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INDEX

AAMI, see Association for the Advancement of
Medical Instrumentation

Ablation, see Electrosurgery
Action current, 305
Action potential, 305

transmembrane recording of, XXX
Aliasing, 76, 224, 236, 242
American National Standards Institute (ANSI),

98, 440
Amplifier, 1

AC-coupled, 46, 49
array, 8, 15, 22, 38, 123, 249
blanking, 88, 93
bootstrapped, 49
buffer, 7, 38
CMR of, 1, 2, 24, 25, 29, 33, 46
CMRR of, 2, 26, 29, 49
DC-coupled, 41, 44
differential, 23
drift of, 3
follower, 7
frequency response of, 1, 29, 32, 41, 108
gain of, 1, 6, 17, 23, 25, 28, 39, 108
ICIA, 29, 49
input impedance of, 3, 8
instrumentation, 27, 29, 33
inverting, 6
isolation, 87, 104, 106, 108, 428
lock-in, 395
noise of, 3, 18, 32
operational, 6, 23, 27, 325
recovery of, 3
saturation, 3
sense, see Pacemaker, sense amplifier
sensor, 213

single-ended, 6
switched-capacitor, 33
synchronous, 395
wideband, 41

Analog-to-digital converter, 118, 206, 226, 417,
431

Aneurysm, see Embolic therapy
ANSI, see American National Standards Institute
Antenna

applicator, 361
biconical, 177
dipole, 156
loop, 156
measurement, 154
ridged-horn, 177
TEM horn, 179

Association for the Advancement of Medical
Instrumentation (AAMI), 5, 81

load, 129, 131, 341
standards, 5, 98, 290, 340, 394, 440

Atrio-ventricular node, 370, 371
Atrium, 369
Autoregressive model (AR), 239
Autoregressive moving average model

(ARMA), 239
AV block, 371, 376

Bandwidth
FM, 230, 274, 276
telemetry, 230
telephone, 230, 276

Barrier
against fire, 98, 145
dielectric, 99, 109, 139
testing of, 139

Battery
charger, 419
implantable, 317, 359, 372, 386, 416
powered equipment, 125, 141, 386,

417
Biocompatibility, 145, 328
Bioimpedance, see Sensor, impedance
Biopotential signals, 1

frequency range of, 41
model of, 3, 4

Bipole source, 293, 297
Blumlein generator, 179
Body potential driving, 18, 85
Bovie, see Electrosurgery
Bradycardia, 312, 371
Bundle of His, 370

Cancer treatment, 362, 363
Cardiac

ablation, see Electrosurgery
arrhythmia, 357, 369, 407
conduction system, 369
contractility modulation, 359
defibrillation, see Defibrillator
defibrillator, see Defibrillator
electrophysiology, 42
fibrillation, 102, 412, 437
fibrillator, 437
output, 369, 393
pacemaker, see Pacemaker
pacing, see Pacemaker
stroke volume, 392

Cardiomyoplasty, 312
CENELEC, see Comité Européen de

Normalisation Electrotechnique 
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Centro de Construccion de Cardioestimuladores
del Uruguay (CCC), 372

Channel skew, 225
Chloroiridic acid, 332
Chronaxie, 309
Clearance, 99, 104, 139
Cochlear implant, 313
Coil design, 351
Comité Européen de Normalisation

Electrotechnique (CENELEC), 278, 292
Common-mode

interference, 3, 18, 23
rejection, see Amplifier, CMR
rejection ratio, see Amplifier, CMRR
signal, 3, 23, 27, 33

Conductance catheter, 396
Constant-current source, 127, 206, 217, 293,

322, 393
Constant-voltage source, 293
Control systems, 221
Creepage, 99, 104, 139
Current

auxiliary, 101
electrocution risk, 97
enclosure leakage, 101, 129
ground leakage, 101, 129
loop, 213
measuring device, 129, 131
patient leakage, 101, 106, 129
source, see Constant-current source

