Lower Extremity Functional Electrical Stimulation Cycling (FESC) Training in Rehabilitation Post Stroke and Spinal Cord Injury (SCI)
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Description of FESC
Functional electrical stimulation cycling (FESC) is the use of neuromuscular electrical nerve stimulation (NMES) to coordinate activation of the lower extremities in sync with the cycling movement, which approximates the cyclic movement of walking.1
Indications for Using FESC
Subchronic (i.e., 5-90 days) Stroke:

· LE muscle weakness.2
· LE spastic muscle tone.3,4,5
· Limited overground walking ability.1
Chronic (i.e., > 90 days) Stroke:

· LE muscle weakness.6
· LE muscle fatigability.7,6
· LE spastic muscle tone.8,5
· Limited overground walking ability.7
Chronic Motor Incomplete SCI:

· LE muscle weakness.9,10
· LE muscle fatigability.11,10
· Glucose intolerance.11
· Presence of biochemical inflammatory markers associated with heart disease.11
· Limited overground ambulation ability.10
Chronic Complete SCI

· FES-induced LE muscle weakness.12
· FES-induced LE muscle fatigability.11,12
· LE spastic muscle tone.13
· Glucose intolerance.11
· Presence of biochemical inflammatory markers associated with heart disease.11
Contraindications to Using FESC14,11
· Skin breakdown that limits the ability to sit for prolonged periods.
· Skin irritation at the site(s) of electrode placement.
· Cardiovascular, pulmonary or cardiopulmonary disease without clearance from the primary care provider.
· Implanted cardiac pacemakers or defibrillators.
· Implanted metal instruments, vasomotor instability, heterotopic ossification, unhealed or recent bone fractures, or neoplasm in any of the areas being stimulated.
· Pregnancy.
· Epilepsy.
Precautions when Using FESC14,11
· Lower motor neuron injury.
· Limited ROM of the involved joint(s).
· Decreased sensation.
· Osteoporosis.
· Joint instability.
· Frequent or severe bouts of autonomic dysreflexia.
· Cognitive issues that prevent the individual from communicating a problem during stimulation.
FESC Protocols

Note: The below protocols are a general guideline. In reality, setup will be patient specific, as people may respond differently to different setups. Additionally, depending on the cognitive status of the user, the ES and ergometer setup can be performed very easily independently. Once setup becomes familiar, it should take no more than 10 minutes.
ES Setup:11,15,12
· If FES-induced cycling training is being used, place electrodes on bilateral gluteals, quadriceps and hamstrings muscles, and if desired on the triceps surae and/or tibialis anterior muscles.
· If FES-assisted cycling training is being used, place electrodes on the specific muscle groups that the individual user is lacking control over.
· Set the waveform to biphasic or sinusoidal.
· Set pulse duration to 500 μs.
· Set pulse frequency to 20, 30, or 50 Hz, depending on muscle endurance (lower frequencies decrease fatigability).
· Current intensity is usually adjusted automatically by the ES unit within user tolerated parameters, which should not exceed 70 mA at the tibialis anterior or 140 mA at any other LE muscle group.
Ergometer Setup:

· Pull the user up to the ergometer in a sturdy chair (a wheelchair is commonly used) and anchor the chair to the ergometer.
· Strap the user’s legs into the AFO-like pedals.
· Start the ergometer.
· The ergometer will initiate the warm-up period, which starts with a period of motor-induced cycling or assisted cycling.
FESC Training Parameters:

· Set cycling cadence at or above 35 rpm to user preference.
· Set pedal resistance to a level that can be performed for at least 10 consecutive minutes in the first cycling interval.
· As the rehabilitation program continues the resistance should be progressed based on user capacity.
· If the user is unable to produce enough power to sustain the cycling motion above a 35 rpm cadence at the maximum tolerated current intensity and 0 kp pedal resistance for 10 consecutive minutes, an acclimation period of NMES should be performed before continuing FESC training (see below).15
· The user should complete no more than 8 FESC intervals per training session.
· The ergometer should automatically initiates a 5 minute motor-induced cycling rest period if the user drops below a cadence of 35 rpm.
· After 8 FESC intervals the ergometer should automatically initiates a cool-down regardless of reaching the target session duration or not (usually 2 mins of motor-induced cycling, but can be adjusted if a longer cool-down is desired).
· Training frequency should be anywhere between 2-5 sessions per week.
· Session duration should be between 10 and 60 minutes.
· The duration of the rehabilitation program will vary depending on progress toward goals or on achievement of all goals.15,11,12
NMES Acclimation Period Parameters:12,15
· ES setup is the same as that used for FESC, with the exception of using an on:off cycle (sec) of 6:2 for each muscle group.
· Resistance should be progressively increased by adding weights to the ankle in 1 kg increments.
· Training frequency should be 3 days per week.
· Session duration should be targeted at 30 minutes for each muscle group per session.
· 5 minute rest periods should be initiated when no muscle contractions are visible during NMES training.
· Once FESC can be sustained for 10 consecutive minutes, as determined by weekly attempts, the individual can be started on the FESC training protocol (see above).
Reimbursement for FESC

· Medicare does reimburse for use of FESC training with persons recovering from stroke and SCI. 
· ES can be billed for up to 10 minutes/session, which can only include time for setup and take down, and the skin check.

· CPT code: G0283

· Depending on the goal of its use, FESC can be billed for the amount of time spent in the activity as either Therapeutic Activity (CPT code: 97530) or Therapeutic Exercise (CPT code: 97110).
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