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AAI pacemaker 366, 368

aberrancy (in conduction) 294–8

phase 3 295–7

phase 4 297–8

supraventricular (incl. atrial) 114, 294

misdiagnosed as ventricular tachycardia 382

with wide QRS complexes, differential 

diagnosis 340

ectopy 318–9

absolute refractory period 40

accessory pathways (APs) 203, 205

ECG diagnosis of more than one 209

Kent bundle-type 203, 204, 211, 212, 309, 312

reentrant circuits involving AV junction 

and 286, 312

tachycardias with anterograde, conduction over 

one AP 286

action potential, transmembrane see 

transmembrane action potential

activation (contractile cells) 3, 32, 41–8

atrial 42–4

counterclockwise, atrial flutter 324

domino model 47–8

inferoposterior hemiblock 188–9

left BBB

1st degree 181–2

advanced (3rd degree) 173–5

QRS, delayed diffuse intraventricular 200

right BBB

3rd degree 161–6

partial (2nd degree) 168–9

superoanterior hemiblock plus 194

superoanterior hemiblock 184

plus right BBB 194

ventricular see ventricles

acute coronary syndrome (ACS) 16, 402–39

arrhythmias in 431

classification (ECG importance) 406–7

confounding factors (concurrent 

conditions) 429–30

differential diagnosis 395, 396

myocarditis 475–6

evolving to MI, mechanical 

complications 431–2

management 406–7

non-occlusive thrombus 402

non-ST segment elevation see non-ST segment 

elevation acute coronary syndrome

occlusive thrombus 402, 402–4

recurrence 434

ST segment elevation see ST segment elevation 

acute coronary syndrome

adolescents (differences from adults) 89

LV enlargement 148

age-related values and variations 89–90

LV ventricular enlargement 147–8

Q waves in various leads and 71

R waves in various leads and 74

S waves in various leads and 75

T waves in various leads and 79

alcoholism 503–4

alloarrhythmia 381

ambulatory cardiac telemetry 533

ambulatory ECG see Holter monitoring

amiodarone-induced long QT interval 389, 502

amplification methods 19

amyloidosis 498

analog-to-digital conversion 18, 61–2

anatomical basis (of ECG) and correlations 

25–33

ventricular enlargement

left 144–7

right 129

ventricular hemiblocks 158

anemia 497

anesthesia 508–9

aneurysms

dissecting (aortic) 396

differential diagnosis 395

ventricular 432

angina (ischemic chest pain) 402

exercise 402, 404, 447

presentation with 394–5

Prinzmetal (variant) 443–6

tachyarrhythmia causing 441

other causes 447

angiography (coronary) 539

MI (STEMI vs. NSTEMI) 405

anterior wall 253

infarction associated with hemiblock 267

see also anteroseptal zone and wall

anterograde conduction over one accessory 

pathway, tachycardias with 286

anteroposterior axis rotations 85

anteroseptal zone and wall 26–7

Q wave infarction involving 262

see also middle anteroseptal fibers

anterosuperior right BBB, zonal 188

antiarrhythmic drugs and post-infarction sudden 

death 502, 517

antiarrhythmic agents (AAA) 322

antidromic tachycardia 312

antihypertensive drugs 492

aortic aneurysm see aneurysm

aortic valve disease 473–4

LV enlargement in 152

P wave abnormalities 120

stenosis 473, 474

congenital 488

ÂQRS 72, 390–1

BBB

advanced left 175–7, 180

advanced right 166

calculation 80–3

at 0° 82

at +60° 80–1

at +90° 81–2

changes to right and to left of +60° 81

in clinical practice 82–3

cor pulmonale 484

indeterminate 391

inferoposterior hemiblock 189

left-deviated 391

hyperdeviation 391

Q wave in, with/without superoanterior 

hemiblock 268–74

Index

Illustrations are comprehensively referred to from the text. Therefore, significant material in illustrations (figures and tables) have only been given a page 

reference in the absence of their concomitant mention in the text referring to that illustration. ‘vs.’ has been used to indicate differential diagnosis. Abbreviation 

used: BBB, bundle branch block; RV, right ventricle; LV, left ventricle.
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ÂQRS (cont’d)

pacing site and the vector direction 362

pediatric 89

right-deviated 391, 484

superoanterior hemiblock 184

in differential diagnosis 188

ventricular enlargement

left and right (biventricular) 154

right 126, 130, 133, 137

ÂQRS–ÂT spatial angle 391

arm lead

left (VL) 55–7

right (VR) 55–7

arrhythmias 279–99

active 279, 281–91, 301–27

with fixed coupling interval 283–90

mechanisms 281–91

with variable coupling interval 290–2

in acute coronary syndrome (ACS) 431

alcohol-induced 503–4

in arrhythmogenic RV cardiomyopathy 459

athletes 499–500

children 509–10

classification 279–80

clinical 279

electrocardiographic 279–80

mechanistic 279

site of origin 279

clinical significance and symptoms 280

definition 279

differential diagnosis in special situations 381–4

drug-induced see drug-induced ECG patterns

ECG diagnosis 280–2

as best method 16

in hypertension, sudden death 491–2

in hypertrophic cardiomyopathy 333, 454

intraoperative 508

in ischemia 274

pacemaker-induced 369

passive 279, 292–9, 354–71

mechanism 292–9

serious, risk with normal/near normal ECGs 521

step-by-step approach to diagnosis in clinical 

practice 373–84

supraventricular see supraventricular 

arrhythmias

vectorcardiography of no use in 8

ventricular see ventricular arrhythmias

Wolff–Parkinson–White pre-excitation and see 

Wolff–Parkinson–White syndrome

arrhythmogenic RV dysplasia/cardiomyopathy 

(ARVC) 454–7

right BBB 164, 455

arterial hypertension see hypertension

artifacts and their avoidance 63

atherothrombosis causing blood flow 

decrease 402, 406–41

athletes 498–502

differentiation from type II Brugada and pectus 

excavatum 77, 465

atria 103–22

aberrancy 114, 294

activation (waves) 42–4

analysis (morphology/polarity/cadence/

rate/location in cardiac cycle) 373–7, 384

activity analysis 373

with arrhythmias 281

bigeminy 381

concealed 381

contractions, pacemaker preservation 370

depolarization 4, 42–3

dilation see atrial enlargement

dissociation 115–16, 121

ventricular tachycardia with 338

ectopic focus see ectopic focus

extrasystoles 286, 318, 323, 384

flutter, simulation in Parkinson’s disease 65

hypertrophy 103

impulse conduction to ventricle from see 

atrioventricular conduction

infarction 121, 439

atrial repolarization changes 119, 121

P waves 117, 119

perfusion 27

premature complexes, interatrial block (2nd 

degree) induced by 114

reentry (and macro- or micro-reentry)

fibrillation caused by 285–6

monomorphic atrial tachycardia due to 304, 

375

repolarization 43–4, 103

disturbances 118–20, 121

retrograde conduction in left atria, advanced 

interatrial block with 512–13

right, reentrant circuits located 286

septal defect 486

tachycardias

chaotic 316, 318

monomorphic 303–9

vulnerable period 41

atrial block (interatrial block) 103, 111, 112–14

1st degree (partial) 113–14

2nd degree (atrial aberrancy) 114, 294

3rd degree (advanced) 114

with left atrial retrograde conduction 512–13

atrial enlargement and 103, 111, 112–13

atrial enlargement (dilation) 103, 105–12

atrial block and 103, 111, 112–13

left 104, 109–11

false positive and negative diagnoses 111

right 104, 105–9, 120

in cor pulmonale 484, 485

false positive and negative diagnoses 108

right and left (bi-atrial) 111–12

ventricular enlargement combined with 156

atrial fibrillation 120–1, 316–21, 381

in acute coronary syndrome 432

athletes 499

atrial enlargement and

left 111

right 112

atrial flutter compared with 323

BBB (advanced left) with 180

in Brugada syndrome 465

children 510

chronic 316, 317, 321

clinical and prognostic implications 319–21

concept 316

differential diagnosis 318–9

ECG findings 316–8

f waves 111, 116, 317, 318, 373

genetic predisposition 467

mechanisms/causes 316

reentry 285–6

paroxysmal 286, 309, 316, 317

premature complexes 296–7

reverse or inverse 324

with sinus rhythm 316–7, 324

AF in left atrium with 116

therapeutic approach 321

in Wolff–Parkinson–White syndrome, vs. 