Cyclic voltammetry, 329, 455

DC rejection, 44
Deep brain stimulation (DBS), 313
Defibrillation-proof, 16, 42, 102, 126, 192,

435
Defibrillator(s)

batteries for, 416
capacitors for, 414, 417, 424
cardiac, 312, 412
external, 413
implantable, 289, 416
shock box, 417, 455
standards, 439
switching devices for, 414, 425
waveforms, 412, 416

Depolarization, 305
Depression, 355
Digital signal processing (DSP), 233, 247
Digital-to-analog converter, 206, 214, 255, 264,

417, 431
Double-layer interface, 327
Driven right-leg, see Body potential driving

E-field probe, 158, 161
Electrical fast transients (EFT), 172, 181
Electrical muscle stimulation (EMS), 297, 313,

334, 344
Electroacupuncture, see Quack therapies
Electroanalgesia, see Pain relief
Electroanesthesia, 341

Electrocardiography (ECG), 11
amplifier for, 15, 23, 83, 102
body potential mapping, 15, 40, 123, 226,

292
electrode polarization potentials in, 5
inverse solution, 292
leads, 85
signals, 15, 42, 71, 81, 230, 233, 252, 269,

276, 278
transtelephonic monitoring, 230

Electrocautery, 357
Electrochemical therapy (EChT), 363
Electrochemotherapy, see Electroporation therapy
Electroconvulsive therapy (ECT), 313, 342
Electrocution, see Shock, hazard
Electrode

array, 10, 14, 22, 362
capacitance, 327
capacitive, 12
catheter, 396
charge injection through, 326
coatings, 12, 328
corrosion, 319, 328
electrode-tissue interface, 3, 327
electroporation, 362
half-cell potential of, 3
impedance, 20, 293
implantable, 314, 326, 360, 417
iontophoresis, 357
iridium oxide (IROX), 329, 363
materials, 328
pasteless, 11
pipette, 305
platinum/iridium, 328
polarization, 3, 25
silver/silver chloride, 5
stimulation, 314, 326
titanium-nitride, 329, 333
transtelephonic monitoring, 232

Electroencephalography (EEG)
amplifier for, 29, 111
international 10-20 system, 14
signals, 10, 11, 15, 42, 233
topographic brain mapping, 40, 123, 226,

249
Electrogastrogram (EGG), 42
Electrogram, see Intracardiac, electrogram
Electrolyte paste, 6
Electromagnetic compatibility (EMC)

design for, 189
standards, 147, 171, 290

Electromagnetic emissions
conducted, 149, 166
from digital circuits, 149
radiated, 149, 152
sniffing, 158
standards, 149, 169

Electromagnetic interference (EMI), 145, 147,
291

comb generator, 165
filter, see Filter, EMI
wideband generator, 179

Electromagnetic
field, 155
probe, 159
signals, 155

Electromagnetic susceptibility
conducted, 172, 180
radiated, 172, 177, 290
standards, 171

Electromyography (EMG), 11, 42, 54
array, 10, 38, 225, 243, 245
motor unit action potentials, 38, 42, 245
single fiber electromyogram, 42
surface EMG, 10, 11, 38, 42, 245

Electronarcosis, 341
Electroneurography (ENG), 42
Electro-oculography (EOG), 42
Electro-osmosis, 359
Electroporation therapy (EPT), 362
Electroretinography (ERG), 42
Electrostatic discharge (ESD)

coupling plane, 177
model, 173
protection from, 10, 12, 15, 20, 42, 191
simulator, 174
susceptibility to, 172

Electrosurgery, 52, 105, 148, 192, 357
Electroventilation, 312
Embolic therapy, 364
Enclosure

ground, 127
leakage current, see Current, leakage
shielding characteristics, 190, 201

