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Preface

You should learn solely in order to create. For willing is creating.
Friedrich Nietzsche, Thus Spoke Zarathustra

Work without ceasing. If you remember in the night, “I have not done what | ought to have done,” rise up at once and do it. Believe
to the end, even if all men went astray and you were left the only one faithful.

Fyodor Dostoevsky, The Brothers Karamazov

Practical Cardiovascular Medicine is a comprehensive yet practical review of all fields of cardiovascular medicine. It addresses various cardiac
diseases and presentations using both pathophysiology and clinical evidence, and expands from basic concepts to advanced ones. It should
therefore prove useful to experienced physicians as well as trainees. In fact, there is a particular emphasis on the knowledge gaps of cardi-
ologists and cardiology fellows. Organizing fellowship conferences and working with cardiology and interventional cardiology fellows has
helped me perceive common deficiencies and focus on them.

Colleagues who read the book will find that it provides them with an in-depth understanding that translates into better patient man-
agement. My aim has also been to improve on pre-existing knowledge of pathophysiology and clinical trials. The book follows a compre-
hensive yet easy, practical, and illustrated flow. To facilitate learning, bottom-line approaches are consistently provided throughout the 38
chapters. There is an extra emphasis on concepts that are frequently misunderstood by practitioners.

Throughout, | have tried to answer daily, practical questions that may not be addressed in any other book. Even classic topics, such as
ST-segment elevation myocardial infarction, heart failure, arrhythmias, atrial fibrillation, cardiac catheterization, or electrocardiography are
discussed from a different, fresh, and contemporary viewpoint. The book is comprehensive, and many of its chapters could even stand
alone as separate books.

In order to consolidate the understanding of complex topics, review questions with detailed answers are provided at the end of clinical
chapters, mainly in a clinical vignette format (approximately 400 questions overall). The book will serve cardiologists and cardiology fellows,
but will also be valuable to internists, internal medicine residents, and all professionals caring for patients with cardiovascular disease. | have
written this book in an effort to embrace the magic and evolving depths of cardiovascular diseases. It is written with love, and with the
hope of improving patients’ outcomes.

Elias B. Hanna
August 2016

Xix



Abbreviations

3D three-dimensional

AAD antiarrhythmic drug

AAA abdominal aortic aneurysm

ABI ankle-brachial index

ACC American College of Cardiology

ACCP American College of Chest Physicians
ACE-I angiotensin converting enzyme inhibitor
ACS acute coronary syndrome

ACT activated clotting time

ADHF acutely decompensated heart failure
ADP adenosine diphosphate

AF atrial fibrillation

Aflutter atrial flutter

AHA American Heart Association

Al aortic insufficiency

AIVR accelerated idioventricular rhythm

AM acute marginal

ANA antinuclear antibodies

Ao aorta

AoV aortic valve

AP accessory pathway

AP anteroposterior view

ARB angiotensin-Il receptor blocker

ARDS acute respiratory distress syndrome
ARVC arrhythmogenic right ventricular cardiomyopathy
ARVD arrhythmogenic right ventricular dysplasia
AS aortic stenosis

ASD atrial septal defect

AT anterior tibial artery

AT atrial tachycardia

AT1 receptor  type receptor of angiotensin 2
AT2 receptor  type 2 receptor of angiotensin 2

AT Il antithrombin 1l

AV atrioventricular

AV block atrioventricular block

AVA aortic valve area

AVNRT atrioventricular nodal reentrant tachycardia
AVR aortic valve replacement

AVRT atrioventricular reciprocating tachycardia
BBB bundle branch block

BiPAP bilevel positive airway pressure
BivV biventricular

biVAD biventricular assist device

BMS bare-metal stent

BNP brain natriuretic peptide

BP blood pressure

bpm beats per minutes

BSA body surface area

BUN blood urea nitrogen

Ca calcium

CABG coronary artery bypass grafting
CAD coronary artery disease

CBC complete blood count

CCB calcium channel blockers

CEA carotid endarterectomy

CIA common iliac artery

XX



CK
CK-MB
CKD
CHF
co
COPD
CPAP
CRP
CRT
cl
CTA
CTI
CTO
CTPH
CVP
Ccw
CYP 450
CXR
DAD
DBP
DC cardioversion
DCM
DES
DHP
dP/dt
DTI
DTS
DVT
EAD
ECG
echo
ECMO
ED

