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compartment 584–5

in vivo imaging 594
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MRI 820
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arrhythmogenesis 147

electrophysiology 125

long QT syndrome 646

Purkinje fibers 125

torsades des pointes 125–6

triggered activity 125–6

Ebstein’s anomaly

accessory pathway 767, 773
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873
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definition 726
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T-wave 105–6

microvolt 726–9
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see also action potential duration (APD)
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electrical restitution curve (ERC) 319, 320

action potential duration alternans 320

slope 324, 325

electroanatomical mapping 10, 705–10, 879
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atrial fibrillation 329, 334–5, 743–7, 748
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602
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ventricular tachyarrhythmia 883
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841–2

signal-averaged in Brugada syndrome
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(CFAEs)
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pericardial bleeding 490

pericardial space drainage 489
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phrenic nerve injury 490
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uses 484–6
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Eustachian valve 31

MDCT 694, 695
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Fabry disease 450
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electrophysiological parameters 287–8
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sudden death 288, 291

syncope 288, 291

Wolff–Parkinson–White syndrome incidence

291–2

programmed ventricular stimulation 287

QRS complexes 283, 284, 285, 285

PRKAG2 mutation 287
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finite element (FE) computational models 577,
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FIRM (Focal Impulse and Rotor Modulation) 361,

386, 402, 905

Flack, Martin 84
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859

flecainide, drug-induced ventricular arrhythmias

144, 145
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flow–metabolism mismatch 751

fluorescence imaging 891
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fluoroscopy 879
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pulsed 861–2
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fragmented signals, activation/substrate mapping

58

functional electrophysiological mapping

extrastimulus technique 173

repolarization changes 173, 174

G

gadolinium-enhanced magnetic resonance

imaging (GE-MRI) 882, 892

electroanatomic mapping 10

see also late gadolinium-enhanced magnetic

resonance imaging (LGE-MRI)

ganglionated plexi (GP) 160, 161, 162, 165

ablation 167–8, 185

activity triggering 405–6

atrial fibrillation 405–7

ablation 406, 407
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atrial repolarization 177
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176
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chronotropic effects 177

complex fractionated atrial electrograms 167–8,

169

location 307
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functions 180

hyperactive hypothesis 169
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channels 126–7
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membrane 126
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remodeling 127–9
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gene therapies 732
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ventricular tachycardia 739–40
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hypertension-induced left ventricular

hypertrophy 576–7

932



P1: OTA/XYZ P2: ABC Color: 4C

BLBK431-IND BLBK431-Shenasa September 13, 2012 18:2 Trim: 276mm X 219mm Printer Name: Yet to Come

Index

implantable cardioverter-defibrillator SPECT

imaging 607

left ventricular assist device 792–3

magnetic resonance imaging 880

remodeling 789–93

reverse remodeling 789–93

sudden cardiac death 880

sympathetic activity 880
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myocardial ischemia 667

myocardial velocity 833
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development 12–13

echocardiography 622, 707

intracardiac 871, 878, 879

electroanatomical mapping 10, 870

with contrast-enhanced magnetic resonance

871

left ventricular dyssynchrony 622

mapping system 603

MRI and voltage data 821, 822

multi-modality 707–9

positron emission tomography 878

scar tissue mapping 607, 608, 883–4

single photon emission tomography 878

imaging technology

clinical use 904–5

cost-effectiveness 904

future directions 903–6, 907

radiation exposure 904

research key areas 905–6, 907

safety 904

see also named modalities; non-invasive cardiac

imaging

impedance-based mapping 12–13, 13–14

comparison with magnetic systems 14

hybrid systems 14–15

implantable cardioverter-defibrillator (ICD)

congestive heart failure 837

heart failure SPECT imaging 607

hypertrophic cardiomyopathy 596, 669, 670,

674

sudden cardiac death prevention 673

microvolt T-wave alternans 728–9

myocardial scar 882

SPECT imaging 607–8

sudden cardiac death prevention 627, 742–3

ventricular arrhythmia prediction with SPECT

607

ventricular tachyarrhythmias in sarcoidosis

453

933



P1: OTA/XYZ P2: ABC Color: 4C

BLBK431-IND BLBK431-Shenasa September 13, 2012 18:2 Trim: 276mm X 219mm Printer Name: Yet to Come

Index

implantable cardioverter-defibrillator (ICD)