Energy therapies, see Quack therapies
Epileptic seizures, 312
Error

picket-fence, 236
quantization, 257
scalloping, 236

Evoked potentials
amplifier for, 29
auditory evoked potential (AEP), 42
motor evoked potential (MEP), 347
somatosensory evoked potential (SSEP), 42
visual evoked potential (VEP), 42

Excitable tissue, 305

Fault condition, 101, 131, 391
FCC, 147
Fibrillation, see Cardiac, fibrillation
Filter

active, 56
adaptive, 73
antialiasing, 78, 224, 236
artifact, 81
autoregressive (AR), 239
autoregressive moving average (ARMA), 239
band-pass, 60
Bessel, 59, 76, 78
Butterworth, 59, 76, 78, 79, 93
Chebyshev, 59
click and pop, 88
comb, 71
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connector, 201
DC-correct, 77, 274
elliptic, 76, 257
EMI, 152
ferrite, 152, 200
frequency-domain characteristics, 59
gyrator, 70
harmonic eliminator, see Filter, comb
high-pass, 52, 60, 80, 88
impedance-converter, 70
implementation, 59
interpolating, 225, 261
low-pass, 29, 36, 50, 60, 77, 88, 108, 109,

224, 252, 257, 274
moving average, 239
multiple-feedback, 60
N-path, 73
noise introduced by, 76
notch, 15, 54, 65
passive, 49
programmable, 65, 76, 79
reconstruction, 225, 252
response, 59
RF, 52, 106, 191, 201
rumble, 88
Sallen-Key, 60
slew-rate limiter, 80
state-variable, 60, 71
switched-capacitor, 36, 76
time-domain characteristics, 59
topology, 60
tunable, 61
twin-T, 65
voltage-controlled voltage-source, see Filter,

Sallen-Key
Flammability, 145
Food and Drug Administration (FDA), see

Regulatory agencies
Fourier transform

discrete Fourier transform (DFT), 235, 243
fast Fourier transform (FFT), 233

Frequency response of amplifier, see Amplifier,
frequency response

Frequency-to-voltage converter (FVC), 114, 274
Frequency-wavenumber, 243
Functional electrical stimulation (FES), see

Electrical muscle stimulation
Functional neuromuscular stimulation (FNS),

see Electrical muscle stimulation

Galvanic skin response (GSR), 42
Galvanostat, 293, 297
Gastroparesis, 313
Giant squid axon, 305
Gravitational loss of consciousness (GLOC), 11
Greatbatch, Wilson, 373 
Ground integrity, 127

H-field probe, 158
Heart

anatomy, 369
block, 371, 376

perfused isolated model, 302
physiology, 369

High voltage, 139, 174, 179, 314, 347, 364,
414, 417, 423

HiPot, 139
Hilbert transform, 230
Hodgkin–Huxley, 305
Howland pump, 321
Humidity preconditioning, 131, 141
Hyperbaric chamber, 213
Hyperpolarization, 305

Ionic currents, 305
Impedance

cardiography, see Sensor, impedance
of skin, 3, 233, 297
plethysmography, see Sensor, impedance
rheography, see Sensor, impedance

Insulation
basic, 99, 141
double, 99, 141
ratings, 99, 141
reinforced, 99, 104, 123, 141
supplementary, 99, 141

Integrated circuit instrumentation amplifier
(ICIA), see Amplier, ICIA

Interference
electromagnetic, see Electromagnetic

interference (EMI)
from electronic article surveillance systems,

289
from fluorescent lamps, 1, 18, 71
powerline, 1, 18, 65, 71
radio frequency (RFI), XXX
with pacemakers, see Pacemaker, interference

with
International Electrotechnical Commission

(IEC), 98, 149, 334, 440
Inter-Range Instrumentation Group of the

Range Commanders Council (IRIG),
230

Intracardiac
electrogram, 42, 93, 191, 383
impedance, see Sensor, impedance

Iontophoresis, 357
Iridium, 328, 329
Isolation

A/D converter, 118, 230
amplifier, see Amplifier, isolation
DC/DC converter, 56, 104, 152, 417
multiplexer, 122
optical, 54, 109, 111, 118, 221, 322, 425
power supply, 123
requirements, XXX
switch, 125
three-port, 108