EF

EIA

EP
ERO
ESC
ESR
ESRD
FFR
Fio,
FMD
GFR
Gl

GPI
Hb
HbA1c
HCM
HCTZ
HDL
HF
HFpEF
HFrEF
HIT
HIV
HOCM
HR
hs-CRP
HTN
|ABP
ICD
ICU

creatine kinase

creatine kinase MB

chronic kidney disease

congestive heart failure

cardiac output

chronic obstructive pulmonary disease
continuous positive airway pressure
C-reactive protein test

cardiac resynchronization therapy
computed tomography

computed tomography angiography
cavotricuspid isthmus

chronic total occlusion

chronic thromboembolic pulmonary hypertension
central venous pressure

continuous wave Doppler

cytochrome P450

chest X-ray

delayed afterdepolarization

diastolic blood pressure

R-wave synchronized direct-current cardioversion
dilated cardiomyopathy

drug-eluting stent

dihydropyridine (calcium channel blocker)
delta pressure/delta time (sharpness of rise in pressure over time)
direct thrombin inhibitor

Duke treadmill score

deep vein thrombosis

early afterdepolarization
electrocardiogram

echocardiogram

extracorporeal membrane oxygenation
emergency department

ejection fraction

external iliac artery

electrophysiological

effective regurgitant orifice

European Society of Cardiology
erythrocyte sedimentation rate
end-stage renal disease

fractional flow reserve

fraction of inspired oxygen
fibromuscular dysplasia

glomerular filtration rate

gastrointestinal

glycoprotein lib-llla inhibitor

hemoglobin

glycosylated hemoglobin

hypertrophic cardiomyopathy
hydrochlorothiazide

high-density lipoprotein

heart failure

heart failure with preserved ejection fraction
heart failure with reduced ejection fraction
heparin-induced thrombocytopenia
Human immunodeficiency virus
hypertrophic obstructive cardiomyopathy
heart rate

high sensitivity C-reactive protein test
hypertension

intra-aortic balloon pump

implantable cardioverter defibrillator
intensive care unit

Abbreviations xxi



xxii Abbreviations

INR

Y

IVC
IVC-
IVCT
IVR
IVRT
IVUS
VD
Jvp

K

LA
LAA
LAFB
LAD
LAO
LBBB
LCx
LDL
LHC
LIMA
LLSB
LM
LMWH
LPFB
v
LVAD
LVEDD
LVEDP
LVEF
LVESD
LVH
LvOT
MAP
MAT
MET
mph
M
MR
MRA
MRI
MS
MV
MV O,
MVA
MVP
MVR
Na
NO
NSAID
NSTEMI
NSVT
NT pro-BNP
NTG
NYHA
oCT
oM

P

PA

PA O,
PAC
PaCo,
PAD

international normalized ratio
intravenous or intravenously

inferior vena cava

isovolumic contraction

isovolumic contraction time

isovolumic relaxation

isovolumic relaxation time
intravascular ultrasound

jugular venous distension

jugular venous pressure

potassium

left atrium

left atrial appendage

left anterior fascicular block

left anterior descending artery

left anterior oblique

left bundle branch block

left circumflex coronary artery
low-density lipoprotein

left heart catheterization and coronary angiogram
left internal mammary artery

left lower sternal border

left main

low-molecular-weight heparin

left posterior fascicular blockLUSB left upper sternal border
left ventricle or left ventricular

left ventricular assist device

left ventricular end-diastolic diameter
left ventricular end-diastolic pressure
left ventricular ejection fraction