(Continued )

ventricular tachycardia

combined endocardial/epicardial mapping

500–1

sarcoidosis 453–4

scar-based 439, 445, 447, 478

impulse conduction, abnormal 126

impulse generation, abnormal 119

inferior caval vein 31

inferior nodal extension (INE) 84

information systems 903

inotropic agents, scar-based ventricular

tachycardia 446

integrated scar maps 607, 608, 883–4

interatrial groove 689

interatrial septum, MDCT 689

interval confidence level (ICL), complex

fractionated atrial electrograms 309, 311–12

intervoxel diffusion coherence (IVDC) index

580–2

intra-aortic balloon pump, scar-based ventricular

tachycardia 446

intra-atrial membranous web, MDCT 694

intra-atrial reentrant tachycardia (IART) 773–4,

775

atrial septal defect 776–7

atrioventricular canal defect 777–8

cavotricuspid isthmus-dependent 783

complete transposition of the great arteries

783–4

Ebstein’s anomaly 778

heterotaxy syndromes 778–9

intracardiac echocardiography (ICE) 12, 15, 16,

809–16, 871, 878–9

advantages 810

aortic cusps 815

atrial fibrillation 600–2, 812–13, 814

ablation guidance 601–2

atrial flutter 813–14

CARTOSOUND 40, 810, 811

complex congenital heart disease 816

complication identification/avoidance 810, 813

costs 602

electroanatomical mapping integration 602

epicardial ablation 815–16

image integration 871, 878, 879

inappropriate sinus tachycardia 814

non-ischemic cardiomyopathy ventricular

tachycardia 482

papillary muscles 815

phased-array 600–1, 813

radial 809–10

radiofrequency lesion real-time assessment 810

rotational 813

scar tissue 815

scar-based ventricular tachycardia 441

supraventricular tachyarrhythmias 812–14

three-dimensional imaging technique 601–2,

878–9

real-time 879

trans-septal catheterization guidance 810, 812,

813, 878

two-dimensional 810

uses 878

ventricular arrhythmias 814–15

ventricular tachyarrhythmia lesion assessment

885

intracardiac mapping, atrial fibrillation

electrogram voltage clinical implication 333–5

substrate 332–3

intravascular ultrasound (IVUS) 17

intrinsic cardiac nerve activity (ICNA) 182–3

sustained atrial fibrillation 183–4

inverse electrocardiographic imaging (iECG) 841–2

iodine-123 meta-iodobenzylguanidine

(123I-MIBG) 606–8, 891

ischemia/reperfusion studies, cardiomyocyte

monolayer culture 104–5

ischemic cardiomyopathy, reentrant ventricular

tachycardia 127

isochronal maps 37, 38

isolated delayed potentials 47

iso-potential maps, atrial fibrillation 160, 161, 162

isoproterenol

atrioventricular node action 88

sinoatrial conduction pathway sensitivity 82

IUPS Heart Physiome 907

J

junctional tachycardia, non-reentrant 226, 227,

228

juxtacardiac nerves

functional versus anatomical mapping 175–7

high frequency stimulation 176–7

K

Keith, Arthur 84

Koch’s triangle see triangle of Koch

L

Langendorff heart recordings 21, 22

Langendorff-perfused heart 90

human 74, 75–6

sheep 109

Laplacian recording mode 7–8

Laplacian signal 7–8

late gadolinium-enhanced magnetic resonance

imaging (LGE-MRI) 819, 820–1, 871, 872,

876–7, 878

arrhythmogenic right ventricular

dysplasia/cardiomyopathy 889

atrial fibrosis 656, 658–62

ablation of recurrent 662
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patient-related factors 864

