[image: Text, background pattern

Description automatically generated][image: A picture containing graphical user interface

Description automatically generated][image: Text

Description automatically generated]
MONASH HEALTHCARE INNOVATION SUMMER SCHOLARSHIPS (HISS) 
PROJECT NAME: Project Activus
DELIVERABLES NUMBER: 1 
PROJECT LEAD:  DAVID CHENG
1. Mission statement
Encourage long term personalised intradialytic and interdialytic exercise routines for patients undergoing haemodialysis.

2. Acceptance Criteria
· Be portable, easy to set up, and easy to use. 
· Must be under a certain weight limit.
· Requires minimal training to use.
· Must be comfortable for end users during the operation of the machine. 
· Provide personalised experiences such as feedback and support to patients.
· Track the progress of patients’ exercise. 
· Offer useful feedback during the operation of the machine.
· Provide supportive messages and encouragement.
· Offer both upper and lower limb exercises
· Include features to improve intra/inter dialytic exercise adherence in patients.
· Must include adherence logging
· Include the integration of some type of evidence-based solution that promotes adherence
· Be appropriate for most dialytic settings, including hospitals, clinics, and homes. 
· Must be reasonably priced.
· Must not interfere with existing hospital equipment 
3. Needs Statement
A way to address sarcopenia and frailty for chronic haemodialytic patients through exercise so that mortality is decreased, and that independence can be regained. 

Problem: Individuals undergoing haemodialysis often spend long recurring bouts of time being inactive due to the stationary nature of haemodialysis. This may lead to an increasingly sedentary lifestyle, which can contribute to the development of sarcopenia and frailty. 
Population: Individuals who are required to undergo haemodialysis that may spend extended bouts of time being inactive.  
Outcome: To slow the development of sarcopenia or frailty.
1.4 Disease state fundamentals
Epidemiology
The prevalence of sarcopenia and frailty are higher in those on dialysis or with chronic kidney disease (CKD) compared to the general population. Sarcopenia is typically twice as common as frailty, and the prevalence increases with age. 
	
	General population
	Patients with CKD or on dialysis

	Sarcopenia prevalence
	5-13% (60 -70 years old)
11-50% (80+ years old)
	39-98.5% (CKD)

	Frailty prevalence
	3-6%
	15-21% (CKD)
14-73% (Dialysis)


Over the age of 50, muscle mass declines by 1 to 2% per year, with muscle strength decreasing at a rate of 1.5% per year and 3% per year after the age of 60. Sarcopenia is twice as common as frailty. 
Anatomy and physiology
Skeletal muscle comprises 30-40% of an individual’s total body mass and are the muscles responsible for voluntary movement and actions. 
Sarcopenia is broadly defined as a disability due the degradation of this skeletal muscle tissue, resulting in low muscle strength and/or low physical performance. 
Frailty is a syndrome characterised by a reduction in functional capacity, with an increased susceptibility for developing adverse outcomes upon exposure to stressors. There is considerable overlap between sarcopenia and frailty in that there is a significant reduction in an individual’s physical capacity, but frailty encompasses a broader functional spectrum including cognitive and social components as well. 
Pathophysiology
The mechanisms that cause sarcopenia or frailty involve a complex interplay between multiple systems and pathophysiologic processes including ageing, immunosenescence, hormonal imbalance, sedentary lifestyle, poor nutritional status as well as other comorbidities. 
In CKD specifically, metabolic acidosis, accumulation of uraemic toxins and chronic state of catabolism in clinically stable maintenance dialysis patients have been suggested to cause an imbalance of protein generation and degradation, but not proven to contribute to the early onset of sarcopenia or frailty. 
Primary sarcopenia: Is a form of age-related degeneration of lean body mass and the overall musculoskeletal system. The current theory is that rate of cell damage exceeds the rate of repair and regeneration, leading to the accumulation of unrepaired molecular and cellular damage. Decreased muscle stem cell proliferation and mitochondrial mutations may also result in altered inter- and intracellular environments that sustain catabolism. 

Secondary sarcopenia: Is a form of degeneration of muscle tissue due to elevated levels of inflammatory associated molecules. This can be due to chronic immune activation or immunosenescence. Immunosenescence is defined as an age-related decline in the immune system’s ability to generate effective cellular and antibody responses, and can lead to susceptibility to infections, neoplasia and autoimmune diseases. Immunosenescence involves an elevated interlukin-6 and tumour necrosis factor-alpha level in the skeletal muscles, which is associated with the loss of muscle mass and strength. 
Growth hormone (GH) and insulin growth factor -1 (IGF-1), sex hormones and cortisol are also important risk factors for sarcopenia and frailty, with lower serum levels of IGF-1 and dehydroepiandrosterone sulphate (DHEA-S) found in sarcopenic and frail patients. A decrease in oestrogen in postmenopausal women and testosterone in older men also lead to a decline in muscle mass and strength. 
Low physical activity due to either a sedentary lifestyle or a disease related immobility like being inactive due to dialysis have also been linked to sarcopenia. This is because skeletal muscle is continuously remodelled in response to workload, tension and nutrition. Low physical activity, inadequate intake of energy, or limited access to healthy foods limits skeletal muscle remodelling and development. 
Clinical Presentation
Sarcopenia and frailty are not routinely assessed, with patients generally perceived as being ‘frail’ based on a combination of age, sex, comorbidities, clinical experience, and patient perception of their frailty. The clinical diagnosis of sarcopenia typically involves the presence of low appendicular lean skeletal muscle mass with low muscle strength and/or low physical performance. Muscle quantity can be evaluated using many techniques including: bioelectrical impedance analysis (BIA), dual energy X-ray absorptiometry (DEXA), computed tomography (CT), magnetic resonance imaging (MRI) and anthropometry measurements such as mid-arm and calf circumference. BIA and DEXA methods are often used more than MRI or CT methods as MRI and CT methods generally incur a higher monetary cost, require highly skilled personnel, and lack established cut off values. BIA and DEXA methods are more readily available, and several measurements can be taken to improve reliability and reproducibility. 
Frailty can be diagnosed using two broad methods: 
1. The frailty index model, which defines frailty as an accumulation of deficits across multiple organ systems including cognition and mood. 
2. The frailty phenotype, which identifies sarcopenia as a critical pathophysiological feature where frailty is defined by the presence of three or more of the five criteria comprising weakness, slowness, shrinkage, exhaustion and low physical activity. This method is more commonly used in the CKD population (72% of studies)
Other simpler methods include the Short Physical Performance Battery (SPPB), and consists of 3 components including balance, gait speed, and chair standing. 
Clinical outcomes
Individuals with sarcopenia or frailty have an increased risk of falls and fractures, an impaired ability to perform activities of daily living, declined cognitive function, loss of independence, need for long term care placement, and death. Sarcopenia and frailty can also be exacerbated by acute illness or injury, and CKD patients with sarcopenia or frailty are strongly associated with all-cause mortality.  
There is also evidence that frail kidney transplant recipients are more susceptible to early pos-transplant complications than non-frail kidney transplant patients and are also more likely to develop delirium and experience early hospital readmission. 

Economic impact
The economic impact of sarcopenia and frailty are significant due to the increased risk of injury and reduced independence. It is estimated that in the year 2000, $18.5 billion or 1.5% of total healthcare expenditure in the United States was attributed to sarcopenia. Frailty was also independently associated with increased direct costs, indirect costs, and total costs associated with clinical admissions, with frail patients often incurring 50% higher costs compared to non-frail patients. Frailty may also complicate kidney transplants or other invasive procedures, as frailty increases recovery times and risk of mortality. 
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