left ventricular end-systolic diameter
left ventricular hypertrophy

left ventricular outflow tract

mean arterial pressure

multifocal atrial tachycardia

metabolic equivalent of task

miles per hour

myocardial infarction

mitral regurgitation

magnetic resonance angiography
magnetic resonance imaging

mitral stenosis

mitral valve

mixed venous oxygen saturation

mitral valve area

mitral valve prolapse

mitral valve replacement

sodium

nitric oxide

non-steroidal anti-inflammatory drug
non-ST-segment elevation myocardial infarction
non-sustained ventricular tachycardia
amino-terminal pro-brain natriuretic peptide
nitroglycerin

New York Heart Association

optical coherence tomography

obtuse marginal branch of the left circumflex
pressure

pulmonary arterial or pulmonary artery
pulmonary arterial oxygen saturation
premature atrial complex

partial pressure of carbon dioxide in arterial blood
peripheral arterial disease



PAH
PAI
PaO,
PaO,
PCl
PCSK9
PCWP
PDA
PDA
PE
PEA
PET
PFO
PFT
PH
PHT
PISA
PJRT
PLB
PM
PMBV
PMT
PND
POTS
PPD
PPI
PPM
PR

PS

PT
PTT
PV loop
PV O,
PVARP
PvC
PVR
PW
Qp
Qs
QTc
RA
RAAS
RAO
RAS
RBBB
RCA
RIMA
rPA
rpm
r-tPA
RUSB
RV
RVAD
RVEDP
RVH
RVOT
SA
SA O,
SAM
Sa0,
SBE
SBP
SCD

pulmonary arterial hypertension
plasminogen activator inhibitor

arterial oxygen pressure

alveolar oxygen pressure

percutaneous coronary intervention
Proprotein convertase subtilisin/kexin type 9
pulmonary capillary wedge pressure
patent ductus arteriosus

posterior descending artery branch of the right coronary artery or left circumflex
pulmonary embolism

pulseless electrical activity

positron emission tomography

patent foramen ovale

pulmonary function testing

pulmonary hypertension

pressure half-time

proximal isovelocity surface area
permanent junctional reciprocating tachycardia
posterolateral ventricular branches of the right coronary artery or left circumflex
pacemaker

percutaneous mitral balloon valvuloplasty
pacemaker-mediated tachycardia
paroxysmal nocturnal dyspnea

postural orthostatic tachycardia syndrome
purified protein derivative for Mycobacterium tuberculosis
proton pump inhibitor

patient/prosthesis mismatch

pulmonic regurgitation

pulmonic stenosis

posterior tibial artery

partial thromboplastin time
pressure-volume loop

pulmonary venous oxygen saturation
post-ventricular atrial refractory period
premature ventricular complex

pulmonary vascular resistance

pulsed wave Doppler

pulmonary blood flow

systemic blood flow

corrected QT interval

right atrium
renin-angiotensin-aldosterone system
right anterior oblique

renal artery stenosis

right bundle branch block

right coronary arteryRHC ~ right heart catheterization
right internal mammary artery

reteplase

revolutions per minute

recombinant tissue plasminogen activator
right upper sternal border

right ventricle/ventricular

right ventricular assist device

right ventricular end-diastolic pressure
right ventricular hypertrophy

right ventricular outflow tract

sinoatrial

systemic arterial oxygen saturation
systolic anterior motion

arterial oxygen saturation

subacute bacterial endocarditis

systolic blood pressure

sudden cardiac death

Abbreviations xxiii



xxiv Abbreviations

SIRS systemic inflammatory response syndrome
SFA superficial femoral artery

SNRT sinus node reentrant tachycardia
SPECT single photon emission computed tomography (nuclear imaging)
SQ subcutaneously

STEMI ST-segment elevation myocardial infarction
STS Society of Thoracic Surgeons