personal shielding 864

policies for professionals 864–5

procedural-related factors 864

pulsed fluoroscopy 861–2

reduction

ablation procedures 862–3

unnecessary exposure 859–60, 860–2

scatter reduction 860

table height 860, 861

table shielding 864

random reentry 126

Real-Time Position Management mapping system

40

recording electrodes 3

recording mode 3, 4, 7

Laplacian 7–8

reentrant circuit 126

reentrant excitation 126

REFA multi-channel mapping system 6

remodeling

arrhythmic electrical activity 793–4

due to myocardial ischemia 788–9

heart failure 789–93

heart rate 794

see also atrial remodeling; ventricular

remodeling

remote navigation systems (RNS) 566–72, 603–5

advantages 570

electromechanical 566–7, 571, 572

focal atrial tachycardia 376–7

limitations 605

magnetic 567, 568–70, 571, 572, 603–5

master–slave system 567

patient selection 605

repolarization

atrial with activation of ganglionated plexi 177

electrophysiological markers 175

functional electrophysiological mapping of

changes 173, 174

spatially concordant changes in neurally

induced atrial tachyarrhythmias 173–5

ventricular with activation of ganglionated plexi

177

repolarization alternans 723

repolarization disorder hypothesis 627–8

resetting 524

with fusion 524, 525

idiopathic ventricular tachycardia 530, 531–2

physiology 524, 525

restitution hypothesis, action potential duration

alternans 320, 324

reverse remodeling, heart failure therapy 792–3

ridge electrodes 6

right atrial appendage (RAA) 165, 166, 169

mediastinal nerve stimulation 174

right atrium 29–31

dominant frequencies 109

fibrillatory propagation 108

right bundle branch (RBB) 268, 269

right ventricle 29, 30, 31–2

fibrosis 681

right ventricular conduction abnormality, Brugada

syndrome 629–35

right ventricular disease, magnetic resonance

phase mapping 833

right ventricular endocardium, electroanatomical

mapping 632, 634

right ventricular outflow tachycardia (RVOT) 426,

427, 428, 544

ablation 431, 548

arrhythmogenic right ventricular

dysplasia/cardiomyopathy differential

diagnosis 889

bipolar recordings 430, 431

ECG characteristics 426, 427

electrocardiogram 545, 546

left ventricular outflow tachycardia

differentiation 428, 430

relationship 426, 427

mapping 61–2

non-contact mapping 43–4

pacemapping 430, 432, 552

unipolar recordings 430, 431

right ventricular outflow tract

Brugada syndrome 628, 629

arrhythmogenic substrate 635, 638–9, 640

catheter mapping 632, 633

conduction slowing 629–35

extrasystoles 637

focal trigger mapping/ablation 635, 637–8

catheter mapping 632

enlargement in arrhythmogenic right

ventricular dysplasia/cardiomyopathy 681

ventricular tachycardia 124

right ventricular wall

fatty infiltration 700

thickness in arrhythmogenic right ventricular

dysplasia/cardiomyopathy 680, 683

ripple mapping 40, 41, 42

risk stratification, imaging 892

rotational angiography 879

cardiac resynchronization therapy 837, 838

coronary sinus 622, 623, 837, 838, 839

three-dimensional (3DRA) 605–6, 623, 707, 708

image integration 622

S

sarcoendoplasmic reticulum calcium ATPase

(SERCA) 907

sarcoidosis 450, 451, 452, 890

cardiomyopathy 451, 452

mimicking 453–4

DE-MRI 615

diagnosis 451, 452

granulomatous myocardial infarction 450–1

mapping 454–5

pathology 451, 452

right ventricular cardiomyopathy differential

diagnosis 456

right ventricular involvement 455

steroid therapy 452, 453–4, 456

ventricular tachyarrhythmias 453, 456

ablation 455

ventricular tachycardia 451, 452, 455, 456

sarcoplasmic reticulum

calcium cycling in action potential duration

alternans 727

calcium ion release in heart failure 792

scar tissue

ablation-related 824

cell therapy for repopulation 732–3

delayed enhanced magnetic resonance imaging

883–4

dilated cardiomyopathy 617

endocardial 608, 617

epicardial 608, 617

gray zones 822–3

hypertrophic cardiomyopathy 887

image integration 883–4

imaging 40, 608–9, 621, 749–50, 751

DE-MRI 613

image integration 821, 822

intracardiac echocardiography 815

mapping of left ventricular 840

masquerading 66

MDCT 699–701

missing activation 59–60

MRI 621, 624, 749–50

ablation-related 824

atrial scar 826

DE-MRI 613, 614, 615, 617, 618

gray zones 822–3

hyperenhancing regions 821, 822

non-ischemic cardiomyopathies 820–1

non-invasive cardiac imaging 749–50, 751

quantification 618

reentrant tachycardia 50–1

signal intensity differences post-MI 618–19

spontaneous ventricular tachycardia 615

voltage mapping 614, 615

SCN5A mutations, Brugada syndrome 628, 629,

630
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SENC (strain-encoded MRI) 829, 843–4
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septal pathways 32

septo-atrial bundle 151

septo-pulmonary bundle 151

septum secundum 689

MDCT 693, 695

short QT syndrome, inducibility 645

shortest complex interval (SCI), complex

fractionated atrial electrograms 309

silicon balloon electrodes 6

single photon emission tomography (SPECT)

arrhythmogenic substrate 749

hypertrophic cardiomyopathy 673

image integration 878

CT 873, 875

iodine-123 MIBG 606–8, 891

left ventricular dyssynchrony 621

left ventricular scar 840

mechanical substrate mapping 845

myocardial hibernation 881

myocardial perfusion 750–1, 878

myocardial perfusion defects 881

scar tissue 749, 750

assessment 621

ventricular arrhythmia sympathetic innervation

imaging 752–3

single-cell tomographies 891

sinoatrial conduction pathways (SACP) 81–2, 83

exit/entrance pathway role 83

sinoatrial conduction time (SACT) 83

sinoatrial node (SAN)