ventricular tachycardia 319, 337

atrial fibrilloflutter 324

atrial flutter 321–7

atypical 323–4, 324

children 510

F waves 321, 323, 324, 326, 384

sinus rhythm vs. 2 × 1 flutter 382

typical/common 323, 324

atriohisian tract 203, 212, 213, 215

atrioventricular (AV) block 359–62, 381, 515

1st degree 361

2nd degree 361

3rd degree (advanced) 362, 515

athletes 501

congenital 515

neonatal 485

atrioventricular (AV) canal defects 485

atrioventricular (AV) conduction 44

accessory pathways see accessory pathways

block see atrioventricular block

of paroxysmal monomorphic atrial tachycardia 

due to ectopic focus 307

of premature ventricular complexes 329

synchrony with pacemakers 370

atrioventricular (AV) dissotiation 337

atrioventricular (AV) junction 29

conduction in see atrioventricular conduction

heart block and 292

reentrant circuits involving see reentry

atrioventricular junctional tachycardias see 

junctional tachycardias

atrioventricular nodal reentrant tachycardia 

(AVNRT) 286, 287, 309

atrioventricular (AV) node

ablation, plus VVIR pacemaker 

implantation 366–7

impulse conduction through 44

atrioventricular reentrant tachycardia see reentry

atrioventricular (AV) relationship analysis 378

in arrhythmias 281

augmented system leads 55–6

automated ECG interpretation 18, 62, 523

automatic slow response cells see slow response cells

automaticity (cardiac cell) 39

depression 292, 354–8

sinus node see sinus node

elevation (increase) 283–4, 334

aVF leads 55

Q wave 71

R wave 74

S wave 75

T wave 79

aVL leads 55

Q wave 71

R wave 74

S wave 75

T wave 79
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aVR leads 55

change to -aVR from 58

Q wave 71

R wave 74

S wave 75

T wave 79

Bailey’s hexaxial system 57

Bailey’s sextants 55

Bailey’s triaxial system 55, 57

Bayes’ theorem 98

bi-atrial enlargement 111–12

bicameral DDD pacemakers 362

bidirectional ventricular tachycardia 347

bifascicular block 159, 193–9

with long PR interval 199

masked 197, 514

occurring with alternance of other fascicular 

blocks 199

bigeminy 381

bipolar precordial lead (Lewis lead) 58–9, 535

bipolar stimulation spike (pacemaker) 362

bitruncal (left and right) BBB 193, 514

biventricular enlargement and hypertrophy 153–6

advanced right BBB and 168

biventricular pacing 366, 367, 371

block see atrial block; atrioventricular block; 

bundle branch block; heart block; 

hemiblock; middle anteroseptal fibers; 

ventricular block

blood flow decrease

abrupt 404–5

non-atherothrombotic causes 441–7

thrombotic/atherothrombotic causes 402, 

406–41

blood perfusion see perfusion

body habitus 94

LV enlargement and 148

body surface potential mapping 536

bradycardia (and bradyarrhythmia) 280

athletes 499

intraoperative 508

in ischemia 274

in long QT syndrome 463

sinus see sinus bradycardia

symptomatic, pacing 371

bradycardia–tachycardia syndrome 317, 511

breathlessness (dyspnea), acute, ECG changes 

and 397

broad QRS tachycardia, differential diagnosis 16

Bruce protocol 526

Brugada syndrome 171, 464–5

type I 465

type II 465

differentiation from athletes and pectus 

excavatum 77, 466

bundle (of His)

external recording, future possibility 19

fascicles 30–1, 44

impulse conduction 44

see also parahisian technique

bundle branch(es) 158

depolarization 44

left 30, 158

reentry 334

right 29, 158

bundle branch block (BBB) 513–14

alternating 515

bitruncal (left and right BBB) 193, 514

high-risk 513–14

wide QRS complexes 429

WPW pre-excitation associated with 210

bundle branch block, left (LBBB) 137, 161, 

173–87, 429

1st degree (partial) 181–3, 188

2nd degree 180–1

3rd degree (advanced) 137, 152, 173–80, 198, 

200, 263–4

activation 173–5

clinical implications 180

de novo (new) appearance, prognostic 

significance 513

differential diagnosis 179–80

ECG changes 175–7

ECG diagnostic criteria 177–9

peripheral 175, 179

proximal 173–5, 175

Q wave MI with 263–4

ST changes 179, 246

acute coronary syndrome and 429

alternating with RBBB 514–15

biventricular hypertrophy in presence of 156

ECG morphology at all levels 160

inferoposterior hemiblock plus 198

LV enlargement in presence of 140

LV enlargement vs. 151

LV hypertrophy in presence of 152

myocardial infarction and 439

RV enlargement in presence of 137

superoanterior hemiblock plus 198, 198–9

Wolff–Parkinson–White pre-excitation vs. 

block 180, 206, 210

bundle branch block, right (RBBB) 161–73, 429, 

514–15

1st degree (partial) 168–71

activation 168–9

association with other processes 175–6

differential diagnosis and clinical 

implications 170–1

ECG changes 169–70

peripheral 169

2nd degree (intermittent) 168

ST changes 246

3rd degree (advanced/complete) 136, 156, 161, 

161–8, 200, 261

activation 161–6

clinical implications 168

cor pulmonale and 485

differential diagnosis 168

ECG changes 166

ECG diagnostic criteria 166–8

myocardial infarction and 168, 261, 439

peripheral origin 163–6, 166, 168

proximal origin 161–3, 166, 168

ST changes 246

acute coronary syndrome and 429

alternating with LBBB 515

in arrhythmogenic RV dysplasia 164, 455

atypical 135

in Ebstein’s disease 487

inferoposterior hemiblock plus 197–8, 197–8, 514

LV hypertrophy in presence of 152

morphology of ECG 159–60

in RV enlargement 132–3, 133, 135, 136

RV enlargement vs. 135

superoanterior hemiblock plus 194–7, 194–7, 514

zonal anterosuperior 188

calcium disturbances 504–5

calibration of device 63

capillary electrometer 11, 12

capture complexes 340, 379

cardiology check-up, athletes 501

cardiac arrest 362

cardiomyopathy 399, 453–60, 476–9

acquired 476–9

immune-mediated 515

peripartum 508

arrhythmogenic RV see arrhythmogenic RV 

dysplasia

hypertrophic see hypertrophic cardiomyopathy

spongiform or non-compacted 458–9

cardiovascular MR see magnetic resonance

cardiovascular non-ischemic pain 396–7

cardioverter defibrillator, implantable (ICD)

arrhythmogenic RV cardiomyopathy 457

heart failure 479

carotid sinus massage, paroxysmal tachycardia 

recording during 288

paroxysmal monomorphic atrial tachycardia 

due to ectopic focus 307

CAST study 502, 517

catecholaminergic polymorphic ventricular 

tachycardia 347, 467, 469

cavities see chambers

cells (cardiac/myocardial) 31–3, 34–48

categories (electrophysiological) 34

contractile see contractile cells

electrophysiology see electrophysiology

non-contractile 33

properties 39–41

ultrastructure 31–3

cerebrovascular accident 494

Chagas cardiomyopathy 477

chambers (cavities)

arrangement in mirror image dextrocardia 488

ECG recording and electrophysiological studies 

within 533–4

enlargement

all four chambers 156

ECG and contrast-enhanced cardiovascular 

MR correlations 18–19

see also atrial enlargement; ventricular 

enlargement

channelopathies 16, 461–70

chaotic atrial tachycardias 316, 318

chest abnormalities/malformations (thoracic 

abnormalities) 17, 111, 135, 170–1, 190, 393, 

408, 498

chest leads see horizontal plane leads

chest pain (acute), presentation with 394–6

children

arrhythmias 509–10

ventricular enlargement

left 147–8

right 133

ventricular hypertrophy, left 149

see also adolescents; infants; neonates
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chronic obstructive pulmonary disease

atrial enlargement and 105

RV enlargement and 128

chronotropic function with pacemakers 371

circumflex artery, left (LCX), occlusion 406–7, 

409, 421

cirrhosis, hepatic 497

clotting predisposition 441

coagulation (unwanted) predisposition 441

computed tomography, multislice 35, 539

computerization of ECG data 8, 523

automated 18, 62, 523

conduction 40

aberrancy see aberrancy

anterograde, tachycardias with, over one 

accessory pathway 286

AV see atrioventricular conduction

concealed 298–9

depression 292–9

rate-determining factors 40

retrograde see retrograde conduction

sinoventricular 67, 213, 382, 388, 504

specific conduction system (SCS) 28–31, 203

inherited disorders 460

supernormal 290

to ventricles of premature supraventricular 

complexes 301–2

ventricular 29–30, 158

congenital AV block 515

congenital heart disease 485–8

advanced right BBB following surgery for 

164, 168

chamber enlargement associated with

atrial 105

LV 137

coronary artery defects and anomalies 443, 486

neonatal ECG 485–6

congenital long QT syndrome 79, 462–3

constitutional factors in LV enlargement, 

limitations conditioned by 147–9

constrictive pericarditis 481

contractile cells 31–2, 34, 35–7

activation see activation

depolarization 35–7

repolarization 38

transmembrane diastolic potential 34, 35–7

contractile system 32

contrast-enhanced cardiovascular MR 

(CE-CMR) 18–19

ECG patterns correlated with 8–9, 17, 18–19

cooling and warming of epicardial zone, 

experimental 217

cor pulmonale 484–5

acute 484, 494

chronic 484–5, 494

decompensated 130–3

Cornell voltage criteria 145–6, 146, 147

coronarography 406

correlation with 17

coronary artery

anatomy 26–7

angiography see angiography

blood flow see blood flow

congenital defects/anomalies 443, 486

dissection 441

experimental occlusions 216–17

correlation between ECG changes/artery 

involved/affected LV area 218–19

left anterior descending (LAD)

