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Boxes are indicated by b, figures by f, and tables by t following the page number.

316LMV (Fort Wayne Metals), 245

AAIsafeR (ELA Medical), 95t
ACap Confirm (St. Jude Medical), 172
Accufix leads (Telectronics), 26–27
ACE inhibitors, 384
acoustic cardiography, 428, 429f, 430
Activitrax (Medtronic), 184
ADIR pacing mode, 95t, 100–101, 101f–102f
Advanced Hysteresis (St. Jude Medical), 159–60
AF. See atrial fibrillation (AF)
AF Suppression (St. Jude Medical), 151
Affinity device (St. Jude Medical), 185–86
algorithms. See also under specific manufacturers’ 

names
 arrhythmia detection, dual chamber ICDs
  Biotronik SMART detection algorithm, 344f, 

345–50, 345f
  Boston Scientific/Guidant devices, 341, 342f, 

343
  Medtronic devices, 321–27
  Sorin devices, 350–56
  St. Jude Medical devices, 333–35, 333f, 334t

 arrhythmia detection, single chamber ICDs
  Biotronik SMART detection algorithm, 350
  Boston Scientific/Guidant devices, 341, 342f
  Medtronic devices, 317–21
  Sorin devices, 356–58
  St. Jude Medical devices, 327–33
 atrial overdrive, battery drain and, 9
 automatic amplitude, pacing pulses, 11
 automatic sensing, 138–44
 binning systems
  Boston Scientific/Guidant devices, 335–43, 

335t
  St. Jude Medical devices, 329–30, 329t, 330t
 dual chamber minimal ventricular pacing, 102, 

103f, 104
 intracardiac electrogram timing, 425–28,  

425f–427f
 minimizing right ventricular pacing (See right 

ventricular pacing)
 rate drop pacing, 159–60, 160f
 rate-smoothing, in biventricular pacing, 411
 threshold measuring (See automatic threshold 

measuring algorithms)
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algorithms (continued)
 timing cycle, abnormalities vs. pacemaker  

malfunction, 65
amiodarone, 165, 383–84
amplifier saturation, 137, 137f
amplitude of pacing pulses, 10–12, 11f
anesthetics, 384, 389–90
angiotensin-converting enzyme (ACE) inhibitors, 

384
anode, 20, 20f
Anthem CRT-P (St. Jude Medical), 417t, 418
antiarrhythmic drugs
 cardiac signal amplitudes and, 124
 defibrillation threshold and, 383–84
 myocardial thresholds and, 165
antitachycardia pacing (ATP), 295–306
 atrial, 152–53
 burst, 296f
 clinical trials, 298–99, 298f, 299f
 efficacy of, 297–99, 297f
 programming options, 301–6
  autoswitch schemes, 304, 304t
  differences in ICD models, 302t
  variables, 303–4
 safety of, 296–97
 as shock reduction strategy, 295
 success factors in, 299–306
  burst vs. ramp pacing, 301, 301f, 304f
  fast VT therapy, 304–6, 305f
  increased detection intervals, 300–301
  progression of therapies, 306
AorTech Biomaterials, 246–47
AP-VS interval, 87–88, 88f
ARP (atrial refractory period), 66
arrhythmias, endless loop, 90–92, 91f
asystole, 285
AT (atrial tachycardia), 147, 152–53
AT/AF burden
 atrial antitachycardia pacing and, 151
 definition, 148, 148f
 pacing and reduction of, 151–52
Atlas ICDs (St. Jude Medical), 205f, 275f, 334
ATP. See antitachycardia pacing (ATP)
ATP During Charging (Medtronic), 306
ATP One Shot (Biotronik), 306
atrial arrhythmias
 AT/AF burden, 148, 148f
 pacemaker management of, 147–56

  antitachycardia pacing, 152–53
  arrhythmia counting features, 148–49
  automatic mode switching, 149–50, 149f
  initial interrogation, 148–49, 148f
  programmable parameters, 149
  rate drop response, 153, 159
  rate smoothing therapy, 153
  single chamber device limitations, 148
 pacing and prevention of, 151–52
 tachyarrhythmia types, 150–51, 150f
 types of, 147
Atrial Capture Management (Medtronic), 169t, 

174–75, 174f
atrial escape interval, 69–70, 69f
atrial fibrillation (AF), 147. See also implantable 

cardioverter defibrillators (ICD)
 atrial rate histogram, 148, 148f
 battery drain and, 10
 defibrillation therapies, 153
 other atrial tachyarrhythmia types vs., 150–51, 150f
 pacing and prevention of, 151
 paroxysmal, atrial rate histogram, 148, 148f
 permanent, emergence of, 111
atrial flutter, 147
 atrial rate histogram, 148, 148f
 other atrial tachyarrhythmia types vs., 150–51, 

150f
atrial overdrive pacing
 atrial fibrillation prevention, 151
 automatic mode switching, 150
 battery drain and, 9
atrial pacing, single chamber, 80
atrial refractory period (ARP), 66
atrial tachycardia (AT), 147, 152–53. See also antit-

achycardia pacing (ATP)
atrioventricular association, 333, 333f, 354
atrioventricular block, 79, 110–11
atrioventricular conduction disturbances, 109–11
atrioventricular coupling
 AV interval as surrogate for, 104
 in minimal ventricular pacing
  decoupling as clinical concern, 111
  timing disruptions and, 104–7, 105f–106f
atrioventricular delay
 battery current drain and, 9
 in biventricular pacing, 405–6, 420–21
 dual chamber pacemaker vs. CRT rate adaptation 

programming, 421
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 optimization of
  clinical trials, 420
  introduction to, 419–21
  techniques, 419b, 422–30
atrioventricular desynchronization arrhythmia, 90, 

91f, 92
atrioventricular interval (AV interval). See also 

atrioventricular delay; paced atrioventricu-
lar interval (PAVI)

 in atrial pacing, 87, 88f
 as AV coupling surrogate, 104
 baseline, in atrial sensing, 87
 in dual chamber pacing, 67–68
  continuously operational, 80–85
  intermittently operational, 94–102
 histograms, 217–18
 none in single-chamber atrial pacing, 80
 optimization in biventricular pacing, 419–30
 St. Jude Medical algorithm for, 333, 333f
 timing disruptions, 104–7, 105f–106f
atrioventricular nodal reentrant tachycardia 

(AVNRT), 147, 150f, 151
atrioventricular reciprocating tachycardia (AVRT), 

147, 150–51
atrioventricular synchrony, 179–80
Attain Ability (Medtronic), 416–17, 416t
Attain StarFix (Medtronic), 44f, 45
Audicor system (Inovise Medical), 428, 429f, 430
Auto Sense (Boston Scientific), 139, 141, 141f
AutoCapture (St. Jude Medical), 11, 166, 170–72, 

171f, 176
AutoIntrinsic Conduction Search (AICS), PAVI ex-

tensions (St. Jude Medical), 84, 85t, 86f
Automatic Capture Control (Biotronik), 169t, 

175–76
Automatic Capture Verification (Boston Scientific), 

169t, 173–74
Automatic Mode Conversion (DDD/AMC) (ELA 

Medical), 85
automatic mode switching, 149–50, 149f
automatic threshold measuring algorithms
 introduction, 165–66
 ACap Confirm (St. Jude Medical), 172
 Atrial Capture Management (Medtronic), 169t, 

174–75, 174f
 AutoCapture (St. Jude Medical), 11, 166, 170–72, 

171f, 176
 Automatic Capture Control (Biotronik), 175–76

 Automatic Capture Verification (Boston Scien-
tific), 173–74

 automatic verification of capture (AVC), 165, 
166–68

 characteristics, 168, 169t, 170
 clinical outcomes, 176
 device longevity, 176, 176f
 Left Ventricular Capture Management 

(Medtronic), 175
 limitations of, 176–77, 176f
 programmability of devices, 169t, 170
 Right Ventricular Capture Management 

(Medtronic), 173–74
 Ventricular Autothreshold (ELA Medical), 169, 

176
automatic verification of capture
 clinical goals, 165
 clinical outcomes, 176
 in dual chamber devices, 168
 evoked response measurement, 166, 167f, 168
 independent pace/sense configuration, 166
 limitations of, 176–77
 method in threshold testing algorithms, 168, 169t
 physiologic response, 168
autonomic tone, 217
AV delay. See atrioventricular delay
AV Hysteresis, PAVI extensions (Biotronik), 84
AV Search Hysteresis (Boston Scientific), 83, 83t, 86
AVNRT (atrioventricular nodal reentrant tachycar-

dia), 147, 150f, 151
AVRT (atrioventricular reciprocating tachycardia), 

147, 150–51
azimilide, 384

backup safety pulse, 170, 170f
batteries. See also elective replacement indicator 