anatomy 80

Boineau–Schuessler model 83

conduction block 82

Connexin43 expression 83–4

control by autonomic nervous system 179

electrophysiology 80–1

exit block 81

localization 687

optical action potentials 81

optical mapping 79–80, 80–4

canine 81–2

human 76, 83–4

pacemaker

role 81

sinus rhythm 83

sinoatrial node (SAN) artery, S-shaped 691, 698

sinus beat, origin 80

sinus node 30–1

action potential depolarization 152

activation maps 420

dysfunction in atrial fibrillation 332

normal automaticity 119, 120

pacemaker activity 82

sinus of Keith, MDCT 694, 695

sinus rhythm

atrial fibrillation

electrogram pattern 328, 335

non-contact mapping 329, 330

spectral analysis 335–8

voltage distribution 335

left atrial macroreentrant tachycardia 335

neural stimulation 173, 174

non-contact mapping 329, 330

pacemaker site within sinoatrial node 83

restoration 135

sinus tachycardia, inappropriate 814

situs inversus 772

smooth muscle cell alpha actin (SMCA) 849, 850,

851, 852

smooth muscle cells (SMC) 849, 851

sodium channel blockade, atrial fibrillation

termination 136

sodium channel dysfunction, Brugada syndrome

628, 629, 630

speckle tracking radial strain imaging 624–5, 829

scar tissue assessment 621

spinal cord stimulation, neural remodeling 185

spiral mapping catheter 419

ST segment alternans mapping 722–3

stellate ganglia 180, 181

ablation 185

stellate ganglion nerve activity (SGNA) 181, 184

stem cell implants

cardiac mapping/imaging 890

see also cardiomyocyte(s), stem-cell derived

Stereotaxis Magnetic Navigation System 603–4,

605

steroid therapy, sarcoidosis 452, 453–4, 456

stretch quantifier for endocardial engraved zones

(SQUEEZ) 844

structural heart disease (SHD), atrial tachycardia

341

ST-segment, signal morphology 9

ST-T-wave alternans 723

subendocardial ischemia, hypertrophic

cardiomyopathy 667

subeustachian sinus, MDCT 694, 695

substrate mapping 58–9

atrial fibrillation 328–9, 330

masquerading scar 66

normal tissue 58

scar-based ventricular tachycardia 441–2, 443

ventricular tachycardia 554–7, 883

sudden cardiac death

amyloidosis 452–3

arrhythmogenic substrate characterization 749

electroanatomical mapping 747, 749–53

family history 669–70

heart failure 880
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echocardiogram 670

electrocardiogram 670

history 669–70

prevention 673

risk stratification 668–72, 673

myocardial fibrosis 888

non-invasive cardiac imaging 747, 749–53

prediction with microvolt T-wave alternans

728, 729

prevention with implantable

cardioverter-defibrillator 627, 742–3

tetralogy of Fallot 757–8

ventricular fibrillation 467, 747, 749–53

heart failure-related mortality 789

ventricular tachycardia 747, 749–53

see also Brugada syndrome

superconducting quantum interference device

(SQUID) 10

superior caval vein 28

activation 791

automatic contraction 790–1
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superior left ganglionated plexi (SLGP) 180

nerve activity 183, 184

supraventricular arrhythmias

adult complex congenital heart disease 771,

773–84
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783–4

congenitally corrected transposition of the great

arteries 778

Ebstein’s anomaly 778, 779

entrainment of tachycardia 775

Fontan procedure 779–80, 781

heterotaxy syndromes 778–9, 780

induction 775

macroreentrant circuits 773

tetralogy of Fallot 780, 782, 783

supraventricular tachyarrhythmias, intracardiac

echocardiography 812–14

supraventricular tachycardia (SVT)

hypertrophic cardiomyopathy 667–8, 673–4

paroxysmal 219, 224 (see also atrioventricular

nodal reentrant tachycardia (AVNRT))

prevention in catecholaminergic polymorphic

ventricular tachycardia 651

ventricular pacing 228, 229, 230

surgical ablation modeling in atrial fibrillation

136–7

sympathetic activity, heart failure 880

sympathetic nerves 180–1

activity mapping 181–2

sympathetic plexus, MDCT 697–8

synapsin I 853, 853, 854

synaptograms 854, 855

syncope

hypertrophic cardiomyopathy 664

history 669

mechanisms 667–8

primary hemodynamic mechanisms 668

septal reduction procedures 668

PRKAG2 mutation 288, 291

systems biology network 906

T

tachyarrhythmia

cell therapies 737–40

color interpretation of reentrant 55

gene therapies 737–40

see also atrial tachyarrhythmias; ventricular

tachyarrhythmias

tachycardia

activation mapping of focal and reentrant 420

antidromic 269
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atrioventricular dissociation 294–5, 296
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differential diagnosis 294–5

