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Left Ventricular Assist Devices (LVAD) 



Improved  Survival Following LVAD Implantations  

HEART TRANSPLANT LVAD 

1 Yr-82% 

2 Yr- 73% 

85% 1 yr 

74% 5 yr 

58% 10 yr 



NEJM 2018;378: 1386-95 



Significant improved outcome and safety profile 



Exercise hemodynamics in CF-LVAD patients 

• Total CO during exercise: 

• 1. flow through the pump 

• Pump speeds- adjusted by ECHO guidance to ensure 
sufficient circulator support at rest while allowing 
intermittent AV opening and maintaining normal LV 

dimensions 

• Pressure difference across the pump ( ∆𝑃𝑃) 

• 2. ejection through the aortic valve 

• Current LVAD mechanics are highly after-load sensitive 

• Complex physiologic response affecting afterloads: 

• Blood volume 

• Heart rate 

• Aortic stiffness 

• Medical therapy 

• Vascular tone 

• Exercise induced peripheral vasodilatation 

Jung et al. J Heart and Lung Transplantation 

2015;34:489-496 



Yet improvements in maximal cardiac works 
are marginal 

• Although continuous flow LVAD support has been documented to 

significantly improve functional capacity and quality of life compared to 

pre-implantation values,  

• Physical activity and overall energy expenditure and peak VO2 are all 

attenuated when compared with patients that received a Heart 

Transplant  (considered gold standard treatment for end-stage HF 



Possible factors associated with exercise 
intolerance in LVAD patients 

• Device type 

• Inability to increase cardiac output during exercise 

• Right ventricular dysfunction 

• Chronotropic incompetence 

• Impaired pulmonary function 

• Skeletal myopathy 

• Endothelial dysfunction 



3 key limiting elements in determining exercise 
response in heart failure patients 

• Cardiovascular 
• Once supported- Improvement in 

hemodynamic status due to 

increased CO 

 

• Peripheral (Musculoskeletal) 
• Deconditioned skeletal muscle 

• Changes in neurohormonal system 

• Endothelial dysfunction 

• Abnormal muscular vasodilation 

and blood flow changes 

• Central (Respiratory) 

• Respiratory abnormalities 

• Ventilation/ perfusion mismatch 

• Abnormal gas diffusion 

• Increased dead space and 

pulmonary pressure 
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• Peripheral (Musculoskeletal) 
• Deconditioned skeletal muscle 

• Changes in neurohormonal system 
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and blood flow changes 
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• Respiratory abnormalities 

• Ventilation/ perfusion mismatch 

• Abnormal gas diffusion 

• Increased dead space and 

pulmonary pressure 

Once supported: 

• Improved respiratory muscle 

strength due to increased 

skeletal muscle perfusion 

• Reversal of peripheral 

neurohormonal 

hyperactivation 

• Ability to increase nutritional 

intake 



Effects of Exercise Training in LVAD 
Recipients 



Effect of exercise                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
and pump speed modulation on invasive hemodynamics 

 in patients with CF-LVAD 
J Heart Lung Transplant 2015;34:522-529 

Pump speed 

titration: 

• Increase in CO 

• Improvement in 

left sided filling 

pressures 

Exercise: 

• Increase in CO 

• Increase in both right and 

left filling pressures 

• Pump speed titration 

during exercise: 

• Enhanced pump flow but 

did not reduce filling 

pressures 
• Increased venous return 

exceeding unloading 

capacity of LVAD 

Inadequate rise in output to cope with the increased filling pressures, most likely due to 

afterload dependency of the pump ( demonstrated by fall in SVO2) 



Improvements in exercise capacity do not 
occur spontaneously 

J Heart Lung Transplant  

2015;34:1005-1016 



Non-physiologic Responses of CF-LVAD 

• The impact of exercise training on submaximal capacity would be more 

pronounced than the impact on maximal performances 

• Cardiac output will not increase more than slightly due to the fixed speed 

pump 

• Increased oxygen demand during strenuous exercise will not be fully met 



Skeletal muscle dysfunction plays a critical role: 
Scientific based 

• ET under supervision has potential to improve: 

• Muscle strength 

• Necessary to perform short duration activities 

of daily living (eg dressing and showering)  

• Enhance QoL 

• Respiratory efficiency and ventilator response 

• Peripheral vasodilation response 

• Skeletal muscle oxidative capacity 

•  Decreased neurohormonal activation 

 



