-cost, viable therapy with the great potential to improve the physical functioning and wellbeing of patients. Further studies are warranted to determine the impact of intradialytic exercise on the reduction of cardiovascular injury in HD.


Summary prepared by Oksana Harasemiw, GREX Project Manager. The study’s senior author Dr. Clara Bohm edited, reviewed and approved the final version.
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FIGURE 1: Screening, consent, participation, losses and analysis
details of study subjects.
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Table 2. Hemodialysis treatment details for study subjects

HD treatment duration (min) 227.6 + 209 226.1 + 179
UF rate (L/h) 0.0125+ 0.0036 0.0123 + 0.0038
Net UF volume (L) 285+ 0.86 2.80 +0.90
Pre-HD SBP (mm/Hg) 1484 + 219 141.8 =179
Pre-HD DBP (mm/Hg) 715+ 10.7 67.4 129
Intradialytic SBP (mm/Hg) 1409 = 223 1313 +20
Intradialytic DBP (mm/Hg) 69.6 +13.8 67 + 126
Post-HD SBP (mm/Hg) 1441+ 258 136.5 + 234
Post-HD DBP (mm/Hg) 711 £ 157 65.3 £15.5

Data presented as mean * SD.
UF, ultrafiltration; DBP, diastolic blood pressure; SBP, systolic blood pressure.
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Table 3. Baseline demographic and clinical information
1

Age (years) 572+ 118
Gender (M/F) 11/8
BMI 285%42
Dry weight (kg) 84205
Dialysis vintage (years) 43%23
Hemoglobin (g/L) 106.1+ 67
Albumin (g/L) 332+36
Calcium (mmol/L) 23+02
Potassium (mmol/L) 49+ 06
Creatinine (umol/L) 874+217.1
Phosphate (mmol/L) 17+04
KV 15%02
ACEi 263 (5)
B-blocker 57.9 (1)
Statin 158 (3)
Hypertension 79 (15)
Diabetes 42.1(8)
CHF 105 (2)
Stroke 105 (2)
THD 158 (3)
PVD 211 (4)
Cancer 158 (3)
Arthritis 158 (3)

All biological parameters presented as predialysis values. K,/V measured by ionic dialy-
sance; ACEi, angiotensin-converting enzyme inhibitor; CHF, congestive heart failure;
THD, ischemic heart disease; PVD, peripheral vascular disease.

Continuous data presented as mean * SD. Categorical data presented as percentage (n).
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‘Table 4. Myocardial stunning results at control and exposure visits at each time-point

Control postexercise Control peak stress Exposure postexercise

Exposure peak

stress

Stunning patients, 17 18 14
Stunned segments, 1 86 110 68
Stunned segments 45+26 5827 36%27
GLS (%) —143+36 —13.0 £ 42 —145 %31
LVEF (%) 625+ 88 613+76 616 £ 5.8

Data presented as mean * SD.

18
76
4*+18
—139+28
61.1+£98

“TE, timing of exercise 77.6 * 36.6 min into HD treatment; PS, peak HD stress 206.4 * 20.2 min into HD treatment; C-TE, control timing of exercise; C-PS, control peak HD stress; E-

‘TE, exposure postexercise; E-PS, exposure peak HD stress; GLS, global longitudinal strain.
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FIGURE 2: Number of stunned segments at each echocardiogram
time point in control and exposure visits.
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Table 1. Manitoba Renal Program Intradialytic Exercise Program inclusion/exclusion criteria

Indusion criteria Exclusion criteria

Absolute contraindications

Relative contraindications (physician to determine if severity war-
rants no cycling on HD)

Adult (>18 years old) Acute myocardial infarction, crescendo or unstable an-
gina within past 3 months

>12 weeks post-HD start ~ Unstable arrhythmia
Symptomatic hypoglycemia >2 times per week in previ-
ous month
Shortness of breath at rest or on home O, (NYHA Class
4

K consistently >6.5 pre-HD

NYHA, New York Heart Association; SBP, systolic blood pressure.

Hemoglobin <85 g/L

Physical limitations affecting ability to use an ergometer
Severe musculoskeletal injury or pain precluding exercise
participation

Unstable hemodialysis with frequent hypotension: predialysis
SBP <90 mmHg or drop in intradialytic BP by >20 mmHg as-
sociated with symptoms in each of three sessions prior to

enrolment

Hemodialysis acc sues: fistula blow/infiltration >2 times in
previous 2 weeks, poor catheter function with frequent HD ma-
chine alarms with position change