double potentials 47, 48

entrainment mapping 47–8, 50

exit site 55, 56

His-synchronous ventricular extrastimuli

253

intracardiac recording 296

narrow QRS complex 294–5, 296

nodofascicular/nodoventricular fibers 293

premature ventricular contractions 252–3

reentrant 49, 50–1, 54, 65–6

activation mapping 420

ventricular fusion 253, 254

ventricular overdrive pacing 253–4, 255

see also named tachycardia disorders

tachycardia cycle length (TCL) 49, 252

pacing 254

post-pacing interval difference 253–4

PPI mapping 300, 301, 302, 303

Tawara, Sunao 84

technetium-99 labeled Cy5.5 RGD imaging

peptide (CRIP) 891

tendon of Todaro 84

terminal crest see crista terminalis

tetralogy of Fallot

cavotricuspid isthmus 783

figure-of-eight circuit 782, 783

macroreentrant circuits 759–60

non-automatic focal atrial tachycardia 774

sudden cardiac death

prediction 758

risk 757–8

supraventricular arrhythmias 780, 782, 783

ventricular tachycardia 756, 757

catheter ablation 760–1, 762, 763, 765

induction 759–60

mapping 758–61, 762–3, 765

prediction 758

recurrence risk 765

risk 757–8

surgical ablation 765

Thebesian valve, MDCT 694, 696

Thebesian veins, large 698

thermoluminescent dosimeter sensors (TLDs)

860

thoracic veins, non-pulmonary vein 361

three-dimensional mapping systems

contact hybrid 15

development 12–13

dynamic maps 17

fluoroscopic integration 15–16

hybrid 14–15

impedance systems 13–14, 15

magnetic systems 13, 14, 15

MRI integration 16–17

non-contact 14

hybrid 15

pitfalls 15

potential benefits 13

principles 13–14

three-dimensional patterns 9, 10

tissue Doppler echocardiography 828–9

cardiac resynchronization therapy 881

hypertrophic cardiomyopathy 887

left ventricular dyssynchrony 621

magnetic resonance phase mapping comparison

831–2

mechanical substrate mapping 842–3

right ventricular disease 833

torsades des pointes

cardiac slices 24

early afterdepolarization 125–6

long QT syndrome 646

transesophageal echocardiography (TEE)

atrium 152

real-time three-dimensional 622, 623, 873

transitional area (TA) cells 84

transmembrane action potentials (TAPs)

317–19

transplant rejection, molecular imaging 891

transposition of the great arteries

cavotricuspid isthmus 782

complete (D-TGA) 773

cavotricuspid isthmus 784

supraventricular arrhythmias 783–4

trans-baffle technique 783, 784

congenitally corrected (L-TGA) 772–3, 778

intra-atrial baffles 782, 783

trans-septal catheterization, intracardiac

echocardiography guidance 810, 812

transverse sinus 29

triangle of Koch 32, 34, 213

activation 214, 215

anteroseptal accessory pathways 259

fast pathway ablation 216

localization 687

retrograde fast pathway conduction 215

slow pathway ablation 216

fast pathway location 219

slow pathway conduction 216

tricuspid atresia 773

tricuspid valve 30

hypoplastic 767, 768

see also Ebstein’s anomaly

triggered activity 119, 120, 122, 123, 124–7

early afterdepolarization 125–6

heart failure 792

initiation 125

overdrive stimulation 124

troponin T mutations, hypertrophic

cardiomyopathy 667

T-wave, activation recovery interval 9

T-wave alternans

assessment methods 727

cardiomyocyte monolayer culture 105–6

clinical implications 728–9
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mechanisms 726–7

microvolt 726, 727–9
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implantation 728–9

invasive electrophysiological testing 728
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medical therapy guidance 729

preserved ejection fraction 729

recording interpretation 727–8

risk stratification 728, 729

sudden cardiac death prediction 728, 729

modified moving average method 727

spectral method 727

technical aspects 727

timing after myocardial infarction 729

two-photon imaging 898

U

ultrasonography

intravascular 17

three-dimensional electroanatomic mapping

10

ultrasound-enhanced optical coherence

tomography 592

UnEmap multi-channel mapping system 5

unipolar recordings 57, 798, 801

bipolar recording comparison 4, 7

interpretation 8–9

unipolar signals 3, 4

masquerading scar 66

rapid downstroke 56–7

substrate mapping 58

V

vacuum tube amplifiers 5

vagal nerve activity (VNA) 181, 184

vagal responses

chronotropic 172, 177

dromotropic 172

hypotensive 172

reflex 176

vagus nerve 179, 180, 181

ablation 185

vagus nerve stimulation

low-level 185–6

neural modulation 185–6

vein of Marshall (VOM) 361

activation 791

automatic contraction 790–1

electrical activity focal points 793

venous angiography, coronary sinus 622

ventricular activation (VA) 252, 254

interval 254

ventricular arrhythmias

action potential duration 146

restitution 142–3

aortic valve 544–9

autonomic dysfunction 607

conduction velocity 142

congenital heart disease mapping/ablation

756–68

diffusion tensor magnetic resonance 142

electrical alternans 142

epicardial mapping 884

fiber direction mapping 142

flow–metabolism mismatch 751

hypertrophic cardiomyopathy 666–7

implantable cardioverter-defibrillator,

prediction with SPECT 607

intracardiac echocardiography 814–15

malignant recurrent 880

mechanism 545

942



P1: OTA/XYZ P2: ABC Color: 4C

BLBK431-IND BLBK431-Shenasa September 13, 2012 18:2 Trim: 276mm X 219mm Printer Name: Yet to Come