SV stroke volume

SVC superior vena cava

SVG saphenous venous graft

SVO, mixed venous oxygen saturation
SVR systemic vascular resistance

SVT supraventricular tachycardia

TAA thoracic aortic aneurysm

TdP torsades de pointes

TEE transesophageal echocardiogram
TGA transposition of great arteries
TIA transient ischemic attack

TID transient ischemic dilatation

TR tricuspid regurgitation

TSH thyroid stimulating hormone

TTE transthoracic echocardiogram
UA unstable angina

UFH unfractionated heparin

VAD ventricular assist device

V/Q scan  lung ventilation/perfusion scan
VF ventricular fibrillation

VLDL very-low-density lipoprotein

Vp velocity of propagation

VSD ventricular septal defect

VSR ventricular septal rupture

VT ventricular tachycardia

VTI velocity-time integral

WPW Wolff-Parkinson-White



Contents

Preface, xix
Abbreviations, xx

PART 1. Coronary Artery Disease, 1

1. Non-ST-Segment Elevation Acute Coronary Syndrome, 1

I. Types of acute coronary syndrome (ACS), 1

Il. Mechanisms of ACS, 2

ll. ECG, cardiac biomarkers, and echocardiography in ACS, 3

IV. Approach to chest pain, likelihood of ACS, risk stratification of ACS, 4

V. Management of high-risk NSTE-ACS, 6

V1. General procedural management after coronary angiography: PCl, CABG, or medical therapy only, 9
VII. Management of low-risk NSTE-ACS and low-probability NSTE-ACS, 11
VIII. Discharge medications, 11

IX. Prognosis, 12
Appendix 1. Complex angiographic disease, moderate disease, 13
Appendix 2. Women and ACS, elderly patients and ACS, CKD, 14
Appendix 3. Bleeding, transfusion, prior warfarin therapy, gastrointestinal bleed, 15
Appendix 4. Antiplatelet and anticoagulant therapy, 16
Appendix 5. Differences between plaque rupture, plaque erosion, and spontaneous coronary dissection, 19
Appendix 6. Harmful effects of NSAIDs and cyclooxygenase-2 inhibitors in CAD, 19
Questions and answers, 19
References, 25

2. ST-Segment Elevation Myocardial Infarction, 30

1. Definition, reperfusion, and general management, 31
I. Definition, 31
Il. Timing of reperfusion, 31
ll. ECG phases of STEMI, 32
IV. STEMI diagnostic tips and clinical vignettes, 32
V. Specific case of new or presumably new LBBB, 33
VI. Reperfusion strategies: fibrinolytics, primary PCI, and combined fibrinolytics-PCl, 34
VII. Coronary angiography and PCl later than 24 hours after presentation: role of stress testing, 37
VIIl. Angiographic findings, PCl, and cellular reperfusion; multivessel disease in STEMI, 38
IX. Antithrombotic therapies in STEMI, 39
X. Other acute therapies, 40
XI. Risk stratification, 41
XIl. LV remodeling and infarct expansion after Ml, 41
Xlll. Discharge, EF improvement, ICD, 41
2. STEMI complications, 42
|. Cardiogenic shock, 42
II. Mechanical complications, 45
ll. Recurrent infarction and ischemia, 47
IV. Tachyarrhythmias, 47
V. Bradyarrhythmias, bundle branch blocks, fascicular blocks, 49
VI. LV aneurysm and LV pseudoaneurysm, 50
VII. Pericardial complications, 51
VIIl. LV thrombus and thromboembolic complications, 51
IX. Early and late mortality after STEMI, 52
Appendix 1. Out-of-hospital cardiac arrest: role of early coronary angiography and therapeutic hypothermia, 52
Questions and answers, 54
References, 59