proximal occlusion 412, 413, 421

very long, wrapping the apex 414

left main trunk (LMT), subocclusion or 

equivalent 421

multivessel occlusion, STEMI in patients with, 

culprit artery determination 416

percutaneous interventions see percutaneous 

coronary interventions

spasm 396, 443–6

ST changes and artery involved

NSTE-ACS 234–5

STE-ACS 239–40

see also acute coronary syndrome; ischemic 

heart disease

DDD pacemakers 355, 368, 371

bicameral 362

with on-demand tachycardization capability 

(DDDR) 366, 368

sick sinus syndrome 370–1

death (mortality)

atrial fibrillation 319

from heart disease with advanced left BBB 180

heart failure 479

sudden see sudden death

decompensated cor pulmonale 130–3

defibrillator, implantable see cardioverter 

defibrillator

delta wave (of WPW pre-excitation) 203, 205

neonatal ECG 485

depolarization 3, 4, 35–7

in arrhythmogenic RV cardiomyopathy 455–6, 

459

atrial 4, 42–3

bundle of His and bundle branches 44

dipole 3, 4, 37

electrical axis of see electrical axis

in ischemia

evolving STEMI 235

experimental studies 218

sum of repolarization and 68

ventricular see ventricular depolarization

devices, recording 60–2

dextrocardia, mirror image 488

dextrorotation 85

horizontalization with 89

verticalization with 88

diabetes 494

diagnostic criteria 95–9

diastole

transmembrane potential in see transmembrane 

diastolic potential

digital technology 18, 61–2

digitalis toxicity 502

dilated cardiomyopathy 476–9

diphasic reflection 37

dipole 34–5

depolarization 3, 4, 37

repolarization 3, 4, 38

diseases

cardiac see heart disease

non-cardiac 494–510

dominant rhythm, determining presence 373

domino model of cardiac activation 47–8

drug-induced ECG patterns (incl. arrhythmias) 502

long QT interval 389, 502, 517

dual chamber pacemakers 365, 369, 370

Duchenne muscular dystrophy 498

dyspnea, acute, ECG changes and 396–7

Ebstein’s disease 487

advanced degree right BBB 164

neonatal ECG 485

ECG plus (expanded surface ECG) 19

echocardiography

atrial abnormalities 103, 120

hypertension 492

ventricular enlargement 123

left 144, 152, 490–1

right 129

ectopic focus (atrial) 374

junctional tachycardia due to 313–6, 381

children 509

monomorphic atrial tachycardia due to 

(MAT-EF) 304, 373, 375

incessant 308

paroxysmal 307

ectopic P wave, premature see P′ wave

ectopic rhythms 67

aberrancy vs., with wide QRS complexes 318–9

sinus rhythm misdiagnosed as 381–2

effective refractory period 40

effusion, pericardial, pericarditis with large 481

Einthoven, Willem 11–13, 14

Einthoven’s law 54, 81

Einthoven’s triangle 54–5, 80, 81

Eisenmenger syndrome 128, 486

elderly people (differences from younger 

adults) 89–90

LV enlargement 148

electrical activity 3–10

methods of recording 3

pacemaker sensing of/response to 364–5

triggered 284–5, 334

see also impulse

electrical alternans 517

QRS complex 382, 393, 517

ST–T alternans 382, 399, 518

T waves 19, 93, 382, 399, 431, 464, 518

electrical axis of depolarization and 

repolarization 80–4

indeterminate 83–4

electrical window of Wilson 249

electrocardiography plus (expanded surface 

ECG) 19

electrodes, placement and misplacement 63

see also leads

electrolyte (ionic) imbalances 504–5

electrophysiology

cellular 34–52

to human ECG from 49–52

intracavitary 533–4

in ischemia

experimental ischemia 217–18, 228–9

Q wave MI 248–9

ventricular hemiblocks 158–60

embolism, pulmonary see pulmonary embolism

emphysema, pulmonary, and atrial 

enlargement 105
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endocrine diseases 494

endoplasmic reticulum of contractile cells 

(sarcoplasmic reticulum) 32

epicardial zone, experimental cooling and 

warming 217

equipment, recording 60–2

errors and mistakes in recording 63

escape–capture sequence 381

escape complex and escape rhythm 354

escape–ventricular extrasystole sequence 381

esophageal leads 59, 535–6

ethnicity see race

event analyzer 530–1

excitability (cardiac cell) 39

supernormal 40

voltage-dependent recovery of 40

exercise 526–9

angina 402, 405, 447

pathological responses 527–9

testing in 526–9

arrhythmias 280

ischemic heart disease, ST depression 234

methodology 526

usefulness 526–7

expanded surface ECG 19

expertise, physician’s lack 17–18

extrasystoles 284, 286

supraventricular 302

atrial 286, 318, 323, 384

ventricular 302, 329, 331, 381

pacemaker-induced 369

extreme right and left precordial leads 58

F waves (atrial fibrillation) 111, 116, 317, 318, 373

F waves (atrial flutter) 325, 327, 328, 330, 388

Fahr, George 14

Fallot’s tetralogy 488

advanced right BBB following surgery 164, 168

Familial atrial fibrillation, predisposition 469

Familial torsades de pointes ventricular 

tachycardia 469

Fascicles (bundle branch) 30–1, 44

see also bifascicular block; quadrifascicular 

theory; trifascicular block; trifascicular 

theory

Fast (rapid) response cells 34

slow response cells and, differences 40

see also contractile cells

Female–male differences 93

Fibrillation see atria; ventricles

Fibrilloflutter, atrial 328

Fibrinolysis (thrombolysis) 406

ECG changes during 416–17

Fibrosis, septal, LV enlargement associated 

with 140–1

Filters 19, 61, 534

inappropriate use 63

Flutter

atrial see atrial flutter

ventricular 349

Foot lead, left (VF) 55–7

Framingham score 146–7

Framingham study

hypertension effects 492

sudden death 493

LV hypertrophy 153

Friedreich’s ataxy 500

Frontal plane (axis)

BBB, left advanced 173–4, 174, 175–6

BBB, right

advanced 166

inferoposterior hemiblock plus 197–8

superoanterior hemiblock plus 195

inferoposterior hemiblock 189, 189–90

plus RBBB 197–8

P wave 70

QRS complex see ÂQRS

superoanterior hemiblock 184, 184–6

plus right BBB 195

T wave 76, 77–8

ventricular enlargement

left 141

right 126, 128

Frontal plane leads 5, 54–7

Funnel chest (pectus excavatum) 77, 111, 135, 

170–1, 393, 415, 418, 466, 467

Fussion complexes 340, 379

Galvani, Luigi 11

Galvanometer, string 11–13

Gender-related variations 93

LV enlargement 158

Genetic causes (inherited/hereditary) of heart 

diseases 453–470

hypercoagulability 445

long QT interval 70, 393, 461–3

short QT interval 70, 389, 463–4

Genetic testing 541–2

Glasgow Royal Infirmary score 147

Goldberger system (leads) 55–6

Heart

arrest 362

in anesthesia 508–9

cavities see chambers

cells see cells

electrical activity see activation; electrical 

activity

non-ischemic pain 396

positions 46, 85

rate

normal 67

paroxysmal junctional reentrant 

tachycardia 315

QT interval corrected for (QTc) 69

ventricular tachycardia 334–5

rhythm see arrhythmias; rhythm

rotations 46, 85

surgery

for Fallot’s tetralogy 490

MI during 449

pericarditis following 481

as three-dimensional organ 5, 46

transplanted 481

volume changes in LV enlargement 149

walls see wall

Heart block 112–14, 158–202, 292–3, 358–62, 

512–5

1st degree 296

2nd degree/Mobitz 292

type I (Mobitz I) see Wenckebach 

phenomenon

type II (Mobitz II) 292, 293

in hypertrophic cardiomyopathy 456

myocardial infarction and 437

see also atrial block; atrioventricular 

block; bundle branch block; hemiblock; 