Index

models/modeling 140–8

antiarrhythmia therapy testing 148

approach 140–2
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challenges 147–8

diseased heart 143–4

drug-induced 144, 145

dynamics 142, 143

His–Purkinje free-running system 147

infarct-related 143, 144

ischemic insult 143–4

mechanisms in normal heart 142–3

meshes 142
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non-myocytes 144–5, 146

programmed electrical stimulation 145, 146

Purkinje system 147

sodium channel drug binding 144, 145

three-dimensional 140, 141

ordinary differential equations 141

peri-infarct zone 144–5, 146

post-shock in Purkinje system 463, 465

potassium concentration 143

pulmonic valve 544–9

reaction–diffusion partial differential equation

140–1

ventricular geometries 141–2

ventricular outflow tract 544–9

ventricular assist devices (VADs) 446, 447

ventricular defibrillation, Purkinje system role in

mapping 459–65

ventricular fibrillation

bipolar electrograms 475

electrical mapping 467–8

electroanatomical mapping 747, 749–53

flow–metabolism mismatch 751

focal source hypothesis 635

idiopathic 627, 645

mother rotor hypothesis 635

multi-electrode array-based mapping 467,

468

non-invasive cardiac imaging 747, 749–53

myocardial infarction 750–1

myocardial ischemia 750–1

myocardial scar 749–50

optical mapping 468, 475

panoramic 94

phase mapping 467, 468–76

border zone affinity 471, 472

clinical studies 474–5

expanding in 3D model 471–2, 473

Hilbert transform 468–9

ischemia–perfusion effects 474

limitations 475

phase singularity points 469, 470

reentrant circuits 471, 472

rotating phase pattern 469, 470, 471

rotational speed 471–2, 473

rotors 471, 472, 475

scroll waves 472–4

spatial organization 469–71

temporal organization 468, 469

Purkinje fibers 460–3, 464

Purkinje system

premature beats 460

role in mapping 459–65

reentrant, myocardial fiber orientation 592,

594–5

substrate for recurrent 492

sudden cardiac death 467, 747, 749–53

heart failure-related mortality 789

sympathetic innervation imaging 751–3

ventricular fusion 253, 254

ventricular myocardium 34

ventricular outflow tachycardia 425–6, 427, 428,

429, 430, 544–9

ablation 430–1, 547–9

activation mapping 547

bipolar recordings 430, 431

catheter ablation 547–9

clinical presentation 545

electrocardiogram 545–7

left bundle branch block 545

left ventricular outflow tract

anatomic origins 428, 429

ECG characteristics 428, 429, 430

and RVOT differentiation 428, 430

and RVOT relationship 426, 427

mapping 430–1

strategies 547

pacemapping 430, 432, 547

QRS complex 545

right ventricular outflow tract ECG

characteristics 426, 427, 428

three-dimensional mapping 431, 432

treatment options 545

triggered 431

unipolar recordings 430, 431

see also left ventricular outflow tachycardia

(LVOT); right ventricular outflow

tachycardia (RVOT)

ventricular outflow tract

anatomic correlate 544, 545

see also left ventricular outflow tract; right

ventricular outflow tract

ventricular overdrive pacing (VOP), tachycardia

253–4, 255

ventricular pacing

atrial tachycardia 370, 371

remodeling 794

ventricular preexcitation 250

anatomic courses of variants 263

ventricular preexcitation syndromes 249–60

epidemiology 249

prognosis 249

variants 262–96

see also atriofascicular pathway;

fasciculoventricular pathway; Mahaim

fiber; nodofascicular pathways;