3. Stable CAD and Approach to Chronic Chest Pain, 65
I. Causes of angina; pathophysiology of coronary flow, 65
Il. Diagnostic approach, 66

vii



viii Contents

lll. Silent myocardial ischemia, 68
IV. Medical therapy: antiplatelet therapy to prevent cardiovascular events, 70
V. Medical therapy: antianginal therapy, 70
VI. Medical therapy: treatment of risk factors, 72
VII. Indications for revascularization, 72
VIIl. CABG, 73
IX. PCl, 73
X. PClvs. medical therapy, 74
Xl. PClvs. CABG in multivessel disease, 75
XIl. High-surgical-risk patients, 76
XIlll. Role of complete functional revascularization, 76
XIV. Hybrid CABG-PCI, 77
XV. Enhanced external counterpulsation (EECP), 77
XVI. Mortality in CAD, 77
Appendix 1. Note on outcomes with various surgical grafts, 77
Appendix 2. Coronary vasospasm (variant angina, Prinzmetal angina), 79
Appendix 3. Women with chest pain and normal coronary arteries, 81
Appendix 4. Myocardial bridging, 81
Appendix 5. Coronary collaterals, chronic total occlusion, 82
Appendix 6. Hibernation, stunning, ischemic preconditioning, 82
Questions and answers, 83
References, 87

PART 2. Heart Failure (Chronic and Acute Heart Failure, Specific Cardiomyopathies,
and Pathophysiology), 93

4. Heart Failure, 93

Definition, types, causes, and diagnosis of heart failure, 94
1. Definition and types of heart failure, 94
I. Heart failure is diagnosed clinically, not by echocardiography, 94
Il. After HF is defined clinically, echocardiography is used to differentiate the three major types of HF, 95
lll. Two additional types of HF, 96
2. Causes of heart failure, 97
I. Systolic HF (or HF with reduced EF), 97
Il. HF with preserved EF, 98
lll. Right HF, 100
3. Diagnostic tests, 100
I. Echocardiography, 100
IIl. BNP, 100
. ECG, 101
IV. Coronary angiography and other ischemic workup, 101
V. Diastolic stress testing, 102
VI. Endomyocardial biopsy, 102
VII. Cardiac MRI, 102
Chronic treatment of heart failure, 102
1. Treatment of systolic heart failure, 102
|. Treat the underlying etiology, 102
Il. Value of revascularization in ischemic cardiomyopathy: STICH trial, 102

IIl. Subsets of patients who are likely to benefit from revascularization: role of viability testing and ischemic testing, 103

IV. Drugs that affect survival, 105
V. Specifics of drugs that affect survival, 106
VI. Drugs that improve symptoms and morbidity, 110
VII. Devices, 112
VIIl. Other therapeutic measures, 113
IX. Prognosis, 113
2. Treatment of HFpEF, 114
Acute heart failure and acutely decompensated heart failure, 115
|. Triggers of acute decompensation, 116
II. Profiles of acute HF: congestion without low cardiac output, congestion with low cardiac output, 116
lll. Treatment of acute HF: diagnosis and treatment of triggers, 117
IV. Treatment of acute HF: diuretics, cardiorenal syndrome, aggressive decongestion, ultrafiltration, 118
V. Treatment of acute HF: vasodilators, 121
VI. Treatment of acute HF: IV inotropic agents (dobutamine, milrinone, dopamine), 122



VII. In-hospital and pre-discharge use of ACE-Is and p-blockers, 122

VIIl. Treatment of acute HF: O,, non-invasive ventilatory support (CPAP, BiPAP), intubation, 123
IX. Summary: keys to the treatment of acute HF, 123
X. Discharge, 124