(ERI)
 amplitude of pacing pulses, 10–12
 chemistry, 6–7, 204
 components, 230, 230f
 current drain, 8–10, 207
 diagnostic information, 204–9
 electrolyte, 230
 ICD, 207–9, 230–33
 ideal design, 6, 230
 lithium-based, 6–8, 230–33
 longevity, 7–8, 12f
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batteries (continued)
  estimated, 207, 209
  ICD, service life, 233
  internal resistance, 206, 207f
  lead impedance and, 12–13
  voltage curve, 204, 206, 206t
 nickel cadmium, 6–7
 nuclear powered, 7
 pacemakers, 6–8, 204–7
 pulse width of pacing pulses, 12
 QMR technology, 7
 safety of, 233
 zinc mercuric oxide, 6
Bayes’ theorem, 386
beat-to-beat capture assessment, 168, 169t, 170
BEST sensor rate adaptive pacemakers (Sorin), 191, 

192, 192f
binning systems
 Boston Scientific/Guidant, 335–43, 335t
 St. Jude Medical, 329–30, 329t, 330t
Biotronik devices
 algorithms
  arrhythmia detection, single chamber ICDs, 

350
  ATP One Shot, 306
  Automatic Capture Control, 169t, 175–76
  automatic sensitivity adjustment, 139, 140f
  AV Hysteresis, PAVI extensions, 84
  Burst + PES, 301
  forced termination timer, 349
  redirection, 349
  SMART arrhythmia detection, 344f, 345–50, 

345f, 348f
 AT/AF histograms, 218
 atrial-based timing cycles, 71
 biventricular pacing
  Corox lead, 44f
  Lumax 540 HF-T CRT-D, 267t, 418, 418t
  LV pacing leads, specifications, 64t
  stored events, 224
  Stratos 338 200 LV-T CRT-P, 418, 418t
  ventricular sensitivity after pacing, 267t, 418t
 blanking periods, 75
 closed loop stimulation sensors, 190–91
 crosstalk inhibition, 285
 electrode pullback specifications, 61t
 ICDs
  batteries, 233

  dual chamber, SMART arrhythmia detection, 
344f, 345–50, 348f

  Phylax dual chamber ICD, 349
  stored events, 224
 magnet response, 76–77, 207, 208t
 mean heart rate reporting, 219
 pacemaker event storage, 222
 sensor rate reporting, 219
bipolar pacing systems, 20–21, 20f
 integrated vs. dedicated lead design, 266, 269, 

269f
 lead conductors, 23
 oversensing and, 129
Bisping leads (Medtronic), 26, 26f
bit flips (RAM failure), 5
biventricular pacing. See also cardiac resynchroniza-

tion therapy (CRT)
 atrioventricular delay, 405–6
 AV / VV delay optimization, 419–30, 419b
  introduction, 419–20
  acoustic cardiographic techniques, 428, 429f, 

430
  AV delay optimization, 420–21
  echocardiography for, 422, 423–24f, 425
  intracardiac electrogram timing algorithms 

for, 425–28, 425f–427f
  photoplethysmography techniques, 428
  VV delay optimization, 421–22
 avoiding phrenic nerve stimulation, 415–16
 basics of, 399–413
 for congestive heart failure, 399
 coronary sinus branches for, 400, 400f
 goals of, 399, 400
 indications for, 43, 419
 leads for, 43–46, 44f, 403–5
 left ventricular refractory period, programmable, 

411–13, 412f
 LV-RV timing issues, 408–9, 409f
 pacing modes, 405
 pacing sites, 43
 principles of, 403–5
 programming
  Biotronik devices, 418, 418t
  Boston Scientific devices, 417, 417t
  electrode configurations, 415–16
  left ventricular outputs, 416
  Medtronic devices, 416–17, 416t
  optimal, 412b
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  St. Jude Medical devices, 417–18, 417t
 rate-smoothing algorithms, 411
 sensing
  double sensing, 404, 404f
  right ventricle vs. both chambers, 410–11, 

410f
  ventricular-sensed response, 411
 system components, 400–403
 system implantation
  complications, 403b
  procedures, 400–403, 401f–403f
  risks in, 389
 timing cycles, 405–13
 upper rate behavior and PVARP, 406–8, 407f, 

408f
 value of, 399–400
Biventricular Trigger (Boston Scientific), 411
blanking periods. See also postventricular atrial 

blanking period (PVAB)
 cross-chamber, and VT detection delays, 89–90, 

89f, 90f
 dual chamber pacing, 73–76, 364–65, 365f
 ICD sensing, 269–70, 270t
 long PAVI programming conflicts, 89–90, 89f, 

90f
 pacemaker sensing, 123–24, 123f
 programmable ranges by manufacturer, 74t
 programming strategies by manufacturer, 75f
Boston Scientific devices
 activity sensing and accelerometer-based devices, 

186
 algorithms
  Auto Sense, 139, 141, 141f
  Automatic Capture Verification, 169t, 173–74
  AV Search Hysteresis (AVSH), 83, 83t, 86
  Biventricular Trigger, 411
  Capture pulse amplitude, 11
  Dynamic Noise, 283
  mediated pacemaker tachycardia manage-

ment, 158
  Quick Convert ATP, 305–6
  SmartDelay, 425–26, 425f
  Sudden Brady Response, 159
 atrial-based timing cycles, 71
 biventricular pacing
  batteries, 208
  COGNIS CRT-D, 267t, 281f, 417, 417t
  Contak Renewal TR CRT-P, 417, 417t

  left ventricular refractory period program-
ming, 412, 412f

  LV pacing leads, specifications, 62t
  Teligen CRT-D, 267t
  ventricular sensitivity after sensing, 267t
 blanking periods, 74
 diaphragmatic potentials oversensing, 283–84, 

284f
 ICDs
  batteries, 208, 233
  paced T-wave oversensing adjustments, 276
  smart blanking function, 285
  stored events, 224–25
  ventricular refractory period, 362–63
  VT detection interval, 362
 noise response, 162
 pacemakers
  dual sensor, 194–95, 194t
  event storage, 222
  magnet response, 76, 162, 207
  minute ventilation sensor, 188
  Wenckebach counter, 216
 patient-activated memory storage, 223
 subcutaneous array, 37, 253f
Boston Scientific/Guidant devices
 algorithms
  arrhythmia detection, ICD, 334t, 335–43, 

335t; dual chamber device, 341, 342f, 343; 
enhancements, 337–41, 337t, 338–40f; 
initial and duration, 334t, 335–36, 335t; 
single chamber device, 341, 342f

  binning system, 335–43, 335t
  paced T-wave oversensing, 278
 CPIs
  defibrillation leads, specifications, 52t–53t
  electrode pullback specifications, 61t
 ENDOTAK leads, 37, 42, 257
 ICD leads, 33
 ICDs
  Insignia, 186, 188, 194t
  Pulsar Max, 186, 188, 194t
  Ventak devices, 337f, 343, 2335–336
 loss of hermetic seal, 16
 LV pacing leads, specifications, 62t
 pacemakers
  generator recalls, 15t
  Meridian, 16
  Pulsar AFR system, 154–55
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Boston Scientific/Guidant pacemakers (continued)
  recalls, 16
 Reliance leads, 30f, 242t, 245, 251, 256f, 288
Brady-Tachy Overlap (Sorin), 362, 362f
Brugada syndrome, 271, 390
Burst + PES (Biotronik), 301
burst pacing, 301, 301f

capacitance, 234
capacitors, ICD, 233–35, 234f
CapSure SP (Medtronic), 13, 26, 26f
Capture Management pulse amplitude (Medtronic), 

11
Capture pulse amplitude (Boston Scientific), 11
carbon monofluoride (CFx) lithium batteries, 7
cardiac activity, intrinsic. See also sensing, 

pacemaker
 exercise and signal amplitudes, 124, 125f
 lead performance and sensing of, 36–37
 pulse generators and sensing of, 4
 size vs. sensing threshold, 122
Cardiac Compass reports (Medtronic), 220, 220f
cardiac drugs, defibrillation threshold and, 384
cardiac events, low rate timer response, 65, 66
cardiac implantable electronic devices (CIED), 19
cardiac output, 179–80
cardiac resynchronization therapy (CRT). See also 

biventricular pacing
 bipolar LV lead and pacing options, 45, 45f
 chronotropic incompetence, 180
 defibrillation threshold in, 382
 defibrillator implantation risk, 389
 defibrillator pacing, 366, 366f
 diaphragmatic pacing complications, 45
 heart failure monitoring, 220–21, 220f
 indications for, 43, 419
 lead dislodgment rates, 45
 leads for, 43–46, 44f
 LV pacing sites, 43
 steroid elution, 45–46
 stored events, evaluation, 225
 true bipolar leads and clinical response to, 252
 ventricular pacing, 9
 ventricular sensing, 212–13, 225
cardiac sarcoidosis, 271
cardiography, acoustic, 428, 429f, 430
cardiomyopathy, diffuse, 165

cathode, 20, 20f
central nervous system hypoperfusion, 388
charge time, 234
ChargeSaver (Medtronic), 306
charging circuit, high-output, 235, 235f, 236f
Chorus (Sorin), 188, 195
chronotropic incompetence
 CLS pacing for, 191
 definition, 196–97
 exercise response in heart failure, 179
 prevalence, 179, 196, 196f
cladding, 247
closed-loop stimulation (CLS) sensors, 182
 advantages and limitations, 191
 sensor and algorithm, 189–90, 190f
COGNIS CRT-D (Boston Scientific), 267t, 281f, 