middle anteroseptal fibers; ventricular 

block

Heart disease 387–492

athletes 503

atrial enlargement associated with

left 109

right 105

BBB associated with

advanced left 179, 180

advanced right 167–8

chronic, arrhythmias 515–16

clinical usefulness of ECG 391–495

congenital see congenital heart disease

evolution 16

inherited see genetic causes

ischemic see ischemic heart disease

mortality, in advanced left BBB 180

ST changes 229–43

T wave changes 219–29

treatment, ECG aiding 19

ventricular enlargement associated with

left 137, 141–2

left and right (biventricular) 153

right 124, 128

ventricular premature complexes in 337

ventricular tachycardias in 338, 339–41

ventricular tachycardias without evidence 

of 339

WPW pre-excitation associated with 210

Heart failure 477–9

acute right-sided 486

advanced left BBB and 178, 180

RV enlargement and 177

Hemiblock 158, 159, 184–91, 194–8, 514

combined with RBBB 194–8

inferoposterior see inferoposterior division

Q wave MI with 255–71, 444

superoanterior see superoanterior division

Hemifield concept 59–60

Hemochromatosis 500

Hepatic cirrhosis 499

Hereditary causes see genetic causes

Herrick, James 14

His bundle see bundle (of His); parahisian 

technique

History of ECG 11–15

History-taking with arrhythmias 284–5

Holter monitoring 529–30

bifascicular block 199

Horizontal plane (chest) leads 5, 57–8

BBB, left advanced 174, 178–9

BBB, right

advanced 166

plus inferoposterior hemiblock 198

plus superoanterior hemiblock 195

inferoposterior hemiblock 189, 190

plus RBBB 198

superoanterior hemiblock 184, 186–7

plus RBBB 195

T wave 78

ventricular enlargement (right) 126, 128–9
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Horizontalization (horizontal heart) 36, 85

with dextrorotation 89

with levorotation 88

predominating over levorotation 89

HV interval, prolonged/lengthened 180, 188, 190, 

197, 213

Hypercalcemia 507

Hypercoagulability 445

Hyperkalemia 506

Hyperkinetic pulmonary hypertension 488

Hypertension

pulmonary, and atrial enlargement 105

systemic/arterial 489–92

LV enlargement 137, 152, 489–92

Hyperthyroidism 494

Hypertrophic cardiomyopathy (HCM) 141, 144, 

453–4

LV hypertrophy in 151

premature ventricular complexes in 333

RV enlargement vs. 136

Hypertrophy see atria; ventricular hypertrophy

Hypertrophy

atrial 103

ventricular see ventricular hypertrophy

Hypocalcemia 507

Hypokalemia 506

Hypomagnesemia 507

Hypothermia 506, 508

Idioventricular accelerated rhythm 347–9

Imaging (radiology) 17, 539

ECG patterns correlated with 8–9, 17, 

18–19

atrial abnormalities (generally) 103, 120

atrial enlargement (left) 109–10

atrial enlargement (right) 105–7

ventricular enlargement (in general) 123

ventricular enlargement (left) 144–7, 147

ventricular enlargement (right) 129

new techniques 17

see also specific modalities

Immune-mediated cardiomyopathy 515

Implantable devices see cardioverter defibrillator; 

loop recorder; pacemaker

Impulse (electrical)

conduction see conduction

normal origin 29, 42

Incessant idiopathic ventricular tachycardia 511

Incessant junctional reentrant (reciprocating) 

tachycardia 312, 314

children 510

Incessant monomorphic atrial tachycardia due to 

ectopic focus 312

Infants

ECG variations 89

newborn see neonates

Infarction see myocardial infarction

Infectious diseases 479, 498

myocardial (incl. cardiomyopathy) 475, 497

Inferior wall 250

infarction associated with hemiblock 267

Inferobasal segment of LV 249–50

Inferolateral zone and wall 26

MI

body surface potential mapping 538

Q wave 248

Inferoposterior division (of left bundle 

branch) 30, 44

block/hemiblock (IPH) 158, 159, 188–91

differential diagnosis 136, 173, 190

LBBB plus 198

Q wave MI associated with 256, 257

RBBB plus 197–8, 516

superoanterior hemiblock plus 198

Inferoposterior zonal block 171

differential diagnosis 173

Inflammatory myocarditis, acute 477

Inherited causes see genetic causes

Injury vector, ST 229

Innervation 28–31

Interatrial block see atrial block

Intermediate heart position 36

Internodal tracts 29

Intracavitary ECG recording and 

electrophysiological studies 534–5

Intraventricular blocks see ventricular blocks

Intraventricular conduction system 29–30

Intrinsicoid deflection time (IDT) 89, 128, 396

Ion channelopathies 16, 461–70

Ion imbalances 506–7

Ischemia (myocardial) 216–79, 402–6

acute, ECG in 410–13

experimental mechanisms 216–19, 227–9

mechanisms 406–13

myocardial demand increase causing 450–1

quantification of ischemic burden 419

severity grading 420

subendocardial 219, 395, 412, 416, 417, 420, 

446, 450

subepicardial 219

Ischemic events, acute 16

Ischemic heart disease (IHD) 402–448

BBB associated with

advanced left 179

advanced right 168

chest pain in see angina

chronic 224, 396

different clinical settings 406–52

division into two clinical groups 406

LV enlargement vs. 151–2

preoperative ECG 508–9

ST segment see ST segment changes

T waves see T waves

ventricular premature complexes in 337

WPW pre-excitation associated with 210, 272

Isotope studies in exercise testing 529

J waves, acquired and inherited (and J wave 

syndromes) 507, 519–20

Jervell and Lange–Nielsen syndrome 393

Junctional tachycardias 309–316, 377

children 511–12

Katz–Watchell sign 154, 488

Kent bundles 203, 204, 211, 212, 313, 316

Kidney disease 498

Late potentials, analysis 538–41

Lateral wall (heart) 250

transmural injury, ST depression 220

see also inferolateral zone and wall

Leads 5, 54–60

additional, or forms of presentation 19, 58–9, 537

in arrhythmias 284

hemifield concept 59–60

lines 5–6

with ST depression, number of, and coronary 

artery involved in NSTE-ACS 231–4

various leads

Q waves 70

R waves 74

S waves 75

T waves 79

see also specific leads

see also electrodes

Left axis deviation, extreme

in advanced left BBB 177, 180

in superoanterior hemiblock 188

CLenegre syndrome 462

Lev disease 462

Levorotation 85–7

horizontalization predominating over 89

horizontalization with 88

Lewis, Sir Thomas 13–14

Lewis lead 58–9, 537

Limb leads 54–7

Liver cirrhosis 499

Long (prolonged) PR interval 392
bifascicular block with 199

Long (prolonged) QT interval 79, 389

acquired 516–17

in acute coronary syndrome 437

drug-induced 393, 504, 518

in ischemia 276

in torsades de pointes ventricular 

tachycardia 345–46

genetic causes (congenital long QT 

syndrome) 70, 389, 399, 461

Longitudinal axis rotations 85–7

Loop recorder, implantable 532–3

Lown classification (grading) of premature 

ventricular complexes 329, 330, 334

type 4B 329, 331, 334

Lung problems/disorders see entries under 

pulmonary

Macro-reentry (MR) 286, 304, 308, 323, 375

Magnesium disturbances 506

Magnetic resonance, cardiovascular 539

atrial abnormalities 103

contrast-enhanced cardiovascular see 

contrast-enhanced cardiovascular MR

LV enlargement 144, 147

Magnifying glass, ECG interpretation of 

arrhythmia 280

Mahaim fibers 203, 204, 205, 212

Male–female differences 93

Malignant ventricular arrhythmias (MVAs) 96–8, 

389, 461, 537

Mann, Hubert 14

Mean electrical axis of depolarization and 

repolarization see electrical axis

Membranes, contractile cell 32

see also transmembrane action potential; 

transmembrane diastolic potential

Men and women, differences 93

Micro-reentry 285, 305, 334, 349

atrial see atria
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Middle anteroseptal fibers of left bundle 

