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Abstract

Approximately 5-25% of patients with heart failure progress to end-stage despite optimal medical treatment and left ventricular
assist device (LVAD) or heart transplant (HT) could be treatment option. After these treatments, the patients show still low
exercise capacity and complain of dyspnea or fatigue. Cardiac rehabilitation (CR) for patients with LVAD or HT has been
proposed to improve exercise capacity, skeletal muscle function and quality of life. As the evidence is limited, there is no
consensus on a specific strategy. CR in LVAD patients includes appropriate screening for safety and starting with early
mobilization and individualized exercise prescription. CR in HT patients is similar to that of other heart surgery patients with only
one unique exception, autonomic denervation. This review summarizes the current evidence and specific method of CR in LVAD
and HT patients.
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Table 1. Preliminary Evaluation and Precautions during Early Mobilization in Ventricular Assist Device (VAD) Recipients

Assessment

a. Recent and past medical history, and level of exercise capacity previous to disease state
b. Mental status and cognitive ability.
c. Vital signs and risk of cardiovascular instability
d. Clinical assessment (persistence of VAD-related and heart failure symptoms)
e. Medications, infusions (inotropic drugs), ventilator settings, oxygen requirements
f. Range of motion, coordination, balance, strength, endurance, functional capacity
g. Baseline haemochromocytometric, ionic and renal functional assessment
Follow sternotomy (6weeks post-surgery screening of wound) and skin integrity
Always wear a driveline stabilization belt during exercise
The patient should have his/her travel bag nearby at all times. (a back-up controller, battery clips and spare batteries)
Make early mobilization and exercise sessions comfortable

The VAD equipment location should not impede emergency procedures.
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Table 2. How to Set Up an Early Mobilization Program in Ventricular Assist Device Recipients

Early mobilization program in ventricular assist device recipients

Consider
Positioning
Bed mobility activities
Sitting on edge of bed, in association with exercises
Transfers from bed to stretcher-chair, chair or commode
Gait, with pre-gait activities: weight shifting, stepping in place and sideways
Gait training is allowed with rolling walker
Breathlessness management and recovery strategies
Attempt to achieve a target of 11 to 14 out of 20 of the RPE scale
Patient’s native heart rate should not exceed 120 beats per minute. during exercise
Promote
Low-to-moderate intensity dynamic large muscle group work (e.g. walking, stationary cycling), or involving upper body muscles.
“Walk & talk’ approach is suggested.
Limit
Knee lifts
Resistance training (low weight/high repetitions) and with seated exercise (reduced venous return)
Avoid
Excessive muscle fatigue
Abrupt postural changes and stooped activities
Rowing machine

Initially, biking due to increased risk of infection near ventricular assist device percutaneous line exit site
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Table 3. Criteria for Exercise Contraindications in Ventricular Assist Device Recipients

Criteria

Symptoms and signs compatible with exercise intolerance (light headedness, severe intolerable dyspnea, chest pain or discomfort,

tachycardia and exaggerated blood pressure response

Symptomatic hypotension (fainting, dizziness, or diaphoresis, as extreme fatigue or claudication and new onset of neurological changes)

Supine resting heart rate > 100 beats per minute

Oxygen saturation < 90%

VAD complications during or after exercise sessions
a. VAD alarm : Significant drop in LVAD flow, suction alarm
b. Complex and frequent ventricular arrhythmia on exertion
c. Infection, mainly at the driveline site
d. Evidence of bleeding
e. Thrombus

Request of VAD recipient to stop

Increase >1.8 kg in body mass over the previous 1 to 3 days

Implantable cardioverter-defibrillator intervention

VAD: ventricular assist device, LVAD: left ventricular assist device
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Table 4. Abnormal Exercise Physiology Findings in Heart Transplant Patients [30]

Physiology findings

Increased resting heart rate
Delayed heart rate increase at onset of exercise

Blunted maximal heart rate

Delayed return of heart rate to resting level after cessation of exercise

Reduced heart rate reserve

Increased exercise left ventricular end-diastolic pressure (diastolic dysfunction)

Increased exercise pulmonary artery pressure, pulmonary capillary wedge pressure, right atrial pressure

Increased left ventricular end-systolic and end-diastolic volume indices

Impaired increase in stroke volume during exercise
Reduced exercise cardiac output

Decreased exercise arterial-mixed venous oxygen difference
Slowed oxygen uptake kinetics during exercise

Decreased maximal oxygen uptake

Impaired exercise vasodilation

Reduced maximal power output during exercise testing

Decreased ventilatory anaerobic threshold

Increased exercise ventilatory equivalents for oxygen and carbon dioxide
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Increased peak treadmill exercise workload or peak cycle power output
Decreased exercise HR at the same absolute submaximal workload

Reduced rest and submaximal exercise systolic and diastolic BP

Improved submaximal exercise endurance
Increased maximal HR

Increased ventilatory (anaerobic) threshold
Decreased submaximal exercise minute ventilation
Reduced VE/VCO,

Lessened symptoms of fatigue and/or dyspnea
Decreased peak exercise diastolic BP
Reduced RPE at a fixed submaximal workload
Improved psychosocial function

Increased lean body mass

Reduced body fat mass

Increased bone mineral content

Benefits

HR: heart rate, VE: minute ventilation, VCO,: carbon dioxide production, BP: blood pressure, RPE: rate of perceived exertion

Table 5. Potential Additional Benefits of Regular Aerobic Exercise for Heart Transplant Recipients [55]
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