XI. Inability of severe HF to tolerate vasodilatation or hemodialysis, 124

XIl. Outpatient monitoring of HF and prevention of hospitalization, 124

Appendix 1. Management of isolated or predominant RV failure, 125

Questions and answers, 127

References, 135

5. Additional Heart Failure Topics, 142

1. Specific cardiomyopathies, 142
I. Specific dilated cardiomyopathies, 142
Il. Specific infiltrative restrictive cardiomyopathies, 145
2. Advanced heart failure: heart transplant and ventricular assist devices (VADs), 146
I. Stages of HF, 146
Il. Cardiac transplantation, 146
lll. Left ventricular assist devices (LVADs), 147
3. Pathophysiology of heart failure and hemodynamic aspects, 149
I. LV diastolic pressure in normal conditions and in HF (whether systolic or diastolic), 149
II. Definition of afterload, 149
lll. Cardiac output, relation to preload and afterload, 150
IV. LV pressure-volume relationship in systolic versus diastolic failure: therapeutic implications, 151
V. Decompensated LV failure: role of heart rate, 152
VI. Mechanisms of exercise intolerance in HF, 153
VII. Pressure—volume (PV) loops (advanced reading), 153
VIIl. Additional features of HF with preserved EF, 153
IX. High-output HF, 154
References, 155

PART 3. Valvular Disorders, 157
6. Valvular Disorders, 157

1. Mitral regurgitation, 158
I. Mechanisms of mitral regurgitation, 158
II. Specifics of various causes of mitral regurgitation, 158
lll. Assessment of MR severity, 164
IV. Natural history and pathophysiology of organic MR, 164
V. Treatment of organic (primary) MR, 165
VI. Treatment of secondary MR (ischemic and non-ischemic functional MR), 166
VII. Treatment of acute severe MR related to acute MI, 167
VIIIl. Percutaneous mitral valve repair using the Mitraclip device, 167
2. Mitral stenosis, 167
I. Etiology and natural history, 167
Il. Diagnosis, 168
lll. Treatment, 171
3. Aortic insufficiency, 173
|. Etiology, 173
Il. Pathophysiology and hemodynamics, 174
lIl. Diagnosis, 176
IV. Natural history and symptoms, 176
V. Treatment, 176
4. Aortic stenosis, 178
|. Etiology, 178
Il. Laboratory diagnosis and severity, 179
Ill. Low-gradient AS with aortic valve area (AVA) <1cm? and low EF <50%, 181
IV. Low-gradient AS with aortic valve area (AVA) < 1cm? but normal EF (paradoxical
low-flow/low-gradient severe AS), 181
V. Pressure recovery phenomenon, 182
VI. Symptoms, 183
VII. Natural history, 183
VIIIl. AS should be differentiated from subvalvular and supravalvular AS in children
or young adults, 183
IX. Treatment, 184

Contents ix



x Contents

5. Tricuspid regurgitation and stenosis, 186
I. Etiology of tricuspid regurgitation (TR), 186
Il. Natural history of TR, 187
ll. Treatment of TR, 187
IV. Tricuspid stenosis (TS), 187
6. Pulmonic stenosis and regurgitation, 187
|. Pulmonic stenosis (PS), 187
II. Pulmonic regurgitation (PR), 188
7. Mixed valvular disease; radiation heart disease, 188
I. Mixed single-valve disease, 188
Il. Multiple valvular involvement (combined stenosis or regurgitation of two different valves), 188
lll. Radiation heart disease, 189
8. Prosthetic valves, 189
|. Bioprosthesis, 189
Il. Mechanical valve: bileaflet tilting disk (St. Jude) or single-leaflet tilting disk (e.g., Medtronic-Hall), 190
lll. Determinants of valve degeneration and valve thrombosis; anticoagulation guidelines, 190
IV. Particular cases: women who wish to become pregnant and dialysis patients, 191
V. Echocardiographic follow-up of prosthetic valves, 191
VI. Complications, 191
9. Auscultation and summary ideas, 193
I. Auscultation and other physical findings, 193
Il. General ideas and workup, 196
Questions and answers, 197
References, 206

PART 4. Hypertrophic Cardiomyopathy, 211
7. Hypertrophic Cardiomyopathy, 211

|. Definition and features of HCM, 211
Il. Natural history and mortality, 213
lIl. Symptoms and ECG, 214
IV. Exam, 214
V. Invasive hemodynamic findings, 214
VI. Echocardiographic findings, 214
VII. Provocative maneuvers, 216
VIIl. Genetic testing for diagnosis; screening of first-degree relatives, 216
IX. Differential diagnosis of LVOT obstruction, 216
X. Differential diagnosis of severe LV hypertrophy, 218
Xl. Treatment of symptoms, 218
Xll. Treatment: sudden cardiac death risk assessment and ICD therapy, 220
Questions and answers, 221
References, 222