branch 30–1, 44

block 191–3

myth or reality of 191–3

RV enlargement vs. 136

Mines, G Ralph 14

Minnesota code 523

Mirror image dextrocardia 488

Mirror image of Q wave of necrosis 250

Mistakes and errors in recording 63

Mitochondria of contractile cells 32

Mitral valve disease 473

P wave abnormalities 120, 473

prolapse 473

regurgitation 473

stenosis 473

left atrial enlargement 109

RV enlargement 128

Mobitz I block see Wenckebach phenomenon

Mobitz II block 292, 293

AV block 360

Monomorphic atrial tachycardias 303–9

of ectopic focus see ectopic focus

of macro-reentry 304, 375

Monomorphic ventricular tachycardia 334–45

Monopolar stimulation spike (pacemaker) 362

Mortality see death

Multislice scanner 35, 539

Murphy et al criteria (QRS voltage in LV 

enlargement) 146

Muscular dystrophy 498

MUSIC risk score (death in heart failure) 479

Myocardial bridging 446–7

Myocardial cells see cells

Myocardial demand, increased 402, 404

ischemia due to 450–1

Myocardial infarction (MI) 16, 402–41

angiographic findings 407

antiarrhythmic drugs and post-infarction 

sudden death 504, 517

atrial see atria

chronic 438

clinical findings 407

confounding factors (incl. concurrent 

conditions) 444

inferior, WPW pre-excitation vs. 210

inferolateral zone see inferolateral zone

lateral

RV enlargement vs. 135

WPW pre-excitation vs. 210

non-Q wave see non-Q wave MI

non-ST segment elevation see non-ST segment 

elevation MI

pathological findings 407

peri-procedural 449–50

progress in Hospital 420

Q wave see Q wave MI

QRS narrowing 244, 406–13, 438–44

septal see septal wall

ST segment elevation see ST segment elevation 

MI

treatment 407

vector theory 244

ventricular see ventricles

ventricular block in see ventricular block

ventricular tachycardia in 338

Myocardial ischemia see ischemia; ischemic 

events; ischemic heart disease

Myocarditis 475–6

pericarditis and 483

T waves 227, 483

Myotonic muscular dystrophy 498

Myxedema 494

Necrosis 222

Q wave of 216, 218, 243–51

quantification 440

Negative predictive value (NPV) 96

Neonates (newborns)

adult ECG differences from 89

congenital heart disease 487–8

ventricular enlargement

right 133

right and left (biventricular) 154–5

Nerve supply 28–31

Neuromediated syncope, diagnosis 539

Neuromuscular diseases 498

New York Heart Association (NYHA) score, left 

atrial enlargement 110

Newborns see neonates

NON-Q wave MI 435, 436 439, 440

Q wave MI vs. 244–5

Non-ST segment elevation acute coronary 

syndrome (NSTE-ACS) 404

patterns on ECG 408

ST depression 230, 408, 416, 424–9

T wave in 224

Non-ST segment elevation MI (NSTEMI) 16, 404, 

418–429

ECG patterns: table 20.4

angiographic findings 407

BBB and 434

clinical findings 407

ECG pattern changes to STEMI from 431

evolving 424

in-hospital prognosis 420

management and the importance of ECG in 

identification of 410–11

pathological findings 407

treatment 407

Normal ECG characteristics 67–93

Novacode 523

NYHAC score, left atrial enlargement 110

Obesity 94

LV enlargement 148

Older people see elderly

I (limb lead one) 54–5

Q wave 71

R wave 74

S wave 75

T wave 77, 79

Oversensing by pacemakers 372–3

P cells 33

P congenitale 105, 111, 390

P loop (vectorcardiography) 43, 50, 526

P mitrale 109, 473

P waves 42–3, 48, 70–2, 103, 390

in acute coronary syndrome 436–7

atrial block

1st degree 113–14

2nd degree 114

3rd degree 114

atrial dissociation 116

atrial enlargement

left 104, 110, 111

right 104, 105, 106–7

right and left (bi-atrial) 112

atrial fibrillation 116, 320–1

atrial infarction 117, 119

atrial repolarization disturbances 118–20

axis

abnormal 394

in frontal plane 70

clinical implications of abnormalities 120–1

dispersion 117

Ebstein’s disease 489

in ischemia 276

low-voltage, sinus rhythm with 322

mitral stenosis 120, 473

morphology 70–2

morphology abnormalities 394

in acute pulmonary edema, transient 121

variable morphology in same tracing 383

pacemaker sensing 370

paroxysmal junctional reentrant 

tachycardia 315–16

polarity 70–2

premature ectopic see P′ wave

signal averaged duration 103

sinus tachycardia 306

in step-by-step approach to arrhythmia 

diagnosis in clinical practice 383

ventricular enlargement, left 146

voltage 70–2

abnormalities 394

P′ wave (premature ectopic P wave)

monomorphic atrial tachycardias 307, 377

premature supraventricular complexes 305

Pacemaker (implantable) 364–71, 511–2

choosing 374–5

complications 372–4

congenital AV block 515

implantation protocols 375

interpreting unknown pacemaker ECG 311–14

Q wave MI in patients with 271, 444

RBBB plus superoanterior hemiblock 198

sick sinus syndrome 374–5, 375, 511

technological evolution 368–71

Pacemaker syndrome 369–370

Pain (acute), chest, presentation with 394–7

Palpitations, rapid, ECG changes with 397–9

Papillary muscle infarction 432

Parahisian technique 371

Parasystoles 290–292

ventricular 333, 335, 338, 349

Parkinson, Sir John 14

Parkinson’s disease, atrial flutter simulation 65

Paroxysmal atrial fibrillation 286, 317, 319

Paroxysmal monomorphic atrial tachycardia due 

to ectopic focus 307

Paroxysmal supraventricular rhythms with QRS 

complex <0.12 s and r′ in lead V1 382–4

Paroxysmal tachycardias

supraventricular 288, 313, 315–16, 316–17, 386–8

children 513

tips and recommendations 284

WPW pre-excitation 205, 209, 210, 211
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Pause (in active arrhythmias) 384