nodoventricular pathways

ventricular remodeling

arrhythmic electrical activity 794

due to myocardial ischemia 788–9

heart failure 792–3

ventricular repolarization

ganglionated plexi 177

prolongation in long QT syndrome 646

ventricular septal defect 756, 758, 759, 761, 763

ventricular tachyarrhythmias

amyloidosis 454–6

drug-induced 24

epicardial mapping 884

heart failure 128–9

hypertrophic cardiomyopathy 886

sudden cardiac death 888

imaging 883–5

implantable cardioverter-defibrillator in

sarcoidosis 453

lesion assessment 884–5

sarcoidosis 453, 456

ablation 455

ventricular tachycardia

ablation 434–5, 537–41, 542, 709, 722

circuit 540–1

mapping strategies 551–7

pace map 434, 435

PET use 709–10

pre-procedural considerations 547

Purkinje spikes 434, 435

Purkinje-related extrasystole 538

scar-based 439–40, 447, 538–9

substrate 538–40

triggers 537–8

amyloidosis 454

antiarrhythmic drugs 552

aortic root 545, 546, 548

angiogram 548–9

aortic sinus of Valsalva 548–9

automatic 54, 120

automaticity 119–22

bidirectional in catecholaminergic polymorphic

ventricular tachycardia 647, 649, 651–2

bundle branch reentry 477, 478

entrainment mapping 527

calcium channel blockers 124–5

calcium channel mechanisms 433

cAMP 426, 433, 545

cell therapies 739–40

combined gene therapy 739–40

circuit ablation 540–1

clinical caused by delayed afterdepolarization

124–5

combined endocardial/epicardial mapping

500–11

Chagas disease 504–5

combined LV and RV cardiomyopathy 510

ECG 500, 501

ECG characteristics 501–2

electrophysiology 500

entrainment mapping 507

fractionated potentials 509

imaging 500, 501

implantable cardioverter-defibrillator

readings 500–1

ischemic cardiomyopathy 502

late potentials 509

left ventricular cardiomyopathy 502–3,

505–6, 507, 508

mapping strategies 507–10

non-ischemic cardiomyopathy 514–22

pacemapping 508
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procedural considerations 500–1