Kelvin probe, 127

Langendorff perfusion, 302
Lapicque, 309
Laplace equation, 296

Line-impedance stabilization network (LISN),
166

Litz wire, 353

Magnetic field
generator, 187, 347
susceptibility, 172, 187

Marple’s algorithm, 239
Matlab® , 227, 228, 268, 272, 273, 306, 344,

454
Medallion, 10, 119
Medical device

classification, 442
effectiveness, 442
humanitarian, 444
indications, 442
investigational, 444
postamendment, 443
preamendment, 443
safety, 442

Microcurrent stimulation, see Quack therapies
Modulation

frequency, 228, 273
pulse-code, 230

Monophasic action potential (MAP), 42, 44
Moving average (MA), 239
MP35N, 328
Nanosecond pulsed electric field (nsPEF)

therapy, 364
Network analyzer, 199
Neuromuscular electrical stimulation (NMES),

see Electrical muscle stimulation
Nondisclosure agreement (NDA), 445
Nyquist theorem, 224, 236, 252

Offset cancellation, 43, 213, 220, 238
Op-amp, see Amplifier, operational
Open field test site, 154
Optocoupler, see Isolation, optical
Optoisolator, see Isolation, optical
Oscilloscope, 226, 218, 235, 268, 293, 454
Oversampling, 224

Pacemaker(s)
artifact augmentation, 81, 83
batteries for, 374
cardiac, 277, 312, 314, 345
communication system for, 379
dual chamber, 376
external, 297, 314, 372, 379, 381
gastric, 313
Greatbatch, Wilson, 373
history of, 372
interference with, 191, 289, 345, 356, 376,

386
magnetic, 407
modes, 379, 386
parameters, 314, 378
power consumption in, 390
programmable, 378, 381
pulse detection, 83
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Pacemaker(s) (Continued)
pulse generator, 374, 383
rate-responsive, 392
refractory period, 376
sense amplifier, 36, 93, 374, 383
sensors for, 278
software for, 386, 455
standards, 438
state machine of, 373, 376, 386, 407
testing of, 277, 391
transcutaneous, 407
transtelephonic monitoring of, 232

Pain relief, 312, 337
Parkinsonian tremor, 313
Part

accessible, 98
applied, 99, 119, 145
cardiac connection, 99
floating, 99
live, 99
signal I/O, 99

Patent(s)
claims, 446
databases, 446
infringement of, 441, 445
term of, 332, 446

Periodogram, 238
Phase locked loop (PLL), 274
Platinum, 328, 363
Potassium channel, 306 
Potentiostat, 293, 297, 331
Powerline

control, 221
sensing, 223
surges, 172
transients, 172, 184
voltage variations, 172, 186

Power spectral density (PSD), 235, 243
Pressure-volume relationship, 397
Printed circuit board (PCB)

crosstalk in, 198
layout, 193
line termination, 195
resonances in, 200
track length, 196
transmission line properties, 193

PSpice, 61, 130, 348, 375
Pulse width modulation, 111
Purkinje fibers, 370

Quack treatments, 338, 356, 364, 365

Radiation, 145
Rectifier, 54
Regulatory agencies, 98, 146, 171, 334, 440,

441
Regulatory path, 441
Regulatory review, 442
Rheobase, 309
Rheoencephalography, see Sensor, impedance
Rheopneumography, see Sensor, impedance

Right-leg driving, see Body potential driving
Rosell’s method, 297

Safety
extra low voltage, 124
hazard, 171
of electrical stimulation, see Stimulation, safety
standards, 97, 125, 127, 129, 139, 334, 340,