analysis 382

Pectus excavatum 77, 111, 135, 170–1, 393, 408, 

413, 466, 467

Percutaneous coronary interventions (PCI) 405, 

408

ECG during 423–4

MI during 449–50

Pericardial disease 480–3

Pericarditis 397, 480–3

atrial fibrillation disturbances 119, 121

chronic 227

constrictive 483

differential diagnosis 399, 400

idiopathic 483

myocarditis and see myocarditis

post-cardiac surgery 483

T waves 227, 483

Peripartum cardiomyopathy 508

Perugia score 146, 147

Pheochromocytoma 497

Pleomorphism, ventricular tachycardia 346–47

Pneumothorax 494

Point score systems, LV enlargement 145, 146–7

Polarity

atrial wave, analysis 377–8

P wave 70–2

QRS complex 72

T wave 76–8

Polymorphic ventricular tachycardias 333, 

345–48, 516

catecholaminergic 351, 467, 469

Positive predictive value (PPV) 96

tachycardias with wide QRS complexes 341–2

Postnatal period (puerperium) 508

Postoperative period

ECG 511

pericarditis following cardiac surgery 483

Potassium disturbances 504

P/PR segment ratio, left atrial enlargement 111

PR interval 67, 388

long see long PR interval

short (and short PR pre-excitation) 203, 205, 

212–15, 386, 392

in WPW pre-excitation 204–5

PR segment 67–8

in acute coronary syndrome 436–7

in atrial repolarization disturbances, depression 

and elevation 119

in pericarditis 483

see also P/PR segment ratio

Precordial leads

bipolar (Lewis lead) 58–9, 537

in RV enlargement 130–2

in inferoposterior hemiblock 190

left

extreme 58

in RV enlargement 128

right

extreme 58

in LV enlargement 152

prominent precordials vs. RV 

enlargement 136

in superoanterior hemiblock 186

Predictive value (PV) 96–8

arrhythmias 285

tachycardias with wide QRS 

complexes 341–2

Pre-excitation (ventricular) 203–15

advanced right BBB in 168

atypical 180, 203, 205, 212

genetically determined 469

myocardial infarction and 444

short PR interval 203, 205, 212–15, 386, 392

Wolff–Parkinson–White see Wolff–Parkinson–

White pre-excitation

Pregnancy 508

Premature and repetitive complexes 279

Premature complexes/beats/contractions 279

analysis in step-by-step approach to arrhythmia 

diagnosis in clinical practice 382

athletes 501

children 515

in chronic heart disease 515

extrasystolic see extrasystoles

interatrial block (2nd degree) induced by 114

parasystolic see parasystoles

supraventricular 295–7

ventricular see ventricular premature complexes

Premature ectopic P wave see P′ wave

Premature newborns, differences from adults 89

Preoperative ECG 508

Prinzmetal (variant) angina 443–6

Prolonged PR and QT intervals see long PR 

interval; long QT interval

Psychiatric diseases 498

Puerperium 508

Pulmonary disease, chronic obstructive see 

chronic obstructive pulmonary disease

Pulmonary edema, acute, transient P wave 

morphologies 121

Pulmonary embolism 396

advanced right BBB and 168

in cor pulmonale 484

differential diagnosis from other causes of 

cardiovascular pain 396

RV enlargement and 133

Pulmonary emphysema

atrial enlargement and 105

in cor pulmonale 485

Pulmonary hypertension 485

atrial enlargement and 105

hyperkinetic 486

primary 484, 485, 494

Pulmonary valve stenosis, congenital 130, 487–8

Purkinje cells 33

Purkinje network 31

reentry and 285

q wave absence in I/VL/V6 in patients with QRS 

complex < 0.12 s 393

Q wave 72

distortion in ischemia 274

false, due to hemiblocks 268

in hypertrophic cardiomyopathy 453, 457

MI without 437–9

see also Q wave MI

of necrosis see necrosis

neonatal 485

Q wave MI 248–60, 436–7

confounding factors/conditions 439–41

hemiblock 265–4, 440–1

diagnostic criteria 436

errors in diagnosis 64

evolution of ECG pattern 436

location 250–9, 436–7

necrosis see necrosis

new classification 250

non-Q wave MI vs 249

in pacemaker patients hemiblock 272–4, 441

Wolff–Parkinson–White pre-excitation 

associated with 210, 272

QRS complex 72, 377–8

alternating 382, 393, 517

axis in frontal plane see ÂQRS

bigeminal 381

cadence 377–8

delayed/late 378–9

delayed diffuse intraventricular activation 200

fractioned 218, 259–60, 439

in patients without ischemia heart 

disease 260–1

narrow 248–60, 404–6, 520

acute coronary syndrome (incl. MI) 242, 

402–29, 434–39

ventricular tachycardias 343

normal 72

origin 4

pacemaker undersensing 369

polarity/morphology/voltage 72

rate 378

in step-by-step approach to arrhythmia 

diagnosis in clinical practice 377–9

of variable morphology in same tracing 379

wide 338–3, 382, 429–30

aberrancy see aberrancy

BBB and 429–30

ectopy 318–19

LV hypertrophy and 225–7, 246, 429

tachycardias with see tachycardia

width and morphology 377

QRS complex changes/abnormalities 

(disorders with) 248–74

in acute coronary syndrome 433

arrhythmogenic RV cardiomyopathy 455

atrial enlargement (right) 104, 106, 112, 120

combined with P wave criteria 107

atrial fibrillation 317–18

atrial flutter 324–5

BBB, left 430

advanced 175, 177–9

partial 182

BBB, right 430

advanced 166

inferoposterior hemiblock plus 197–8

superoanterior hemiblock plus 194–5

duration abnormalities (in general) 391–2

escape complex and escape rhythm 354

heart failure 477–9

inferoposterior hemiblock 189, 189–90, 190

plus RBBB 197–8

paroxysmal supraventricular rhythms 382–4

junctional reentrant tachycardia 311–12

paroxysmal monomorphic atrial tachycardia 

due to ectopic focus 307

sudden death risk 521

superoanterior hemiblock 184, 184–7

plus RBBB 194–5
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ventricular enlargement

left 138–41, 145–6

left and right (biventricular) 154

ventricular flutter 348, 349

ventricular premature complexes 329, 331, 434

ventricular tachycardia 335–7

voltage abnormalities (in general) 390–1

WPW pre-excitation 205–8

QRS loop (vectorcardiogram) 6, 50, 526

inferoposterior hemiblock 188–9

in differential diagnosis 190

left BBB

1st degree 181

3rd degree (complete) 174, 263

left ventricular enlargement 137–8

RV enlargement 124–9, 190

progressive anterior and right 

displacement 124–9

progressive posterior and right 

displacement 128–9

superoanterior hemiblock 184

QRS tachycardia, broad, differential diagnosis 16

QRS–T (angle/complexes) 76

RV enlargement 124–9

QS in right precordial leads in LV 

enlargement 152

QT (or QTc) interval 69–70, 388–90

corrected for heart rate (QTc) 69

dispersion 389–90, 463

long/prolonged see long QT interval

short see short QT interval

quadrifascicular theory 31, 44, 158, 184

r wave absence in V1 (V1-V2) in patients with 

QRS complex < 0.12 s 393

R waves 72

morphologies with significant or predominant 

R wave in V1 392–3

neonatal 485

origin 4

ventricular enlargement (right) 126, 126–8

differential diagnosis 136

ventricular enlargement (right and left/

biventricular) 154

ventricular tachycardia 336

race (ethnicity) 94

LV enlargement 148

radioisotope studies in exercise testing 529

radiology see imaging

rapid response cells see fast response cells

recording

devices 60–2

leads see leads

techniques 62–3

reentry (reentrant arrhythmias) 285–90

AV junctional tachycardias 286, 309–13

children 309

bundle branch 334

see also macro-reentry; micro-reentry

refractory period 39–40

regression models, LV enlargement 145, 147

relative refractory period 40

relaxation (resting phase), contractile cells 32, 48

renal disease 498

repetitive arrhythmia analysis 381

repetitive complexes, premature and 279

repetitive (repeated) non-sustained monomorphic 

ventricular tachycardia 344–5

repolarization 3, 5, 38–9

age-related variations

childhood 89

elderly 90

alternating 517

atrial see atria

dipole 3, 4, 38

early 519–20

differential diagnosis 395, 396

electrical axis of see electrical axis

phases 38–9

polarities of cellular vs. human repolarization 

wave 49–50

sum of depolarization and 68

ventricular see ventricular repolarization

repolarization alterations/abnormalities 79–80, 

118–20, 393–400

alcoholism 503

in arrhythmogenic RV cardiomyopathy 456, 459

athletes 499

conditions causing subtle changes 94

in cor pulmonale 485

drug-related 502

Holter monitoring 529

in hypertrophic cardiomyopathy 457

from innocent to very serious findings 393–400

in ischemia 228–48

chronic, in Q wave MI 265

experimentally induced 217–19

mixed (primary and secondary) 80

in myocarditis 475

primary 80

secondary 80

in WPW pre-excitation 208

respiratory diseases 494

restrictive cardiomyopathy 476

resynchronization pacemakers 362, 366–7

retrograde conduction

advanced interatrial block with left 

atrial 512–13

tachycardia with 286

rheumatic disease 498

rheumatic fever 484

rheumatic heart disease 485

left atrial enlargement 109

rhythm

abnormal see arrhythmias

ambulatory cardiac telemetry in recording of 533

dominant, determining presence 373

ectopic 67

normal see sinus rhythm

right axis deviation in advanced left BBB 177

Romano–Ward syndrome 389

Romhilt–Estes score 146, 147

Rosenbaum–Elizari’s syndrome 199, 515

RR changes/irregularities

aberrant conduction with 295, 297

aberrant conduction without 298

sinus tachycardia 303

S waves 72

ventricular enlargement

right 126

right and left (biventricular) 154

sarcoidosis 498

sarcolemma 32

sarcomeres 32

sarcoplasmic reticulum 32

sensing by pacemakers 364–6

problems 368–9

sensitivity 96

arrhythmias 280

atrial abnormalities 103

ventricular enlargement 129, 130, 133, 144

septal wall 253

congenital defects 486

fibrosis, LV enlargement associated 

with 140–1

infarction

hemiblocks masking 268

RV enlargement vs. 136

rupture 432

see also anteroseptal zone and wall

sex see gender

short PR interval (and short PR 

pre-excitation) 203, 205, 212–15, 382, 388

short QT interval 70, 388–9

genetic causes (short QT syndrome) 70, 388, 

463–4

sick sinus syndrome 511

pacing 370–1, 511–12

signal averaging electrocardiogram 

(SAEGG) 536–9

sinoatrial block 358, 381

sinoventricular conduction 67, 213, 382, 388, 504

sinus bradycardia 511–12

athletes 504

severe 511–12

sinus automaticity depression causing 354–8

sinus complexes, delayed 378–9

sinus node 28–9

automaticity 39

sinus bradycardia due to depression of 

354–8

impulse origin 29, 42

P waves 390

sinus rate, assessment 374

sinus rhythm 67

atrial fibrillation in see atrial fibrillation

atrial flutter (2 × 1) vs 382

with low-voltage P waves 318

misdiagnosed as ectopic rhythm 381–2

paroxysmal junctional reentrant 

tachycardia 311

in ventricular pre-excitation 205

atypical pre-excitation 205, 212

WPW pre-excitation 205, 209

in ventricular tachycardia 334

with Wenckebach-type AV block 381

sinus tachycardia 302–3

RV enlargement and 133

slow response cells (automatic) 34, 38–9

capacity of fibers to transmit stimuli to 

neighbouring cells from 40

rapid response cells and, differences 40

repolarization 38–9

transmembrane action potential origin in 35

transmembrane diastolic potential 34

Sokolow–Lyon criteria 145

spasm, coronary 396, 443–6
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specificity 95–6