417, 417t
cold flow, 246
communication, wireless, 5
Concerto ICD (Medtronic), 267t, 268f
conductors
 drawn filled tube, 31, 31f, 245, 245f
 fractures and lead failure, 41
 ICD leads, materials for, 241, 245, 245f
 pacemaker leads, 23–27, 23f
congestive heart failure, 399
connectors
 ICD leads, 34–35, 35f, 247
 pacemaker leads, 26
Consulta CRT-D (Medtronic), 267t, 416, 416t
Contak Renewal TR CRT-P (Boston Scientific), 417, 

417t
coronary sinus branches, in biventricular pacing, 

400, 400f
Corox lead (Biotronik), 44f
coupling, atrioventricular (AV-C)
 AV interval as surrogate for, 104
 minimal ventricular pacing and timing disrup-

tions, 104–7, 105f–106f
CPI devices
 BT-10 failures, 42
 defibrillation leads, specifications, 52t–53t
 electrode pullback specifications, 61t
 ENDOTAK-C failures, 42, 257
critical mass, in shock therapy, 310
crosstalk
 in atrial antitachycardia pacing, 152
 definition, 160
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 in dual chamber pacing, 67–68, 73–74
 inhibition in ICDs, 284–85
 noise control mechanisms, 161–62
 prevention of, 160–62
 ventricular oversensing as, 136f, 137
 ventricular safety pacing algorithms, 160–61
CRT. See cardiac resynchronization therapy (CRT)
current drain, battery, 8–10
 current consumption vs. pacing rate, 9f
 device diagnostics and, 207
current induction, 433–34

DDDR pacing mode, 405
DDIR pacing mode, 92, 92t, 93f
defibrillation. See also implantable cardioverter defi-

brillators (ICD)
 adverse effects of shocks, 295
 atrial, 153
 efficiency and lead design, 254
 probability of success curve, 369–70, 370f
 upper limit of vulnerability hypothesis, 376–77
defibrillation coils
 design and construction, 248–49
 materials, 247
 single vs. dual coil ICD leads, 29–30, 248–49, 

252–53
defibrillation implant testing, 369–93
 Bayes’ theorem, 386
 defibrillation threshold
  definition and measurement of, 371
  discrepancies with upper limit of vulnerabil-

ity, 378–79
  factors influencing, 382–85, 382b
  high DFT patient management, 384–85, 385b
  low, advantages of, 381
 fibrillation-defibrillation testing, 374–75
 first-shock strength; advantages of lowering, 

381–82
 implant criteria, 370–71, 370f, 375
 interpretation and regression to the mean, 374–

75
 minimizing risks of, 391–92
 noninvasive postoperative, 392
 outcomes of, 381–82
 predictive value of, 386–87
 at pulse generator replacement, 387–88
 recommendations for, 392–93

 risks and contraindications, 388b
  anesthesia-related, 389–90
  implantation of CRT-Ds, 389
  thromboembolism, 389
  ventricular fibrillation, 388–89
 sensing and ventricular fibrillation detection, 

390–91
 statistical modeling in, 371–74, 373f, 374t
 sudden cardiac and, 386
 upper limit of vulnerability
  as clinical tool, 377–81, 377f, 378f
  in defibrillation efficacy assessment, 375–77
  discrepancies with defibrillation threshold, 

378–79
  implant criterion and, 370
 ventricular fibrillation induction, 369
 vulnerability safety margin testing
  how to perform, 379–80, 380b
  safety of defibrillation testing vs., 390, 390t
  technical pitfalls, 380–81, 381b
defibrillation threshold (DFT)
 biphasic shock waveforms and, 311–12, 312f
 in cardiac resynchronization therapy, 382
 clinical methods for measuring, 371, 372f
 current delivery location and, 38, 39f
 electrode efficiency and, 39
 electrode pullback, 38, 38f, 61t
 energy loss in lead and, 38
 factors influencing, 382b
  drug effects, 383–84
  ICD system factors, 383
  implant-related factors, 384
  patient-specific, 382–83
 high DFT patient management, 384–85, 385b
 in implant efficacy testing, 371
 IS-4 connector and, 35
 lead design determinants of, 37–39
 low, advantages of, 381
 multiple defibrillator electrodes and, 37
 subcutaneous electrodes and, 37
 upper limit of vulnerability discrepancies from, 

378–79
depolarization
 progressive, 311, 311f
 retrograde atrial, 90
 virtual electrode, 311–12, 312f
device diagnostics. See also elective replacement 

indicator (ERI)
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device diagnostics (continued)
 clinical status vs. pacemaker dysfunction, 216
 ICD batteries
  charge times, 207f, 209
  chemistry and life cycle, 207–8, 207f
  longevity estimation, 209
 lead measurements
  in CRT devices, 209, 210–11t
  high-voltage impedance, 213–14
  lead impedance, 213–14
  marker channels, 209, 210t–211t
  performance trends, 214, 215f
  sensing, 209, 212–13, 212f
  threshold, 213
 magnet rate, pacemakers, 207, 208t
 pacemaker batteries, 205f
  current drain and longevity, 207
  internal resistance, 206, 207f
  voltage, 204, 206, 206t
 patient diagnostics
  atrial and ventricular paced and sensed 

events, 214–15
  atrial arrhythmia trends and AT/AF histo-

grams, 218–19
  atrial refractory events as sensed, 215–16
  availability of information, 203
  heart failure monitoring, ICD and CRT, 

220–21, 220f
  heart rate at rest, 219
  heart rate histograms, 216–18, 217f
  pacemaker counts vs. ECG analysis, 216
  patient activity monitoring, ICD, 219
  percent pacing counters, 214–16
  premature ventricular contraction counters, 

215
  sensor rate reporting, 219
  underlying rhythm and pacemaker depen-

dency, 214
  ventricular rate counters during AT/AF 

events, 219
 power supply, 204
 programmed parameters, 203–4, 205f
 stored event evaluation
  electrograms, 221–22
  ICDs and CRTs, 224–25
  marker channels display, 222
  mode switch vs. high rate episodes, 222, 223f
  pacemaker events, 222–24

  pacemaker memory, 224, 224t
  patient-activated memory storage, 223–24
device failure
 CPI devices, 42
 ICD leads, 40–43, 259–60
 pacemakers
  FDA reporting requirements, 13–14
  insulation failure and atrial oversensing, 131, 

133f, 134t
  return of devices to manufacturer, 13
  sensing failures and electromagnetic interfer-

ence, 134t, 137–38, 137f
 Pellethane 80A insulation, 24, 30, 246
dexamethasone sodium phosphate, 26
DFT. See defibrillation threshold (DFT)
diagnostic information. See device diagnostics
diaphragmatic myopotentials and oversensing, 

282–84, 282f
diaphragmatic pacing, 45
dielectrics, 234
Discovery pacemaker (Guidant), 16
dofetilide, 384
double sensing
 in biventricular pacing, 404, 404f
 P-wave, in atrial oversensing, 131, 132f
drawn brazed strand wire, 31, 31f, 245, 245f
drawn filled tube conductors, 31, 31f, 245, 245f
drug effects, on defibrillation threshold, 383–84
dual chamber pacing
 automatic verification of capture, 168
 AV decoupling, clinical concerns, 111
 AV interval
  continuously operational, 80–85
  intermittently operational, 94–102; ELA 

Medical AAIsafeR (versions 1 and 2), 95t, 
100–101, 101f–102f; Medtronic MVP de-
vices, 95–96, 95t, 96f–100f

  in timing cycles, 67–68
 blanking periods, 67f, 73–76, 364–65, 365f
 crosstalk management, 67–68, 73–74
 with ICDs, 363–66
 low rate timer, 68–72
 managed ventricular pacing algorithms, 102, 

103f, 104
 programmable values by manufacturer, 68t
 rate responsiveness, ICD, 363
 refractory periods, 67f, 72–73, 73f, 364–65, 365f
 RR interval stabilization, 364
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 safety-pacing period, 68
 timing cycles, 66–76
 upper rate limit, 72
Durata leads (St. Jude Medical), 241, 247, 248, 250
Dynamic Noise Algorithm (DNA) (Boston Scien-

tific), 283
dyssynchrony, left ventricular, 421

ECG. See electrocardiogram (ECG)
echocardiography
 for AV / VV delay optimization, 422–25
 Iterative technique, 422, 423–24f, 425
 Ritter technique, 422
ELA Medical devices. See also Sorin devices
 AAIsafeR (versions 1 and 2), 95t, 100–101,  