PART 5. Arrhythmias and Electrophysiology, 225
8. Approach to Narrow and Wide QRS Complex Tachyarrhythmias, 225

I. The unstable patient (shock, acute pulmonary edema), 225
IIl. Initial approach to any tachycardia, 225
lll. Approach to narrow QRS complex tachycardias, 226
IV. Approach to wide QRS complex tachycardias, 227
V. Features characteristic of VT, as opposed to SVT with aberrancy, 228
VI. Features characteristic of SVT with pre-excitation, 232
VII. Role of adenosine in establishing a diagnosis, 233
VIIl. Differential diagnosis of a wide complex tachycardia on a one-lead telemetry or Holter monitor strip, 234
IX. Various notes, 234
X. General management of SVT, 234
XI. Non-tachycardic wide complex rhythms, 235
Questions and answers: Practice ECGs of wide complex tachycardias, 235
Further reading, 241

9. Ventricular Arrhythmias: Types and Management, Sudden Cardiac Death, 242

|. Premature ventricular complexes, 242
Il. Ventricular tachycardia (VT), 243
Ill. Polymorphic ventricular tachycardia, 246



IV. Congenital long QT syndrome (LQT), 248
V. Indications for ICD implantation, 249
VI. Specific VTs that should be considered in the absence of obvious heart disease, 251
VII. Causes of sudden cardiac death (SCD), 253
Questions and answers, 254
References, 256
Further reading, 257

10. Atrial Fibrillation, 258

I. Predisposing factors, 258

II. Types of AF, 259

Ill. General therapy of AF, 259

IV. Management of a patient who acutely presents with symptomatic AF, 261

V. Peri-cardioversion management and long-term management after the acute presentation, 262

VI. Decisions about long-term anticoagulation, role of clopidogrel, role of triple therapy, 262
VII. Special situation: atrial fibrillation and heart failure, 264
VIIl. Special situation: atrial fibrillation with borderline blood pressure, 265
Appendix 1. Antiarrhythmic drug therapy (indications and examples), 265
Appendix 2. Catheter ablation of atrial fibrillation, surgical ablation, AV nodal ablation, 267
Appendix 3. INR follow-up in patients receiving warfarin; new anticoagulants, 268
Appendix 4. Bridging anticoagulation in patients undergoing procedures and receiving warfarin, 270
Appendix 5. Management of elevated INR values, 270
Appendix 6. A common special situation: AF and symptomatic pauses (sinus or AF pauses) or bradycardia, 271
Appendix 7. DC cardioversion in patients with a slow ventricular response, 271
Appendix 8. AF occurring post-cardiac surgery and AF related to acute transient triggers, 271
Appendix 9.  Brief asymptomatic runs of AF seen on telemetry or device interrogation, 272
Questions and answers, 272
References, 274
Further reading, 277

11. Atrial Flutter and Atrial Tachycardia, 278

I. Atrial flutter, 278
Il. Focal atrial tachycardia, 281
IIl. Multifocal atrial tachycardia (MAT) (or chaotic atrial tachycardia), 284
IV. Ectopic atrial rhythm, 285
Questions and answers, 285
References, 287
Further reading, 287

12. Atrioventricular Nodal Reentrant Tachycardia, Atrioventricular Reciprocating Tachycardia,
Wolff-Parkinson-White Syndrome, and Junctional Rhythms, 288

. Sinus tachycardia, 288
IIl. Atrioventricular nodal reentrant tachycardia (AVNRT), 288
Ill. Atrioventricular reciprocating tachycardia (AVRT) and Wolff-Parkinson-White (WPW) syndrome, 291
IV. Junctional escape rhythm and accelerated junctional rhythm (or non-paroxysmal junctional tachycardia), 299
Questions and answers, 301
Further reading, 302