2013 ISHLT Guidelines: all capable LVAD patients should 
be involved in CR program but not specific about 

intervention methods 
• USA/ European guidelines demonstrate that exercise training improves FC and peak VO2, 

reduces the VE/ V CO2 slope in HF patients 

• Associated with a host of positive physiologic adaptations 

• Enhanced endothelial function 

• Muscle perfusion 

• Oxygen supply 

• Aerobic characteristics in skeletal muscle 

• But NO guidelines regarding best approach to CR or exercise prescription for patients with 

LVAD 

• LVAD pts undergo rehabilitation protocols designed for other types 

of cardiovascular diseases or cardiac surgeries 



Supervised exercise training vs usual care in ambulatory 
patients with LVAD: a systemic review  

Ganga et al. PLOS  2017 

3 RCTs, 2 prospective observational studies and 3 retrospective observational studies 



Interventions and Supervision 

• Primary mode aerobic ET 

• Strength training exercises 

• Inspiratory muscle training 

• Doses varied: 

• Duration: 2-18 weeks 

• Frequency : 3-6 sessions/ week 

• Session length : 20-90 minutes/ session 

• Intensity: Bjorg RPE 12-14; 60-80% of HR 

reservce; 60-70% peak oxygen uptake 

• Supervision of ET 

• Direct observation in cardiac rehabilitation 

gym setting 

• Monitoring of exercise intensity and 

frequency through a home monitoring 

system 

• Or both: implementation of supervised ET 

protocol at home combined with hospital 

visits ( 2-3x/week) for direct supervision of 

inspiratory muscle training 



Effects of ET on Peak Oxygen Uptake and QoL 



Exercise performance during first two years after left 
ventricular assist device implantation 

ASAIO J 2017 63(4): 408-413 
• Clear long-term improvement in submaximal physical activity  

• but in the absence of changes in peak oxygen uptake 

• Physical performance continues to improve, indicating that training of 

peripheral musculature is improved 

• Longer continuation of medically guided exercise training  in ambulatory 

setting is warranted 



Broaden understanding of what 
“function” meant to LVAD patients 



Alternative Approaches to Understanding 
Functional Status 

• Physical training studies utilized multi-faceted intervention strategies to enhance 

functional status 

• Studies based selection of intervention strategies on other cardiac surgery rehabilitation 

interventions 

• Multiple modality approach addresses physical recovery multi-dimensionally including: 

• Strength and endurance training 

• Inspiratory muscle training 

• Dietary guidance 

• Psychosocial counseling 



Multi-modal approach- Frailty 

• Frailty defined as impairment in 

multiple, interrelated organ 

systems causing decreased 

homeostatic reserve and 

increased vulnerability to stress 

 



Frailty and the Selection of Patients for  
Destination Therapy LVAD 

Circ Heart Failure 2012;5:286-293 



LVAD clinic in Hong Kong 



≥3 = physically frail Score 1 Score 1 

Total 

Score = 7 

Physical Cognitive Depression 

GH Advanced Heart Failure Pathway- Frailty Score Assessment 



Frailty Conferred Increased Prognostic Significance in 
Chinese Patients with Advanced Heart Failure 

K Fan et al. Presented in Euro Heart Failure 2017 

	

Frailty >5 

Frailty <5 

P=0.046 



Cardiac Rehabilitation Program for End-stage 
Heart Failure Patients with LVAD in Hong Kong 

FU T Y, Fan K …et al.  Poster presentation in APCCRC 2018 

• Exercise based CPR consisted of 
cardiorespiratory and strength training 

• Once per week for 24 sessions ( 6 

months) 

• Outcomes assessed by : 

• Functional : 6MHWT 

• Muscle strength evaluated by isokinetic 

knee extension strength test defined by 
10 repetitive maximun (RM) torque of 
quadriceps strength  

• Results: 

• 33 LVAD patients recruited into EBCR 

program (82% men) 

• Mean age 48.7 +/- 13.6 years 

• Average duration from LVAD to EBCR 
was 5.3 months 



Outcomes of Functional Tests  
( 6 MWT & Muscle Strength) 
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What do “function” mean to our LVAD patients? 





Conclusions 

• Exercise therapy after LVAD – exercise function similar to mild heart failure 

• Based on existing knowledge, it would seem beneficial to incorporate exercise 

protocols in the interdisciplinary treatment of LVAD patients bridged to 

recovery, thereby optimizing peripheral factors important in facilitating 

exercise tolerance  

• Exercise training in LVAD should be encouraged as this improves peak VO2  ( 

clinically relevant and improve prognosis) 

• Optimizing non-cardiac peripheral parameters to improve ability to perform 

ADLs should be attempted 

• In future, an automatic speed change algorithm/ function in response to 

varied loading conditions may enable LVADs to provide sufficient support 

even during strenuous exercise 

 



Thank You! 



Champion of Life 