101f–102f, 222
 Automatic Mode Conversion (DDD/AMC), 85
 ICDs
  power supply, 208
  stored events, 224
 mode switching storage, 222
 pacemaker generator recalls, 15t
 Ventricular Autothreshold, 169, 176
Elast-Eon (AorTech Biomaterials), 246–47
elective replacement indicator (ERI)
 as battery voltage indicator, 8
 ICD batteries, 208t, 209
 pacemaker batteries
  diagnostics, 204, 206, 206t
  function and, 162
electrocardiogram (ECG)
 impedance pulse sensing, 189
 intracardiac electrogram vs., 117
 pacing event counters and, 216
 refractory period vs. atrial undersensing, 124
 unipolar vs. bipolar pacing spikes, 21
 ventricular safety pacing, 137
electrodes
 efficiency and defibrillation threshold, 39
 ICD leads, 31–32, 31f, 247
 materials for, 23
 pullback and defibrillation threshold, 38, 38f, 61t
 size and impedance, 21
 subcutaneous, 37
electrograms, intracardiac
 definition, 117
 evaluation of stored events, 221–22

 far-field, 118
 filtering of, 118–20, 118f, 120f
 printout after electrode implantation, 120f, 121
 retention when storage memory is full, 222
 shape of, 117–18, 118f
 timing algorithms for AV / VV optimization, 

425–28, 425f–427f
 ventricular, in sensor-driven pacing, 182–83
electrolyte, battery, 230
electromagnetic interference (EMI)
 atrial oversensing and, 131, 133f, 134t
 feed-through filters preventing, 137, 138f
 ICD sensing and, 288–89, 288f
 MRI and implantable cardiac devices, 433–40
 pacemaker sensing failure and, 134t, 137–38, 137f
 potential interactions with implanted devices, 

433–34
 risks of, 138
electromechanical activation time (EMAT), 428, 

429f, 430
electromechanical dissociation, 388–89
Encor leads (Telectronics), 26, 27, 236f
end of life (EOL), battery. See also batteries, 

longevity
 battery service life, 233
 internal resistance and, 206
 pacemaker changes by manufacturer, 206t
 voltage indicators, 8
endless loop tachycardia, 85, 90, 91f, 93f
endocardial acceleration, peak, 183, 191–93, 192f
endocardial ICD lead systems, 29–43
 advantages, 29
 coaxial vs. multilumen construction, 32–34, 33f
 complications, 40–41
 conductors and electrodes, 31–32, 31f, 32f
 connectors, 34–35, 35f
 implantation mortality and morbidity, 239–40, 

255
 implantation sites, 34, 34f
 insulation, 30–31f
 lead failure, 40–43
 leads
  adapters and extenders, 35
  coating, 39–40
  defibrillation threshold determinants, 37–39
  design, 32–34, 33f
  extraction, 40
  fixation, 35, 36f
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endocardial ICD lead systems (continued)
  integrated vs. dedicated bipolar, 29, 29f
  performance and sensing function, 36–37
  single vs. dual coil defibrillation, 29–30
 size and surface area, 34, 34f
 steroid elution, 35–36
 subcutaneous electrodes, 37
ENDOTAK leads (Boston Scientific/Guidant), 37, 

42, 257
EnPulse (Medtronic), 184
EnRhythm (Medtronic), 142, 142f, 143t, 184
EnTrust devices (Medtronic), 326
Epic II HF (St. Jude Medical), 417t, 418
epicardial ICD lead systems, 27–29, 28f
 lead malfunctions, 28
 morbidity and mortality, 28, 239
 patch systems, 27–28, 240–41, 241f, 253–54
ERI. See elective replacement indicator (ERI)
ethylene tetrafluoroethylene (ETFE), 23
etomidate, 390
evoked potentials, 122, 122f
evoked response, 166, 167f, 168
exercise
 battery drain and, 9–10
 cardiac signal amplitudes and, 124, 125f
 heart failure and, 180

failure of devices. See device failure
fentanyl, 390
fibrillation-defibrillation testing, 374–75
Finapres Medical Systems, 428
firmware, pulse generators, 4–5
fixation mechanisms
 active fixation, 25, 25f
 ICD leads, 35, 36f
 pacemaker leads, 25–26
 passive fixation, 25–26
fluoropolymers, 30, 246
force, as MRI effect, 433–34
Fort Wayne Metals
 316LMV, 245
 MP35N, 31, 31f, 241, 245
Frontier II (St. Jude Medical), 410
functional undersensing, 128–29, 128f, 129f

gain control, 252
Gem DR devices (Medtronic), 323, 324, 327

Gem III AT (Medtronic), 153
Gore-Tex, 247
Guidant devices. See Boston Scientific/Guidant 

devices

heart disease, shock therapy for, 313–14
heart failure
 exercise response in, 180
 ICD and CRT monitoring of, 220–21, 220f
heart rate
 histograms, 216–18, 217f
 resting, 219
 variation in, 180, 220, 221f
heating, as MRI effect, 433–34
hermetic seal, loss of, 16
histograms, heart rate, 216–18, 217f
home monitoring of pacemakers, 5–6
housekeeping current, 8
hyperkalemia, 272
hysteresis algorithms, battery drain and, 10

ICD. See implantable cardioverter defibrillators 
(ICD)

Identity device (St. Jude Medical), 185
impedance. See under leads
implant testing. See defibrillation implant testing
implantable cardioverter defibrillators (ICD)
 adverse effects of shocks, 295
 antitachycardia pacing, 295–306
 for atrial defibrillation, 153
 basic system components, 229–36
  batteries, 207–9, 230–33, 230f
  capacitors, 233–35, 234f
  charging circuit, high-output, 235, 235f, 236f
  pulse generator, 230
 device sensitivity programming, 122
 endocardial systems (See endocardial ICD lead 

systems)
 epicardial systems (See epicardial ICD lead sys-

tems)
 heart failure monitoring, 220–21, 221f
 history of, 229–30
 implant testing (See defibrillation implant test-

ing)
 leads (See leads, ICD)
 MRI interactions with, 435, 436f, 437
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 pacing with
  complexities of, 361
  dual chamber, 363–66
  single chamber, 361–63
  ventricular, avoidance of, 365–66
 patient activity monitoring, 219
 PAVI programming conflicts in, 89–90, 89f, 90f
 potential MRI interactions with, 433–34
 programmed parameters, 203–4, 205f
 sensing (See sensing, ICD)
 shock therapy, 309–14
 stored events, evaluation, 224–25
 sudden cardiac death prevention, 309, 309f
inappropriate shocks
 conductor fractures and, 42
 CRT-ICDs and, 45
 electromechanical dissociation not reported 

with, 389
 lead failure and, 256, 257, 258, 259, 287f
 mortality risk and, 295, 314
 oversensing and, 36, 41, 42, 265, 281
 as potential MRI interaction with implanted  

device, 314
 rapid ventricular rate and, 219
 significance of, 314
independent pace/sensing, 166
inductive telemetry, 5
injury current, 121, 121f
Inos CLS sensor (Biotronik), 190–91
Inovise Medical devices, Audiocor system, 428, 429f, 

430
Insignia device (Boston Scientific/Guidant), 186, 

188, 194t
insulation
 failure of
  atrial oversensing and, 131, 133f, 134t
  lead failure and, 41
  Pellethane 55D vs. Pellethane 80A, 24–25, 30, 

246
 ICD capacitors, 234
 ICD leads, 30–31f, 246–47, 246f
 pacemaker leads, 23, 24–25
InSync III 8042 CRT-P (Medtronic), 410–11, 416–

17, 416t
integrated bipolar sensing, 118
integrated circuits, in pulse generators, 4
interrogation report
 AT/AF burden, 148–49, 148f

 initial, and atrial arrhythmias, 148–49, 148f
iridium oxide, 39
IS-4 connectors, 35

Jewel AF (Medtronic), 153

Kappa devices (Medtronic)
 Blanked Flutter Search, 155
 Kappa 400, 187–88, 193–94, 194t
 recalls, 16

leads
 biventricular pacing, 403–5
 conductors, 23–27, 23f
 design, introduction, 19
 device diagnostics, 209–14
 extraction of, 40, 254–55, 254f, 255f
 impedance
  battery longevity and, 12–13, 13f
  definition, 213
  electrode size and, 21
  high-voltage, 214
  measurement, 213–14
 performance trends, 214, 215f
 retained, MRI interactions with, 437
 sensing
  in CRT devices, 209, 210t–211t
  function of, 36–37
  marker channels, 209, 210t–211t
  performance measurements, 209, 212–13, 

213f
 threshold testing, 168, 169t, 213
leads, ICD, 27–43. See also endocardial ICD lead 

systems; epicardial ICD lead systems
 for cardiac resynchronization therapy, 43–46
 conductors
  design and construction, 248, 248f
  materials, 241, 245, 245f
 connectors, 247, 249, 249f
 defibrillation coils
  design and construction, 248–49
  materials, 247
  single vs. dual designs, 29–30, 252–53
 defibrillation threshold and, 383
 design principles
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leads, ICD (continued)
  basic concepts, 240–41, 240f
  engineering design and construction, 247–52
  functional concepts, 252–55
  materials, 241–47
 design specifications
  Boston Scientific (Guidant), 52t–53t, 242t
  electrode pullback, 61t
  LV pacing leads, 62t–64t
  Medtronic, 54t–60t, 243t
  St. Jude Medical, 244t
 displacement and T-wave oversensing, 272
 electrodes, 247
 evolution of, 239, 240b
 fixation mechanisms, 35, 36f
 functional issues, 27
  bipolar leads, integrated vs. dedicated, 252, 