13. Bradyarrhythmias, 304

|. AV block, 304

Il. Sinus bradyarrhythmias, 312

Ill. Bundle branch blocks, bifascicular and trifascicular block, 315
Questions and answers, 317
References, 319

14. Permanent Pacemaker and Implantable Cardioverter Defibrillator, 320

I. Indications for permanent pacemaker implantation, 320
Il. Types of cardiac rhythm devices, 320
IIl. Pacemaker intervals, 324
IV. Leads, 327
V. Systematic PM/ICD interrogation using the programmer, 328
VI. Pacemaker troubleshooting, 329
VII. Perioperative management of PM and ICD (during any surgery), 333

Contents xi



xii Contents

VIII. Differential diagnosis and management of the patient who presents with ICD shock(s), 333
IX. Evidence and guidelines supporting various pacing devices, 334

Questions and answers: Cases of PM troubleshooting, 338

References, 344

15. Basic Electrophysiologic Study, 346

I. General concepts; intracardiac electrograms, 346
Il. AV conduction abnormalities, 346
lll. Sinus node assessment, 348
IV. Ventricular vs. supraventricular tachycardia, 348
V. Dual AV nodal pathways, 348
VI. AVNRT, 349
VII. Accessory pathway, orthodromic AVRT, antidromic AVRT, 349
VI Atrial flutter, 351
IX. Inducible VT, 352
X. Mapping for ablation, 353
Further reading, 357

16. Action Potential Features and Propagation: Mechanisms of Arrhythmias,
Antiarrhythmic Drugs, 358

I. Action potential, 358
Il. Action potential propagation and mechanisms of arrhythmias, 358
lll. General mechanism of action of antiarrhythmic agents, 361
IV. Modulated receptor hypothesis and use dependence, 363
V. Concept of concealed conduction, 364
VI. Specific examples of drugs, 364
VII. Amiodarone toxicity, 365
VIII. Effect on pacing thresholds and defibrillation thresholds, 365
Further reading, 365

PART 6. Pericardial Disorders, 367
17. Pericardial Disorders, 367

1. Acute pericarditis, 368
I. Causes of acute pericarditis, 368
Il. History and physical findings, 368
ll. ECG findings, 368
IV. Echocardiography, 368
V. Myopericarditis and perimyocarditis, 369
VI. Treatment, 369
2. Tamponade, 370
|. Definition, 370
Il. Pathophysiology and hemodynamics, 370
lll. Diagnosis: tamponade is a clinical diagnosis, not an echocardiographic diagnosis, 371
IV. Echocardiographic findings supporting the hemodynamic compromise of tamponade, 371
V. Role of hemodynamic evaluation, 372
VI. Special circumstances: low-pressure tamponade, tamponade with absent pulsus paradoxus, regional tamponade, 372
VII. Effusive—constrictive pericarditis, 373
VIIIl. Treatment of tamponade, 373
3. Pericardial effusion, 373
I. Causes of a pericardial effusion with or without tamponade, 373
Il. Management of asymptomatic effusions and role of pericardiocentesis, 374
lll. Note on postoperative pericardial effusions (after cardiac surgery), 375
IV. Note on uremic pericardial effusion, 376
4. Constrictive pericarditis, 376
|. Causes, 377
Il. Pathophysiology and hemodynamics, 377
ll. Hemodynamic findings in constrictive pericarditis and differential diagnosis of constrictive pericarditis:
restrictive cardiomyopathy, decompensated RV failure, COPD, 379
IV. Practical performance of a hemodynamic study when constrictive pericarditis is suspected, 381
V. Echocardiographic features of constrictive pericarditis, and differentiation between constrictive pericarditis
and restrictive cardiomyopathy, 381
VI. Physical exam, ECG findings, BNP, pericardial thickness (CT/MRI), 382
VII. Transient constrictive pericarditis, 383
VIIIl. Treatment, 383