Q waves 501

right ventricular cardiomyopathy 503, 504,

505, 506–7, 511

spontaneous arrhythmias 500–1

substrate characterization 501–5

substrate modification 508–10

VT morphology 505–7

conduction channel transection 554

congenital heart disease 756–7

implantable cardioverter-defibrillator 756–7

mapping 758–61, 762–4, 765, 766, 767–8

risk 757–8

cycle length 551

delayed afterdepolarizations 124–5

delayed enhanced magnetic resonance imaging

876, 877

dynamic substrate mapping 553

Ebstein’s anomaly 756

mapping 763–4, 765, 766, 767–8

ECG 485–6, 723–4

electroanatomical mapping 538, 539, 554, 555,

747, 749–53

late potentials 555–6

electrogram–QRS mismatch 551

electrophysiological assessment 478

endocardial voltage mapping 478

entrainment mapping 433, 507–8, 524–36,

551–2

concealed 551

focal 526–7, 528, 530, 533

idiopathic 526, 528

inducibility 552

return cycles 541

epicardial 485–6, 546–7

ablation 495, 496

epicardial mapping 884

exercise-induced 120, 121

exit site 47, 539

false tendon 433

fascicular 120

flow–metabolism mismatch 751

focal and entrainment mapping 526–7, 528,

530, 533

fractionated potentials 479–80

gene therapies 739–40

combined cell therapy 739–40

high-output pacing 538–9

His–Purkinje system 477, 485

idiopathic 62–3, 425

ablation 434–5

activation times 491

entrainment mapping 526, 528

epicardial 491–2

intracardiac echocardiography 814–15

macroreentry 460

resetting 530, 531–2

sources 491–2

imaging 606

implantable cardioverter-defibrillator

congenital heart disease 756–7

sarcoidosis 453–4

scar-based VT 439, 445, 447, 478

incessant 445

inducibility 552

initiation 125

intramural 494

late potential mapping 554–7

left bundle branch block 545, 546

left coronary cusp 546

ablation 548–9

left ventricular outflow tract 124

long QT syndrome 647, 648

macroreentry 526–7

mapping

during ongoing arrhythmia 553–4

rare cardiomyopathies 450–6

strategies 551–7

maximum deflection index 485–6

MDCT 699–701

mechanisms 119–29

medication 433–4

mitral annular 435, 436, 437

monomorphic 700

channelopathies 645, 648

MRI hyperenhancing regions 822

myopathic type 756–7

non-contact mapping 553–4

non-coronary cusp 544

non-invasive cardiac imaging 747, 749–53

myocardial infarction 750–1

myocardial ischemia 750–1

myocardial scar 749–50

non-ischemic cardiomyopathy 477–82

combined epicardial/endocardial mapping

500–11

coronary artery injury avoidance 481

endocardial voltage mapping 480

epicardial substrate 480

epicardial substrate mapping 480–1

intracardiac echocardiography 482

intramural 494

intramural substrate 480

pacemapping 481

phrenic nerve injury avoidance 481

scar extent 492–3, 494

S–QRS delay 482

substrate mapping 478–81

substrate-guided ablation applications 481–2

non-reentrant pacemapping 508

non-sustained and hypertrophic

cardiomyopathy 668, 670–1

paced rhythm electrograms 479–80

pacemapping 478–9, 552–3

limitations 479

panoramic optical mapping 94

defibrillation mechanisms 94–5

papillary muscles 435, 436, 815

polymorphic 125, 126

post-infarct

cell therapies 739

channel mapping 443

ECG for ventricular tachycardia 445

epicardial circuits 496

fractionated potentials 479–80

gene therapies 739

hemodynamic assist device 447

late potentials 443
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445–6

pacemapping 441

scar 127

scar distribution 441

scar-based VT 439

voltage mapping 442, 444

premature ventricular contractions 723

Purkinje fibers 460

Purkinje system 477

Purkinje-related

entrainment mapping 527, 529–30

extrasystole 538

QRS complex 55–6, 478, 479

bipolar pacing 552

QRS duration 485

QRS morphology 478

QS notching 553

reentrant 94–5, 96, 126–7, 433

bundle branch 477

circuit ablation 540–1

entrainment mapping 507, 526, 527, 528, 529

hypertrophic cardiomyopathy 666

mapping 554

myocardial fiber orientation 592, 594–5

structural heart disease 127–8

substrate ablation 538

reentry circuit 749

refractoriness prolongation 739–40

resetting 433, 524–36

right coronary cusp 546

ablation 549

right ventricular outflow tract 124

sarcoidosis 451, 452, 455, 456

scar tissue imaging 749–50, 751

scar-based 439–48, 477–8

ablation 439–40, 447, 538–9

activation mapping 439, 440, 447, 477–8

channel mapping 442, 443

deep intramural/septal circuits 448

ECG 445

endocardial access 448

endocardial voltage mapping 478, 480

endpoints for ablation 447

entrainment mapping 440, 447, 477–8, 526,

527, 528

epicardial access following prior cardiac

surgery 448

epicardial mapping 484–5

epicardial sites 445

focal sources 446

fractionated potentials 479–80

hemodynamic support 444, 446, 447

heterogeneity 539, 540

imaging 444–5, 478, 539–40

implantable cardioverter-defibrillator 439,

445, 447, 478

inexcitable areas 442, 444

inotropic agents 446

intra-aortic balloon pump 446

intracardiac echocardiography 441

intramural sites 445

late potential mapping 556–7
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late potentials 442, 443, 444

lesion formation clarity 448

macroreentry 526–7

non-inducibility 447–8

non-traditional sites for mapping/ablation

445–6

outcomes for ablation 447–8

pacemapping 440–1, 447

percutaneous pericardial access 445

post-pacing interval measurement 440

pre-procedural imaging 484–5

pre-procedural scar delineation 447

pre-procedure studies 444–5

radiofrequency ablation 442

right ventricular sites 445–6

scar distribution 441

scar location 478

S–QRS delay 440–1, 482

substrate mapping 441–2, 443, 448

substrate modification 509

ventricular assist devices 446, 447

voltage mapping 442, 446

sinus electrograms 479–80

site of origin 552

slow conduction 739

spontaneous 430

scar tissue presence 615

S–QRS delay 440–1, 478–9, 482

entrainment mapping 551

non-ischemic cardiomyopathy 482

pacemapping 553

ST segment mapping 722–4

structurally normal heart mapping 425–37

substrate

ablation 538–40

heterogeneity 539, 540

mapping 478–81, 554–7, 883

sudden cardiac death 747, 749–53

supravalvular 546–7

sympathetic activation 120

sympathetic innervation imaging 751–3

tetralogy of Fallot 756, 757

catheter ablation 760–1, 762, 763, 765

induction 759–60

mapping 758–61, 762–3, 765

prediction 758

recurrence risk 765

risk 757–8

surgical ablation 765

three-dimensional cardiac electrical imaging

724

three-dimensional mapping 538, 539, 539

triggered activity 119, 120, 122, 123, 124–7

ablation 537–8

triggered epicardial left 435

unmappable 508–9

ventricular septal defect 756, 758, 759, 761,

763

verapamil sensitive 431

ablation 433–4

anatomical basis 433

characteristics 433

ECG 431, 433

electrophysiology 433

mechanism 433

medication 433–4

radiofrequency ablation 433

see also named ventricular tachycardia

conditions

ventricular tachycardia–ventricular fibrillation,

polymorphic 126

voltage mapping

atrial fibrillation 402–3

image integration with MRI 821, 822

late gadolinium-enhanced magnetic resonance

imaging correlation 659

limitations 819–20

macroreentrant tachycardias 300

optical 72

ventricular tachycardia 478, 480

with myocardial infarction 442, 444

post-infarct 442, 444

scar-based 446, 478, 480

W

Walter, Augustus Desiré 4

wave-mapping 798–800

atrial fibrillation 797–8

paroxysmal 801–2

persistent 801, 802

blanking period 799–800

effective conduction velocity 802–3, 804

electropathological substrate quantification

806–7

endo-epicardial breakthrough 803–5, 806,

807

fibrillation waves 800

isochrone maps 798, 799

longitudinal dissociation 802–3, 804, 806,

807

Wenckebach periodicity, atrioventricular nodal

reentrant tachycardia 233, 235

Wolff–Parkinson–White syndrome 249

atriofascicular pathway 264

fasciculoventricular pathway with PRKAG2

mutation 291–2

heterotaxy syndromes 778–9

X

X-rays 12
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