266, 269, 269f
  defibrillation efficiency, 254
  lead extraction, 254–55, 254f, 255f
  oversensing and design of, 252
  pullback distance, 252
  single vs. dual coil, 252–53
 future outlook for, 46
 history of, 27
 hybrid systems, 253–54
 implantation
  mortality and morbidity, 239–40, 255
  sites for, 34, 34f
  technique, 255–56, 255f, 256f
 insulation, 246–47, 246f
 lead design and construction
  cable distribution, symmetric vs. asymmetric, 

249–50
  coaxial, 249, 249f
  compression lumens, 250f, 251
  connection methods, 250–51, 251f
  integrated bipolar vs. true bipolar leads, 250, 

250f
  lead diameter and, 251–52, 251f
  multilumen, 249–50, 250f
 lead failure mechanisms and recalls, 256–59, 256b
  ENDOTAK DSP (model 0125) (Guidant/

CPI), 257
  following pulse generator replacement, 256
  manifestations of, 256
  Medtronic Sprint Fidelis, 42–43, 212f, 251, 

258–59, 258f, 269, 286f

  Medtronic Transvene (model 6936), 257–58
  metallurgical incompatibility, 251
  monitoring and reporting, 259–60
 subcutaneous systems and arrays, 253–54, 253f
leads, pacemaker, 20–27
 advisories and recalls, 26–27
 components, 20, 20f
 conductors, 23–27, 23f
 connectors, 26
 design and engineering, 20–22
 electrodes
  design, 22
  materials, 23
  porous, 22, 22f
  size and impedance, 21
 fixation mechanisms, 25–26, 25f
 influences on performance, 20
 insulation, 23, 24–25
 polarity, 20–21
 polarization, 21–22
 steroid-eluting, 26
 unipolar vs. bipolar, 20–21, 20f
lead-tissue interference, 213
Left Ventricular Capture Management (Medtronic), 

175
left ventricular contraction, synchronized, 399, 400
left ventricular dyssynchrony, 421
left ventricular ejection fraction (LVEF), 299
left ventricular–right ventricular offset. See VV

interval
lidocaine, 384
lithium batteries
 lithium carbon monofluoride (Li/CFx), 7, 233, 

233f
 lithium iodine, 6–8, 230–31
 lithium manganese dioxide (LI/MnO2), 232–33
 lithium silver vanadium oxide (Li/SVO), 7, 231–

32, 231f
 voltage decay curve, 7–8, 7f, 231, 231f
long QT syndrome, 271, 272, 273
low rate timer
 in dual chamber pacing
  atrial-based timing, 69f, 70–72
  nomenclature and methods by manufacturer, 

69t
  timing strategies by manufacturer, 71–72
  ventricular-based timing, 69–70, 69f
 in single chamber pacing, 65, 66
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Lumax 540 HF-T CRT-D (Biotronik), 267t, 418, 418t
LVEF (left ventricular ejection fraction), 299

magnet response
 Biotronik devices, 76–77, 207
 Boston Scientific devices, 76, 162, 207
 Medtronic devices, 76, 162
 pacemaker, 77t, 207, 208t
 pacemakers vs. ICDs, 162
 Sorin devices, 77–78
 St. Jude Medical devices, 76, 162, 207
 timing cycles and, 76–78
magnetic resonance imaging (MRI)
 electromagnetic interactions with implanted  

devices, 433–40
  ICDs, 435, 437
  implantable monitors, 434–35
  permanent pacemakers, 435–37, 436t
  potential types of, 433–34
  retained leads, 437
  temporary pacemakers, 433–34
 image artifacts, 439
 safety protocols for implanted devices, 437, 438f, 

439
managed ventricular pacing (MVP)
 atrial-based timing, 71
 Medtronic devices, 71, 95–96, 95t, 96f–100f
 performance, clinical trials, 102, 103f, 104
Manufacturer and User Device Experience 

(MAUDE) database, 259
marker channels, 209, 210t–211t, 222
Marquis DR ICD (Medtronic), 323
matching score, 328
Medtronic devices
 activity sensing and accelerometer-based devices, 

184–85, 185f
 algorithms
  arrhythmia detection: dual chamber ICDs, 

321–27; single chamber ICD, 317–21
  ATP During Charging, 306
  Atrial Capture Management, 169t, 174–75, 

174f
  Capture Management pulse amplitude, 11
  EnRhythm pacemaker sensing, 142, 142f, 

143t
  Kappa Blanked Flutter Search, 155
  Left Ventricular Capture Management, 175

  pacemaker mediated tachycardia manage-
ment, 157–58

  PR Logic, 321–27, 322f, 325f, 326f
  Ramp+, 303, 304f
  Rate Drop Response, 153, 159
  Right Ventricular Capture Management, 

173–74
  Search AV / Search AV+ , PAVI extensions, 

81–83, 82f, 82t, 86–87, 86f, 87f
  Sensing Assurance, 141–42, 141f
  Ventricular Sense Response, 411
 atrial-based timing cycles, 71
 AV interval histograms, 217–18
 Bisping leads, 26, 26f
 biventricular devices
  Consulta CRT-D, 267t, 416, 416t
  defibrillator pacing, 366
  InSync III 8042 CRT-P, 410–11, 416–17, 416t
  stored events, 225
  ventricular sensitivity after pacing, 267t
 CapSure SP, 13, 26, 26f
 electrode pullback specifications, 61t
 fast VT therapy, 305
 heart failure monitoring, 220, 220f
 ICD leads
  Sprint Fidelis, failure of, 42–43, 212f, 251, 

258–59, 258f, 269, 286f
  Sprint Quattro Secure, 30f, 240f, 243t
  Sprint Quattro Secure Model 6947, 34f
  Tensi-Lock technology, 255
 ICDs
  batteries, 233
  charge time-optimized battery, 208
  Concerto, 267t, 268f
  Gem DR devices, 323, 324, 327
  Gem III AT, 153
  Jewel AF, 153
  lead design specifications, 54t–60t, 243t
  lead failures, 41–42
  Marquis DR, 323
  refractory and blanking periods, 364–65, 365f
  sensing vectors, 269, 269f
  single chamber, arrhythmia detection algo-

rithms, 317–21
  stored events, 225
  ventricular refractory period, 362
  VT detection interval, 361–62
 interconnect wire problems, 16
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Medtronic devices (continued)
 left ventricular pacing electrode configurations, 

416–17, 416t
 left ventricular pacing leads, specifications, 63t
 magnet response, 76, 162
 managed ventricular pacing (MVP), 71, 95–96, 

95t, 96f–100f
 Model 4012 lead insulation failure, 24
 night heart rate reporting, 219
 noise reversion, 161–62
 paced T-wave oversensing prevention, 277, 277f, 

278–79
 pacemakers
  EnPulse, 184
  EnRhythm, 142f, 143t, 184
  EnTrust devices, 326
  generator recalls, 15t
  Kappa 400 dual sensor, 193–94, 194t
  Kappa 400 minute ventilation sensor, 187–88
  recalls, 16
  sensor-driven, 184–85
 patient-activated memory storage, 223–24
 patient-device interaction problems, 16
 sensor rate reporting, 219
 subcutaneous array electrodes, 37
 Transvene leads, 33, 41, 249f, 257–58
 ventricular rate counters during AT/AF events, 

219
 ventricular safety pacing, 161
 ventricular sensitivity settings, 273
MedWatch (FDA), 259
Meridian pacemaker (Boston Scientific/Guidant), 16
metal-induced oxidation, 24
midazolam, 390
MiniLiving devices (Sorin), 186, 192
modesum, 323
monitors, implantable, 434–35
mortality and morbidity
 defibrillation implant testing predicting, 386
 epicardial ICD lead systems, 28, 239
 ICD leads implantation and, 239–40, 255
 inappropriate shocks and, 295, 314
 sudden cardiac death, 229
MP35N (Fort Wayne Metals), 241, 245
MVP mode. See managed ventricular pacing (MVP)
myocardial fibrosis, 25
myocardial infarction, 165
myocardial ischemia, 313, 388

myocardial thresholds, 165–66
myopotential oversensing
 diaphragmatic, 282–84, 282f
 unipolar atrial leads, 131, 132f
 ventricular, 134, 135f

neurocardiogenic syncope, 158–60, 190
nickel cadmium batteries, 6–7
noise response algorithms, 161–62
noise reversion, 137, 138f, 161–62
nuclear powered pacemakers, 7