arrhythmias 281

atrial abnormalities 103

ventricular enlargement 129, 130, 131

speed (ECG recording) 63

spongiform cardiomyopathy 458–60

ST segment 72–6

injury vector 229

measuring shifts 74–6

normal variants 72–4

of variable morphology in same tracing 379

ST segment changes/deviations 379

BBB 228–48

advanced (complete) left 179, 246

advanced (complete) right 166

cardiovascular non-ischemic pain with 396–7

inferoposterior hemiblock 190

in ischemia (experimental studies) 218, 228–9

depression 229–35

elevation 235–46

in ischemia (humans) and ischemic heart 

disease 225–7, 229–48, 407–10, 420–5

acute coronary syndrome evolving to MI, 

persistence of ST elevation 432

acute coronary syndrome with non-ST 

elevation 420–9

acute coronary syndrome with ST 

elevation 420–5

atypical ECG patterns (depression) 408–9

quantification of ischemic burden based on 415

resolution 408

typical ECG patterns 407–8

pericarditis 481, 483

primary 80

superoanterior hemiblock 188

ventricular enlargement

left 141–3, 146, 246

right 132, 133, 136

ST segment elevation acute coronary syndrome 

(STE-ACS) 402

Q wave of necrosis in evolution of 249

ST depression 230

ST elevation and location of occlusion 239–40

T wave 224–5

ST segment elevation MI (STEMI) 16, 402, 412, 

416–17

angiographic findings 405

atypical ECG patterns

BBB and 430

clinical findings 405

diagnostic approach 394–6

ECG pattern change from NSTEMI to 424–7

evolving 412

poor prognostic signs 415–16

ST elevation in 235–40, 408

in-hospital prognosis 415

management and the importance of ECG in 

identification of 406

pathological findings 405

patterns on ECG 407

treatment 405

typical ECG patterns

ST–T alternans 382, 399, 18

see also T waves, alternans of

ST-Ta (atrial repolarization wave) 43, 118–19

depressed 118–19

elevated 119

Steinert’s disease 498

stimulation (pacemaker)

monopolar vs bipolar spike 362

problems 368

“strain pattern” 124, 142, 151, 152, 246, 

473–4, 488

stress testing in ischemic heart disease, ST 

depression 231

see also exercise

string galvanometer 11–13

stroke (cerebrovascular accident) 494

subarachnoid hemorrhage 494

subendocardial ischemia 219, 395, 411, 415, 431, 

443, 447

subepicardial ischemia 219

sudden death/SD (risk of) 511–21

antiarrhythmic drugs and post-infarction 

SD 502, 517

athletes 501

children 510

congenital AV block 515

hypertension (with associated arrhythmias) 

491

inherited heart diseases 454

arrhythmogenic RV cardiomyopathy 456

Brugada syndrome 464–8

catecholaminergic polymorphic ventricular 

tachycardia 467, 469

hypertrophic cardiomyopathy 454

long QT syndrome 389, 461–463

short QT syndrome 388, 463–4

ischemic causes 402

with normal/near normal ECGs 521

patterns suggesting 16

torsades de pointes 389, 461

ventricular fibrillation 349, 350

WPW syndrome 211, 212

supernormal conduction 290

supernormal excitability 40

superoanterior division (of left bundle branch) 30, 

44

block (hemiblock; SAH) 158, 159, 184–8,

 267–74

inferoposterior hemiblock plus 198

left 171

left BBB plus 198, 198–9

left ventricular hypertrophy associated 

with 152, 179

partial 188

Q wave MI associated with 267–74

right BBB plus 194–7, 514

superoanterior zonal block 171

differential diagnosis 171–3

supraventricular arrhythmias (in general) 280, 

301–28

active 301–28, 376

algorithms for detecting 376, 375

atrial activation waves morphology in 373–4

atrial fibrillation differentiated from other 

types 318

in Brugada syndrome 466

supraventricular extrasystoles see extrasystoles

supraventricular premature complexes 295–6

supraventricular tachycardia/

tachyarythmias 302–27

aberrant, misdiagnosed as ventricular 

tachycardia 382

classification 303

mechanisms 285

paroxysmal see paroxysmal tachycardia

surface ECG (basic aspects)

athletes 498–9

future 18–19

interpretation in light of patient’s clinical 

setting 523

in ischemia induced by experimental coronary 

artery occlusion 218

limitations 17–18

utility 16–17

what it is 3–6

surgery 508–9

cardiac see heart

syncope

neuromediated, diagnosis 539

unexplained, implantable loop recorder to 

determine cause of 532–3

systemic diseases 498

systemic hypertension see hypertension

T loops 47, 50, 526

LV enlargement 137–8

T waves 48, 76–8, 379, 399–400

alternans of 19, 93, 382, 399, 431, 518

arrhythmogenic RV cardiomyopathy 455

axis on frontal plane 76

BBB

advanced left 179

advanced right 166

differential diagnosis of abnormalities 

in 399–400

filtering 19, 534–5

inferoposterior hemiblock 190

in ischemia 219–28, 422–3

in acute coronary syndromes 430, 431

in chronic ischemia 225

differential diagnosis 227–8

experimental studies 216, 217, 217–18, 219

flat or negative 224–8, 406, 407, 412, 419, 

422–3

in ischemic heart disease 219–25, 406, 407, 

412, 419, 420, 422–3

in non-ischemic heart diseases and other 

situations 227–8

peaked–symmetrical–wider and/or 

taller 219–24, 226

positive 221, 225

tall/taller 219–8, 410–12, 415, 431

non-ST elevation MI 406

origin 4, 5

pericarditis 227, 481

polarity/morphology/voltage 76–8

primary disturbances 80

short QT syndrome 463–4

superoanterior hemiblock 188

of variable morphology in same tracing 379

vectocardiographic curve of see T loops

ventricular enlargement (left) 141–3, 146, 225

neonatal 485
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ventricular enlargement (right) 126, 130–1, 133

differential diagnosis 136

ventricular premature complexes 434

very deep 144, 151, 224, 423, 431

see also QRS–T; ST-Ta

table tilt test 539

tachycardia (and tachyarrhythmia)

angina secondary to 441–2

with anterograde conduction over one 

accessory pathway 286

antidromic 312

atrial, monomorphic 303–9

broad QRS, differential diagnosis 16

children 509–10

fast–slow 287–8, 309, 312

future, ECG suggesting 16

in ischemia 274

junctional see junctional tachycardias

in long QT syndrome 463

mechanisms 282–3

pacemaker-induced 369

paroxysmal see paroxysmal tachycardias

with retrograde conduction 286

sinus see sinus tachycardia

slow–fast type 286, 309, 311–12

supraventricular see atria

ventricular see ventricular tachycardia

in ventricular pre-excitation 205

atypical pre-excitation 212

WPW pre-excitation 205, 209, 210, 

211, 212

with wide QRS complexes 335, 533

differential diagnosis 338–43

tachycardia–bradyarrhythmia (bradycardia–

tachycardia) syndrome 317, 511

Tako–Tsubo syndrome 238, 396, 442–3, 476

Talbot et al criteria (QRS voltage in LV 

enlargement) 146

tamponade, cardiac/pericardial 483

techniques of recording 62–3

telemetry

ambulatory cardiac 533

techniques 530–3

tetralogy of Fallot see Fallot’s tetralogy

thoracic abnormalities 17, 111, 135, 170–1, 190, 

393, 408, 498

III (limb lead two) 54–5

Q wave 71

R wave 74

S wave 75

T wave 77–9

three-dimensional organ, heart as 5, 46

three-fascicular theory see trifascicular block; 

trifascicular theory

Thrombolysis in Myocardial Infarction (TIMI)