438
test, 127, 129, 139

Saline solution, 292, 297
Sample-and-hold, 33, 43, 226, 406
Sampling, 224

burst, 226
Sensor

AC/DC, 223
acceleration, 205, 392
CO2, 215
current, 205
flow, 205
gas, 205
hemodynamic, 278, 392
humidity, 205, 215
impedance, 205, 278, 392, 400, 455
interface, 206
magnetic field, 205
minute ventilation, 392
oxygen, 215
pressure, 205, 215, 397
respiration, 206
signal conditioning, 213
strain gauge, 220
temperature, 205, 215, 220
weight, 205, 220

Shield
against EMI, 190, 201
magnetic, 202
room, 154

Shock
hazard, 98, 131
protection from, 99, 125

Signal generator
arbitrary, 251, 255, 259, 271, 273, 454, 455
audio, 226, 344, 453
direct digital synthesis (DDS), 256
precision, 249
sound card software, 226, 271, 344, 453
waveforms for, 268

Simulator
2-D, 293
biological realism of, 289, 300
cardiac, 255, 276, 293, 454
cosmetic use of, 337
functional neuromuscular stimulation, 297, 334
Hodgkin–Huxley experiment, 306, 455
neuromuscular, 334
perfused heart, 300
skin, 297
tissue, 290
torso, 290, 297

Sinus node, 369, 371

Skin conductance, 3, 233, 297, 357
Sodium channel, 306
Sound card, 226, 271, 273, 344, 453
Space clamp, 306
Spectral analysis

2-D, 233
array, 243
classical, 238, 453
high-resolution, 239, 453
multidimensional, 246

Spectrum analyzer
audio, 227, 454
RF, 154, 162, 166

Steel, 328
Stimulation

anode-break, 308
anodic, 307
artifact rejection, 36, 81
asymmetric, 316
balanced, 316, 383
bipolar, 309
biphasic, 316, 322
cathodic, 309
clinical uses of, 311
diagnostic uses of, 312
extracellular, 308
field, 309
interferential, 315, 340, 455
intracellular, 306
magnetic, 346
monophasic, 316
monopolar, 309
of bladder, 356
of bone-growth, 360
of brain, 312, 345, 346
of cell apoptosis, 364
of heart, see Pacemaker, cardiac
of kidneys, 356
of muscles, 312, 317, 334
of nerves, 312, 317, 321, 347
of tissues, 305
of visual cortex, 313
of wound healing, 360
parameters, 309, 314
rebound, 307
safety of, 334, 337, 340, 344, 356
threshold, 307, 309
transcranial, 346

Stimulator
bridge, 325
capacitor-coupled, 319
capacitor-discharge, 316, 317, 374, 383,

412
constant-current, 316, 319, 322
constant-voltage, 325
implantable, 312, 319, 345, 359
interferential, 342
magnetic, 347
multichannel, 325
TENS, 338
transformer-coupled, 316, 339
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Strength-duration curve, 309
Supersampling, 224

Tachycardia, 312, 371, 407
reentry, 411
supraventricular, 411
ventricular, 412

Teledeltos paper, 293
Telemetry, XXX
Testing, see Safety, test
Time-domain reflectometer (TDR), 199
Titanium, 328, 380
Transcranial magnetic stimulation (TMS), 346

Transcutaneous electrical nerve stimulation
(TENS), 314, 337, 344

Tumor, see Cancer treatment
Underwriters’ Laboratories (UL), 98

Vagus nerve stimulation (VNS), 312
Ventricle, 369
Venture capital, 442, 444
Ventricular late potentials, 71
Volume conductor, 292
Voltage clamp, 305
Voltage-controlled oscillator (VCO), 165,

228

Voltage-to-frequency converter (VFC), 114
Voltage-to-impedance converter, 278

Wave file format, 271
Welch’s method, 238, 242
Wilson central terminal, 84
Window

Hamming, 237, 242
Hanning, 237
rectangular, 237
sampling, 236
triangular, 237

Zero-padding, 238
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