Ohm’s law, 21
Omnisense accelerometer (St. Jude Medical), 185
Optim Insulation (St. Jude Medical), 247
OptiVol fluid index (Medtronic), 220
Opus devices (Sorin), 186, 188
oversensing
 atrial
  causes of, 129–30, 130t, 131f, 280–81, 281f
  electromagnetic interference and, 131, 133f, 

134t
  inappropriate pacing inhibition in, 131
  insulation failure and, 131, 133f, 134t
  unipolar lead myopotentials and, 131, 132f
  ventricular far-field oversensing, testing and 

reprogramming, 133–34, 133f, 135t
 causes of, 129, 130t
 diaphragmatic myopotentials, 282–84, 282f
 ICD (See under sensing, ICD)
 integrated bipolar. vs. dedicated bipolar leads, 

252
 in pacemakers, 129–37
 T waves
  after paced beats, 273, 274f–275f, 276–79
  after sensed beats, 271–73, 271f, 272f
  operative intervention, 279
  pacemakers vs. ICDs, 270–71
  site specificity of, 279, 279f
 ventricular
  causes of, 134, 134t, 136f
  crosstalk, 136f, 137
  myopotential oversensing, 134, 135f
oxidation, metal-induced, 24
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P waves
 double sensing in atrial oversensing, 131, 132f
 oversensing, ICD, 279–81, 280f
paced atrioventricular interval (PAVI)
 algorithm performance, 85–87
 automatic extensions, operational characteristics, 

81–85
 Biotronik AV Hysteresis, 84
 Boston Scientific AV Search Hysteresis (AVSH), 

83, 83t, 86
 ELA Automatic Mode Conversion (DDD/AMC), 

85
 long fixed and dynamic
  DDIR mode reducing timing cycle conflicts, 

92, 92t, 93f
  delayed VT detection and, 89–90, 89f. 90f
  dynamic, performance characteristics, 81
  endless loop arrhythmias and, 90–92, 91f
  limitations for minimizing ventricular pacing, 

87–89, 88f, 89f
  programming conflicts in ICD platforms, 

89–90, 89f
  risks of, 89–101
  static, effectiveness of, 81
  timing cycle conflicts, 89t
  ventricular pararrhythmia from, 92, 94, 94f
 manipulation in ventricular pacing, 80–85
 Medtronic Search AV and Search AV+, 81–83, 

82f, 82t, 86–87, 86f, 87f
 St. Jude Medical devices
  AutoIntrinsic Conduction Search (AICS), 84, 

85t, 86d
  Ventricular Intrinsic Preference (VIP), 84, 85t
 Vitatron Refined Ventricular Pacing (RVP), 

84–85
pacemaker alternans, 285
pacemaker mediated tachycardia, 157–58
pacemaker syndrome, 90
pacemakers
 components, 3
 dependency on, 214
 device recalls
  hierarchies for, 14
  loss of hermetic seal, 15t
  pacemaker generators, 15t
  pacemaker leads, 26–27
 failure of, 13–16
 hardware, 4–6

 MRI interactions with
  permanent pacemakers, 435, 436f
  temporary pacemakers, 435
  types of, 433–34
 nuclear powered, 7
 potential advances in, 6
 programmed parameters, 203–4, 205f
 sensing (See sensing, pacemaker)
pacing capture thresholds, 285
pacing modes
 ADIR, 95t, 100–101, 101f–102f
 automatic mode switching, 149–50, 149f
 biventricular pacing, 405
 DDDR, 405
 DDIR, 92, 92t, 93f
 rate adaptive, 198–99, 198f
 single chamber pacing, 65–66
pacing pulses
 amplitude of, 10–12
 automatic amplitude algorithms, 11
 current drain and, 8–9
 current drain vs. pulse width, 12f
 energy vs. lead impedance, 12–13, 13f
 pulse width, 12
pacing site, and ATP success, 299–300
pacing thresholds. See also automatic threshold 

measuring algorithms
 changes in, 165–66
 device diagnostics, 213
 testing triggers in algorithms, 169t, 170
PARAD and PARAD+ (Sorin), 277, 350, 351–56, 

352f, 353f, 357, 358
passive fixation leads
 ICDs, 35, 36f
 myocardial fibrosis and, 25
 pacemakers, 25–26
patch systems, ICD leads, 27–28, 240–41, 241f, 

253–54
patient diagnostics. See under device diagnostics
PAVI. See paced atrioventricular interval (PAVI)
peak endocardial acceleration, 183, 191–93, 192f
Pellethane 55D insulation , 24–25, 30, 246
Pellethane 80A insulation, 24, 30, 246
Photon DR ICD (St. Jude Medical), 334–35
photoplethysmography, 428
phrenic nerve stimulation, 415–16
Phylax dual chamber ICD (Biotronik), 349
plutonium-238 (isotope), 7
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polarization
 artifacts, in pacemaker sensing, 122, 122f
 myocardial, vs. evoked response, 166, 167f
 pacemaker leads and, 21–22
polytetrafluoroethylene polymers, 40, 247
polyurethanes, for lead insulation, 24–25, 30, 246
Post-Paced Delay Decay (St. Jude Medical), 277
posture, detection by CLS sensors, 191
postventricular atrial blanking period (PVAB)
 in atrial arrhythmia management, 154, 154f
 atrial tachycardia sensing and, 74, 75f
 function, 73, 154
postventricular atrial refractory period (PVARP)
 in atrial arrhythmia management, 154, 154f
 function, 72–73, 73f
 minimal ventricular pacing strategies and, 90–

92, 91f
 mode switching algorithm and, 154–55
 upper rate behavior and, in biventricular pacing, 

406–8, 407f, 408f
potassium channel blockers, 384
power supply, pacemaker vs. ICD, 204
PR interval
 AV association and, 333
 AV interval mimicking, 67
 in AV optimization, 420, 421, 422
 baseline, 111
 minimal ventricular pacing strategies and, 104, 

105, 105f
 oversensing and, 280
 in PARAD algorithms, 352
 in PR Logic algorithms, 322, 323, 327
 regularity of, 346
 in SMART algorithm, 348
 in supraventricular tachycardia detection algo-

rithms, 326–27, 326f
 trends in, 346
PR Logic (Medtronic), 321–27, 322f, 325f, 326f
premature ventricular contraction (PVC)
 AV interval and, 68
 counters for, 215
 pacemaker response to, 70–71, 70f
probability of success curve, defibrillation, 369–70, 

370f
Promote RF CRT-D (St. Jude Medical), 267t, 417–

18, 417t
propofol, 390
Protos CLS sensor (Biotronik), 190–91

pullback, electrode, 38, 38f, 61t
pullback distance, 252
Pulsar devices (Boston Scientific/Guidant)
 AFR system, 155
 Pulsar Max, 186, 188, 194t
pulse generators, 3–16
 battery, 6–8
 cardiac sensing of, 4
 firmware, 4–5
 functions, 3
 hardware, 4–6
 hybrid circuit, 3, 4
 for ICDs, 230
 implant testing at replacement, 387–88
 inductive telemetry, 5
 integrated circuits, 4
 lead impedance and longevity, 12–13, 13f
 structure, 3f
 telemetry control, 5
 transtelephonic monitoring, 5–6
 wireless communication, 5
PVAB. See postventricular atrial blanking period 

(PVAB)
PVARP. See postventricular atrial refractory period 

(PVARP)
PVC. See premature ventricular contraction (PVC)

QMR battery, 7
Quick Convert ATP (Boston Scientific), 305–6
QuickOpt (St. Jude Medical), 426–27f, 426–28
quiescent current, 8

R waves, double-counting of, 281–82
radiofrequency (RF) telemetry, 5
RAM (random access memory), 4–5
Ramp+ algorithm (Medtronic), 303, 304f
ramp pacing, 301, 301f
rate adaptive pacing modes, 198–99, 198f
rate drop pacing
 algorithms, 159–60, 160f
 in atrial arrhythmia management, 153
 clinical trials, 158–59
 for neurocardiogenic syncope, 158–60
Rate Drop Response (Medtronic), 153, 159
rate responsiveness, 363–64
rate smoothing therapy, 153
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reduced coupling capacitor (RCC), 166
Refined Ventricular Pacing (RVP), PAVI extensions 

(Vitatron), 84–85
refractory periods
 in dual chamber pacing, 67f, 72–73, 73f, 364–65, 

365f
 extension theory for ICD shock therapy, 311, 

311f
 ICD sensing and, 269–70, 270t
 left ventricular, 411–13, 412f
 pacemaker sensing and, 123f, 124, 124f
 postventricular atrial, 72–73, 73f, 90–92, 91f
 programmable ranges by manufacturer, 74t
 programming strategies by manufacturer, 75f
 in single chamber pacing, 66, 362–63
 total atrial, 72–73, 73f
regression to mean, 374–75
Reliance leads (Boston Scientific/Guidant), 30f, 

