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Clinical applications: 
Because of the problems involved with 
spatial selectivity and recruitment, FES has 
been most successful in clinical applications 
where these two issues are not so crucial, 
for example: 
 cardiac pacemakers, cochlear implants, 

bladder control, respiratory control, gross 
motor movements, deep brain stimulation 

More challenging for clinical application are: 
 fine motor control, retinal implants, etc. 
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Clinical applications (cont.): 
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Pacemakers: 
 First major application of electrical 

stimulation of excitable cells 
 Stimulate just ventricles, or atria and 

ventricles (dual-chamber) 
 Typically platinum or platinum-iridium 

electrodes, monopolar or bipolar 
 Monophasic or biphasic waveforms used 
 Both cathode make excitation and anode 

break excitation are likely to occur 
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Pacemakers (cont.): 
(Guyton and 

Hall, 
2001) 
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ECG Interpretation 101: 
(Guyton and 

Hall, 
2001) 
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ECG Interpretation 101: 
(Guyton and 

Hall, 
2001) 
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ECG Interpretation 101 (cont.): 
(Guyton and 

Hall, 
2001) 
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ECG Interpretation 101 (cont.): 
(Guyton and 

Hall, 
2001) 
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ECG Interpretation 101 (cont.): 
(Guyton and 

Hall, 
2001) 
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ECG Interpretation 101 (cont.): 
(Guyton and 

Hall, 
2001) 
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ECG Interpretation 101 (cont.): 
(Guyton and 

Hall, 
2001) 
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ECG Interpretation 101 (cont.): 
(Guyton and 

Hall, 
2001) 
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ECG Interpretation 101 (cont.): 
(Guyton and 

Hall, 
2001) 
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Pacemakers (cont.): 

(Kaszala et al., 
2008) 



16 

Pacemakers (cont.): 

(Bernstein et al., 
2002) 
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Pacemakers 
(cont.): 

(Bernstein et al., 
2002) 
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Pacemakers 
(cont.): 

(ACC/AHA 
Guidelines, 

Epstein et al., 
Circulation 

2008) 
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Pacemakers 
(cont.): 

(ACC/AHA 
Guidelines, 

Epstein et al., 
Circulation 

2008) 
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Pacemakers (cont.): (ACC/AHA Guidelines, 
Epstein et al., Circulation 2008) 
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Implantable cardioverter-defibrillators: 
Similar to cardiac pacemakers, but with: 
– ability to deliver larger defibrillating shocks, 
– larger shock coil electrodes, and 
– more sophisticated microprocessor. 

(Bernstein et al., PACE 1993) 



22 

ICDs (cont.): (Bernstein et al., PACE 1993) 
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