 risk score 415

see also fibrinolysis

thrombophilias, hereditary 441

thrombosis (and atherothrombosis) causing blood 

flow decrease 402, 406–41

thyroid disease 494

tilt table test 539

TIMI risk score 415

torsades de pointes ventricular tachycardia 

345–6, 516

classical 345–6

familial 469

sudden death 389

training-related ECG findings 498–9

transesophageal recording (esophageal leads) 59, 

526

transitional cells 33

transmembrane action potential (AP) 34–9, 411

in experimental ischemia 216–17, 217, 219, 228

summation of the TAPs 219, 229

transmembrane diastolic potential (DP) 34, 35–6

baseline level of previous 294

rate of rise 294

transmural involvement/injury

complete, acute coronary syndrome with 402

lateral wall, ST depression 220

non-complete, acute coronary syndrome 

with 402–4

transplanted heart 479

transversal axis rotations 87–8

transverse tubular system 32

tricuspid valve

atresia 486

regurgitation secondary to mitral tight 

stenosis 473

trifascicular block 159

trifascicular theory 30, 44, 158, 183

triggered electrical activity 284–5, 334

Trypanosoma cruzi and Chagas 

cardiomyopathy 477

II (limb lead three) 54–5

Q wave 71

R wave 74

S wave 75

T wave 79

U wave 78–9

in acute coronary syndrome 433

in ischemia 274

negative 79

non-ST elevation MI 419

undersensing by pacemakers 369

V1-V6

Q waves 71

R waves 74

S waves 75

T waves 79

V3R and V4R leads 58

V7 leads 58

valvular heart disease 473–5

acquired 473–5

see also rheumatic heart disease

congenital 486–8

left atrial enlargement 109

P wave abnormalities 109, 120

see also specific valves
variants (normal) 93

age-related see age-related values 

and variations

ST segment 72–4

vector 1 (ventricular depolarization) 45

vector 2 (ventricular depolarization) 45, 46

vector 3 (ventricular depolarization) 45–6

vectorcardiography 3, 6–8, 524–6

ECG correlations 8, 9, 60

ECG preferred to (and limitations of) 8–9

P loop 43, 50, 526

QRS loop see QRS loop

synthesizing loops from 12-lead ECG 19

T loop see T loops

usefulness 526

ventricles

aberrant conduction 294

activation 44–7

pacemakers, preservation of normal 

activation 370–1

activity analysis with arrhythmias 281

aneurysm 432

apical right pacing 371

in atrial fibrillation, response 317–18

in atrial flutter 324–5

bigeminy 381

conduction from atria to see atrioventricular 

conduction

conduction of premature supraventricular 

complexes to 301–2

conduction system 29–30, 158

dysfunction in left advanced BBB 180

dysplasia, arrhythmogenic right see 

arrhythmogenic RV dysplasia

extrasystoles see extrasystoles

fibrillation 349–50

in acquired long QT 516

in ischemia 274

pacemaker-induced 369

flutter 348–9

infarction

left, basal parts 439

right 439

inferobasal segment of LV 253

in ischemia, left

experimental studies, correlation between 

ECG changes/coronary artery involved 

and affected LV area 218–19

T wave duration and reversibility of 

damage 227

reentrant circuit location 286

resynchronization pacemakers 367

septal defect 486

transient LV apical ballooning 

(Tako–Tsubo syndrome) 238, 396, 

442–3, 476

vulnerable period 41

walls 25–8

zones of LV 26–7

see also entries under biventricular

ventricular arrhythmias 280

in acute coronary syndrome 431

in arrhythmogenic RV cardiomyopathy 456

in chronic heart disease 515

malignant (MVA) 96–8, 389, 462, 537

Wolff–Parkinson–White pre-excitation and see 

Wolff–Parkinson–White syndrome

see also specific types (main entries below)
ventricular blocks 158–202, 513–15

1st degree 158

2nd degree 158, 294–5

3rd degree 158

anatomic considerations 158
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ventricular blocks (cont’d)

biventricular hypertrophy diagnosis in presence 

of 155

combined 193–9

definition of terms 158

divisional 183–91

right 171

electrophysiological considerations 158–60

in ischemia 274

LV hypertrophy diagnosis in presence of 152

masked 195–7

by Q wave MI 267

masking of Q wave infarction 267–8

middle fibers block 191–3

myocardial infarction with 168, 261–74

Q wave 261–74

peripheral 159

proximal 158–9

RV enlargement diagnosis in presence of 136–7

zonal right 136, 171–3, 188

see also bundle branch block

ventricular complexes, premature see ventricular 

premature complexes

ventricular depolarization 4, 44–6

in ventricular block 161

advanced left BBB 180

advanced right BBB 162–3

ventricular dilation 123, 124–37

left 137–53

LV hypertrophy vs 149

right 124–37

acute 130

ventricular enlargement 123–57

atrial enlargement combined with 156

concept 123

homolateral, in ventricular block 161

left 137–53

advanced left BBB and 179

advanced left BBB vs. 180

advanced right BBB and 168

in aortic valve disease 473, 474

clinical implications 152–3

concept and associated diseases 137

diagnosis in clinical practice 147

diagnostic ECG criteria 144–7

differential diagnosis 151–2

in hypertension 137, 152, 489–92

in hypertrophic cardiomyopathy 457

limitations of diagnostic criteria 147–9

mechanisms of ECG changes 137–44

prognosis 153

ST segment changes 141–3, 146, 246

T waves changes see T waves

value of other ECG techniques 149

left and right (biventricular) see biventricular 

enlargement

right 124–37

advanced left BBB and 179

advanced right BBB and 167

clinical implications 137

concept and associated diseases 124

in cor pulmonale 484

diagnosis in clinical practice 130

diagnostic ECG criteria 129–30

differential diagnosis 135–6, 171–3, 173, 

190, 210

mechanisms of ECG changes 124–9

regression of ECG signs 133–5

special characteristics of some types 130–3

ventricular hypertrophy 123, 124–37

left 137–53

acute coronary syndrome and 429

diagnosis in presence of ventricular blocks 152

domination in biventricular hypertrophy of 

ECG manifestations of 154

importance of degree of 146

indirect signs 149–51

LV dilation vs. 149

regression of ECG signs 151

RV dilation vs. 136

special characteristics of some types 149–51

“strain pattern” 124, 142, 151, 152, 246, 

473–4, 488

superoanterior hemiblock associated 

with 152, 179

T waves 227

and wide QRS 227, 246, 429–30

WPW pre-excitation vs. 210

left and right see biventricular enlargement and 

hypertrophy

right 124–37

ventricular parasystoles 329, 331, 334, 345

ventricular pre-excitation see pre-excitation

ventricular premature complexes (PVCs) 329–33, 

434

clinical implications 331–3

concept and mechanisms 329

ECG diagnosis incl. differential diagnosis 

329–31, 434

interatrial block (2nd degree) induced by 114

interpolated 298

in ventricular tachycardia 334, 344, 345, 346

ventricular repolarization 46–7

heterogeneous dispersion 334

left BBB, advanced 175

right BBB

advanced 163

inferoposterior hemiblock plus 198

partial 169

superoanterior hemiblock plus 195

ventricular tachycardias and 

tachyarrhythmias 333–47

aberrant supraventricular tachycardia 

misdiagnosed as 382

in acquired long QT 516–7

atrial fibrillation in WPW syndrome vs 

319, 337

bidirectional 347

in chronic heart disease, sustained 515

classical 334–38

incessant idiopathic 509

mechanisms 285, 334

monomorphic 333–45

pleomorphism 346

polymorphic see polymorphic ventricular 

tachycardias

torsades de pointes see torsades de pointes 

ventricular tachycardia

see also ventricular arrhythmias

ventriculogram, WPW pre-excitation 205–8

verticalization (vertical heart) 36, 85, 89

with dextrorotation 88

VF (left foot lead) 55–7

T wave 77–8

see also aVF

VL (left arm lead) 55–7

T wave 78

see also aVR

voltage (amplitude)

in LV enlargement 149

day-to-day variations 149

QRS complex 145, 145–6

sum of 12 leads 146

P wave 70–2

Q wave 71

R wave 74

S wave 75

T wave 79

voltage-dependent recovery of excitability 40

VOO pacemaker 364

VR (right arm lead) 55–7

see also aVR

vulnerable period 41

VVI pacemakers 365, 368

with on-demand tachycardization capability 

(VVIR) 366, 368, 371

AV node ablation plus 366–7

wall(s) (heart)

anatomy 25–8

anterior see anterior wall; anteroseptal zone

 and wall

inferior see inferior wall; inferolateral zone

 and wall

lateral see inferolateral zone and wall; lateral 

wall

Q wave MI and location in 250–9

rupture in MI 432

septal see septal wall

Waller, Augustus D 11

wave amplification techniques 534–6

wave filters see filters

Weidmann, Silvio 14

Wenckebach phenomenon (Mobitz type I 

block) 292–3

alternating 293

atypical 293

AV node 361–2

sinus rhythm with 381

sinoatrial node 358

White, Paul Dudley 14

Wilson, Frank N 14

Wilson system (leads) 55

Wilson’s electrical window 249

Wolff, Louis 14

Wolff–Parkinson–White (WPW) 

pre-excitation 203, 203–12, 272

arrhythmias and see Wolff–Parkinson–

White syndrome

associated with conditions 210

ischemic heart disease 210, 272

concept and mechanism 203
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confirming or excluding 210–11

differential diagnosis 210

left BBB 180, 206, 210

LV enlargement 151

RV enlargement/hypertrophy 

135, 210

ECG characteristics 203–10

neonatal 485

type I 161, 180, 206, 210

type II 135, 180, 206, 210

type III 135, 206–7, 210

type IV 207, 210

Wolff–Parkinson–White (WPW) syndrome 203, 

210–12

atrial fibrillation in, vs. ventricular 

tachycardia 319, 337

children 510

clinical implications 211–12

discovery/first description 14–15

women and men, differences 93

zonal RV blocks 136, 171–3, 188
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