242t, 245, 251, 256f, 288
rescue shocks, 374
rest rate, pacemaker, 10
resting heart rate, 219
resuscitation, prolonged, 388–89
retrograde atrial depolarization, 90
returned product analysis, 43
RF telemetry, 5
Rhapsody devices (Sorin), 188, 195
Riata leads (St. Jude Medical), 33f, 34f, 36f, 241, 250f
Right Ventricular Capture Management 

(Medtronic), 173–74
right ventricular pacing, 79–111
 adverse effects, chronic, 79–80
 avoidance in ICD recipients, 365–66
 with ICDs, 361–63
 minimal pacing strategies
  algorithm performance, 85–87
  AV interval continuously operational, 80–85
  AV interval intermittently operational, 94–

102
  constraints on long-term use, 109
  dual chamber algorithms, performance of, 

102, 103f, 104
  limitations and risks: AV timing disruptions, 

104–5, 105f–106f, 107; long PAVIs, 87–89; 
ventricular proarrhythmia, 107–9, 107f, 
108f

  no AV interval, 80
  PAVI manipulation, 80–85

  single-chamber atrial pacing, 80
  survivability of, 111
 permanent atrial fibrillation, emergence of, 111
 sinus node dysfunction, AV conduction stability 

in, 109–11
Ritter technique (echocardiography), 422
ROM (read-only memory), 4–5
RR intervals
 analysis in dual chamber ICDs, 321
 analysis in single chamber ICDs, 317–19, 318f
 stabilization of, 318, 364
Runaway Protection Timer (St. Jude Medical), 366
R-wave voltage, in T-wave oversensing, 271–72

safety pacing, ventricular, 68, 129, 129f, 137
Search AV / Search AV+ (Medtronic), 81–83, 82f, 

82t, 86–87, 86f, 87f
SenseAbility (St. Jude Medical), 142–43, 144f
sensing, biventricular pacing
 double sensing, 404, 404f
 rate-smoothing algorithms, 411
 right ventricle vs. both chambers, 410–11, 410f
 ventricular-sensed response, 411
sensing, ICD, 265–89
 introduction to, 265–70
 bipolar lead design, integrated vs. dedicated, 266, 

269, 269f
 blanking periods, 269–70, 270t
 crosstalk inhibition, 284–85
 defined, 265
 diaphragmatic myopotentials, oversensing of, 

282–84, 282f
 electromagnetic interference, 288–89, 288f
 hardware problems
  contact between leads, 288
  defective connections, 285–86, 287f
  lead conductor fracture, 285, 286f
  seal plug damage, 286–88, 287f
 oversensing
  autoadjusting algorithms, 265, 266f
  inappropriate shock episodes, incidence, 265
  P-wave, 279–81, 280f
 R waves, double-counting of, 281–82
 refractory periods in, 269–70, 270t
 T-wave oversensing, 270–81
  after paced beats, 273, 274f, 275f, 276–79
  after sensed beats, 271–73, 271f
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sensing, ICD/T-wave oversensing (continued)
  causes of, 271–72
  operative intervention for, 279
  programmable paced blanking and, 277–78
  R-wave voltage and, 271–72
  sensitivity settings programming to avoid, 

272–73, 272f
  site specificity of, 279, 279f
 ventricular channel sensitivity, 266, 267t, 268f
 ventricular fibrillation detection, 265–66, 266f
sensing, pacemaker, 117–44
 antiarrhythmic drugs and cardiac signal ampli-

tude, 124
 automatic sensing algorithms, 138–44
  Biotronik devices, 139, 140f
  Boston Scientific devices, 139, 141, 141f
  Medtronic devices, 141–42, 141f, 142f, 143t
  St. Jude Medical SenseAbility algorithm, 

142–43, 144f
 blanking periods, 123–24, 123f
 device sensitivity programming, 122–23
 electromagnetic interference and, 134t, 137–38, 

137f
 exercise and, 124, 125f
 feed-through EMI filters, 137, 138f
 at implantation, 120–21, 121f
 injury current, 121, 121f
 lead performance in, 36–37
 lead polarity and bipolar spacing, 118–24, 119f
 noise reversion, 137, 138f
 normal sensing, 117–18
 oversensing, 129–37
 polarization artifacts and evoked potentials, 122, 

122f
 pulse generators and, 4
 refractory periods, 123f, 124, 124f
 sensing circuit, 118, 118f, 120, 120f
 sensing over time, 124
 sensing threshold vs. cardiac signal size, 122
 undersensing, 124–27
Sensing Assurance (Medtronic), 141–42, 141f
sensor-driven pacing
 activity sensing and accelerometer-based pace-

makers, 181, 182t, 184–87, 184f
  Boston Scientific devices, 186
  clinical results, 186–87
  limitations of, 187
  Medtronic devices, 184–85, 185f

  Sorin devices, 186
  St. Jude Medical devices, 185–86
 classification of sensors, 180–83, 182t
 clinical benefits, 196–99
  patient factors affecting, 196–98, 196b, 197f
  rate adaptive pacing modes and, 198–99, 198f
  ventricular pacing site and, 199, 199f
 dual sensor devices, 193–96, 194t
  Boston Scientific devices, 194–95, 194t
  indications for, 195, 196b
  Medtronic Kappa 400 device, 193–94
  sensor blending vs. sensor cross-checking, 

193
  Sorin devices, 194t, 195, 195f
 impedance in, 181–82
 peak endocardial acceleration sensing, 191–93, 

192f
 physiological basis of, 179–80
 sensor characteristics, ideal, 180
 sensor performance, relative, 183, 183t
 ventricular impedance sensing devices, unipolar, 

182t
  advantages and limitations of, 191
  Biotronik CLS devices, 190–91
  closed-loop stimulation (CLS) sensors, 189–

91
  minute ventilation sensor devices, 187–88
shock polarity, 383
shock therapy, ICD. See also inappropriate shocks
 biphasic shock waveforms and defibrillation 

threshold, 311–12, 312f
 critical mass in, 310
 heart disease prognosis and use of, 313–14
 progressive depolarization in, 311, 311f
 upper limits of vulnerability, 310–11, 310f, 311f
 virtual electrode depolarization, 311–12, 312f
shock vector, 383
shock waveform, 383
short QT syndrome, 272
Sigma devices (Medtronic), recalls, 16
silicone insulation, 24, 246, 246f
silver vanadium oxide (SVO) batteries, 7
single chamber pacing
 atrial, for minimizing ventricular pacing, 80
 cardiac event response, 65
 with ICDs, 361–63
 pacing mode, 65–66
 programmable values by manufacturer, 67t
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 timing cycles, 65–66, 66f
 ventricular refractory period, 66, 362–63
 ventricular tachycardia detection interval,  

361–62
sinus node dysfunction (SND)
 adverse effects of right ventricular pacing, 79
 AV conduction stability with minimal pacing 

algorithms, 109–11
 chronotropic incompetence, prevalence, 179
 pacemaker optimization goals, 80
 pacing and prevention of, 151
 permanent atrial fibrillation in, 111
 single chamber atrial pacing, 80
SMART arrhythmia detection (Biotronik), 344f, 

345–50, 345f, 348f
SmartDelay (Boston Scientific), 425–26, 425f
sodium channel blockers, 384
sonR sensor (Sorin), 192
Sorin devices. See also ELA Medical devices
 activity sensing and accelerometer-based devices, 

186
 arrhythmia detection algorithms, dual chamber 

ICDs, 350–58
  AV association, 354
  cycle-length sorting, 350–51
  long cycle occurrence, 352–54
  majority rhythm identification and persis-

tence counters, 351
  PARAD and PARAD+ algorithms, 277, 350, 

351–56, 352f, 353f, 357, 358
  PR interval distribution, 352, 353f
  RR interval distribution, 352
  ventricular acceleration, 354, 354f–355f, 356
 arrhythmia detection algorithms, single chamber 

ICDs, 353f, 356–58
 atrial-based timing cycles, 71–72
 BEST sensor rate adaptive pacemakers, 191, 192, 

192f
 blanking periods, 76
 Brady-Tachy Overlap, 362, 362f
 Chorus, 188, 195
 dual sensor pacemakers, 194t, 195, 195f
 fast VT therapy, 305
 magnet response, 77–78
 MiniLiving, 186, 192
 minute ventilation sensor pacemakers, 188
 Opus devices, 186, 188
 Rhapsody, 188, 195

 sensor-driven pacing, 188–89, 195
 sonR sensor, 192
 Swing sensor, 186
 Symphony, 188, 195
 Talent, 188, 195
 VT detection interval, ICD, 362
sotalol, 384
Sprint Fidelis ICD lead (Medtronic), 42–43, 251, 

258–59, 258f, 269, 286f
Sprint Quattro Secure ICD lead (Medtronic), 30f, 

212f, 240f, 243t
Sprint Secure ICD lead, Model 6947 (Medtronic), 

34f
St. Jude Medical devices. See also Telectronics 

devices
 activity sensing and accelerometer-based devices, 

185–86
 algorithms
  ACap Confirm, 172
  Advanced Hysteresis, 159–60
  AF Suppression, 151
  arrhythmia detection, dual chamber ICDs, 

333–35, 333f, 334t
  arrhythmia detection, single chamber ICDs, 

327–33
  AutoCapture, 11, 166, 170–72, 171f, 176
  AutoIntrinsic Conduction Search (AICS), 

PAVI extensions, 84, 85t, 86f
  AV association, 333, 333f
  AV interval histograms, 217, 218f
  binning system, 329–30, 329t, 330t
  pacemaker mediated tachycardia manage-

ment, 158
  Post-Paced Delay Decay, 277
  QuickOpt, 426–27f, 426–28
  redetection, 332–33
  Runaway Protection Timer, 366
  SenseAbility, 142–43, 144f
  SVT and VT therapy discrimination timeout, 

330–32, 331f
  SVT/VT discriminators, 327–29
  Ventricular Intrinsic Preference (VIP), PAVI 

extensions, 84, 85t
  Ventricular Post-Paced Start, 277
  VT Therapy Timeout, 304, 330–33, 331f,  

332f
 arrhythmia “unhiding” function, 278, 278f
 atrial arrhythmia histograms, 218–19
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St. Jude Medical devices (continued)
 biventricular pacing
  Anthem CRT-P, 417t, 418
  defibrillator pacing, 366, 366f
  Epic II HF, 417t, 418
  Frontier II device, 410
  LV pacing leads, specifications, 64t
  Promote RF CRT-D, 267t, 417–18, 417t
  ventricular sensitivity after pacing, 267t, 366f
 blanking periods, 74–75
 crosstalk detection window, 160–61
 electrode pullback specifications, 61t
 ICD leads
  design specifications, 244t
  Durata, 241, 247, 248, 250
  Optim Insulation, 247
  Riata, 33f, 34f, 36f, 241, 250f
  Ventritex, 33, 61t, 249
 ICDs
  Atlas devices, 205f, 275f, 334
  batteries, 233
  Photon DR, 334–35
  stored events, 225
  ventricular refractory period, 363, 363f
  Vitality devices, 185–86, 341, 343
  VT detection interval, 362
 magnet response, 76, 162, 207
 noise response, 161
 paced T-wave oversensing, troubleshooting, 276f
 pacemakers
  event storage, 222
  generator recalls, 15t
 patient-activated memory storage, 223
 sensor rate reporting, 219
 Tendril lead, 25f
 ventricular rate counters during AT/AF events, 

219
 Zephyr XL, pacing energy vs. longevity, 12
statistical modeling in defibrillation testing, 371–74, 

373f, 374t
steroid elution
 cardiac resynchronization therapy, 45–46
 endocardial ICD leads, 35–36
 pacemaker leads, 26
Stratos 338 200 LV-T CRT-P (Biotronik), 418, 418t
stress, and battery drain, 9–10
subcutaneous leads and arrays
 Boston Scientific, 37

 functional issues, ICD, 253–54, 253f
 Medtronic, 37
Sudden Brady Response (Boston Scientific), 159
sudden cardiac death
 defibrillation implant testing predicting, 386
 ICDs and risk of, 309, 309f
 morbidity and mortality, 229
superior vena cava (SVC) coils, 28
supraventricular tachycardia, 147, 327–29
Swing sensor (Sorin), 186
Symphony ICD (Sorin), 188, 195
syncope
 atrioventricular block and, 80
 low first-shock strength and, 382
 neurocardiogenic, 158–60, 190
 slow ventricular tachycardia and, 357
 vasovagal, 153, 191, 193

Tachyarrhythmia Chronic System Study (TCSS), 43
tachycardias
 atrial, 147, 152–53 (See also antitachycardia pac-

ing (ATP))
 detection algorithms, 317–27, 318t
 endless loop, 85, 90, 91f, 93f
 pacemaker mediated, 157–58
 supraventricular, 147, 327–29
 SVT/VT discriminators, 327–29
 ventricular (See ventricular tachycardia (VT))
Talent ICD (Sorin), 188, 195
TARP (total atrial refractory period), 72–73, 73f
Telectronics devices. See also St. Jude Medical 

devices
 Accufix lead recalls, 26–27
 electrode pullback specifications, 61t
 Encor leads, 26, 27, 236f
telemetry, 5, 6
Teligen CRT-D (Boston Scientific), 267t
Tendril lead (St. Jude Medical), 25f
Tensi-Lock (Medtronic), 255
test shocks, 374
thoracotomy, 27–28, 239
threshold measuring algorithms. See automatic 

threshold measuring algorithms
thromboembolism, 389
timing cycles. See also dual chamber pacing
 algorithm abnormalities vs. pacemaker malfunc-

tion, 65
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 atrial-based, 71–72
 biventricular pacing, 405–13
 dual chamber pacing, 66–76
 magnet response, 76–78
 single chamber pacing, 65–66, 66f, 67t
torque, as MRI effect, 433–34
total atrial refractory period (TARP), 72–73, 73f
transtelephonic monitoring (TTM), 5–6
Transvene lead (Medtronic), 33, 41, 249f, 257–58
Treppe effect, 189
T waves
 high amplitude, 272
 oversensing
  after paced beats, 273, 274f–275f, 276–79
  after sensed beats, 271–73, 271f, 272f
  operative intervention, 279
  pacemakers vs. ICDs, 270–71
Twiddler’s syndrome, 256

undersensing
 amplifier saturation and, 137, 137f
 atrial, 124–25, 126f
 defined, 124
 functional, 128–29, 128f, 129f
 ventricular, 125, 126f, 127f
unipolar pacing systems, 20–21, 20f
 lead conductors, 23
 oversensing and, 129
upper limit of vulnerability
 as clinical tool
  conditions for efficacy, 377–79, 377f, 378f
  vulnerability safety margin testing, 379–81, 

380b, 381b
 critical points, 375–76, 376f, 377
 in defibrillation efficacy assessment, 375–77
 defibrillation hypothesis, 376–77
 discrepancies from defibrillation threshold, 

378–79
 as ICD implant criterion, 370
 in ICD shock therapy, 310–11, 310f, 311f
 vulnerable zone, 375–76, 376f, 377–78, 377f, 378f
upper rate limit
 in dual chamber pacing, 72, 73f
 PVARP and, in biventricular pacing, 406–8, 407f, 

408f
 in sensor-driven pacing, 197–98

Valsalva maneuver, 282f, 283
vasovagal syncope, 153, 191, 193
VDD pacing mode, 405
Ventak ICDs (Boston Scientific/Guidant), 337f, 343, 

2335–336
ventricular acceleration, 354, 354f–355f, 356
Ventricular Autothreshold (ELA Medical), 169, 176
ventricular contraction
 left, synchronized, 399, 400
 premature (See premature ventricular contrac-

tion (PVC))
ventricular fibrillation (VF)
 causes of, 309
 defibrillation threshold testing risk and, 388–89
 ICD shock therapy for, 309–14, 386–86
 ICD vs. pacemaker sensing, 266, 267
 refractory, 389
ventricular inhibited pacing (VVI), 8, 66
Ventricular Intrinsic Preference (VIP), PAVI exten-

sions (St. Jude Medical), 84, 85t
ventricular pacing, right. See right ventricular 

pacing
Ventricular Post-Paced Start (St. Jude Medical), 277
ventricular proarrhythmia
 from long PAVIs, 92, 94, 94f
 minimal ventricular pacing and risk of, 107–9, 

107f, 108f
ventricular refractory period (VRP), 66, 362–63
Ventricular Sense Response (Medtronic), 411
ventricular sensitivity, 267t
ventricular tachycardia (VT)
 competitive pacing prevention during, 80
 cycle length and ATP success, 299
 detection interval in single chamber pacing, 

361–62
 long PAVIs and detection failure, 89–90, 89f. 90f
Ventritex leads (St. Jude Medical), 33, 61t, 249
verapamil, 384
verification, initial, 168, 169t
VF. See ventricular fibrillation (VF)
virtual electrode depolarization, 311–12, 312f
Virtuoso (Medtronic), 267, 270
Vitality ICDs (St. Jude Medical), 185–86, 341, 343
Vitatron devices
 pacemaker generator recalls, 15t
 Refined Ventricular Pacing (RVP), PAVI exten-

sions, 84–85
voltage doubler, 11
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VRP (ventricular refractory period), 66, 362–63
VT. See ventricular tachycardia (VT)
VT Therapy Timeout (St. Jude Medical), 304, 330–

33, 331f, 332f
vulnerability, upper limit. See upper limit of 

vulnerability
vulnerable zone, 375–76, 376f
VV interval
 in biventricular pacing, 419–30
 definition, 419
 in dual chamber pacing, 323
 optimization of delay
  clinical trials, 421–22

  introduction to, 419–20
  techniques, 419b, 422–30
 rhythm identification and, 350, 352
VVIR pacing mode, 405

waveform, shock, 383
wavelet dynamic discrimination criterion, 318
wire, drawn brazed strand, 31, 31f, 245, 245f

Zephyr XL (St. Jude Medical), 12
zinc mercuric oxide batteries, 6
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